METHOD AND SYSTEM FOR SETTI NG A METAL SEAL CROSS REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clainms priority to U S. Provi sional

Pat ent AMD 2@1aOBE@EA No. 61/ 1 14, 961 , erftitled "Method ahdI/BHYOYHIBTr
Setting a Metal Seal™, filed on Novenber 14, 2008, which is herein

I ncorporated by reference in |ts ent| rety. BACKGRClJND [ 0002] This section is
I ntended to introduce the re FRpect s of art that may be
related to various aspects egifv i.on, which are described
and/ or cl ai med bel ow. Thi SF§ E'E:P%%S‘af rlr to be helpful in
providing the reader with background I nformation to facilitate a better
under st ang] of. i nvention. Accordingly,
it shoul dggggéndﬁ%'%%gé# i?’ ﬁﬁggﬁ g&’g&f&%@%&g’ e to be read in this |ight,
and not as ons of rlor art 0003 tural rc s, such as oil
and gas, m‘]@qi}]se?hé?sal?ﬂlgﬁ ery %W@rprifé'miqb's\g 'E@é(?'orﬁ‘é‘ @teing generate

el ectri C'Ag |§'a A6, tqﬁ@m&g ., Entiih adwéth&a *aﬁa Safein 16N 88tig deMelid r esour ce
i s discove el ow t he sur ace of the eart l'i ng and” producti on

syst ens aBealtffileth oariddweparert t,2008s whighdisehareindncarperatess dyrreteremieese

syst ens My, be located onshore or offshore depending on the |ocation of a
desired r Bt enLet YFurt her, such systens generally include a well head
assenbly through which the resource is extracted. These wel | head assenblies
may include a wide variety of conponents and/or conduits, such as casings,

trees, naBACKGROUND the like, that facilitate drilling and/or extraction

operati ons. ) ) ) ) )
[0002] This section is intended to introduce the reader to various aspects

of art that may be related to various aspects of the present invention, which
are described and/or claimed below. This discussion is believed to be helpful
in providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and

not as admissions of prior art.

[0003] Natural resources, such as oil and gas, are used as fuel to power
vehicles, heat homes, and generate electricity, in addition to a myriad of other
uses. Once a desired resource is discovered below the surface of the earth,
drilling and production systems are often employed to access and exiract 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 welihead
assemblies may include a wide variety of components and/or conduits, such
as casings, trees, manifolds, and the like, that facilitate drilling and/or

extraction operations.

[0004] The wellhead components may be coupled together, for example,
via a flange coupling, a FastLock Connector (available from Cameron
International Corporation, Houston, Texas), or any suitable fastening system.

In addition, it may be desirable to employ a metal-to-metal seal (i.e., a seal

without elastomeric components) between wellhead components. Metal seals



[ 0004] The wel | head conponents may be coupl ed together, for exanple, via a
fl ange coupling, a FastLock Connector (available from Caneron I nternational
Cor por at iV 2018805&183%n, Texas), or any sufi tabl e fasteni ngPEJASHP/0FNRTL
addition, it may be desirable to enploy a netal-to-netal seal (i.e., a seal

fre wel | -0t VEISHSS, FERBOSAR Mok BriRg et AN Meb O Tpe-ElkRe o °
cycling, and hamhséhamhiedlsC Adccordeglor dirfgy Ye debiratsly toeerddll qaibk ento enabl e
qui ck and easy setting of the netal seals between the well head conponents

whi | e mai B@¢ ﬁ?tH@ﬂ Mﬂ%ﬂﬁ@'\ﬁeﬁlﬁ between iee wellggad prmeenpriscrher ON OF THE
DRAW NGS h%ﬂ-ﬁ%]ni@r gfé%%rfef@&ﬁih%ﬁ ml[.]gg&s, and advant ages of the present
come better

i nvention W understood when the followi ng detail ed
description is read with reference to the acconpanying figures in which

| i ke characters represent |ike parts throughout the figures, wherein:

[ 0006] FI GBRIEF PESGRIXTHONI L IHE DPRAWINGS ng a nineral extraction systemin

accordanc it h embadi nent of the present, invention: [0007]FLG 2 is a
o spect | 0} 0., VRS Miailie, AFpehS 2BH R AkEaRY (4 i Present mivehhch

will become better understood when the following detailed description is read

with reference to the accompanying figures in which like characters represent

like parts throughout the figures, wherein:

[0006] FIG. 1is a block diagram illustrating a mineral extraction system in

accordance with an embodiment of the present invention;

[0007] FIG. 2 is a perspective view of a CANH seal in accordance with an

embodiment of the present invention;

[0008] FIG. 3 is a cross-sectional view of the CANH seal of FIG. 2 taken

along a line 3-3;

[0009] FIGS. 4-9 are cross-sectional views of components of the mineral
extraction system of FIG. 1 in accordance with an embodiment of the present

invention; and

[0010] FIG. 10 is a flow chart of an exemplary process for hydraulically
setting a metal-to-metal seal as illustrated in FIGS. 4-9 in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0011] One or 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-



enbodi ment of the present invention; [0008]FIG 3 is a cross-sectional view
of the CANI-1 seal of FIG 2 taken along a line 3-3; [0009]FIGS. 4-9 are

Cr 0Ss- sed¥Q aualosedews of conponents of %t he m neral extrBETUSH0YYWEEM of

FIG 1 in accordance with an enbodi nent of the present invention; and

betting aed sl eRia Jonfals My ey W Ekbm, 86 hocor dance
W th an enieinaeiationftotdmdthyre daoteovey enéiculd bBRbprédrleDEREIRENER &N OF

SPECI FI C EMBODI MENTS [001 1] One or nore specific enbodi nents of the present
i nvent i ondeyelepmentqefiont mighf hrremplexrrnsktime conpywange R Motht s are only

exenpl ary r o\ | : Wk ds VAR provi de a
conci se dg%%errfh%ﬁsgnﬁ%g %Hféﬁs.éeﬁﬂéée%maqr&;wg%@@ﬁﬁgﬁ%ﬁ&aﬁhdﬁ@éﬁ Eﬁag@?%f an

act ual i nfor ¢hoset oft ordimangykit diaving the dmmielit df ihis diselosgreci fi cation. It shoul d
be appreciated that in the devel opnent of any such actual inplenentation,

as in any[oeng] neadrzeh ekeMiPRINg RniRiirAGits SRABIIESerit TBEHHIGUY aiduie- gpeci fic
deci sions nust be made to achi eve the devel opers' specific goals, such as
conpl i anceysigmng, gethad that addresses one or more of the above-mentioned

challenges of setfing metal seals in a mineral extraction system. As explained

in greater detail below, the disclosed embediments include a wellhead sealing

assembly that includes a temporary elastomer seal in addition to a metal-to-

metal seal. The elastomer seal may be used to temporarily seal the wellhead

while the metal-to-metal seal is set hydraulically. In order to set the metal-to-

metal seal, the seal assembly may include two or more members surrounding

the metal-to-metal seal. Axial movement of one of the members relative to

the other (e.g., via a hydraulic mechanism) may axially compress and radially

expand the metal-to-metal seal, thereby sefting the seal. In addition, a

retainer ring may secure the seal assembly in the set position while pressure

is being applied.

[0013] FIG. 1is a block diagram that illustrates an embodiment of a
mineral extraction system 10. As discussed below, one or more metal-to-
metal seals may be employed throughout the system 10. The illustrated
mineral extraction system 10 may be configured to extract various minerals
and natural resources, including hydrocarbons (e.g., oil and/or natural gas),
from the earth, orto 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 system 10 includes a
wellhead 12 coupled to a mineral deposit 14 via awell 16. The well 16 may
include a wellhead hub 18 and a well bore 20. The wellhead hub 18 generally
includes a large diameter hub disposed at the termination of the well bore 20

and designed to connect the wellhead 12 to the well 16.

[0014] The wellhead 12 may include multiple components that control and

regulate activities and conditions associated with the well 16. For example,

the wellhead 12 generally includes bodies, valves, and seals that route



rel ated and business-rel ated constraints, which may vary from one

i npl enrentation to another. Moreover, it should be appreciated that such a
devel opnivQ 28HPFHBY m ght be conpl ex ant time consumi ng, PGUUS20004871
nevert hel ess be a routine undertaking of design, fabrication, and

Tt ol LIRSSl Nk Sehbob o ARl PRRSES S VBT e

i ncl ude a1§mﬁeime%ﬂdhémrda&ddm@ho@dﬁ@wmmrm@r@lzo Mok ehedfiiubtigted
above-nentioned chal |l enges of setting netal seals in a mneral extraction

system Ambegimgnhebeiwelfeadt b inglidgs whal|ip gollaawiallyi referscbtp asBodi nent s

i ncl ude C agt ast oner

seal in g%%thgﬁq Oesg %%‘r%fr%?t% n%) r%eé%blr{ﬁhwggto C%%ge%{%rlrgé be used to
t enpor ar idnr)d sdahgeh2s (elgl, etathinghhbegerhandfet alcasing mangbr)s Elle systarat

hydraul i ¢ rder to set the netal -tonmetal sea he seal assenbl
! LB mayn g ok glter avieedhat AT RS 4 e Welhmath Snatier sl A al
movenent ofiQacngf 5 féﬂ&séae{@%s%nstﬁégwagyﬂfau Lol BSfpbRertls of of‘{hé‘ a hydraulic

mechani s may axi ally conpress an expand the netal -to-netal
seal , theﬂdtlmeadeul hgr em;slealm thienillastdited @mbmiimemtalth@lsyasterrgmay secure the

seal assenbl n.the 0sj t.ion whi ure is, bein | i,ed.

00131 b1 anclyied 310528 BloRawte o i sBBrR 8 datialsBhoARiNSS o i neral
extracti Ocﬁesw@tmn%&deé% ﬂjnﬁmgsm@ﬁtrmlu@mw@@@ (6., AR Efromt ah offeigreal seal s
may be enployed throughout the system 10. The i [l'ustrated mi neral

ext rac]t i oressoktocthe welhiy apd/os dhg wellheat t18. dxotharterbedipgptsyisweh zﬂssl and
From tne SR S3terhs PRI ELIAALEE Woddoepporiioppd Weh g ! 92)-

enbodi nenbwerddmtdrthiewalihe2d N26&id arranessbeohép suppdringl deaived (e.g., a
surface system or subsea (e.g., a subsea system). As illustrated, the

system 10[00@51 udqhearetebd géﬁdraﬂ? ifSdeLE vtaﬂeg O oAV abthde(@@sl borkd),via a wel |
16. The well 16 may include a well head hub and a well bore 20. The

wel | head \ralu\tﬁsmttmﬁeaaﬂ lopnirels| fat eperating rthe weill alfot Eer ingtangeshesteer at t he

the ver | 25 mayhaass ol facs sl RIE et B S ok ot ren s that
control aé&iuatew,llaarmevaasrés VFUitiesr, #vdtreondi maympsomesﬂaidaécﬁninmnbht@me wel | 16.

For exanple, the well head 12 enerally i ncl udes bodi es, valves, and seals
that routith freoweldg. rareramy ?rtbﬁltf%z%f%fqﬁs %Hseshqrefz Thegiieat e

pressure t I h tid.t he wel |l bore
D0 T ¢ reStelq2iFides Yo cBfiiohth 2 GORBUG ekl B g 1 1

col | oqui aihkgrtionfoftodsl into ths waliChe,itlse insctioneef \mlo@hmhemmﬂsk démtp thetree), a

t ubi ng spoo

6 h
andl oF el & qandag B HBRGS siBarel exiscEh di e MEL TG e cBE { bt are
coupl ed tgnd RswrR!ddi§ thylse r@gmatéavmpméwa%s thézesh t ForfmaRieke and

control various corrponents of " the well head 12. For exanple, in the
i |l ustrattbd tmﬂ:)dﬁimmfrioe cobpled g agumper |ome|fim:;eahafoeltle218>an!ﬁstpeﬂh|@d froma

drill strin in c rtain e he t a _runni ng
ool |t ha CHEPOTR cerepeag e e FEfirdinalt ruhfifeect BubgRl B .ol | 18
and/ or t haeWwgdll & &slthb2mahifol@tVie thecWBRSEAE NL SindfditGhe &%eS2P bafore BBRgeENs, the
tool 28 may include a device suspended over and/or |owered into the

vel | head ropted to shipping ©rstorage daciliiasp oh tilawpw reventer (BOP) 31 may
also be included, either as a part of the tree 22 or as a separate device. The

BOP may consist of a variety of valves, fittings, and controls to prevent oil,
gas, or other fluid from exiting the well in the event of an unintentional release

of pressure or an overpressure condition.

[0016]  The tubing spool 24 provides a base for the tree 22. Typically, the

tubing-spool-24-is-one-of-many-components-in-a-modular-subsea-or surface

mineral extraction system 10 that is run from an offshore vessel or surface



[ 0015] The tree 22 generally includes a variety of flow paths (e.g., bores),
val ves, fittings, and controls for operating the well 16. For instance, the
tree 22 Ney201005648e a franme that is di §posed about a trREI/HHN)I/054871

fl ow 1 oop, actuators, and valves. Further, the tree 22 may provide fluid

conmuni cat i nvvr ht e wel | Eor ex th des a tree
bore 32. sP’ﬁent"re eb 'Qgﬁoﬁlé "&%‘éd‘?s ?%QQ%IS@PPFR(B%E% @P%‘@é’bj procedures
such as tdjpol BoRy Bman@éctg qelgs, érdbies MGid Wonmdificatidhe befwers) it trek var i ous
chemcals into the well 16, and so forth. Further, mnerals extracted from

the wel | b®e@ and thei welhAa. Thwer ke yhing srop! bere dfunay Beovidedaewssed via t he

tree 22. Lt e e r a flowine
that is ttllscthe back&pgezgtrhgrga't(':%& gééﬁ{éﬁxnsuc?ﬁﬂ Q@Bg&ngﬁ)lc? P%gpAE?:Igr di ngly,

produced eiansgle| sorhponerits mntlhﬁrumedicbwriﬂiotrm Wwekheaani 2 @nd didgppsedanwel | head 12
and/or the tree 22 before being rquted to shlﬁhg?@gr storae%e facilities. A

bl owout pPEVEADG SPepidRyresd4 togsal Qftheeel hee shemicals Y of the
tree 22 0o @Si0a%3pRAE Wdls %wn%re T{}?reﬁ%m,sc@&ﬁﬁ«ﬁt)lem‘ar@ é/@rd{@ty of

val ves, fi tt| ngs, and control revent ol as, or other uid from
exiting t pressure or an
over press re ondrsﬁ’g%% E%’S%Tf%he H[}Boz%tggﬁﬂgﬁcéﬁg\ﬁfgggg%dbase for the

tree 22. prgpsuresl y:ortelxempldwthg V\MIOMreZZU ayondudd pressyresotipdiegodad i n a
nodul ar subsea or surface nmineral extraction system 10 that is run from an

of f shor e 128Q% 13P0Q preuee 2G,0QQ HoundH Pef §AYSHE 'EB‘E)(S‘PS')MAF%?”GEBS a tubing
spool bor 3rﬂme eexir'd?’ldrﬂ ?&fﬁ@l‘ﬁl 1@@&% %ﬁpfoﬁ%iﬁ@ rh ﬁ:l’%fésnﬁ'él‘.a&lc‘ﬁs l'ui d

comuni ca |on bet ween ree d the we hus e tubing
spool borseaks) phegs, mndwallesadc esstrolcaricheegmdté the mell 216 . f Bor exammples conpl et i on

and wor kover prqcedures. For, e | e onmponents can be r 0 to the
nol | hone WSbs BRI SEERE Ga dripiovad 1 pate TBa fonuand Bipstiresclh MUl m pe' el |
bore 20, {Riou8i Kftes eh&%ﬁaheasc{ﬁmmpheutethet ﬁr.r?érérpearécrleﬁls%seﬁrmohefcﬁ to
retrieve tools down-hole, and so forth 17]As w Il bé appreciated, the

wel | bor ensﬁanQaytr@aHmairaheélhaoaerea6mgséubleg hanger oxaaghg hanger)viel | bore 20

Cauar o1 napophe RBosEL Wi G Siheed, Tt arclss dindianl & 10 hay empl o

various r@.@ﬁéﬁdédﬂin R8Il BDrS eal snd B pESsideaBdatiaioresydramicc esvitrad flurid
regul ate the well 16. For exarrpl e, _plugs and val ves are enpl oyed to

regul at e gheanicaloipjestionsy rangksse &'th@mee .biaﬂger 26 nelydessa banger berg Thannel s
t hr oughoug, f@ﬁeﬁb%“ﬁ{rﬁh e é&ﬁﬂeP%fm@EggB%% aﬂgi thiSkRGhig the i1lustrated
? e.g., tubi n% hange anger

hanger 26 ror casi I'S typrcally di sposed
wi t hi n t heormalhicatieh Witht thetabing espoobbog ahdnd dlsé nellshse@0dating ort he wel |
bore 20, and to provide a path for'eF %raulic cont r ol Elurd hem ca

i nj ect i on@Ore;sgAl oSlf(‘Br@%m 401618 8 Wlbﬁj isPoseth S@‘feeﬁo € 38 t hat
extends tuiagDeldiey FRMNLBH ogpdohmfﬁraﬁﬁrma%as gdsﬁ&wtzs' sinfluid

comuni cati on wth the tubr ng spool bore 34 and the well bore 20. One or
o SR eSO RS 4 Sk nda saap bR RN,
and 3 il | asarGANH aeak kariihible from tGdméenninterhatiearal Gérpération, Houston,

Texas). As will be appreciated, disclosed embodiments demonstrate setting

the exemplary CANH seal; however, other metal-to-metal seals may be set

using the described method and/or system. As illustrated in FIG. 2, the CANH

seal includes two concentric metal ring components 52 and 54. The

components 52 and 54 may have a generally wedge-shaped cross-section, as

illustrated in FIG. 3. Complimentary frusto-conical surfaces 56 and 58 on the

ring components 52 and 54, respectively, may enable the components 52 and

54 to-fit-together (e:g.;-wedge-together)-to-form-the metal-to-metal--seal-5

The seal 50 may be disposed in an annular space between wellhead



as a CANH seal (available from Caneron International Corporation, Houston,
Texas). As will be appreciated, disclosed enbodi nents denonstrate setting
t he exenpV@eoioB?@®P seal ; however, ot hef net al -t o- met al BCEHIUS20AHS98H set
usi ng the descri bed nethod and/or system As illustrated in FIG 2, the

comonent @R < g MRET oh ah e ndl pblel2 G SBRNTEL BxR0eBstuB oon, o

i |1 ustratipg deal 5b @.e.3aloRgThé IlifBS 6N, thé dasigeneni §2land B4 aeesrebsecand 58 on
the ring conmponents 52 and 54, respectively nag enabl e the conponents 52

and 54 tdogether ggdiaxprnd sadially iigalong dee fiaes 625 The wedigkexransion; of net al
seal 50. R 5e mé&\e@gé’ 598y §£O%éﬂgfil %sfg@? galﬁf’@%'iaell%g-?ﬁeqalb%%’een wel | head

conponent's,” ‘as described in noreé l'ying axial pressure
to the sepdtwedn (the €ompahentg Shendisdcenslies 4 becutempetakbsea Helweerd 54 are
pressed together and expand radially (i.e., along the lines 62). The radi al
expansi onVeiheagcCaRR) onents 52 and 54, as well as the tight

netal -to-netal seal between the conponents 52 and 54, ensures a secure
netal seal00p8k we SMGReAthllbsirais Havieutsiepy oo seftingEsmelalesed jrust rat e vari ous

steps for &%?@H&g @itﬁ%@hisé@g&d ?ﬁ@ﬁrﬂéﬂf@r‘c?o%ﬁ?noﬁlgeF%.sf lis°$%Poss-
enbodi ment & For exanple, I's a Cross-sectional view of exenplary
wel | head setipealeview.oflaxetriptary | Weallbieadt canporiends. manthe ilustesiéd assenbl y 76,

including the netal -to-netal seal 50, pay be installed throygh the BOP 31
around a ¥AABEMEPE @SERRBEM f’ﬁe"@%"fét@pﬁ@f‘a'i@‘mqtﬁ' 888 30 &% r at ed
enbodi nmeng, ; DALY i a flange
coupl i ng %%,Iﬁsgﬂeﬁgﬂjb 8ftﬁ§rédtjgchm qglgg géﬁiegﬁ%@%g%%%laﬁ?g}e@aconponent S
may be enspony@8. IThikee dlealrated sembbdimet, nthe BEPramandthe hargdratfjare 26 by a

| ower runnin ol .86 coupled to ap upper running tool 88. In the

i |l ust ratwpg?fi)giﬂemtv,'ala nIQSV@UpFrL'H\ ngithegh g@’ef gec@gmegd%{ o the seal
assenbl y dfupfih@ tee ¥ elhed® cBmpBheltS’ A4§ Bi%emplogedPMtle sdihRs88mbROre 88 may be
separable fromthe | ower running tool "86, as described in nore detail

bel ow. [ Om2@]berruaduaiot therhangee 26 lowatnungingdeel &% cawpled ke land®Pgr hydr aul i ¢

rechan aricB0iegS By WRIE AR Rk o dTELRy IR RRso RO Kign i ch

fluid mycdiplédits téused abSerdblp! 76 plaesisloPrriofe 88t sofbwsisy THe appeol body 94
and a novabl e piston 96 disposed concentrically around the tool body 94.
The novabluanjsidsioah8dénamlye saparaple em g lawapiuiming tgob 86easdeseribedhot her

enbodi nment_, €. 0 6 and the sleeve 98 nay be a single conponent. The
novabl e s'%engélteé %@bﬁtab%mb“g secured to the tool body 94 via one or nore

he. | ower PR ng: 2SRowe Frclywel R B85 s mad i atWIRIE' 26 ana the

upper runimeBanitl 9Bt agplp preRFe tol MY Aptdlacim&8l seyl 38 Tsethytmulitn the
seal asserrblx 76 through the BOP 31 and into the casi n% spool 25. The upper

runni ng tBech@HsMeY0 Meynnelyda: tor eramplgaed NydiaHlic: gort S heBigRi Whichespect to
the hangeg ;f 6,4 n& MARRcBE Qo SHBI Frelsiid" ©3H BtediO of a tool body 94 and

a movable piston 96 disposed concentrically around the tool body 94. The

movable piston 96 may in turn act on a movable sleeve 98. In another

embodiment, the piston 96 and the sleeve 98 may be a single component.

The movable sleeve 98 may be secured to the tool body 94 via one or more

removable fasteners 100 (e.g., cap screws).

[0021] As illustrated in FIG. 4, the lower running tool 86 may be coupled to
the seal assembly 76 and the upper running tool 88. The upper running tool

88 may be used to run the seal assembly 76 through the BOP 31 and into the

casing spool 25. The upper running tool 88 may then rotate the lower running

tool 86 with respect to the hanger 26 to engage and secure a threading 101



t hereon. The seal assenbly 76 serves to seal an annul ar space 102 between
the casing spool 25 and the hanger 26. _Accordingly, in addition to the

met al t o- NeQ@ 2010886P9 50, one or nore el astomer seal s 104 P&ET/USI08H039871i ncl uded
in the seal assenbly 76 to tenporarily seal the annul ar space 102 before

002211 n HETT oMt S8 as38uitiy 78 sontS G534 pdhobr Rele fiben8ihy " nei ude
an abut t ithg caeigespob) @5amdl thedemyee 26] Nccortiligly, H0&dditidre tathet miete nenber

106 may abut a ring 110 which secures the hanger 26 to the casing spool 25.
Wien t he todBetahseaingfl.\onesor mare plastomes gqals 184 dpdoplsode ipldad it i ng nenber

106 may t ' i’ ' t agﬁa of the seal
assenbl yaﬂag Sletr?r gsﬁﬁgy\eﬁﬁe%ﬁﬁb %Egy Zs%gfﬁe%r{n%gr{bggcfo ng‘g’%E%nmﬁ ninthis
posi ti on metdl-éo-trietal nedad |50t is -sek tas desedabed On insore eletaibbeldescri bed in nore
detail below. Accordingly, the tenporary el astoner seals 104 may be

di sposed [sare] al Iy additibh no & s@dlo t50UsHA 04,1 the SebiE agdumbbly 176 mapber 106. The
conpressi ng nmenber 108 nay be novably coupled to the abutting nenber 106,
for exanpNeudgian abylling mrIMkeroi0& B8Rt 8ctrPressing darMPeh 108hdhget al - t o- net al

seal 50 'ﬁﬁﬁg‘%,e W ' 5@51%) npr essi ng
menber 18%“2?3\1} e‘fbddég{g i éjétapﬁ‘lfﬁﬁwge OW. %%&%ﬁ)ﬁ??%gr} érd.'uﬁ)nt?]%g t he
seal assesdsing gpool 250 Whendhsisegl asseoiblRSs amdingether casing bpodl@bethe unni ng
tool 86 tg the hanger t he upper .running tgol 88 may, be di sengaged from
the | overSbAHIH RPYS| TORmacPaLE s, 50 11 Bn b SOPRBGH N R . 1 5. The upper
runni ng tQRlanBEmBRY obthe SSEPABLYbEOPPHRE the wellfed W he fAbiRingg tool 86, for

exanpl e, via a pin-and-groove connector, such as a J-slot, Or any suitable
connect or mefiper Upenay nemaingnttbis| padionawhiteethdi setalderowbtalr ogal t8fkis| ower

i Sengagi TR0 75 ARIRES) BVBPS SRIAT SeErbocdrtingRE ¥ bR arh GBS, 55 nay
be retri exefs f10mnméyﬂ6ew@_pbbe@$arﬁéh9%lﬁm taRdt g6trudRg rfrorkl e BBufting! 86

renoved, as illustrated in FIG 5, the BOP 31 may al so be uncoupled from
t he casi ngeB»g611085 Thedcorapigsaing f memben d Ofanay bgdnovably erupigd do thee 1 ange

coupling ; C I ving. a_th | er e.g., a
nut ) frorﬁﬁg' Weﬁ%%g}sﬁdﬁtfgq%ésg? '?é é;gwg?ﬁggswﬁ ﬂn‘%(ﬂ@pf a%%ugﬂ%rgupl ing 85
di sengagettie ritial-Baetl Isezhpohray bbidisposxd eddtweén dne tbettingshe@mbepool 25, as
illustrated in FIG 6. Again, it should be nofed that the netal

met al - t o- & and &eypomspr l)rﬂgb@em{)@éﬂ%@ﬁw%@eg%scgqe éurFflﬁ’nﬂr%M- The

el astoner seals 104 are configured to provide adequate terrgorary seal i ng
for the olffdBhr &faceunrony e Fealtassenbly Redrtodbensanieatspoat é5teedng i nstal | ed

and set f%’cuHﬁ&the lower running tool 86 to the hanger 26, the upper running tool 88
may be disengaged from the lower running tool 86 and removed from the
wellhead. That is, the upper running tool 88 may be removably coupled to the
lower running tool 86, for example, via a pin-and-groove connector, such as a
J-slot, or any suitable connector. The upper running tool 88 may be
disengaged from the lower running tool 86 by rotational movement followed
by axial movemeni. Upon disengaging from the lower running tool 86, the

upper running tool 88 may be retrieved from the wellhead.

[0024]  With the upper running tool 86 removed, as illustrated in FIG. 5, the
BOP 31 may also be uncoupled from the casing spool 25 and removed from
the wellhead. For example, the flange coupling 85 may be uncoupled by

removing a threaded coupler 107 (e.g., a nut) from a threaded shaft 109 (e.g.,

a bolt). With the flange coupling 85 disengaged, the BOP 31 may be lifted

axially from the casing spool 25, as illustrated in FIG. 6. Again, it should be



[0025]Wth the BOP 31 renpved, the netal -to-netal seal 50 may be set, as

illustrated in FIG 7. Aretainer ring 111 nay be |lowered into the casing
spool 25 W0 2uings5aBe | ower runni ng tool 836 and the seal BCEER9PY/OPEIL | n t he
illustrated enbodi nent, the retainer ring 111 nmay have external threading

112 which_gooperates wiih internal thr ing.113 in i pool 25.
The retai 'ﬁcé?g??q{ghﬁﬂ&ﬁgvefﬂé?ﬂ%?les %qgg?&gé)(? ‘f%éettﬁ@ré@a@lgz%agp%oﬁs 25, for
exampl e, RyndvebatTi e@btohits seiliail08rars coafiguldd telppdvide atleqiidte casi ng spool
25. Advancenent of the retainer ring 111 into the casing spool 25 may

resul t i neaporanriealing ferethecaniutasr speica gl 0R1whiley ienwellheagheemaenies 4 on t he
corrpressi&g ﬂﬁ?ﬁgﬁ{stﬂ% éﬁ Is&q’oﬁﬁgé assenbly 76. Because the netal -to-netal
seal 50 is’se I'a ny rauq y

I C pressure, as described bel ow, the retainer

ot at i on, (0E8h oS TRSHEP  rbfue 3hF fyRBERmER e BAPALAERY (o the
spool . [ 082fil.éFatdeskFIGed. FDmiginett RRg ClAMmay bk NGwerRAbiato theScasigcapabl e of
noving relative to the abutting nmenber 106. To facilitate this novenent,

t he hydr aShdot 2fecaund e bwverdynzipg|tgol fteard the senliassembpresdt K¢ nenber

108. As i/ t s G fast f4bom t he
hydr aul i c'lnlr'rée{g#éa(ﬁieg'%dggp gr#thépgeg?/tgfé%ggﬁ?n‘gf‘len%n%g%%te r’%?erpﬁle{hg%ﬁ 1&2 relative
t o t he toghichadppdrhted-withdntamyal lirrezagpig ¢ d3 irotheheashys spool t45 oligh t he
hydraulic paort 92, resulting .in an increase in pr essuor?g in_a gap 116

bet ween t TAIRYT tin® 13 Hoax thetefrs: bR sgsuredinto 1he HESINIoPIRR?St fEn nove downwar d

(i.e., in LLeRt| : I : : i I ownwar d.
[0027] TheeXrfiip.oBy FoBidr 8 the? @%hg?g% ARG 1o e, ERIAGSpdBIa 0N e L e
may be coMvarsseentyaf did yetaimet hiag cldrfpintesthiergpsingnémool 288may resulteid downwar d
(i.e., in_the djregtion 118) b he piston 9 desgri bed above, axial
force on ¥ mﬁﬁt 8? orSHRID S 2'%§I1H%3FE§@I§ ufq‘?rrAﬁ% o "EXPARREGR 8t the seal
50, ther eRpnitRl toBGbrithE sBEI Mschibiyebal B&Rake e rdtaP@cthéiaPReal bt lise pressure
is applied inside the hydraulic nmechanism90, the retainer ring 111 may be

advanced $ainiahbydraplio préssutsasasdesspbed bedowt therretaines kil iy mayee d novenent

of the conpressin mher. 108. or di , il | - tal seal 50
i s axial Ié}?\’@gﬁﬁ? e@fgﬁ,e qaﬁ@gr%qogﬁggrvq Pﬁﬁd"){ﬂm@ ! E%R%‘Qﬁ%g%j C;%n?sth he casi ng
spool 25 h&dJQb(ﬂeth@aﬁ@'n@écﬁﬁéitﬁ@s@lrmenitﬁ)ﬁtd: thepbpast, thereby setting the
netal -to-netal seal 50. Because the nmetal-to-netal seal 50 is set before

the retai {0@261 I NA\s1dekclife®BHRVE el dYriprebaing avbmBer A0BIis dBpalli@@fpr essure
required to secure the retainer rlng 111 need not be great enough to al so
e

set the se@vingoeldtivattoithe abeiting guember d06m\ ofecilitatal this raeMemand, retai ner

< Sot  antAR' BRRNPR, 5300 APy Al  Fe OB ME Becleess,

i ncl udi ngas hrishiddam! F1G. redlafisenedd 10081aP 8e defrreddem thonydragliceal
assenbly 76 and the hanger 26 and renoved fromthe well head. For exanpl e,

the ret ai Mechanism\e0,dberehy anabfieganeementofine disten 86irsiative to e | ower
running t  t ey s 4 I T ing 101 may
t hen be dﬁgleﬁg%g% \tﬁlﬁgrﬁgﬁﬁ?tgﬁ?ﬁﬁﬁ ?%essggé\ﬁ?p'lruﬁﬁﬁﬁg I'B)g(r)%dﬁg(é%ﬂay be
lifted ax®yldegultingyn bhamerehse rapessu26in aagap | 116dietaten the pbit G2 &nd

the piston 96. The piston 96 may then move downward (i.e., in a direction

118), pushing the compressing member 108 downward.

[0027] The metal-to-metal seal 50 disposed between the members 106
and 108 may be compressed axially as the compressing member 108 is
moved downward (i.e., in the direction 118) by the piston 96. As described
above, axial force on the metal-to-metal seal 50 results in radial expansion of

the seal 50, thereby setting the metal-to-metal seal 50. In addition, while

pressure is applied inside the hydraulic mechanism 90, the retainer ring 111

may be advanced further into the casing spool 25, thereby blocking upward



[ 0029] Addi tional nmetal-to-nmetal seals 50 may be di sposed around the hanger
26 and/or in the annul ar space 102 between the hanger 26 and the casing
spool 25W@g0iphsa43trated in FIG 9. FoP exanpl e, an addr@T/Gr2P9/059871

netal -tometal seal 50 nay be di sposed between the seal assenbly 76 and the

casi ng spool 25 above the retainer rin 1]. of her tal -fao: al seal 50
may be di@B&%’Bﬁnta?fg%ﬁocwe?ﬁi%épe'ﬂéeraggéle%Fﬁ@%?@&ﬁ ‘ﬁlgggee%l @g%nfé'The t ubi ng
spool 24, mefal 88X 54 Redxidlly écthpresved, | iheadthesnaRent 1 isadvddeed Natbahéed on the
casing spool 25. Simlar or alternative nethods fromthose described herein

may be ergsistigespad 25¢p haid thedeemp@saingniember ol08ein placee dnereby setting r et ai ner
S : : o h ! _ !
T 1Tk oA T ST TR S el

menber ensur e o-netal seal 50

remai Nns cpapetHsRtingantl ishadvahosed istetthe dasingospopb 28t themprebsurbe wel | head 10.
[0030]FIG 10 illustrates an, exenpl ?r¥ rre(; hod 120 for se%ti ng a netal -to-
met al - sealeduised it paciredhe detainerinng. 141 geeq Rot Re oreat ough da AR $-3d 120, the

seal ass I in—EtﬁPc% I t - hq The upper
runni ng ﬁggléégg§%a”3}’uta %hr e rgtf‘rsﬁ:gvﬂ{ggg%r%%%ﬁot evaiég%(t@%?%t%in%g@wgm), and
t he BOP 311 trimjo bee camimy spodi®%ck 126). The retainer ring 111 nmay be

i nstall ed around and abutting the seal assenbly 76 (block 128). In

addi ti on, [00@8Dr e Adier dtid aletalnsindtbiatealrc®is ddt@nddhairatinerirmg 11&, t he
fasteners 100 securing the piston 96 of thﬁﬁh draulic sserrbI%Tgo in place

rel ative $Q5Uefk tB%dR)N@uﬂ@ﬂinréhf@O! 8Geincluding; thg HysisruligemaahaeM  ¥hoved (bl ock
128). P i i F her eb
) reﬁégrb% mnﬁagga n@%gﬁ@ fggld%é’éeﬁwﬁly & 6N e F‘ﬁ??g@ &g thereby

novi ng t he Conpres own relative to utting nenber 106
and conpressived frdre the wellhéadretFar exemple; @hé¢ ndtaimier 58Bws PAiMmay peessure i s

applied to the hydraulic nmechapjsm 90, the retainer..ring 1 may be
tight enedreé@%eﬁs %"ngecmtl'%gf]% 'Hﬂ(ﬁ{)éﬁmni%?qoi Bgé'_&'m ées%ﬁgtlﬁjo ressi ng
menber 10&d| Bst&BbOIP! €A Aredbinhe1o 1 RfyARYN 'R dsdHdAgel NAa WBlafibn t O- et al
seal 50 in the set "position (bloCk 132). The | ower running tool 86,

i ncl udi ngancthenlpdeamnringriath £6 may $@, lifiedyaxialyraway freey thevianger @ t he

wel | head 12..(bl ock 1 . Additional netal-to-netal seals 50 may be
i nstal | ed®® Qgsﬂﬂéﬁg 'Q}deéi tional well head conmponents (bl ock 136).

0031] Whi i nvent i b tible to vari di,fjcati d
i or nat 02BD; oabiRhel melinoieiph S5E8 SRRy BRI A BI DS St axanpl e
in the drg¥hddDerarl/GaehEefmuie Spach e petdBbRithe MahgeM26 HAWANST , it

shoul d be understood that the invention is not intended to be limted to
t he particasding speol @5, disstustratet! ilRBtGhat., Fohexamplenah @dditionalbo mesalde- al |

oot LT oS "0 RO Beh e bR, T W P 1 o
spool 25 above the retainer ring 111. Another metal-to-metal seal 50 may be
disposed around the hanger 26 above the seal assembly 76. The tubing
spool 24, or any other suitable wellhead component, may be installed on the
casing spool 25. Similar or alternative methods from those described herein
may be employed to set the additional metal-to-metal seals §0. The retainer
ring 111, in conjunction with the compressing member 108, the abutting
member 106, and the ring 110, may ensure that the metal-to-metal seal 50

remains compressed, and therefore set, during operation of the wellhead 10.

[0030] FIG. 10 illustrates an exemplary method 120 for setting a metal-to-
metal seal, as illustrated in FIGS. 4-9. In the illustrated method 120, the seal

assembly 76 may be installed through the BOP 31 (block 122). The upper

running tool 88 may then be retrieved through the BOP 31 (block 124), and

the BOP 31 may be removed (block 126). The retainer ring 111 may be



CLAIMS 1. A system conprising: a seal assenbly configured to seal tubular
conponents of a mneral extraction system the seal assenbly conprising: a
nmet al -t oWe2ED/03d38 conprising a fi rst1@nnul ar porti on RGHWS2AP/H%N a
second annul ar portion and interfacing one another along respective

frust oconica urfaces: . a first sl eeve dispo \r St si de of
the' oy sl nealRE Akt Ednd Apluhing SR ERE AR D) 3t oY, o s Ge of
t he net al hefored Phfteranstanaipsof ef regindrhgng i1 $1thés f8Q¥RersWM®Y eéduringe first
sl eeve is responsive to a hydraulic actuation to nove axially toward the

second sltBe\riston 9B@fdhe yvdeulie @ssemply PAdn Blacy relafue do theebegt 8 of o- net al
seal int i t L.ner al
oxtr act | SHELEeL Pl fobl 88 iy be rbBula Mol GBIPPREALE Rayiin Be0” 2, o
seal , whegimilied tviee tred Bypdraoky pekal, trerelonmavingethet corppregsidg mealbeng whi | e
setting the netal-tg-nmetal seal. 2. The systemof claiml1, c rising a

t ool coupl@eewn relatiye ta Hig a%ﬂwwb%é@%% Cem%?%%&‘%"}ﬁ?é]ﬁﬂ-n

confi gur t I &S| e iked hydraulic
pressur e%e%?s%ﬁle&z tg?%ﬂr?%{?)' c%‘lénp?%é?(g% ?@?%S@QP%?\ [ %rhbri ng confi gured
to hol d tmechanism 30, dew cefaimepompt 1 thmaiythe tightgrext againshthesecond sl eeve such
that the netalta-neta enai_ns tbn the set. state 38%1'hﬁ} syst em of

claim 1. SRTERANg EomEBE 0paS FEbde bR fosrrd cBofRer daRiL ) c et o
;: 223 gﬁ\ééd;ﬂ%rt@ﬁé‘é@rﬂ isEERE ABbeby’ K3diAMGARE TREtabid-MReR SSeaPBDiigtieesett 0 sl i de
position (block 132). The lower running tool 86, including the hydraulic
mechanism 90, may then be retrieved from the wellhead 12 (block 134).

Additional metal-to-metal seals 50 may be installed, as well as additional

wellhead components (block 136).

[0031] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example
in the drawings and have been described in detail herein. However, it should
be understood that the invention is not intended to be limited to the particular
forms 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.




The system of claim 1, conprising the tubular conponents. 6. The system
of claim®6, wherein the tubular conponents conprise a spool, a hanger, a
tree, or wORwWbses i on thereof. 7. A hkthod, conpri si MRLT/PEROPYE8iINg a
seal assenbly in an annul ar space between conmponents of a well head, wherein
positioning the seal assenbly conprises isolating pressure in the annular
space bel ow the seal assenbly before the seal assenbly is set; and

hydr aul i caLAM&dvancing a first nmenber of the seal assenbly into the
wel | head relative to a second nenber of the seal assenbly, wherein
hydraulically advancing the.first nmenber conprises axially conpressing and
radi ally ﬁxpaﬁgﬁﬁ eq SI: vet al seal di sposed axiallyybetagen thegfirst

and second menhess ds2eRdH LoMyUrEE 16 88kl tabERARbInPoREAtsAofSemisérat e. 8. The
met hod of claim7, conprising tightening a retainer ring against the first

menber of the seal @drsetion pysiem,che seakassemy SRAIYISING: i n the set state. 9.
The method of clal @ﬁaﬁtmsfrﬁ%@l Egglr@&moé{‘?dﬁrkréébfggtvm%}g%éﬂgn fcb%§iral member

into the well head re rve € SEC conprises applylrng pressure
to a piston coupled to twith hisesbndramnbalar potitbn dhe intetficing @hecdraitmer9,
conprising releasing the pressure to the piston after the seal assenbly is
secured in the set st atealong respgcive fryglocepical surfages:

a first sleeve disposed on a first axial side of the metal-to-metal
seal;

a second sleeve disposed on a second axial side of the metal-
to-metal seal opposite from the first sleeve, wherein the
first sleeve is responsive to a hydraulic actuation to move
axially toward the second sleeve to axially compress and
radially expand the metal-to-metal seal into a set state
relative to the tubular components of the mineral
exiraction system; and

an elastomer seal separate from the metal-to-metal seal,
wherein the elastomer seal is configured to provide

sealing while setting the metal-to-metal seal.

2. The system of claim 1, comprising a tool coupleable to the seal
assembly, the tool comprising a piston configured to actuate the first sleeve in

response to applied hydraulic pressure.

3. The system of claim 1, comprising a retainer ring configured to hold the
first sleeve in position with respect to the second sleeve such that the metal-

to-metal seal remains in the set state.

4. The system of claim 1, wherein the metal-to-metal seal comprises two
concentric metal rings having complimentary frusto-conical surfaces

configured to slide along one another.

g The system of claim 1. comprising the tubular components. ~



hydraulically setting a netal -to-netal seal disposed in an annul ar space
bet ween tubul ar conponents of a mneral extraction system wherein

hydr aul i &b ko1068:469 ng t he netal -t o- met B seal conpr i sesPEKUAINY OV Hpr essi ng
the nmetal -to-netal seal between two conponents of a seal assenbly, wherein

the seal assemply c rises. the netal-tp-netal seal: a fir | eeve

di sposed ©On a%%’g\’&gﬁi %tlscﬁglphé,\gpemk%fugﬁ? Oqomo&ehgseg{)bpﬁ%e econd sl eeve
di sposed ghphoR &a6RGSH atied, oFigisorAbinkiith MRiradf: to-netal seal opposite from
the first sleeve; and at | east one el astoner seal separate fromthe

metal -to-netal seal and configured to seal the annul ar space between the
t ubul ar conpondieethpdf epmBPiHRd et al -t o-metal seal is hydraulically set.

12. The net hod.of ¢l ai % ' ' 9&%,' hﬂﬁ al -t onet al
seal conpri sesp%éﬁlﬁ'ﬁ@n%e\]ﬁ ﬁg @ypp%?é@”ééer\c/@dt%v\ar Etéﬁg:os cggﬁfssl eeve to
axi ally conpress anef a wellledddy vehgraimdpdditionimg dhe sealressambbeabmprises a set

state relative to the tubul ar conpgnents of the m nehgl?é%é{ractitgn system

13. The method of cFaEHNY PregyiRpi _en@"%%rﬁ?qf& bejaw BSIRERYY seal in
a set state. 14. A,g¥R! 610 s&PBREEHbIYs set; and

hydraulically advancing a first member of the seal assembly into the
wellhead relative to a second member of the seal assembly,
wherein hydraulically advancing the first member comprises
axially compressing and radially expanding a metal-to-metal
seal disposed axially between the first and second members to

position the seal assembly into a set state.

8. The method of claim 7, comprising tightening a retainer ring against the

first member of the seal assembly while the seal assembly is in the set state.

9. The method of claim 7, wherein hydraulically advancing the first
member into the wellhead relative to the second member comprises applying

pressure to a piston coupled to the first member.

10.  The method of claim 9, comprising releasing the pressure to the piston

after the seal assembly is secured in the set state.

11. A method, comprising:

hydraulically setting a metal-to-metal seal disposed in an annular
space between tubular components of a mineral extraction
system, wherein hydraulically setting the metal-to-metal seal
comprises axially compressing the metal-to-metal seal between
two components of a seal assembly, wherein the seal assembly
comprises:
the metal-to-metal seal;

a first sleeve disposed on a first axial side of the metal-to-metal

seal;



a hydraulic tool renovably coupleable to a running tool; a sealing assenbly
renmovably coupl eable to the hydraulic tool, the sealing assenbly

conpri si WP 200865438 -t 0- net al seal conf“@ured to be set BYI/USRIOHGABHUl i
tool in an annul ar space between tubul ar wel | head conponents; and an

The- seali ng assenbly SBerth ooeks Sidbsed Einararordatial sOE Y YR gBRAST °C ST,

of claim 14, conprising @-rhéfafisBAT opgoliie Frum tigdifiRt sleeveeand e t he seal ing
assenbly such that the netal -to-netal seal remains set when the hydraulic

tool is removed. 1#.legstonsyelasiemer seehpaparate ipey Benmeiia@etalng assenbl y
conprises first and seco !{éﬁgtkghﬁ fr%?itbis%%?%eaéﬁﬁdiéysﬁé&ug&ﬁegﬁ .

netal -to-netal seal with space and confrgured to axially
conpress the netal -t o- nehaltulselal compordes issfore thermstabtesmetal seal uat i on by
the hydraulic tool. 17. The_ system of claim 16, wherein the

metal -to-nmetal seal is c‘@)\fﬁr?@lﬁaﬁﬂ s€b radial |y expand upon axi al

conpressi on, thereby becom ng set. 18. A system conprising: a running

tool configur fhd mhdifisd 8t biafin SA2LBRIF HiidYaiBal) sERAYIAS ridARe- Det veen
tubul ar well head conponents, the running tool conpriSing:

metal seal comprises axially moving the first sleeve toward the second sleeve

to axially compress and radially expand the metal-to-metal seal into a set

state relative to the tubular components of the mineral extraction system.

13.  The method of claim 11, comprising securing the metal-to-metal seal in

a set state.

14. A system, comprising:
a hydraulic tool removably coupleable to a running tool;
a sealing assembly removably coupleable to the hydraulic tool, the
sealing assembly comprising:

a metal-to-metal seal configured to be set by the hydraulic tooi
in an annular space between tubular wellhead
components; and

an elastomer seal configured to isolate pressure in the annular
space below the sealing assembly before the metal-to-

metal seal is set.

15.  The system of claim 14, comprising a retainer ring configured to secure
the sealing assembly such that the metal-to-metal seal remains set when the

hydraulic tool is removed.

16. The system of claim 14, wherein the sealing assembly comprises first
and second members positioned axially around the metal-to-metal seal within

the annular space and configured to axially compress the metal-to-metal seal




a tool body renovably coupleable to a hanger; a piston disposed annularly
around the tool body and renovably cou?leable to the seal assenbly; a
securi ngwWoReL0oad? ed to the tool body 4nd confi gured tBCHUSI0/8598
novenent of the pi ston relative to the tool body; and a hydraulic port

configure |rect h uI| u ned by the
t ool body, the tb‘? EY%ﬁmy @ rre"i]g"ér H?gaﬁmégfge%ﬁ 'tc‘rgﬁ[@frggn of %/he
hydraul i ctopra@ifyexpasd l@bﬁsa)&é]%om;ﬁ'éﬁbﬁ othefdbyt becaimiag sagsenbly.  19. The
system of claim 18, wherein the running tool conprises one or nore
renovabl e fasteners configured to hold the piston in place relative to the
t ool bodyl18. 20A syplenycareRfAsHIg: cI aim 18, conprising the seal assenbly,
wherein the Seglruﬁrﬁﬁim%oﬁ Sinstau féeé(%'l aEQerﬁBl&alh attahnd dc%' ng a
first annul ar portioh coaxl a a second ann portion an I nt erfacing
one anot her al ong rbetpeemtubulfar u@llbeﬂmoalpoaentbad:hesrurmlrﬁg sl sl eeve

di sposed on a first _axial side of the netal-to-netal seal; a second sl eeve
di sposed on a secontPARiSNI'si de of the metal-to-nmetal seal opposite from
the first sleeve, [ URRRHD eidp@Bei ve to the actuation
of the piston to n\é\%gé&;xqagphgniog\%\g?d% he sclaéc?)%g sl egse to axially conpress
and radial ly expanda pistomdispbsed-ampularlysaraund theptapl bedy Qndtremoyaév

the tubular wellhead Congoup‘? bﬁe to ?tqe seal assembly;

Ive to

a securing ring coupled to the tool body and configured to block
axial movement of the piston relative to the tool body; and

a hydraulic port configured to direct hydraulic pressure into a
sealed volume defined by the fool body, the piston, and
the securing ring, wherein introduction of the hydraulic

pressure actuates the piston to set the seal assembly.

19. The system of claim 18, wherein the running tool comprises one or
more removable fasteners configured to hold the piston in place relative to the

tool body.

20. The system of claim 18, comprising the seal assembly, wherein the
seal assembly comprises:

a metal-to-metal seal comprising a first annular portion coaxial with a
second annular portion and interfacing one another along
respective frustoconical surfaces; '

a first sleeve disposed on a first axial side of the metal-to-metal seal;

a second sleeve disposed on a second axial side of the metal-to-metal
seal opposite from the first sleeve, wherein the first sleeve is
responsive to the actuation of the piston to move axially toward
the second sleeve to axially compress and radially expand the
metal-to-metal seal into a set state relative to the tubular

wellhead components; and




an el astomer seal separate fromthe netal -to-netal seal, wherein the
el astonmer seal is configured to provide sealing while setting the
net al - t oW 2ab/05@a0 . 15 PCT/US2009/059871

an elastomer seal separate from the metal-to-metal seal, wherein the
elastomer seal is configured to provide sealing while setting the

metal-to-metal seal.



