METHOD AND SYSTEM FOR SETTI NG A METAL SEAL CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clains priority to U S. Provisional
Pat ent AppDi20Eise439No. 61/ 1 14,961 , entitled "Method amdT@sse0em5dsot
Setting a Metal Seal™, filed on Novenber 14 , 2008, which is herein
incorporated by reference inits entirety. BACKGROUND [0002] This section

is intended to introduce the “%EEE%% spects of art that nay be
_ jon, which are descri bed
g BEAE to be helpful in

related to various aspects_qf
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assenbly through which the resource is extracted. These wel | head assenblies
may include a wi de variety of conponents and/or conduits, such as casings,
trees, mMapACKAROWVWND the like, that facilitate drilling and/or extraction
operati ons.qp[ 0004] The wel | head conponents may be coupl ed together, for
exanpl e, 100021 f|HHgeeelupisiingndad radtrasticedba neadeyrto(varaue Aspectsr om
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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



In addition, it nmay be desirable to enploy a netal-to-netal seal (i.e., a
seal wi thout el astoneric conponents) between well head conponents. Metal
seal sar e Wel2brmss43ed to wit hstand hi gh 4 enper at ures and Pprassem®s9s7t her mal
cycling, and harsh chem cals. Accordingly, it nmay be desirable to enable
seal s between the nponents
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| i ke characters re resent art.s throughout the figures, wherein:
[ 0006] FI @alrita"gn% BSEIe mth&etgﬁ]vyelﬁegpr ating a mneral extraction system

in accordance with an enbodi nent of the present invention; [0007] FIG 2 is
a perspective view of a CANH seal in accordance with an enbodi nent of the
pr esent iB\FHEFiIDESCHDBTBEDNIOEETHE DRAWINGSs- sectional view of the CANH seal
of FIG 2_taken cg,pafellne 3-3; [0009] | GS. 4-9 are cross-sectional
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art 0 or
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enbodi nent, of th resent. inventio DETAI LED DESCRI PTI ON OF SPECI FI C
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actual inplenentation may not be descr in the specification. It should
be appr ect(%daﬂ t 'ﬁb '2']stahr?erspectrve 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-



devel opment of any such actual inplenentation, as in any engineering or
desi gn project, nunerous inplenentation-specific decisions nust be nade to
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seal, thereby setting the seal. In addition, a retainer ring my secure the
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enbodi nment s, e mneral extraction system 10 is | and-base
surface st efimer (g.gs vissady(muic, mectrarseanmysdaa)y. cokspidsk esidrratedly t he
system 10 includes a . -
y expanc&J ’%e 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



wel | head 12 coupled to a mneral deposit 14 via a well 16. The well 16 may
I ncl ude a well head hub 18 and a well bore 20. The wel |l head hub 18 generally
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run) froman offshore vessel to the well 16 and/or the well head 12. In
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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 tree

bore 32 provides for completion and workover procedures, such as the

insertion of tools into the well 16, the injection of various chemicals into the

well 16, and so forth. 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

components, such as a manifold. Accordingly, produced minerals flow from

the well 16 to the manifold via the wellhead 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 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



the tree 12 may be coupled to a junper or a flowine that is tied back to
ot her conponents, such as a manifold. Accordingly, produced mnerals flow
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before being routed to shipping or storage facilities. A blowout preventer

(BOP) 31 al so .included, . ejther a art ee 22 or as a
separat e agsjg% ﬂﬁgﬁﬁ@ ‘392C4O'H§‘U§1P3c?ftu§' $ lPOBGF%f}aITth@st b'[nlgttlngs and
cont rol s LQognRYENA Qirinecte. g ObnAbIBSTIuId infunéBK dcnGeh PMatRld 0. the
event of anh unintentional release of pressure or an overpressure condition.

[0016] Theoraub? agdsheaiell2h. pFlowd, des tubibgspodidroretdd maygrovde Bgpesal |y, the

t ubi ng sppo f man nents i n modul ar subsea or surface
mver - ofniheadel RoB 20 Bir VARt SBMREORT Brd B R W Bt BS cBobl or
surfacesyék leTRenipdPieRts 6a0BE rdd dbel tadrs walheal e m%p@%cﬁln34 The
t ubi ng spool bore 34 connects (e.g enabl es fluid conmuni cati on between)

the treo B bR spepl e ddito S@al oﬂrmgwetl bere g8 h@gnwb@memmaés dawRay
provi de ageRS%, gl?)ﬁé?’l%‘ t‘6‘8|§ d&% ‘Fwo?e? tb P&tri% é‘tc?cH§ dg cflé %ﬁbl ag¢ r’ﬁ‘?r kover

procedures. "For e nponent's™ can e run Ihead 12 and

d d t | | ff th | |
i hfggtsech@hﬁifs '%%Wﬂﬂ%ef 58&{68'3335 g'ﬁd'v? B@&% Wytﬁﬂ%ﬁﬁ eée\fag?(sl eve tooI S
down- hol eprededre F@(ré*hmﬂ)lgoﬂﬂa]wéﬁb@té o h?ayam@ru@l@lpab@@hreéfﬂﬁat@hbeaore 20
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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



that extends through the center of the hanger 26, and that is in fluid
comuni cation with the tubing spool bore 34 and the well bore 20. One or
nore sealwp 20u0is6438 netal -to-netal seal®, may be di sposedThstwessmsrhe
hanger 26 and the tubing spool 24 and/or the casing spool 25. [0018] FIGS.
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CANH seal ; however, other netal-to-nmetal seals nmay be set using the
descri bedtagetheycarghexpandsiasiiativ (i.as alanqutberlses©3) n TeGada| expansiamef seal

i ncl udes fwo.concentric al .ri,ng conponent.s, 52 and 54.. The_conponents 52
and 54 m AT CEoRer TS Ang hy ot RATeE BRobet il oMot SBef Lot raced i n
FIG 3. Cpawlddieihieadompdnisiit® 5eemacsd, chsufera $eblreameidd8canbétieehi ng
conponents 52 and 54, respectively, may enable the conponents 52 and 54 to

fit togetWethead goMpREEY®-t ogether) to formthe metal -to-nmetal seal 50. The
seal 50 may be disposed in an annul ar space between wel | headconponents, as
descri bed[0019}or &7 16S. -9 illistraie v@Bjouspgibps ey setiing apnelessea ino t he seal 50

(i.e., algng the lir 60) .,  t he coppgnents and 54 ressed toget her
bnd expandCiatinges Yfiing dscipest STRBOATILE. 23; 8Némale 36, E3 R on of t he
ring conpeseivral bwastemplasy wellhe@scompohémiBt INBhd|IlubPateet al seal between
t he conponents 52 and 54, ensures a secure netal seal between well head
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! ! ! . - g e M
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crosssectironal “view of¥exenp nmponents. strated

enbodi nentpodl 25 aln thssirsdlayed émbodirhercti, (i BO® Behad-thehemyet 26 50, may
be install ed throug{h the BOP 3 1 around a hanger 26 disposed in the casing
spool 25. CPWPIEHAOGENALYIRA BRNISERIR!INERY, altheudmetherieehiaueeitanger 26 are

oupl  ng. P T oot BRSO s ERT 0= 6"
may be run into the hanger 26 by a lower running tool 86 coupled to an upper
running tool 88. In the illustrated embodiment, the lower running tool 86 is
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



may be run into the hanger 26 by a | ower running tool 86 coupled to an
upper running tool 88. In the illustrated enbodi nent, the | ower running
tool 86 iwocouwplsedsto the seal assembly’ 76 via one or MPCE/TGSRM09969861NS 89.
The upper running tool 88 may be separable fromthe | ower running tool 86,
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exanple, a hydraulic port 92 through which flui be introduced to apply
pressure tomatalecaéblopnedr mareelasionyr saaland4amay e e pickudsad 96 di sposed

concentrigcal Ly ,around,t tpol body 94. . The vabl e pi n. 96 y in turn
2ot on o st ESSRRRLLTSH Bmed Rt aiE B R EPSeh OB REIR 88 and ¢ he
sl eeve 98nmyl-toematasisbal 50 ROSHOAS Bbscriberl intvalk Geotall @eiav.98 may be secured
to the tool body 94 via one or nore renovable fasteners 100 (e.g., cap

screws) . [dB24] AR ddditlbr oah8Sehls 58 Shd404, iHtesdPWREcHBYT@ 00l 86 may be
coupled to the seal assenbly 76 and the upper running tool 88." The upper

runni ng t swluddBamaputliegusebes 106 @andrecemaressygemenyoerd G8hrtggh the BOP 3 1
and into the.casing,s 25. The u rL~running toaol, 88 nma n,rotate the
over r unRPRG BaareBP 1P AL andc HBE T peiEh e B8 g RelBpee Bt Secure o
t hr eadi ngcdéindtshebrem. Wi $eadeatasssmbly i€6us aity dke tasingapoan2snhel ar space
102 between the casing spool 25 and the hanger 26. Accordingly, in addition

to the nefBvitiog memar” d8aimaoabuibe singnbiCs teeraby siRrPiR@MIEET04 may al so be
| ncl uded gaﬁéerﬁbgﬁrﬁ%[ofqﬁégggﬂ Xﬁs?egrbﬁlf 7%?%%%3/\'/%%%89'%??%&%' ar space 102

before th met al” "Sed S se escCri be e detail

bel ow. [ Of@2hbdrmi GEldialiremaimirt ihis pesition dbilanice tixtal-tohecttabalsG /bl y 76 may
I nclude an abutti n? mepber 106 and a conpressi ng nenber 108. The abutting
menber 108€ay dasGibed i mgra detajhelews AGGPEINgINethedRFICr2Y §18SPA¥r casi ng
spool 25. I ggosferg)é ] ol ofp ' t he
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member 106. The compressing member 108 may be movably coupled to the

abutting member 106, for example, via a pin-and-slot connector. In addition,

the metal-to-metal seal 50 may be disposed between the abutting member

106 and the compressing member 108, as will be described further below.

[0023] After running the seal assembly 76 into the casing spool 25 and
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



advancenent of the seal assenmbly 76 into the wellhead. The abutting nenber

106 may remain in this position while the netal-to-netal seal 50 is set, as
descri bedworormsessdet ai | bel ow. Accordithgly, the tenpor &cy/uskaonsser seal s

104 may be disposed partially Wlthl n and protruding fromthe abutting

nmenber 106. e 108 be anabI t he

Sbut i ng. RaietRat B meE el deta) saaL S oERey Vadh e E0F 51 1e

addi tion, rdhgvdet the ePadiEhal sé§|§|1ﬁ%r@%nﬂ@u@oﬁ@%dud@%d@%@ d he abutting
menber 106 and t he conpressing nenb 8, as wmll be described further
bel ow. [ OGZBporafry eealingnior ithe ah@ulsearba@m@&wweme Mmlbeadneomnﬁgt$pool 25

and securing, t.he.l (4549 ni toal 86 to the hanger 26, the upper running
tool 88 nﬁ&FgB%'”Si'@m@%% gﬁ%rtuﬁg | ower runni ng tool 86 and renpoved from

th Il h Th bI | ed
to the I oﬁﬁﬁsaunﬁfvab%%%%éﬁ’prg%ﬂvé JegitactioTietd] Sl 56 GAY b tonnect or
such as aadiifjsRatecin ARY ﬁ%?é‘tﬁhﬁer?ﬁ?@nﬂqt Py LENBWRRE 16 wwgngool 88 may

be di sengaged fromthe | ower running™tool rotati onal novehent
fol | oned bpoehdSahrownddhe fawerlponing @ehg&gndghé :seai ammbﬂy\éﬁ rloding ng t ool

th t 00| b f th 0024
Win the TStalelhBuiSt: ReeRindvuts L Ml bl Ferdfls 14 ne aop 3
1 may al sahhh cotperatesdvity Fhlf@ﬁwbﬁth@@édlﬁ? 19B90khe2Baging sb@fm@dThéom t he
wel | head. For exanple, the flange coupli 85 may be uncoupl ed by renoving
a t hr eadetPtaGgpriag 11107m@ét@erefqerh@ta)ew @ther@map@%aaﬁb farog (e.g., a
bolt). W f lifted
o al iyt ERAPR, by 2BREGRY Bho Pfaftey ShBT00RR el BnE thaosodRY2Rs 111 ©

shoul d bepatadcdrhait cbfhhemenaaierrmgm 1 torticatasieglpdd IBmayaesnls it when t he
BOP 3 1 is renoved. The el astoner seals 104 are configured to provide
adequat e ?BH%‘Eﬁrﬁr%f t@%é@taw&rrlag t'Heagaingh aphayider 1Hon CEMPRSSNEY | head

conponent g 4fse S“Sf ﬂh@%teg]'l hsea Q tBégéuééstﬁe rﬁQ&?—-ﬂ mtalsddngpROP 3 1

removed, the netal-to-ne e set, as | ustratedln FIG 7. A
r et ai ner sehgahyﬂiramly messtwweasadesmﬁtmct belowatiengetainer ring 111 may be

advanced into the casing spool 25 via simple manual rotation, such as by
hand, to temporarily secure the seal assembly to the spool.

[0026] As described above, the compressing member 108 is capable of
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



spool 25 around the | ower running tool 86 and the seal assenbly 76. In the
Il lustrated enbodinent, the retainer ring 111 may have external threading
112 whi chwocopersatses with internal thréading 113 in t he PcadispgInpsol  25.
The retainer ring 111 may therefore be secured to the casing spool 25, for

| e, t at f th t 111 rel a t h I
25 hav anBIAYERISTS 7 THECoRBERSSEI PP 1% Ao B0 e aRIang may

result i nrr?é%!té@ll“éo% a&ﬂéﬁy b@ﬁfﬁr@ﬁed *tﬁtgrétéﬂaeﬂgﬁg RS |§a%ib§Héé’cFTnté% 0“ the
conpressi ng nenber t he 'seal assenbly Because the netal -to-netal

seal 50 i sasisg sppal ZEEyttr huldutbe;@omawng a@erdberci®8)éuplaeeomerabyeset@mgu ner
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noving relative to the abutting nenber 106. To facilitate this novenent,

the hydr amqtﬁreﬁé@wugqﬁfwew;)%ww ¥ 1 pmessincs begrepterenglt salFagehenber
108, s st Boedri) i€l dog 6 131 60RESA OGIRYc el BRSO ¢ e

hydraul i c anism enabl1’ng” novenen rel ative

to the to¢h1hﬂdyhééasiﬁbwpdohas be applied to the systemthrough the
hydraul ic port 92, resulting in an increase in pressure in a gap 116

bet ween t [g028)rt A¥Rarang rbial--Ficel <26 50 heset icPtheSetdiper imen1 ve downward
(i.e., in adirection 118), pushing the conpressi nP menber 108 downwar d.
1§

[0027] Theeewredl thedowet suNniee tod G6dinghisiag theehydsan mechaniset 80106 and 108
(e e ARgtiadod Yolf il el BOROEBE T aME R hadddi A8 AR Ve i ¢

e., in dirrec e prs above, axi al

force on tdreoved abmmerWéIHieaaleaFForEéi(amelm r'efaum@décﬁéwsmanay@e of the seal
50, thereby setting the netal -to-netal seal | n addition, while pressure
i s appli eEFMAGHP enrbIgyeiaHANof thslonwahirdRnioe, ’[0@|}<§;§ WD ZBFRACLIP HF 111 may be

advanced t t I r dnovenent
of the CO%%%I&}?P%H‘%Z%Q%&@?&%@g?glrr#éfthe%%éﬁr@én éé)%%’%lgrp%%}r@t al seal 50
i s axi al | gnd dimp toexegadnninigdooled@magrbe liftey daXizlly awag\ieome dte hangert 263

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



casing spool 25 to hold the conpressing nmenber 108 in place, thereby
setting the netal-to-netal seal 50. Because the netal-to-netal seal 50 is
set bef orworhs/sessai ner ring 111 is ad¥8nced into the casirug2eposis7e5, the
pressure reqU|red to secure the retainer ring 111 need not be great enough

t I t I hat d d th
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seal 50 i pefefpb opBftet Wm%tdll%ftlah%‘lﬂthé teigindh rihg 1%09{@1@6@%@3'19@%&0#@' ng tool
86, including the hydraulic nmechanism 90, "nmay be di sengaged he seal
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and/or in 1 e casi ng spool
25, as ilfﬁ @rsae{éggb%loéﬁg%%b o er‘)éggﬁ're @%gﬂﬂé‘&? Wg c?al -tonetal seal
50 may berrcbwansamb,emwaetamérenmyahmem@hght‘éﬁearagaﬁr’rmm@su ng spool 25
above the retainer rin 111 Anot her netal -to-petal seal 50 n%% be d| sposed

around t hEORBRRSINGBICAMRR e 4o sacare G EBPIPSPRI MREQIDIORYNS
any. other csiichadien deld iRados ABRMRIthe MRYAING MAS! Soai%h Atk et casi gg Spoo

25. Sinmilar oOr alternative romthose descri erein my
enpl oyed positien (blbek 488). thedadwemUahwtgdoan@,llnsledlr@ the.hy@rsulicet ai ner ring

111, i i t th th th tti nb
106, and TRSTATISST B90m o ehe PR A em o BeUneah! b ReR Jahl 50 +ommi ns
copr essefaapiofal RRKANS!RePLeald € Mty 99,66 ﬁwbmgs%ddhremd 10. [0030]

FIG 10 illustrates an exenplary neth 120 for setting a netal -tonetal
seal , as Wellbgad somgonanisl (BBCk4L3D). | n the illustrated method 120, the seal

[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.



assenbly 76 may be installed through the BOP 3 1 (block 122). The upper
running tool 88 may then be retrieved through the BOP 3 1 (bl ock 124), and
the BOP 3w 2neyoshsor enoved (bl ock 126) 11The retai ner ri mgTABL00M@59871
beinstal | ed around and abutting the seal assenmbly 76 (block 128). In
addition, before or after installation of the retainer ring 111, the
fasteners 100 securing the piston 96 of the hydraulic assenbly 90 in place
rel ati ve CLAIMS body 94 of the | ower running tool 86 may be renoved (bl ock
128). Pressure nmay then be applied via the hydraulic port 92, thereby
nmovi ng the conpressing nenber 108 down relative to the abutting nmenber 106
and conpr ssiggfﬂﬁgﬂﬂegﬂppﬁﬂﬁﬁtal seal 50 (block 130). Wiile pressure is

applied to theshydr asddhibROMAGLDA BQed AU &IMSSNdrts 9f dkAinBRy be
ti ghtened agai nst the conpressing nenber 108 to secure the conpressing

menber 108 in the coxpadiesysiernt he sdadasbgmbbtcimpriginghe net al - t o- net al
seal 50 in the set pasition l.ock,132).. The Lower runni t ool . 86,

Thel uding 't ho. hyar aBi e e RigtR SR B0 i iz 3 Bhp AP RO AT he

wel 'head 12 (bl ock 134). whtld sesomal anrfiad dpcsrﬂomahalin@e@bmg@wé@mﬂh@r
installed, as well as additional well head conponents (block 136). [0031]

Wil e the invention may BENgUSERRE!VE! fusiocaniealssiagssi fications and
al ternative fornms, ’39?&'&% eegig géé@gﬁ%ﬂ@ﬁ’%igpﬁﬁeﬁﬂ)@n@ 148¥m 8 €Xanpl e
ed 1n defal

in the drawi ngs and have béen SCri herei n. wever, it
shoul d be under st ood t hateslhe i nvention is not intended to be limted to
the particular fornms disclosed. Rather, the inventjon is to cover all

modi fications, equi _@a’ﬂeéﬁf‘@?'%ﬁ_’{& HPRRSRN @é@cf)ﬁ‘f’ Iaix%sﬂetq’fithem%t%pi rit and
scope of the invention ag, dgfikned Béﬁ%%]?é fr Gl tﬂ@‘fi’?&d@%’%\ﬁéé‘g\g%réih%?; CLAI M5

1. A system conprising: a seal ass y configure tubu
conponents of a m neral ©&odiskeveos ragminsive tbreehgdrallli@askrbioy tcomgyel si ng: a

TELon o o port s on B Rufa A s BROY s R3p o O BL "
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.

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.

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



al ong respective frustoconical surfaces; a first sleeve disposed on a first
axial side of the netal-to-netal seal; a second sl eeve di sposed on a second
axi al si dgoabiwdsessoet al to- netal seal dBposite from t hePrirfustomlossoe,
wherein the first sleeve is responsive to a hydraulic actuation to nove

ially touward_th 1 t I d radjall d
The-motal 8t o- mPAICYEER Of RegT . seeral e V& PV BO BT REOTIE  conponen s

of the m ggsal a%hlbéﬁtal #8e S4 g@mbﬁ{yﬁoﬁqhgﬂe@sptoner seal separate fromthe
metal -to-netal seal, wherein the el astomer seal is configured to provide

sealing while setting the metal-to-metal seal. 2. The systemof claiml,
conpri si ng- a t ddnethedpreawrieindgs t he seal assenbly, the tool conprising a

Pvar aul i o pr osar RS e SEBma r°dn e b FRRRT o TalBfiar s i ng
configured to hold bhe wdllhetdswhensin pdsifosingithe seat AssersipleconiriseBe second

sl eeve such that the netalto- nmetal seal remains in the set state., 4 . The
system of claim 1, (FeEtEOPEREUMRER AN BRDHBE §PacR RPlo¥bIREr$ask 3SEeImb Boncentri c

nmetal rings having p%@é‘ﬂ?@éﬁ%ré’sﬁe #é?”%r?@' surfaces configured to
er. b. of

slide al ong one ano e Sys aim 1, conprising the tubular
conponents. 6. }ﬁmraﬂjjsalkymd)}fanclr@ atrflfst nvmabeliofmbeseaw%anblqomdhent S
conprise a spool, a.tree, a, conbi nation thereof. 7. A nethod,

Comori i ng: bost 11 oMPNBSA kv G5 s8R Fredmbel fna sea e i meon
component s of a el Ligagn rRRIALAIPASIAGAY b HRERAReEsRRlos conpri ses

i solating pressure in the nul ar 'space bel ow the seal assenbly
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 assembily 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;



before the seal assenbly is set; and hydraulically advancing a first nenber
of the seal assenbly into the well head relative to a second nenber of the
seal assewblzgio/shspei n hydraul i cal |y advancing the firsPCRaISR@O/06BADri ses
axially conpressing and radially expanding a netal-to-netal seal disposed

axially between the first and second nbers to position the seal assenbly

"o o sor state. 52 SPRANSlHRYE GEORS o 8 SecORp ARGl RgRralghE aiAL o

retainer ring against the figisitsdBRBBEbsI fréMans et AssriTRing whil e the seal
of i

assenbly is in the set state. 9. The nethod claim?7, wherein
hydraul i cal | y advanat legst bre tlastameeserirsepataie thigen Weg mMedaldorret@l i ve to the

second nenber conprises appl.yi ressure t piston coupled to the first
renber . 10, he met hoa orod AFRIEREIT sl Re BBLEY sERRER M ure 1o the
pi ston after the seal asgrRMAbYldreodfsonedts béfotd ehshictattdtmetal dealhs et hod,
conprising: hydraulically setting a netal-to-netal seal disposed in an

annul ar space between tuBydraulied ents of a mineral extraction system
wherein hydraulically setting the nmetal-to-nmetal seal conprises axially

conpr essi g th?h@%ﬁ@b&%%ﬂiﬁlﬂs ercrg]t Quﬁd‘éfﬂy%,g%ngt“tgﬁfrﬁet%f-t L seal

assenbly, wherein't Seal asseribly I’ ses: o-netal seal; a
first sl eenataldemposeiricas axiaily snovixg tie Bistisleel e tdvwantethal sacondetiedveseal ; a

second sl eeve di sposed on second axial side of the netalto- netal seal
opposi te 1a SAlHEbTPrEs S1berANpae the Rusebfmela s aaio S separ at e
from the ggfi@lebvdR) il t8Ba@lar BfhpeRBhIIMTRE niferf @kirkBforRBydibAY, Space

bet ween the tubul ar conponents before the netal-to-netal seal iIs

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 tool
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
therebetween in response to actuation by the hydraulic tool.



hydraulically set. 12. The nethod of claim 11, wherein hydraulically
setting the netal -tonetal seal conprises axially noving the first sl eeve

t owar d t hwosemmsesssl eeve to axially coffiress and radi al lPgT@sp@m@seshe

netal -to-netal seal into a set state reI ative to the tubular conponents of

the m t t 13. The d f
securing fhe mPAIVEBME! SRTEdg: Wherah 4BE MA@ el SOR GBI acnpr i si ng:

a hydraul ¢ afd%ﬂl éx@yavakpoh é’)@&l%cﬁﬁ@e‘é To?n fhr& bBSorh a sealing assenbly
removabl y c[)upl eabl' e tgﬁit he hydraul i cSt ool , rt% seal ﬁ?gsee;[sserrbl y

conpri si n% a netal -to-netal seal confi gured to be set by the hydraulic
tool in anBannd systeypacempesingen tubul ar wel | head conponents; and an

the seal | ng. asBano DERFhrRolBe) S Bl 3 ar Roslb e M A i@ o7 em
of claim 14, conpribefveeh tubURr vl head EobRifrieats, emletrmﬂm%w& the sealing
assenbl y such that the netal -to-netal seal renmains set en the hydraulic

tool is renoved. 1600mﬁ€3@93t em of claim 14, wherein the sealing assenbly

conprises first and, %S@m TR a@f@ﬁjﬁéé}&@%@g{a}yﬁn around the

nmetal -to-netal seal | ar 'space an gured to axially
conpress the netal - agistehalisposal drimefarlyedroead the toe Hpdpeadtrenaniabit i on by
the hydraulic tool.17. The IéSt em of cl atﬁrg 16, wherein the netal -to-netal

seal is configured to raf?P4l 9b|§xtﬁé%sﬁﬁ seiY: conpression, ther eby
becom ng set. 18. A;y3liRAY rifgBRULRIAS the theisy ﬁcP@énfLFﬁ&rr‘éd %Jb%@kt 0
install a seal assembly in”an”annular space between tubul ar wellhead
conponents, the running @gial 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 tool 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



conprising: a tool body renovably coupleable to a hanger; a piston disposed
annul arly around the tool body and renovably coupl eable to the seal
assenbl y;wa 20me0s6i3ag ring coupled to t A8 tool body and eomfisguweshstp bl ock
axi al nmovenent of the piston relative to the tool body; and a hydraulic
port conflgure di rect h draulic sure into sea vol u defi ned
by the oo bod) SaNemEr Seahseraey N a8 e AGter PRlp SRAL ASerHBoduct | on
of the hydraulic prgmstifiedlddiad Esnidifelts pRIVIAO sEMind RIS s8kingtRem! y. 19.
The system of claim 18, wherein therunning tool conprises one or nore
renovabl e fastenersnuﬁﬂﬂngneédsealhoId the piston in place relative to the
tool body. 20. The system of claim 18, conprising the seal assenbly,
wherein the seal assenbly conprises: a netal-to-netal seal conprising a
first annular portion coaxial with a second annul ar portion and interfacing
one anot her al ong respective frustoconical surfaces; a first sleeve

di sposed on a first axial side of the netal-to-netal seal; a second sl eeve
di sposed on a second axial side of the netal-to-netal seal opposite from
the first sleeve, wherein the first sleeve is responsive to the actuation
of the piston to nove axially toward the second sleeve to axially conpress
and radially expand the netal-to-netal seal into a set state relative to

t he tubul ar wel | head conponents; andtoner seal separate fromthe

nmetal -to-netal seal, wherein the elastomer seal is configured to provide
sealing while setting the netal -to-netal seal



