CASING HANGER PROFILE FOR MULTIPLE SEAL LANDING POSITIONS

1. Field of the Invention:

[0001] This invention relates in general to productiorobfand gas wells, and in particular to a
wellhead assembly having a casing hanger profiecadcommodate multiple locations for

contacting a sealing assembly.

2. Description of Related Art

[0002] Wellheads used in the production of hydrocarbomisaeted from subterranean formations
typically comprise a wellhead assembly attachethatupper end of a wellbore formed into a
hydrocarbon producing formation. An annular weditiéousing typically makes up the outermost
member where wellhead assemblies connect to aavelll® production tree usually connects to the
upper end of a wellhead assembly for controllimyfin and out of the wellbore and allowing
access into the wellbore. Support hangers arerginancluded within the wellhead housing for
suspending production tubing and casing into thiédoemee. The casing lines the wellbore, thereby
isolating the wellbore from the surrounding formati The tubing typically lies concentric within
the casing and provides a conduit therein for pcoduthe hydrocarbons entrained within the

formation.

[0003] Annular spaces within concentric members, suchewellhead housing and casing
hanger, may be exposed to high pressures dowrttailestquire isolation from within the wellhead
housing and/or production tree. One manner o&tgmi involves setting seals within the annular
spaces to form a pressure barrier between the due/qintessure and ambient to the wellhead

housing.
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[0004] Summary of the I nvention:

[0005] Disclosed herein is a wellhead assembly, in an ek@embodiment the wellhead assembly

includes an annular inner member with a curvedraitgace and a series of sealing areas on the
outer surface. The sealing areas are spaced atoagial length of the annular inner member to

define an outer sealing area distance. The exaemlodiment of the wellhead assembly also

includes an annular outer member around the inmeenlver; the outer member has a curved inner
surface lined with a series of sealing areas atonmner axial distance of the inner surface. The
inner sealing areas face the outer sealing areharmannular space is defined between the outer
member and the inner member. Also in the exampl®eiment of the wellhead assembly, a seal is
in the annular space and includes an annular tsgend an annular inner leg. The inner leg has a
sealing surface in sealing contact with the outeoges, the inner leg also has a length of no more
than about one-half the distance of the outer ggeo¥n an optional embodiment, the inner sealing
areas can be arranged axially along the outer anmémber to define an outer sealing area
distance. The outer leg also has a sealing syitzian an embodiment is no more than about one-
half the outer sealing area distance. In one el@empbodiment, the sealing surface of the outer leg
is in sealing contact with the sealing areas. dutter annular member can be a wellhead housing
and the inner annular member can be a casing hadgeenergizing ring can be included in an

example embodiment of the wellhead assembly, wheinei energizing ring is selectively inserted

between the inner and outer legs for urging therimmd outer legs respectively into sealing contact

with the inner and outer sealing areas.

[0006] In another example embodiment, disclosed hereimisllhead assembly having an axis, an

outer annular member around the axis and an immerlar member inserted into the outer annular
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member to form an annular space. Outer sealirggaran be included on an inner surface of the
outer annular member that circumscribe the axisgaém outer axial distance. Also included can be
inner sealing areas formed on a portion of an osteface of the inner annular member that
circumscribe the axis along an inner axial distan&eseal can be set in the space that includes an
annular inner leg with a sealing surface in seatiogtact with the inner sealing areas, where the
sealing contact is along a distance no more thaataime-half the inner axial distance. The seal ca
also include an annular outer leg with a sealimtase in sealing contact with the outer sealingare
along a distance no more than about one-half tter aial distance. In an example embodiment,
the inner and outer legs are disposed a radia@rmistapart and connected by a base. An energizing
ring can be included with the wellhead assemblyenatihe energizing ring is selectively inserted
between the inner and outer legs for urging therniamd outer legs respectively into sealing contact
with the inner and outer sealing areas. In an @&embodiment, the inner sealing areas make up
part of a first sealing surface, and wherein aseésealing surface is provided along a portiomef t
outer surface of the inner annular member havitegger diameter than the portion of the inner
annular member having the inner sealing areaagn Bxample embodiment, the inner leg extends up
to about one-third of the length of the inner axistance. In an example embodiment, the outer

annular member is a wellhead housing and the ianeular member is a casing hanger.

[0007] Yet further disclosed herein is a method of assemlal wellhead assembly. In an example
embodiment the method includes providing an outeutar member with a curved inner surface
and a series of inner sealing areas formed ontapaf the inner surface and providing an inner
annular member with a curved outer surface andiessef outer sealing areas around a portion of
the outer surface. The outer sealing areas oéxhenple embodiment are spaced along an axial

length of the inner annular member to define arioséaling area distance. The method of the
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example embodiment further includes inserting tiveer annular member into the outer annular
member so that the inner sealing areas face trex eatling areas and define an annular space
between the outer annular member and the innedanmember. A seal is provide that includes an
annular outer leg and an annular inner leg havisggding surface that extends no more than about
one-half the inner axial distance; and the ses¢isnto the annular space. The space between the
inner and outer annular members can be sealedjmgua portion of the sealing surface of the inner
leg radially inward against a segment of the oséaling areas. In an alternate embodiment, the
inner sealing areas can be arranged axially almguter annular member to define an outer sealing
area distance and wherein the outer leg has angesalrface no more than about one-half the outer
sealing area distance. Optionally, the methot@é&kample embodiment can further include urging
the sealing surface of the outer leg radially outleayainst the outer sealing areas. In an aligmat

the seal can be removed from the space and arssthldnserted a different axial location within the
space. The other seal can be a secondary seakefiment can be deemed a first segment and the
method can further include sealing between theriané outer annular members by urging a portion
of the sealing surface of the inner leg radiallyand against a second segment that is axially sppace
from the first segment. In an optional embodimantarea on the outer surface of the inner annular
member adjacent the outer sealing area distansgbstantially planar; in this embodiment the
method can further include urging a portion of $skaling surface of the inner leg radially inward
against the substantially planar area. The oumenlar member can be a wellhead housing and the

inner annular member can be a casing hanger.

Brief Description of the Drawings:
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[0008] Figure 1 is a side sectional view of a wellheaceaddy in accordance with the present

disclosure.

[0009] Figure 2 is an enlarged view of a portion of thélwead assembly of Figure 1 that depicts an

embodiment of a seal.

[0010] Figure 3 is an illustration of the wellhead assenuil Figure 2 with the seal in sealing

engagement.

[0011] Figure 4 is an illustration of an alternate embaatitrof the seal of Figure 2.

Detailed Description of the I nvention:

[0012] The apparatus and method of the present disclogilir@ow be described more fully
hereinafter with reference to the accompanying drgsvin which embodiments are shown. This
subject of the present disclosure may, howevegntigodied in many different forms and should not
be construed as limited to the illustrated embodisset forth herein; rather, these embodiments are
provided so that this disclosure will be thorougld aomplete, and will fully convey the scope of
the invention to those skilled in the art. Likenmoers refer to like elements throughout. For the
convenience in referring to the accompanying figudirectional terms are used for reference and

illustration only. For example, the directionahtes such as "upper”, "lower", "above", "below", and

the like are being used to illustrate a relatidoaation.

[0013] It is to be understood that the subject of the gmesdisclosure is not limited to the exact
details of construction, operation, exact materials embodiments shown and described, as
modifications and equivalents will be apparent te skilled in the art. In the drawings and

specification, there have been disclosed illusteagmbodiments of the subject disclosure and,
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although specific terms are employed, they are ursadjeneric and descriptive sense only and not
for the purpose of limitation. Accordingly, thebgect disclosure is therefore to be limited only by

the scope of the appended claims.

[0014] lllustrated in a side sectional view in Figure bie example of a wellhead assembly 10 and
a running tool 12 inserted in the wellhead assembBly The running tool 12 includes an inner
mandrel 14, having a threaded upper end for cororett a raising and/or lowering device, such as
a drill pipe (not shown). The drill pipe, which @am example depends downward from a drilling
platform (not shown), can be used for raising, lomge and operating the running tool 12. The
wellhead assembly 10 of Figure 1 includes an artaular wellhead housing 16, also referred to as
a high pressure housing. The running tool 12 @whlanding a casing hanger 18 within the
wellhead housing 16. After landing the casing leaurid in the wellhead housing 16, an annular
space is formed between respective portions ot#sing hanger 18 and wellhead housing 16.
Additional hangers of similar configurations afastrated coaxially within the wellhead housing 16
and below the casing hanger 18. The additionajé&@include, a bridging hanger 20 and another
casing hanger 22 beneath the bridging hanger 2l &semblies 24 are illustrated set in the

annular spaces between each of the hangers 132 2hd the wellhead housing 16.

[0015] One example of the interface between an embodiai¢hé casing hanger 18 and wellhead
housing 16 is shown in a side sectional view inuFég2. In the example of Figure 2, the seal
assembly 24 is set into an annular space 25 debetgieen the casing hanger 18 and wellhead
housing 16. It should be pointed out that the ass¢mbly 24 is not limited to sealing between the
casing hanger 18 and wellhead housing 16 but cdude the bridging hanger 20 and casing hanger

22. An annular energizing ring 26 is shown ingkmethin the seal assembly 24 and used for
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downwardly urging the seal assembly 24 and intdirsg@ngagement with respecting opposing
surfaces of the wellhead housing 16 and casingdrai®) The energizer ring 26 includes a lower

end 28, shown as having a generally rectangulasesection.

[0016] The seal assembly 24 includes a seal member 3Adawiouter leg 32 and an inner leg 34
connected together by a base member 35 that astbehgeen the respective lower ends of the outer
and inner legs 32, 34. Both the outer and inrg 82, 34 are annular members each having a cross
section with an elongated side generally paralléh an axis A of the wellhead housing 10. The
orientation of the legs 32, 34 and base membeni3d &n annular slot 36 between the legs 32, 34 in
which the lower end 28 of the energizing ring 26hiswn being inserted. Beneath the base 35, the
seal assembly further includes an annular lowaimet 38. An upper portion of the lower retainer
38 threadingly engages the seal member 30 alanwgex base 40. A lowermost surface of the lower
retainer 38 is shown landed on a shoulder 42 shwavided on an outer diameter of the casing
hanger 18. The shoulder 42 of Figure 2 is genepatpendicular to the axisxfof the wellhead
assembly 10. An optional retainer 44 circumscribesouter periphery of the energizing ring 26

and in the space between the energizing ring 26rared surface of the wellhead housing 16.

[0017] Still referring to Figure 2, a series of grooveswickers 46 are shown formed respectively
along an axial length of the inner surface of tlellead housing 16 and the outer surface of the
casing hanger 18. The wickers 46 illustrated a@ri@s of adjacent grooves with a V-shaped cross-
section. The respective axial lengths of the wisk& on the casing hanger 18 and wellhead
housing 16 may or may not have the same distaAc®aling surface is provided on the outer leg
32 on the side facing the wellhead housing 16.il8iy, a sealing surface is provided on the inner

leg 34 on a side facing the casing hanger 18. ridrtiie legs 32, 34 against the wickers 46 so that
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the legs 32, 34 deform from engagement with thé&evic46 creates a pressure barrier in the annular
space 25. Also included in the embodiment of Fedlis a taper 50 illustrated on the outer diameter
of the casing hanger 18 and along a space betlwedawer terminal end of the wickers 46 on the

casing hanger 18 and the shoulder 42.

[0018] An example of setting the seal member 30 into sgationtact is illustrated in a side
sectional view in Figure 3. In this example, thergizing ring 26 is downwardly urged to insert the
lower end 28 towards the lower portion of the aanslot 36; the lower end 28 pushes the legs 32,
34 in oppositely oriented directions and into eregagnt with the profiled surface (wickers 46) of
the casing hanger 18 and wellhead housing 16hdrexample of Figure 3, the seal element 30 is
made from a material, such as a metal, softer th@material of either the casing hanger 18 or
wellhead housing 16. This causes the seal eleBetd deform in response to pressured contact
with the wickered surface. The corresponding sulteng interface between the respective outer
surfaces of the legs 32, 34 and wickers 46 ordéiseng hanger 18 and wellhead housing 16 form

pressure seals to isolate wellbore pressure fremeion above the seal assembly 24.

[0019] In the embodiment of Figure 3, the axial distantehe wickers 46 can exceed the
corresponding axial distance of the sealing surtd@&sther leg 32, 34 to provide for multiple seal
landing locations at different axial locations.r Egample, the axial distance occupied by the inner
leg 34 of the total wickered distance of the casiagger 18 is referred to as a landing zone 48
wherein additional landing zonesA48 48, may be provided. The axial distance of the wisld

on the wellhead housing 16 can also provide fortiplal landing zones for engagement with a
sealing surface on the outer leg 32, as illustrégdanding zones 4949 ... 49,. Example

distance ratios between the axial length of thekerg 46 (on either the casing hanger 18 or
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wellhead housing 16) and the legs 32, 34 can betdaha, 2:1: 3:1, 4:1, 5:1 and greater. The

distance ratios can also include fractional valudsltiple landing zones can be beneficial when a
first or primary seal is set into the annular spiresealing between the casing hanger 18 and
wellhead housing 16, but due to debris on the wick®, or damage to the wickers 46 or seal

element 30, a pressure seal can not be maintained.

[0020] In an example of a damaged primary seal, such @srsin Figure 4, a secondary seal
assembly 24A may be inserted within the annulaces2® to provide sealing between the casing
hanger 18 and wellhead housing 16. In the embatiofd-igure 4, a sealing surface of an inner leg
34A is set adjacent wickers 46 to define a landioge 484, that is above and distinct from the
wickers 46 in a landing zone 48 This allows a second or secondary seal to lalied without
being placed against damaged or debris-laden vackér The extra length of the wickers 46
facilitates placement of the seal element 30A st the legs 32A, 34A can engage previously
unengaged wickers 46. This can be illustratednieybiase 40A now in sealing contact with the
wickers 46 on the wellhead housing 16 to definaraling zone 4Q and the outer leg 34A in
sealing contact with the wickers 46 to define aliag zone 49.. In the example of Figure 4, a
lower retainer or spacer 38A is provided longentttze lower retainer 42 of Figure 2. A lower
retainer 42A of a different length may be useddsifon the seal assembly 24A at different landing

Zones.

[0021] While the invention has been shown or describeghig some of its forms, it should be
apparent to those skilled in the art that it is s@timited, but is susceptible to various changes
without departing from the scope of the inventidrar example, in an alternative embodiment, a

seal assembly (not shown) separate from the seaiddy 24, may be set within the annular space
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25 and into engagement with the substantially plangace shown between the wickered portion

and the taper 50.

10
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Claims

What is claimed is:

1. A wellhead assembly comprising:

an annular inner member having a curvilinear osteface with a series of outer
grooves that circumscribe a portion of the outefase and are spaced along an axial

length of the annular inner member to define aergitooved distance;

an annular outer member circumscribing the innember and having a curvilinear
inner surface with a series of inner grooves formedn inner axial distance of the
inner surface so that the inner grooves face ther@rooves and thereby define an

annular space between the outer member and therreraber;

a seal in the annular space and comprising an anouter leg and an annular inner leg
having a sealing surface in sealing contact wigtdilter grooves and extending no more

than about one-half the outer grooved distance.

2. The wellhead assembly of claim 1, wherein timeirgrooves are arranged axially along
the outer annular member to define an outer grodiadnce and wherein the outer leg

has a sealing surface no more than about oneHwtiuter grooved distance.

3. The wellhead assembly of claim 3, wherein thadisg surface of the outer leg is in

sealing contact with the outer grooves.

4. The wellhead assembly of claim 1, wherein theeloannular member comprises a

wellhead housing.

11


efiling
Pencil


5. The wellhead assembly of claim 1, wherein theirmnnular member comprises a casing

hanger.

6. The wellhead assembly of claim 1, further cosipg an energizing ring selectively
inserted between the inner and outer legs for grtia inner and outer legs respectively

into sealing contact with the inner and outer gesov

7. A wellhead assembly having an axis comprising:

an outer annular member circumscribing the axis;

an inner annular member within the outer annulambexr thereby defining an

annular space between the outer annular membehandner annular member;

outer grooves on an inner surface of the outeulanmember that circumscribe the

axis along an outer axial distance;

inner grooves formed on a portion of an outer sigfaf the inner annular member

that circumscribe the axis along an inner axidlatise; and

a seal disposed in the space and comprising:

an annular inner leg having a sealing surfaceafirggcontact with the inner

grooves along a distance no more than about ori¢heainner axial distance; and

an annular outer leg having a sealing surfacedhrggcontact with the outer grooves along

a distance no more than about one-half the ouial distance.

12
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8. The wellhead assembly of claim 7, wherein timerrand outer legs are disposed a radial

distance apart and connected by a base.

9. The wellhead assembly of claim 7, further cosipg an energizing ring selectively
inserted between the inner and outer legs for grtia inner and outer legs respectively

into sealing contact with the inner and outer gesov

10. The wellhead assembly of claim 7, wherein tlier grooves comprise a first sealing
surface, and wherein a second sealing surfaceisdad along a portion of the outer
surface of the inner annular member having a ladggneter than the portion of the

inner annular member having the inner grooves.

11. The wellhead assembly of claim 7, whereintinei leg extends up to about one-third of

the length of the inner axial distance.

12. The wellhead assembly of claim 7, wherein th&roannular member comprises a

wellhead housing.

13. The wellhead assembly of claim 7, whereintinei annular member comprises a casing

hanger.

14. A method of assembling a wellhead assembly csimp:

a. providing an outer annular member having a toear inner surface with a series of

inner grooves formed on a portion of the inner acef

13


efiling
Pencil


b. providing an inner annular member having a ¢tumear outer surface with a series of
outer grooves that circumscribe a portion of theepsurface and are spaced along an

axial length of the inner annular member to deéineouter grooved distance;

c. disposing the inner annular member within theeoannular member so that the
inner grooves face the outer grooves and therelfryedgn annular space between the

outer annular member and the inner annular menalnelr;

d. providing a seal comprising an annular outerdled an annular inner leg having a

sealing surface that extends no more than aboubalfi¢he inner axial distance.

15. The method of claim 14, further comprisingdigposing the seal into the annular space;
and (f) sealing between the inner and outer anmuéanbers by urging a portion of the

sealing surface of the inner leg radially inwardiagt a segment of the outer grooves

16. The method of claim 14, wherein the inner gesoare arranged axially along the outer
annular member to define an outer grooved distamckwherein the outer leg has a

sealing surface no more than about one-half ther@uboved distance.

17. The method of claim 16, further comprising oggihe sealing surface of the outer leg

radially outward against the outer grooves.

18. The method of claim 14, further comprising: i@noving the seal from the space; (h)
repeating step (d), and (i) repeating step (ep#terent axial location within the space,

wherein the seal of step (h) comprises a secorstsaly

14
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19. The method of claim 18, wherein the segmestey (f) comprises a first segment, the
method further comprising: (j) sealing betweenitimer and outer annular members by
urging a portion of the sealing surface of the imeg radially inward against a second

segment that is axially spaced from the first segme

20. The method of claim 14, wherein an area onotliter surface of the inner annular
member adjacent the outer grooved distance isauttety planar, the method further
comprising urging a portion of the sealing surfaténe inner leg radially inward against

the substantially planar area.

21. The method of claim 14, wherein the outer amnubtember comprises a wellhead

housing.
22. The method of claim 14, wherein the inner aanolember comprises a casing hanger.
23. A wellhead assembly, comprising:

a high pressure housing having a plurality of wiskon an inner bore;

a casing hanger having a plurality of wickers nroater surface facing the plurality of
wickers on the inner bore of the high pressure imgushen the casing hanger is disposed

within the high pressure housing;

a first seal for sealing an annulus between ttsingahanger and the high pressure
housing and configured to orient a sealing porbbthe first seal between a first set of

wickers on the inner bore of the high pressure imguend a first set of wickers on the outer

15
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surface of the casing hanger when the first séahded on a shoulder of the casing hanger;

and

a second seal for sealing the annulus betweenasiag:- hanger and the high pressure
housing, wherein the second seal is configurediémba sealing portion of the second seal
between a second set of wickers on the inner daredigh pressure housing and a second
set of wickers on the outer surface of the casexggkr when the second annular seal is
landed on the shoulder of the casing hanger, thenskset of wickers of the high pressure
housing and the casing hanger being at a différ@ght relative to the first set of wickers of

the high pressure housing and the casing hanger.

24.  The wellhead assembly as recited in claim 2&rein the first seal comprises a first
retainer ring coupled to the sealing portion of finst seal and configured to orient the
sealing portion of the first seal between the Bigtof wickers on the inner bore of the high
pressure housing and the first set of wickers erotiter surface of the casing hanger when

the first seal is landed on the shoulder of théngalsanger.

25.  The wellhead assembly as recited in claim 2%rein the second seal comprises a
second retainer ring coupled to the sealing portibthe second seal and configured to
orient the sealing portion of the second seal betvike second set of wickers on the inner
bore of the high pressure housing and the secdraf sgckers on the outer surface of the

casing hanger when the second seal is landed oshtindder of the casing hanger, the
second retainer ring having a different heighttredeto the first retainer ring to position the

sealing portion of the second seal at a differemgtt in the wellhead assembly relative to

the height that the first retainer ring positiohs sealing portion of the first seal.

16
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26.  The wellhead assembly as recited in claim Zterein the lowest wicker of the
second set of wickers of the high pressure houaimythe casing hanger is at a greater
height relative to the highest wicker in the fgst of wickers of the high pressure housing

and the casing hanger.

27.  The wellhead assembly as recited in claim 2@&rein the sealing portion of the first
seal has an inner leg and an outer leg separatadgay and the first seal comprises an
energizing ring adapted to urge the outer legemigagement with the first set of wickers of
the high pressure housing and the inner leg ing@agement with the first set of wickers of

the casing hanger when the energizing ring is driw& the gap.

28. The wellhead assembly as recited in claim Z¥rein the sealing portion of the
second seal has an inner leg and an outer legateddny a gap and the second seal
comprises an energizing ring adapted to urge ther teg into engagement with the second
set of wickers of the high pressure housing andirther leg into engagement with the

second set of wickers of the casing hanger wheertkegizing ring is driven into the gap.

29. A family of seals for use in forming a seakim annulus between a high pressure
housing having at least one sealing surface onraar ibore and a casing hanger having at
least one sealing surface on an outer surface dpplos at least one housing sealing region,

comprising:

a primary seal, comprising a sealing portion afitretainer ring coupled to the sealing
portion, wherein the first retainer ring has atflieight to orient the sealing portion of the

first seal between a first sealing region of thieast one sealing surface on the inner bore of

17
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the high pressure housing and a first sealing regiothe outer surface of the casing hanger

when the primary seal is landed on a portion efdasing hanger; and

a replacement seal, comprising a sealing portiahaasecond retainer ring coupled to the
sealing portion, wherein the second retainer ragydsecond height, different from the first
height, to orient the sealing portion of the replaent seal between a second sealing region
of the at least one sealing surface on the inner dfthe high pressure housing and a second
sealing region on the outer surface of the casamgér when the replacement seal is landed
on the portion of the casing hanger, wherein ticers@ height of the second retainer ring is
selected so that the second sealing regions offitite pressure housing and the casing
hanger are exclusive of the first sealing regidrte®high pressure housing and the casing

hanger.

30. The family of seals as recited in claim 29, ieihethe at least one sealing surface of
the high pressure housing comprises a pluralityigckers and the at least one sealing
surface of the casing hanger comprises a plurafityickers, the first retainer ring being
configured to orient the sealing portion of thenpmary seal between a first set of wickers of
the high pressure housing and the casing hangdr then second retainer ring being
configured to orient the sealing portion of thelagpment seal between a second set of

wickers of the high pressure housing and the casamger.

31. The family of seals as recited in claim 30, rehethe second height of the second
retainer ring is great enough relative to the fiesght of the first retainer ring that the lowest

wicker in the second set of wickers is above tlglést wicker in the first set of wickers.
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32.  The family of seals as recited in claim 30, rehethe second height of the second
retainer ring is low enough relative to the firstdght of the first retainer ring that the highest

wicker in the second set of wickers is below thedst wicker in the first set of wickers.

33. A wellhead assembly, comprising:

a high pressure housing having a sealing surfa@anner bore;

a casing hanger having a sealing surface on @&n suitface, wherein the sealing surface
of the casing hanger is configured to be locatgubsipe the sealing surface on the inner bore
of the high pressure housing when the casing hasgisposed within the high pressure

housing;

a first seal for sealing an annulus between ttsingahanger and the high pressure
housing, wherein the first seal is configured te@mtr a sealing portion of the first seal
between a first sealing region of the sealing s@rfan the inner bore of the high pressure
housing and a first sealing region of the sealuniage on the outer surface of the casing

hanger when the first seal is landed on the cdsamger;

a second seal for sealing the annulus betweeaoatiag hanger and the high pressure
housing, wherein the second seal is configurediémba sealing portion of the second seal
between a second sealing region of the sealing&aidn the inner bore of the high pressure
housing and a second sealing region of the sesllirfgce on the outer surface of the casing
hanger when the second seal is landed on the daainggr, the second sealing region of the
high pressure housing being at a different heiglative to the first sealing region of the

high pressure housing.
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34. The wellhead assembly as recited in claim 3@rein the second seal is configured
so that the second sealing region of the high predsusing is exclusive of the first sealing

region of the high pressure housing.

35. The wellhead assembly as recited in claim 3@&rein the first seal comprises a first
retainer ring coupled to the sealing portion of finst seal and configured to orient the
sealing portion of the first seal between the Bestling region on the sealing surface on the
inner bore of the high pressure housing and tkedealing region on the sealing surface on

the outer surface of the casing hanger when teedeal is landed on the casing hanger.

36.  The wellhead assembly as recited in claim 3&rein the second seal comprises a
second retainer ring coupled to the sealing poriothhe second seal, the second retainer
ring having a height selected to orient the segtiogion of the second seal between the
second sealing region on the sealing surface omtig bore of the high pressure housing
and the second sealing region on the sealing uoiathe outer surface of the casing hanger

when the second seal is landed on the casing hanger
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