Vel | head Hbusing SeaI'Asseany 1. Field of the Invention: This invention
relates in general to subsea well head housi ngs and wel | head connectors, and

in5  particular to a seal assenbly that will provide sealing if the
wel | head housi ng conical sealing surface becomes danmaged. é5é9¢25§§§¥ggléo?>
of the Prior Art: A subsea well of the type concerned her h

wel | head housing | ocated at the subsea fl oor. The wel | head housing is a
t ubul ar nenber having a bore. A well head connector will be |owered froma
vessel at the surface over the well head housing to connect the subsea well
to the surface. The wel | head connector_has connection neans for

connecting to the exterior of the well head housing. The wel | head housi ng
has an upward facing shoulder on its upper end that is engaged by a

downwar d faci ng shoul der on wée1hex¥8ruending s8&1vwWwesséepllyconnector. 20
The wellhead housing has a conical upward facing shoulder at its

upper end. The |1 n coni cal downward facing
shoul der. Th')éve qﬁﬁ%%f%& £ht %dfgo has a recess located radially
i nward fromthe downward faC|ng shoulder 25 A metal sea

| ocates between tfmhidMﬂﬂdveﬂdiﬁﬂnnﬁiidﬂésanQnth%eW@ELheagohoﬂﬁbéﬂh The
met al seal has G AL S d";tl h%g%ggur e tﬂﬂeasgal %'t%s,‘_-t,,the goni cal
5 particular to a seal assembly that will provide sealing

if the wellhead housing conical sealing surface becomes
damaged.

2. Description of the Prior Art:

A subsea well of the type concerned herein has a

10 wellhead housing located at the subsea floor. The
wellhead housing is a tubular member having a bore. A
wellhead connector will be lowered from a vessel at the
surface over the wellhead housing to connect the subsea

well to the surface. The wellhead connector has

15 connection means for connecting to the exterior of the
wellhead housing.

The wellhead housing has an upward facing shoulder
on its upper end that is engaged by a downward facing
shoulder on the lower end of the wellhead connector.

20 The wellhead housing has a conical upward facing
shoulder at its upper end. The wellhead connector has
a conical downvard facing shoulder. The wellhead
connector also has a recess located radially invard
from the downward facing shoulder.

25 A metal seal locates between the wellhead
connector and the wellhead housing. The metal seal has
a conical upper surface that seals against the conical



-2- surface of the well head connector. The netal seal has a | ower conical
surface that seals against the conical surface of the wellhead housing.
A rib extends radially outward fromthe two conical surfaces for 5

| ocation in the recess. Wiile the netal seal works well, if the conica
surface of the well head housi ng becones damaged, problens will occur. The
netal seal wll not seal against the damaged |ower surface. The
wel | head 10 housing is cenmented in the ground and connected to casing
and conductor pipe. It is not possible to pull the well head housi ng firom

t he subsea floor for redressing theZconical sealing surface. - 3- SUWARY
OF THE I NVENTI ON I n one enbodi nent of this invention, the subsea well head
housing has g, 36EaNGR" ¥ne S 1 HeaRlILAREEBEN! NPfle DELONY IdeniCqpisCal primary
seal i ng surtace during manuracturing.  ThisS secondary sealing surface
ext ends dowAwadeHeEngonicat surface dhayi sRaler 2agadnst N e Fniceleonventi onal
metal seal wutltak@cape hieresellheadelnduAhghousi nlg rild exttendsel | head
connect or. 0 veptlon S i i t primary

seal i ng sur Faag-emg%}t hogtm"égpheggdéﬁoﬁélan&w%\é\%kéﬁéﬁdgﬁgﬁgg i nigbersurface need
not beSusedl96akdnl &3 $hR: KRSESRead

While the metal seal works well, if the conical
surface of the wellhead housing becomes danmaged,
problems will occur. The metal seal will not seal
against the damaged 1lower surface. The wellhead

10 housing is cemented in the ground and connected to
casing and conductor pipe. It is not possible to pull
the wellhead housing from the subsea flcor for
redressing the conical sealing surface.



housing primary sealing surface is in good condition. In the event that the
wel | head housing primary 15 seal i ng surface becones danaged, then a
second seal ring will be utilized in lieu of the first seal ring. The
second seal ring has a support surface that |eads to a secondary surface.
The secondary surface is cylindrical in one enbodi mrent and sized to seal
agai nst 20 the secondary surface in the well head housing. The support
surface on the second seal ring is sized so that it will be spaced by a
slight .gap fromthe damaged primary sealing surface of the well head
housing. As a result, a good seal betwden the wel | head 25 housi ng
wel | head connector will be nmaintained without the need for attenpting to

redress the wel |l head housi ng BHMPERRY OFFHEIINVENTEGE. -4- In a second
enbodi mrent, the secondary seal surfaces is also conical, rather than

cylindrical, but at a |lesser angle relative to vertical than the primary
seal surface. The win|ereidenbedinent: ks ks aipventdiop,5 the coutrsedl seal i ng

surface at one wépled®adotdingt Ohdls S€&ONEdanda Cakat bRy NGgusStddeice at
anot her angl e. S PTI OF .TH W Fi gur S artial
vertical secti o‘ﬁa Eg?%v PPrBSt rat n§°3‘gﬁ‘e$ﬁ|?§§$ u%rér?g'ig‘ﬁd Wegf? Yead
connector 510  4R¥inG mREUfapsyEingy IS Fecendany asedtingceunfade this
I nvent i on. extends downward and is of a greater diameter than the

bore.

A conventional metal seal will locate between the
- wellhead housing and the wellhead connector. The
10 conventional seal will seal against the primary sealing
surface of the wellhead housing. The secondary sealing
surface need not be used 80 long as the wellhead

housing primary sealing surface is in good condition.

In the event that the wellhead housing primary
15 sealing surface becomes damaged, then a second seal
ring will be utilized in lieu of the first seal ring.
The second seal ring has a support surface that leads
to a secondary surface. The secondary surface 1is
cylindrical in one embodiment and sized to seal against

20 the secondary surface in the wellhead housing.

The support surface on the second seal ring is
sized so that it will be spaced by a slight gap from
the damaged primary sealing surface of the wellhead
housing. As a result, a good seal between the wellhead

25 housing wellhead connector will be maintained without
the need for attempting to redress the wellhead housing
primary sealing surface.



Figure 2 is an enlarged, partial sectional view of a portion of the seal
assenbly of Figure 1. Figure 3 is an enlarged, partial sectional view of 15
the seal assenbly of Figure 2, but showing a conventional seal in
pl ace. Figure 4 is an enlarged, partial sectional view of an alternate
enbodi mrent of a seal assenbly constructed in accordance with this

i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1,
subsea wel | head housing 11 has a bore 13. The exterior of the wellhead
housi ng 11 has grooves 15. The upper end of wel | head housing 5 11 has

an upward facing shoulder 17. Upward Tacing shoul der 17 is perpendicul ar
fo the axis of bore 13. A conical primary sealing surface 19 extends

downward and i nward rhrog t hedépwar dphaai fehtShounder shéonBREpr rkpgrto Figure
2, primary seal surface,19 has 10 | ower inal ., edge that joins a

secondary seal“ﬁﬁ‘F&Eeiilagﬁat cf’gi‘é?/*a‘i rﬁﬁ%&ﬁm "t%iéﬁﬁg&f’ n%’“gf Fi gur es
1-3. Secondar \atsa@allessef aangld rwiatdveotoorerblicslvihin ttive priimavy bore 13,

and has a greatgdaidisaF?hes.t heRebRaE1Had nokBEnd OIS 'Hirsgian%Jriﬂdg? of 15
secondary seal surfa ay extent

e 21 j.,0ins a jransition s ce, 23., The i
of the secandar"ym% cal s%erqfla{%«? ﬂu’iégc(,gonastl d%'?’eab?é/é esléeﬂﬁ'r? t%’gé%m al extent
of the prinmary secandagyf genical sealisigt ponfage picanother angde@-a coni cal
surface, but at a lesser inclination relative

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partial vertical sectional view
{1lustrating a wellhead housing and wellhead connector
1C with a seal assembly constructed in accordance with

this invention.

Figure 2 is an enlarged, partial sectional view of
a portion of the seal assembly of Figure 1.

Figure 3 is an enlarged, partial sectional viewv of
15 the seal assembly of PFigure 2, but showing a
conventional seal in place.

Figure 4 is an enlarged, partial sectional viev of
an alternate embodiment of a seal assembly constructed
in accordance with this invention.



20 to horizontal than primary seal -surface 19. Transition surface 23
has a | ower edge that joins bore 13. Referring again to Figure 1, a
wel | head connector 25 will connect to the well head housing 11. Wl | head
connector 25 is conventional, having a | ower portion 27 25 t hat slides
over the exterior of wellhead housing 11. A plurality of dogs 29 will nove
radially into engagenent with grooves 15 to connect the well head connector
25 with the well head housing 11. A camring 31 driven by other equi prment

(not shown) noves up and -6- down to_nove the dogs 29 into engagenent
with grooves 15, and to allow themto retTact. \Wellhead connector 25 has a
bore 33 that will be coaxial with bore 13 when wel | head connector 25 5

connects to the well head I:FPH 129 desc WNBR S AGhaSIoRul der 35 of the
wel | head connector 25 wi | oSIInt act an ear aga'lg%st t he upward facing

shoul der 17 of well head housing 11. Referring to Figure 3, which shows
portions of the 10 Regdtdiagd twonnkixhore 25 erdvnsgad weldheadedhou8ingocat es

radially inward fjomghe l}QfLJJ fl%ad %ﬁgn@ﬁ&&o@ow@w Jaqz{aashaug@ﬁg 35.

Recess 37 has an out er ['i ndri axial w
wel | head connect &t Bb?egr%%’fes ’ﬁ? coni ?BFF %’é‘i 152‘6? BRUE l"Smd 15

inward fronsrece3d 3is HBompwdrdufaaing 3shdwldezn MpperUpuagdnzﬂaCédge t hat

joins a transitigRog{\Qet 967 4l perpendicular to the axis of bore 13. A
conical primary sealing surface 19 extends downward and
invard from the upward facing shoulder 17.

Referring to Figure 2, primary seal surface 19 has

10 a lower marginal edge that joins a secondary seal

surface 21 that is cylindrical in the embodiment of

FPigures 1-3. Secondary seal surface 21 has a common

axis with the axis of bore 13, and has a greater

diameter than bore 13. The lower marginal edge of

15 secondary seal surface 21 joins a transition surface

23. The axial extent of the secondary seal surface 21

is considerably less than the axial extent of the

primary seal surface 19. Transition surface 23 is also

a conical surface, but at a lesser inclination relative

20 to horizontal than primary seal surface 19. Transition
surface 23 has a lower edge that joins bore 13.

Referring again to Figure 1, a wellhead connector

25 will connect to the welllead housing 1l1. Wellhead
connector 25 is conventional, having a lower portion 27

25 that slides over the exterior of wellhead housing 11.
A plurality of dogs 29 wvill mnove radially into
engagement with grooves 15 to connect the wellhead
connector 25 with the wellhead housing 11. A cam ring

31 driven Ly other equipment (not shown) moves up and



Transition shoulder 41 is perpendicular to the axis of bore 33. Figure 3
shows a first annular seal ring 43 20 | ocat ed between the wel | head
connector 25 and wel | head housing 11. Seal ring 43 is conventional, having
an upper conical surface 45 that sealingly engages the connector well head
conical surface 39. Seal ring 43 has an upper edge 47 that term nates a

di stance bel ow the 25 transition shoulder 41. Seal ring 43 has a | ower
conical surface 49 on its outer side that mates sealingly with the wel | head
housing primary seal surface 19. Lower conical surface 49 term nates inh a

| ower edge 51 that is spaced abov% -7- the secondary seal surface 21
A rib 53 extends radially outward on the exterior of seal ring 43. Rib 53
| ocates in the recess 37. The outer side of rib 53 will be l|ocated inward
fromthe recebsamotiernowvd [thd8.ddgs 29 into ehgagenent @8thSqeboviad al . | t

S constructelcgsg,.hha, A ey PRSI GUNEERLasr face 45 and the |ower conical

surface 49 |nterfer|ng y engage the conlcal surfaces 39, 19, respectively.
The interference causes el astic, not permanent, yielding when the wellhead
connector 25 10 Weldbeadctenhectdr 28 IHdwasl Pt | 3 trlit wilhepgl astic

ylelding of 'dagl Wikd 4BoREOViSeSldlt ATINNARY 2B8RhLE.RCIYECN the
coni cal surfaces 45 and
5 connects to the wellhead housing 11. A downward facing

shoulder 35 of the wellhead connector 25 will contact

and bear against the upward facing shoulder 17 of
wellhead housing 1l1.

Referring to Figure 3, which shows portions of the

10 wellhead connector 25 enlarged, a recess 37 locates
radially inward from the wellhead connector downward
facing shoulder 35. Recess 37 has an outer wall 38

that i{s cylindrical and coaxial with wellhead connector

bore 33. A conical surface 39 extends upward and

15 inward from recess 37. Conical surface 39 has an upper
marginal edge that joins a transition shoulder 41.

Transition shoulder 41 is perpendicular to the axis of
bore 33.

Figure 3 shows a first annular seal ring 43

20 located between the wellhead connector 25 and wellhead

housing 11. Seal ring 43 is conventional, having an
upper conégg%ecsgggace 45 that sealingly engages the <

wellhead conical surface 39. Seal ring 43 has

an upper edge 47 that terminates a distance below the

25 transition shoulder 41.

Seal ring 43 has a lower conical surface 49 on its
outer side that mates sealingly with the wellhead
housing primary seal surface 19. Lower conical surface
49 terminates in a lower edge 51 that i{s spaced above



conical surfaces 49 and 19. The secondary seal surface 21 wll perform no

function at all when the seal ring 15 43 is utilized. In the event that
the primary seal surface 19 becones damaged such that it will be difficult
to maintain a good seal, then a second seal ring 55, shown in Figures 1 and
2, wll be utilized. Seal ring 55 may 20 be conventional on its upper

side, but differs on its lower side. It has an upper conical sealing
surface 57 that is sized to interferingly engage and seal agai nst connector
t he wel |-head coni cal surface 39. Its upper edge will be spaced
bel ow the transition shoulder 41 25 7 - (Fig. 3). Seal ring 55 has a
support section 59 that is conical and inclines at the sane angle as the
wel | head housing primary seal surface 19. However, it will be manufactured
such that it withe neecoe@ryagaeabt surdage 21pri ndryrideabl siextendsio.

GRafj her, ?f_sl ! gfttadflaméﬁlow{émf ort a:heeéix%Elerp{:_?VEEESlg Sy trzg.comact "
of the primary DedPeebphath She TRReut0Ts  BRG) BREPS 1HS ARER S257 The
support secti owidd be logated rigwardy from| theyareatissnenter Maldi 3Basi on t han
the primary seal surface 19. The seal ring 55 has a lower seal surface 63
whi ch 5 Seal ring 43 is of retal. It is constructed so
that the upper conical surface 45 and the lower conical
surface 49 interferingly engage the conical surfaces
39, 19, respectively. The interference causes elastic,
- . not permanent, yielding when the wellhead connector 25
10 connects to the wellhead housing 11l. The elastic
yielding of the seal ring 43 provides the necessary
sealing between the conical surfaces 45 and 39 and
conical surfaces 49 and 19. The secondary seal surface
_ 21 will perform no function at all when the seal ring
15 43 is utilized.

In the event that the primary seal surface 19
becomes damaged such that it will be difficult ¢to
maintain a good seal, then a second seal ring 55, shown
in Pigures 1 and 2, will be utilized. Seal ring 55 may

20 be conventional on its upper side, but differs on its
lower side. It has an upper conical sealing surface 57

that is sized to interferingly engage and seal against
connector

the wellhead conical surface 39. Its upper
edge will be spaced below the transition shoulder 41
25 (Pig. 3).

Seal ring 55 has a support section 59 that is
conical and inclines at the same angle as the wellhead
housing primary seal surface 19. However, it will be
manufactured such that it will not seal against the

20 primary seal surface 19. Rather, a slight gap 61 will



is cylindrical in the enbodi nent of Figures 2 and 3 and di nensioned to
sealingly mate with the secondary seal 10 surface 21. Lower sea

surface 63 has a diameter that is slightly greater than the dianeter of the
secondary seal surface 21. This creates an interference fit, causing

el astic deflection of the seal ring 55. The | ower end 65 of seal ring 55
| ocat es above the 15 transition shoul der 23. Seal ring 55 has a rib 67
which locates in the recess 37 (Fig. 3). In operation, the seal ring 43
will be used normally. seallgg will occur between the conical ~
surfaces 19 and 49, and the coni"cal surfaces 39 and 45. 20 There will be
no sealing at the rib 53. If the primary seal surface 19 becones damaged,

t hen seal 55 will be utilkged. Its | ower seal surface 63 will sea
agai nst ttfé‘issg‘coﬁ%laﬁeg%%\‘ §6RFIRE Sentagk. ypginderonfredi ace 57 will
seal agai istad,hep&bt ofcothealsupporscased:ioh t 6% walyl heeukhcomnect or 25.

Rib 67 wld oﬁotonpegioréﬂ@mbrqgﬁlryngsegpr g/Mrlfl _UPPYI t bqpé:t |ng|g 59. . In the

alternate q§§ﬂ§i @R gure %g g hoysi n $ an axi al bore
71 with arf en Y9 PF sé&? sur AR eSYBPY Pust as in the

enbodi nentwigdfl Riqfurtayve ankhmerseﬁmar#csbaﬂima‘m tmt,n ttieher than bei ng
cylindricyridargesentasgyrftad 19.

The seal ring 55 has a lower seal surface 63 which
is cylindrical in the embodiment of Figures 2 and 3 and
dimensioned to sealingly mate with the secondary seal

10 surface 21. Lower seal surface 63 has a diameter that
is slightly greater than the diameter of the secondary
seal surface 21. This creates an interference fit,
causing elastic deflection of the seal ring 55. The
lower end 65 of seal ring 55 1locates above the

15 transition shoulder 23. Seal ring 55 has a rib 67
which locates in the recess 37 (Pig. 3).

In operation, the seal ring 43 will be used
normally. Sealing will occur between the conical
surfaces 19 and 49, and the conical surfaces 39 and 4S5.

20 There will be no sealing at the rib 53.

If the primary seal surface 19 becomes damaged,
then seal ring 55 will be utilized. 1Its lower seal
surface 63 will seal against the secondary seal surface
21. The upper conical surface 57 will seal against the

25 conical surface 39 of the wellhead connector 25. Rib
67 will not perform any sealing, nor will support
section 59.

.

In the alternate enbodiment of Figure 4, the

vellhead housing 69 has an axial bore 71 with an axis.



surface 21 of Figures 2 and 3, is at a slight 5 i nclination. It is
conical, but at a lesser angle relative to the axis of bore 71 than the
angle of inclination of the primary seal surface 73. Preferably, the
primary seal surface 73 is at an angle of about 23-degrees relative to the
axi s of bore 10 71, while the secondary seal surface 75 is at an angle
of about 10 degrees relative to the axis of bore 71. Primary seal surface
73 and secondary seal surface 75 intersect each other at an obtuse angle 77
that is | ess than 180 degrees. /\9t1ansition section 79 extends bel ow

secondary seal surface 75 and joins the bore 71. Seal ring 81 has an upper
seal surface 83 that is the sane as in the enbodi nent of Figures 2 and 3.

A support secti e ds r erlyi th i mary..seal  surface
73. Suppor t Qs}‘emc ' o)r(lste 5 s‘?‘?% %cg\éi céa%,i%gg"t é’géa% [ %ﬂl i%g‘gt i on as
the prinmary sedfinbkadimgnt 98 Figypsge\drand ). | Segendarpseal @urfaseon,

resulting in a Tmp Bather ptRaenbelifgl icia inbriss) supp@eonasty osedd agai nst

the primary se acgy 73, U ad rtq on ,qf e su rhesection
85 will deflectag Eé e agé t%ﬂcﬁ%h%elje%ri rzra%]pcgeeﬂ' s&rgf a£c€ 7’3 FE?){}I ot enough
to cause seal i ntPCANREARR. seaft sdBf £ IFRlex RIS oMNESEeF r ARF%e support
section 85. Leoslativealtcsuthacaxds iof| baps 17al sthane tloe t Anghai ©L0f bore

71 at the same g0l imRibANof%ne fArady SE£P A MRS, SUrface 75. It s

sized at a

Preferably, the primary seal surface 73 is at an
angle of about 23-degrees relative to the axis of bore
10 71, vhile the secondary seal surface 75 is at an angle
of about 10 degrees relative to the axis of bore 71.
Primary seal surface 73 and secondary seal surface 75
intersect each other at an obtuse angle 77 that is less
than 180 degrees. A transition section 79 extends

15 below secondary seal surface 75 and joins the bore 71.

Seal ring 81 has an upper seal surface 83 that is

the same as in the embodiment of FPigures 2 and 3. A

support section 85 extends downward, overlying the

primary seal surface 73. Support section 85 s

20 conical, at the same inclination as the primary seal

surface 73. However, it is at a lesser dimension,

resulting in a gap 87 to prevent sealing of the support

section 85 against the primary seal surface 73. Under

load, a portion of the support section 85 will deflect

25 and touch the primary seal surface 73, but not enough
to cause sealing.

A lover seal surface 89 extends downward from the
support section 85. lovwer seal surface 89 inclines
relative to the axis of bore 71 at the same inclination

30 as the secondary seal surface 75. It is sized at a



- 10 - greater diameter so as to create an interference fit with the
secondary seal surface 75. Seal ring 81 has an inner dianeter with an upper
portion 9l1la that is conical and leads to a central 5 portion 91b that is
cylindrical. The central portion 91b leads to a |ower portion 91c that is
conical. The central portion 91b is of greater dianmeter than the conical
upper and |ower portions 9la, 9lc. This provides a recessed or
concave inner dianeter. This 10 assists in the flexibility of seal
ring 81. Seal ring 81 operates in the same manner as seal ring 55. Because
t he secondary seal surface 754 sonet quite cylindrical, rather at a slight
conical angle, this provides greater ease in inserting the seal 81 15
i nto pl ace. The recessed inner dianeter gr vi des addi ti gpal
flexibilityJsgaterndiaggtensse; g, &8 sraptes? Ta@tﬁﬁgsﬁ?‘i‘%ﬁ fiE significant
advant ages. wikh the sécdndaryepeahtsurxtaxie 7Bngs and an additional secondary
20 sealing surface allows a seal to be made even if the primary sealing
surface becones danageg. VWhjle the igventi n h%s beﬁQPshomm in only one of
its forms, it sho&fl BENEpHhrRM B ?ﬂﬁﬁaé;ﬁqﬁlgﬁ WA*Ph&MaPPPPRat it is not
so |limted, postips SUlacephath| ts 28onical vandodeadhartpesavicemsraldeparti ng
fromthe scoBet?bnt B¢pi R¥EEt LBNcylindrical. The central portion

91b leads to a lower portion 91c that is conical. The

central portion 91b is of greater diameter than the

conical upper and lower portions 9la, 91lc. This

provides a recessed or concave inner diameter. This

10 assists in the flexibility of seal ring 81.

Seal ring 81 operates in the same manner as seal
ring 55. Because the secondary seal surface 75 is not
quite cylindrical, rather at a slight conical angle,
this provides greater ease in inserting the seal 81

15 into place. The recessed inner diameter provides
additional flexibility over the seal of Figures 2 and
3.

The invention has significant advantages. The use

of two separate seal rings and an additional secondary

20 sealing surface allows a seal to be made even if the
primary sealing surface becomes damaged.

while the invention has been shown in only one of

its forms, it should be apparent to those skilled in

the art that it is not so limited, but is susceptible

25 to various changes without departing from the scope of
the invention.



| claim 1. In a well'head housi ng of a type having a bore with an axis and
an upward facing shoulder on its upper end, a well head connector adapted to

connect to the well head 5 housi ng and having a bo”ﬂ,m d
facing shoul der for contact with the upward facing s ””,m%im&ead
connector having a recess located radially inward fromtKe down < aci ng
shoul der and a seal surface which extends upward and is inward fromthe 10
recess, an inproved apparatus for sealing the well head connector to the
wel | head housing conprising in conbination: a primary seal surface

ext endi ng downward fromthe upward ¥aci ng shoul der of the wel |l head housing
and 15 radially inward relative to the axis of the bore; a secondary
seal surface ekt siailng downward fromthe primary seal surface of the

wel | head housing, the primary seal surface intersecting the secondary seal

surface at an Qbtuse angl r eal surface 20 having a

| ower mar gi nal géngE‘ y 9?2%%%??‘30@‘?@581?%38@ gx?&ﬂﬁhﬂ"l% cPcfrreo \ig; e | owner

mar gi nal edge en BKéssarOMmrYPwArd fagirqahouddeneonotts ofpRar endh| head

hﬁUSI ngl: handaﬂauuauﬁ_eaa comed¥yr 4daptéd the cahhaaeytéealhe Ape11nedddr f ace of

t he we a | I's,; C ng.. 4 Upper,_sea ur I n

seal i ng cgnt ac?‘g\%sgﬂgt haexg‘gggigggﬂ?f gig’g%?&t %gdwel I egawggﬁﬁéct%a?c?‘%q
shoulder for contact with the upward facing shoulder,
the wellhead ccnnector having a recess located radially
inward from the downward facing shoulder and a seal
surface which extends upward and is inward from the

{ 10 recess, an improved apparatus for sealing the wellhead

connector to the wellhead housing

comprising in combination:

a primary seal surface extending downward from the
upward facing shoulder of the wellhead housing and
15 radially inward relative to the axis of the bore;

a secondary seal surface extending downward from
the primary seal surface of the wellhead housing, the
primary seal surface intersecting the secondary seal
surface at an cbtuse angle, the secondary seal surface

20 having a lower marginal edge;

a transition surface extending inward from the
lower marginal edge of the secondary seal surface to
the bore of the wellhead housing;

an annular seal ring for use if the primary seal
25 surface of the wellhead housirg is damaged, comprising:

a upper seal surface in sealing contact with the
seal surface of the wellhead connector;



- 12 - a support section which is positioned adjacent thé primry seal
surface in the well head housing to preventIm with the primry
seal surface; wherein the support section Hw IIQTI& has an outer
surface that is at the sane inclination relfatitvettont s of the bore as
the primary seal surface. a | ower seal suface extending bel ow the support
section and which contacts the secondary seal surface in the well- head
housing in sealing engagenent;-ah2l @ rib extending radially outward from

t he support section into the recess. 2. The apparatus according to claim
1 wherein the secondary seal surface is conical and at a | esser angle

relative to tahgugpbs-tofsetcmeolﬂwmtcmaast R At %@ac@ﬁﬁm 3. The
apparat us, accordlnﬂ % aim,1 wherel g¥§5igfond seal surface is

subst anPFAPRY Y PePhdSuEdace,in T §3& & 58 BEEVE™i m 1 wherein
t he | oweraddalg sohaaetohlmhet&eabrnmmgytsmmhuﬁumfacm,a Iomer end that is
spaced above yhgeihRHel LA 368 dI6r o WHAME Ting B Gpparatus

according to cl t'he up seal surface of the sea ring is
coni cal ougser suwéa&ppé;mtuwa@@omm@am dingilhne bitesy &ied atiares dispor t

sectiontfl BRE sSed trhlen%o%s 2@ o ynwnfya%%atlhaguaﬁ@nm cal. 7. = The
apparatus according to claim1 wherein the seal ring has an inner dianeter

that is generally concave.
a lower seal suface extending below the support section

and which contacts the secondary seal surface in the well-

head housing in sealing engagement; and

a rib extending radially outward from the support
section into the recess.
2. The apparatus according to claim 1 wherein the secondary
seal surface is conical and at a lesser angle relative to
the axis of the bore than the primary seal surface.
3. The apparatus according to claim 1 wherein the secondary
seal surface is substantially cylindrical.
4. The apparatus according to claim 1 wherein the lower
seal suface of the seal ring terminates in a lower end
that is spaced above the transition surface by a clearance.
5. The apparatus according to claim 1 wherein the upper
seal surface of the seal ring is conical.
6. The apparatus according to claim 1 wherein the
support section of the seal ring has an outer surface that
is concical.
7. The apparatus according to claim 1 wherein the seal

ring has an inner diameter that is generally concave.



- 13 - 8. "In a wellhead housing of a type having a bore with an axis and
an upward facing shoulder on its upper end, a well head connector adapted to

connect to the well head housing and having a bore L
facing 5 shoul der for contact with the upward faammmmlmwmm
wel | head connector having a recess located radially inwdrd“frbmthe
downwar d facing shoul der and a sealing surface which extends upward and is
inward fromthe recess, an inproved apparatus for sealing the well head 10
connector to the well head housing conprising in conbination: a conical
primary seal surface extending do¥?mgrd fromthe upward facing shoul der of
t he mellhead housing and radially Tnward relative to the axis of the bore;
15 coni cal secondary seal surface ext endi ng downward from
the primary sg.al Hurd acd lokad hirowsdinighedd ahtypengaving 4 dewer wityl e rel ative

to the axis ofn d3asana hhalpidia Rak ysmd&uehage. i epgndary seal
oxt endi ng- | il R FRBVFRAE ﬂ%ymi D5t PRCRSIRPccal
surface to tHeusdrg oan(lhé'tawéhqhaadbhmsmgl am adiewhwardedflaciingg for use
i f the pgi Warah&aaiezswaza%n@actheiwl theagplers! naciﬁ]damm ,conprising:
t2he vel | head tlcigﬂ?l c}? aI E:Iu?ec ftor hﬁ\‘?fx'aé nag reocrgsascrloca ed radiael"il surface of
invard from the downward facing shoulder and a sealing
surface which extends upward and is inward from the
recess, an improved apparatus for sealing the wellhead
( 10 connector to the wellhead housing )
- comprising in combination:

a conical primary seal surface extending downward
from the upward facing shoulder of the wellhead housing
and radially inward relative to the axis of the bore:;

15 a conical secondary seal surface extending
downward from the primary seal surface of the wellhead
housing at a lesser angle relative to the axis of the
bore than the primary seal surface, the secondary seal
surface having a lowver marginal edge;

20 a transition surface extending inward from the
, lover marginal edge of the secondary seal surface to
the bore of the wellhead housing;

an annular seal ring for use if the primary seal
surface of the wellhead housing is damaged, comprising:

25 an upper seal surface in sealing contact with the
seal surface of the wellhead connector;



-14 - a support section which is adjacent the p e'i n the
wel | head housing and positioned to prevent seali Bmﬁ”f “m the primary
seal surface; wherein the support section of th as ~an outer

surface that is at the same inclinatiqg.relative to the axis of the bore as
the primary seal surface; a conical |ower seal surface extendi ng bel ow the

el ative fo the ax?ﬁvﬂ@?%ct%&%ﬁh 5 Rfaca B8 plmAd 3T BRI Y |

Il h i ng -~
engagorBriBeE s pEERbORENRE S ARV ERT ANk KoRAR) Wi bR SR GRR codt i on
into the ecess . The apparatus according to claim@8 wherein the

| oner s¥4f2 §urface of the seal ring termnates in a |lower end that is
spaced above the tbanSItIOI’l surface

by ran e. 10. The |
appar atus accor di ¥ egeéng}easfqﬂpgrtvgwg;lgpﬁf&fesqg; gpcgmrfsgg@cgﬁhqt% seal

ring is conical. he appar at us accordl ng to claim8 wherein the
suppor tatdhe same lwlmaﬁ@ngébntlvmtﬂ ghenaxis of the bere asithe peianary seal sirfaggi cal and
at the same inclination relative to the axis of the bore as the prinmary
seal surface. 12.aconical lowes seplparface sxtendingibelgwt the support Sectias, dhar t he
seal ring has an inner dianeter that is generally concave. 13. In a
wel | healwwersealraprface beingoat thesamg inclimationtrelativg tatheaxis ofitiie borelgsvthe d

faci ng shoul der on its upper end, a well head connector adapted to connect

to the seebhéagdeabsinfarg ofithe halihead hobsing and dontadting the sedondaryoseahoul der
for contact with the upward facing shoulder for contact with the upward

faci ng surficeds sealinCen@igefiftntt ai@nnect or having a recess located radially
i nward fromthe downwar facmg ..
a rib extending radially outward from the support section into the

recess.

9. The apparatus according to claim 8 wherein the lower seal surface of

the seal ring terminates in a lower end that is spaced above the transition surface by a

clearance.

10. The apparatus according to claim 8 wherein the upper seal surface of

the seal ring is conical.

11. The apparatus according to claim 8 wherein the support section of the

seal ring has an outer surface that is conical and at the same inclination relative to the

axis of the bore as the primary seal surface.

12. The apparatus according to claim 8 wherein the seal ring has an inner

diameter that is generally concave.

13. In a wellhead housing of a type having a bore having an axis and an

upward facing shoulder on its upper end, a wellhead connector adapted to connect to

the wellhead housing and having a bore and a downward facing shoulder for contact

with the upward facing shoulder for contact with the upward facing shoulder, the

wellhead connector having a recess located radially inward from the downward facing



shoul der and a coni cal

recess, an inproved neans for sealing the well head co
wel | head housing conprising in 5 conbi nat i on: nlm“ﬂllmm"lm lIche
ext endi ng downward and radially inward fromthe upmard fati fg $hodl dér of
t he wel | head housing, the primary seal surface having a | ower marginal

a secondary seal surface extendi ng downward fromthe
edge of the primary seal surface of the well head housing,
seal surface intersecting the primary seal surface at an
obtuse angl e and having a | ower narginal edge; 15 a transition

edge; 10
| ower mar gi nal
t he secondary

surface extending inward fromthe

surface to the bore of the mellhea& housi ng; an annul ar first seal

use in the eve;ﬁodﬂa%zp&haaaycéﬁpéaxs@J&ﬁee%ié}? e%khasf@%mﬁlm

good condi tion risin an_ upper conical face
ScHMATE AT he i %

outward for
connect or; aI

surface which extends upward and inward fromthe

qwer mar gi nal edge of the secondary sea

ring for
is in 20

faces upward and

45%a esh.ieama f%%%"%ffct“hes‘\’ﬁe]t Nfead

therweldhiead qymnha&erwhnchhﬁaveilhhwdwnnutkmgd 25

out ward

for seallng contact with the primary seal surface Qonph¢stRy! head
housi ng, the flrgiin;%ionrlng - 16-

10

15

20

25

a primary seal surface extending downward and
radially inward from the upward facing shoulder of the
wellhead housing, the primary seal surface having a
lower marginal edga;

a secondary seal surface extending downward from
the lower marginal edge of the primary seal surface of
the wellhead housing, the secondary seal surface
intersecting the primary seal surface at an obtuse
angle and having a lower marginal edge;

a transition surface extending inwvard from the
lower marginal edge of the secondary seal surface to
the bore of the wellhead housing;

an annular first seal ring for use in the event

the primary seal surface of the wellhead housing is in
good condition, comprising:

an upper conical surface which faces upward and
outward for sealing contact with the conical surface
of the wellhead connector;

a lower conical surface which faces downward and
outward for sealing contact with the primary seal

surface of the wellhead housing, the first seal ring '



havi nga | ower edge adapted to term nate above the secondary seal surface in
the well head housing; and a rib extending radially outward froma
m dsection of the first seal ring between upper and | ower conical surfaces.

an annul ar second seal ring for use in lieu fyl ring in the
event the primary seal surface of the well heﬁ“\“ﬂﬁﬂ“nﬂﬂmﬁ“‘mged
conprising: an upper conical surface which facesc upwamd and*outward for
sealing contact with the conical surface of the well head connector; a
support section which is adapted to be spaced adjacent the prinmary seal
surface in a position to prevent sealing contact; wherein the support
section of the seal ring has an ouwtls surface that is at the sane
inclination relative to the axis of the bore as the prinmary seal surface; a

| ower seal . sur t end] b e.su rt..secti r ntacting the
seconda‘?';g/v%rgaal i%e?f %é%e F%&?%g géel%lvevﬁlé'{;n@ t%o%%?’ﬁgﬂ}engééé%%laln—’g see%gagerrent , the

| ower seatfaner imdibet velthrad ihogsing:a argver end that is adapted to be spaced
above the transition surface by a clearance; and a rib extending radially

outward fromthe sugport section for location in the recess. 14. The

appar at us ac@oFih e¥tersispgradiablyyeub@rnd £ran adpikisgstirnsehitheurface is

coni cal fapst Fea® éi@@%w@&glugpéﬁlaaai Ve OcdrliGaB)gugtaded. e bore than the
primary seal surface. - 17 - 15. The apparatus according to claim 13

wherein the secondary seal surface is substantially cylindrical.
. an annular second seal ring for use in lieu of the first

seal ring in the event the primary seal surface of the wellhead
housing is damaged, comprising:

an upper conical surface which faces upward and outward for

sealing contact with the conical surface of the wellhead connector:;

a support section which is adapted to be spaced adjacent
the primary seal surface in a position to prevent sealing contact;

wherein the support section of the seal ring has an outer
surface that is at the same inclination relative to the axis of the

bore as the primary seal surface;

a lower seal surface extending below the support section for
contacting the secondary seal surface in the wellhead housing &n
sealing engagement, the lower seal surface terminating in a lower end
that is adapted to be spaced above the transition surface by a
clearance; and

a rib extending radially outward from the support section for

location in the recess.

14. The apparatus according to claim 13 wherein the secondary
seal surface is conical and at a lesser angle relative to the axis

of the bore than the primary seal surface.



5 16. The appar at us ‘accor di ng to claim13 wherein the seal ring has an

I nner dianeter that is generally concave. 10 17. A nethod | a
wel | head connector to a wel |l head housing, the well head ﬂm ﬂ“@mﬂﬁgl&ﬂi‘a
type having a bore and an upward facing shoulder on its N *
wel | head connector being adapted to connect to the well head housing and

havi ng a bore and 15 a downward facing shoul der for contact wth the
upward facing shoul der, t he wel | head connector having a coni cal
surface which extends upmard and inward next to the downward facing
shoul der, the method conprising in conbination: 20 providing a

primary seal surface ext endi g '\downward and radially inward fromthe
upward facing shoul der of the well head housing; providing a secondary seal

surface extendiysg denanappharaeast Aecprdimy tsafdlainuldacmereiinneee! | head 25
houst N0 a0 | PhELSRELL hel® BEENBL Y b U AGT, Ly P gRIUSE. 2001 &

providing a fif RYEE out'er “upper *surfaces for
use in the event the primary seal surface of the well head hou5|ng is in
good 30 condi tions pl aci ng the upper conical surface of the first

seal ri ngsi n sealing contact with the conical surface of the well head
connect or;

16. The apparatus according to claim . 13 vherein the
seal ring has an inner diameter that is generally
concave.

10 . 17. A method of sealing a wellhead connector to a
wellhead housing, the wellhead housing being of a type
having a bore and an upward facing shoulder on its
upper end, the wellhead connector being adapted to
connect to the wellhead housing and having a becre and

15 a downward facing shoulder for contact with the upward
facing shoulder, the wellhead connector having a
conical surface which extends upward and {inward next

to the downward facing shoulder, the method comprising
in combination:

20 providing a primary seal surface extending
downward and radially inward from the upward facing
shoulder of the wellhead housing:;

providing a secondary seal surface extending

downward from the primary seal surface of the wellhead

25 housing and intersecting the primary seal surface at an
obtuse angle:;

providing a first seal ring with outer upper and
lower conical surfaces for use in the event the primary
seal surface of the wellhead housing is in gcod
30 condition;



pl acing the | ower conical surface of the first seal ring in sealing contact
with the primary seal surface of the well head hogM' and providing a

second seal ring for use in lieu of the first seg|l M“ﬂﬂz”'n“ﬂigni htehe

primary seal surface of the well head housing is q

second seal ring with an upper seal surface which faces upward @nd outward,
a support section extending dowmmward fromthe upper seal surface at the
sanme inclination relative to the axis of the bore as the prinmary sea
surface. placing the upper seal surface of the second seal ring in sealing
contact with the conical surface of the well head connector; positioning the
support section adjacent the prinary8seal surface in the wellhead housing
to prevent sealing of the support section at the prinmary seal surface; and

pl acing the | ower seal surface of the second seal ring._.in, sealing contact
with the sec®iasing &ba upegr feanacah, spRgacsepf Wé‘&dﬁfﬁﬁﬁs’ﬁ?@}. ring 1n

sealing contact with the conical surface of the wellhead connector;

placing the lower conical surface of the first seal ring in
sealing contact with the primary seal surface of the wellhead
housing; and

providing a second seal ring for use in lieu of the first
seal ring in the event the primary seal surface of the wellhead

housing is damaged;

providing the second seal ring with an upper seal surface which
faces upward and outward, a support section extending downward
from the upper seal surface at the same inclination relative to the
axis of the bore as the primary seal surface.

placing the upper seal surface of the second seal ring in
sealing contact with the conical surface of the wellhead connector:

positioning the support section adjacent the primary seal
surface in the wellhead housing to prevent sealing of the support

section at the primary seal surface; and

placing the lower seal surface of the second seal ring in
sealing contact with the secondary seal surface in the wellhead

housing.



