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W TH PRESSURE ACTUATED SEAL ASSEMBLY AND RUNNI NG TOCL
WR2M4Y1LE0t he | nvention The present invention FPEFASaW4/018371

to wel | head equi pnent and, nore particularly, to a

rel Lhead WERTRIEAL WSRELY Wil HREESLAkE., >
. SUMCTUATERSEAL ASSEMBLEYAND RUNNING TOOL

tubular string fromthe well head housing, with the
Field hﬁ!n! %elr Vseal ed to the wel | head housi ng. Background of
n A wel | head housing nay be | ocated on the
sea floor, so that a casing string may extend

downward from the wel | head housi ng into the well, with
t Hee presan invanting relatemty wellhéad eqeipmeit laedd ntareiarticularly, to a
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- withincasl sealed to aGupaSa Wstiheadl Hdirad, fﬂl@é&%‘bp%usﬁﬂﬁdiﬁaeé fiRllar string
fromtga instal| the casing string and seal assenb

gnwelihgad hasing, w@layw%hangarss@aie@m theywplinead glauﬁlhgg
tool s have been devel oped for delivering forces to set
and test the downhole seal assenblies, as disclosed

Backdrouhd Sfthmlmentl@ 969, 516. Hydraulic pressure may
B bl By B ke o S Ao S 22583 sting may
exten@ﬁé%’#dr@ %‘dm{ tROWBIIEshd HBU%:F@ lﬁﬁﬂhé owﬁ%%‘@ismg string

onpl ex and expensi ve.
suppomegidn dhe svedhagd heusing bwamasmg Imngam |PCSealtadsend'ﬂy may be
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running tool and to the well head.
remotely) aad Ik paas ef persiderable debﬁ'lsappl ied to stroke t he
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downhole seal assemblies, as disclosed in U.S. Patent 4,969,516. Hydraulic pressure
‘may result in axial movement of a piston within a sealed hydraulic chamber in the
running tool. Many hydraulically powered running tools are, however, complex and
-expensive. U.S. Patent 5,044,442 discloses a hydraulic running tool which utilizes
annulus pressure. Rams may be closed around a running string, creating a chamber
below the rams. An elastomeric seal may be sealed to a portion of the running tool and
-to the wellhead. The seal and a collar enable pressure to be applied to stroke the tool.
-Fluid may be pumped downhole through choke and kill lines to set the casing hanger
seal.
Other relevant patents include U.S. Patents 4,757,860, 5,372,201, and
5,791,418. The ‘860 patent discloses a running tool for positioning a seal assembly
between a casing hanger and a casing head. A first sleeve is connected to the hanger



seal. Ot her relevant patents include U S. Patents
4,757,860, 5,372,201, and 5,791,418. The ' 860 patent
di scl oses a running tool for positioning a sea
assenbly between a casing hanger and a casing head. A
first sleeve is connected to the hanger and a second
sl eeve is threadably connected to the first sleeve,
and is novabl e between one position to support the
an§ %%ec%%%%f@é\y n;gelﬂpeéﬁa?ﬁﬁ eﬁﬁné’&éﬂt‘tb e fl!%rt sfe%v%aéhﬁgs movable
seal asse to be lowered for sealing with the
betmmmgnm pogidion tcmappgdihpaeahassemblm aB@ & @qqmrmﬁgtlon for releasing
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disbRisedta ﬂ!nﬁﬁig)ﬁﬁﬂi whidtoiplciudizsi @ pasksuee 881 $dalanherd thenadtling sleeve is
val ve sleeve in a well head housi ng. The di sadvant age

segledindhewedheadt Téiaeé%aéxaé%wéhﬁ?m%aﬁ@@mﬁlgned to Shift an external
va!b@%fé&’e% %ﬁh gved annul us pressure actuated

hanger Seal aeee y and running tool are hereinafter

di s&'hes:ﬁsiad\&um gf thie piier ammwnvem:ome‘ by ﬂ'te [aaa@m irofention, and an
imé(ggrg ?f;}%ﬂfshérne\égﬂ%gr uB oc?/hdes % %%egaw @5 5unmng tool are
hefanaffsl dis@bsédqner sealing surface and a tubul ar

hanger having a tapered external sealing surface, the

tubul ar hanger supporting a tubular string in a well,

I nbly further conprising: a running
Subﬁﬁ?'}wﬁ\}ﬁ%a%e}%§§ntral stem connected to a running
st r Anfirst aispeevver ithe ﬁ@%ehﬂWdﬂﬂohqﬁovlcﬁstb%u&ﬁida wellhead assembly
the running tool carrying a seal assenbly f

inchisting icoweleahbogisig Baveam? eylindrigah inngy s%lngnéudace and a tubular
ha@%@ﬁ?blﬁgbgtﬁg%é té‘?d bl %%@ﬁn@oétbﬂg'&g Efﬁ% thBE[atrulpéﬁj@ér supporting a

on “supp e runni ng

tubiuded stfing inmawwell thé@v@h@bdm&rﬁﬁﬂy fiamal domprédiagi & eu:t:mng tool having
the. tubular hanger to a set positi fluid pressure

a canb ﬁ@!“ CEELER AYnpIngt SHNGHPBIRYIETg then RNMIRY tool in the well ;
theﬁaw a 1% (?tngf?ng{/ %n&%élgas%terrﬁﬁlg foPPIsitiffing &hk! S¥hIRisskRtbly within the

-wellhead assembly between the wellhead housing and the tubular hanger; a setting

piston supported on the running tool for moving the seal assembly axially relative to the
tubular hanger to a set position; fluid pressure supplied to the setting piston through an
annulus surrounding the running string; and the setting piston having a radially outer
surface and a radially inner surface each for sealing with a running tool body.

A second aspect of the present invention provides a wellhead assembly including
a wellhead housing having a inner sealing surface and a tubular hanger having an
-external sealing surface, the tubular hanger supporting a tubular string in a well, the
wellhead assembly further comprising: a running tool having a central stem connected
to a running string for lowering the running torol in the well; the running tool carrying a
seal assembly including an elastomeric seal for initial sealing with the wellhead housing,

the running tool positioning the seal assembly within the wellhead assembly between



surface and a radially inner surface each for sealing
wWith a running tool body. A second aspect of the
present invention provides a well head assenbly
including a well head housing having a inner sealing
surface and a tubul ar hanger having an externa

sealin urf.ace, buI r hanger portin
the WBLP%??d é?'r'?'ﬂ% ang lg' plar REIEL @@55 %r?g'P?O”Ed on the running
todl 'PcErtr‘F\S(/:nQQHErée‘é! QQselﬁbe%I ARk tBacHé 'Tle"j!aP ﬁﬁhﬁé&l to a set position;

st em connect ed ranning stri ng or |owerl ng t
fluidupressyra sopplied ttnethaelsettlnghalstommndgta dbe mirgsaeg]ldy through an

anﬁﬁﬂ%l%%‘soijg@wqq&anmnbjr?ﬁlﬁ 4 elqa@{iﬁ%?gﬁ plstqrhgavmg a radially outer
surfadeang alraglallp Ashdr Rifaee ddeh féegéalﬁﬁgsm@ IayruWhtrly B0t bsdy.

wel | head assenbly between 2 the well head housing and

t heThe kﬁ@lahﬁsﬁ%mégfr and rgrning ﬁgolpcpfsth@rﬁ@rprp}@rQraao@lmerﬁ% may be used
to §é’ﬁﬂ% %Ilh%&ﬂh Lgirn Y}ll 34 t(ﬂem%e[a e?‘r%q‘ﬂla}/w% Withyat least one of the

el at Ve To the L doul af ﬁanger ARCA posi

hafijersdupperiiy & tbylar smgtsn théevetieThengab ESS@mbmdlaytbe lowered with
the seal assenbly gh an nulus surroundln

the hgngerPrse FPH@'”QJHBP s dhialdbe ﬁea mqrela YHawPAged bove it set position
whbﬁC{hé'Ha\hg%Ftlsfefano%‘dr hohe R8fthéad &) ﬁiér&d&é‘fﬁﬂ_ﬁ? tHd ﬁ‘ﬂ"r%mg tool string,

each for “sealing wth a running too
theasﬂraslsgnmmdmayrbﬂz toyveredltocn initial sralimd eoenllbndArmMmNard force may

e Spalietly oot A5 ool e on did Balicfodf i ansmiteed to the
seé]aé&%hﬁ)[y‘“ﬂ@ﬁl@ihélli‘%al bENER thet 5?]@9%" ih tRe WoblihealiPBousing and the

seal assenbly nday be |owered wt hanger on a
tubularhanger.odlsedting histon h'ethfewnmmtblsyalswﬁbdbedodm and moves

- aghf ) et ochig TRt s e e, ARG it R tring to set the
seémséﬁﬂjly TS BPplicain &Q‘ldl@bﬁésﬁ#&ré enaryikéd lheﬂbeéﬁa?déeﬁﬂaly, and may
position. A downward force hus be applied set

alsadwk ths spal agsembly into pleé:eram%iah the w@egrﬂmftﬂataﬁghs@aleaﬁsembly may
betté)stéé‘e seal assenbly to initially seal between the
pbéré"wall in the well head housi ng and the tubular

-hangkee .anhukat $paig betiadn welihégd heoBinggahdahe tablilar hanger may be
with the tool body and noves axially in response to

clopegiby thpesaflasSeRIE SRR 12, Mekdaimbtas Seahans optienall a metal-to-
metdl S8l ahB& resilient or elastomeric seal, with both the wellhead housing and the

hanger.
A locking piston may be provided on the running tool for locking the seal

assembly to the hanger, with the setting piston having a larger pressure area than the
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seal assenbly. The application of fluid pressure
energi zes the seal assenbly, and may also | ock the
seal assenbly into place so that the integrity of the
set seal assenbly may be tested. The annul ar space
bet ween wel | head housi ng and the tubul ar hanger may be
cl osed by the seal assenbly formng a netal -to-netal

ook piskil TR sPiBiaotisfort Pisdsiatiid R SEiwafiof thalpoking piston
Fld‘@béld?@béﬂﬂthb%ﬂuﬁ@f}%n afd g lﬁdkﬁxgoﬁiﬁd?ﬂnﬁ%bé)@ented to the annulus
E}g\gw ded on the running tool for |ocking thé seal

bed1anges. t he hanger, with the setting piston having

. L0888, BT an RubESYREL B Bgeen e hanger

antl htael wekhery piosisg. forRnitiaily hsdttng Hhéhsédlea@rﬁb!?gThe outer surface
se&l ston and the | ocki ng pisto be vented to

RALEE $Ral ARsembly aryebe sphetastially gylingrina), and } a‘taper provided on
th !ﬁ&ﬁgg‘é’ q@'faﬁaqr@megpﬁéeaégug oumgiof\gheﬁﬁ,gﬂl B&hwhws%er

ousin |aIIy sett
t helrsea¢ sabsearbpplicafios, qmlewoaUplfeaveatorss@Imdhohgdtdb@ve the wellhead

hoﬁ%ﬁé,r a (i a;n‘q%%% Qﬁ(ﬁ cﬁﬂlzeu%%agl Iliﬁlgl %cgs ? dr. ﬁ‘gﬁapur?ace ?o the blowout
pr@%ﬁﬁmbhllgw %&Qur‘@t%rbé)blﬁeo%ﬁ S t‘h@%@?’pw cor{décﬁfremay connect the

subsea applicati on, preventor s positlone
.blomltl@l’@l‘m’lt%td theawellieads hngsingnﬂluad presssire omay béclpelied through the

S fr rface t t he
e S T SRR aPh W o utpimRalrHE are closed.
BO’A thikoBBPELIOB TA¥ SIRBBAE invdiiondpRWiids RY ﬂ’{&ﬁb@roﬁ Qetting a seal
the wel | head housing. Fluid pressure may be ap

asgainblygretveen 3nuribheaddheusinglantke tubularehargar; \E@ supporting a tubular

r I . .
st 838 Wi BH M 0L B PTG Ebinh e ousing on
a romting dooitheairid angntrabstein cassedtdd Yo BaunaRiy dring) pdaeaty fluid pressure

housi ng and a tubul ar hanger for supporti n% a tubul ar
through an”annulus surrounding thé running strmg, providing a setting piston on the
running tool, the setting piston having a radially outer surface and a radially inner surface
each for sealing with a running tool body; and increasing fluid pressure to move the
setting piston axially relative to the hanger to move the seal assembly to a set positioh.
An elastomeric seal is preferably provided for at least initial sealing between the
wellhead housing and the hanger, and a locking piston supported on the running tool is
provided for locking the seal assembly to the hanger.
A split lock ring may expand by rotation of the running string to move a setting

sleeve to a locked position, while rotation of the running string in an opposing direction



string in a well, the nmethod conprising: |lowering the

seal assenbly within the housing on a running too

having a central stem connected to a running string;

passing fluid pressure through an annul us surroundi ng

the running string; providing a setting piston on the

running tool, the setting piston having a radially

out surface and a radjally inner surface ach for .
maygs the $EHinE SgSYe AR AMQRsEdRRRION A PRETRIZEPR de¥ iy be provided
forleaMmY 8 ruBnMRVstrihgo beeldtated mcﬁtr@s@tﬁh?Iélé/e\reeﬂnébea%xiauy without

to the hanger to nove the seal assenbly to a set
rotaiérg eitbar the) renpisg deet pe the dianger.pActedaintnioy ripg @aitdkdl on the setting

ni tial b t n the . wellhead. .
slofft oft, SERTe e el geP SRR PBEE R Il pifoar i dsnaun n a werl
thebirelduser therfullg iristalled seal ssentbiyl RétatibA Of g riinting eging to the right

assenbly to the hanger. A split lock ring nmay expand
alsgy r of@leRdes of tHe rundeAh st rassemiy noveloa setmPYR) downward.
sleeve to a | ocked position, while rotation of the
running string in an opposing direction 3 noves the
setting sleeve to an unl ocked position. An
anti-rotation key may be provided for allow ng a
running string to be rotated and the setting sl eeve
nmoved axially without rotating either the running
tool or the hanger. A retaining ring carried on the
setting sleeve may secure the seal assenbly in place
when the hanger is being run in a well, then release
the fully installed seal assenbly. Rotation of the
running string to the right also releases the sea
assenbly to nove downward. 3a A fourth aspect of the
present invention provides a running tool for setting
a seal assenbly between a well head housing and a
tubul ar hanger for supporting a tubular string in a
wel |, the running tool being operatively responsive to
fluid pressure supplied through an annul us
surroundi ng the running string, the running too
further conprising: the seal assenbly including an
el astoneric seal for initial sealing with the well head
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housi ng and novably responsive to fluid pressure in

t he annul us surrounding the running string; a setting
pi ston supported on the running tool and novably
responsive to fluid pressure in the annulus
surroundi ng the running string for noving the sea
assenbly axially to a set position, such that the

gfglésfﬁfjaﬁ?%lp)éﬁtgg et pr%eb[] &@ﬁﬁ@h@%h@é@ %;qufnbg\bgml \pqr setting a seal
asstblEetdRhl 8 Wvdliheh@Nnedihg B a’ @Buftlr! WarJérSbr supporting a tubular

surface and a radially 1nnef surface each for sealing
stripptin aawellnhengunning todl dwing apeetiveloraspoasivedod fiuid tpressure supplied

tor i, 2B E b BEnG RS igPiktsPRE! M Guirha G fuifler comprising:
theakbaWasédribly CRRIMY @t eladtGReA6 tsedllifoetitidl S8allRewith the wellhead
seal assenbly. A | ocki ngﬁﬁ]l ston supported on the

hoysingiang mewblykssnansive toHiuid pegssass antiejarmlus surrounding the running
nANger . r t f . .
st 380 K RkiER, 54 30 EAnRER KPR FRSORrosBBnsive to i
prekelteoin tige dahaldsesurdesedingtthenvunwirey eiringr Rl aneviag the seal assembly
ures in the acconpanying draw

.nade t the fi . . .
ax'%‘?xg? %%é%fcpgﬂt'ﬁ!> nSigh fhat heasea @ssemply ds fGEV#d\TJ%Sét Rplication of fluid
preS8stdth 'ﬂ?é‘%@ftir@eﬁiktcﬁﬁgﬁ?ﬁh% é@?%@eﬁ%;{#d Xh(]a |Sﬁgg1§ piston having a

energi zed, and ocke | ace 1ns e we
radirllysoulgr sudface sandebhatidizlyhinpet suda@OrRaghdoa sealing vgth a running tool
boci ool. Figure 2 shows an enl arged view of the hanger in

e initial |anded position. Figure 3 shows the tool

r el AasRsstbireiict i bANGEr sediiaddembly is pretéiaBiyesIsd provided for sealing
setting sleeve and seal noved downward due t'o weight

betwgen theweliheahdousingi agd shei manges, endaalloven fluidi presisure to also act
. t . Fl e shows t.he seal senmbl,y after
dirgidl G Ing BB por B AUERNG e Borsieg RAGT o Rlhg tool may tock
the seal assembly to the hanger.
These and other features and advantages of the example embodiments will
become apparent from the following detailed description, wherein reference is made to

the figures in the accompanying drawings.

Brief Description of the Drawings

Figure 1 shows the casing hanger seal assembly landed and fully energized, and
- locked in place inside the wellhead housing and its relationship to a BOP and a running
tool.

Figure 2 shows an enlarged view of the hanger in the initial landed position.

Figure 3 shows the tool released from the hanger.

Figure 4 illustrates a setting sleeve and seal moved downward due to weight set
down on the landing string to create an initial contact seal.

Figure 5 shows the seal assembly after being locked in place with the running tool



bei ng renoved. Detail ed Description of Preferred

Enbodi nents Figure 1 illustrates a subsea wel | head

housi ng 50, an outer conductor pipe 52, a bl owout

preventor (BOP) 54 above the well head with ranms 56,

and connector 58 4a WD 2004/111380 PCT/ US2004/018371 5

connecting the BOP 54 to the well head housing 50. A

lurality of the choke and kill 1ines 60 may

belng{¢EVeHnal 1y extend fromthe surface to the BOP, and

may be used to operate the casing hanger running

tooI as dlsclosed hereln Separate hydraulic |ines

d 4 chesred Embedirhentsur f ace to pomer t he
h OP Figure 1 shows the ca ,

ol 8 %ﬁ%ﬂ&”ﬂ%@&fﬁﬂgﬂ@@w %9 SR copuctor pive 52, 2
blosvert ﬁmm BOW) 54bbyvs the dRAhEAE WAH oIS Ghd &mﬁa%r 58

wel | heads and casing hangers are used in increasingly

hi gh tenperature and/ or pressure environments. A

preferred all netal seal may acconmodate these

requi rements, but the force required to install the

seal is also higher. The present invention provides a

setting piston to assist in providing the required

setting force-tofully set the seal. 15 The running

tool 30 supports the hanger 10 by a split lock ring 32

(see Figure 2) that may expand and | ock the tool to

the hanger. The split ring 32 biased radially inward

may be expanded by rotation of the running string 42

and thus the running tool central stem40 to the

left, which in turn noves an actuating sleeve 34 to a

| ocked, radially downward position. Conventiona

rotation of the running string to the right 20

(cl ockwi se | ooki ng down) thus rel eases the hanger from

the running tool. When rotating to the right, the

actuating sleeve 34 cones out frombehind a split |ock

ring, allowing the biased inward split lock ring 32

to contract radially inward out of the mating

4a
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grooves 35 in the hanger to release the tool 30 from
the hanger 10. One or nore rotation keys 36 as shown
WOR0R141A8¢ 2 may be | ocated on the lower 25 eRETHS2004618371
runni ng tool body 37, and allow the drill pipe or
42 and thus the central stem 40 of the

o0
Conﬁ%‘%#“ﬁbﬁﬁef&é#” ieribeveiihead hausing50.e A pluealityi of thedchdke and kill

ial i t ' f
2 el S REH? DB 4 abe i SRS E e oo
opergtaie @ﬁ!ﬁln@hanger noﬂw@mqb,vas ﬂBc;bBéd ﬂeﬁemt iSeparaie hydraulic lines
n nnuj us ro e ou casl n
(not $fiBih) WS 6AB5H froff i St Bowagbermmug! hafOBe
caiFuguwlﬂshowsMh@dsamﬂglhaﬁgém laﬁﬁbki%ri é‘%uBé&&}«%tnﬁgad housing 50,

wthaléj are noved in response to axial novenent
i

el arpenshly 20duly setrand losked i ptangs Jubsemywbtheads and casing
han q?'g ?@é m%eﬁ’ﬁ‘??ﬂf#&%s glé(rh(félg tt—%ﬂ}%ﬁ%&yrl?nancflﬂ[eﬂrqéé;pé%ggwronments A

prefén"mhaﬂi nwtahséa!\mw aceaThARRRe Hestle redBiF8Afdnys, aﬂjtttﬁe ?@rce required
ion. While the tool is |ocked

toi n%é%'ﬁ fhe se}\ 05|5_
o ingigl the sgat s aise b iresantiovemtion Buisieeca setingspiston to
assidtoh pAGAd Qtﬁejr?g Q@t‘u’n foht 1o anﬂ yﬁ‘é%%’th%%é%@a e, Once

position fo ho e sea asse
t hEhe sumnyping imlr%smﬂs thedwahger M byasphidosk Irllngg321(=laee Figure 2)

o Y A e o f gt A 5 oy

inwafd AAyive bRpifided by %tattbh %f ¥ Hﬁ{ﬁ:ﬂ% faﬁﬂ tﬂ@é’\}ﬁf unning tool

rotated to nove to the unl ock or pOSI 1 on
centiah stexp A@-0i thg lefit.aubishiin turpvedves an mtuaﬂngat«leeve Bdto a !ocked

radicfiyorifard RS, SEP By RTE IgRof B e Aning Bl 15¥ riont

(clockhese iboking dowse) thoe releleas @héi REAgAFrEMiiAL rbhhﬁhg&b@PV\ﬁlhen
pi ston 72 rel eases, and

t of th tt
f°*’=“'1"ﬂ§°§8§ﬁ ot g&w%u@m%éiéew%” comesaviromtbehing a split lock ring,

alovh 10k AR5 5 A3 32 BBy ot e matin

grooyes801in the hanger to release the tool 30 from the hanger 10.
One or more rotation keys 36 as shown in Figure 2 may be located on the lower

~ end of the running tool body 37, and allow the drill pipe or running string 42 and thus

the ceniral stem 40 of the running tool connected thereto to be rotated, and the

- aciuating sleeve 34 moved axially without rotation of the tool body 37 or the hanger 10.
. The seal 38 on the lower end of the body below the anti-rotation key seals the inner

casing annulus from the outer casing annulus.

One or more release dogs 12 may each be-carried by a window 11 in the
actuating sleeve 34, and are moved in response to axial movement of the actuating
sleeve 34. The release dogs 12 may be radially expanded to hold the seal assembly 20
in place while the hanger is being run, then release inward fo allow the released seal
assembly 20 to be moved to the set position. While the tool is locked to the hanger, the
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- releqRGinARAd

15 72 then pushes the seal assenbly 20 to an initial
contact seal on the hanger 10 and the bore wall of

WO Re4HeIBhead housi ng 50. The setting piston 7PCEHIE2004/018371
thus nove downward with the seal assenbly 20 until

he seal assenbly contacts the hanger, thereby
re’e@%%g?%? i13gnay B61ih e radially otase poshien tomaid theeeal assernbly 20 in

-placBanger and the ID of the wellhead housing. This

initial seal may be between 20 a rubber or el astoneric
pofnicerthe hanger Qéaiasdmnhhﬂedﬂtﬂ\ehﬂhhl@ﬁnh W@Qﬁa}%e rotated to

oo S S b i, et s co

sten 40 t6 ek AgANShé BeludtingBIER
ressure gCtl ng on th g settl ng Xﬁ?r&% eP\’%éOé'},e unlock or up

positio: ¥éhils the antuating sleanads hovedith the elsmnkeonaqs p6$itltf)lﬂ dffe release

oo 12 97 EGATALY ot bR A% 3 e bocy ot e

tool.f Gneedhe rbleape oy 1 Gtet thid gFod\@, ,
vent ed Urough port 73 i n [ gck| & Igélasﬁ)tvgén}'v%l‘%ﬁqﬂ@éfetﬁﬁg piston 72

¢ §ehassambly20 m@ymw@owewmmtheammpiston The
welg?)gbg'?}%f 'Iq'a )}f e‘? ?Elﬂfgtbﬂ %é){ rﬁ’f‘tgeng Jla# @E’g e seeftmg piston

- 72 thegppushis meesea;tassagmuw 20 tmani anﬁah/@mtébtes@ n tABIRIMGEY 10 and the

bore el Bt B lbiad faling B, cal assenbl y 30 20, The set.
S€phe §éﬁﬁ@%l¥to¥p7®hﬁéﬂﬁﬁlrﬂo¢ Bé‘ﬁn\?\‘raﬂgh\ﬁ’té h@ S%EF %ésemb!y 20 until

seal with both the ead ousi ng anger

the spgl assrmblyreontaats thahangerdterety denesatihgd domltad:ie;eal between the

00 4 EAARP BB e RRHS g b A TBRALE botween

aru bhertdn%laétom@rmquh@ﬁ o tﬂé)séélcéé%eh’ftw §ﬁé'bcﬁﬁ ?r?é'ﬁbb(gér‘% 0 and the

t he, hanger and the seal is tested

wellhegghausing §0pMithdhe same Gesofithe B(BE &@anosadswup;emre may be

o, 57 Kb EA B L5930 58308, B S sctngon o
settirh pmtorpfurﬂ]eﬁnoms the settihg pRaeTEbWwNAArd! Rith pressure assist from the

sealing assembly 20, which is also subject to this fluid pressure. Fluid pressure on the
lower face of the piston created during this movement may be vented through port 73 in

- locking piston 70, then downward to the annulus below the set hanger. During

downward movement of locking piston 70, fluid pressure is similarly vented to this
annulus. As pressure is applied, the setting piston 72 moves the seal assembly in
place. The setting piston 72 applies a substantial setting force to set the seal assembly

20. The set seal assembly 20 preferably forms a metal-to-metal seal with both the

wellhead housing 50 and the hanger 10.

Once the seal has landed and is sealed to the wellhead housing 50 and the
hanger 10, fluid pressure may be increased until the locking sleeve 14 connected to the
locking piston 70 locks the seal assembly to the hanger and the seal is tested. Once
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sheared, the lock ring 98 as shown in Figure 5 is

forced to nove inward into a recess in the upper end
WOR2044d138si ng hanger, thereby | ocking the sealPCT/US2004/018371

assembly to the hanger. Once the seal assenbly has

th be n Iagg)e | ocked in pI ace and tested, the BOP ranms
& op1 b?@ﬁ&f%ﬁﬂ“ﬁe thealogkingmisionofd and thwtdcking sleeve 14 may

thusséddtfr‘lﬁe”t& Hrlé d doRrnr§29endd ?hé@iéﬁgﬁ? lﬁlgﬂg-ﬁﬁgl &5SStbly 20 are

romthe set sea
She%r@df ﬁlfebohennmga aalsdenyntFr@.ne@ls fessaity Mook iigrd mto a recess in

tho o, bRHE tacite Palagh by iaddhg e sephassamon ' the hanger.
Oncelthe |Segda§§éﬁ1t3l§l ﬁeﬁi Béélﬂldhﬂ&ﬁolbcigd tn‘? p%fe%& {e%te':tg%% BOP rams

ownwar d. I n agre erred application
mayhe,0aenag aéﬂa?sﬁ ﬁlﬁht pulhenitke workingasitrivys 4 & nisky t@Gelease the locks 16

f Il of th
and FORBGE tho Rl ol 1o sst Seplimetibni seal " could in'
ot ke sunfzbl trdingsealed Bydthe sl B9sEmBly &tﬁéfﬁr%t invention may be
he hanger 10 has a radi all ext er nal
Pm"é‘g%ﬁs 'i"n% “@drheé%‘éf FBOF er ethpeslosyre devisenPressuredeom above is
suppiRYeBihy ée?ﬂﬁ%b‘s? orP 99 ftﬂ'c e§8§]0ﬁié)f/\ﬂv|ﬁw@ cﬂg,é,vg bk)c%%ﬁ%ﬂ application

housi ng. The erre sea assée
as dmlcraeelsam |an e?eailonvmlocmembera)ﬂseet asgaﬂb@rﬂmmws the bore of a

ot By B Pot S B Bbbn Bl could i tver
app!ﬂ)@ﬁohs @h@ageathe HBré Be Q%‘éﬂ%&é hdMsirg;et The 'h%ﬁgéﬁﬁ of RaRLFfadially

I'n some applications, may not necess
extepial seaking susfece vdthes Mﬁelr iou:c:sgethe feeal aMmluig radially outward to

| ‘seal%{ﬁﬁ} {El%r\gglghe%ds ﬁéﬁ%ﬁ Hﬁ? Qrg géz:ﬂ?a}&%u Tﬁy mc?udeshboth an

elastorneric sealn@hiah, Mbre@bﬁréd gAghstifrRint aﬁlt‘téll{( %éél% with fH?eeweHhead
hanger, Rel ease |ocks 16 may initia seal

housé%eﬁﬂﬁ gnother sagiplly indenagelasigmarie ﬁ@ar‘@@ @rasdrggnta aeal;ngzengagement
it 33 e 856 4o e RBERSR ) 3,3 e provio
secqndsela*siqnngm sealfenbealbgpwith the Hahgéris isireldred QﬂmB@e aﬁmﬂlar bumps

to lock t seal _assenbly . to the han

on R\ Bp e, Seqiciepbly Mevilonn 4 Eighle Aietal tvdioti eaLiveh the outer
Surféd@eoﬁﬁbtﬂd}g;érpr ce to assist in the final setting of

t hl%else%gle locks 16 may initially fix the seal assembly 20 to the tool 30, with the
seal assembly 20 held in place by one or more shear pins 17. The tool 30 may have
two or more pistons and sleeves for installing the seal assembly. A locking piston 70
may be used to lock the seal assembly to the hanger, and a setting piston 72 with a
larger area may generate the setting force to assist in the final setting of the seal
assembly. In the embodiment shown, locking piston 70 is connected to sleeve 14
which contacts the seal assembly during the final locking operation. The upper end of

the locking piston 70 may be connected to a plate which is in engagement with the

~ sleeve 14. This plate includes apertures for aliowing axial movement of bolts at the
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assenbly. In the enbodi nent shown, | ocking piston 70

is connected to sleeve 14 which contacts the sea
wagewii3soduri ng the final | ocking operation. POE/USRME018371

end of the locking piston 70 may be connected to a

which is in engagenent wwth the sleeve 14. This
UPP‘% %R‘g of the seitino pist g@ Bpvedielativednithg plateal Amovtemsigeve 15 may

S“ffﬁ%%&é?*%ng@fbﬁﬁ)g@ﬁ e AN b RrroReat e 1o

t heiguratis anematged \aéw&)f&héfhaiﬁ?!ér lrﬁtlife{ |ﬂlﬂ'tﬁﬂlahhédlﬂvﬁﬂfon The
or protection

f.th
oS A o v e o e

the ulﬁbdgiﬁohoqhtﬁgﬁe 3T*iﬁe e p| t On?}?ﬁ}ﬁﬁ%ﬁ’ rc%&aééd ﬁ{?m‘éﬁéjnger and

to the | ower I's retalne
the seqiting pistop 720and ﬂ@rﬁeal asﬁe@ubhere%namha theiopipogitiomol  has

o GRS 87 belfind eiRbi 7 Bl askempy 20 moved

dowpwaid.i This rh"lbs'}éll‘n@nt’rn1eiyI bé?bé@étﬁ by izt ﬁ‘idvéﬁgerﬁ'o?ttﬁ’@ rdrthing string 41
and the seal assenbly 20 noved " downward

acting, pabs oREf the t%@@ewh!ﬁh myathenéleehmmﬁed ase mechamcal force

to thbuBBId1dn8 ekl idtontd 408G eidh I fhel S Heskitf 56, 30

t oFiguee ﬁaﬁltjﬁifateh ¢hes eeaflmem%y GIlitikéa iA rpiﬂbd&??}d the hhrﬁnng tool moved
e y 20. 15 Figure Illustrates e seal
“PW%@S @“ﬁ %ﬁ?v@@&'ﬁgm%gﬁée QW in Emmé loskingnsye?s, which in

Flgurww &oble 'ihé Bﬁnﬁl@? rééb%s']ﬁ tﬁé‘@%‘ﬁg ‘fﬁ eh 'Pnc&e%”nh?o the recess

5, lockin 8, which in ove
to effantivelytloe éf@% sealrastSBmUhaﬁ@en pm;e habvécmeuleﬂtarrgér ifBtand the
I cess to effectively lock the seal assenbly 20
we %%pﬁ ce between the hanger 10 and the well head 50.

20A4sligticsddabeve bRy Qetth@ep@l@nt 728nRhé ?Mhlﬁ% t<?c5] th8§ be actuated to

runni ng tool may be actuated to nove th
movg 4@ sealassernbly te dhe pekpasition. As shovwmini mguregz; getling piston 72

nclBB P08ty AR89, A AR odiment s

with eaDD of the locking piston 70, and one or more radially outward seals 82, which
in this embodiment seal with upper extension for the body 37. The piston 72 thus has a
radially outward sealing surface and a radially inward sealing surface each for sealing

- with the running tool body 37 and/or components of the running tool supported on the

body, such as locking piston 70. This is a significant feature of the invention, since the
setting pistpn seals do seal with the wellhead and thus not have to compensate for the
varying conditions of the inner surface of a wellhead. Also, the design of the present
invention allows fluid pressure in the annulus surrounding the working string to act on
the seal assembly directly, and this same fluid pressure acts on the piston 72 which
mechanically acts on the seal assembly.

Ancther significant feature of the invention is that this deéign operates in
response to fluid pressure in the annulus about the running fool. This fluid pressure
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with the OD of the | ocking piston 70, and one or nore
radially outward seals 82, which in this enbodi nent

- W@e@k/1ni3Bh upper extension for the body 37. TheCHUS2HA/018371
72 thus has a 25 radially outward sealing surface and

a radially inward sealing surface each for sealing
may\ganyepkenalnbe agrlieshsuibirg tavugin choke aodpdhiénesstodhetBOP. With

the BORHA %&%&Phﬁgﬁﬂﬁﬁbgﬁﬂeorﬂa& :?@%% Bg%gfréﬂég B}Wﬂk&ﬂ $ about the

pI ston_ _ I's ‘a signit _
running touli &y, awiding opkeaticreot thedopi Bitrespsess B MddsRabsure in the work

string A Qe i GRptiEd Al o MRATATe] Gbing ek faeposkal belsaseats, plugs or
othegﬁbgm@%erﬁbér%’pés%mgdﬁ%% gf' géﬁ%@ﬁ@lﬁ%ﬁggh%}e@hgg% avoided.

lows™ fluid pressure in us “surroun
Alsoysigrifingnt savings ace fealized intthe tismasavisgebpkhye dperstor 4, run in and

' uid pressure acts on the piston 72
use%@g%@%ﬁ@ﬁgﬁpé%'l y acts on the seal assenbly. Another
si g fhiec antbddaaent gisefosedeabsVe NtHeOAnhiat '3k bBSémbhr seals to the
esi gn operates in response to fluid pressure in the

d .
exterjgh slfacaryi@ aasing hanrgey bwon, other apflicaiions Hwes setiings piston may

oo 88 40T O A o o i
surfﬁ@oic’) ﬁ'{’tubularh@r BCR plagnneembed, sudihiasl apires Tapeor@ubitig hanger. A

prefgifed FRoMigehaIaNE IV OR fhe baor side pEbpbnte Sefting siston and the
|ockt|ﬁ@e§@tt(5j@ ta|> be RenteRY to 1178 'treLrQQ iﬁ&ﬂfegpmetgﬁ]rﬁ@%&' bS3A¥And below the

or mandrel of the tool, e cost S,” seat s,
hanggrygis disclasetdrereira lthe gettinghpistorpis sadiatjy vtwarghoiothe locking piston,

oA R oL B KBRS el oxtoror o

the $utiihgDistbar ahPrefairdd! Bribbdi@nt 4i6ws YAE s‘é%ﬂ'a'tbﬁgmbly to be locked in

devi ces. In the enbodi ment disclosed above,
placq mipethessaiiing pistom hasSully set the real, ekbeugloin aliefrate embodiments

: ' : L i;n ot her applications the
the 'gé@ﬁﬁagﬁg?’gﬂpﬁgf""ﬁﬁ% "the seal assenbly in an

animuihesatimievdxestribed emmhodintshts olisd Poesiifle WasLApSiiddfom choke and
kill iines to the annulus surrounding the running string and then to the setting piston and
seal assembly to set the seal assembly. In ather applications, fiuid pressure to the
sefting piston may be supplied through the annulus surrounding the running string from
other flow lines exiending, for example, from a rig spaced from the subsea well. In this
application, the BOP may be located subsea or on the surface.

While preferred embodiments of the present invention have been illustrated in
detail, it is apparent that other modifications and adaptations of the preferred
embodiments will oceur to those skilled in the art. The embodiments shown and
described are thus exempfary, and various other modifications to the preferred
embodiments may be made which are within the spirit of the invention. Accordingly, it



15 surface of a tubular, or to a plug nenber, such as
a tree cap or a dummy hanger. A preferred enbodi nent
WwWQR003is1380 ui d on the back side of both the setPCHES2004/018371
pi ston and the |ocking piston to be vented to the
. . area inside the running tool body and bel ow t he
is tonbe gxpressly understeed thalr such nddifisationisnendiastaptations are within th

isal | I ockin iSto al t hough in :
soonehbt i ofedéfs Mihinnfor Rt hh g ciosngeiiine
provi ded exterior of 20 the setting piston. A
preferred enbodi nent all ows the seal assenbly to be
| ocked in place once the setting piston has fully set
the seal, although in alternate enbodi nents the
| ocki ng piston mght be elimnated. In the above
descri bed enbodi nents, fluid pressure was applied from
choke and kill lines to the annul us surrounding the
running string and then to the setting piston and 25
seal assenbly to set the seal assenbly. In other
applications, fluid pressure to the setting piston may
be supplied through the annul us surroundi ng the
running string from other flow |lines extending, for
exanple, froma rig spaced fromthe subsea well. In
this application, the BOP may be | ocated subsea or on
the surface. Wiile preferred enbodi nents of the

present invention have been illustrated in 30 detail,
it is apparent that other nodifications and
adaptations of the preferred enbodinents will occur

to those skilled in the art. The enbodi ments shown and
descri bed are thus exenplary, and various other

nodi fications to the preferred enbodi nents may be
made which are within the spirit of the invention.
Accordingly, it 9 W 2004/111380 PCT/ US2004/018371 5
is to be expressly understood that such nodifications
and adaptations are within the scope of the present
invention, which is defined in the follow ng clains.
10 '
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WD 2004/ 111380 PCT/ US2004/018371 5 Clains A subsea
wel | head assenbly including a well head housi ng havi ng
wa@200gli38dri cal i nner sealing surface and a t ubUOTAIS2084/018371
hanger having a tapered external sealing surface, the
tubul ar hanger supporting a tubular string in a well,
Claifge wel | head assenbl y further conprising: 10 a

' t ' | .st t ed .
R nonilscybtan, SN RSS2 HERGH) hPydng saving
cylingizich! inhbe sealin sgriac®bndas tubulgr M@Q'ha@ﬁﬁa‘ﬂbﬁeél;dglr external sealing

Surt osih‘ia? Ilﬂg he seal assenbly within the well
urfdeesd |§b f iaRgek $PRTING @abHiRStiing ina welbk themallhead assembly
furtHe®R@edpristhgg €L 11 Ng pi ston supported on the running tool

for nmoving the seal assenbly 15 axially relative to

t ha ruobingatooh haying & wentmb stgmsionnested touadupnirgssitriag for lowering

' to,the setting piston through an annul us
the @%ﬁ%ﬁ’g’ W&hﬁﬁﬁeiﬁrunni ng string; and the setting
pi #Heotunhing ol Barriigd béa%s&%ﬁ*nlﬂwﬁrﬁ?&it%}ﬁn th@dbal dssembly within
th a ng t ool

i nher surface each for seall ng runn

the \B@W‘jﬁa@@ssgmmﬁ m@ﬁﬁ the welibea h?dsing aficatha twbulavdrasiger;
2%, AR B oo dd M4 it 8THAI ol IROLRE iy o assombly

axialiyrelaiive fo thkltubslanhangebts asetpbsigone! | head housi ng
anﬁ the hanger. %_5 3. An ass_engl_y as defined in Caim ]
1, Myig pressuresHRRlied s therketting pisier dieughi ait RDAUIG suirounding the

runnf s g seal for initial sealing with the
vve?l h@gg_é (?Jusi ng. 4. An assenbly as defined in Caim
3, thenheetting pistond haviegs ar mdiallysopter isttface and a radially inner surface

each for sealing with a running tool bady.

2. An assembly as defined in Claim 1, wherein set down weight is
transmitted from the running string through the running tool to the seal assembly for

- initially sealing between the wellhead housing and the hanger.

3. An assembly as defined in Claim 1, further comprising:
the seal assembly including an elastomeric seal for initial sealing with the
wellhead housing.

4. An assembly as defined in Claim 3, wherein fluid pressure is supplied

- through the annulus surrounding the running string to the seal assembly subsequent fo
- initial sealing between the wellhead housing and the hanger to assist the setting piston

to move the seal assembly to the set position.

5. An assembly as defined in Claim 1, wherein the seal assembly, in the set

11
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30 through the annulus surrounding the running string
to the seal assenbly subsequent to initial sealing
w0a0048¢1880 he wel | head housi ng and t he hanger t @CTAS2&K/018371

the setting piston to nove the seal assenbly to the
set position. 5. An assenbly as defined in Claima1l,

pos B*fgrrﬁsmeﬁa*p-ragtﬁé gBRlwith botththeswellhaad Wéusing and the hanger.
2004/ 111380 PCT/ US2004/ 018371 5 position, forms a
nmetal -to-netal seal with both the well head housi ng and

t h8. hanjarassefnblpasaifiewt! i Ciging¢f furgériconidriding: 1,
further conprising: a. locking piston supported on the
r AP Biton SHPRAVEIN e TinBissGRELADE moYRable in response to fiuid
. ; ! - .
presBURS iR BAnGIR @?WHéHﬁ% tfé?ée t%elﬁﬁéhg%bgegf Ak éaeﬁfdliﬁgéﬁ the setting

..in the set position, t on havi'ng

pistgmbgédng grisegarpressuwe arearthamthe mekingopipiost on. 7. An
assenbly as defined in Caim®6, wherein the setting
piston is radially outward of the |ocking piston. 15

8. 7An apaeiddamisly dstefiemest ih CRial 8 Whevétﬁftﬁbfbédiﬂ%%iston is radially
pressure created during activation of the settin

outward o ihg locking Rigtate an annul us surrounding the central
stem and bel ow the tubular hanger. 9. An assenbly as
defined in Caim1, wherein fluid pressure to the

sebt i ngAn2isspnslp mspdefires) inhClairg 1Y, elivdreiraigid irbbsiirenstgated during
" V\/nenL?gI ovvou&_ preventer r are closed and then
activalion 3 the RETRGRIFED S Vet in A apRElus mHTGINdiRg theycentral stem and
belodtheAib@af AERGYr.as defined in Aaim1, wherein |eft
hand rotation™of the running string noves an

actuating sleeve toward a | ocked position and expands’

agplit, 25 1o rin o_gconpect fhe runni tool to .

2 B e Bl SEEG RuhT a 84eS o the seting
pistoMeastied thidlith dedlee aAd Kl l%s%hé@ Slovﬁdtﬂlrﬂrﬁg%@b? r&¥ds are closed and

moves the actuating sleeve toward an unloc
thenptegqqghoth_e annulus surrounding the running string.

. 10.  An assembly as defined in Ciaim 1, wherein left hand rotation of the
running string moves an actuating sleeve toward a locked position and expands a spiit
lock ring to connect the running tool to the hanger.

11. An assembly as defined in Claim 10, wherein right hand rotation of the
running string moves the actuating sleeve toward an uniocked position.

- 12, An assembly as defined in Claim 10, further comprising:

an anti-rotation key for allowing the running string to be rotated and the actuating
sleeve to move axially without rotating either a running tool body or the hanger.

12
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30 12. An assenbly as defined in Caim10, further
conprising: an anti-rotation key for allow ng the
WO oend/impset ri ng to be rotated and the actuati n@CTAiSee®18371
to nove axially without rotating either a running tool
body or the hanger. 12 WO 2004/111380
PC"’%USZ@(M@%SFEB ly & defineshinaSkadmin §; velsereirf iabeake dogs retain the seal

' : ' el ease _dogs.retain the sea ,
asseBhyand 8 SeEhB BBIFRE" 5 RIS BrBitdpu ek R heng otation of the
runramg! strirgh mdwesdtheotietuating dledveetowaranthadusibeket pdBiiBRA such that the
I thefﬁctuaﬁlgg géeeve toward the unl ocked position such
releg3fhCotReroipasR d0e RAlagsemily and éhe agtting pistonytoampve to the set
positiBg, setting piston to nmove to the set position. 10 14

A wel | head assenbly including a well head housi ng
having a inner sealing surface and a tubul ar hanger

LB AUl By S S5 48 phiTenig r ssiing
surfacs antll & thbuld SarfRFHving @n @d@ﬂ{wlé&nhggé\%@\@, e Rubular hanger

cer]t ral stem C(_)nn(_ect ed to a runni ng stri
SUPPQSHRE riybules stirg inawelly theowelihead assembly: futther compiising:

o2 ARG IR Vi a RN R’ R S BBl ffng for lowering
the tuimeinguion] irgtlHeowkllposi tioni ng the seal assenbly within

thg wel | hea(f*l ssenbl y between the we| | head housing and L
t h@'et MSVEY cr{ﬁr?@éw;méassaa! ARCPPM ibRlusing antalastemeariseseal for initial

. seallig Wit thd Rliinkas Hlﬁjﬁry tﬁ@ ‘?uﬁrﬂﬁ{; (’5&2! 51 l%ﬂd@ﬁ?ﬁ!%%bg\l 4dsembly within

rélative to the t anger
the wellhendoasasobly hetwelehdte welihbad heusingoamd tHeotubalat Hamger;

g e SR S B R Bb. Do Yol a0 et assormbly
axialhpedlgtivey/ tooietubBidr HrRyer ifla 3et pEkiibhy | nner surface
fluid pressure supplied to the setting pision and to the seal assembly through
an annulus surrounding the running string; and
the setting piston having a radially outer surface and a radially inner surface
each for sealing with a running tool body.

15.  An assembly as defined in Claim 14, wherein set down weight is
transmitted from the running string 'throdgh the running tool to the seal assembly for

initial sealing between the welihead housing and the hanger.

16.  An assembly as defined in Claim 14, wherein the seal assembly, in the set
position, forms a metal-to-metai seal with both the wellhead housing and the hanger.

17.  An assembly as defined in Claim 14, further comprising:

13
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each for sealing wth a running tool body. 25 15. An
assenbly as defined in Caim14, wherein set down

wWOaPyhHi11388 transmitted fromthe running stringCrASeenge18371
the running tool to the seal assenbly for initial

aélw bet en the well|head housi ng and the hanger.
AhFHpPaded;enithe qunningltaphand maveabls in tesponse to fluid

‘”eﬁi‘?ﬁ o ﬁ“’é‘f"i"g’ﬂm‘%ﬁ% eeS0ion RER s neptignand

the hanger. 17. An assenbly as defined in O aim 14,

f %&%%@Wéﬁﬁ% \écoﬁ‘?zfﬂOM 111@“%%9@9 tZeweliheadhdousing and a

tubmlanhanget mlsmdrtm@/@ﬁm&aﬁ étnh@%ﬁ’@%& %Re éf’(hgd comﬂnsmg

ssure H t he annul us f ki ng t e Seal asse
‘PW@"QQtt @ 56at Aassemhly. wuhlnélne diwusingsen ai nugnimgstesl having a central

Stemwmldé&)&;mﬂmﬁ?ng ead housing and a tubular

hanger for suppor 'tubular string in a well, the

rretnasgmg)ﬂmdumeagjrelﬁrdugvmn sgntlbs s&ﬁ@unﬂﬁ%' ernm string;
r unni ng t ool havin a cen g ’

he_ h
st g’%ggh’r@g@@% ?'iggg'é?qmﬂﬂ ithey f%lﬂmnaéoowse Bﬂgmgl ;usr@n having a. radiafly
outer stffiatecard bOUAIIIR it Uitdte WU P LLDSd Bftn S \RNCAG tool body; and

string,  providing a setting piston o
t odncreasiaosluie |mgs$uretto iz thig settingdbisionyaxialit Rilative to the hanger

to nie I nne surface each for sealing
© thﬂgeﬁﬁ%sgsﬁﬁg/oﬁ) gagy %n 15 increasing fluid
pressure to nove the setting piston axially relative

b :nger to nove the seal assenbly to a set
§ ti o MEhod agedefinedain Qlaimnitl wiereimamatiulastspraeierbetween the

IRBad vel sing,and t
vy S99 ATEE e F R4S e i
metal-tormietaltsalal wathristh ithe elihubd hobeing fitethehamgad
housi ng and the hanger.

20. A method as defined in Claim 18, further comprising:

providing a locking piston supported on the running tool and moveable in
response to fluid pressure in the annulus for locking the seal assembly to the hanger in
the set position.

21, A method as defined in Claim 18, wherein a surface on the wellhead
housing sealed by the seal assembly is substantially cylindrical, and a faper is provided

on the hanger to force a seal assembly outward when pushed down the taper.

22. A method as defined in Claim 18, wherein a split lock ring expands by
left hand rotation of the running string to move a setting sleeve to a locked position.

14
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20. A nethod as defined in Claim18, further
conprising: providing a | ocking piston supported on
wWOReH#1INSPng t ool and noveabl e in response toPCITAISA004/018371

pressure in the annulus for |ocking the seal assenbly

to éhe hanger in 25 the set position. 21. A nethod as

dePPnedA Methad nas slefingdriai @lains 32, avbersin tright viricheathtion of the

' : Ly, ls substantially

runrySir 8RS the kol shete B IROUR BRI Nanger 't o

fokde aAssmwithed sentéfnerlim@iginhi®) wavsrerr fididvpresiare to the setting
ed in Caim18, wherein

pistaf @%%ﬁ%s%%ﬁ@h ﬁigﬁégﬁgr@@'"%%%ﬂ%'ﬁ PIgWeRE RreveRtepFamSs are closed and

thenttheoudH1H i TGSl eeve to a
M gﬂﬁhéﬁhﬁﬁms@9ﬂb90€$§8%%[§@T§ggﬁaﬁg/U82004/018371

| otked position. 14 WO
5 AATEORING teo! fesfsetting 4 sedl asserdi@ly beiheeen a wéllileiad housing

ana 0518t R, e bABorTN, DTS A0R Reg sl S S toot boing
operdtivelyersponsiveiton flild prbssensipplicd MFESFYEA Ahdil’€ surrounding the
ston passes through choke and kill [ines

settin i
mn%ﬁ{rﬁgoﬂ&fuwf&m ipthef gomprisiagiosed and then

th I oundi runningL st ki n .
0, 8Eol B RGO 80 A et win e
welllzeadthbbising dral siavablyaredpansivb b diuid drgsiuré @ the annulus surrounding
orti.ng a tubular string in a well, the running

su
the rygﬁﬁlgogpn » operatively responsive to fluid pressure
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pressuirg fouthei gedting pistenvand fee 8641 &bembly; and

‘the setting piston having a radially outer surface and a radially inner surface

- each for sealing with a running tool body.

-26. A running tool as defined in Claim 25, wherein an annular space between
the wellhead housing and the tubular hanger is closed by the seal assembly forming a

- metal-to-metal seal with both the wellhead housing and the hanger.

:27.  Arunning tool as defined in Claim 25, further comprising:
a locking piston supported on the running tool for locking the seal assembly o
the hanger, the setting piston having a larger pressure area than the locking piston.

28.  Arunning fool as defined in Claim 25, wherein fluid pressure to the setting

- piston passes through choke and kill lines when blowout preventer rams are closed and

then through the annulus surrounding the running string.
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a setting piston supported on the running tool and

novably responsive to fluid pressure in the annul us
weuaeHaums8d ng t he running string for noving thePE®AlS2004/018371

assenbly axially to a set position, such that the

'seg? assenbly is set by the application of fluid 20

pr &dsur & frting tepl esidefingddo §rakm @5 wbessinbndaeentliyace on the

t i - - di al | suyr.f
el ARe oA braRo Tt ot dsB8nud B b hendatil R RS 5 an outer
taparer riurtpceooh thehang26 forkes thei sighl taebntly dafwa@cwhBn pushed down

[ 5. wherein an annul ar space between 25 the
the %rﬁgﬂﬁﬁﬁﬁsi ng and the tubul ar hanger is closed by

the seal assenbly formng a netal-to-nmetal seal with
both the well head housing and the hanger. 27. A
r ufli ng A BsIning: tagk 5 wefined iTICiaim 25, wherdihtte running tool includes a

: -1 S i e I | n .St o upported on the running
spItiBBPRG 6 fosidtnadtihlaBhrtoBe R hBhogh 1 ne nanger
the setting piston having a | arger pressure area than
the | ocking piston. 28. A running tool as defined in
Claim 25, wherein fluid pressure to the setting
pi ston passes through choke and kill |ines when
bl owout preventer rans are closed and then through
the annul us surroundi ng the running string. 15 WO
20041111380 PCT/ US2004/018371 5 29. A running tool as
defined in Caim25, wherein an inner surface on the
wel | head housi ng seal ed by the seal assenbly is
substantially cylindrical, and an outer tapered
surface on the hanger forces the seal assenbly outward
when pushed down the tapered surface. 10 30. A
running tool as defined in C aim25, wherein the
running tool includes a split lock ring to |ock the
running tool to the tubular hanger. 16
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