1 SEAL SYSTEM AND METHOD CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clainms priority to U S. Provi sional

Pat ent ApwbDizo@tisere4No. 60/ 982, 694, entitled "Seal Systemcarnmb20dsiohcrds, fil ed
on Cct ober 25, 2007, which is herein incorporated by reference in its
entirety. BACKGROUND [0002] This sectidn is intended to introduce the reader
to various aspects of art that may be related to various aspects of the
present invention, which are descri bed and/ or cl ai med below. This
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background i nformation to \Sgctht&T@“ﬁ%@tMETU rstandi ng of the various
aspects of the present invention. Accordingly, it should be understood that
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prior art. [0003]As will be appreciated, oil and natural gas have a
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desired BABKGROUNDr t her, such systens generally include a well head
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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] As will be appreciated, oil and natural gas have a profound effect on
modern economies and societies. In order to meet the demand for such natural
resources, numerous companies invest significant amounts of time and money in
searching for and extracting oil, natural gas, and other subterranean resources
from the earth. Particularly, once a desired resource is discovered below the
surface of the earth, drilling and production systems are employed to access and
extract the resource. These systems can be located onshore or offshore
depending on the location of a desired resource. Further, such systems
generally include a wellhead assembly that is used to extract the resource.
These wellhead assemblies generally include a wide variety of components
and/or conduits, such as various control lines, casings, valves, and the like, that

are conducive to drilling and/or extraction operations.

[0004] In drilling and extraction operations, various components and tools, in
addition to and including wellheads, are employed to provide for drilling,
completion, and the production of a mineral resource. During drilling and



[0004] In drilling and extraction operations, various conponents and tools,
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Further, the uSe of nul t| ple tools may introduce increased conplexity and
cost . that is does not become dislodged). Installation of the seal may include the use
of several tools and a sequence of procedures to set and lock the seal. For
example, in a subsea application, the annular seal may be run from an offshore
vessel (e.g., a platform) to the wellhead via a seal running tool coupled to a drill
stem. After the seal running tool is retrieved, a second tool may be run to the
wellhead to engage the seal. After the second tool is retrieved, a third tool may
be run down to preload the seal. The third tool may then be retrieved to the
offshore vessel. Later, a fourth tool may be used to retrieve the seal (e.g., at a
later time — when service is needed). Unfortunately, each of the sequential
running procedures may require a significant amount of time and cost. For
example, each run of a tool may take several hours, which can translate into a
significant cost when operating a mineral extraction system. Further, the use of

multiple tools may introduce increased complexity and cost.
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DESCRI PTI ON OF THE DRAW NGS [ 0006] Vari ous features, aspects,

and

es of the present invention will becone better understood when the
f ol | owi ngwoeb@vdses4description is read with reference tecCrius2@soorpanyi ng

in which |ike characters represent |ike parts throughout the

figures, wherein: [0007]FIG 1 i|lustrdates a mineral extraction systemin

accordan

and a1 uBFEF ingerie B o SRR BRAWMGEZE of “the i noral oxt racti on

of FIG

ce with an enbodi nent of the present technique; [0008]FIG 2

seal ,

system OEO_OB'G? NarlR@38hitk&s, abpeklsuahbiRantdtaldtithe bradsW iReritidn @rea 3-3

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:

[0007] FIG. 1 illustrates a mineral extraction system in accordance with an
embodiment of the present technique;

[0008] FIG. 2 illustrates an embodiment of an annular seal setting tool, an
annular seal, and a tubing hanger, disposed in a wellhead of the mineral
extraction system of FIG. 1;

[0009] FIG. 3illustrates a detailed view of the area 3-3 of FIG. 2;

[0010] FIG. 4 illustrates a detailed view of the area 4-4 of FIG. 2 in a locked

position;
[0011] FIG. 5 illustrates a detailed view of the area 5-5 of FIG. 2;

[0012] FIG. 6 illustrates an embodiment of an annular seal setting tool, an
annular seal, and a tubing hanger, disposed in a wellhead of the mineral

extraction system of FIG. 1; and

[0013] FIG. 7 illustrates a flowchart of an exemplary method of operation of
the mineral extraction system of FIG. 1.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0014] 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-related and



[0010]FIG 4 illustrates a detailed view of the area 4-4 of FIG 2 in a
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Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of

design, fabrication, and manufacture for those of ordinary skill having the benefit

of this disclosure.

[0015] When introducing elements of various embodiments of the present

invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there

are one or more of the elements. The terms “comprising,” “including,” and
‘having” are intended to be inclusive and mean that there may be additional

elements other than the listed elements. Moreover, the use of “top,” “bottom,”

“above,” “below,” and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

[0016] Certain exemplary embodiments of the present technique include a
system and method that addresses one or more of the above-mentioned
inadequacies of conventional sealing systems and methods. As explained in
greater detail below, the disclosed embodiments include a sealing system and
method that seats (e.g., compresses) and locks (e.g., preloads) a metal annular
seal. In one embodiment, a retaining ring is rotated into a first position and may
apply a first axial load on the seal, a second axial load is applied to the seal to
compress the seal and relieve the first axial load if is exists (e.g., seal
compression reduces the first load and friction at interfaces creating the first
load), the retaining ring is rotated into a locked position, the second axial load
reduced, and the seal is retained in place by the retaining ring that is now in the
locked position. In certain embodiments, an annular seal setting tool is provided.
In some embodiments, the seal setting tool can run the retaining ring and the
seal to a wellhead, and can be used to set and seat the annular seal. In one
embodiment, the annular seal setting tool includes an inner body, a first outer
body, and a second outer body. Embodiments of operating the setting tool
include rotating the retaining ring via rotation of the inner body, affixing the first
outer body relative to the wellhead and the seal, and applying the second axial
load to the seal via the second outer body. Accordingly, the embodiments
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wellhead hub 18. In one embodiment, the wellhead hub 18 includes a DWHC
(Deep Water High Capacity) hub manufactured by Cameron, headquartered in
Houston, Texas, and the wellhead 12 includes a complementary collet connector
(e.g., a DWHC connector), also manufactured by Cameron.

[0019] The wellhead 12 typically includes 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 produced
minerals from the mineral deposit 14, provide for regulating pressure in the well
16, and provide for the injection of chemicals into the well bore 20 (down-hole).

In the illustrated embodiment, the wellhead 12 includes an adapter (e.g., a drilling
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adapt er &%lrgg épgoldﬂ.l Hopgxample, during an operation where the tubing spool 24 is
in place, and drill pipe, casing, or tubing are being passed through the tubing
spool bore 34, a bushing (e.g., a sleeve) may be installed to protect damage to
the internal surfaces of the tubing spool bore 34. Coupling the adapter 22 to the
tubing spool 24 can block the bushing from backing out of the tubing spool bore
34. In another embodiment, the adapter 22 includes a blow-out-preventer (BOP)
adapter that provides an intermediate connection between the tubing spool 24

and a blow-out-preventer (BOP) stack.

[0021] The tubing spool 24 provides a base for the wellhead 12 and/or an
intermediate connection between the wellhead hub 18 and the adapter 22 or the
christmas tree. Typically, the tubing spool 24 is one of many components in a
modular subsea mineral extraction system 10 that is run down from an offshore
vessel. The tubing spool 24 includes the tubing spool bore 34. The tubing spool
bore 34 connects (e.g., enables fluid communication between) the adapter bore
32 and the well 16. Thus, the tubing spool bore 34 may provide access to the

well bore 20 for various completion and worker procedures. For example,



6 adapter) 22, a tubing spool 24, and a hanger 26 (e.g., a tubing hanger or
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a christmas tree (hereinafter, a tree) In extraction operations, the
christmas tree provides various fluid/aths valves and controls that enable
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tubulars, and may include various cylindrically shaped components and
connectors of the mineral extraction system 10, such as the hanger 26 and/or the
wellhead 12. For instance, the hanger 26 (e.g., tubing hanger or casing hanger)
is typically disposed within the wellhead 12 to secure tubing and casing
suspended in the well bore 20, and provides a path for hydraulic control fluid,
chemical injections, and the like to be passed down-hole. Unfortunately,
pressures may be experienced in the annular region between the hanger 26 and
the surrounding bore (e.g., tubing spool bore 34). An annular seal 36 is often
seated and locked in annular regions, such as between the hanger 26 and the
tubing hanger bore 34, to control pressures in the annular region. For example,
the annular seal 36 (hereafter referred to as “the seal 36”) may be compressed
between the hanger 26 and a wall of the tubing hanger bore 34 to block

pressures in the well 16 from manifesting through the wellhead 12. Such annular
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i nclude xay i QSHtRYY 'V\Rﬂ'aé CﬁHe‘ haﬁ@@ﬂo@é ﬁr@gp@@@ﬂhsd@bw SRNIRGAIRIS ik thBe
m neral extraction stem 10, such as t hanger 26 and/or the well head 12.

For i nstsufesea waklh y%,rfobt@/vee by. theuruﬂjalﬂajlolma@fgbe seal 3as |Imajalrmtt®@e¢f)thes

S pendeted i BBV indlfed BattSs, aha 3o e Lo S5 (o 8oL ARRRBIERT o
fluid, céea élﬁih it 6§ tdoRBSnotaBstde dlslbﬁgécg becaeemefly, dpsriBabe of the

Unfortunatel , pressures may be experienced in the annul ar regi on between
t he hangéeal & @Ay in¢lede the e‘éﬁh@f AgVey8t ole2§ andiGAsTaspOsgE\EI Pre6PEUres)lo An

annul ar - seglo APigck 158 3621 60 300,IoACkAd Jol SATHL P! BRI AR 2 BHAg2S

bet ween anger and |ng ngér "bore t'o con pressures

in the amsgehto rtlegrvwlheﬁdrmwmhearummeg amlu:lzartheeajnnafg tdetrzgaiayr beef erred

to as "the seal qﬁ%m conpressed between the nger 26 and a mall of
g tgal 2

the tubi \RYIRGHES TRV "t (s BeruSoRCL T ! tha Seabag. I
mani T est s@thridioBlas malrhdelBead é-@mrosf%%hZé”Pﬁé&} BE 1t BGA 1 186k ﬁreesélaﬁed

t hr oughout m neral extraction syst rovi de a seal et ween
concent r 86, armmmmrrd[m)mt]llmay be retrigvexlt ldrhforﬁmeatm)nmchzﬁoband hrenmrngeral

t t t t | ded t f th
hanger  ZBOSRNIE MaloinoNg, Bapioaiicant gt rorimBLan it b do fafope ™ o
vel | headgd@olifnéhts dlé‘(ﬁJstsUQ's%te‘iﬁ%ﬂd RtoBfat proviieleor V‘Qrﬁr‘ﬂﬁg tbgyftpnger 26
may be run down and installed into the subsea wellhead 12, ol lowed by the

i nst al | aan@hoeking Hee seal 384n theigriakbraitaxsiaction wsystesedl0. 350t Wamale ythéncl udes

docs. not IBclesha S diiGol Paxtiuds g oS RPRESERAI R BIR NS HoreEE ey

i ncl ude tdeickpecast asw@l\rmﬁabsmﬂéted&&traﬁéltup%é@mo@cb ng procedures to seat
and lock the seal 36. For exanple, the seal 36 may be run froma drilling

vessel tmgoae "‘ﬁdlbh@aﬂluéﬁfatésaat&résé Lé'é'&h@rg dfom e&@mptla‘r? EBBHMYetO 228 may

be retrieved, a second tool 28 nmay be run to the well head 12 to seat the
seal 36, hydraubesetingt ool 408 hetsin tadter aetdreedetd, aa tharseﬂlrtgotﬂol 29). msh;l the run

D or { aneBOgEe R s8Ring388) Ahdsbhen RluRl' inlE the Hieli 584 S the can

anount oid4pta’ barsl 320SThe hi@ralunt IsewintoiodMaods rsdcsedi iBcars anAuldy $égghand
met hod that provides for running, seating, and | ockin g the seal 36 in the

m neral B&Weset thenhangaredf aod t%ﬂ”@(éﬂ‘r@mterﬁrﬂi the fdepsrdderbIRPAEHNS nay
resoo at LB @9“%‘??@5'5?&%%922%?22 péi’?dFBSiS} F1G 21l ustrates a cross
section fHOZ%T e)ﬁrg)seath %quﬂj mc[bdes vatious components that are conducive to
seating and locking the seal 36. For example, in the illustrated embodiment, the
setting tool 40 includes an inner body 42, a first outer body 44, and a second
outer body 46. When disposed in the annular region, the first outer body 42 and



hydraulic setting tool 40 (herein after referred to as the setting tool

40). In the enbodi nent, the setting tool 40 has been |owered into the

wel | head WO 200920551s@¢ adapt er bore 32. The hydraul i c sett Pag/USO@I8/04€)14 S

di sposed in an annul ar regi on between the hanger 26 and the inner dianeters
of the adapter bore 32 and the tubings%pool bore 34. [0026] The setting tool
40 includes various conponents that are conducive to seating and | ocking

th | . 36. F I in the illust di t, th tti t ool
201 et uliBssegeTich AU ey 2% aifbnbed el seladieviinae I Tkt o o
body 46. oNEiaNof HIRABRE boty be isemBlcied 8 ErRRgetdiR fotiteta RAIRIMPATY 542 and

9 the second outer body are arranged such that a |oad cavity 48 i's forned.
| n oper agh@inread¢he refeminghipg 52 anio éhpheneer 26 éhgdnrerdinglyr4? istrotated

| mner ot o SRR SE e TR bR 2L Tet 48R HEoRTA R0y a2,

for exanptginingotiag i5t0akiafy refvahbésighd isegl 36 A alfirgt pouidoaasetiveenspral 36
into a first position between the tubing spool 24 and the hanger 26. In one

I e . e
embodi neing 1$9op| 2t apdsihei Hangeac28dedNt piee rainBPAMaNty theyy f5el Pehitiat i ng
t he seal; -t [ X I : ks [|r st
direct; oncrges nSFBRIRhbIh s dohladty The R o A BRRERLPE  F Bdlg 5o
may not loadl ardtheaseairdd mna ditrstt direatiengerg. ngrrows d 150 Trenfiest tosigioa offithal der 52
of the hanger 26. [0027] The second outer body 46 is axially advanced in the
di r ect i oft@ping,dng 50 may not include a portion of the retaining ring 50” contacting a

shoulder 52 of the hanger 26.

[0027] The second outer body 46 is axially advanced in the direction of the
seal 36 (e.g., in the direction arrows 51) such that a lower end of the second
outer body 46 contacts the seal 36. For example, the first outer body 44 may be
fixed relative to the adapter 22, the tubing spool 24 and the hanger 26, and the
cavity 48 may be pressurized with a hydraulic fluid. Continuing to pressurize the
load cavity 48 provides a second axial load on the second outer body 46 in the
direction of the seal 36 (e.g., a first direction). The second axial load may be
maintained or increased to urge the seal 36 into the seated and/or locked
position.  The second load acting on the seal 36 in the first direction may
relieve/reduce the first axial load, it if exists, at the interface of the retaining ring
50 and the seal 36. The seal 36 may be axially compressed such that the first
axial load at the interface of the retaining ring 50 and the seal 36 is reduced to
about zero pounds. In other words, the second axial load may compress the
seal 36 such that the seal 36 is no longer compressed against the retaining ring

50, and/or a gap is formed between the seal 36 and the retaining ring 50.

[0028] Applying the second axial load on the seal 36 may reduce the
resistance to rotation (e.g., friction) that exists at the interface between the
retaining ring 50 and the seal 36. Accordingly, the second axial load reduces the
torque to rotate the retaining ring 50. For example, when the is first axial force is
not acting on the retaining ring 50, rotating the retaining ring 50 may be achieved

with virtually no torque or a minimal torque. The reduced friction may also



seal 36 (e.g., inthe direction arrows 51) such that a | ower end of the
second outer body 46 contacts the seal 36. For exanple, the first outer
body 44 mu9 2b@/dssreed rel ati ve to the adapter 22, the tulpcmgsspsnler24 and

t he hanger 26, and the cavity 48 may be pressurized with a hydraulic fluid.
Continuing to pressurize the | oad cavil®y 48 provides a second axial |oad on
the second outer body 46 in the direction of the seal 36 (e.g., a first
direction). The second,k axial .l.oad e .maintai ned or increased to urge
e seal Payefih o ediged ndbeinifly o TRAREaMB aSidtieniomTine SLAIBRG TR0 et ng
on the sgahe3@qd Rgthe first direction may relieve/reduce the first axial
load, it if exists, at the interface of the retaining ring 50 and the seal

36. The @?&36 WRY tRE sBXbAY 'a&ia??é‘&g)d g%ﬁ@ﬁ%ﬁp’g!ﬁégj é@@fth%%ﬁs&ﬁééy d Afst! 0ad at

the inte of the retarning rin I'S reduced to about
zer o pouaxial lobd axtimgromthred setainireg sieg &t theiireder ety 42ys catafaces aghaen,seal 36

h th th |, 36 i | inst th t ai ni i
0. " ana) BFea 435 saiing flad H5bENEEH FRGeebar. SErIATINg fes SCRrg R Erg 50,
[ 0028] Apghy itfy@atBE FRE N iAXd ﬂickb@%bé?ﬁbrt Eﬁgfﬁ%be@&d*?ﬁsi‘fi@ﬁ%@%hfh@ain

resistance to rotation (e.g., friction) ti exists at the interface
bet ween theesealt 36 rin e rdaated @nanidckeed pasilon3whenciber skengidy axiahéorsedsnd

axial lo edyc he targue.to rotat hg retainin i For,, exanpl e,
Ahen ¢ herdrabyatce P MSaER RGO migh Pefideh e ol ol 17 rSag g a8

rot at i ngséd1B6; ot Beitigdispddrdl HOxmeatcBeehi 8ged with virtually no torque or
a mnimal torque. The reduced friction may also 10 prevent or reduce the

possi bi | bddeo?f WRAREASFEthfthd ARGYD ihtABNSAR D SdHidH, MHe 'seBEnG AxtaP férdg seal
36. [0029]Wih the second axial | oad being applied and the absence of the

first axisaleduoced dtoihey woerdshther kydradiingrassoe Bothe: ¢avityrdfeis tesitiged ri s

rotated to,.. agai thread the retai.ni,ng,ring,50 to d t.he al, 36. ,The
et ai i ngTPIASSE 1o G e el NP IR Y spR" R Ak BB et 11 on
(e.g., azsesenrdamPsi bt RAst exsmianthatfotdaangraldirdetiom of e &eahRE @ngisbocked
position when the second axial force is renoved). The | ocked position may

i ncl ude teh@, oepPasits HeM ihepaxel direpignnef amew Sdai IB@thesr walsy iheirepligidd
pr oxi mat ﬁa@ﬁé‘ of § sgﬁr 36 ‘?Ra?\flzé(ﬁéé‘tﬁé‘@e&%é“té"e&ﬁaﬁa Wi ihfd LoRabPikRY
posi tion, e second axi al force
the retaining ring 50. The expansion of the seal 36 is limited by the retaining ring
50. Accordingly, as the second axial load is reduced, the seal 36 is retained in
the locked position by the retaining ring 50. The retaining ring 50 provides the
third axial load on the seal 36 and maintains the seal 36 in the seated and locked

position.

[0031] With the seal 36 seated and locked, the hydraulic setting tool 40 is
removed from the wellhead 12 via the adapter bore 32. The retaining ring 50
remains threaded onto the hanger 26, and retains the seal 36 in the seated and
locked position. Accordingly, the setting tool 40 enables setting of the retaining
ring 50 at an initial position, loading of the seal 36, manipulating the retaining ring
50 to the locked position, and removing the loading on the seal 36 (e.g., remove
compression) such that the seal 36 is retained by the retaining ring 50 in the
locked position.

[0032] The following is a detailed discussion of the previously discussed
system and method. Turning now to FIG. 3, illustrated is a detail of a section



is reduced. In other words, the hydraulic pressure in the cavity 48 is
reduced or elimnated to renove the second axial |load fromthe seal 36 and
enabl e t WwOze@ 05364t 0 expand or at |east exert a third POTAS2008/074Te4
direction of the retaining ring 50 (e.g., opposite fromthe axial direction
of arrow 51). In other words, the resiifient nature of the seal 36 may cause
the seal 36 to expand axially into contact mﬁth the retaining ring 50. The

expansi on of t 36 is, |i d by the r.i cardi ngly,

e Sl o8 | &g dhndse. Yok "Gulifd 30| 2 i dfugd 3 Ho6RAS| 0o
DOS' ti onmR¥hAER-NT ggathat BguﬂSIeQQhéosettTﬁ&tdcﬂt@ i ﬂga éUQSte'?(onr Cf‘hbd@éklhbe third
axial |load on the seal mai ntains the seal 36 1n the seated and

| ocked p@ichagism {samwvs a Iwkan@eéldf B@ 8dedkdng ate@ve&a(werelhebotpcareul ic

The. r ot at EREEY A GAT LRkt E2Rhe S lanb ITE St Moy o o PRI dRLf < e

seal 36 temalhB%@(tIfPétGQltt&@ddb@@lﬁﬁdalﬁt@@lehd@ﬁthé\ﬁlfeit)bdtemioﬂy 4se setting tool 40
enabl es setting of the retaining ring 50 at an initial position, |oading of

the seal (oy33] maniRuU|Rk f m%tdltelrfcﬁ}o@s”ar@ ringNtha? Qs tdispdred QEJSL?tdtH%O%EérOH and
r enmovi ng the | oadi ng e seal g., renove conpression) such that

t he seal dia@edter ®fethe| frtetjoutifzr bhdy dét dn rﬁh@@termfgbe@memt,t the lbokec Ked Sdowayi on.

L ocki g WEbhar SHies S 1o Madit. & srba IRl BEeh g ori i dS shiibed 2o

The | OCké@@Jtntﬁ@h@?&me'é@sé w7, uttas c@atbpﬁllﬁrﬁet@g o’ﬁ‘th@ﬂ@clﬁrlhgfﬁﬂ Mtlsdereye 56,
wherein both are ai sposed around an upper recess 57 of the first outer body

44, and pefilg Hhad inpomplenantasy te@ taeking groone exftihat dacispesespakamd the t he
first
i <posedindt pmiEter AR HoREe26rE 33 nAs AR PERIE PG AR AL RAT e

enbodi rretstblasd?@ld\m’d suehgthéﬂthmtocknutgﬁe cansies pass@d intoche Bglagteyhorer a
simlar | ocki ng%mechanl sm that is di slﬁosed about the upper recess 57. The

outer di 2AMYEyNQOT MHRING Gontasidaiween dhe iegk ung pdrancetheradantsr edmii%nent ary
to a | ockj I QR [ (NN n b3 ofthe
adapt er %oér}gp%Z. Xe? ﬁ%l %é;?@ técjd{'(ft%OFl%gé ?i@wht F nie:aﬁg?%t b 5@%
i nward sbdmayhadt camtadtded adaptprDore88. be passed into the adapter bore 32
with no or mninmal contact between the lock ring 54 and the adapter 22. For
exanpl e, [0034] t Mhesaddkimy $leeve 486 i includeer adbbdy ohavieg el phafitsl that ishe | ock
ring 54 may not contact the adapter bore 32,

conducive to urging the lock ring 54 into the locking groove 58. For example, the

body of the locking sleeve 56 includes a chamfer 62 that engages a

complementary chamfer 64 of the lock ring 54. Accordingly, advancing the

locking sleeve 56 into contact with the lock ring 54 (e.g., in the direction of arrow

65) engages the lock ring 54 and causes the lock ring 54 to expand outward in a

radial direction (e.g., in the direction of arrow 66). In an expanded position, the

lock ring 54 engages the locking groove 58. FIG. 4 illustrates a portion (4-4) of

the system of FIG. 2 that includes the locking sleeve 56 in a locked position, and

the lock ring 54 engaged with the locking groove 58.

[0035] Referring now to FIGS. 3-4, the force to advance the locking sleeve 56
toward the lock ring 54 is provided via hydraulic fluid that is delivered from at
least one port disposed in the adapter 22. For example, the locking sleeve 56
includes a lock port 68 that is in fluid communication with a lock port 69 of the
adapter 22 and a locking cavity 70. The lock port 69 of the adapter 22 may



[ 0034] The | ocking sl eeve 56 includes a body having a profile that is
conducive to urging the lock ring 54 into the | ocking groove 58. For

exanpl e, wheobyodyieaf the | ocki ng sl eeve 56 includes a ciramftseo08a7¢7mat
engages a conpl enentary chanfer 64 of the lock ring 54. Accordingly,
advancing the |ocking sleeve 56 into ¢8ntact with the lock ring 54 (e.g

in the direction of arrow 65) engages the lock ring 54 and causes the Iock

78,8 B LA 168 S MBS AR A5h

groove Sghe Gblpott 68.! WS tHNIBStr B0 thbOdiMett AhelbckiRg sheseess Mclldda a2 t hat
i ncludes the | ocking sleeve 56 in a | ocked position; and the |lock ring 54

engaged fiist Realn®? and Risegone seak7 43vh¢@OBRicRgals Fere@dnmxateolopa@ aput, the

iy ar i FREFRL T S 8% HRREF a8y BTG P B8 fie 3 loefBa o

the adapg®r The fircPeegxPBhE, théfyécbﬁ@l@eagmlemm Bgidi thet L$d|§z§ss®d| m&gnort 68
that is in fluid conmunication with a | ock port 69 of the adapter 22 and a

| ocki ng ®@viock pait 6Bnef theerdgbiar 48 tefbg Hée@tegpmq the logly pont268 @ thele one
or nore |B%%@§ :Tt@@{ehrs%“t |ul1:{ {Hg'o‘?rec fhd *Eﬁé’@'ﬁ% p&“t‘ &d%pﬂfol%"te&%ntggﬁ gto the

| ock port e il nent ockin eeve I ncl udes

a first caaly 72 andtrmrsrmrdsthaUthﬂuldvdfwrleemomﬂeel mtﬂaﬂhe oaitamd Vid thee
| ocat ed about the gxt ernal diameter of the | ocking s|leeve 56 and on either

si de of (ORK POHAS Bbine asaptaiee AN dhe %IPWQG%HHWGAQC%'@G V€ef- 74 enabl e

fluid that is passed though the |ock port 69 of the adapter 22 to be

di rect edl0036d t hd heodackisr cagily ofO tiReludes @ rsiuasy Eegien thetiig foraedi s
directed t 6 r t.he |4y O r

wor ds, b%ltg;ae%ln mgflb ﬁg(%génetvge% otﬁ ff?é’ttﬁﬂe} phayég'\’/ﬁﬁg\{b%)F\e/%%%rhe;b I E@g port

69 of t hpreadam effa hi}dmﬂictﬂlm&j Immke@mtb thé Iadkindreaviyckd ggnetarey anxial
[ 0036] The | ocking cavity 70 includes an annular region that is forped

bet ween tFee IOBCW%nQC@P@ei}%e‘%56t'ﬁethf3|q'EQCt'QUt@rth@o%f W A5 aMETeARNGdhai ner
60. The prRssHy s Fﬁef gyé‘%\%'ilé‘qiu'ld: rf'tﬁl%(@alnw ‘?Gt@a‘bs?gttl ntl{ﬂﬁ%hg%é\% 58MbtY 70

generates an axl a ce on the sl eeve irection of the
arr ow 65mo|vecamaim figm the pnlesked eporsftlomhéseleylt':li&w)i to &llocked positiencaeety 70

h ked
(oo 11 T oM B 5 SpeS oY poaddie-fi toskndirote 88 iR g CaPebes ot
engage t B@sdlé}‘ik\lvﬁére@%%é%éﬁ rl'n@ Eméngaigé)&'ﬂ%i |(R‘Rﬁ19t g%vevmir?ﬁ% IdeReyoCk

ring 54 engages the |ocking groove 56 T'n the |ocKe osition. In the | ocked
posi t i onpositien.| obrkthe; Ingk@ﬂpast@m ngetloex Heg l5|4rf§tétl@$)the4@ettlﬁg ted 4keinithead 12.

I n ot her p 'n 4 .extends, radially
nto ¢ neBlisis 185 b SBCROsE bt Mg BroBEM ishiosk ' D ERIeBY out " or
t he adapigliallyani e glaeke tetcsiook theskbaingl toadd $roapab<iaﬁ¢ baekingasuttdie seal
36 into the seated and | ocked position, as discussed previously.

the adapter bore 32 when the second axial load is applied to urge the seal 36

into the seated and locked position, as discussed previously.

[0037] To unlock the lock ring 54, the locking sleeve 56 is returned to the
unlocked position. In other words, the locking sleeve 56 is moved axially in a
direction opposite from that of arrow 65 to enable the lock ring 54 to disengage
the locking groove 56. In the illustrated embodiment, the force to advance the
locking sleeve 56 to the unlocked position is provided via hydraulic fluid that is
delivered from at least one port disposed in the adapter 22. For example, the
locking sleeve 56 includes an unlock port 76 that is in fluid communication with
an unlock port 78 of the adapter 22 and an unlock cavity 80. The unlock port 78
of the adapter 22 may include one or more ports that route hydraulic fluid through



[ 0037] To unl ock the lock ring 54, the locking sleeve 56 is returned to the
unl ocked position. In other words, the | ocking sleeve 56 is noved axially
in a direwoiow/msppaesite fromthat of arrow 65 to enabl ePChasb@sk76¢7ihg 54 to
di sengage the | ocking groove 56. In the illustrated enbodi nent, the force
to advance the |ocking sleeve 56 to t A3 unl ocked position is prOV|ded vi a
hydraulic fluid that is delivered fromat |east one port dlsposed in the

adapter 22. For, e le, . the lo kln sI ve, 56 i ncl ude ort 76
Chat i s (1 APAPIET commATG b B B S Be ipking TadB 58aa T BR 52 and
an unl Ocllﬂu§t@é(t'eb>’erﬁgod|-ﬁ)ﬂ§?1tUmé)Fo'ékih@réle@@e @b 488 |ﬁ(§1§8é§rth8%e68b(d isag| wde one
or nore ports that route hydrauli¢ fluid through 3 the adapter 22 and to

t he unl ogikd gothird 6ealf 82hwhieseiRi thg s¢alevi! 8ad 32 atreuéocattedscm aneexiemaldi nent

wner oi n IRGSREBL e, flteslele SFoan S RRAR AT nar FREaful LbPeRhe

| ocki ng §d)@€7‘6305@hed@§ku§.%%léélﬁe356d TReesddpd §eéje743ferfdhmelﬂ1iﬂﬁce9D82 76 of
t he | ocki ngtp sl eeve 56 e second seal 74 and the third seal 82 enable

hydr aul | endblaihydraidic fluid gaaide dasred droudtethenylerk pertt787ef Bre adrptatast er 22
to be di £ e 6 - i eSkEeV, I id that
is di rec gé [éd?%cﬁéﬁtjén e lé%%kﬁ%f% 7%f O?Lheé pgocc%kﬁlé'és%eeéﬁ S@Uﬁg”}%dged into
t he unl odikectes iitity t86. urilaiclopd)‘rer76vofrtde lodkinly 3ldeive 56 isi duted inbeitlesl unloick t he

unl ock cavity 80 via the unl ock rt 78 of the adapter 22 and the unl ock
port 76 @ﬁl‘v”t))/%ol R 1athey WPE@VZ‘@B&)U?' Jbag]is Iﬁ%UtGFiI'B&R@avﬂ@?k@ﬁvitﬁépu‘d@s an
annul ar 20} 98cHk Eéh 70f mb"&?afd?ﬁrt%ﬁ ttH@Hn‘Pé‘éﬂﬁ&r Sibecﬁ |nt l@rﬁ@sﬁe@@ first

outer body 44. The pressure o urd |njecte e un?ock
cavity 8BGgenerates an axi al force on the locking sleeve 56 in a direction
opposite fromarrow 65. Accordingly, increasing the pressure of the

hydraul i [00B8Yi d iTihet lialackl ogkityc BO ﬂr}Cll&ﬂbS:aiﬂS%mew reagdn rtpatlieeioembl to
nove aX|aIIy fromthe | ocked position ( to the unl ocked position

FIG 4
(S0 B chetueen 18 labking slceya Hoanct Bie. TtSreLiet PoHY Hool hed PISPUES O
t t Lt ,
The Tock Vo aO{Ue MEckaealoRe bk OFfit 80 Beneldled 48 M 0RKE QRAAE L O"
does not lockingi sie¢\ree56 én tai digedtiool opidsita ftdre asicbap 661 fhmoediagly, hueasinggl y,

the | k h k t duri tal.l at
bna 1 omotia Pl ot b et hUS. I b ST ReRITiCEn GusBS h&To8kng 6 T oad
cavi ty 48ebde 50/ Aol 16 thoriBtkad btiibRdYed 1G] b9 16 20 UAIRMbET body

46, and the inner dianeter "of the adapter bore 32. A fourth seal 84 is
di sposedp@%tlwaae(aee heG.i 3)st lauther uolodkzedtmqmwrt, Hbeaskifingrtobbd€ Bryt beprovi de

between PHEAQLEEHRAT T Behedd 26 PEoMer Wt an hlnckeh HoR R tiiebter “bor e
32 to prangda dodd noiexeesd radially m»;mwl mwesz bhe, thaaddeey hbyreddin ther t her,
a sixth seal 88 is disposed between the first outer body 44 and the second

out er bo¥Ktting 9@ 4t byilgeadanteiparesdal Ascordiaglyedeni@ckigo?4 May 1edarincavity
in the unlocked position during installation and removal of the setting tool 40.

[0039] Returning now to FIG. 2, the load cavity 48 is formed between the first
outer body 44, the second outer body 46, and the inner diameter of the adapter
bore 32. A fourth seal 84 is disposed between the first outer body 44 and the
adapter bore 32 to provide a fluid seal at one end of the load cavity 48. A fifth
seal 86 is disposed between the second outer body 46 and the inner diameter of
the adapter bore 32 to provide a fluid seal at a second end of the load cavity 48.
Further, a sixth seal 88 is disposed between the first outer body 44 and the
second outer body 46 to provide a fluid seal at the second end of the load cavity
48.



14 [0040] To generate the second axial |oad applied to the seal 36, as

di scussed previously, hydraulic fluid is injected into the |oading cavity
48 t o gerwoar®@/asfeerce in the direction of the arrow 51PCrusetlsesreé7aor ds,

i ncreasing hydraulic pressure in the |oading cavity 48 increases the
pressure and resulting force (e.g., t h¢ second axi al force) acting on a top
face 90 of the second outer body 46 The second axial force may cause the

d 46 d
be. 1 ranciPLa 16 dmPBKes R e mdoad aprlied REMertedlan 5 Yadsefona
out er _boghe ] PARIE it lessid ke theoRhastiy By 48 e dobbui d i s

routed to the I'oa cavity 48 via the at |east one port disposed in the
adapt er mzthenbrecésaaragltbe ariowv atlapn @therawoigs, intsgasing dadravdicpyess8e inhat i s

the adapteroag ey 2e b aneS e RIS AL ¥aiding tBe' @ B8 REobeT o
through skl retedt gttirkoh @ BoPfidd 90 d¥fthe hecaflaniger bodg 482 Thatsdconas at
| east a portion of the loading cavity 48. Accordingly, hydraulic fluid is

i nj ect edaX'ﬁlt@@%@&Yo@@lﬂ&ﬂg”‘@a%@%%@unﬁ &odyetf @aﬂTONQ W'W igghgtdifaedondapt er
to gener Xi I S dy 46.
[0042] Tulhra 3, 1o PR PSrelaB thESBado Wneil e 238 8 ¥aopd Y,
portion by tihsecetd dutgr body 480, is illustrated. Specifically, the
illustrated enbodi nent includes the seal 36 in the seated and | ocked

posi ti onjooagr ei Mntthe naswaebnembodind&, ithet ydradrs fiuid gs troatddo ek adle
position. In the illustrated enbodinent, the inner body 42 includes a

pl ur al i t\pagina eayYjbe 48aya e atrﬂ\%a&toWﬁJ@Ofbﬂ§p9§e<ﬂ e igeadRPPurRa i thprof
fingers g%ﬂg%eﬂrbea&a% bt ﬁﬁqﬂﬂu%é %q%(?ﬁg;ﬁ F%B9 Wact'lé r?ﬂﬁld?é,o rﬂﬁgk‘&‘ﬂ@ﬁ end of

t he i nner reint I Ngers e axially
into engwglertbetlaaa@rmginamyrpdserrﬁ'nbalbadmgrmre 8t9ad3fstr%4a@aptbh<22rmagnncluger| ng
50. As illustrated, the of the inner bod and t he torque

tabs 94 BFE ChETQTEwArts: tﬁét Fquﬁ‘éj hﬁ'éraéﬂ'é fW&i HHO'H%Q%%@?&@GE%%H& PertipBtdt i onal
I
torque a .'a@ﬁetfe? b&1e bBN@lar F]Fh'is"@t |et%ﬁE raf‘ on rL lth%%%'@g?. it yngg ring

50. According a torque ap led to red to
r ot at e/ t Accpreinghe hyetraulio figidrisrigjebted into the loading caV|ty 48 via the loading
port 89 of the adapter to generate an axial force on the top face 90 of the second

outer body 46.

[0042] Turning now to FIG. 5, a detail of a portion of FIG. 2, the lower portion
of the setting tool 40, is illustrated. Specifically, the illustrated embodiment
includes the seal 36 in the seated and locked position, wherein the retaining ring
50 is threaded into the locked position. In the illustrated embodiment, the inner
body 42 includes a plurality of torque tabs 92. The torque tabs 92 include a
plurality of fingers disposed at different circumferential positions at the lower end
of the inner body 42, wherein the fingers axially mate (e.g., slide axially into
engagement) with complementary torque tabs 94 of the retaining ring 50. As
illustrated, the torque tabs 92 of the inner body 42 and the torque tabs 94 of the
retaining ring 50 are mated together such that a rotational torque applied to the
inner body 42 is transferred to the retaining ring 50. Accordingly, a torque

applied to the inner body 42 is configured to rotate/torque the retaining ring 50.



15 [0043] The retaining ring 50 includes an inner thread 96 that mates with
a conpl enentary hanger thread 98 | ocated on an outer dianeter of the hanger
26. AccorwDrgéyosstshe retaining ring 50 may be treaded omCo/ush@sihasiger 36
via the rotating the retaining ring 50 about the hanger thread 98. As wll
be appreciated, rotation of the retai F15ng ring 50 about the hanger thread
98 may convert the rotational torque to an axial |oad. [0044] The retaining

ring 50 i ncludes a.botto ac 9. The bottom f 99 includes a

Sur face (IOWhe "TEETSIRRITS fihE "5 Tioudes ah BEBE YRR Be indratet Wieaeal
36. ACCOé&hP@nYenté@ haYRydrahridd 98 [ddaféH B8R dnSolitBF BRMeEtePBE the hendwnaer 26,
the bottomface 99 ‘contacts the seal 36, transmtting an axial Toad (e.g.,

t he firsfceardingly,dhexiesiningadng falomaynberteeatdas agtor theghsogen3bhaadsbal 36 to

For que. aisprireERREnbMBaR BT o abopl R 808 bRRE 5BY a3l RS EERMS oy
contact toigtidrangehe SeeuhiAgr rirky 58S aBogiCtHEs adngeeiresd! 98 nt@ntcaniemahehe
hanger shoul der 52 may enable the seal 36 to be set in a proper position,

y .
and may e tgaupda@oeaxiddoadssi bility of over |oading the seal 36.
[0045] Further, the retaining ring 50 includes a recess 100 that extends
about t hi004d] er Tdieaedainingoing he alsa kichides a batiomOaca . r Beebettamoface

fhe secon ivdes Batyiabe g e Rb 5 Phan SiriBurah bBodE04BIthRa i no
the recessalH¥0. At3urtingly, asttak rétaiifg ring SoPisAhidsicanontd Zhe xhrgais2@xhal |y
into the recess 100 acts to couple the retaining r|nP 50 to the setting

tool 40, befemiface Sveontaets thedraat 36n&apsrKiing 1an gxiak lopRe(er@t Mg fiFsy i ng 50
f b d.ana . . set.ti | 4 ' ' :
setting. b6 el A TGRSR 3 fohfle S d oG Riahls, )

bl ock t hgher stali B6Nng Thiengxiab I[dacbmdaldel pgnetatedfvid he torofueoappifed e thet ti ng
t ool 40, an_d_the_rebé enabl i ng the retfai ni ngg ri n(g}SO to be run to the
vel | headefaining BNg Ryl kurthen, theySoHpmLaEs I MayperHae inej hanaenshoysles bei ng

sed to t I A4 i,yN i .
Removal of Aprasaier eURuLhCOmeRlity G nahe, Molaf, o2 mEPRRanERhE , o
t he r ecesasall3io be set irea wopds positiem, artck magt pievenyor reduceOthespadsitilidged ont o

the ham‘qgfr0\/2e6r’lor§1cri1|ﬁg?heetts'eél]lgsé.oOI 40 16

[0045] Further, the retaining ring 50 includes a recess 100 that extends about
the outer diameter of the retaining ring 50. The recess 100 is configured to mate
with a complementary protrusion 102 in a coupler 104 of the second outer body
46. The complementary protrusion 102 may extend into the recess 100. During
installation, the protrusion 102 extends axially into the recess 100 acts to couple
the retaining ring 50 to the setting tool 40, and to prevent or reduce the possibility
of the retaining ring 50 from becoming detached from the setting tool 40 during
running of the setting tool 40 to the wellhead 12. In other words, the protrusion
102 may block the retaining ring 50 from falling our of the bottom of the setting
tool 40, and thereby enabling the retaining ring 50 to be run to the wellhead 12 in
a single trip, as opposed to separate trips and tools being used to run the
retaining ring 50 and the setting tool 40 separately. Removal of the setting tool
40 may include shearing the protrusion 102 at the recess 100. In other words,
when the retaining ring 50 is threaded onto the hanger 26, the setting tool 40



may be extracted axially through the adapter bore 32, shearing the
protrusion 102, and leaving the seal 36 and the retaining ring 50 in the

| ocked posOt20ems55{68046] The coupl er 104 enabl es assenbl y Pofi/ush@sioed7ad ni ng
ring 50 and the seal 36 to the second outer body 46. In the illustrated
enbodi ment, the coupler 104 is attachd® to the 1 ower end of the second
outer body 46 and is proximte the seal 36 and/or the retainer ring 50. The

coupler 104 includes the trusion 102 tha S Wth . 9., extends
il Ty TYohe Enlrarickabalib diish e, afagtir hg'® oB; b dnd wafiser
protrusi oo 16 eBgingTRE2aN86 Antiehs fetaﬁﬁrﬁGHH% S@Kh%é)’odkﬁb@osﬁloﬁecond recess
108 of the seal 36. The second protrusion 106 includes a finger, plug, rib,

or the |idfe]! hq{heeé&gﬁétst 3Pghabiby afsé&‘ﬁbw tﬁ8‘r‘8 a%n%%g SU‘§ndd eSSy 108

i ncl udes™ at ﬁeast a portion of a recesse aneter of the
seal 36. 36/ thegsedwob@n:tentioqby é6r Ui ittonillLeBateal erhbodlercamaheemetpherﬂm ienabl es
the setti ng

40 to th |l 36. Sim to the.d
eara naiaetied o e 1biak 858 ! tes SeRein obfes L0l 46 Bng i brSeMRR e ng 1 ool
40 to res@igngidrangqaetaimst rﬁ’t{?got hiae &&ﬁ)léte‘i (t)Jl MEIhRY th@opl%?fﬂsfdr'tn‘l dheageal 36

and the retaini ng ring 50 to the wel 12 in a single trip, as opposed
t o maki ngaied withl(e.ot réxiendaxiahy ime) H‘@tr@casagoﬁlqﬁghgoetatrﬂm gealb03endand t he

ot r act b PBRHOLNE CHApY A, bRieS 3t Reo. dBumith RN 4 8 oPefsi a1

shear ed @‘cfess l1e8\df e 5BEl S@airh8&eadad bhﬁru@ér@ﬂ 06 Meclidéwa didgen gilig ricked
position. It is also noted that the coupler 104 includes an engagement face

109 t hat OcHét i shainextepds sacdinly femathe @@é@iet 404 hd heetgcess . 108004EPERe
coupl er C a t he
seal 36 %ﬂ%a'{sﬁg p?)e ar??t{l %gréé%n%hg%@ﬁ] @gd?lﬁgt a]rﬁ’%g fer ngl%’t"j%n ﬁfaﬁﬁ%cond
out er bothe décondnproh@sionl 166 tatresl secdratiravest, 1 tthenasleplties séflihgi toof ¢0ai ned
by coupler pins 110 that are inserted into a conpl enent argwhol e 111 of the

second oU’t tapbdle 462l 56 i ng mHaE dfbing G'ISCH?%O@erteQﬁFﬂjng d6finpg @ 3%t ai ni ng
0 an I
ring 5 r@ﬁtf%e%el%ﬁléhéﬂ%s%éaéeléty B 4o HAGEP! IHR! sdf BeORuH tldte

second outer e coupl er ves into position suc
protrusi the ddingavasitvcam raméhe seak36 BDA, thetretemelogrrmgoﬁﬁtto uké ovellbe&dnat es

ith th d 108 th 110 bl to t d
ot or - hetd e Nnd G5 s o 2ot BaR BN HPR e i P Elan G e B nere

the couplersekp4el ARl wkeseting tééﬂQﬁﬁSlet§rtﬁélr2mﬂtl§ﬂtth@rs@ttlr@9toél 4©aAbIRRpfer
pl acenent of the coupler pins )
104 are extracted through the adapter bore 32, the second protrusion 106 is
axially sheared off, leaving the seal 36 and the retaining ring 50 in the locked
position. It is also noted that the coupler 104 includes an engagement face 109

that contacts and transfers axial loads to the seal 36.

[0047] The coupler 104 is removable from the second outer body 46, and
enables the seal 36 and the retaining ring 50 to be installed internal to the
second outer body 46. In the illustrated embodiment, the coupler 104 is retained
by coupler pins 110 that are inserted into a complementary hole 111 of the
second outer body 46. During assembly of the setting tool 40, the retaining ring
50 and the seal 36 slide axially into the internal region of the second outer body
46, the coupler 104 moves into position such that the protrusion 102 mates with
the recess 100, the second protrusion 106 mates with the second recess 108,
and the coupler pins 110 assemble to the second outer body 46 to retain the



[ 0048] The seal 36 can include various annul ar seals that are used to seal
the annul ar region that exists between two concentric nenbers. In the

i1l ustratwo 2eehssicrent, the seal 36 includes a seal car PCEUS208/076714 i r st
test seal 116, a second test seal 118, _an inner seal 120, an outer seal
122, and a bearing 124. The first test/seal 116 includes an el astomeric
seal that is disposed in a recess about the outer dianeter of the seal
carrier 114, In the jillustrate nbodi nent, the first test.seal 116

el udescdtpler dodr- g 1 Sed SBRaR Y, 3PS eien RnE RO he
seal Carféc@éséé—41.@'ﬂ‘i’at_td?évitj@tael'bﬁéiior@fcﬁfrﬁéﬁmé’rﬁt dfhﬁeh@gﬁl@gpﬁ@ﬁo.bore 34. The
second test seal 118 includes an electronetric seal that is disposed in a
recess a t hery 133 ol A My 0 I H

T aerr el Tt %t%@' ARy AU ERR e aflrd ded Idistne |\
second tasnulaeatgidd8hat existie betvesratwh eoneentrichmesaeers.cdnrtherillddidatadd t he

outer dianeter of the ha r.26.,10049] The i.nner seal. 0 and the outer
ceal | 1225 MBRRE e SR SHENCD AR Pt o Bl 88k BP9 Baner on
of Houst @8bonteias sedb118 | Apiniratal 1he bANRIes88dl 1520 A Ririnyt £34 seal
122 share an angled interface. The angled interface enables an axial force

exert ed Oheffing teaheealstl inth@eascarn glastomadc iseakthad éaldisppgedrnid & racesat er

a1 cahd e B ARt D o BROSpAiCCA ! Fhag SRR IR Rirad e R ARRE ol
| oads) nme e/t 5Bl $ERinchfddPan &-864N OThdTBisht@dtisedl POBIgrodiAet Ragedincl udes
the i nner seal 120 contacting and seali ng@la@al nst an outer dianmeter of the

hanger 2Betwaen theesealtcarrieiehl4 apd therinige ametersefalneniybingaspeal katei nner

di anet er 5 pf W@%écggbag%t%?ﬁsqﬁélﬁdgg' a FeTéchb%etri? s%%f"hla{.t ¥s 8fs§?§§<g Jzﬁ"& t he

angl ed int'erface e Irnner sSea and the outer Se

Accor di nglcgsstdimug etk iBfermal dizmosted eof atheeféaictarvier fl1di. d Iisaak iHostostedt he
annul ar rr%%i on between the inner concentrjc megber (e.%, t he hanger 26)
and the 8WPeFinRRcER peeoNGkipsEretle! 1§ inctgiestatbrmpapdbe sepPnd tegt ?%50] |t
is noted ; iyl t L Al Iu#irﬁs : ) i sposed
bet ween %Lé;%té%\g %gﬁﬁﬁﬂ%@gﬁ@@?ﬁéﬂ?ﬁg Hgga 1%&8%%2%%@??%;%%%%%

t he frichangert28&.ween the i nner seal 120 and the seal carrier 114 such that
a torque or rotation of one of the conponents may not transfer a torque to

t he ot he[0048pr eNtenppiner sebe 1ROadndhgse waYerpseal ert2 cludedusmpbhentgosisabi ity
of the inner seal 120 fromrotating as a result of the retaini n%ﬁring 50

bei ng r otANEHAERN KL BlNgTaiereradngermeason (o) iy sten:nl §igsnos {Ibisfretgd. 6,

anot her gpbAALELY| Ao L8 1RIBRERSeZP1 25 share an angled interface. The angled
interface enables an axial force exerted on the inner seal 120 to cause the inner
seal 120 and the outer seal 122 to be displaced in opposite radial directions. For
instance, an axial force in the direction of arrow 51 (e.g., the first, and third axial
loads) may cause the seal 36 to deform or maintain a position that includes the
inner seal 120 contacting and sealing against an outer diameter of the hanger 26,
and the outer seal 122 contacting and sealing against an inner diameter of the
tubing hanger bore 34. Further, a seal is created at the angled interface between
the inner seal 120 and the outer seal 122. Accordingly, the seal 36 may provide
an effective fluid seal across the annular region between the inner concentric
member (e.g., the hanger 26) and the outer concentric member (e.g., the tubing

spool 24).



illustrated. Specifically, the adapter 22 includes pins 126 that retain the
setting tool 40, as opposed to the hydraulically actuated | ock ring 54 that
was previwosbhg/dsmweussed with regard to FIGS. 2-4. The pCcmaSi®@8/orered ude one
or nore nenbers that can be extended fromthe adapter 22 into the adapter
bore 32 to engage a conpl enentary Iocl‘]@ng groove 128 of the setting tool

40. For exanple, in the illustrated enbodi nent, the pins 126 incl ude

" eadedd B35 hR BRE SOIERIRN B Rae bR vt
groove 18|§ﬁb§'e@'be%‘é@ﬁ 1§ &Rl @arfr 11 ahir e ﬁHb?rseQPdﬁoMTﬁé Hegingst ti ng
t ool ins 126 may include a hex head set screw that is nmanually

advancedraduaertbeailtlcptmm lgtwelea thadieereseal fl@0 andhifisl ecal Taerigri hit sueh gl be

the ot neh Peiew T RaRSH Rt SRERARE ornpdin e dud PSR ler FtorflBTg HEng 5o,

as di scugihed Favéunple, théd®edlihgs opey @?é\iﬁht d?rr%hﬂU@éSthé phssmiag e the
enbodi ments of the setting tool 40 may o deliver, seat, and

| oye
| ock theingenlsesd 180t Femanetating raéglaorfe%'ﬁv\ié ﬁh@h@t@lw&d'%o@ Qellnﬁnd t he

hanger 2 ﬁﬁ%@p a flowmchart that illustrates a nmethod 132
i nst ar%taljéa/t? se é'lé:é éccordance W t h previ ously di scussed

32‘8??1 2‘3@"HQ?@“@%@"H#{?’&ﬁémoﬁﬁ?@ﬁ?‘? toadforf i dBebRig2f s "o

i ncl udesi||gétrapsnNOSpeificataims aelapled ROMcRMBst fiAs siedl thab rétair hr §@vﬁﬁgd out er
body 46 via the coupler 04. The assenbl ed settlng tool 40 is run to the

wel | headtopp40ags oppased i the Aydrpuiirally estuatgd dosksring Sddbatiwpatseyiavslyo t he

wel | headydgy, o asy I vl le A Bl 8CkL38n S0RANILARIG ot e fldHiggst 00! 40

is 19 | ower apter ore ing spoo 4 such

that t hetha¢abn3fe esteddepdsed the adhptexriilnie tm@gdaptebeionee}i fohendags ag spool
24 and the h%ﬁr%;er 26. As the setti ng t ool 40 owered into the well head
12, the SDRIEATeHaM lagkEg arapventay ftt%setswgoﬁooi ﬁ@ hﬁ%é?(amﬁfeedﬁ toe.

[0053] The d h e%%e t i ng
tool 40 to t%tgaweliﬁﬁ)d?@%ﬁ% ﬂ?sﬂﬁ%ust?a?@ at oc %ﬁekgrcshgﬁ?ti:ﬁt %y

coupl i ngthmregdédmita g miesdBOrmct@]dlegltfmugh'emetmmﬁeroZQ aha imtedharidapteenpl oyed
to couple the set t ool 40 o,the wellh For exanmple, .if _.the

| ocki ng Hensa 41 agengase die ol aityesit tnsih il cFaREra the fel”2. 4
mechani cglifey b%@rV]IQM 89tHé“§étHﬁ@%obln&@cmh@gplﬁs hypdr gialylificllibigidhbRteabhset! ocki ng
cavity 70 via t | ocki ng port 69 of the adapter 22 and the | ocking port 68

of the |wem@1a$|l$mwﬂy advpeeed oin oitatiore opthe sastenerd foryaxampiec Theai d

Vi g 54, a2 b S6fing ded erl Ry Bicotel dap PhSwo BRE AR ar bt 1O

engagenemayvmsda indede evegbener e atlyed of Kiengetdngaye 4B al BBe andaptaing2. | f
t he | ocking nmechani smincludes the pins 126, as illustrated in FIG 6,

nechani cANg pOcasigiscHgsehpraviisadvanci ng the pins 126 of the adapter 22
into engagenent with the conplenentary groove 128 in the first outer body
44 of thiD0S&]t i g opesatior). previossly Thecussedembadimeants of e sativotieok4di ng t he

retaini r'l%aryi b9 e?r?pl%{/'éé) 8 deliver, seat, and lock the seal 36 in the annular region
between the tubing spool 24 and the hanger 26. For example, FIG. 7 is a
flowchart that illustrates a method 132 of installing the seal 36 in accordance with
previously discussed embodiments. The method 132 includes assembling the
setting tool 40, as depicted at block 134. In one embodiment, assembling the
setting tool 40 includes affixing the retaining ring 50 and the seal 36 to the
second outer body 46 via the coupler 104. The assembled setting tool 40 is run
to the wellhead 12, as illustrated at block 136, and is disposed internal to the
wellhead 12, as illustrated at block 138. Specifically, the setting tool 40 is



first position, as illustrated at block 142. For exanple, the rotating the
retaining ring 50 includes threading the retaining ring 50 onto the hanger
t hread 98WORowASs®A of the retaining ring 50 i s acconpl iPshas2dmg/orauat i ng
the inner body 42. The torque generated by rotating the inner body 42 is
transferred to the retaining ring 50 Va the torque tabs 92 and 94. In one
enbodi nent, the retaining ring 50 nay be threaded onto the hanger thread 98

such that it does not coptact the seal 3 or that it generat no

i'ni 11 clanerad P Pe adBBl tince e ilte EhinghSparl Bossadchinrnat Mool ai ni ng
ring 50 86 id bispasedin tHelahhlBar fdgidn BefiddrCihe BIBHY Spt) cutarRi@ict Farideg fir st

axial load on the seal 36 that advances the seal 36 into a first position.

20 [ 005528 hAmthehsefting 200140 isdiesveipliptionigeanelthaagl 12,086 retaining rywab036, as

illust t bl 4 | [ t, th d t body 46 i
i ai 1y Y hoededfe P BB SE | oad on the seal s, For

| e, lic flyid is.ipject into . the | oadi It t t
T e LS | R o RO M TR T e
the seal 430 anbalénhdabl 2,208 ARAMAIRPEL LICUR 1448 9INMEchdfcARaodfiling mipe

second position may reduce the axial loading at the interface bétweéen the
r et ai ni nigclidegom® aariorehteakwifuesapasest onithe mieeharismnempidyad locoaoupls

oadi ng f6rcoueb" SioAGTafae vEIREAYLS' P RalHEr P dbiag i B ng 11 ng
50 to a pererd PRSIddkOAngas4, hbustsirdted iat FIScie-44medhankagy esdupihgent
the retaining ring 50 is again rotated into a |locking position to retain

t he seal ingBidesgnjesiiagns Bydrautit fluigeinto ithe ienkingeeadbn7@ véa the HaakingPeitng 50
and the i r : i al t et aleni ng
g 50 S28 HiEaier 2GRy phH R H RO bIceRB Y. ibdBh Y] [T
desired t{he. pressuizda Hydmaodic tfiueh urdest thiel lookioty dlbeve 66abnmnoge radiglypihtos once
agai n provided via rotatinqhthe i nner hody 42. e torque is transferred

Th

from t heSNYRREMSRYYIth Zhe dogkyENG 4aidNithdn iiMg UsgeS, the 16K HRg qdelor BB¥€92 and
94. [005 h o i aX| I
36, as 11D Tl e e T B R e 38,2 103 * o
i ncl udesadamtacPig It the |bgidnguméahamises snoledéntheh@ng d26i ag ilbstrated 8- r educe
th d axjal. | pad, | th t he hydraylic fluid rel d
o r enovedT BB eAL FauRimeg e A neing RPN S daB Y B AR B g
adapt er gdgaddrhént igh SRS DR pRorhéhtahPafh Ve MREeH thETRsSe@er BBdjax. cfﬁhéet ai ned

in the seated and | ocked position by the retaining ring 50, as illustrated
at bl ocksat§og tool 40.

[0054] The method 132 also includes threading the retaining ring 50 into a
first position, as illustrated at block 142. For example, the rotating the retaining
ring 50 includes threading the retaining ring 50 onto the hanger thread 98.
Rotation of the retaining ring 50 is accomplished by rotating the inner body 42.
The torque generated by rotating the inner body 42 is transferred to the retaining
ring 50 via the torque tabs 92 and 94. In one embodiment, the retaining ring 50
may be threaded onto the hanger thread 98 such that it does not contact the seal
36, or that it generates no significant axial load on the seal 36. In another
embodiment, the retaining ring 50 is threaded into the first position, such that it
exerts the first axial load on the seal 36 that advances the seal 36 into a first

position.



[0058] Finally, the method 132 includes renoving the setting tool 40, as
illustrated at bl ock 152. In one enbodi nent, renoving the setting tool 40

i ncl udes wolo@kisig4t he setting tool 40 fromthe wel | heagCcTiS2608loFewed by
extracting the setting tool 40 fromthe well head 12. For exanple, if the

| ocki ng mechani smincl udes the | ock r?ﬂg 54 (see FIG 2-4), unlocking the
setting tool 40 includes 21 injecting a hydraulic fluid into the unl ocking
cavity 8 ia t unl ock part. 7 f the adapter .22 and the unlo ort 76
of "tho | B985 dhectietees "l s, aaguEr e Pudiders ol B 88055, BR 1 ne
l'ock ri ngustatcanst Klogenga9es ohBerhBsdintdntdthedsdcopmn dUrer §@d@héﬁ§'&§<%ﬂly

| ocki ng groove 58 of the adapter 22. |If the | ocking nmechani smincludes the

pi ns 126agansertc amp)y thenseettichgxinhiorddusthel seal@yi hior examgple, hidesaticng,

Fi'vst ol i TEicq 'l i Baded chl BRI aBRERUEHET bithP8lBed PRghBool 40
unl ockedsédond biier waldyhe@ehdi2in tia, saavahas teobedl036é xRNy riaet 8ezbaag t he
axis of the tubing spool bore 34 and the adapter bore 32. The renpval of

the settP@gtiemolUraingdhesesl BN HheeeeeNbROZIoN APy fefbicedbermkigrleadingi on 106
of the c 1 t.1d:be S 6 h et gl ri 50
i { ROl e oaPelT MG il i ot af8 b ot TR 1R4Y' Ths

provi desséaond dndalrloadiis gortrallednsyt imliéaihgamdpresberideglthé3 Byavalulic fiuid vial

nunber of rung_ ée. .,.asingle trip) to the wellhead 12, and reduces the
pot ent i alherlgadig r%gbgg-o the seal 36. For instance, the retaining ring 50

and the seal 36 are run with the setting tool 40. Further, the second axial
| oad enalfl056]t heThemgthra g 32 Wglusigsttbraasing iha efalRings08 a0 thafsecendg a

significant.. r j N u i I . The
i i el POHGTS Sl A o128, 3 SAeRbBochitt e Ielahli g0
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be provi cdainlef ong S0hie iset desiced (Y., 40ckes]) pogiiioad Rotatibe ofehehetadnitg ( bl ock
140). ring 50 is once again provided via rotating the inner body 42. The torque is
transferred from the inner body 42 to the retaining ring 50 via the torque tabs 92

and 94.

[0057] The method 132 also includes reducing the axial load on the seal 36,
as illustrated at block 148. In one embodiment, reducing the axial load includes
reducing the hydraulic pressure in the loading cavity 48 to reduce the second
axial load. In other words, the hydraulic fluid may be released or removed from
the loading cavity 48 via the loading port 89 in the adapter 22. With the second
axial load removed, the seal 36 may be retained in the seated and locked

position by the retaining ring 50, as illustrated at block 150.

[0058] Finally, the method 132 includes removing the setting tool 40, as
illustrated at block 152. In one embodiment, removing the setting tool 40 includes
unlocking the setting tool 40 from the wellhead 12, followed by extracting the
setting tool 40 from the wellhead 12. For example, if the locking mechanism
includes the lock ring 54 (see FIG. 2-4), unlocking the setting tool 40 includes
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adapter 22 and the unlock port 76 of the locking sleeve 56. This disengages the
locking sleeve 56 from the lock ring 54, and disengages the lock ring 54 from the
complementary locking groove 58 of the adapter 22. If the locking mechanism
includes the pins 126 (see FIG. 6), unlocking includes disengaging (e.g.,
threading, pulling, removing) the pins 126 from the complementary groove 128 in
the first outer body 44 of the setting tool 40.

[0059] With the setting tool 40 unlocked from the wellhead 12, the setting tool
40 is extracted along the axis of the tubing spool bore 34 and the adapter bore
32. The removal of the setting tool 40 shears the protrusion 102 and the second
protrusion 106 of the coupler 104. As a result, the seal 36 and the retaining ring

50 remain fixed in the seated and locked position.

[0060] The method 132 provides for the running and installation of the seal 36
with minimal number of runs (e.g., a single trip) to the wellhead 12, and reduces
the potential for damage to the seal 36. For instance, the retaining ring 50 and
the seal 36 are run with the setting tool 40. Further, the second axial load
enables the retaining ring 50 to be rotated without transferring a significant
amount of torque (none or minimal torque) to the seal 36. The minimal transfer
of torque to the seal 36 prevents or reduces the possibility of the seal from
rotating, thereby reducing the possibility of wear and damage to the seal 36 and
the sealing surfaces of the hanger 26 and the tubing spool bore 34. As will be
appreciated, the steps of the method 132 may be modified or accomplished in a
variety of orders. For example, threading the retaining ring into a first position
(block 142) may be provided before the setting tool 40 is coupled to the wellhead
12 (block 140).

[0061] 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



an inner body (42), wherein the inner body (42) is configured to rotate
about a longitudinal axis (49) of the tool (40) and is configured to bias a
ret ai ni ngwoi2ongp/o556% al ong the | ongitudi nal axis (49); PCT/US2@8fo76734 out er
body (44) coaxial with the |ongitudinal axis (49) and configured to couple
to an adapter (22) of a m neral r esougée system (10); and a second
outer body (46) coaxial wth the |ongitudinal axis (49) mherein t he second

out er bod cou o the first out bod cond
outer boteagyes BIERhRIGH b 187 a04 SepBH T the risroras Aafnea by YFE0) ;i &
responseKMQmﬁdd%ﬁbéﬂdga&yéﬁhgn an outer load cavity (48) defined between the
first outer body (44), the second outer body (46), and the adapter (22) to
bi as the annul ar seal (36). 2. The setting tool (40) of claim1,

conprising a | ocking nechanism (53) configured to couple the tool (40) to a
wel | head by fixing the first outer body (44) relative to the adapter (22).
3. The setting tool (40) of claim2, wherein the | ocking nmechani sm (53)
conprises a lock ring (54) configured to engage a conpl enentary groove (58)
of the adapter (22). 4. The setting tool (40) of claim2, wherein the

| ocki ng mechani sm (53) conprises |ocking pins. 5. The setting tool (40) of
claim1, wherein the inner body (42) conprises fingers (92) disposed at
different circunferential positions of the inner body (42) and confi gured
to mate with conplenentary fingers (94) disposed at different
circunferential positions of the retaining ring (50), wherein the fingers
(92, 94) 24



facilitate the biasing of the retaining ring (50) along the | ongitudinal
axis (49) upon rotation of the inner body (42) about the | ongitudinal

(49). 6.

outer body (46) to thread the retaining ring (50) onto a tubular. 7.

axi s

The setting tool (40) of claim1, wherein the inner body (42) is
configured to rotate relative to the first outer body (44) and the second

setting tool (40) of claim1, wherein the tool (40) is configured to

the retai

of claim7, wherein the retaining ring (50)

ning ring (50) into a | ocked %%sition. 8. The setting tool

The
urge
(40)

is configured to retain the

annul ar seal (36) in the |ocked position. 9. The setting tool (40) of
claim1, wherein the first outer body (44) and the second outer body

are confi

bi as the annul ar

(146)

AN o slide axially relative to one another. 10. The setting

tool (40) qof claaif é‘*o)f%%e%!%é%“ﬁ@gpgga' ﬁé)eli:o gﬂgm 46) is configured to

ressi

retaining ring aOSIG)lelabddy {42 rwherain thmlnnesﬁ))ody (42) is configured to rotate

about a longitudinal axis (49) of the tool (40) and is configured to bias a retaining
ring (50) along the longitudinal axis (49);

a first outer body (44) coaxial with the longitudinal axis (49) and configured
to couple to an adapter (22) of a mineral resource system (10); and

a second outer body (46) coaxial with the longitudinal axis (49), wherein
the second outer body (46) is coupled to the first outer body (44), and the second
outer body (46) is configured to move along the longitudinal axis (49) in response
to fluid pressure in an outer load cavity (48) defined between the first outer body
(44), the second outer body (46), and the adapter (22) to bias the annular seal
(36).

2. The setting tool (40) of claim 1, comprising a locking mechanism (53)
configured to couple the tool (40) to a wellhead by fixing the first outer body (44)
relative to the adapter (22).

3. The setting tool (40) of claim 2, wherein the locking mechanism (53)
comprises a lock ring (54) configured to engage a complementary groove (58) of
the adapter (22).

4. The setting tool (40) of claim 2, wherein the locking mechanism (53)
comprises locking pins.

5. The setting tool (40) of claim 1, wherein the inner body (42) comprisés
fingers (92) disposed at different circumferential positions of the inner body (42)
and configured to mate with complementary fingers (94) disposed at different

circumferential positions of the retaining ring (50), wherein the fingers (92, 94)

a | oad between the
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facilitate the biasing of the retaining ring (50) along the longitudinal axis (49)
upon rotation of the inner body (42) about the longitudinal axis (49).

6. The setting tool (40) of claim 1, wherein the inner body (42) is configured
to rotate relative to the first outer body (44) and the second outer body (46) to
thread the retaining ring (50) onto a tubular.

7. The setting tool (40) of claim 1, wherein the tool (40) is configured to urge
the retaining ring (50) into a locked position.

8. The setting tool (40) of claim 7, wherein the retaining ring (50) is
configured to retain the annular seal (36) in the locked position.

9. The setting tool (40) of claim 1, wherein the first outer body (44) and the

second outer body (46) are configured to slide axially relative to one another.

10. The setting tool (40) of claim 1, wherein the second outer body (46) is
configured to bias the annular seal (36) into compression to reduce a load
between the retaining ring (50) and the annular seal (36).
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