HANGER FLOATI NG RI NG AND SEAL ASSEMBLY SYSTEM AND
METHOD BACKGROUND [0001] This section is intended to
i ntroduce the reader to various aspects of art that
may be related to various aspects of the present

i nvention, which are described and/or claimed bel ow.
This discussion is believed to be helpful in

provi ding the reader with background information to
facilitate a better understanding of the various
HANGER FLOATIN GORING AND SEA: mlﬂ\l@b&ﬁﬁﬁlﬁm AND METHOD
shoul d be understood that these statenents are to be
read in this light, and not as adm ssions of prior

BACKGROVMD As will be appreciated, oil and natural
[Ogas have a profound effect on nodern econom es and
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maddroecbhemies drd sociétidshendesd, deviadsi drld s\gtansl that depend on

.production tens are often enployed to acce and
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desired resource. Further, such systens generall

Furiher.aileand! nateral gea@ragsauenty wwddoweahhpmsmvéi_ngywinter, to
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e vari e onponen such as' v
pradgitsnigs, hangers, valves, fluid conduits, and the
like, that control drilling and/or extraction

[0608]r atih@nder tbGAE] the Rieszmel for slidh Ngtupdl dediedess; tdoipanies

o SR spernestis gt T i s o ss
exlrh@i)y il mall#aPyds, aRa%hdr QbtedPanean resources from the earth.
Particularly, once a desired resource is discovered below the surface of the earth,
- drilling and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Further, such systems generally include a

- wellhead assembly through which the resource is extracted. These wellhead
assemblies may include a wide variety of components, such as various casings,

hangers, valves, fluid conduits, and the like, that control drilling and/or extraction

operations.

[0004] In some drilling and production systems, hangers, such as a tubing

hanger, may be used to suspend strings (e.g., piping for various flows in and out
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of the well) of the well. Such hangers are disposed in

a spool (also referred to as a bow). In addition to

suspendi ng strings inside the well head assenbly, the

hangers provi de sealing capabilities to seal the

interior of the well head assenbly and strings from

pressure inside the well head assenbly. In sone

systens, pressure from above or bel ow t he hanger may
ofdhe sellirof theamtll. oS udtiearigsng ere dispotdkirvebpdnstddiso Teferred to as

a B3V I SRR i e S166S siieethe sl Ferd AR sy DbA e
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advant ages 0 resént rnven
theetdllbeadindbe $iaogdr moeemiehemiag|dub wresgucketmiothest components,

SRR Rpoiog e S3e  APEHENSIRG 3ok AelyBlatity of the hanger

m&g BoRpRIthiskithe abiief 4fthé haAgehUrotite sehing &rin itidha of
[%006 FIG 1is ?bl ock dlgagr;ﬁmthat imstraq\ggéa
thewelipgpd agseralli on systemin  accordance with an
enbodi nent of the present invention; [0007] FIG 2 is
a cross-section of a section of the mneral extraction

BRIEF DESCHIPTFIGN OF TREEDRAWINGS Wi th an enbodi ment of
present invention; [0008] FIG 3 is a close-up of

h

(000K cr¥arousdeniuses.sPRPS; and pdvarieossiahiie Ripsent iayention will

befBRRULIRR LnBbrstdif RAEF A tdIBXETY d&iiied BOXHL1ER & rebd with
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S a cross-section o neral “extraction
refeyaricento thé lacsompanying figstealih athidnlilef clearbetars represent like
CcOor da% wi th an enbodi nent of the

‘ shgngJI deh iRr} ac 1 .
paﬁtg "ohe ?'ﬁ_ BR{I9YIES i%]] FIGS. 5A-C depicts a
rofli: FE 11§ A HerkaParg i1 iSlierya rinea) gutaniop system in

act@dahb8 withth eRPEdiflePRbf tHe: preBent iRverdfom®r dance wi th an
enbodi ment of the present invention; Page 2 of 26

[0d{11IFIB. Sis @ d#@ﬁ-Qécftioﬁ FrPStiDR G i nitlerbNSctlNBH @gst]em
111 f a sea

extra_ctlon system ustration I nsta at[on 0
of EEs.ehinl gcdordanseovittnar emkiodimant efithe grerent inventionie

present invention;
[0008] FIG. 3is a close-up of the cross-section of FIG. 2 in accordance with

an embodiment of the present invention;

[0009] FIG. 4 depicts a cross-section of the mineral extraction system

illustrating installation of a landing shoulder in accordance with an embodiment of

the present invention;

[0010] FIGS. 5A-C depicts a cross-section of the mineral extraction system
illustrating installation of a hanger, adjustable landing ring, and floating ring in

accordance with an embodiment of the present invention;
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[0012] FIG 7 depicts a cross-section of the mneral
extraction system illustrating energizing a | ower
el astonmeric seal in accordance with an enbodi nent of
the present invention; [0013] FIG 8 depicts a
cross-section of the mneral extraction system
illustrating energi zing an upper el astoneric seal of a
seal assenbly in accordance with an enbodi nent of the
[0 ek enFiG rﬁ/deplbtsra cdo@@—bébtlcﬁi ol the rdmpi'alteﬁtractlon system
extraction s

BT Pl oo Ao RSSO iR ePosrapare wiliercahbagiment of

theWresermivaintisgal of a seal assenbly in accordance
with an enbodi nent of the present invention; [0015]
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extraction syst em illustrati ng reaction of a seal
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EVBODI MVE 4 11 nore speci fic enbodi nents of
acCREdageg i a ﬁ”&ﬁ?t\ﬁ ﬂ]'e PEseget¥eM®e bel ow. These

descri bed enbodi nents are onlﬁ/ exenpl ary of the
[0814Hs enk |G- fAsRists @ cragrrseslinngfthe mlﬁe%'ah eéﬁf@qﬂon gystem

lllﬁt%‘l’he %n@rg?ﬁﬂ& b8 *?nr?’&srﬁéﬂapgéél%n‘afan Stﬂgff:’he@éﬁ &l & A seal

dif nent’s, all features of an actual | nplementation
aSﬁalylbhbm aCBerd@ese witheah embotienerpef the preseotinventiashoul d
be appreciated that in the developnment of any such
[0GtS]ual FIGﬁJH@ﬁETﬂP&dBpm awsoe'.saseaniyme]’ﬂ ghenméneragexdracties isgstem
I on-speci fic.decisions

IRHBHRG kearll of 8 Seeh PeRpanbly b M DU P UcligE Sy te
acgolance Witbreembotindnt BE thepreBertdisl@fonebhaged and
busi ness-rel ated constraints, which may vary from one

[0018]! eI akii®B HiGCkaNa§I2Ph of aM?cE(%\é%r insfalimgaHb ‘P'\ahger and
appreci ated that such a devel opnent effort m ght

se@'oﬁﬁﬂeg)bhamqqowr@@n@lmwn@m imapiefdhe evesenh Blvestione
a routine undertaking of Page 3 of 26 design,
fabrication, and manufacture for those of ordinary

DEMlLEdlBESGRlP*FR)M@FESP‘EClec EMBOBIMENTSUre. [0018]

When i ntroduci ng el ements of various enbodi nents of
[0617d prlreat more specific embodiments of the present invention will be
described below; These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
_ the developers’ specific goals, such as compliance with system-related and
‘business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be

complex and time consuming, but would nevertheless be a routine undertaking of
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invention, the articles "a," "an," "the," and "said"
are intended to nean that there are one or nore of
the elements. The ternms "conprising,” "including," and
"havi ng" are intended to be inclusive and nmean t hat
there may be additional elenents other than the
listed el enents. Moreover, the use of "top," "bottom"
"above," "below, " and variations of these terns is

desighe; félsrfcationyai m@ﬁafactlufb forﬁlﬂese bﬂbrcr:mylsk?iormmo 9]g the benefit
o ar orientation of the conponents 1
éﬁ‘ﬁéﬁﬁ(ﬁ%ﬁﬁ{"% of the present invention include various
onents to isolate a landing ring of a han%er and
[0%8 ns¥hendaipdydiigglementy pf ‘éar%’él e"ﬁ%%@?ﬂ?ﬂ? of; the sy
m\‘?ém%ﬁnfﬂe' SALY &P %d“@%h%ﬂg 8LaidFQfe |ﬁm@g §o mean dthat there

di ments may ~ inclu | oating ring dispose
arb@ummnmm@fltmalengents n@Fhartermm'@omislr@e”r“irmiudim@’r’] god,

naR0; p5AbieRg e TR EE TRk shE kBl nePe e Aldifiond°
eléﬁ‘em@ld’(ﬁéﬁtﬁam hdteg elaméntde Mora@aér thsssdl Yo, hadottom,”
abl e seals so that the sea

ncl ug ? adi retr }1 L
‘a elqus P%\ f’é faens %d e3Rteameds makleder epveniace,
do@%&%mqu.repa@vp%ﬂ.émsr Siasmaor] 6 hB%onfRfflefls.y retracted

seals during’installation. The radially retracted
S I
[06 £, 7, FRbolher 80} fie)reFRIAAHich Inatd: yimisusGinponents to
lsoiatgaﬂahghngamg ofc bargerenal tosmabiee $ealintggrity of a seal assembly
urat on,t o dlstr bute ealin and en
insiaieL BHERDIRR L Brelod L DA, FRF Slral e el By
indlade adoating nad dhosed bétweé(rethg Ian(ﬂn@}lng @nﬂrthé Isﬁaulder of
sealing of the netal seal and a larger_rin

hagger,surh thal g meyement of the, banggrs ypasf.errﬁsgomﬂ%tmwg
t h
and isG45@8. ffdn@fme %Hﬂfng%(ﬂ( eE.g.bodmhéHts gr%[;/ ih@}% %g?uh ate

ener gl zi ng 11s
asseamblsrtthait Iesluaes cadialiyi ne@wctabﬂe seals 5o rtmt the sealsgnaphe

roried s inbbfelioh PEMeCSE0 oBARER, BB ARREF O B,

radlallthreﬂiacteﬁ@Ha;IH G@ﬁng in@télladon}ngThbyaau[amardmmed sedls mayibe
ra a or cont 1 gur e t ct

ra@a gg%wggeg it pgal t ﬁ@eab@%a%mtrlm aggipst &%%l?\%@ﬁt Additignally,
the st ra@.kerﬁsryrrﬁgr% irﬂho%yt%bﬁd”ﬂségls' Favirng ceﬁ@%ﬁaudrﬁogd.str@ute

surface syste or subsea (e.g., a subsea syst
sealinauand aw@aznrtgwleadpaa badnetgl sgals mrayiioclude md@@e gings havmg

B R N e
disposedbamldenbabeve] @r bEley the multiple rings and having a large flat
surface {e.g., nib) for withstanding the energizing load.

[0020] FIG. 1 is a block diagram that illustrates an embodiment of a mineral
extraction system 10. The illustrated mineral extraction system 10 can be
configured to ‘extract various ‘minerals and natural resources, including
hydrocarboné (e.g., oil and/or natural gas), or configured to inject substances into
the earth. In some embodiments, the mineral extraction system 10 is land-based

(e.g., a surface system) or subsea (e.g., a subsea system). As illustrated, the
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wel | head hub 18 generally includes a | arge di aneter
hub that is disposed at the term nation of the
wel | -bore 20. The wel | head hub 18 provides for the
connection of the wellhead 12 to the well 16. [0021]
The wel | head 12 typically includes nultiple conponents
that control and regulate activities and conditions
associated with the well 16. For exanple, the

sywtdn [@ddcladesyarveslbiely 12hodupliest tdoa dniesral vapuosis 1dania a well 16,

f h
WGBS i Het 36 G R8F of “PeBrlrhdt, 5t 88.5 e bPRL20. The
waiitlelad hih, 18 9eneradly iintgud sy aﬂérgeldiarﬂétdrofmwﬂ'na_ﬂsemsﬁ@é@ at the
|ntothe down-hole). In the illustrated

teBRBRUIMEHITE WHHbbaE1 1he Hoe WBIINGRY Nided BraNIGes for The canection

of@t@éh@ﬂ%éﬂﬁﬂo firief\eelN §6l to as a Christmas tree 22
(hereinafter, a tree), a tubing spool 24, a casing

[062M°! B w@ﬁﬁ%éﬂ h@ﬂgﬁ’%ayi l?ti& muﬁpi&@c?rﬂ%oﬁ@r?ﬁgrﬁat%nﬁo!

casi ng hanger 0 may | nclude o
andgepulete aﬁmtlarmmltmstassoﬁetamwm Geeowel? 16. diod example,

e BNGER 12 Op R TR dTa@lies J3NB 2, SR % ot pRocea

mihktaisfromtthd nanbed depadit 14, fr&omfétf@megﬂllaung Ipuémre i theakell
stri . n cert

16eﬁf@us endg; t@%&%@ﬂr%kew%mm wa'.'rﬁpfﬁg% &ﬁ‘ﬂw'% hgle)-
In 'th°e |h|9§’tﬁ5t8§’ ehfbodimefitifhe ﬂ? \{\{ém?a%ln‘t ?fnﬁ;fiﬂ% ﬁi@é}lo@mﬁl

16 and/or the In ot er e
ref@tr@ﬁl tfagsgﬂemaimawsaeea% (hereinefter @l trex), atybing shboefda a

ca i hEaP S 30 a2 B S binert T ing hangen

Thb@ﬁ%}n Thendy iaelud?2 cgleasraiamdas that:érledﬁmmd/t@rthetweéméad 12,
f1 ow | LU an

fitt ,
and RVicer éhatée &3@? 18 ?ﬁ@e%h@ Ewa qontig! V%r&d%n‘?fivawws phtve
wellh&&d Qﬁ_ Fﬁﬁéxérﬂﬁleuﬂ?th% il iRed Bﬁfboﬂﬁné’rﬁtsﬂ\%sﬁgté%ﬁQWméludes

tree Ody | oW~ | oop actuators, and val ves.
a t@@ir&ﬂw%rspenﬁed fnomaa 2ipill @ﬁy’-q&(bvlm@rtalrm etbodiments cthei toal 28

inc rc}eeleg a[)guﬁgwgztjoolr%:gt rlé\geﬁ%fg) Zrupnr)ow éﬁ %ﬁ%ﬁoﬂer\?elslégﬁ% tRe

wetl d@nelforahe ?Ntﬁlhaaﬂ Kaydn omemmmt{]@mant%u sgclaas tfshﬁace systems,
t an

the {8F 28 i iRgupS Pefaic Sisoendie gue arial Blesd fitd e

welgddd 18 via(slerehst dther s?.ﬁ;%ohlh% ddvig. Further, mnerals

extracted fromthe well il and natural
00T ok *"?eh?g?%ﬁé'%“ﬁW“a%‘e%ﬁ%fﬁﬁt9§fi@%rp?ﬁ“n%§e-g5?“0565%
valyesfitiings, ehdtcangrols fed dpecatingothet wiell 16 Pdue iBstence,ahe tree 22
may include a frame that is disposed about a tree body, a flow-loop, actuators,
and valves. Further, the tree 22 may provide fluid communication with the well
16. For example, the tree 22 includes a tree bore 32. The free bore 32 provides
for completion and workover procedures, such as the insertion of tools {(e.g., the
hanger 26) into the well 16, the injection of various chemicals into the well 16
(down-hole), and the like. Further, minerals extracted from the well 16 (e.g., oil
and natural gas) may be regulated and routed via the tree 22. For instance, the

tree 12 may be coupled to a jumper or a flowline that is tied back to other
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conmponents, such as a manifold. Accordingly, produced

mnerals flowfromthe well 16 to the manifold via

the well head 12 and/or the tree 22 before being routed

to shipping or storage facilities. A blowout preventer

(BOP) 31 may also be included, either as a part of

the tree 22 or as a separate device. The BOP may

consi st of a variety of valves, fittings and controls
carop@ranie rfuchi as agasnlfod)u! dicherdirdlyli prod@cexhmeneralsnitpw frem the

e

tot smp;big?smogﬂoré?gde mécnmedes/:\ablbw&@t pRsvenar is@p) 33. may also be
Ically, the tubing spool 24 is one o

me'aﬁﬁfém@m% asrA Rafsd dh%ﬁreglﬁe%%a%ﬁ %ﬁmar%i@éievllﬁenemqa BOP may

cdmslst Bfé'v%ﬂe Y&l Osi ﬁfhgémahq_ﬁéHﬁoI%rth}%n?Pﬁ Zciléér r other fluid

vessel or s r ace Syst Spoo
from adxifingsthe welbiim ¢he puent tfoare uBinteriimnal hgleass ioh gresspioslor an

asi ng spool bore 36. The bores 34 and
‘%gp%g%%rédct%%ggloé , ! gnagl es fluid communication
wee the tree g€ 32. and e I 16. Thus, th
[OBZILS e lingsHne] 24 s i8S i baSe 16h e Feped . Tuplsally the
wbing sol @dsis eRETIFahaAY cdftborehleen Br MRAdIaF eibsERTor surface
exanpl e, conponents can be run _down tg the well head

m'fﬁraér%t'zﬂcg%s%@wﬂ thdhatyls Ay digablanpeffehae wergebhort $iaface
sySRPh "TheSRAMg Q%ﬁoﬁv\ﬁ rtgﬂfo%%aé t%lﬁgt %OWBH‘& ggr &nd Ihe (3sing

I nject chem cals end t
spaolnas lrmdledes o qasing spaml tboot 86dcTime hoteas, Sﬁlacjdtf)‘t‘ecbmrhmt (e.q.,

o3RSl APBEEL s b5 o 8% o R, T,

th@d:rc&eQCIBzrrmndi 36l ny pfcﬁficf&lra%&eiémb eeceed bdre, QGOfor various
PSI ), that exceed 15,000 PSI,

n are inch
GOE}PZ@ %{LWO&%MO%@M@% bor gwempls, compepeatsngarybe run down
to %@Weﬂhe%tﬁa&ﬁd Qfép%¥§(‘] %é%lﬁr@%@bﬂol lﬁér’e%’@a dior the casing

nmechani sms, such as nandrels, seal ugs an val ves,
speol b@ﬁﬂ BﬁlthQQEIf(ébtheaM@IF kbore 2@ 1o mctMemmalﬁpﬁ@Nnmb@ to

subpgrEERR ST BRRETe (el B B AR e flocaa 12
[0%413“ %%”%3&%@&%%\%&? Ry AP e CoBfR clevated

prédsuteb. F@h@mﬁr@ire | thizeéll @ase 2amalay hieclLd& reddifed Ftedxceed
26 includes a hanger bore 38 that extends through the

10 Q0Rt RguUNgs Qq{esql,@ﬁ@g]chz(g’smﬁaatt epeeds! §.909 PGl gand/or that even
%q@(g,g?gt%%n %%cggmpg)e MiHS N 8xFRARIN BRtEM34 P8 pld)Sarious
mechanisms, such as mandrels, seals, plugs and valves, to control and regulate
the well 16. For example, the illustrated hanger 26 (e.g., tubing hanger or casing
hanger) is typically disposed within the wellhead 12 to secure tubing and casing
suspended in the well bore 20, and to provide a path for hydraulic control fluid,
chemical injections, and the like. The hanger 26 includes a hanger bore 38 that
extends through the center of the hanger 26, and that is in fluid communication

with the tubing spool bore 34 and the well bore 20.
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[ 0025] The hanger 26 may be an adj ustabl e hanger such
that the hanger is adjustable between a first
position 26a and a second position 26b. In sone

enbodi nent, the adjustabl e hanger may be used when a
particular string is configured to land off at two
positions (e.g. one position at a nudline (sea floor),
such as a nudline hanger/wel | head configuration, and

[0025] poThkihget 28 may‘rkw:an ladjuitalie didhger kogRthAthe hanger is
acﬁngthl n the well head ) ust ment of the han

26
stablecRetyrrsh afire 9% 5ar angy ag seeag 89?!99%#@ gaﬁ some
erﬁagamfbmaufee%apu@@gbve Ir%ngepfrﬁa BRI Géecﬁwent bexpérﬁguifip‘g;tring is

di scussed bel ow, the adjust abI e hanger 26 may inc
canfigbradstoslent off afj tn@sposaimsmetga onegrgsiticenatsa mudding sea floor),

s U AL IrRRET e AL RO, 3R B ARNEES nebaci
atbaradiser [82atidH withivd tHibweityearh U sAdjosinesrt rif thé HamgehaBgeay be
o3 Ao LR S DR o i taEend o
pom ada Utﬁatb@ek eAk afsiiRged ibwis#R MjLbtabRenbsguiess #ay include

er _novenent can stress and/or deformthe
vaél@us _§ea , iggs, antholbenspmponpoisdaensyre sm(rﬁemgmg landing and
ac@ﬁiﬁ\b%gﬁ%%g?ﬁgerj f@k reis%are@(f%rﬂ'tﬁ %eﬂﬁlag 1275r [Jn%'ﬁga the bores

nt's o resen Imveéntion incl
32:;c8=4pcamsht36 rhay roadaeenommmtnaﬁ the hanlger 26 eellatlee:tto the casing

0Bl 25 B¢ URAIT SO 2ol HampErag Tpb e Gompounded by

ard@cl]bﬁbﬁ[ealaﬁﬁ SrirefGéePWitATthé MAN§as2e 9 THeaingd? mdvignent can
hanger 26 ﬁ@ rﬁ“ﬁe wel | head hu% 18 in accorgd%gnce with

strefs ameidi c}ﬁ!ﬁ'{m élﬂe ﬁﬁé‘spﬂ@g% nd pies senmenentseof et hanges and
Pof bR cRUE IS | S chPlsifed DGR L IS, 2137 qapsiiehtt of the
prégaBt ivendipn cmcsiuddneoraﬂpusmtatbd) eedhmeg efimi@Gte,nandier fadirett stress
anffiioiiopatndLiadil s anf el omminnenitef B8 hafagr 26
off, i @&?h&@%@%&@éﬁ@ﬂ%@mspaa 4 g sz

antdangivlihe 88 A1BMNIBIABCAS dhRSE WRh@i Qﬁb&&hérﬁﬁﬂtH&pn@Eeﬂne
or nmore hangers 26 into the casing spool 25 or tubing

inveption. Fhe efggide) Bhefi 1. 2allw%wd¢%@esamuﬁtable heseraAb dmthe
sofdhl Bosliaabl s S ofoPtf SSUATunE i
hahper 26 thg fsq;tqnjsnlzm 26a. t The a@usmtﬂ h%er[ﬁﬁiﬂﬁd’l}ndes an annular

SeqlERaPD S 1At A ERiTRosRAIPE fa0ns Al Eble T Gt abainst
theébRellhdadcP{d. §atayainst ﬂ"éﬁ%lﬁge%dm ©8).481G. Pdepicts landing
mechanisms 46 that provide for landing of one or more hangers 26 into the

- casing spool 25 or tubing spool 24. Additionally, a landing shoulder mechanism
64 is shown that provides for a predetermined datum for the landing of the one or

more hangers 26 into the casing spool 25 or tubing spool 24.

[0027] Embodiments of the present invention include a first feature 48, a
second feature 50 and a third feature 52. In combination, these features 48, 50,

and 52 enable installation (e.g., run-in, landing, and/or adjusting) of the hanger
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and 52 enable installation (e.g., run-in, |anding,
and/ or adjusting) of the hanger Page 7 of 26 26

wi t hout conprising or damagi ng the seal assenbly 44
and/ or the | anding nechanism 46. For exanple, as
shown in FIG 2, the hanger 26 may be noved between
the second position 26b and the first position 26a,
e.g., through the axial distance 54, w thout novenent

26pWwithdnat csaaaﬁnsmgsemmyagmg dne sbal dssedibhgd4 andioathestanditig

dlne han be adj.uste
meChdifT 44 o XBBlHTe G S AL H1Ch o e heticst RN ey B moved
bdtheeh fthd sgiorida;mbum] zmsam ﬂﬂa ﬁr@t Bositiors DeaVe. & ntﬁrbﬁgh the axial
ht side 42 of FIG upper portion of th

d'%‘@gFe 84 swithoyt mavernent qf#&@ a@@ 28SBRIDH 44 ohthe 198ding

I al
R 671y 0810 65bal RS aggass Bt

frar abbub@ inghes iteaboutzhihcties fonbihe initiablanding positiow (@ig. h

s IPE b 2213, R Grtot e ot o

m&y Bclkiel acatiep ndbfE & wiolhiedfor enboiiimetie sdald biethprseaent
ust abl.e | andi ng

aS:sgﬁ\ﬁ%t ngqt,%%@ﬁurqa |61|§L tratg%ga} ’?[Qﬁféatﬁ N GOREBIMVIEWS

anH'd&cﬁSéél‘ﬂ{ﬂ&Bll bRy Rtk rJfBPerﬂ@tHf’riI@@ 8.d.anding ring 58
includes threads 62 to couple to the hanger 26 via

[odm;gefﬂ@éﬂﬁ& d §&ads VR Pﬂ!@g ﬁrggggé a@kitfeét@réé 48 31 and 52

assenbly 44 may I nc 5 to coup e to
of Hife. Bahg@corczmcxﬂ with aawgdxocimeet oftthe paekend mvemo:z 9]=IGh@

iR PERGER BhdleR e % RARP GRS RED. 0

logidae® rifigeadtastiahony 61.nTheGdjidiatiie |SagAng seomaﬁde&strméads
t he vvek_;‘lsthe d 12. The | andi n? shoul der 64 may
624p £01B ¢ DANYSI 2P YiRdanerT Auled thrsads BA. hﬁlﬁfﬁﬁ”?@lﬁ 56 of

thd 884 a(s@@ﬁqbﬂ"'@d\'ﬂ-)ay |h808’§@hrb5896598%bhble"io YH@hQn tzemua

point (e.g I'n Inserted into a recess of e side
haegenmtermeadm@ 12) and | ocked down to the vvel | head
12 to provide an indication of |anding of the hanger
[0028]( e. The !aadinan‘den‘.lfarmsm ¥b)aidwin lasdiadjthe habyer 2Ganfioray

i 58 ] . ' h
P eI el el AR GAT kS plrERA oclsPonin 1B6s g 4hek
engagél gtdtsret &Bflige Weﬂhlééi'ﬁﬂ 2 6% hetlgdihg BHOMBeNBS RRY Isan
(and the hanger 2 ¥ be | ocked by actuation of
pf%w%mmamhﬁw@'heaeﬂ@aw tvA rupmigg daoldetshongy), lepded into

podifisK YR dblRY pBft (Sg! AGHS thdeel ilo2PME2s8 Bf fHe i€ of the
wellhead 12) and locked down to the wellhead 12 to provide an indication of

~ landing of the hanger 26 (e.g., a landoff datum} to the adjustable landing ring 58
when the hanger 26 is lowered into the wellhead 12. Once the landing
mechanism 46 is engaged with the landing shoulder 64, the [anding mechanism
46 (and the hanger 26) méy be locked by actuation of the lockdown ring
actuation ring 61 such that the lockdown ring 60 is locked into grooves 69 of the
wellhead 12. Specifically, axial movement of ring 61 engages ring 60 along
tapered surfaces, such that ring 60 moves radially into grooves 69. In an
embodiment, the hanger 26 may be run into the wellhead 12 with a hanger
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wel | head 12. Specifically, axial novenent of ring 61
engages ring 60 along tapered surfaces, such that
ring 60 noves radially into grooves 69. In an

enbodi nent, the hanger 26 may be run into the well head
12 with a hanger Page8of 26 running tool (not shown)
after the | anding shoulder 64 is installed to create a
| andof f datum for the hanger 26. The hanger string nay

rupging toel (ephshown)@fier tha@inding showlger 6dds nstallagdoaneate a
. - bow. . q
12355 BRI the ARl A ERCHAR St b b SEF, BT
muMiinechange to pt(ﬂ/lidhﬂ am anther mﬁhtuahdtlﬁ’llw ﬂharhliinggr P6 mgayBﬁé S
r ot at vi a the hanger, running tool to |an tot
tehhiedp & niedcterand Al DrRURGh D8 ehger s Ee TR Pider
tehSioh e d@?‘}!&ﬁ:ﬁle 4HYMdEnd 88ls rofatsd R theManger Fm{nﬁ]%tool to
ear pins (not shown) |ocated bétween the

| and
1268 POt e eniding SBaUIderB4.n A0AdRGR o pan e apphied to the
et Rirry (o, SHepy BTl nlore Al SR HIhE TG SrBum) tocated
bdtwesr twnactuatiproing 61 antdlibe Hangere2t BOmové the hctoafioyringn62

h er string.to th [ l.he . After this_ process
xS tad o il Pa B Tandiy G 2P T detiiipn i o Bgfes the
lockiwWndeig 8atints ersdvbves BY, iHdlodiing the Nigeheitithgtbané he

rooves 64, %0030 The first feature 48 includes an

weiligad de- Afssthin procass. teosipsrmpy geirglepaedfrom tiging ang the
!ar‘hdjﬁﬁ 59&?18%' SLIURSErd g !@%@ ﬂ?fhezxﬁelﬁ"fé%dt\}f?tr%e@]oﬁgé%69. oLy

.~ The oating ring may be coupled to't anger

Ffu, FTABRIRE ABR03h MURL 1ok DRSS 764y (co.
axtgﬂyhintmppﬂ;@i bé¢tveeheéhd hagger 2% and ¢he denl sasemblyt4t. The

nof RS 783 2B o HFTBH S PP e 72 il T Sutr
threads im.nsrrx@ffloaﬁﬁ§trihgW@l@qdaaajaétaéieaaﬁamg rinky S8 shayYoth BSupie

hanger 26. The floating ring 70 may be unsecured to
to thechanger #Bade the same oularndainater thieads.ober axpmplegthreads63
[1] f [1] i . M
an 18 3018 o7 AR chtr 1Pk DESREEd b
configuagouler dianheitt thitcads fof des hangariag Tiee fiegtingoing 70 tiay be

unBRRUFEERY trgtueeac B0 s althd B Hogd i thg 5t Hoat %iong
theewemeRd 12 That isthatziuabltite HeaHgindg T0% SRiplédito PBhRiger

nore axi al protrusions 76 ( ., a tongue) that engagle
e

26 yireihgpadsnf 2 BR 141 hedIQatiod TG0 iy rBRHE A BIGYemand Oh

hahd AL RittoR beifPbeddtsa td #R WBfhdddH. 70 rotates in

[0031} The floating ring 70 is engaged to the adjustable landing ring 58 via
one or more axial protrusions 76 (e.g., a tongue) that engage one or more axial
slots 78 of the adjustable landing ring 58 such that the floating ring 70 rotates in
sync with the adjustable landing ring 58 but does not allow axial load transfer
between the floating ring 70 and the adjustable landing ring 58. The one or more
protrusions 76 may be disposed at any number of positions around the
circumference of the floating ring 70. Similarly, the one or more slots 78 may be

correspondingly disposed around the circumference of the adjustable landing |
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sync with the adjustable I anding ring 58 but does not
all ow axial |oad transfer between the floating ring
70 and the adjustable Ianding ring 58. The one or nore
protrusions 76 nmay be di sposed at any nunber of

posi tions around the circunference of the floating
ring 70. Simlarly, the one or nore slots 78 nay be
correspondi ngly di sposed around the circunference of

riigh®8.ath maéaaheoﬂmﬁltmgheagaﬁﬁg ag% 70 fﬁ@aygﬁe cbﬂplléﬁg@the
oatlng rin m e Ccou edto
oI TR NG DB A5V A ST AY, 8 CheiRUgt ol fPakasvany

otReCalitteBld mkbighi§gat ure, or any other suitable
mechani sm [0032] The engagenent between the floating

.
0082, rS e AR WSRO0 vl so
ansdhgisrelatve pesitieraalengdhe axterithrgagds 62 ammdeefrtheﬂ'@nger 26

A} 85l 9550l % Qb A9 L o AP g
ringrizD. tm'saadwszofahb@atpl emwllaletn@ehltn@ f|5§t,n?g ey 0 @&Hith@faﬂju%ﬂable
i died S 3& thedlcegig snocRlisbiaigh ipcearied (60 sl beiaygmst of
th@ﬁ@ﬁ@eﬁi@ﬁa‘%@%ﬁﬁ of b%’ﬁshh@eltﬁéjd BBl ﬁbb\%‘ﬂie‘}%ﬁdegpf)rom the

oating ring 70 noves (e.g des al on

adjystable langdinging 58oVbedloatiog rmﬂeTOrran@éﬂ(e'z@ {tidescalong”) with

o SR e LR e A e oAb By e
lodchente diad lanaigestalWdetrd Laddchnmayemicmeand/bOOI oatuhaisegl
o t he Se eﬁgss%rrbl y 44, the |ower end 84 of the

asg%rgp Y, cl udes an annul ar Iovver seal body
and a

a ] ower sea ctuatlon rin
loofféluat+%ﬂ'"9.nﬁ>gv grsegl Asn lx%dmei IRWBheNd Bs e sea
as@é}ﬁ biyl £heludibs an'aﬁl‘h’@lfarffﬁﬁér &%ﬂ'lﬁogg gaBY icﬁpé’rtse‘a]h 8ctuation ring

[ oating ring when t hanger 26 is 1nstal
88| am@edowarrﬁpts@twrermg aheafaouv\/@m(hiwm Mheﬁheasextpmtion) The

% 6o B 55 RSy 0 AR ERHFob2ETs ot

landetir ad addied i theewekHeasit tEThe sseaid ﬁatUre wenauaéé o radlalty
rerced| anlnwardrfilal direction %_
retfarIts Iopter clesiamenAc6at 90k PRAUIES Sealid Thegeliactable

Iom@%qaét&ﬁgné JehIer |skg@n‘é\°éily' r%tra@té@@ﬁ‘ Qﬁqn\lvé‘rd@%dféﬂﬁ‘i’i@éﬁi)n when
radial direction to a section of the hanger

thegdwanggr 264 run lﬂhﬁ)if@'@ﬁﬁ) hesd 121@nnoaedescé’medtfudyeebeIQWdls
ex;]lyég%mgd i %ﬂlou%{al%alrad%ﬁ di E‘@or?f% H%g%gff’.r% us!:f?tﬁgf fl?lomrglr?l%er 26

r ring actuation ear o
via axial movement of the lower seal body 86 and lower seal actuation ring 88
after collapse of the lower ring actuation shear pin 90. Thus, the lower
elastomeric seal 92 may be referred as having a “run-into-hole pack-off”
application, such that the lower elastomeric seal 92 is retracted during “running”
of the seal assembly 44 into the “hole.” In some embodiments, the retractable

elastomeric seal 92 may be a metal end cap (MEC) elastomeric seal.

[0034] Tuming now to the third feature 52, the third feature 52 includes an

~annular inner metal seal 94 and an annular outer metal seal 96. The seals 94
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el astoneric seal 92 may be referred as having a
"run-into-hole pack-off' application, such that the
| oner el astoneric seal 92 is retracted during
"running" of the seal assenbly 44 into the "hole.” In
sonme enbodi nents, the retractable elastoneric seal 92
may be a netal end cap (MEC) el astoneric seal. [0034]
Turning now to the third feature 52, the third feature
argP96 mEyekenengizedniia ther cdllapee ofretaildecstiead pire®@ bnsome

er@@g h%rné%gﬁgwﬁ}@%gseal 8%6 The aI S Y %chfga% a:llr?N éanh,

MRiDdGkah sbakbr ahy s8%ablé CapbeRal. esbmrﬁrwemutéhmetal @.@él 96
nh seal, such as an N-Ca

nmetal geal 94 e a

MRRBE G G sap, Sash aﬁyn%%@ams(@ab%%%v h seglnpn apy wtable
Chhtesiter netal seal 96 may be a Cahn seal, such as

an N-Cahn seal, MRD Canh seal, or any sui tabl e Canh

[09391 I\Q Qﬁlﬂ)e ’%ﬁp?’%élé&e@ &hée %tﬁ%@il@ B4 fam%ﬁhg inchicfk n .

lurali ty (0] rings
Dfur@htyoﬁrrmswlﬁaim Ctbrdouwdauriages Toresealingr Thaoutarasudice of

AT AL ERIHE L §1165 e Pirllbdure B2inglidine pyter
metalised| i96yhaving & ng&aﬁtszf an?@ Lﬁagmldé%deetgrc?n@l@dghu radiuy dibs 100

ar\%'rﬁ? gﬁﬂ@mgﬂgir 'ﬁmﬂfﬂ%t% ey mataksgal g igudes %Eﬁlra"ty of
rtrftgafiﬁat' |ﬁé]hHé*ﬁ1rbBrs?ﬁa!ﬁ%Ms rﬁl?sd*IG@aﬁ %Sfaig%ﬁﬂa?% 08. afrgfhe

lat nib In nmbodi ment
emb@lmﬁnb@emﬁtﬁllm Fll(e‘ld3 libe ithnee smml raduusmjlas j0e and d@ﬁtaare

Ioé’agécﬁ gé’t% vﬁéf Q?%thterfgr e‘hﬁagfl' ﬂ}r% %icp i%% P@%@ﬁ@? a;rléle large

flat mbfsl 192raardi 1&8 a@mrtﬂlgardﬂ mhamtﬁe g h &ettingr areiier gnargiathg
t he se assenbl

. thereh
'O{OE@E?%H}%N'"Q/ "laelelié?@ rghly Qwﬁ'w ﬁ5g§tgéf'%'&§§$§?'fy‘g oy
pré’\ferﬁﬁ@ﬁq‘i@ prSIE)Ih@ cﬁ”%'ma?g% toand s@hp@4 (lé?@nlﬁé‘%é)eé%d g@al 96

and ni b 06). "Once energized, the small radius nib
(arlct)t)lbaﬁl@ﬁlo@nsemewze% dhe smgli sadiun @lbaeﬂw aR@ 408 pgwr@md

, seglﬁlq &@Rg%ﬂy&‘é’g@g ?% 110 of the seal assenbly 44

eature 50, such as a radlally

Tod R, ' T g 1 0 S B s s utpe Yhone

fealpees0, aath aelaanmdlalllygeshﬁablemﬁper tlBtoraskc a@alumze(e g:‘e@h

actuation ring,118. In sane enbodi nents, the up
angyigt pealt AN BRI Uppsr ﬁﬁ@'olwyaw dve Unpgr acingtion 0gsbear pin

116 PANEaMupPer & a€tdaflon ring 118. In some embodiments, the upper
elastomeric seal 112 may be an MEC seal. As discussed above with regard to
the second feature 50, the retractable elastomeric seal 112 may be generally
retracted in an inward radial direction when the hanger 26 is run axially into the
-wellhead 12. As described further below, the retractable elastomeric seal 112
may be expanded in an outward radial direction through axial movement of the
upper seal body 114 and the upper seal actuation ring 118 after collapse of the
upper ring actuation shear pin 116. For example, the ring 118 may engage the
upper seal body 114 along tapered surfaces, such that axial movement imparts a
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the second feature 50, the retractable elastoneric
seal 112 may be generally retracted in an inward
radi al direction when the hanger 26 is run axially
into the wellhead 12. As described further below, the
retractabl e el astoneric seal 112 nmay be expanded in
an outward radial direction through axial novenent of
the wupper seal body 114 and the upper seal actuation

raicid) Gortd §o aidverthe ebtranasie aditv@erid BBEI 112 iRGha@GLtAdrdeadial
shear pin 116. For exanple, the ring 118 nay engage
difgidionypper seal body 114 al ong tapered surfaces, such
t hat axi al novenent inparts a Page 11 of 26 radi al

[0087Le FEH04® illyrdrateinstalielion ée.81, dup-divdanding.cand seainghof the
hérﬁ%r Bt |Hslraﬂ9ﬁc?'| (e ? FLﬁ‘ﬁ'ﬁ' %dtrﬁj% bn&ly CH)AOT?he seal

strate Insta Man
amaiblm ¢} inhcedrdandmwile ﬁnmnlanﬂmlensoﬁllhleairesnnt(m/egmpn FIG. 4

|
s 2one set 7 e He MRk iR Qe peBdSE Hio 4
depiste e RiMdirfg éEoufﬂderla%s@mbfyO@fBaﬁ@é‘dy Qi AHd Ibbl@ed/\ﬁ?nltd head
beforelnstallatlon of the er 26. FIG
Wéﬁﬁaétk? #Heh padihtooh it &BPW%SH% Igncing ﬁm%%ryasfsembly 64
is ftdkel % lﬂ?é’wbﬂﬁéé& i@v.thﬁé |l$;:ﬁ<gﬂ193§? eﬁgggbrﬁ. tmetr@cc%stésoéf the

(not shown). [ 'andi ng
welhsladd 2. dntswme/\embhémma apin (nbeshayok) man ge @Eeaegag@da

relBBlR [ oo Al iahdir b 167 s aird kR ey asrembly 4.

Forexapiphs, | the mlﬁgsmmwemsammndlbhﬁaﬂaé KM i@ thehgellhead 12

| andi shoul der as errbl
Wit ieddh 8h i cPrasSanblign Buvieh e e sRa retracted
pdéﬂio'nrbﬁ'ﬁﬂhé%pp\& bbd@of #R! Iah&ln@%hHGrd%P B ?@ﬁﬁ@n@é’& frbirPsnd
whi ch t lock Ting 66 is7in a retracted position

coan@dtthéh@ b;méer bmldwia)shearemm&nwm@ toadewerdrodyscdngacts the pin
. fr u vi
inSHENA NG BRARG (70 Rl bdnhilErd RASE chffshatl e S5k
plmmhd:cmpilhg the appérisddy th2Be fdvrs_rrtl:fuejyh dklxywmgrtlﬁi%ﬁgp@ebd@/to move
shear  t he ea 1 NS. . CO I N the u (0] th
dopyad 03 15 ostiRg 46 redinl SRk MRE PR e e B e
wekbaad 2t fh%sl |@<9%$ng tH&aﬁé.n@%%aldev a@éléM‘BJyCM t%ttﬁeWBﬂhead 12.

gr oove 2, thus |l ocCking t

Thedﬁ‘éﬁth?@ @‘Hb@ |ptnemsa@@éwm W%wwgtacle& Aeenakiag amnmemh@‘ the
Eod %ﬁé@wltﬁfthéﬁgoc{v r}?g nserted into the receptacle 120
of ’ ' '

es a the lock ring 66 with the groove
oy [IRH heaé 'Bngar 2k i€ AT Bind ih Ine WRHReATS'Eftc e
landing shoulder assembly 64. As will be appreciated, the hanger 26 may be run
and landed via a hanger running tool (not shown). The right side 124 of FIG. 5
illustrates the hanger 26 in the lowest possible position prior to locking of the
landing mechanism 48 and, thus, the hanger 26 to the wellhead 12. As shown in
the right side 124 of FIG. 5,.the hanger 26 with the adjustable landing ring 58 and
floating ring 70 iands on the landing shoulder assembly 64. Prior to locking of
the hanger 26, the hanger lockdown ring 60 is in a retracted position (e.g., in a
radially inward position), and the lockdown ring actuation ring 61 is in a raised

axial position. As described above, the floating ring 70 is disposed between the
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| andi ng shoul der assenbly 64. As will be appreciated,
the hanger 26 nmay be run and | anded via a hanger
runni ng tool (not shown). The right side 124 of FIG 5
illustrates the hanger 26 in the | owest possible
position prior to |locking of the |anding nechanism 48
and, thus, the hanger 26 to the well head 12. As shown
in the right side 124 of FIG 5,-the hanger 26 with

adjbetabld laadiab Iridgl s8@hdtheriargeb 86amthe fida@ing iring 70 iRBIudBs the
| ands on the | andin houl der assenblly 64. Prior to.
Ol RKMIEE Bfot ﬂisr?é's &é’sﬁ'gy@ d oRNgRgRForrespendinasiats 4§ isthe
adﬁst‘aﬂleﬂah@iﬁ? P ess tPiQﬁé)FddPlPor{lfeélrotattdhaﬁtra!}é(ﬂeﬁhéé!n the floating
i nward posifion) | ockdown ring actuation ring

rirgy 79 ang rﬁh%aﬁws@@tﬁ Iaasim nqgo'és ﬁloog thaguits sreade of tisovanger
he floating ring 70 is disposed between the Page 12
of 26 adjustable landing ring 58 and the hanger 26.

0838 1 361809k dBa i e 26 e BE pLflRist 26 anded in
the Intgteest Bosition bad ladkied 16 & wellldest 18 A REOHA i ed Ieft side 126
of HRE 508 48 Tedkony oraa el ing S 5 Friylonsred Sxgl diton,
su@Httﬁét tE\Pél%%lQﬁ)n@éct bRevEER SR lockdowr A% abtudtien LR %1 Sérgnethe

26 of the hanger 26 illustrates the hanger 267 | anded
hanser laskdewg tiag S Guashes dhe elidowo kieg G0oradfally irib|emgagement

- f d o) Fl G 5,
il e oR M So bR eIt 12, S dererBly e btaehde 4o
thatdecludes the flnathgtrh@t 7Q Bpﬂ@c@datt&ﬁwbem mmhamda 26 and the

d [ ' h
s Hoa e eI BanE senalel BA° TN Ao G2, ban Shadpafipgting
rin%;&ﬁ@al@d‘ﬂﬁg@d]ﬁﬁbble%ﬁ@né fﬁiﬁﬁ% PR PeStha® thdrBts WEVbARAA

descri bed above first feature 48 that

trangtar @i &erce Betweaitiherflpating §na 70 e theeadjesiabladendieg viegr5s.
Aoy SRERCoFRs At % oL hORIS AR AN Heoor 26

wilt haigverlicallydranséerdd Jth@ﬁd;hlstﬂbleﬁl@ﬂdmg ningnss, = theélk:bamsg nng 70
transf ertg’)ﬂ force bet

. h . ,
s I poeEb R i M0o4REP end R puck bl GGG
1064, o ¥ dpR Ge VR BrOBesIous /6 Jﬂﬁﬁhéﬁw"t{r@%m“dﬁo and

ad sﬁﬂ:ﬂé findiriy ﬁr’i@S@@ lﬂﬁétﬂ@rﬁ’cdll@@@'g“%%él%a jﬁstlﬁ’étﬁeh‘?an er 26

oatln rmn 1S |nterpose bet weén t hanger
dogmaot eléarmj thewmesitieniof s tgdirianing80 apdoaaitaies the gap 2.

Thg%sdgjé}%&g f%ﬁﬂrﬁ rn&é?g '1? ro%f( ﬁgbsvrvlglﬁ'ngéagl 1 wg%lﬁé kocﬂhb\?vg ring
60y hki aoddl Idyst(amacegSS |mealm@a)nta1ﬂjuueemaﬂgtyt dfehd pogition 26the
hanger 26 relative to the wellhead 12, and may dependent on the accuracy of the
determination of the distance between the mudline landoff point to the landing
point in the wellhead 12 (e.g., essentially the actual length of the hanger string
between these two landoff points). . The adjustable landing ring 48 is prepared at
the rig floor to be moved axially to the top of the hanger thread 134. The left side
126 shows the hanger landed relatively high in the wellhead 12. An actuation
tool (not shown), which in some embodiments may be a part of the hanger

running tool, may rotate the landing mechanism 46 axially downward to contact
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does not change the position of the landing ring 70
and mai ntains the gap 82. The adjustable |anding ring
58 is locked to the wellhead 12 via the | ockdown ring
60. The axial distance 58 is the anmpbunt of uncertainty
of the position of the hanger 26 relative to the
wel | head 12, and nay dependent on the accuracy of the
determ nation of the distance between the nudline

theamgpet bogpil 8% of metlhﬂdrhgrs@bngler aeselhbllyrﬁzﬂ; hme/\@d;ﬁtfw@@lmi of

e i it 2o LRk ob TR e i o

Iaﬁdmgﬁﬁé’éﬂaﬁldrﬁﬂg'JQQIréédw:nA&n'téct w.ﬁnaﬁaaﬁg %ﬁ JHE)%:‘ bbdy 135
floor to be noved axia he top o hanger
withgus fdrthes 1otatipe of dia a@uak{ﬂn tp@Ba@% twslandisghaeg/wnisnred

FIF‘9|57(‘LI :hﬁﬁ:layesshé WE skl ptdb%éfﬁb% feaf de]a%s @arﬁ?éga@fg&p@%ﬁ%nger

Some emboc
26ifs miftellétbr’nlgewelghb oﬁthmg'lartmir 26remyl arot ehsiohing 1bad ¢k tngnsferred

hani 4 i all d t t P 13 of 26
to e SABEDIS Bag el sé BHE Hheihin g wbRRa R M b rgads 62
arf63. TRRS. IS Rinkicsitelea $delp pd“_rh&l o5tfff’eﬁﬁ\v“§adshﬁz &@d‘giﬂ B%@ause

| anded relatively lowin the wellhead 12, in which
the Hpatingine <A inproaces with the léaa@gu rngcafhviadhe thwsrons 76 and

slét?%' e Aidd %ﬁ% l%%hés %h&‘ \Jinlﬂ?ﬂ'{e IBH&IEH%e&%tn%h 8.

t he actuati ofi t ool e | and

[Ogé]ﬁ 62@%%3%@38&%@ I3P«-% H eﬂ e far&@ﬁ%@mﬁﬁgﬁ?% in
acobrdanee hathger erﬁﬁodmtbmlmf/ theepmsenll :ngemtrmd Aswill be apprecuated
thd KA H5eRY o fant T ek vy B eblee gy Birered

intb} £ﬁe WalIHe2di ek RS adosl (ﬂéﬁ‘shtﬁmli)o WHeoééeﬂ’fasééfﬁbE/rK@ﬁ% bé2run

and 74. Because the floating ring 70 is engaged w

intprtae welBead 12 UAl! eetagtds mademt st landefbAac »e the oa@maaﬂ@g 58.
THPegt BESBRLNG 16 60 e RS i e S g

thaism&ﬁf&ya@enmglzed Ideldngrmmj-nmlan@msltmmgen J6eishear pins 90, 98,
anf B0 el W R ns B s e Lfgwtghfﬁf'ﬁ%i@'ﬁs%éaﬁww 44,

AsthefifdhbdCiioveetheBécoh8 Fedtade B incdiiidsthé Peactaldisi I@hvedy
|l owered into) the wellhead 12 with a tool not

elasSFfamﬁyc seg @25%’&1 reffastabt ypmer slastoperiessal 117 that pee retracted
| a|
flld?r?grgs} ’?’ﬁﬁp"r&?'ﬂ] bf @%ﬂk&% gd? eﬂ;@ﬁ’@gﬁj 3n o‘?@&’@&éai %%@eu%ly 44

(e gmsealsrﬁi aved ﬂi@mirabz radlalanlnmedjetrgarelm_\dsmmmlatlyabducmg or
o i o 55k Bt AEEBe75 o S8 M Mg repactc
state thé @Iastbrﬁémﬂﬁéé]@@!z@ads‘tﬁ! Sarfhiot bedory App&d Merahsd, peal
othae?\fn%gt%ila%aélg%d by the walis of the wellhead 12 as the seal assembly 44 is
run-in to the wellhead 12. As shown in the left side 126 and right side 124 of FIG.
6, regardiess of the final location of the adjustable hanger 26 (and after making
up the string to the mudline hanger), the seal assembly 44 lands in the same
location, e.g., at the landoff 136, as it references from the landing shoulder
assembly 64 which in turn references the datum from the pin inserted into the

receptacle 120 of the wellhead 12.
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As nmentioned above, the second feature 50 includes the
retractable lower elastoneric seal 92 and retractable
upper el astoneric seal 112 that are retracted away
fromthe inner wall of the wellhead 12 during run-in
of the seal assenbly 44 (e.g., seals 92 and 112
retract radially inward), thereby substantially
reduci ng or preventing the possibility of damage to

[00hR] seak3sh8wnane|G12. afldh lartind @tm@@e@ﬂasﬁrmw A4t hfé lower
el astoneric seals 92 and 112 cannot be torn rip

refasiableelagipmesicrrenhP3 @@%W'Bﬁ@ﬁ@d%wﬁ%ﬁe&' H@e lower

P B o s SR i i it i

the idirectigindicamddy aﬁpWr@@aN@l el (ﬁottshewho nab the canrneo nut 56

d abl nager 2 and af kln
is Btpfe ot (4ReReeE he IR Fasen R, b ettty 4uses
thé ahdar pin g0hte falﬁ@g kbeat tolapsihgdhe shkat pie Qmééusﬁ@the
asse

B o BT REITA U e BB e 0k v
se'aﬂ§€d} @@'féll@tt@ atsfé%:onﬂ %@I%ﬁ%'u@h H2dd tﬁ’é I&vﬂ-?r 68| b&&fiée thgages

Page shown in 7, afte andi hg
th@foweféetié%tabl&mzypmmg the netiaeﬁabferleweaetaamreenc seal 92

B S7eiBehoEfth 53 A A A BTG b
expandedaposnhxpn e retyadtable dxt\aér%lastsumhc&e.al o2 ptdw')des sealing of
m%w%ﬁssn%@ R
d, the.i ncreasefd torque on the seal assenbl P/
3‘3@ 4%% realingPiiheaippgr ead 110 of fie sagl @agpembly 44
w.tmhle maasub%péh %Parstd?h@nc%)ea?ﬁq2‘?@%&:&9&155@wﬂh%}?§at o

seal body 86 to f In the axial direction in .
emppdimepief 1ae pregest inyeetion.s nsredsed\selihd tarque mayde applied to

' ti n. s |
S EARBEORR 80 ke ik U B89 G e
settnagrtampet(b@ lingveased aséotimertoryueaiiscuzed Gbowe in FIG. 7) apphed
n to.a radiall anded position.

t t d it
to [h%esr ég%ﬁ é%%ptﬁﬂaafa Mfosat '?bﬂuyﬁﬁw%&sﬁsﬂﬁ% HRB%S*‘W" 116
to %llaépor%re'aﬁ $ﬁébo@3ps‘éﬂoéﬂe@?§n§ﬁﬁj bidyLhhe Jd'b%r s@%ocﬁﬂﬁtl
the seal assenbly 44 agal nst the wel
to faida §je wrid, dlfec@@ma@ﬂ@dlg@tambnfgarfﬁwmé dj bpexpp@naea.llbpdcvﬂ 14
fafy 18 o ERondpOSABN ¥yt thahd ybDG S8 bR T4 BrdBBES the upper
elasfomdmsc srab 440] rampirg thooppdrreastasedc setl 1 TLgfrbmthueamauy

retfiRIEBRoN ioth Bl SrpantieaRopsB criselion dugper end 110
of the seal assembly 44 against the wellhead 12. After radial expansion of the
lower elastomeric seal 92 and the upper elastomeric seal 112, the seal integrity
may be tested by using a first test port 144 and a second test port 146. For
example, pressure may be applied between the seals 92 and 112 by applying
pressure via the first test port 144 and/or the second test port 146.

[0044] As mentioned above and as shown in FIG. 9, the third feature 52
includes the inner metal seal 94 having three small radius nibs 106 and one flat

surface nib 108, and an outer metal seal 96 having three small radius nibs 100
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setting torque (e.g., increased over the torque

di scussed above in FIG 7) applied to the sea
assenbly 44 though the carrier nut 56 causes the upper
shear pin 116 to fail, e.g., shear. The coll apsed
shear pin 116 all ows the upper seal body 114 to fal
in the axial direction as indicated by arrow 142. The

upper seal body 114 falls to a second position such
artdwthe fitesurizgemits ¢62. boEy9 dédicengstaliatiarhef thprerier metal seal 94

astoneri.c s 112, ra 'n. t he er el ast oneri c
arL oA el SRl B Fiariatep Wi eh seieapes: 4 s Prasegt
.nﬁ@moal I ShetinRanGiechl Resl 94 aRd 80@r #RAhl G bb@né&f’@@ rseﬁwl
110 of the seal assenbly 44 against the head

colippes of thgiraiddiashassinih9df Averaulisdes! r@ahgpakyéwdéatﬁ@afbrce at
th@iar&%a@énd‘ﬁ’ﬁ’%f ﬂ{ei%%é?%@%érﬁb &R a},%fqncé ga bgez{? ow 148. The

tegrit may be |ng a
hyﬁdml@rfdrca Bcomubes dise midale sﬂléﬁr piR@8 todaih g esheares'léher e
the seal s

b d bet d b .
colse 51 {8 RSt AR It nbnp Stibafd G 478 T Bloage g inner
artdhmtélemeﬁﬂ skalstodpad 96%tturig)%4ios&ﬁ)nrm°rthe HIRA nddtaVssal 94

rénda shown in FIG the third feature 52 includes

Hutermetal gealyo %@PV@@ 2009 goaiRsibesvslinead 4 and thieps
d f
o] PG e ierath bRRfedH heliider AR SRRV4 B BEEF peta
Seab%lnausﬂﬁeraﬁlemexeamﬁlm of thicoseb94 BnG.96indepparise to axial force.

I ol Bl B8 e er b Fub e A RO B e aPRBat B e
lnnﬂrsﬁ]aat sedl 9deqid @dial Ehﬁ\tlarﬂ rﬁﬂﬁvdﬁﬁrﬁbf W?ult%ﬁ el ggiﬂtgﬁ

co apse o e_m e
Cagg%gwdﬁ ﬁuyaard@fﬁﬁagmss’ﬁ @P %@&utwef}é §ed! 94, dFigally.@s also
RO, 16 SHRATRSE S8V 4 S ), ST o
redur® @Rlisusatertbe gagdl4® atteauppemersi w)of thel seaé agse;mbly 44
B A6 LBl 15, SRR o L e 15,00

1 1BEtCaiceStBe|98p9§ clmsddﬁlﬁe IetdllisgctiEiopdsice ’018 mfay beaeleased.
94 and outer netal seal

' t
Thb?&ﬁ?&?@%&tﬁt %ﬁ talen aGr anddransferadagy Sqtﬂnamq foethe hanger 26
to ReQoRlo Rbtal LedISRRTAY IOLEANSCHCIRIYBP TS LAE dufaes of i

seal 94 and outer netal “seal 96 causes radi al
wellligath$2oh of the seals 94 and 96 in response to axi al

force. 1In other words, the tapered interface causes
[0048di alF I GBWALA- Kgdepintieactidn ofibe seahassamstlyld4s thal ﬂcmung

g2 B8 plyo e B SR B R e bP S Toh e iR Bp ]2 Snd
hasgal 2694 .actbriaincy, wnﬁSarﬁbmodiment of the present invention. For
.example, as explained further below, the floating ring 70 isolates pressure above
of below the hanger 26 from the seal assembly 44 and/or the adjustable landing
ring 58. Because the seal assembly 44 and adjustable landing ring 58 are
isolated from these pressures, integrity of the seal assembly 44 and adjustable
landing ring 58 are maintained. As shown in FIG. 10B, a close-up view of region
150, after hydraulic setting of the seal assembly 44 with the carrier nut 56 set to

. hold the seal assembly 44 in an energized state, the threads 65 of the carrier nut
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shown in FIG 9, the carrier nut 56 may be further
rotated, e.g., torqued down, to reduce or elimnate
the gap 149 at the upper end 110 of the seal assenbly
44 while the hydraulic actuation force 148 is still
applied to the upper actuation ring 118. Once the gap
is closed, the hydraulic actuation force 148 nay be
rel eased. Thus, the carrier nut 56 takes over and
56 camtattethe ctiter thedadis8Y dfahd hhngéhes bamtop%ceé. ®5K eéthe

Qs HIOWRI Pl T0be AcHASPL0F VIO . T g 74 o

the €k hﬁgqblc%téa‘t thd8uee Hreads 2oBF theanddh 261 drPmbivdliom
ustabl e landing ring 58 during

fa@%%é@pﬁtheothrqqd@ ffel | head 12 and hanger 26 in
accordance with an enbodi nent of the present

[0PAGknt ABier thecieal aseambly 4448 earfgize fogked dpwpeviewhe
%rpé?r rﬁjt%tér{}%tgr i rrn Lﬁiﬁ'fgl%l a# ecﬁs&fs%%ﬁti‘ﬁ I(.‘;@OX% éaR{i aREH

anger e seal asSse
hyaldjulictfaizieds Ireledsed), thel sl Eﬁsermlqaause geheratlg dlocked érdmh de-

erih 200 PeleS A eSing ey oo lrmaleiemyni Hhd

oﬁﬁbd#éh%ﬁhe's@@ﬂéé%nﬁbl? gﬁ%@@m@ﬁt Bk MeShenfsnt R e
in FIG 10B, a close-up view of region 150, after

adjiyrtabie epgee2e. Tiscrosdselosn 8 Ingisetathby aagviG7HndHG. 10A.
Asc;ﬁaétraﬁéd d BY'ar v $67, 4 unha}e%é.@g)f {J%a&mt%n%& frgn

energ ate t’he t hr ead e carrier
créwige am@)mﬂbsm aBl@i tmm:& againstibe dower adthateadindb §8,dflochieg the

r faces t he .threads.
segf Bty A drom SereHRraiEPge STaad aipdd Sa B e 41 thegwer
actuHtion tmg 88 @fﬁaatésf% bpSditentkidl fovde HYafir@ trRCtppdieachittdh ring
threads 72 of the hanger 26 on the bottom faces 156

118t blogking the seal assermbhodb fropy demenerizis@al assenbly 44

is enerqi zed and | ocked down, via the carrier nut 56
(00471t HECh JOPAIcts PoAGOndd s seeimssambly #4 CNa PSSR
ox B el VAL i 5B A SRR prcoen
inventioh o§' hmgnreeallrerujevted b@iovathecihamzﬁd 26ogip cradte rana}pward

f | mol y 44
forf R ABIBA BeRbeb S« TGS HB0asmes sTestged Sam SNBaP Y i er
Iooﬁ@owﬁhings oBRe |hviiRy hfechBHisEPAE Beltyy dHd=@wd I thd @roEl/@BQ

i

| lustrated by arrow 157, "axial” novenent of

of theavelliiead et The lagd natiy greﬁi@d by this peessare sgsnerelly indicated
by %f‘r‘gg}k? ‘fhéér ft'iﬁ esﬁg\ﬁ'h 15 F1d NeoD PeEs FEHRHABeldW thePRanger 26

passes through a lower groove 159 in the wellhead 12 and does not affect the
seal assembly 44. The force created from the pressure is isolated from the seal

assembly 44 as it does not pass through the floating ring 70.

[0048] The pressure exerted below the hanger 26 may cause axial upward
movement of the hanger 26, as indicated by arrow 160. The carrier nut 56,
floating ring 70, and adjustable landing ring 58 react to such préssure 158 in
order to maintain seal integrity. For example, the carrier nut 56 experiences no

change in contact position, as the carrier nut 56 moves up with the hanger 26.
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seal assenbly 44 fromde-energizing. Simlarly, any

axi al novenent of the |ower actuation ring 88 creates

an opposite axial force against the upper actuation

ring 118, blocking the seal assenbly 44 from
de-energizing. [0047] FIG 1 OD depicts reaction of

the seal assenbly 44 during pressure exerted bel ow

t he hanger 26 in accordance with an enbodi nent of the
A$) skawenin FiG v, itlmaflthré'did§ofpthemmi@' rex &6trethareinamwntdig with the

8 hetarsanthe habesi 26 ol e Biteties PElRTnARG By eidaly.

béc@%d W& cariBEnGO05@MdvBS ub@asd RethRE haﬁgémeﬁl%@semem ing
aged in the groove 69 of the wellhead 12, The

'0,%t%ﬁ e saalasspybhhi4 ispinchanged; rregerviitiglheseahiog w@@ay of

K
(B At ua JFof BeMple] af sfipuh FRIGPT GR3HE SrBEE 8r he
flaating miag\wid delveinl inl@rdact vdtethenattenthfexadts Thef theelrminger 26 on

S ERERAoPS ane OF bl ey 2 T ngRL fig, 3 cose-

uppdew df hegivg N eRhthelfdidat thrghds 680 Be Ha@@éBiae Htﬁ/atmﬁs ure
exerted bel ow the hanger 26 may cause axial up

coptriing de Bireade62 ahterbotiom aa,ceasurtaut'&%lt%f%?s 364 mf!ﬁswter

thrH%t%s &3 frbﬁé‘.feﬂﬁ%; the: up mfér&?érb@% EHé‘%eE@ow@@@g BRI i tih@

landing rin rea to such pressure

WQIHﬂeﬁdﬂﬁt(aBrShewalbylaITCBrgﬁBSy For exanple, the carrl er
nut 56 experiences no change in contact position, as

[0048] cafrlG. leI-thpiaG reaction af ghevseal adsenttdngé dulleg pResgere

FIG 10E

oxgpfobpin e B4 76 aeroEbREa g AmBRGM et he present

invemtioadThefprésurd aReréd abovd tHdRarder Z6anay cfaté BRlownward
threads. Additionally, because the carrier nut 56

foreg\asthe hRaesr 49+ hhe hahgandis restraingd f%mm%iq bnipe
| Yol

odk R0 5o B! RIRG Rl 20 PR RPAREIo g 00 oo

of éheawpllrQada‘hZ shogvoadrpath GreatedbBy thé prassueaebesrict! alfovielibe

{ th t h
napyP ok oA G inditare TRl B De 0 T0C T hs bR TG 1 asgosure
ex@f&edl bboﬁ@ﬂﬁ&%g‘éﬂ%lﬁa@%é Yhroagh ahpvbved 16%IGhevélead 12
se- up.view of region 162, the outer threads 63 of

anﬁ Keer aryeffedtdnesoa 3SEMPIE B Astagtianes ahaveathe forcent

crddiéd BOkt @i@ﬁr@ﬁﬁe?s‘)ls&éﬁ‘ed f8m tﬁ%es%ailgéjse?ﬁbﬂ/ g é%‘ﬂ &bes not
threads 63, transferring the upward rceto

pass;ﬂ'kd@gmthaﬂ@tieg ragd o the wellhead 12 (as shovvn by

arrow 158).
[0050] The pressure exerted above the hanger 26 may cause axial downward

movement of the hanger 26, as indicated by arrow 168. The carrier nut 56,
floating ring 70, and adjustable landing ring 58 react to the pressure to maintain
seal integrity. For example, the carrier nut 56 experiences no change in contact
position, as the carrier nut 56 moves down with the hanger 26. As shown in FIG.
10l, the threads of the carrier nut 56 remain in contact with the outer threads of
the hanger 26 on the top faces 152 of the threads. Additionally, because the
carrier nut 56 moves downward with the hanger 26, the seal setting load on the

seal assembly 44 is unchanged, preserving the sealing integrity of the seal
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[0049] FIG 10H depicts reaction of the seal assenbly
44 during pressure exerted above the hanger 26 in
accordance with an enbodi nent of the present

invention. The pressure exerted above the hanger 26

may create a downward force on the hanger 26. The
hanger 26 is restrained fromnoving by the | ockdown
ring 60 of the I andi ng mechani sm 46 bei ng engaged in

agseenbdy 46y Ehas, aa)éderErmlElG HeéddtheZhreBlde 7Mdazdhe &oating ring 70

creat ed th res exe e th hanger..i s
refiaE rariAcu i B AR LG 1PS B aneS ph T Bt daces
156081, the HIgesds 4. W eéls @h@Wﬁ it FRS.haong ehe datcP @%e88s 63 of the

through a groove 169 in the wellhead 12 and does

hangee P nieye @dar remaiehepntaging the thiaadsdiveal tap sotom iRees 170
oftRE Sﬁter e {i&@ﬁf{r&{@f&'ﬁﬂ Rh& SBWhGal® drSQ h@ﬂ%qﬁ&ﬁcﬁ{e@vﬁ fifig and

seal asse does “hot pass t hroug
ot te e WQIIheadg1 Z (s §roeschy Enewplﬁ@ésﬂﬁbom&ewwmbmam in

6 I
copfyiot fAGTee88 6Zn fititRGed 0. PGARY ol eV 4 EE QL s,
thireiaids B3, and 62 lot@gially kgudifg derfldctinh orberiaingy bf&hélth@aﬂsng he
58 react to the pressure to maintain seal inte

maigfaiRghaat 449 May Rrar entany gAnta b ipereal AEEemRlY fgﬂnaﬁ geesult
of Itms%msf mag%ﬂebt Ak i?)?of fhe A 6ﬁhe @%u és% fw@ﬁm

t he han shown 1 n he 1 hreads
coofrasih é tlcfagap & n@tunalﬂealmmm :nqnemdt laad owthch seals of theseal

aspRnERiRs Ry shEFsHERR el ahBith SeaP il il Bug ok

whmmhepﬂewumaisdremd\}@dt he hanger 26, the seal setting
| oad on the seal assenbly 44 is unchanged, preserving

[00% seRlIG.Ng ddﬂicﬁg Bigrycéds 201708 @ritale® thelfHgéP 26 and seal
assenbl as shown in FIG 1 QJ, the threads

.44
assamity 44y1i@ the d\éﬁ"hﬁ@d A2p ageordapge ivihian emhesiatenhof ther he
pré&gn? fr}\ﬂeﬁg1 e&g@‘cerﬁd?ﬁi ihé efhezigroegﬁ 560 Ry A @2§|§lp!e

s 74. Finally, own I n FlIG
of tﬂ$@|@b0&ﬂnd hnpeeajs)naﬁ aosuridee sysmlgein Menevémdtm(:mis the

pré &R 20 FiRAbE & ot Siel BEGEESS PhnBlioh AF g 538ttt Shch as
a ml I mygteflrgms lllhetrialléd a\bwbdﬂ\MGletﬂe&ﬁAlﬂ!?]@slﬁ%dl?ﬁﬂ &ssembly
we ea as rr ow ou rea
64gnay paFyMHang Set:fam @&W@Jﬁﬁ@dﬂ% %}2 it %giw&go ??not
d
sh&@ﬂ) %@Iaﬂahg{gl dRAfhdrR B 64?Hla’oy' b‘ﬁogetbgyd,l BEked ttﬁ@

pot ent | y causi ng det’] ect
we!ihe@chdia) vigitiee IQﬁﬂwalﬂne(ﬁﬁgaﬁS dascribeg ahoyectine langing shoulder

asSMbRE4 ShviilE S38RboRISENPr A8 naRed 2ESU! ¢

[0062]  After installation of the landing shoulder assembly 64, the hanger 26,
with a tieback string below, may be run into the welflhead 12 with a hanger
running tool, and the tieback sfring may be landed and made-up to a mudline
hanger below (block 204). As shown in FIG. 5, the hanger may land relatively
high or relatively low, as illustrated by the distance 58. A pre-determined tension
may be created in the hanger string to stretch it sufficiently. .A tool enables the
landing mechanism 46 to be rotated and moved axially downward to land off on
the landing shoulder assembly 64 (block 206).as illustrated in FIG. 5. Further
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of this load that may affect integrity of the seals of
the seal assenbly 44. In contrast, if the gap is not
mai nt ai ned, the increased | oad on the seals of the
seal assenbly 44 may over-energi ze the seals, and the
seals may relax and | eak when the pressure is
renoved. [0051] FIG 11 depicts a process 200 for
installing the hanger 26 and seal assenbly 44 in the

rovationhug alce oo mfay@imllrmana@dmg tihg 38 rﬁa@bdlsﬁﬁm g Qiodkba to the
n song the pro

wglﬁt?%ﬁgﬁ)%\gg Sﬁg ié’%gﬁ?ﬂ"'é ring{60; (ﬁn@g%@gﬁéﬁs laciingshe ”Sﬁr 26 in
th@welihad EQCQ'h%ytéﬁﬁﬁh ndy 9é RSEasIH ackinBiHisy cér'ﬁ?act between the

process art of installation and

labiog ateahanim b isad thy Bnsing shaiderassomblBé 8adsyisieRng
h@e“%q%h{e%zage?@g}é%e a%tlgﬂle 4, the landing shoul der

Fun and set |nto the wel |l head 12

[P |ng%%2g3 6 igber2f MR0AL R 16 I welEH 2. ¥Seal.

astg@nﬁ:l}e. 44 \gaiuhhlet@dhéa\)ellriead I Ialeoﬁk |2ldg)/\w|th Ithi@sénﬁs of\the seal

es | ove, the di n SNOo er asse

as&%\% ng‘g aé‘a QHH&HP'P ted edl%r Q'E%éj kadgdhe é%ear[m%%gf} 98, and
11%fér%nn bﬂmhéﬁfeu%*ﬂat@s dshﬁuét%ﬂé’d ROFRD @ oL séaREBYIy 44

hanger 26, a tieback string bel ow, may

m@xebemndeadtqn %ﬁé"oﬁéhgﬁégd'olz wi th a hanger running
tool, and the tieback string may be | anded and nmade-up
[00%4]a nTeibéttbe skeahagsentidy dd, (hel rediaiiszM}acta@eémwelaatomenc

t he h
sob % iyl ) “SbefBe LT A b Ehie'iebaell 80 Bbe212) oo
:llmrefeiﬁhe?lm e Gitrkiagy, ahe rmlmt@b@m@dppér dlastoh@figaeal 112
itttk oo
Ve e8GR feerieheinatng gesl %fée@?%?;fé
Y

inrey rogtabseal §dandoruter metal seabP6 may he enswized (bleski2ig
t | head 12),
snbpih 18 MRS i Bots MLPEERY A58y W FE S ocki ng the
N .t | Lhead 12, The t v Db
10135 e e il g B Pon bl B Pty and
altereiias If@rms4§pa¢iﬂb efdodanehts havb Ok dhoaddsniay obéxangle in
m ni m zi ng er m)verrent due .t o wave action, EOOS£

NGB h B Do dp o e eI (Hawausn it shaulg e
un?%ﬁ)@ﬁ?ﬂ?%ﬁﬁﬁr\t%n‘% nb® 'rﬁéﬂ(;t%é%;bets Igﬁgllté’@{d freathrdcular forms

the sea
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.
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CLAIMS

1. A wellhead, comprising:

a hanger disposed in the wellhead;

a seal assembly disposed concentrically around the hanger;

a first ring coupled to the hanger and the wellhead and configured to allow
landing of the hanger; and

a second ring coupled to the hanger and axially interposed between the
first ring and the seal assembly such that an axial gap is maintained between the
first ring and the second ring, wherein the second ring is configured to float

relative to the wellhead-

2—Fhe-wellhead-of-claim-1,-whereinand the second ring is rotationally

coupled to the first ring-

3—Fhe-wellhead-ef-elam-2;; and wherein the second ring is coupled to the

hanger via an axial protrusion extending from the second ring into an axial recess

of the first ring.
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