CASI NG HANGER PROFI LE FOR W MPLE SEAL LANDI NG PCSITIONS 1. Field of the

I nvention: 10001] This invention relates in general to productionand gas
wells, and,articular to a well head assenbly having a casi ng hanger profiled
to accommopdate nultiple |ocations for contacting a sealing assenbly. 2.
Deser tion of Related Art 100021 Wel | heads used in the production of

hydr ocar bons extracted from subterranean formations typically conprise a
wel i head assenbly attached at the upper end of a wellbore fol wed into a

hydr ocar b n (.. vwel thead housin cally
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wel i bore. A production tree usually connects to the upper end of a mellhead
assenbly for g flowin and out of the wellborc and all owi ng access into the
wel i bore. S %Fyﬂg re generally included within the well head
hou3|ng forﬁgggggt |ng€%§]ﬁct|on tubi ng and casing into the wellbore. The
casing lines the wellbore, thereby isolating the wellbore fromthe
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casi ng and provides a con ul erern UCI n ons

entrained, within ortuati on nul ar .
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exposed to high pressures downhole that require isolation fromiithin the
wel | hegentidingiangalimtiassemblyoduct i on tree. One manner of isolation involves
setting scats within the annular spaces to fin ma pressure barrier between

t he downhol e pressure and anbient to the well head housi ng.
2. escription of Related Art

[0002] Wellheads used in the production of hydrocarbons extracted from subterranean formations
typically comprise a wellhead assembly attached at the upper end of a wellbore formed into a
hydrocarbon producing formation. An annular wellhead housing typically makes up the outermost
member where wellhead assemblies connect to a wellbore. A production tree usually connects to the
upper end of a wellhead assembly for controlling flow in and out of the wellbore and allowing
access into the wellbore. Support hangers are generally included within the wellhead housing for
suspending production tubing and casing into the wellbore. The casing lines the wellbore, thereby
isolating the wellbore from the surrounding formation. The tubing typically lies concentric within
the casing and provides a conduit therein for producing the hydrocarbons entrained within the

formation.

[0003] Annular spaces within concentric members, such as the wellhead housing and casing
hanger, may be exposed to high pressures downhole that require isolation from within the wellhead
housing and/or production tree. One manner of isolation involves setting seals within the annular
spaces to form a pressure barrier between the downhole pressure and ambient to the wellhead

housing.



[ 00041 Sunmmary of the Invention: [00051 Disclosed herein is a well head
assenbly, in an exanpl e enbodi nent the wel | head assenbly hichides an
annul ar inner nenber with a curved outer surface and a series of sealing
areas on the outer surface. The sealing areas are spaced al ong an axi al

| ength of the annular inner nmenber to define an outer sealing area

di stance. The exanpl e enbodi nent of the well head assenbly al so includes an
annul ar 0uBﬁ%4f§ﬂ&®hﬂ?Qﬁ?ﬂghﬁgﬁﬁbﬂner nenber; the outer nenber ha a curved
i nner surface 1ine Pfth a serires of sealing areas along an inner axi al

di stance oftlie inner surface. The inner sealing areas face the outer

seal i as,and an_ annul ar ace.is.defined, between the outer and
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outer grooves, the nmaci leg also has a length of no ore than about one-half
t he dogttanctcof Thhecabing ercag psopessd dlongam optlilongth o theodinnieninnet embentd ng
areas can be arranged axially along the outer annular nenber to define an
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in an enbodinment is no nore than about one-half the outer sealing area
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is in sealing contact ing areas. The outer annul ar nenmber can
be a we Ih?aqihqﬁsing qgg Hhe inneﬁ annul ar nqupr can_.he .a cas”no Wg?nger
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assenbly, wherein the energizing ring is selectively inserted between the
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sealing contact inner and outer sealing areas. [0006] in another exanple
enbodimembts anditbcinoseuerhieare Ailsoiis the eweuble athbadsmmbbithtrevelilingpd assembils a seatesrber
to forman annul ar space. Quter sealing areas can be included on an inner
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outer axial distance, Al so included can be
sealing surface in sealing contact with the outer grooves, the inner leg also has a length of no more
than about one-half the distance of the outer grooves. In an optional embodiment, the inner sealing
areas can be arranged axially along the outer annular member to define an outer sealing area
distance. The outer leg also has a sealing surface, that in an embodiment is no more than about one-
halfthe outer sealing area distance. In one example embodiment, the sealing surface of the outer leg
is in sealing contact with the sealing areas. The outer annular member can be a wellhead housing
and the inner annular member can be a casing hanger. An energizing ring can be included in an
example embodiment of the wellhead assembly, wherein the energizing ring is selectively inserted

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

with the inner and outer sealing areas.

[0006] In another example embodiment, disclosed herein is a wellhead assembly having an axis, an

outer annular member around the axis and an inner annular member inserted into the outer annular



- sealingion of an outer surface of the inner annular nenber that
circunscri be the axis along an inner axial distance. A seal can be set in
t he space that includes an annular inner leg with a sealing surface in
sealing contact with the inner sealing areas, where the sealing contact is
al ong a distance no nore than about o e-halithe inner axial distance. The
seal can also include an annular outer leg with a sealing surface in

sealin C i ter al i areas._along,a, di stance no re.than
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energizing ring is selectively inserted between the inner and outer |egs
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the inner and outer sealing areas. In an exanpl e enbodi nent, theeas nmake up
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provi ded along a portion of the outer surface of the inner annul ar nenber
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havi ng the inner Sealing areas. In an eXanple e iment, the I nher
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t he i nner annul ar menber is a casing hanger. 100071 Yet further disclosed
her ei n2sQ inglugisrp ganwir oxés degpyitingsealippsurksa i sgaknagomiact with the oajeagnliag areas
enbodi nent the nethod includes providing an outer ar with a curved inner
sur f aceloagd dstaee nesawé than aboutseelihiaHghaowersaxfia distahconIrearpoatipbnernboditnent,

i nner surface and providing an inner annular nenber with a curved outer
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surface. The outer sealing areas of the exanple enbodi nent are spaced al ong
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the outer sealing area nd define an, annul ar space between. the outer
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i ncludes_an annul ar outer |leg and an annul ar inner |eg having a sealing

sur f ac®ith g ingsaragd @yten sealip e ercahal aassamplerrabegimenthée imneescading ateagingkavize;
and the seal is set into the annul ar space. The space between the inner and
out er parhof afirsteentiey sirfacbad sdateida frgond gatingsupact isprovalded Aengsagdriitrgof the
surface of the inner leg radially inward agai nst a segnent of the outer
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alternative, the seal can be renoved fromthe space and another sea

i nser t auipr gnanibor ey waltheald hopsiag ot thei inkérantiler wmber isAasioghengegseal can be
a secondary seal. The segnent can be deenmed a first segnent and the nethod
can farther include sealing between the inner and outer annul ar nmenbers by
ur gi ngl040Po et fortherrdisohesed bereimig a snathicioe asfenthhisgianveiheddapserabliyaln 3n ¢xawplad
agai nst a second segnent that is axially spaced fromthe first segnent. in
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menber adj acent the outer sealing area distance is substantially planar; in
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annular member with a curved outer surface and a series of outer sealing areas around a portion of
the outer surface. The outer sealing areas of the example embodiment are spaced along an axial

length of the inner annular member to define an outer sealing area distance. The method of the



agai nst the substantially planar area. The outer inner annu | am nmenber can
be a casing hanger. surface of the inner leg radially r can be a wel | head
housi ng an Brief Description of the Draw ngs: 100081 Figure 1 is a side
sectional view of a weilhead assenbly in accordance with the present

di scl osure. 100091 Figure 2 is an enlarged view of a portion of the

wel i head assenbly of Figure 1 that depicts an enbodi nent of a seal.

example embodiment further includes inserting the inner annular member into the outer annular
member so that the inner sealing areas face the outer sealing areas and define an annular space
between the outer annular member and the inner annular member. A seal is provide that includes an
annular outer leg and an annular inner leg having a sealing surface that extends no more than about
one-half the inner axial distance; and the seal is set into the annular space. The space between the
inner and outer annular members can be sealed by urging a portion of the sealing surface of the inner
leg radially inward against a segment of the outer sealing areas. In an alternate embodiment, the
inner sealing areas can be arranged axially along the outer annular member to define an outer sealing
area distance and wherein the outer leg has a sealing surface no more than about one-half the outer
sealing area distance. Optionally, the method of the example embodiment can further include urging
the sealing surface of the outer leg radially outward against the outer sealing areas. In an alternative,
the seal can be removed from the space and another seal inserted a different axial location within the
space. The other seal can be a secondary seal. The segment can be deemed a first segment and the
method can further include sealing between the inner and outer annular members by urging a portion
of the sealing surface of the inner leg radially inward against a second segment that is axially spaced
from the first segment. In an optional embodiment, an area on the outer surface of the inner annular
member adjacent the outer sealing area distance is substantially planar; in this embodiment the
method can further include urging a portion of the sealing surface of the inner leg radially inward
against the substantially planar area. The outer annular member can be a wellhead housing and the

inner annular member can be a casing hanger.

Brief Description of the Drawings:



10010] Figure 3 is an illustration of the well head assenbly of Figure 2,
with the seal in se, a engagenent. 100111 Figure 4 ision of an alternate
enbodi ment of the seal of Figure 2, ; Detailed Description of the

I nvention: 100121 The apparatus and nmethod of the present disclosure wll
now be described nore fully hereinafter with reference to the acconpanyi ng
drawi ngs in which enbodi nents are shown. This subject of the present
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t hese enbodi nents are provided so that this disclosure will be thorough and
conpl etlBClogWE- wi 11 thily convey the scope of the invention to those skilled
in the art. Like nunbers refer to |like el enents throughout. For the
convenienc ferring to the accompanying ftgures directional terns aru used
for rclQRO% FigreAis anenlasgqdatiews Al vpriion pighe welhgsd assenthdy of Higure il dhpd Heniets A
such as "upper", "lower", "above", "below' and the like are being used to
i |1 ust embedimenebf sc@hal | ocation. [001to be understood that e subject of
the present disclosure is not limted to the exact details of construction,
operation, exact materials, or enbodi nents shown and descri bed, as
nmodi fi (10D guand ieqoiiNadtetios ofithd whitheap paseanitly tod Fomee Qkivith @dk senl tcheakling .
In the drawl s and

engagement.

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

Detailed Description of the Invention:

[0012] The apparatus and method of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. This
subject of the present disclosure may, however, be embodied in many different forms and should not
be construed as limited to the illustrated embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope of
the invention to those skilled in the art. Like numbers refer to like elements throughout. For the
convenience in referring to the accompanying figures, directional terms are used for reference and
illustration only. For example, the directional terms such as "upper", "lower", "above", "below", and

the like are being used to illustrate a relational location.

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

specification, there have been disclosed illustrative embodiments of the subject disclosure and,



al t hough specific terns are enpl oyed, they are used in a generic and
descriptive sense only and not for the purpose of linntation. Accordingly,
t he subject disclosure is therefore to be limted only by the scope of the
appended clains. [00141 Illustrated in side sectional viewin Figure 1 is
one exanple of a well head assenbly 10 and a running tool 12 inserted in the
wel | head assenbly 10. The running tool 12 includes an inner mandrel 14,
havi n I r i ISl - '
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devi ce, such as a not™ shown an

exanpl.e .depends wnward from.a drjlling platfaini .(n sh .. can, be used
For oo BB ot BARAERE. ARRRYRele e hhrf lesfdts effarla P i 38ehol y
10 of Figure 1 includes an outer annular well head housing 16, also referred
to asthe sRPRfroffhesanerdedd@iéisng. The running tool 12 is shown |anding a
casing hanger 18 within the well head housing 16. After |anding the casing
hanger 18 in the well head housing 16, an annul ar space is fornmed between

r espeti01dbIlhsiraied Hsa Bee asEora yiengnhagige t isigegnamplsiof paglhendpsianeply 60 and
Addi ti onal hangers of simlar configurations are illustrated coaxially
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hangers include, a bridging hanger 20 and anot her casi ng hanger 22 beneath
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annul ar spaces between each of the hangers 18, 20, 22 and he wel | head

housi 46 e 37 fithe. ter ' - t he
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in Fi 2. In the exapple of Fi.gure 2, .the seal assenbly 24 is set_into
an anfHaRn et Shows). Gt Pracedblor ISR dARCHE; Y ORSHGER T REEar Hoakhe
housi ng shoul d be pointed out s nbly 24 is not |limted to sealing between
t he c#slipdipasegdly 1GoidHgugd|indiedes anouist arpuisg wallheadlipusing! 1Gadsq iséertaditelas ng
hanger 20 and casi ng hanger 22. An annul ar energizing ring 26 is shown

i nser b éighnpriebiure hivesirge alTha semidy 1ooP42 anshavaethnfiony a doswpraargkey 18 vgihig thde
seal assenbly 24 and into sealing engagenent wth respecting opposing
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ring 26 includes a |l ower end 28, shown as having a generally rectangul ar c.
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outer an I nne connecte er by a base e

that attach bet ween the respective |ower ends of the outer : i nner_,
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cross section with an elongated side generally parallel with an axis A x of
t he wetd brdew thepasing §anger 1 §hEhoaddatmnal lgang@fs in¢lad¢, edsidging leager?d and geothernber
35 forman annular slot 36 between the legs 32,34 in which the | ower end 28
of t heasafpehiaiggi Py bendach 26 brilgadpohangbel Mg SenlsatémblicsBengatiluitheedssaen 3 t he
seal assenbly further includes an annular | ower retainer 38. An upper
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al ong a | ower base 40. .A |lowernost surface of the lower retainer 38 is
shown | anded on a shoul der 42 shown provided on an outer dianeter of the

casi NOISNORE cdinpITBEnS AL boefln ElBUlRach: b hOBARIALL eREREIEM AT 1O

the axis Ax o e wel | head assenbly 10. An optional retarner 44
circupscri bes. the outer .periphery.of .the energi zjng ri .and ,i n the
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housing 16. [0017] Still referring to Figure 2, a series of grooves or
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surface of the wellhead housing 16 and the outer surface of the casing
hangehous8ig Thdt shioukidtegpoaged dutukat thet sedl msambly 9414 vy liofiteddp aepding bgivesudlse wi t h
a V-shaped cross-section. The respective axial |engths of the w ckers 46 on
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di stance. A sealing surface is provided on the outer leg 32 on the side
faci ngyt i [l [ i igded on
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34 against the w ekers 46 so that



the |l egs 32, 34 deform from engagenment withw ekers 46 creates a pressure
harrier in the annular space 25. Also included in the enbodi nent of Figure
2 is ataper 50 illustrated on the outer dianeter of the casing hanger 18
and al ong a space between the tower term nal end of the w ckers 46 on the
casi ng banger 18 and the shoul der 42. 100181 An exanple of setting the seal
menber 30 into sealing contact is illustrated in a side sectional viewin

Figure , 3. in this.exanple, the.enerqgi.zing ri.ng 26 is downwardly. urged.to
neert raM Pt bRl i i PR hea e e Rt R R i i PBpsiag,
the | ower, end_ 28 pushes the | egs 32, 34 in oppositely ted directions and
into efydserehthewellieadrousingrliojand casipg Banger hi-c ks eneagyerging Henglydesiylonshger
18 and wel | head housing 16. in the exanple of Figure 3, the seal elenent 30
i s madend 2@rshawnmas baviag a gsuwhllascangelatrossedctien. t han the materi al of

either the casing hanger 18 or well head housing 16. This causes the seal

el enment 30 to deformin response to pressured contact with the w ckered

sur f ac@1019hdhe ogal esspmbtii 2vpinoludeessdat inagbeni Bidvagearbattevden3l el arcispedeg 34
outer surfaces of the legs 32, 34 and wi ekers 46 on the casing hanger 18
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fromthe region above the seal assenbly 24. [0019] in the enbodi nent of
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mul tiple seal .landing locations.at different axi,al catjons. Far anpl e,
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di stance of the casing hanger 18 is referred to as a | anding zone 48i
wher ei ArigRaEen ¢frikg 163%&1 P gng base sncager A8 forrean avaulsr Pot Hcptwagidheleigap2, 34 in

di stance of the w ckets 46 on the well head housing 16 can al so provide for
mul t i pvaidhahdlowgr z20d2S of the exargaiemary 26vis sioven baag imertslirBaeathoine bdse 3o ther
leg 32, as illustrated by | anding zones 491. 492 . 49N. Exanpl e di stance
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hanger 18 or well head housing 16) and the |l egs 32, 34 can be about 1:1 2::
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seal is set jnto,the annyl ar space for sealin et ween t he casi ng hanger 18
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the wickets 46 or seal elenment 30, a pressure seal can not be maintai ned.
190201hangenhd.e Xherphauldst 42 of Frgiged ipeineeadiyarerpandisibto the axisgtix ef the veellhead
secondary sea

assembly 10. An optional retainer 44 circumscribes the outer periphery of the energizing ring 26

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

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

leg 34 on a side facing the casing hanger 18. Urging the legs 32, 34 against the wickers 46 so that



assenbly 24A may be inserted within the annul ar space 25 to provide sealing
bet ween the easi ng hanger 18 and wel | head housing 16. In the enbodi nent of
Figure 4, a sealing surtiice of au inner leg 34. Ais set adjacent w ckers
46 to define a | anding zone 4S. is above and distinct fromthe w ckers 46
in a landing zone 481A. This allows a second or secondary seal to be
installed without: being placed against danmaged or debris-|aden mﬁckers 46.

The efﬁte rls?gn 33 ot &fcgr%}ﬁgrg Eig:f@égme% tlll {h%ma(eg Q“ﬁ&t a eqrfesshn:% %?e%l %Hii\.g&r 30A

so th € 1egs n -engage preV|ous

can he il ate t he bas 40A QW in sealln ont act th the mnckets
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leg 34A in scaling contact with the wi ekers 46 to define a | anding zone
491A. ofithe casenghagpl B afd akinga pads beawkowbe lovetraemenalend spticoricggadp on the
provi ded | onger than the |lower retainer 42 of Figure 2. A |lower retainer
42A otasthgdishf@ri@nindltengionldeay2.be used to pos on the seal assenbly 24A at
different | anding 100211 Wiile the invention has been shown or described in
only some of its faints, iL should be apparent to those skilled in ho
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scope of the invention For exanple, in an alternative enbodinent, a 25 and
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vi ckered portion a he taper

lower end 28 towards the lower portion of the annular slot 36; the lower end 28 pushes the legs 32,
34 in oppositely oriented directions and into engagement with the profiled surface (wickers 46) of
the casing hanger 18 and wellhead housing 16. In the example of Figure 3, the seal element 30 is
made from a material, such as a metal, softer than the material of either the casing hanger 18 or
wellhead housing 16. This causes the seal element 30 to deform in response to pressured contact
with the wickered surface. The corresponding or resulting interface between the respective outer
surfaces of the legs 32, 34 and wickers 46 on the casing hanger 18 and wellhead housing 16 form

pressure seals to isolate wellbore pressure from the region above the seal assembly 24.

[0019] In the embodiment of Figure 3, the axial distance of the wickers 46 can exceed the
corresponding axial distance of the sealing surface of either leg 32, 34 to provide for multiple seal
landing locations at different axial locations. For example, the axial distance occupied by the inner
leg 34 of the total wickered distance of the casing hanger 18 is referred to as a landing zone 48,
wherein additional landing zones 48; ... 48y may be provided. The axial distance of the wickers 46
on the wellhead housing 16 can also provide for multiple landing zones for engagement with a
sealing surface on the outer leg 32, as illustrated by landing zones 49;, 49, ... 49y. Example

distance ratios between the axial length of the wickers 46 (on either the casing hanger 18 or



What is clained is, 1. A wellhead assenbly conpri sing: an
annul ar inner nenber having a curvilinear outer surface with a series of
outer grooves that circunscribe a portion of the outer surface and are
spaced al ong an axial length of the annular inner nenber to define an outer
grooved di st ance; an annul ar outer nenber circunscribing the inner
menber and having a curvilinear i nner surface with a series of inner

Pnnor - SrBURE e oM ke Pl Pao e S ERE Sy %&eﬁ'l'“?'-r ant CHRLASPEEpanE

bet ween_ t he outer nenber and the i nner menber ; a seal_in the
annul adissgnge tien gaedlppiiclida gragionghieipes Nultigie lra@@na AeNcy ﬁalahﬁmreﬁqahwéen feg
having a sealing surface in sealing contact with the outer grooves and

ext endifing on@rimpre s¢das sethott thermentlat fpachdonsenbing heiveee dhaissimnamger 18 and 2.
The wel | head assenbly of claim 1, wherein the inner grooves are arranged

axi al | yeh@ighduRRgOMd, Bt aid It @dbrivRITD@E Wisk e UENG @ndgdnNBthdheeedidvbstance
and wherein the outer Ieg has a seal i ng surface no nore than about one- hal f

the in t 3 e wel | head assenbly of claim 2,
mherelgﬁﬁhg{ggaﬁgﬁgmgfg acgng be gnbﬁ?%? leg is in sealing contact with the

i nner grooves. 4. The wellhead assenbly of claim1, wherein the

out er m'ﬂ!l & a%%ﬁle%@&dxﬁfg%dq)rw& Q@ﬁgs&%%i dBwn in Figure 4, a secondary seal

assembly 24A may be inserted within the annular space 25 to provide sealing between the casing
hanger 18 and wellhead housing 16. In the embodiment of Figure 4, a sealing surface of an inner leg
34A 1s set adjacent wickers 46 to define a landing zone 48,4, that is above and distinct from the
wickers 46 in a landing zone 48,4. This allows a second or secondary seal to be installed without
being placed against damaged or debris-laden wickers 46. The extra length of the wickers 46
facilitates placement of the seal element 30A so that the legs 32A, 34A can engage previously
unengaged wickers 46. This can be illustrated by the base 40A now in sealing contact with the
wickers 46 on the wellhead housing 16 to define a landing zone 49;4 and the outer leg 34A in
sealing contact with the wickers 46 to define a landing zone 49,4. In the example of Figure 4, a
lower retainer or spacer 38A is provided longer than the lower retainer 42 of Figure 2. A lower
retainer 42A of a different length may be used to position the seal assembly 24 A at different landing

Zonces.

[0021] While the invention has been shown or described in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. For example, in an alternative embodiment, a

seal assembly (not shown) separate from the seal assembly 24, may be set within the annular space



5. The wel | head assenbly of claim1, wherein the inner annular nenber
conpri ses a casi ng hanger. The wel | head assenbly of claim1l
further conprising an energizing ring selectiveiy inserted between the
inner and outer |leas for urging the inner and outer |egs respectively into
sealing contact with the inner and outer grooves. 7. A wel |l head assenbly
having an axis conprising: an outer annular nenber circunscribing the axi s;

an in pul ar ter annul her e fining an
annul 2 e RSl o i BB ST ED EREllpa s
menber out er grooves on an inner surface of the outer annul ar
nenbe@““ﬁ%fqﬁf§%unscrrbe the axis along an outer axial distance;

i nner grooves formed on a portion of an outer surface of the inner annul ar
menber that circunscribe the axis along an inner axial distance; and

10



a seal disposed in the space and conprising: an annular inner |eg having a
sealing surface in sealing contact with the inner grooves along a distance
no nore than about one-half the inner axial distance; and an annul ar
outer leg having a sealing surface in sealing contact with the outer
grooves(fiRnwsa di stance no nore than about one-half the outer axial

di st ance: 8. The wel | head assenbly of claim7, wherein the inner and
outer legs are disposed a radial distance apart and connected by a base.

9. The Whhhisakaigsskisbl y of claim 7, further conprising an energizing ring
selectively inserted between the inner and outer legs for urging the inner
and outer |legs respectively into sealing contact wwth the i nner and outer

grooves. 1. WwellReaddkt&opl @sfighsihy: of claim 7, wherein the inner
grooves conprise
an annular inner member having a curvilinear outer surface with a series of
outer grooves that circumscribe a portion of the outer surface and are spaced along

an axial length of the annular inner member to define an outer grooved distance;

an annular outer member circumscribing the inner member and having a
curvilinear inner surface with a series of inner grooves formed on an inner axial
distance of the inner surface so that the inner grooves face the outer grooves and
thereby define an annular space between the outer member and the inner member;

and

a seal in the annular space and comprising an annular outer leg and an
annular inner leg having a sealing surface in sealing contact with the outer grooves

and extending no more than about one-half the outer grooved distance.

2. The wellhead assembly of claim 1, wherein the inner grooves are
arranged axially along the outer annular member to define an inner grooved distance
and wherein the outer leg has a sealing surface no more than about one-haif the

inner grooved distance.

< The wellhead assembly of claim 2, wherein the sealing surface of the

outer leg is in sealing contact with the inner grooves.

4. The wellhead assembly of claim 1, wherein the outer annular member

comprises a wellhead housing.

or The wellhead assembly of claim 1, wherein the inner annular member

comprises a casing hanger.

8. The wellhead assembly of claim 1, further comprising an energizing
ring selectively inserted between the inner and outer legs for urging the inner and

outer legs respectively into sealing contact with the inner and outer grooves.

11



a first sealing surface, and wherein a second sealing surface is provided
along a portion of the outer surface of the inner annular nenber haying a
| arger dianmeter than the portion of the inner annular nmenber having the

i nner grooves. 11. The wel | head assenbly of claim7, wherein the

i stance. 1o A YBIhGRd Kt mBR G Endhis ARG, wher ei n the outer

annul ar nmenber conprises a well head housi ng. 13. The wel | head
assenbly of claim7, wherein the inner annul ar nenber conprises a casing
hanger, 143N QUiRN JTHBAY ASTERH CIrcuRsaPINgithg axis; hi gh pressure housi ng
having a plurality of w ckers on an inner bore;

an inner annular member within the outer annular member thereby defining an

annular space between the outer annular member and the inner annular member;

outer grooves on an inner surface of the outer annular member that

circumscribe the axis along an outer axial distance;

inner grooves formed on a portion of an outer surface of the inner annular

member that circumscribe the axis along an inner axial distance; and

a seal disposed in the space and comprising:
an annular inner leg having a sealing surface in sealing contact with the inner

grooves along a distance no more than about one-half the inner axial distance; and

an annular outer leg having a sealing surface in sealing contact with the outer

grooves along a distance no more than about one-half the outer axial distance.

8. The wellhead assembly of claim 7, wherein the inner and outer legs are

disposed a radial distance apart and connected by a base.

9. The weilhead assembly of claim 7, further comprising an energizing
ring selectively inserted between the inner and outer legs for urging the inner and

outer legs respectively into sealing contact with the inner and outer grooves.

10.  The wellhead assembly of claim 7, wherein the inner grooves comprise
a first sealing surface, and wherein a second sealing surface is provided along a
portion of the outer surface of the inner annular member having a larger diameter

than the portion of the inner annular member having the inner grooves.

11.  The wellhead assembly of claim 7, wherein the inner leg extends up to

about one-third of the length of the inner axial distance.

12. The wellhead assembly of claim 7, wherein the outer annular member

comprises a wellhead housing.
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a casing hanger having a plurality of wickers on an outer surface facing
the plurality of wickers on the inner bore of the high pressure housing
when the casi ng hanger is disposed within the high pressure housing;

a first seal for sealing an annul us between the casing hanger and the high

pressure housjhng ries of iakly.contiguous, w ckers on the inner
bore of the h1ég;h ﬁ@%%ﬁ‘ﬁeﬁﬁﬁgﬁa‘%&&t C%‘ém?}r]few CE y'{e f%&i%uﬁa&ﬁ@egﬁ)ﬂnst
whi ch t heorfipiisds §@aginﬁeﬂ kkvely int erfaces to forma seal when the first
seal is |landed on a shoul der of the casing hanger; and a second seal

that selectively ipterfaces against a portion of the axially continuous
wi ckers when f‘Le s&@fﬁ%@eaﬁrﬂ?lsgmb%zﬁom@"sl'%ded on the shoul der of the

casi ng hanger to define a second |anding zone that is axially spaced apart
fromthe first |anding zone. 15. The wel | head assenbly as recited
in claim 14, erein the first seal conprises_a first retainer ring coupled
to the seali ,%’ﬂiggrqrpgﬁur@thq%ng F?‘é'm?e%l rao{aﬂof:WfﬂkP@%PB@nt'B"%W@'ﬁﬁ t he
sealing portion of the first seal between the first set of w ckers on the

i nner bore ofa thsinbi lingereassine ahslusiling ofinvckdre dri BAtoet saffasd ¢xeng tigs t he
out er surfa?,e og t he casiH .hanger when the first seal is |anded on the
shoul derPly@liyhef wickers, op génner bore of thgghigihRregaiineriaeusing ydian heaeasingi t ed

in clai m%eﬁwgiggng& Whﬁﬁmwgﬁ‘?ﬁ%‘iﬁgﬂr@%ﬁ@éa second retainer ring

coupled to“the sealing portion e secon al and configured to orient
the sealing portion of the second seal between the second set of w ckets on
the inner borifitt 397 foi §Raling:a R Wt Sehiyeam dhe Kaskec baagereandtheihigter s

on the q £as] : : e | ds | d on
the. oot aer i i, dho e Aasbr i OGRIdRER eRoREGH Bk, B ol R
di f f er erighh @irgdeure ehausing that défind ar finst laidingezonei agaihst whidht thenfitdieseal
sealing portion .o he second seal at a ifferent height in the well head
sl yelRaiyE e lestates g 2 sen Whes Yertiet SR HANdeR R BOSRUISHOT {1t
seal i ng cBafy Idhg¥r; bRg first seat
a second seal that selectively interfaces against a portion of the axially
continuous wickers when the second annular seal is landed on the shoulder of the
casing hanger to define a second landing zone that is axially spaced apart from the

first landing zone.

15. The wellhead assembly as recited in claim 14, wherein the first seal
comprises a first retainer ring coupled to the sealing portion of the first seal and
configured to orient the sealing portion of the first seal between the first set of
wickers on the inner bore of the high pressure housing and the first set of wickers on
the outer surface of the casing hanger when the first seal is landed on the shoulder

of the casing hanger.

16.  The wellhead assembly as recited in claim 15, wherein the second seal
comprises a second retainer ring coupled to the sealing portion of the second seal
and configured to orient the sealing portion of the second seal between the second
set of wickers on the inner bore of the high pressure housing and the second set of
wickers on the outer surface of the casing hanger when the second seal is landed on
the shouider of the casing hanger, the second retainer ring having a different height

relative to the first retainer ring to position the sealing portion of the second seal at a
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The wel | head assenbly as recited in claim16, wherein the | owest w cker of
the second set of w ckers of the high pressure housing and the casing
hanger is at a greater height relative to the highest wicker in the first
set of wi ckers of the high pressure housing and the casi ng hanger.

18. The. wel |.head ,assenhl y.as reci in._clai ; reiLn.th

18, Tl AR SR Bl AL R R S
gap anfing hestibhsths eaklirPpdtibaes tienfigherdi zing ring adapted to urge the
outer leg into engagenent with the first set of w ckers of the high

W ckers of the cAEPnyclSRRb oRRERY B GRard: D) BT g Ao, el ne

gap.  wicker of%he Tdonal tdreadwas@eddf thashig e Presshirenh&hsihgnakll thehessihg t he
sealing portion of the second seal has an inner |leg and an outer |eg

separ ahatgdyis at gapreatat hefightgeladine te &g highbept wisker dntherfédsysel ofgviekeig efdapt ed
to urgg the outer | into engagenent , W the second set of w ckers of the
high p s’%'aPé’fﬁ%%E?ﬁ%uém qmcgﬁ]%%r's?nq Qéﬁé%to engagenent with the second set
of w ckers of the casing hanger when the energizing ring is driven into the
gap. 180. Ahéawelheast assainblyf as nesiéed rinf daim nly , awbermlin ithe sgeadingul us

b hi ; housi.ng havi | i f
"mner BORENAdNS "Ry MHa A AR e U e e r BT iy 2 F afd bR an
outer fukf36a @BRNNIsES bRE cpkrdigingt rdBe dYRPEdI0toS @RGE Nthd edliten, legOMbi Si Ng:

a primary seal, conprising a sealing portion and a first retainer ring
coupl e@ngagarneniwiihithg fisgragted wigkerseafiheHugh inressurethaiusid anchdhddnes fir st
hei ght  to. Qi ' ' f . fid st ) ik st
ceali nisor o Tt 3Pt e i5 58L obiwibis. ot Hle. BE3ne MR CWAEh B85 (e

hi gh pegssjirieg Anyss dgvamthte thé gap. seal ing regi on on the outer surface of
t he casi ng hanger when the primary seal is | anded on a portion of the

casi ng hangeyp; a a, repl acenent ,: C i sd j tion
and a secongér et iﬁﬁe‘?’ew?w @Sg%)rlngg' 3 rtefqﬁgéelgl &%@ﬁ pf)ér‘{wgﬁr,eﬁﬁhég%néﬁﬁhe
secondpbgioni dfahe lseBEnd @8aPhasenthéeeghind sh bhirsreag skpamieheyfd gap ahei ght,
to orient the sealing portion of the replacenent seal between a second

seal i nthe sgroi seat ReMprispe At epREIZRE| litgy asaptatt &0 drfge HBe| piHeT lehitoof t he
hi gh ' ' i f f
e cnefaEs HRhE WA e oS SROCWRTR, B8 IRE TG, sREHIE sl SHE 96T 1\

e replacenment seal 1
casi nginmengey intoeagagemichewitachadebond et of widkers et thedcasib@ihaager whgni s
sel ected so that the second sealing regions of the high pressure housing
and t hteceReAFIMAHRR IS ﬁ'i‘\éerémalﬁ Y8P-of the first sealing regions of the
hi gh pressure housing and the casi ng hanger.

20. A family of seals for use in forming a seal in an annulus between a high
pressure housing having at least one sealing surface on an inner bore and a casing
hanger having at least one sealing surface on an outer surface opposite the at least
one housing sealing region, comprising:

a primary seal, comprising a sealing portion and a first retainer ring coupled to the
sealing portion, wherein the first retainer ring has a first height to orient the sealing
portion of the first seal between a first sealing region of the at least one sealing
surface on the inner bore of the high pressure housing and a first sealing region on
the outer surface of the casing hanger when the primary seal is landed on a portion

of the casing hanger; and

a replacement seal, comprising a sealing portion and a second retainer ring
coupled to the sealing portion, wherein the second retainer ring has a second height,

different from the first height, to orient the sealing portion of the replacement seal

14



21. The famly of seals as recited in claim?20, wherein the at |east one
sealing surface of the high pressure housing conprises a plurality of

wi ckers and the at | east one sealing surface of the casing hanger conprises
a plurality of wickers, the first retainer ring being configured to orient

th I ti th first f k. f
the n gibehe8s it aSHetR shaadaedRe ooER ot Rt ane srirens i n Pe gk r
ring beiydge ephé mgresrets@uﬁé héﬁémé h#udsé’%bbﬁﬂd @,@éﬁmgp?egaén fofhethteetmtéﬁsméee seal
bet ween a second set of w ckers of the high pressure housing and the casino

hanger . of the casiry hemger avhery the rgelalcgrr@@t rsgel i dandedloai the2portigheetthe t he

it nerom nitodro FrRFER e EoAhA Haidt iabB B SERTIG T o ke "

second seat 1k sddohers‘eaina?abngtdehéIrﬁg‘reptes@ueéﬁbusmgtémj ftier sdsinghadber
wi ckers. 23. The famly of seals as recited in claim?21, wherein the

second ¢ @PfﬁluéfVet<Pféh§étf%trﬁ?a4'@9dpﬁ&nsrqfﬁbe|h§3h EWSéHfﬁJQnusplagaanok/t@etcaasme
first hejg B of the first retainer ring that the highest w cker in the
second set of wickers is below the | owest wicker in the first set of

W t hers: 24. A wel | head assenbly, conprising a high pressure
housi ng havi #d-a ddit fajnibusf veasi Ag f§§é‘ﬁd g claift 3@9 wheratm thenet Igrnteone

cur  ace Aty SHrasy LN BRI KSR T BB TP Rbe e A AR S AR BB Feanger
is di sp%%b%ﬁblmaﬂlhg shifgbe jof éss taisindasgBgcomprises a Puiblityséf Wwiekershend ng a
radi al | ¥| inward facing surface in selective sealing engagenent with a first

porti onTiB¥t r@#‘é”ﬂ%ﬂ@@rb%@&lqoﬁﬁggiﬂdf tcergnkine fealing @9“@@an the pem@ed seal t he
casing RAARELR a first set of wickers of the high pressure housing and the casing hanger,

and the second retainer ring being configured to orient the sealing portion of the
replacement seal between a second set of wickers of the high pressure housing and

the casing hanger.

22.  The family of seals as recited in claim 21, wherein the second height of
the second retainer ring is great enough relative to the first height of the first retainer
ring that the lowest wicker in the second set of wickers is above the highest wicker in

the first set of wickers.

23.  The family of seals as recited in claim 21, wherein the second height of
the second retainer ring is low enough relative to the first height of the first retainer
ring that the highest wicker in the second set of wickers is below the lowest wicker in

the first set of wickers.

24, A wellhead assembly, comprising:

a high pressure housing having a contiguous housing sealing surface on an
inner bore;

a casing hanger having a contiguous hanger sealing surface on an outer
surface located opposite the housing sealing surface when the casing hanger is

disposed within the high pressure housing;
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a second seal having a radially inward facing surface in selective sealing
engagenent with a second portion of the hanger sealing surface that is set
axially apart fromthe first portion. 25. The wel | head assenbly as
recited in claim?24, wherein the second seal is configured so that the

second seal ing regiqgn of. the high press housing_ i s .ex .ve of the
first seali ﬂgﬂ?ség B?V'f‘heahf a'bfé@ﬂfﬁﬂ?}ﬁ@ ﬁld'.qace i gélg%\.’e ﬁ'?ea“\hgl | head
assenbkgasernest Whl d ArstiRiMdrR4f theaajer 568&liHd seiface dlhepofiprfirsesedl i r st
retainer ring coupled to the sealing portion of the first seal and

conf i glandedia ibei aasing hangasal i ng portion of the first seal between the
first sealing region on the sealing surface on the inner bore of the high

pressure hoysingndndediNRalihgSa ra@lly NAWRRYIFABINgNsirfites fflsbRE iy dafiigon the
outer surface of the casing hanger when the fifst seal is | anded on fhe

casi noenhgaggment with a seegnd podioedf Heabangeraenlingasurfaes thad is iset [axiaty 26,
wherein the secon eal,. conpri ses a second retainer ring coupled to the
seal i nap%%?rtqnb&eﬁrsfﬂgrt@@cond seal, the second retainer ring having a

hei ght selected to orient the sealing portion of the second seal between
t he second 288al i Mgevagjihead@ssehbls salrécitpdsiordlaioce2énwhaein firesetmrksedl t he

on’t hoSo o BIO TS &l Mo eogaly g aag gepineh {0 aBdura wEarore pdided on
the cagidgsipaR@erie first sealing region of the high pressure housing.

26. The wellhead assembly as recited in claim 24, wherein the first seal
comprises a first retainer ring coupled to the sealing portion of the first seal and
configured to orient the sealing portion of the first seal between the first sealing
region on the sealing surface on the inner bore of the high pressure housing and the
first sealing region on the sealing surface on the outer surface of the casing hanger

when the first seal is landed on the casing hanger.

27. The wellhead assembly as recited in claim 26, wherein the second
seal comprises a second retainer ring coupled to the sealing portion of the second
seal, the second retainer ring having a height selected to orient the sealing portion of
the second seal between the second sealing region on the sealing surface on the
inner bore of the high pressure housing and the second sealing region on the sealing
surface on the outer surface of the casing hanger when the second seal is landed on

the casing hanger.

16



