METHOD AND SYSTEM FOR SETTING A METAL SEAL CROSS REFERENCE TO RELATED
APPLICATION [0001]This application claims priority o U.S. Provisional Patent Application No.
61/114,961 VeA&H03t8thod and System for Setting1a Metal Seal", filed onBUdVEPAYE0$2872008, which
is herein incorporated by reference in its entirety. BACKGROUND [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 dAET&IODRIANDTIBNSTEMSSIon is believed to be helpful in
providing the reader with backgrourRORIGSETFTING o METAL SEAler 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 Qﬁ%ﬁ@ﬁﬁ:‘?&%{‘l%ﬁ&ﬁgﬁﬁ&ﬁﬁ% AACAIIONity, 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 8883 kmpld\ie ARE iR GAlMS@Etith Ay sssuREOIFIasa!s3i8Rs may be located

onshore or Oﬁﬁbﬁ’éﬁtﬂﬁ‘pﬂ@i@w@M}%P@ﬂﬂﬂe@f“mgﬁ‘%@ﬁ@%%%ﬁﬁ%ﬁtiﬁ Ch Faztgms generally
include a wellhead assembllgl through which the resource is extracted. These wellhead assemblies

may include 28@lad{Rdier) BP¥empehéfi2aRB N BisRdSI RESIRHNEO RARRS Ry 6sferRIFRIds, and the
like, that facilijate Qﬁﬁh@g/_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 BRPR q?tﬂ o-metal seal (i.e., a seal without elastomeric components) between

wellhead components. Metal seals
[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 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 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



are well-suited to withstand high temperatures and pressures, thermal cycling, and harsh chemicals.
Accordingly, it may be desirable to enable quick and easy setting of the metal seals between the
wellhead coY@aAEME6Aile maintaining pressure within the wellhead. BRIFFCDESSORIEFIITIN OF THE
DRAWINGS [0005]Various features, aspects, and advantages of the present invention will become

beter undergfenieitan e plimisaritade depeiaiiesieasediuerensara g ssompanying

figures in which like characters represent like parts throughout the figures, wherein: FIG.lisa

block diagrafMiFah Y aMiGRs al RSERIEIRA By EBRYIR e SesiFRRISI N RAZRI & AigluARéht of the

present invegtiap;dA@AFIGIGhe iscadPEne Bivaien b aveMidseahipaesatsangr with an

embodiment of the present invention; [0008]FIG. 3 is a cross-sectional view of the CANN seal of FIG.

2 taken maintaining pressure within the wellhead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various features, aspects, and advantages of the present invention
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. 10is 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-



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 oM 28ek%61aPy process for hydraulically gbtting a metal-to-metaPSEAIRIINISHted in FIGS.
4-9 in accordance with an embodiment of the present invention. DETAILED DESCRIPTION OF

SPECIFIC EM%@QIM@%‘[@{%%Hggggrcmgéﬁg;iﬁ\qﬁﬁbﬁgmgsfgmhgrmesent invention will be

described below. These described embodiments are only exemplary of the present invention.

Additionally, TRRIRBRBIHODIOATIO B e n MEREE i BtRIPHIA S RIERIBIEA BRictMents, all features
of an actual iplagsAEHICBIR Mg SRS ARdmRoesiisaliong shawsies appreciated that in

the development of any such actual implementation, as in any engineering or design project,

numerous iIMASREIRERS PSR RIS HNIREANRG BE Frsian (daRiralienhani lan RSt YR cific goals,
such as conTpianeeaMinosMan)-skalalad g theusiirsa- 62 lairddrenstaiats, which may vary from one

implementation to another. Moreover, it should be appreciated that such a development effort might be
complex anqomM@ronsTening, bxéwplde nevpobriesadefaiowieesndesakiggeimdasinafabrication,

AN U AnG Mot thar A6 caaes e or FoTa of the dboveshentioned
challenges of setting metal seals in a mineral extraction system. As explained
in greater detail below, the disclosed embodiments 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 setting the seal. In addition, a
retainer ring may secure the seal assembly in the set position while pressure

is being applied.

[0013] FIG. 1 is 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, or 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 system 10 includes a
wellhead 12 coupled to a mineral deposit 14 via a well 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



[0012]Certain exemplary embodiments of the present technique include a system and method that
addresses one or more of the above-mentioned challenges of setting metal seals in a mineral
extraction sy 0S@&plained in greater detail beldtv, the disclosed embdfirREI2IIHORIEEIa wellhead
sealing assembly that includes a temporary elastomer seal in addition to a metal-tometal seal. The

elastomer segbaEbetIRRAIS IRRP B sl Bepusitheadydiiah sreviatdersiahenal is set

hydraulically. In order to set the metal-tometal seal, the seal assembly may include two or more

members sulORRAHEIER FGRIEEIFEpNYRAQIR HBWRIRRE: Ehre 1bF R IHHSTBIST relative to the

other (e.g., éarbduriffaniCtmerRARISHY e ANadY apaPIees LIajadrseand Hegmetal-to-metal
seal, thereby setting the seal. In addition, a retainer rin’ﬁ]&nay secure the seal assembly in the set

position whil& Hig¥Ba IS8 @R d TEIRA #5032 HRRE. & 1HPINGISA0 8l sfrafCaRINHISPR e an
embodimentpica AR ERIr24rasHONSHRIY hnderdiseispachsiay naRga) MPre mairlrpmetal seals

may be employed throughout the system 10. The illustrated mineral extraction system 10 may be

configured td &XMAIVEHEIGORREFQYICER) AL AR RURIRLL ihaNiriG ¢R-ea®BEhs (e.g., oil and/or
natural gas) J&QIpds eneiie distrifiest sepEiRNses BuAtibERRITls BEaREHemiastiments, the mineral

extraction system 10 is land-based (e.g., a surface system) or subsea (e.g., a subsea system). As

illustrated, t&eAGR%h 'R iROLBXTBRIRIINGAS 15 RBRIREPBRPRINER RpBERIET A a well 16. The

well 16 may ingiugiescaviedheadhisisehdiéatranvaldpinretdfg Boe Wetbaathturadsuaraatally includes a
large diameter hub disposed at the termination of the well bore 20 and dg&iﬁged tg.connect the

wellhead 12 f£HRPheR 161668 ATHEMRANRAHAS RAPWRRR dS St BRASHISRAS control and
regulate activiigsepaltaendsions agansiatedwatihgriwell 16 oiesexabaterisetyvelieadsl2 generally

includes bodies, valves, and seals thEt route produced minerals from the mineral g?ﬂgosit 14, regulate

pressure in tFe (g SESIGTSN|BE R ARIIRYIBRINGR R ARY RSHRRERRARY §h 3RS M strated

embodimentiothereelingathd veithedes v2hahia eptng walitHefeippdetiag aéihsistmas tree 22
(hereinafter, a tree), a tubing spool 24, a casing spool 25, and a hanger 26 (e.g., a tubing hanger

and/or a casj0Q18ingemhé heesyzPegei€r atgyinoitidde atheridgvifdothaizane ¢oypldbtedhe wellhead
12, and deviggés tha&.%re used to as eTbLe and co .troltvariOLﬁs%) onents of thﬁéw?{llhead 12. For
example, in ViGstae ALDGMME) ,St L 8&&% " ﬂm‘%NXS s 8 tdH28% Qﬁgn & a dril string
30. In certair22 mzydmetuds, dfecioe Rf2ins|didbps seclabing tadldbdiodyoweima-(eqp, run) from an
offshore vesse| to.the well, 16 and/ogthe wellhead 1 other emhodjments, such.as surface systems,
the tool 26 AR L LA LOIRB S T Do S o T N e e AR = crame o
other suppontity thevigell [061F]dhexaeepk? denéed\2hoichletea udredyboird @2 .paths (eg., bores),
valves, fittin%s rar%dzcorntr%s fc%r 0 e%ti,%%. “%e w Il 16rkForrinsrtanc$? rthe treeh22 ﬁha% include a frame
that is dispo gdea 50 31 eeesb8d§,oa 0 '-?oo%, (\:'¥8at8¥se, M Q/%\Peg?‘Falflt%eﬁﬁ e tree 22 may provide
fluid commuimeatiionvathidbks et fite vetled@ritpanibetiveecf 2andusiedemieal baneo3ReThe tree bore
32 provides for pletion and workaver procedures, such as the insertio tools into the well 16, the
niection of VAL CHBM R e o ol et Th G S AR R TE ML TR 8288 ror the e
16 (e.q., oil aamdi meztiunézl| qpees) mmeay tbe nesgyul ksl @mdi nowiksd! v thes thee 22. Feolinstsaceethe tree 12

may be coupled.to a j er or a flowling that is tied back.to gther components, such as a manifold.
Accoraingly LU B e e e S 8 e R B R e anor tre
tree 22 beformbgingentgeslichshippimzoif athraectadilitglg, protwedtpresaiteild®@d@NB1 may also be

Valves, TGl QeI ARe O S AR f e B e R b o an
unintentionatostedsio shippsxuce stosiagsy&apitdesirddaondidohpreventer (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 oll,

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



[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 ve¥0I W ¥0pfdé® system. The tubing spool524 includes a tubing sB6dIBB%A % He tubing
spool bore 34 connects (e.g., enables fluid communication between) the tree bore 32 and the well 16.

Thus, the tukiRG&POCT RETRISHINBOBIP4dAAGEBSSAILBIRYGHJI SO 37 VPR ysKAgPletion and
workover procedures. For example, components can be run down to the wellhead 12 and disposed in

the tubing sFPOBEY 8 BocaBnasisie ek PRPESHIU FRBIMURHRRHAR RRIVRSDIEN 8 SR pend tools
down-hole, tgrsrizvariaalssdnunelerians sefeitin{POasthosvl e way primied. degexg!l bore 20

may contain elevated pressures. For example, the well bore 20 may include pressures that exceed

10,000, 15,0606 WL P2 G5O BOURNS Y5 SGRAPEGRRNGH LR KRXBT dRFRFF AE P&l extraction

system 10 mapaAipRIOYdaBerne e chaEmEnshmoser vallngadceng yalyaesgdesenirol and regulate
the well 16. For example, pluas and valves are employed to regulate the flow andﬁfressures of fluids in

various bore9'8riHRIAG RIS RRSEgHbIR Behathdha welthar dRiniget ehrmistlndoOWRe illustrated

hanger 26 (eng|etubingdprit@EiceSasing-hangan ietieicaibotsmasachoighiarbeyeaiitigad 12 to secure
tubing and casing suspended in the well bore 20, and to provide a path for hydraulic control fluid,

chemical injgobamy, andssaifobi aPpedoraeer; Bfcinadrs @ Xongsy boneads shataxtends through the

center of the hanger 26, and that is in fluid communjcation with the tubing spool bore 34 and the well

ore 20, ONB GBS o 0L RIS A el P AeY 08 BERLERS DR teShanger 26

and the tubing oy 231GE0T/ or thenaingospoolads [POA8HfulssS ircangS)illvsitaielimylgxemplary

metal-to-me%l&seal 50 known saCANHiaI available from Cameron Internationgl Corporation,
RS Al A STy

Houston, Te % BTy ARG RERKSS L 13RS SR BFe exemplary

CANH seal; seavevpiugghanhetmlde; etarmesiiamniane el s twingdihd slesaitedametbod and/or
system. As iIIlIJstrated in FIG. 2, the CANH(i al inclvﬁ%ﬁwq concentric metal rinipr]co ponents 52 and
B %, il

54. The compoeEES Y AN FaTRQYED Belfietdl LU IRd PESEUTESHISR lustrated in
FIG. 3. Compéinmrsdyréasineconaral sligrihnasgho anith & Snimetiat etgactionpensiain 52 arkbb4,

eta-to-mel AT L SUANER RABL HefioRecp aH ARG Spbes B Ubtread
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 so forth. 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. One or

more seals, such as metal-to-metal seals, may be disposed between the

hanger 26 and the tubing spool 24 and/or the casing spool 25.

[0018] FIGS. 2 and 3 illustrate an exemplary metal-to-metal seal 50 known
as a CANH seal (available from Cameron International Corporation, 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 50.
The seal 50 may be disposed in an annular space between wellhead



components, as described in more detail below. By applying axial pressure to the seal 50 (i.e., along
the lines 60), the components 52 and 54 are pressed_together and expand radially (i.e., along the lines
62). The radiP @XHHAN$IN of the ring components 52%nd 54, as well as the RighURE0210895etal seal
between the components 52 and 54, ensures a secure metal seal between wellhead components.

[0019]FIGS. b pbissists uaripichanRs iIPhrAd R AIMERGe B NRpPRRBcRN I da6 @isslosed

embodiments. For example, FIG. 4 is a cross-sectional view of exemplary wellhead components. In

the illustratel8rABBURACHE: aReBPAEEHBE &), NG RRRPIERHERRBINAAIXENRFSRRAY be installed
through the Rf3BtRdra1aY ek 3dnenariAf JisLosrshiy the IFasinspspol 2Padinihs hsiiareds

embodiment, the BOP 31 and the hanger 26 are coupled together via a flange coupling 85, although

other technidB@<IRS COMPRTPIHE wefichare G peribAth Y BIRFALIRMSRESRA assembly 76 may

be run into thehangetbderbvepts Winkhtea! 3asgerletsicarupeesl rseainginesns. In the
illustrated embodiment, the lower running tool 86 is coupled to the seal assembly 76 via one or more

set screws 8YCHIRAGRIPRANGAL ool 88 may be separable from the lower running tool 86, as

described in detai ow. [0020]In addition, the lower running tool 86 may. include a hydraulic

mechanism @ﬁﬁ&pp@/’yﬁisﬁé 'l@‘ﬁ&@?ﬁé@ﬁ'—%’%%% I%@F"?’H%ﬁpﬁ@ﬁﬁ@%@bhmism 90 may

include, for exsovrRianadwatiatiie i 824 rompoaitehtBuiconaxam g oRlGed (o apptgpressure to an

exterior of a tool body 94 and a movable piston 96 disposed concentricglly around the tool body 94.
T S oS R o, 1 A le

The movablc—?%%'t%'?] g'%)g’ FNRES QLRSS ot té%%%diment, the piston 96
and the sleegenB8dimagrieasiagkssempinza].iddiadimviidasitavio 9o del SEcurey to the tool

body 94 via pne or more removahle fasteners 100 (e.qg,, cap sgrews). [0021]As illustrated in FIG. 4, the
v runninGRORP RS B 0B e e SAACLR BP9 S RS SBHch SRS Kol 85, The
upper runnirgpteas) 28 rhashieeillusschtod witbediemrstasrBOH 6 thindghdHeaBg¥r 28 arwl into the
casing spool 25. The upper running,tool 88 may. ther. rotate the lower running tool 86 with respect to
the hanger ZONPILARPTIRT YL LoL o SR S AR D S s LLEH bRy 96 serve to seal an
annu:ar spam?aﬁ%goeﬂvweltheamshi:gmmwl tbgeehmlgyleétﬁ.m?eﬁr@mdhmbml n to thtc)aI 3
metalto-metal seal 50, one or,more elastomer seals 104 may als included in the seal assembly 7
o temporart SRS DAE S P Qe AL 06 AT S SRS Sk R crbed i
more detail baloving(@22P6.athdihenitosinatedadsnbd dinteh4hth & seal rassengoiy ol G iy

coupled to the seal assembly 76 via one or more set screws 89. The upper

running tool 88 may be separable from the lower running tool 86, as described

in more detail below.

[0020] In addition, the lower running tool 86 may include a hydraulic
mechanism 90 to apply pressure to the metal-to-metal seal 50. The hydraulic
mechanism 90 may include, for example, a hydraulic port 92 through which
fluid may be introduced to apply pressure to an exterior 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] Asillustrated 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



include an abutting member 106 and a compressing member 108. The abutting member 106 may abut
a ring 110 which secures the hanger 26 to the casing spool 25. When the seal assembly is run into the
casing spooV252aHWa#Iking member 106 may abutgzhe ring 110, thereby SREF30ANHEF71

advancement of the seal assembly 76 into the wellhead. The abutting member 106 may remain in this

position whilgyHygdRetahio dugflsxahbl ircebras SipssabpdrRiRHsiribBelow pReareE#naly, the
temporary elastomer seals 104 may be disposed partially within and protruding from the abutting

member 106 $HEEEIN SRR ABhEE NaRI5He MEEHRAbUP 8 B iaBlRiIMEREMber 106, for
example, Via g piBraNsh| B ECaMS Biom Merdiditioin B1es 052 6a- FalphrRbBQBRINEE Fisposed

between the abuttinﬁ member 106 and the compressing member 108, as will be described further

below. [0023/KreP3ARTRIAY LEACAIBRASE 1% 31 tHE BREWGSPBBFSS AAPSUENIRG the lower

running tool #fa{gl iiehandeedPothe Wepessuypades isdvry dadisenieaged 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 [0022]9 tom 8adfbexamidascaisH0iarandagronecseenzrewmnisycreanayl-slot, or any

suitable connector. The upper running togl 88 may be disengaged from the Jower running tool 86 by
otaonra N AL 6y D oo AT A S R BT SR R T4 1oL romrang tool 86,
the upper ruabingrigah8shnay 108 netaie wedi frornie veelinters SEXREBVE Ham gepe6 nenthiag tool 86

removed, as illustrated in FIG, 5, the BOP 31 ma 0 be uncoupled from the casing spool 25 and
omoved frofF B RARRAP £V NS G SRR ThaY B8 o S DRI by Pemoving a
threaded cogplettihg/nferaber N0Y freay abbread et ghaf 10 feby. stobpitig\Witththre flange coupling 85
disengaged, the BOP 31 may be lifted axially fram the casin ool 25, as illustrated in FIG. 6. Again,
it shouid be RN AL R AT ATE A o B4 AP SAer HRAP L BOP 31 is removed.
The elastomercseioés 104 ataycontigimad thipimydtoadenilste samstalaty setingstar3bésannular space
102 while the wellhead companents are being installed and. set for use. [0025]With the BOP 31
removed: the e B I AOARL i Db e W MSTEACE 1 116 ST RSB RTIRGEEA may be
lowered intogbalsadagreppbeisposed paetialyewithimigkpob Bading frensead akadtingy 76. In the
illustrated embodijment, the retainer ring 111 may hav ternal threading 112 which cgoperates with
intornal thro OPE 3 Rotnd (SR RO 38 PR OGial (B TG DET e PO RS B ren 1o the
casing spookpuittiogaxempler; bygotatieravhie, tameiniagd-sotelativedwthdrcasidigiepool 25.
Advancement of the retainer. ring 111 into the casing spopl 25 may, resylt in abutment of the retainer
fng 111 agaSt ASRLGRP I For P L e aumi e asih o el ERE 6. secause
the metal-to-riétahskbtlcsOdmpet ssinkyaamioe préd e, val destederibbdl tuvihbe betawer ring 111 may
be advanced into the casing spool 25 via simple manual rotation, such as by hand, to temporarily
secure the sf028kemBRetorthnsptiic[60abissatoblyiBédrabdhie, chsingspoes&bgntember 108 is
capable of securing 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 movement. 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



moving relative to the abutting member 106. To facilitate this movement, the hydraulic mechanism 90
may apply pressure to the compressing member 108, As illustrated in FIG. 7, the fasteners 100 may
be removedW@ AP 1H856¢#%aulic mechanism 90, theregy enabling movementP§IHRASIRAOA8E! relative to
the tool body 94. Fluid may be applied to the system through the hydraulic port 92, resulting in an

increase in ERSY A AN A QAR hiaBresBRIPSEPERRK BB WhdMenRIBOIPOH My then

move downward (i.e., in a direction 118), pushing the compressing member 108 downward. [0027]The

metal-to-metRBRYPH0 HRPSRRAUYBRISSRIRd b ERMIBHTRAIA BEMES BEIrHdPessed axially as
the compresgifishBiayass R i PaveshApMMYBESS fodnR diEGHEMELS) BB misian 96. As

described above, axial force on the metal-to-metal seal 50 results in radial expansion of the seal 50,
thereby settiRtPtRE NEIRSRIFEANILEST 8. WSRddition, while pressure is applied inside the hydraulic

mechanism 90, the retaiper rin may be advanced further into the cgsing spool 25, thereby
blocking upvfgpéﬁjove%%tthﬁ?ﬁgﬁompég%ﬁ’r‘f&‘?nﬂ?‘ﬁH@F é?ﬂ@@bﬁ?@jﬁ%mgﬁﬁ’é’ kal-tometal
seal 50 is axigIylgsirzpeesser|Chea retaiaedinsoridd 19 advaperd dierde ipasing spemgs to hold the
compressing me r 108 in place, thereby setting the metgl-to-metal seal 50_Because the

etal 0. me R S 610U BRI NG PG B 14 QR SFECASRTN Zasitd Qibol 25, the
pressure reqlirsgaiedenut thmeptaines rirgidddrimgedinozg greas errirghltthadeaiset the seal S0.
That is, reduced force may be used to advance the retaiger ring 111 into the ing spool 25.

(0028 After G HECGEE TR YA BORETEL TR ANG, LB G410 SR Ap thE e rmning tool
86, including ¢heiryidriaiglic TeaobagrtisenciOranry dedisengapecctisimg e selad Biskembly 76 and the
hanger 26 and removed from the we|lhead. For example, the retainer screws 89 m e removed to
enable rotatBXARIE IR, 151 S TR TEGobbt 5 FAVE DESCHRIP ARORLE dreacing 101
may then beAtisangageshviof thiatiowiaadrihg loventonhingasinlg8spasiyPbentifig desxinliy away from the

hanger 26, as illustrated in FIG. 8. [0029]Additional metal-to-metal seals 50 may be disposed around
the hangor FDHTTUH RS A a0 102 SRR a SRR IR SR A LS Uil 20, 28
illustrated in i S FD&réthplecah asiditiiripl 76 etBetanetat se ah &Gl IRteyriaealispaksbd isetween the

I bly .76 apd th ' | 25 ab h [ ing 111. Anoth |-to- I | 50
may b CispEbHADINAHIE HAr) 26 SO0 RS LB AT AG SH6P54, or any other

suitable wellagednuzu potethic wagirge spsall 25 via Bieplsmgramiolatidinslactoasltgrnative methods
from those dﬁscgb od here(i,)nr mlfylsbe em%(()%yed tP set trkﬁ%éla(tgi&:onal metal-to-metal seals 50. The
retainer ring 3ﬂ,’i c'i?rm?nct% Wit the n’?&%s%?r‘? mehbe %9??? ' abutting member 106, and the
ring 110, m re that % %J] -metal se ns a %%t%?]r re set, during
operation o?ﬁggavégllhe%%i gfggé é@%o |I%§éﬁ%§8§%§eﬁ%@$§met cl)?jq o?esggtting a metal-to-

moving relative to the abutting member 106. To facilitate this movement, the

hydraulic mechanism 90 may apply pressure to the compressing member 108.

As illustrated in FIG. 7, the fasteners 100 may be removed from the hydraulic

mechanism 90, thereby enabling movement of the piston 96 relative to the

tool body 94. Fluid may be applied to the system through the hydraulic port

92, resulting in an increase in pressure in a gap 116 between the port 92 and

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



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 (bld¥R 20W)0¥4d%he BOP 31 may be removed (block 126). The retBREVAHYNAP$Hay be
installed around and abutting the seal assembly 76 (block 128). In addition, before or after installation

of the retai”‘ﬁﬁéwﬁéﬁbdh%@é@ﬂﬁFéé&Q@éﬁ%ﬂB@ﬁh@@ism&@mgﬂ B\WH'éf’{%@rﬁé%nf@Jy 90 in place

relative to the body 94 of the lower running tool 86 may be removed (block 128). Pressure may then

be applied viA%HR Agatalils foiedy COBRIBP$REviIING tiaiBrifiegslnd incrrlanaes aiviifelative to the
abutting memskgihd 4 aaePBNIEIESIAG Harrpriakingeahsesl FeB(Maskds thardbleseiangure is

applied to the hydraulic mechanism 90, the retainer ring 111 may be tightened against the

compressingRenfia- uRiAsar e BoRAIHEING MRIRIHSr 6 SR e0fPetL&icttite, thereby

retaining thetreetatdpranelagserl RO4BVARER] PRSIHRS Bl $38)I Pae ieavprdssuniag tool 86, including
the hydraulic mechanism 90, may then be retrieved from the wellhead 12 (block 134). Additional

metal-to-mef@R4GE Kp $RSY B htstgiinengigil b BerftiBRLPR AIRBLENAHIHIRHEO B ck 136).
[0031 |Whilertaesigyestiom Ry esHFsap ioled ey iod s seerii cadiascent alteraiayeifgms, specific

embodiments have been shown by way of example in the drawings and have been described in detail
herein. HowdJdr HQLRRIASNERRIRLER that the invention is not intended to be limited to the

ticular forps disclosed. Rather, the invention is t Il modifications, equivalents, and
Atcrmatves, IORAR 10 KR Ao GEURUAL PRl B S0 ABFHELPARFIA Vg appendied

claims. 11 GleAUVdl 1isYstem reanipgstng:86, including the hydraulic mechanism 90,
may be disengaged from the seal assembly 76 and the hanger 26 and
removed from the wellhead. For example, the retainer screws 89 may be
removed to enable rotation of the lower running tool 86 with respect to the
seal assembly 76. The threading 101 may then be disengaged via rotation,
and the lower running tool 86 may be lifted axially away from the hanger 26,
as illustrated in FIG. 8.

[0029] Additional metal-to-metal seals 50 may be disposed around the
hanger 26 and/or in the annular space 102 between the hanger 26 and the
casing spool 25, as illustrated in FIG. 9. For example, an additional metal-to-
metal seal 50 may be disposed between the seal assembly 76 and the casing
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 50. 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



a seal assembly configured to seal tubular components of a mineral extraction system, the seal
assembly comprising: a metal-to-metal seal comprising a first annular portion coaxial with a

second annW& 2956 3hd interfacing one another éﬂ)ng respective frusto®§Hidd280918xA831 a first
sleeve disposed on a first axial side of the metal-to-metal seal; a second sleeve disposed on a

second axialsigs ebthpoleiairhienasiatisralreesitedsamiie 8 sbidervimayhereiuéhgolirst sleeve is
responsive to a hydraulic actuation to move axially toward the second sleeve to axially compress and

radially expPRI®Fe PHBRIdNSISAIQM P SlaiResiEngIAive BRRSIGRES LAPSRFHENE of the

mineral extragEanstyRten offite hydraulRR3sHPEDaAl siaparaifffaMdhadnssalytosmstal seal,
wherein the elastomer seal is confi%(l#]red to provide sealing while setting the metal-tometal seal; and

a retainer rifgeSAYRI WRRIHR [ 30 8¥ R AR (HiRefeln She FERSRRISIMGYsIBEARRIred to move
axially in respopredQiEptREQT ERA1A1E Hartfust ﬁﬁ%‘?é!@)mrﬁﬁﬁﬁ@mwi@bﬁ‘?ﬁmrﬁ@ themeeond sleeve such
0

that the metal-to-metal seal remains in the set state. 2. The system of claim 1, comprising a tool

coupleable tORSM LRGN, TR FOUEBBIRIRFR &SN SNparesso aaetestial Wrst sleeve in
response 1o aiRHPEAY HaubBReFSOYe WhilEher8¥siae igfppind tyvrer aiukag etainer ring is secured
via the rOtatIPn%chanism 90, the retainer ring 111 may be tightened against the

compressing member 108 to secure the compressing member 108 in the

compressed state, thereby retaining the metal-to-metal seal 50 in the set

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.



12 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. 5. The system of
claim 1, comprising the tubular components. 6. The'system of claim 5, wherein the tubular components
comprise a spool, a hanger, a tree, or a combination thereof. 7A method, comprising: positioning a
seal assembty in@nsannular space between components of a wellhead, wherein positioning the seal
assembly comprises isolating pressure in the annular space below the seal assembly before the seal
assembly is 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 aii‘ally c&ﬁ%ﬁé@@ﬂﬁ%{ﬁarﬁ@%ﬂy expanding a metal-to-metal seal disposed axially between the

first and second membess tassesiiy thensigriredsemblyantaibusat siatapoienein dheamelidleiaimetal seal
comprises first and.second annylar portions that interface one another along respective frustoconical
R AR B0

la
surfaces; anﬁXtraCE‘?R/iﬁﬁséethe{ e WItB'ER%1 motion and a rotational motion to a position

that blocks the first memberméthbteenlcrassamlgonniesing sefitsissenuldy isonidrecerebétatwitvherein the
retainer ring is coaxial with the first aad seconéi an ulfar g]ortions. 8.Th§Fmeth1d of claim 7, wherein driving
rilj{ép?

the retainer ﬁngSSSR{b‘iisé‘E'a? "hgptﬂ 'Ptaifi8 AR Wifthe ?%&BH%nﬁeﬁP@?gf’a‘?ional motion

along an intdrfatecuoagidlsuitfatks first and second annular portions.

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 extraction 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; and

a retainer ring coaxial with the first and second sleeves, wherein the
retainer ring is configured to move axially in response to rotation 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.

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, wherein the retainer ring is secured via the

rotation.



13 9. The method of claim 7, wherein hydraulically advancing the first member into the wellhead relative
to the second member comprises applying pressure_tQ a piston coupled to the first member. 10. The
method of claim 9, comprising releasing the pressur(lz o 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 spacg betwges ykidan compaments ofirerainetRé exeastien nrstensewherriiphyedsatleally setting
the metal-to-metal seal comprises axially compressing the metal-to-metal seal between two components

of a seal asSEMBRNHRSASRIHNGSN NG EAMRIIMGTNAY HeSOseasahatdiaces Sanloyued e disposed
on a first axig) sigeec|BiRyBatEivRetal seal; a second sleeve disposed on a second axial side of
the metal-tometal seal opposite from the first sleeve; and

5. The system of claim 1, comprising the tubular components.

6. The system of claim 5, wherein the tubular components comprise a spool,

a hanger, a tree, or a combination thereof.

7. A method, comprising:

positioning a seal assembly in an annular space between components of a
wellhead, wherein positioning the seal assembly comprises isolating pressure in
the annular space below the seal assembly before the seal assembly is 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, wherein the
metal-to-metal seal comprises first and second annular portions that interface
one another along respective frustoconical surfaces; and

driving a retainer ring to move with an axial motion and a rotational motion
to a position that blocks the first member of the seal assembly while the seal
assembly is in the set state, wherein the retainer ring is coaxial with the first and

second annular portions.

8. The method of claim 7, wherein driving the retainer ring comprises driving
the retainer ring to move with the axial motion and the rotational motion along an

interface coaxial with the first and second annular portions.



at least one elastomer seal separate from the metal-to-metal seal and configured to seal the annular
space between the tubular components before the metal-to-metal seal is hydraulically set; and

securing the metal-to-metal seal in a set state by thl:i ding a retainer ring axially against the first sleeve to
hold the first sleeve in position relative to the second sleeve, wherein the retainer ring surrounds the first

sleeve. 12. ghe meathedhadipigimol tiauherein hytmuhicalariEng i meinbteneneiat saahasepprises

axially moving the first sleeve toward the second sleeve to axially compress and radially expand the

metal-to-mefQfS4BFiMEIReRE JEIRIYE IAVE FSEePRb (MG BRI SHTBRESEF tRBRIMING ArERHAGISM system.

14 13. The meibashdctipietld. v erstmsesiyéng the metal-to-metal seal in the set state by threading the
retainer ring comprises engaging external threads of the retainer ring with internal threads of a bore

surrounding the seal assembly. 14. The system of claim 1, wherein the retainer ring comprises a

threaded intaface qopxigatmibathss foisimnd, seseipisieg ieseabind ieemsideslipd aRithe’ pisienein driving
the retainer ring comprises threading the retainer ring along a threaded interface coaxial with the first and
second annlﬂgfebg?ﬁ(ﬁ%’.‘l assemblyis 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 second sleeve disposed on a second axial side of the metal-to-
metal seal opposite from the first sleeve; and
at least one elastomer seal separate from the metal-to-metal seal
and configured to seal the annular space between the tubular components before
the metal-to-metal seal is hydraulically set; and
securing the metal-to-metal seal in a set state by threading a retainer ring
axially against the first sleeve to hold the first sleeve in position relative to the

second sleeve, wherein the retainer ring surrounds the first sleeve.

12. The method of claim 11, wherein hydraulically setting the metal-to-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.



14

13. The method of claim 11, wherein securing the metal-to-metal seal in the
set state by threading the retainer ring comprises engaging external threads of

the retainer ring with internal threads of a bore surrounding the seal assembly.

14. The system of claim 1, wherein the retainer ring comprises a threaded

interface coaxial with the first and second sleeves.

15. The method of claim 7, wherein driving the retainer ring comprises
threading the retainer ring along a threaded interface coaxial with the first and

second annular portions.



