WELLHEAD ASSEMBLY HAVING SEAL ASSEMBLY WITH AXIAL RESTRAINT BACKGROUND
[0001] The invention relates generally to seal assemblies for use in sealing components of oil and gas
wells. In particular, the invention relates to a seal-assembly for a casing hanger or a tubing hanger of a
wellhead, the seal assembly having a system for axially restraining the seal assembly within the
wellhead and a method for installing the seal assémbly in the wellhead. [0002] Casing is strong steel
pipe that is used in an oil and aas well to ensure a pressure-g%\t connecti%n from the surface to the oil

and/or gas reservory, M%&%ﬁp&%&gﬁ%ﬁﬁ@% Wﬁ’]b%t H e wellbore from caving

in or being washed out. It can also con wellbore, so that water does not intrude
into the wellbore or drilling mud intrude into the surrounding formations. It can also provide an anchor
for the components of the well. Production tubing, such as coiled tubing, typically is used to transport
oil to the surface. [0003] Several sections of casing joined together end-to-end are known as a "casing
string." BecBudekdasi/d8pves several different purposes, it is typical to install more than one casing
string in a well. Casing strings typically are run in a concentric arrangement, similar to an upside-down

wedding cakgyhighexiendgigpowanatd iptadhe groundipmaengiiheaddecated at thengugface. For

example, the casing string with the greatest diameter is the shortest, followed by smaller diameter
casing stringWwHiencgteal eikant gra v els il Pesishipstiy ITsHRRE Pptah e vetr drsirantiameter
casing string that i &Hp GYER.HeRPSHRa tRgrseedCarINASHINg[A0A4h AsasINh Aanges is a device

that is used to support™a casing string from a wellhead or other structure within the well. In addition, the

casing hangerisaniss wyiaHyurstmininsdasmbasspriienyibiatba welledandwanthed &king string
has been rup, ipi@; faauellnorg. e asing siEngeisihung, or suspended, in the well by the casing

[0002] Casing is strong steel pipe that is used in an oil and gas well to ensure a
pressure-tight connection from the surface to the oil and/or gas reservoir. Casing
serves many purposes in the well. It can protect the wellbore from caving in or being
washed out. It can also confine production to the wellbore, so that water does not
intrude into the wellbore or drilling mud intrude into the surrounding formations. It
can also provide an anchor for the components of the well. Production tubing, such as

coiled tubing, typically is used to transport oil to the surface.

[0003] Several sections of casing joined together end-to-end are known as a “casing
string.” Because casing serves several different purposes, it is typical to install more
than one casing string in a well. Casing strings typically are run in a concentric
arrangement, similar to an upside-down wedding cake, which extends downward into
the ground from a wellhead located at the surface. For example, the casing string with
the greatest diameter is the shortest, followed by smaller diameter casing string which
goes deeper than the first casing string, followed by an even smaller diameter casing

string that is run even deeper than the second casing string.

[0004] A casing hanger is a device that is used to support a casing string from a
wellhead or other structure within the well. In addition, the casing hanger serves to
ensure that the casing is properly located in the well. When the casing string has been

run into the wellbore, the casing string is hung, or suspended, in the well by the casing



2 hanger Typically, the casing hanger rests on a landing shoulder inside the wellhead. Multiple casing
hangers may be supported within a single wellhead. [0005] Seals are used to seal the annulus
between the casing hanger and the wellhead to isolate fluids in different casing strings from each other
and to prevent production fluid from being diverted from its desired path. However, forces in the well
may be produced that urge the seals upward, pot@ntially causing the seals to leak. This also may lead
to the seal unseatinlﬁ;~ and moving relative to the casing hanger or, tubing hanger. For example, fluid

pressure in MBEShNJIVRIGARY (Rt Saneswasts SRdb skapdehApsiAe AR MEdgR%b NS in the
annulus mayieKesleessns aadrgmtiensaabppmar¢iRR0SAER Weathedithat has been attempted to

restrain axial movement of the casing hanger seal and casing hanger is by installing a latch ring on the
casing hanger. The laich rin tends hetween the casing hanger and wellhead. The latch ring is
activated bﬁ%ﬂgfﬂ‘n %ﬁ%”gﬁité’ §8§I aﬁn%fr‘fﬂH%\% Vf%??a%@ﬁ ?%?én%g?li@?ﬁ% Igh %egggaaging hanger
will restrict theiéwuteofifllde in ditfeanmulnssustaupsfignheachsitdghandes drevegtqeobrtiog operations.
The casing string.is cemented in ition, within the wellbpore of the well. Cement is, poured down the
interior of th%“&g%ﬁ? sthlg ‘aeﬁgﬁf%‘a‘t PR Bt rﬁaﬁ‘thg%ggi\r’%’sﬁrﬁasiﬁ o%%'ﬁewaeilinlﬁlfl se%:etween the
casing stringradddéd nearesiccorceatsapwlEiringetiialty indhermnthe ssals disgigced hisvadsal through
the annulus. The caqsing Egggﬁ; latch g_{rg inérlerferes witr11 a}he fltovvﬂ(l)f this ﬂUiﬁlar[OOrogll @u%%her method
that has beéﬂaﬁs]ga dte8f A LR AT TS IRE 5%5|r11‘éeh§ng§r itk %asn&%anger 5e8l is the use
of wickets. \Wigkers dtexlegaieplgniling quiessuriacdohitebasinghangetlanseringrsadace of the
casing hanger seal. Si 'lar.xgix%liﬂegﬁsare ocat(?g on the1£ uter surface of é}@g cf%sriré% %@ er eseal and the
inner surfacECT & WelHELd S AMNOS S RERNE WaNhesd and casing hanger
materials Wherséhbupealris activated, the softer material of the seal is driven into the wickets of the
casing hanger and wellhead. The engagement between the various wickers limits axial movement of

the casing haes B s NRNdELSeakGlatiiada Ibsuellipats HANRYREN @G alysical Imits

to the press ermal conditions that this wicker configuration can be used to provide axial

restraint. Thbm%s@bahﬂmﬁ@mdm@e&&bw@&iamﬂgméambﬁémgﬁ@s%ré%ﬁmﬁﬁ@ﬁ?ferglhﬁes
associated Wa'&ghd?ﬁﬁw%ﬁay%&ﬁ/&ﬁ”?he casing hanger and wellhead. The latch ring is

activated by the installation of the seal. Unfortunately, a latch ring that is installed on
a casing hanger will restrict the flow of fluid in the annulus surrounding the casing
hanger during cementing operations. The casing string is cemented in position within
the wellbore of the well. Cement is poured down the interior of the casing string and
flows out the bottom of the casing string into the annulus between the casing string
and its nearest concentric drill string. Fluid in the annulus is displaced upward
through the annulus. The casing hanger latch ring interferes with the flow of this
fluid.

[0007] Another method that has been used to restrain axial movement of the casing
hanger and casng hanger seal is the use of wickers. Wickers are located on the outer
surface of the casing hanger and inner surface of the casing hanger seal. Similar
wickers are located on the outer surface of the casing hanger seal and the inner
surface of the wellhead. The seal material is softer than the wellhead and casing
hanger materials. When the seal is activated, the softer material of the seal is driven
into the wickers of the casing hanger and wellhead. The engagement between the
various wickers limits axial movement of the casing hanger and casing hanger seal

relative 1o the wellhead. However, there are physical limits to the pressures and



[0008] Sill another method that may be used is to provide a separate lockdown sub dedicated to
providing axial restraint for the casing hanger seal and casing hanger. However, the installation of a
lockdown sub requires an additional trip of the drill string into and out of the well, a considerable
expense. In addition, the lockdown sub occupies space, which is limited in a wellhead. Finally, the
lockdown sub does not provide the axial restriant inmediately upon installation of the casing hanger
and casing hanger seal. [0009] Therefore, an improved technique for preventing axial movement of a

casing handberad casitisansndeat stus witeken arffeEatiomesdede|nsahticuBrOWde cAR#ue is
needed to praygRiaxighnevaReRt OfAcASINGNBBASIeEJURIRGMaRRehRARL Vitbig R welead

immediately upon installation of the casing hanger and casing hanger seal, without interfering with the
flow of fluidécmnpratErsasre ciateduRtindearavatesipgPrrinyeHéluring cementing operations, without
occupying additional space in the wellhead, or requiring additional trips into the well. BRIEF

DESCRIPTIQdb$9&10lAonetheathsy teMBompiskig ass@apyiiiia movabiter esikaiowig siiember
adapted to cogperate with a_ housing to restrjct axial movement of the seal. The seal is adapted to form

a seal betwdSH A& Sineh el Ffrte iU e BaRsd SRIRNErSHERsHRINE Tch as a

casing hanggewdher sl aiial Membe s Makdea e Bgliscexpaadadauivais as dive &gl is installed
within the wellhead. The rin%ma have a splité%:‘g}:ilitate the expansion of the rigr]% outward. In
addition, the’TiHg MR/ qHERE la34p85 PP S| iﬁgﬂ)%a%fe&o S¥BsHBnding

tapered surfggasiastipabangaicasithensiead is insialiedagithindigywelthratddwe slisingeengagement of

the tapered surfaces cooperates {o urge the_ restraining. member outward. In addjtion, the
correspondiREP YAl 8 %ﬁiﬁ&%‘ﬁ‘éﬁ%@é@ﬁ%f: r‘@f’ﬂwé"ﬁ}g‘b)‘%’r"ﬂw@ ﬁ@r.c’?ﬂé‘% ghihave an

additional rigswihantaperad surface that is adapted to cooperate with a second tapered surface of the
restraining member to provide additional mechanical advantage to expand the restraining member

outward whef i PRl Rtanedin tedveliicad. Y LG Blan g (UaIRey NG, (g, housing
may be adai ed <o that a pdrﬁ%n O TheE Seal is received y At leadtone recess in the mnefgprofile of
the housing hehger thel restrginiageayesrd) eviih iexpartibead usvmeicihdppativenbit ketsdaliguat is received

in the at leas onc 5gess (AN be 416 RLmote Arelesfions sxendng tom s g, T projections
may engage he at feast one recessed in the ousing U%Onl Stallation."Alternatively, the projections

may engagevibiéhatdemsmodmtedyagmin ititalistisingf dfte casinglyhnazez|imyl aglistaivegensabiing the seal
to have SOME; Xc'ﬁl i e\:/&grﬁ%t \ryveiﬁtl\/ﬁet%g)r\];ve N H{'ﬁ%d in the annulus surrounding the casing
hanger during cementing operations, without occupying additional space in the

wellhead, or requiring additional trips into the well.

BRIEF DESCRIPTION

[0010] A wellhead system comprising a seal with a movable restraining member
adapted to cooperate with a housing to restrict axial movement of the seal. The seal is
adapted to form a seal between the housing, such as a high pressure wellhead, and a
tubular member, such as a casing hanger. The restraining member may be a ring that
is expanded outward as the seal is installed within the wellhead. The ring may have a
split to facilitate the expansion of the ring outward. In addition, the ring may be
adapted with a tapered surface that slidingly engages a corresponding tapered surface
on the hanger as the seal is installed within the wellhead. The sliding engagement of
the tapered surfaces cooperates to urge the restraining member outward. In addition,

the corresponding tapered surface may be a shoulder of the tubular member. The seal



DRAWINGS [0012] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
wherein: [0013] FIG. 1 is a cross-sectional view of a wellhead assembly, in accordance with an
exemplary embodiment of the present technique; f0014] FIG. 2 is a detailed view of a first casing
hanger seal of the wellhead assembly of FIG. 1, in accordance with an exemplary embodiment of the

present techmatjevfoa siditonal igng it tanrsediswisrerbairit admning hakeepdals Withacordance
with an exemplary embedimentofPeRraseatisr RoBr Bl Guailbatrarsmagtianal view of

the first casing hanger seal assembly of FIG. 4, in accordance with an exemplary embodiment of the
present tectidicmsage to expand the restraining member outward when the seal is installed in the

wellhead.

[0011] The restraining member and the housing may be adapted so that a portion of
the seal is received by at least one recess in the inner profile of the housing when the
restraining member is expanded outward. The portion of the seal that is received in
the at least one recess may be one or more projections extending from the ring. The
projections may engage the at least one recessed in the housing upon installation.
Alternatively, the projections may engage the at least one recess in the housing after
axially traveling a distance, enabling the seal to have some axial movement relative to

the wellhead.

DRAWINGS

[0012] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wheremn:

[0013] FIG. 1 is a cross-sectional view of a wellhead assembly, in accordance with an

exemplary embodiment of the present technique;

[0014] FIG. 2 is a detailed view of a first casing hanger seal of the wellhead assembly

of FIG. 1, in accordance with an exemplary embodiment of the present technique;

[0015] FIG. 3 is a perspective view of the first casing hanger seal, in accordance with

an exemplary embodiment of the present technique;

[0016] FIG. 4 is an elevation view of the first casing hanger seal of FIG. 3, in

accordance with an exemplary embodiment of the present technique;



[0018] FIG. 6 is a bottom view of the latch ring of the first casing hanger seal assembly of FIG. 4, in
accordance with an exemplary embodiment of the present technique; [0019] FIG. 7 is a detailed view
of an additional casing hanger seal of the wellhead assembly of FIG. 1, in accordance with an
exemplary embodiment of the present technique; [0020] FIG. 8 is a partial cross-sectional view of the
high pressure wellhead, first casing hanger, first casing hanger seal, and a setting tool for installing the
casing hanger and casing hanger seal during the runélqi#% of the casing hanger and casing hanger seal

into the welldhi4¢d3iande tFrahsssinlaiicanfolimBRitAatBg, haBgRt &ah ARTEBN0024] FIG. 9 is a
detailed viewof henvRUBRRM EISHALRANSAH1RACEARIDETRMNBE HREHQE R feckhitugccordance with an

exemplary embodiment of the present technique; [0022] FIG. 10 is a partial cross-sectional view of the
high pressu gﬂl d, first cgsing hanger, first casing hanger.seal,.and the setting tool during the
casing hang@p\g tF’lﬁ?&ta |g§icﬁ1a9aﬁ3%e‘f1§¥&h°ﬁ,{§e§aﬁ§ 58%8% ggﬁsgeﬁ?ﬁ% 6’%ﬁra3§ﬁfcj)ulder of the
casing hangsgseintdgcef datceiwith anendanyelartiembesimesitef tieboisent teChinigpesf023] FIG. 11
is a detailed view of the wellhead, casing hanger, and casing hanger seal of FIG. 10, in accordance

with an exer’ﬁﬁ Ebodiment of the present technique; [0024] FIG. 12 is a partial cross-sectional
view of the high pressure wellhead, first casing hanger, first casing hanger seal, and the setting tool

during the cH¥BINERGEt Beakinstitbmmwiftathedditttnahgasinbdaegingdahng drsaal tkiedn outward
into the wellpead, i) aGCpfeanCe With A EXEMRIAN 8 RNMEHT O K RHEREHr A NS

technique;

[0020] FIG. 8 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and a setting tool for installing the casing
hanger and casing hanger seal during the running of the casing hanger and casing
hanger seal into the well, in accordance with an exemplary embodiment of the present

technique;

[0021] FIG. 9 is a detailed view of the wellhead, casing hanger, and casing hanger

seal of FIG. 8, in accordance with an exemplary embodiment of the present technique;

[0022] FIG. 10 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and the setting tool during the casing hanger
seal installation with the latch ring of the casing hanger seal landed on a shoulder of
the casing hanger, in accordance with an exemplary embodiment of the present

technique;

[0023] FIG. 11 is a detailed view of the wellhead, casing hanger, and casing hanger
seal of FIG. 10, in accordance with an exemplary embodiment of the present

technigue;

[0024] FIG. 12 is a partial cross-sectional view of the high pressure wellhead, first
casing hanger, first casing hanger seal, and the setting tool during the casing hanger
seal installation with the latch ring of the casing hanger seal driven outward into the

wellhead, in accordance with an exemplary embodiment of the present technique;



6 [0025] FIG. 13 is a detailed view of the wellhead, casing hanger, and casing hanger seal of FIG. 12,
in accordance with an exemplary embodiment of the present technique; [0026] FIG. 14 is a partial
cross-sectional view of the high pressure wellhead, first casing hanger, first casing hanger seal, and
the setting tool during the casing hanger seal installation with the energizing ring of the casing hanger
seal driven into the seal ring of the casing hanger 8eal to activate the casing hanger seal to seal the
annulus between the casing hanger and high pressure wellhead. in accordance with an exemplary

embodiment@¥heiftesbhitechsijirs st (0021 PrREhasYscasighretieandfaarngdMHast, casing

hanger, andscasipg PAROLnSSal ab&)Gatd: IR ARCRIdBRGE MR A AXRMRLARY Smiedimaakof the

present technique. DETAILED DESCRIPTION [0028] Referririg now to FIG. 1, the present invention
will be descHis&#iasst might be applied in conjunction with an exemplary technique, in this case a
wellhead assembly for directing oil and/or gas from a well to transmission pipelines or a storage

facility, as rgpoesemrgl gangrallyByaleipsense-nomaerab@ O 1RO heowalbeadipssenmaly (20)

comprises a low pressure wellhead 22 and a high pressure wellhead (24). In the illustrated

embodimentReniGhEsTe SUaT S ATERBAEES 45 L AP0 RSREENE AL REHECTE SaHHRE D88Y hanger
(26), a secopshCRSIANAIRATLIIARY, aReed-hiidisasinthbangieiz(BRgsithialaninaemboie:(3:) of the

wellhead (24). However, the high pressure wellhead (24) may be used to support a greater or lesser
number of cg%ﬁ}a,ﬁﬁg‘?@?%ﬁ@ﬁﬁf‘é‘i Serling AhGEs (DR casipe iEnessiigrh v gErl (3% 2RbSird casing

hanger (30) isstpRefl CRSIRGsHIENESNER4 - IdanhbBShreesnecinglliedd030] Ihw@anuusigtwgen the first
casing hanger (26} and the high ?res ure

exemplary embodiment of the present technique; and
[0027] FIG. 15 1s a detailed view of the wellhead, casing hanger, and casing hanger
seal of FIG. 14, in accordance with an exemplary embodiment of the present

technique.

DETAILED DESCRIPTION

10028} Referring now to FIG. 1, the present invention will be described as it might be
applied in conjunction with an exemplary technique, in this case a wellhead assembly
for directing oil and/or gas from a well to transmission pipelines or a storage facility,

as represented generally by reference numeral (20).

[0029] The wellhead assembly (20) comprises a low pressure wellhead 22 and a high
pressure wellhead (24). In the illustrated embodiment, the high pressure wellhead
(24) supports three casing hangers: a first casing hanger (26), a second casing hanger
(28), and a third casing hanger (30) within an inner bore (32) of the wellhead (24).
However, the high pressure wellhead (24) may be used to support a greater or lesser
number of casing hangers. The first casing hanger (26), second casing hanger (28),

and third casing hanger (30) support casing strings (34, 36, and 38), respectively.

f0030] The annulus between the first casing hanger (26) and the high pressure
wellhead (24) is sealed by a first casing hanger seal (40). Similarly, the annulus
between the wellhead (24) and the second casing hanger (28) is sealed by a second



wellhead (24) is sealed by a first casing hanger seal (40). Similarly, the annulus between the wellhead
(24) and the second casing hanger (28) is sealed by a second 7 casing hanger seal (42) Finally, the
annulus between the third casing hanger (30) and the high pressure wellhead (24) is sealed by a third
casing hanger seal (44). In the illustrated embodiment, the first casing hanger seal (40) and second
casing hanger seal (42) are identical. However, the third casing hanger seal (44) differs from the first

and second casing hanger seals (40), (42). [0031] As will be discussed in more detail belgw, the high
pressure weHBENDES 58 é4h gf‘i‘ﬂéye friy AaMg SPERSTRE g?g t§br§pct%%r{% eéﬁgté & aestrict axial

movement Q{él‘!ﬁ%@?ﬁ@%ﬁ@n@@mﬁ&@%ﬂ)di%aﬁwilﬂg hahgdrsagitpihdhechigialp(éssuria wellhead (24).
In particular, eac

of the casing hanger seals s adapted wit tch ring that is expanded outward into
a correspoﬁaﬁﬁﬁrﬁ?ﬁi@HW%EF"&%S{@S&%&@%& E?@EQJ@ W&Iﬁ%&%’ %Zgﬁs.lf}g?&aensgﬁﬁat urge a
casing hanggs|sesh upwaehaicovmwaedoar elepposechbingngagement betyéifethditatcithkng of the
casing hanger seal and the high pressure eﬂléja@ 4). [0032] Referring generally to FIG. 2, the first
casing hangFtsag ?ﬂ@)%ﬁﬁﬂ%&%@éﬁﬂ%b 6), &h energizing ring (48), a nose ring (50), and a
latch ring (52). The energizing ring (48) is used to drive the seal ring (46) outward into sealing
engagemeninaitt] the hidhbpréissuseedviriihead d2w)ldntbthetfieshighgineshangelizeyl @de anbrgizing ring
(48) has a lower portion (54) that is driven intq a slot 56 in. t L] . i seal. As the
lower portioﬁaf%ﬁ%%‘ﬁw%agelﬁgr%%ﬁ% ?Fr%s (%§)a|§a8 /r{ﬁ/%r? i?]ct)(;& }%F%gg?%%%%ﬁ%ﬁﬁ %%%%gng?’fgstically

deforms an innesdeg (Eef theseal thug4b) hms@tbng@géﬁgémmmrmmi&b@@@%- hanger (26)
o SR LR R WAL 8 S0dR0EMRRL Wi e ME R (Rl £1033] In the

t
illustrated e ,’theCcasing hange as a series of wickers (62) that engage
correspondisgpasidkdrsyairanie firstragingdiamgeniids)ito terrimaes i etivaedi tHe fitigltasing

hanger (26) and the first.casi anger seal (40). In the. A qgéQPB ' bLikewaterial of the first
casing hangg%rl‘;%sel:{';lﬁe (2]61{% 30 eﬁhg%)rt e ﬁgﬁeﬁlgfo%f t (-;%all‘ltllgsslt]i c;%ng hanger (26) so that the casing

hanger sealasdokgpssEPdylefpapeintmtiretwizketbe buyotihg ffsheasisinenbangsr @8}, amdhliicing the
seal betweep. the first casing,ha (26) and the first casing hanger seal (40). In addition, the

ress ewe% 8?@@ .
engagemen REWiCKers 833 9restricts axial movement of the first casing

[0032] Referring generally to FIG. 2, the first casing hanger seal (40) comprises a seal
ring (46), an energizing ring (48), a nose ring (50), and a latch ring (32). The
energizing ring (48) is used to drive the seal ring (46) outward into sealing
engagement with the high pressure welihead (24) and the first casing hanger (26).
The energizing ring (48) has a lower portion (54) that is driven into a slot 56 in the
seal ring (46) to activate the seal. As the lower portion (54) of the energizing ring
(48) is driven into the slot 56 in the seal ring, it elastically deforms an inner leg (58)
of the seal ring (46) inward into engagement with the first casing hanger (26) and an

outer leg 60 of the seal ring (46) outward into engagement with the wellhead (24).

{00331 In the illustrated embodiment, the casing hanger seal (40) has a series of
wickers (62) that engage corresponding wickers (64) on the first casing hanger (26) to
form a seal between the first casing hanger (26) and the first casing hanger seal (40).
In the illustrated embodiment, the material of the first casing hanger seal (40) is softer
than the material of the first casing hanger (26) so that the casing hanger seal wickers
(62) deform into the wickers (64) of the first casing hanger (26), enhancing the seal
between the first casing hanger (26) and the first casing hanger seal (40). In addition,

the engagement of the wickers (62), (64) restricts axial movement of the first casing



8 hanger (26) relative to the first casing hanger seal (40). In the illustrated embodiment, the outer leg
(60) of the seal ring (46) has inlays (66) that are driven against the wellhead (24) to form a seal
between the first casing hanger seal (40) and the wellhead (24). The inlays (66) are adapted to
maintain a seal between the first casing hanger seal (40) and the wellhead (24) even if there is some
axial movement of the first casing hanger seal (40§ relative to the wellhead (24). [0034] As will be

discussed in more detail below, the first casing hanger (26) and th flr t casi er seal (40) are
installed in ﬁ%‘%@liﬂéﬁff}@éﬁ)‘aﬁ? £re HRh GaBE %ﬂﬂﬂ 2‘]?‘? a(IRi f{ﬁgaggr%?%%g Yeed to drive

the energizijpg rmﬂse@owoyvafdhet@emerﬁ@atatmgl{#)rﬂ@wwa;etﬁaeaﬁﬁsuexa@mga@aﬂgemseal (40) in
the wellhead (24). [00353 The illustrated embodiments of the first asm hanger %ﬂﬁo and the
wellhead (Zﬁ‘)e}l%?t?f&t AxiafnERramanieat th‘é‘Wngcg%‘?né)rﬁﬁr‘?ﬁé% &4 R t relative to

the wellhead:E8fbad iesesTieiamos tbe)awhmpwm@meghtm ﬁrﬁﬁaﬂﬁ@ﬁaﬂ@eﬁmahéﬁ@ relative to

the wellhead (24) is achieved by the e ga nt of the latch ring (52) af the first casi anger seal
(40) with th&#ser sraifabrame Remelies Af);‘l‘? l? %d§§8é1ﬁwarﬂ8térﬁ)é/t%{ﬂ%]él r‘g\g/ Hﬁe latch ring

(52) is split, pismayihauanadiaieh (ooalteltivedtainb weghkkd) @isplit during installation. The latch ring
(52) of the first casing hanger seal (40) is biased inward to maintain the latch ring (52) as a closed ring

during inSte\?‘S?{;llEgVWv %z\llﬁvé” ?,H%%%%s%egmpb ta'?ﬁ'%’i"r’ t%%{%.n%‘f‘&f%?@t rK n outward

into recess e WeI casing anger sea e wellhead (24).
The latch rlrfgs(ﬁé’asnhgrhhygbeeenhé@a LeringtaldBB 6] ’dﬁwewxhﬁiemi)(ﬁa@hémta)ﬁmmmmqidsmg hanger

seal (40) reI tive to Ihea 2 1sr strlcted b fi tR 68 and a
(7%3 \clﬁ 110R, ooi s )an%&ek% 0%18 é{§ %&%ﬂ

second prOJéc?on e se Wit recess cess (74), respectively,
in the profileabtiie seabribg(d4BR) zcmltlthﬂamhﬁ ﬂﬁeaobgzmg hatigerilest(dtddretinbugithend, (Hbre is a gap
(76) between the first projection 68 of the seal (40) and an upper edge (78) of the first recess (72).

Similarly, thiéggéﬁ%%piiﬁl@lr%%ﬁmﬁrmQﬁ Rﬁ@%&?”c@%@%%m% skt Qhanddhenipper edge

(82) of the s recess (74) in the wellhead (24). The gaps (7 ween the latch ring 9
wellhead (24) restrict axial movement of the first casing hanger seal (40) to a small

amount relative to the welthead (24). The restriction of the axial movement of the
first casing hanger seal (40) relative to the wellhead (24) is achieved by the
engagement of the latch ring (52) of the first casing hanger seal (40) with the inner
profile of the wellhead (24). As will be discussed in more detail below, the latch ring
(52) is split, or may have a notch to allow the latch ring (52) to split during
installation. The latch ring (52) of the first casing hanger seal (40) is biased inward to
maintain the latch ring (52) as a closed ring during installation. However, as will be
discussed in detail below, the latch ring (52) is driven outward into recesses in the
wellhead (24) as the first casing hanger seal (40) is installed in the wellhead (24). The
latch ring (52) thereby becomes a C-ring.

[0036] The axial movement of the first casing hanger seal (40) relative to the
wellhead (24) is restricted by engagement between a first projection 68 and a second
projection (70) of the seal (40) with a first recess (72) and a second recess (74),
respectively, in the profile of the inner bore (32) of the wellhead (24). In the
illustrated embodiment, there is a gap (76) between the first projection 68 of the seal
(40) and an upper edge (78) of the first recess (72). Similarly, there is a gap (80)
between the second projection (70) of the seal (40) and the upper edge (82) of the
second recess (74) in the wellhead (24). The gaps (76), (80) between the latch ring



(52) and the upper edges (78), (82) of the recesses (72), (74) of the wellhead allow some upper axial
movement of the seal (40) relative to the wellhead (24). However, upward axial movement of the first
casing hanger seal (40) is limited by engagement between the first projection (68) of the seal (40) and
the upper edge (78) of the first recess (72) of the wellhead (24). In addition, upward axial movement of
the seal (40) is restricted by engagement between®the second projection (70) of the seal (40) and the
upper edge (82) of the second recess (74) of the wellhead (24). Similar gaps are present below the

projections (68) 709 thewanriradaril MbVERert Brokecsesgs(4 )rs(?f’ﬁi thy wisHhgchdldbetween the

projections (&8¢’ Qbﬁgrtﬁﬂﬁeﬁb%%&%mﬁe@é!&?"(rﬁﬁ%ﬁaﬁfs@ﬁ) rﬁ%eﬁéﬁﬁegdz@zﬂ“m%%‘ﬂ’e"head
(24). [0037] The first projection (68) and second projection (70) of the latch ring (52) are driven into the

first recess URYHARSRESRRY FERAEOT AhS Srtheapia a5 ARy iy batReeEImS st casing
hanger sealy4QHanbeinelhsaeidt cfsdhaiateh ing) (3R eldhg sipghange! seal (40) is

$l8
lowered into the wellhead (24), a downward-facing tapered surface (8 #4) o?the seal (40) engages an

upward-facifeFesberet e et say é%helﬁré@%e@ﬂguﬁ%é@&e)mmé@%@a&éh@e?ﬁab&ween the
downward-faciagiansras sufacen(8d) wiihetairb sinadePrefdhnsqabi4®) mediheWpyvard-facing

tapered shoulder (86) of the first casing hanger (26) as the seal (40) is lowered further into the

wellhead (245HDRE trematERrcthis Srenndviressmtibroriere iead fAd) (5O £ARRRETd-facing
tapered surfarad@B)diat BRIA9RS AR YBN T appatanesesk sl Tase A0 Of e BQe4979s(50). The

engagement of the inward-facing tapered surface (88) of the latch ring (52) with the outward-facing

tapered surfdBHEIEIOPOTIERLABSELISEEY) BroTaks tRintbRal Methnies A0 bhmddbedrdFErcome the

inward bias @@ﬁéeedﬁﬁe FiRgsked) Aandduysriie \atehsin£a3) outward. The outward movement of the
latch ring (52) 1s limited by engagement between a stop portion (92) of the latch ring (52) and a

correspondi p 94) of.the wellhead (24), The en ent of the sta jon (92) of the
latch ring (53&@3@1?&5}3 %ﬁﬁ) Sﬂoﬁﬁé\g‘é é ﬂ‘é&’a" Eﬁsl%ei?tﬁéno?ﬁgep%j%ﬁtﬁgﬂ%?é%) of the latch
rTir;]g $52)hat aiﬁeareﬁicpt?&ftfnetmﬂm (:e)ra@essafhﬁg?ﬁlm (73), dgﬂakeﬁéhﬁwﬂlhf%?l@@ thl;lo [003|8_]

e latch rin of the anger sea remoyed w e seal is
romoved froALATETHEA {2y S B BFGBTr G5t 4 BT REcHY (HEFH Bhna ST the seal ring
45 of the sealngQpn etﬁab&eﬂil?@ mseﬁgel@aﬁ@eﬁmdaﬂheloymr legd@)0 mfréh&eaaélﬂh&;@@)ﬁup selax and
the wellhead (T FALEE B THG ARG (029 bAleashi: LA REH St et toay TAE SRt over a
the wellhea € sovera
ﬁorrespond:m%age«a:])si@belfdeiféI (SBDf@f&KQf@ﬂfctﬂﬂﬂ’g)Bﬁﬂgﬁg (). Dher@gegeﬁmltc)feﬂ@étﬁsﬂhessun%

anger sea the secon catc urface the epgages the first caich surface
(96) of the |ate mgij; Pﬁm%’?ﬁ% Bl rlng%%z(}%u%\?vgag(?ﬁlﬂu% g% 8§i§1’|er§%?%gi%qf)f8n é‘?rst casing
_rll_angefr seal ﬁ@@)amllq&mngeﬁbemdmtlsmdm tap)asf tive ?tst casmi@ ltmgge(:.fﬁaaésfﬂﬁj isalei@ovid. t

erefore, remova stra r of the c nd/o es not require
an addltlona r|p| %{fﬁﬁxeﬂ o r%r‘ﬁ%ve %drgﬂ%’me eeclg%?)leg“ﬁa@ o)f(f fElr st cgu%%ce (96) and
second catckhsustabei(RB)53¢ bases tineviatchacing (B2)rtad ﬂmfacnséﬂﬁmglésex)gﬁyégahlaefemdg generally

to FIGS. 3-5 vano s vie sSlg)If?tlgg @'@)t] Ozi\stiheglpoag ers gé )n?é resentet? (gs%sc%s above, the
seal ring (465 1S agCtl\f%ffe riving the energizing r| into the SBar N ring (4 nlll}pper ring (99) is

threaded to ﬂaemgahpa@c(@ﬁ'dme(ﬂspef rilng) (86 hama( 523t it dicoichesdfROhandibednergizing
ring 48 has a seco otches (202) tare u ed b ttln ool to e the energlzmg
BT f@g & st ’ﬁﬁs# %CH%’O“ Ch 01 ﬁq’ #‘

ring 48 and the a6a er't nng &al ring (46)

have threadedqaoohmﬂmélﬁ#zaiﬂ)@;}weﬁpheﬂa&hr{ﬁ@@}}ﬂmﬁekh&e&ﬁ latﬂi@ﬁg,Z{Sénd)ﬁtWiaﬂiseal ring

(46) has a paqrt 108 and, the energizi 8 ha nne 0 that enabl ssure t equallze
Clri’u(% zﬂ}) ward movem 9% PR g] F?jc Sgﬁli 1m1 g lb r%agggll 21t BETRaEn A %

within the sea preventlng e energizi g Tl 2 dRven ints the seal ring

(46). Prior topinstatatit), thfethéoﬁﬁamrrmtg gcal ann@ 4 6dmeap e ifiifedtwitpoptéasd SFheHdre 108 and
channel 110 enable t regse, and any other flujds, within t uali een the inside
of the seal (&5%1% gqlﬁﬁuﬁgl e of gnééz}; I(}e[h {Ot%g(%\i/\%lr%‘i tP(()%rtltf% }6 %ﬁ?hneg e?glz%}]gl rng 48 is
driven into trstogl goBionf (9 s€ahe wellhead (24) position the projections 68, 70 of the latch ring

(52) at a desired position within the recessed profiles (72), (74) of the wellhead (24).



[l ring (46). As a result, there is no build-up of pressure in the slot 56 or the outside of the seal (40).
[0041] Referring generally to FIGS. 5 and 6, the illustrated embodiment of the latch ring (52) has a split
(112) that enables the latch ring (52) to expand as it is driven outward during installation. Alternatively,
the latch ring (52) may be notched so that there is a weakened region in the latch ring (52) that splits
as the latch ring (52) is urged outward upon engadé&ment with the shoulder of the casing hanger.

[0042] Referring enerally to FIG. 7, the third casing hanger (30) and third casing hanger seal (44) are
presented. IHedhtrhke tattha maf SR dhsdigerasing ogemeeahidOe asrsgpuehpitbale @8 has inlays

(114) oniits (sat?awﬁ&(éé@@ang Yotz (4R) BB URImRT ea (1R GRiEsRRNGiNWiskers (122) on
the wellhead ( 4éqare provided to engage the wickers f(118) on the third casing hanger seal (44). The
inlays (114) ¥abtte)risi amedmpvelinen thieterd shetorirthe ssald Hardgenebly Bdnne dsidtasing

hanger seal {ddiaThe:RRdBg9BINION SRS 5 B K1) IRmsithanal RsHeRmie daird casing

hanger seal (44) and the wellhead (24), as well as restricting axial movement of the third casing

hanger seal refaiRREes e the|ifs; ;fi(ﬂf\“ﬁioﬁ@}’fmthﬁfe sifateRe hAeainieAt, B4 tHikd casing
hanger seal (d4ihbas @n pltespativeAMPoRiMarh 6f 1 2te) Y LL{7Z).al0e dateh LingsLigd) has a

series of teeth (126) that are driven into a correspondinfg toothed g)rofile (128) in the inner bore (32) of
the wellhea®Xts- @ 250 TeERR D) sarerdl kAR s TapRy AGDRE Mgt eHEnd GRb dIpweime (128) in

the wellheaqddi-peyaacing e ing GLE2AbYVitRethe wiRdleRd (daRNYdIRFRRE Rsdownward

force on the third casing hanger seal (44) is opposed by engagement between the latch ring (1(24))

and the wellHB&d YOUFNEAEES A0 AlEsh GaEm SNEReR @éﬁﬁﬁd%ﬁ?@ Hiy e BOMERY therdatedsing hanger
seal (4) i iigspme asdorshertisl oheing IPRGSK RO)ANA TR 35i00 aaggoeal () 10044)
0

Referring generally GS. 8-15, the process of installing a casiér‘lé;) hanger and casing hanger seal is

presented. TREQRIRPHER GaMatHR A5t Hay gesisgdanecmasal P hitremassie ibeasir2) as a pair

blyg% Setting }ﬁ%@&@lf Tﬁlagaﬁﬁaﬁinesmmg%aa&a EORREERiAd 32Nk crrnsCcing Weselting tool
to a drill string. In
(130) require %n additional trip into the well to remove. In addition, the cooperation of the

first catch surface (96) and second catch surface (98) secures the latch ring (52) to the
nose ring (50).

[0039] Referring generally to FIGS. 3-5, various views of the first casing hanger seal
(40) are presented. As discussed above, the seal ring (46) is activated by driving the
energizing ring 48 into the seal ring (46). An upper ring (99) is threaded to the seal
ring (46). The upper ring (99) has a first pair of notches (100) and the energizing ring
48 has a second pair of notches (102) that are nsed by the setting tool to engage the
energizing ring 48 and the seal ring (46). As best illustrated in FIG 5, the upper ring
{99) and the seal ring (46) have threaded portions (104, 106,) respectively.

[0040] As best seen in FIGS. 4 and 5, the seal ring (46) has a port 108 and the
energizing ring 48 has a channel 110 that enable pressure to equalize within the seal
(40), preventing hydraulic lock when the energizing ring 48 is driven into the seal ring
(46). Prior to installation, the slot 56 in the seal ring (46) may be filled with grease.
The port 108 and channel 110 enable the grease, and any other fluids, within the slot
56 to equalize between the inside of the seal (40) and the outside of the seal (40) as

the lower portion (54) of the energizing ring 48 is driven into the slot 56 of the seal



addition, the setting tool (130) has a casing hanger handling member (134) that is used to install the
casing hanger and a casing hanger seal handling member (136) that is used to install the casing
hanger seal. The casing hanger handling member (134) and casing hanger seal handling member
(136) are configured to enable relative movement between them. [0045] Referring generally to FIGS. 8
and 9, the setting tool (130) positions the first casng hanger seal (40) above the first casing hanger
(26) as the two are lowered into the wellhead (24). The first casing hanger (26) may he landed on a
shoulder of 38 (¢8lhextia 2esud: Mﬂw‘ér‘“@a@ﬂﬁgﬂﬁr@éﬁe@?ﬂé thé é*ogassqﬁﬁ s E6Yhs in a

desired pos@ﬂggeg{imm_the wellhead (24), the first casing string (34) is cemented into place. Cement is
pumped down through the center of the first casing string (34) and flows upward in the annulus

between the first casing string (34). and an adjacent outer casing string, (nat showp), [0046] As best
illustrated in #1615 §HERng ‘?Fé@hﬁ'oW gga%1§§?§r¥éh’?eﬁf%ﬁgtgfingﬂa%e[ﬁmﬁﬁsofgdﬂgovl%tﬁ ward from
below the figgicasmhanggnii2e) ty augheHablantdustbetyiegni dbe dirskpasihgshiangeriseal (40) and
the first casing hanger (26) during the cementing operations because the axial restraint for the first
casing handefy7&f QHHqﬁé?%ﬁ?ﬁ?&ﬂa&%@ﬂ%%f%a&é\hdg}g252%@?#5%%3@‘%6f%ﬁgte?tseal (40),
rather than gn-thesfiiskeasingdhanaes (RGhellitd akdal (EBtraint wasspiovidelitoy aimgstfaining member
disposed between the first casing hanger (26) and the wellhead (24), the restraining member would
interfere witH'#5¢ ABYFHBIE ﬁﬂgﬁﬁﬂ%ﬁ%’é{%\%ﬁb %@%&fﬁﬁé%@#‘&n €85ing hanger (26). [0047]
Referring generally to FIGS. 10 and 11, the drill string is used to lower the setting tool (130) still further
into the well[i8dad)(R4)easne gresedizdg&herallytby trimwcdi@) tanizsstaitherfitshodshginanger seal
(40) in the desired position within the wellhea The J r [ 134), which
is secured ?ﬁgfﬂ%efir% aﬁgé}g %r%eesreaéé%; rglﬁnga?gr%é%%tloﬁ%%? \?v%i:g('\-:'g%}?egc}gis?{ﬁgll r?gﬁfg r séqaflléhandling
member 136hifdtkesaettinggeok¢d3@HisHaweled Withhines fits toassidegHahgeaneaichors (134D048] In the
view presented.in FIG, 11, th wnward-facing t r 84 0 I | ).has just
contacted th%nsﬁic')u?b%rrglg%f@h%@irs%@?égﬁanﬁﬁg‘%%ﬁ r{r%%él?ar%{c?ees‘%@g ir{‘gt]a%%g ?rE%a first casing
hanger seal f#8)id¥helatgrgintgi¢s2ickers Not8)arbderttdrivensngrangaatstak(pdint Bfatdlassing hanger
seal installati rocess. In itj IS Vi b e f ing tool
(130) to be ggg%? %%i% e%as%é %e%cf%g's ng Xgﬁ&gs!eﬁ(ftg}ggcé%ag? %21%%?3 jhééﬁ\%gr ﬁﬂigﬁgl% member

(134) to the fasingalsingdnaegbr4256), Bhevrnigagsthensetchd avickeivd Cabing Bantarss(283630). [0049]
Referri I . i il string |
eferring generally @ MR fﬂha%glﬁrgg}%zggg}h%%gﬂ%ﬁﬂ %%W&g{é}%ﬁﬁfﬁ‘é%&f el siping lowers

the casing hanger seal handli e setting to urther into the wellhead (24), as

representedayérieraiyioyrawdihd thirdidsinipbanger sem ddehrelatiaave shiatbesnding(52) of the first

casing hanger seal (40) outward, as represented by arrow (146), into the recessed profiles (72), (74) of

the wellhead §g43; A Rptedialipned thesirpRartioméORiR! theslalch iR (Sepluts thgsstap portion
(94) of the wellhead (24) to end the outward movement of the latch ring (52). This positions the

projecting malRE@Eceembosistepeahtciithgine 142 doaskadapns Witk ihasassgsaPhortions
(72), (74) of thenyehBeatk(2f) driven into a corresponding toothed profile (128) in the inner bore

(32) of the wellhead (24). Here, the teeth 1(26) are driven into engagement with the
toothed profile (128) in the wellhead (24), preloading the latch ring (1(24)) with the
wellhead (24). Any upward or downward force on the third casing hanger seal (44) is
opposed by engagement between the latch ring (1(24)) and the wellhead (24).
Installation and removal of the third casing hanger (30) and third casing hanger seal

(44) is the same as for the first casing hanger (26) and first casing hanger seal (40).

[0044] Referring generally to FIGS. 8-15, the process of installing a casing hanger
and casing hanger seal is presented. The casing hanger and casing hanger seal are
installed within the wellhead (24) as a pair by a setting tool (130). The setting tool
(130) has a connector (132) for connecting the setting tool (130) to a drill string. In



[0050] Referring generally to FIGS. 14 and 15, the setting tool (130) is then used to drive the
energizing ring (48) downward relative to the seal ring (46) to activate the seal ring (46), as
represented by arrow (148), forming a seal between the first casing hanger (26) and the wellhead (24).
The lower portion (54) of the energizing ring (48) is driven into the slot (56) of the seal ring (46). The
inner leg (58) of the seal ring (46) is driven againslc%he first casing hanger (26) and the outer leg (60) is
driven against the wellhead (24), sealing the annulus between the first casing hanger (26) and the

wellhead (2a94jbos1ierthrg il i§1dliehas @ terrna angss ﬁ%@éﬁ’ﬁrf&%‘?ﬁe@? ) Bt he first

casing hangge $¢kd@) HacssHingainrl- @) Lranaheniag! Jsvseddmanabndéorasdpmaihdraw the
energizing ring (48) 14 [0052] from the seal ring (46). The first casing hanger seal (40) is then lifted.

The latch rifgy Y58 1@ inssellvihp creiraamgerisak of th eI haneshiamtingsaembyTad #é seal (40) is

lited from thg wellhgachiadd: IR-additigm;tbedrichding 16%) deewithdrawadremethgkeeemsrd profiles
(72), (74) as the latch ring (52) is lifted. [0053] While only certain features of the invention have been
illustrated aAtPYEBERVEI V&R ACMany modifications and changes will occur to those skilled in the art.
It is, therefore, to be understood that the appended claims are intended to cover all such modifications

and changepasFpikwiihingheiemalispidtralibesnvdriiahe 3&ting tool (130) positions the first
casing hanger seal (40) above the first casing hanger (26) as the two are lowered into
the wellhead (24). The first casing hanger (26) may be landed on a shoulder of the
wellhead (24) or another casing hanger. Once the first casing hanger (26} is in a
desired position within the wellhead (24), the first casing string (34) is cemented into
place. Cement is pumped down through the center of the first casing string (34) and
flows upward in the annulus between the first casing string (34) and an adjacent outer

casing string {not shown).

[0046] As best illustrated in FIG. 9, there is a free flow path 138 for cement and other
well fluids to flow upward from below the first casing hanger (26) through the
annulus between the first casing hanger seal (40) and the first casing hanger (26)
during the cementing operations because the axial restraint for the first casing hanger
(26) and first casing hanger seal (40) is provided on the first casing hanger seal (40),
rather than on the first casing hanger (26). If the axial restraint was provided by a
restraining member disposed between the first casing hanger (26) and the wellhead
(24), the resiraining member would interfere with the flow of fluids flowing up the

wellbore from below the first casing hanger (26).

[0047] Referring generally to FIGS. 10 and 11, the drill string is used to lower the
setting tool (130) still further into the wellhead (24), as represented generally by
arrow (140), to install the first casing hanger seal (40) in the desired position within
the wellhead (24). The casing hanger handling member (134), which is secured to the
first casing hanger (26), remains stationary while the casing hanger seal handling

member 136 of the setting tool (130) is lowered with the first casing hanger seal (40).



CLAIMS: I.A seal assembly (40) for a wellhead assembly (20), comprising: a sealing portion (46)
having a vertical slot (56);  an energizing ring (48) adapted to be driven into the vertical slot (56) of
the sealing portion (46) to expand the sealing portion (46) into sealing engagement with at least one
adjacent surface (32, 64); and  an axial restraining member (52, 124) coupled to the sealing portion
(46) of the seal assembly (40), the axial restraininb3member (52, 124) being adapted to be driven

outward into a profile (72, 74, 128) surrounding the axial restraining member (52, 124). 2. The seal
assembly aEOFé)?i}éa R ff%ﬁ%dﬁ@%x%a’l’rgﬁl%?w ?ﬁ%‘,{?ﬁ&}%&?e{%f%{fﬁ%ﬁréﬁegg latch ring

552, %2|4) f}@ff@ﬁ@hiﬁﬁgt@m(z g&%ﬁk&i@g)&bﬁ&e&Qhﬁ%ﬁbﬁ&&g@@@f&lﬁewm@@Bij@lya&fgmr(dﬁme latch ring,
e at least one protrusion 70, 126) being adapted to be recejved intg, the profile (72, 74, 128
surrou_ndingiﬂai@&m Pé%‘i?éﬁﬂfg}%ﬂ%ﬁ%ﬁ%%ég}ritzﬁ%mg h@%éi%é%ﬁ%se%ﬁﬁ@?%ﬁ rré‘&éégzl}] claim )2
wherein theig Iagst engeprotssiandliz@kdsadantediia apuhtheaprelianbanstae asehiainen(52, 124) is

driven outward into the profile (128) surrounding the latch ring. 4, The seal assembly as recited in
claim 2, whéféfifthe Inrafdivien(shis vRve SRS DS T %ﬁ@&%qﬂlﬂ%ﬁ r{é@ﬁ@ﬁré% sﬁ?ﬁ&’@etéj) adapted to
tsh%lngly ﬁn m?l apcgéresg&ggdm wplwaphtacing taperearshauddan (S&vdthia tasinelarget system (20)
o drive the latch ring (52, 124) outward h IS, di ithi

comply handling member (154) to the (st casing hanger (361, is well s e Second and td™! 2

casing hangers (28, 30).

[0049] Referring generally to FIGS. 12 and 13, the continued downward movement
of the drill string lowers the casing hanger seal handling member 136 of the setting
tool (130) further into the wellhead (24), as represented generally by arrow 144. This
downward movement drives the latch ring (52) of the first casing hanger seal (40)
outward, as represented by arrow (146), into the recessed profiles (72), (74) of the
wellhead (24). As noted above, the stop portion (92) of the latch ring (52) abuts the
stop portion (94) of the wellhead (24) to end the outward movement of the latch ring
(52). This positions the projecting members (68, 70) of the latch ring (52) at the
desired depth within the recessed portions (72), (74) of the wellhead (24).

[0050] Referring generally to FIGS. 14 and 15, the setting tool (130) is then used to
drive the energizing ring (48) downward relative to the seal ring (46) to activate the
seal ring (46), as represented by arrow (148), forming a seal between the first casing
hanger (26) and the wellhead (24). The lower portion (54) of the energizing ring (48)
is driven into the slot (56) of the seal ring (46). The inner leg (58) of the seal ring
(46) is driven against the first casing hanger (26) and the outer leg (60) is driven
against the wellhead (24), sealing the annulus between the first casing hanger (26) and
the wellhead (24).

[0051] The process is reversed to remove the first casing hanger (26) and the first
casing hanger seal (40). The setting tool (10) or another tool is used to apply a force

to withdraw the energizing ring (48)



5. The seal assembly as recited in claim 4, wherein the seal assembly (40) comprises a nose ring (50)
secured to the sealing portion (46) of the seal assembly (40), the latch ring (52, 124) being secured to
the nose ring (50) and axially moveable relative to the nose ring (50). 16 6. The seal assembly as
recited in claim 5, wherein the latch ring (52, 124) comprises an inward-facing tapered surface (88)
adapted to slidingly engage a corresponding outwktd facing tapered surface (90) on the nose ring (50)
to drive the latch ring (52. 124) outward as the seal assembly (40) is diSfQSGd within the wellhead

assembly (46952] fronThe seal Hagddily A8sdErbearinadinecioRarédine weeHiing: 32124)
comprises a fist g5 (RGNS 0958 0TOGIBPIEC aSRhSHTBCe:IRIR rt surface
ur

(98) and the second surface (96) being adapted so that the second surface (96) catches the first

surface (98}hes 1! 448} Asdifiagyrom)theiwetiram @b wdmadditaethbiptebying (B)ASvelihead

assembly (20} QPUNRN BE the rRQAQUSINGHEA) (LOMPUSIRARNIIEFRLSABR) e an inner profile (72,
74, 128) disposed around a portion of the inner bore (32) of the housing (24); and a seal assembly

) e iR G s el BPIRE ARG i RoBY il gy 2ssemol
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.



a seal member (46); an energizing ring (48) adapted to be driven into the seal member (46) to
expand the seal member (46) into sealing engagement with an inner surface of the housing (24) and
an outer surface of the tubular member; and a latch ring (52, 124) secured to the seal member and
axially movable relative to the seal member, wherein the latch ring (52, 124) is adapted to be driven
outward into the inner profile of the housing (24), Wwhereupon axial movement of the seal assembly
(40) is restricted by abutment between the latch ring (52, 124) and the inner profile (72, 74, 128) of the
housing (24§:1.AIMS The wellhead assembly as recited in claim 8, wherein the latch ring (52, 124) is a
split ring. 17 10. The wellhead assembly as recited in claim 8, wherein the tubular member (26)

comprises a tapered shoulders (363l thiadateh singlBehdl24e@mnissscaipsisiapered surface (84) ,
the tapered shoulder (86) of the tubular member (26) and the first tapered surface (84) of the latch ring

(52, 124) being adaptits BOBIRYAI@BATIRG aNEHTRhSHIGIBE, 124) outward when the seal assembly
(40) and the tubulagMeRRBAREGIROULS) adapted to be driven into the vertical slot (56) of the

sealing portion (46) to expand the sealing portion (46) into sealing engagement with
at least one adjacent surface (32, 64); and

an axial restraining member (52, 124) coupled to the sealing portion (46) of
the seal assembly (40), the axial restraining member (52, 124) being adapted to be

driven outward into a.profile (72, 74, 128) surrounding the axial restraining member
(52, 124).

2. The seal assembly as recited in claim 1, wherein the axial restraining
member (52, 124) comprises a latch ring (52, 124) having at least one protrusion (68,
70, 126) extending circumferentially around the latch ring, the at least one protrusion
(68, 70, 126) being adapted to be received into the profile (72, 74, 128) surrounding

the axial restraining member (52, 124).

3 The seal assembly as recited in claim 2, wherein the at least one
protrusion (126) is adapted to abut the profile when the latch ring (52, 124) is driven

outward into the profile (128) surrounding the latch ring.

4. The seal assembly as recited in claim 2, wherein the latch ring (52,
124) comprises a downward-facing tapered surface (84) adapted to slidingly engage a
corresponding upward-facing tapered shoulder (86) within the wellhead system (20)
to drive the latch ring (52, 124) outward as the seal assembly (40) is disposed within
the wellhead assembly.

5. The seal assembly as recited in claim 4, wherein the seal assembly (40)
comprises a nose ring (50) secured to the sealing portion (46) of the seal assembly
(40), the latch ring (52, 124) being secured to the nose ring (50) and axially moveable

relative to the nose ring (50).



11. The wellhead assembly as recited in claim 10, wherein the seal assembly (40) comprises a nose
ring (50) having a tapered surface (90) and the latch ring (52, 124) comprises a second tapered
surface (88), the tapered surface (90) of the nose ring (50) and the second tapered surface (88) of the
latch ring (52, 124) being adapted to cooperate to drive the latch ring (52, 124) outward when the seal
assembly (40) is abutted against the tubular memBE&r (26). 12. The wellhead assembly as recited
in claim 11, wherein the latch ring (52, 124) comprises a first catch surface (98) and the nose ring (50)
comprises a second catch surface (96), the first catch surface (98) and second catch surface (96)

being adapted to cgoperafgdosliff thadately riadréeded 34)cign shevRasering (@Rhisitigedfrom the
housing (24) during removal of the seal assembly (40). o
24) comprises an inward-facing tapered surface (88) adapted to slidingly engage a

corresponding outward facing tapered surface (90) on the nose ring (50) to drive the
latch ring (52, 124) outward as the seal assembly (40) is disposed within the wellhead
assembly (20).

7. The seal assembly as recited in claim 6, wherein the latch ring (52,
124) comprises a first surface (98) and the nose ring (50) comprises a second surface
(96), the first surface (98) and the second surface (96) being adapted so that the
second surface (96) catches the first surface (98) as the seal assembly (40) is lifted
from the wellhead assembly (20).

8. A wellhead assembly (20), comprising:

a housing (24), comprising an inner bore (32) and an inner profile (72, 74,
128) disposed around a portion of the inner bore (32) of the housing (24); and

a seal assembly (40) adapted to form a seal between a tubular member (26)
and the housing (24), the seal assembly (40) comprising:

a seal member (46);

an energizing ring (48) adapted to be driven into the seal member (46) to
expand the seal member (46) into sealing engagement with an inner surface of the
housing (24) and an outer surface of the tubular member; and

a latch ring (52, 124) secured to the seal member and axially movable relative
to the seal member, wherein the latch ring (52, 124) is adapted to be driven outward
into the inner profile of the housing (24), whereupon axial movement of the seal
assembly (40) is restricted by abutment between the latch ring (52, 124) and the inner
profile (72, 74, 128) of the housing (24).

G. The wellhead assembly as recited in claim §, wherein the latch ring

(52, 124) is a split ring.
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10. The wellhead assembly as recited in claim 8, wherein the tubular
member (26) comprises a tapered shoulder (86) and the latch ring (52, 124) comprises
a first tapered surface (84) , the tapered shoulder (86) of the tubular member (26) and
the first tapered surface (84) of the latch ring (52, 124) being adapted to cooperate to
drive the latch ring (52, 124) outward when the seal assembly (40) and the tubular
member (26) abut.

11. The wellhead assembly as recited in claim 10, wherein the seal
assembly (40) comprises a nose ring (50) having a tapered surface (90) and the latch
ring (52, 124) comprises a second tapered surface (88), the tapered surface (90} of the
nose ring (50) and the second tapered surface (88) of the latch ring (52, 124) being
adapted to cooperate to drive the latch ring (52, 124) outward when the seal assembly
(40) is abutted against the tubular member (26).

12.  The wellhead assembly as recited in claim 11, wherein the latch ring
(52, 124) comprises a first catch surface (98) and the nose ring (50) comprises a
second catch surface (96), the first catch surface (98) and second catch surface (96)
being adapted to cooperate to lift the latch ring (52, 124) when the nose ring (50) is
lifted from the housing (24) during removal of the seal assembly (40).



