WO 2004/ 111380 PCT/ US2004/ 018371 VELLHEAD ASSEMBLY

W TH PRESSURE ACTUATED SEAL ASSEMBLY AND RUNNI NG TOOL
wo-2@kd1BB80 t he | nventi on The present invention PE/ESME4/018371

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

wel | head assenblé with a tubul ar hanger adapter to be

| oner ed | WELLWHEAD ASSEM®BIDY WITH lPRErSSBEREd to a
subs RCTRIATED SEALL A5 SEMBIOY AWﬁHbﬂq
t he hanger

string fromthe well head housi ng,
seal ed to the wel | head housing. Background of the

Field ofithednyention wel | head housing may be | ocated on the sea
floor, so that a casing string may extend downward
fromthe wel | head housi ng into the well, with the

C'Eh?e peeseint inventisH Pelatd£o \}v@llﬁéﬁﬂ AU gﬁ‘\%ﬁfjaﬁa UI%'OFQ pBrticdilarly, to a

asi ng hanger. A seal assenbly may i nst al

wellhqggtmmqm@n@a%tq@laﬁ?@meradaptﬁr tohselowened f atvmil then landed
within %@é' s}%%é%% H Q%Hﬁgga A2 Se 4 oﬂlgﬁ%n Hweﬁ'égy %H§§%§mﬁ & &baflar string

€ casl

from the wekihead laoubing), Wiﬂam@haﬁ?mfédéﬁﬁcﬂfd thedesiiHsad MbuEihgd
tool s have been devel oped for delivering forces to Set

and test the downhole seal assenblies, as discl osed

Backgrdurtdl &f tHRAhe8htich 969, 516. Hydraulic pressure may
result 1n axial fovement of a piston within a seal ed
Hymubead hohalm’gemay betlheatedmmihegpdwﬂﬁor badtiyat a casmg string may

extencgéﬁ)dﬁ riﬁbwg%p\gﬁ@hgpé{ Hnm in ghs aﬁngwgﬂjﬁﬁg casing string

suppoﬁba% &6 Hrefih&x@ hauhang Bya Bbé‘lﬁgtMQe\m hcdbatbske may be
e cloSed around a runnin

nnul us pressure.
lnsta"@d bstvgeertm@e@aau@g aaagawe%e upplepwneraf thanesmgrstrmg and the

wellneBU TR,  Fné SRerdtBy i ASEN e ks Mofafild, 8 3eg! 8Ssembly
remote:lyj iami weg@éxtefmm@emblé@e sapplied to stroke the

?I ovvnhol e through choke and
Wn'ng s{gve rﬁﬁe aspfor delieeringsiosges ta srirand test the

S 8
dount L s Bak RS olotiag ) o Bagghes Bod 516 Mgy rosur
may resulmnragqal oadvedroenipafs piston within eseadaledstwrdulllw 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
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bet ween .a casing hanger and a casing head. A first

sl eeve is connected to the hanger WO 2004/111380
wEOAWEa804/ 018371 5 and a second sl eeve i s tPCEESHDY/YIS371

connected to the first sleeve, and is novabl e between

one position to support the seal assenbly, and a
and 3 geeaRd lesveiisthreadablyiconsratpd tottbe disst! slemese minidyis nuovable

oY bflorT r h SSEPIE BAPRcrtLos 5 o reasin

the spabamm*eblydb bedaWerethforesealing mttheg:aslr@efv@'\g@ wmd patent
atent discloses a too

disciiies & uiing IS WHICAICdes A aresue saf eslsmbere Marselting sleeve i
sealétPld t'h%aﬂelh%é%‘ ”Ehe W’I% &téﬁ?&@ﬁfo@gg a%of &@sdé’ﬁé@fo 8hift an external

are over cone present | nven
valvg ﬁpewwamﬂheag l‘muefng.lre act uat ed hanger seal

S e b PR R RO 1S v RSP B 5% aFhsE A A5 hon, and an
lmpr@mi am&ﬂ&ﬁ’@lrefssw@ actized bahget sédl és%émbly‘éiﬁ@ﬁ'ur‘i’rﬂnﬁ%(ol are
used to seal a well head housing with one or nore

here'ﬁﬁﬁ@éf’@c!%eﬁ well, with at |east one of the hangers
supporting a tubul ar string in the well. The seal
assenbly may be |owered w th the hanger on a running
of thd Imventitie seal asserrbly i s spaced above its set

positi n V\/ne he hz? | anded .in the well head.
3”&5\% ‘im ARRMBly a0 funnipg for) of thig iRvaxtion may be
usedété%@&beNémﬁéaB%d Y@’\ﬁ/ﬁh et MBfe%]hé‘rl\%eﬁ%fi‘h SPell v%lth at least one of
position. A downwa force may t e appli ed
the heagﬁrs/\sn@mrtma tuulan string Indhalw&jl t Tt smlcassembly may be lowered

T R e e N I A

positionbwher thangeger i8 [afddd MAhBIvGéIMHRadD BWmaanéﬂ'tﬂw 5P®le running tool
seals with the tool 25 body and noves axially in

string, dap srgkassemblyirgay beslowesed o andnitiarsaalisgaissition: heA downward
foree 308, o8 o 1§ oSy SEPL ARG oot anc
transmaﬁembd) Yhe aeal assently to Imﬂdﬂyts@el betlecrstherdyry waill m the wellhead
nousfi 55 8% kiler B R SebisShct E dheunatodlSame wh re too
body/HRiPHYea 28l Pé’slfdtﬂrrﬁé {BHALErIRUDH th3HrfrAARC oG the running
stringoist $eirtbels¢ahasmmblyt d-he application of fluid pressure energizes the seal
assembly, and may also lock the seal assembly into place so that the integrity of the set
seal assembly may be tested.

The annular space between wellhead housing and the tubular hanger may be
closed by the seal assembly forming a metal-to-metal seal, and optionally a metal-to-
metal seal and a 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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netal seal and a resilient or elastoneric seal, with

both the wel | head housing and the hanger. A | ocking
wWee@tonsmy be provided on the running tool foPCT/UBI004G18371

the seal assenbly to the hanger, with the setting

i ston having a |l arger pressure area than the 2 WO
lockipgistons 3Bt ﬁ@hﬂ@ﬂ%@ﬂ/ﬂﬂ&%y% rastiédlyngutpiasd ofitheTloeking piston.

Fluiq B ol GRS EREIAPaLd Wy BRI acBIEF kG ireed o the annuius

belowaritiettandercki ng pi st on may be vented to the annul us
assenbly preferably forns

an R SEPLSREDA ArotEab Y GRS N 1Y Sarigel seakiatwemn the hanger
and Wﬂé W@ﬁﬁé*ac‘]‘ %ﬁbl’ﬂ@ fBanutId“l}:@eﬁH%th%eée{dl %g%érlﬁﬁhé Mhe puter surface

assenb . he outer sur
sealgd byﬁbeﬁeﬁhgswnblymawbelsnlblsjamﬁlly ngumdmlal amaida mﬂeﬂnﬁ'bwded on

the BRI G908 1 S8 AL AT b VREE wheR s Bid Sopubs taper.
apil osatubsea aﬁbllicamnt aW]&N@um&%véﬁtoP%sbéélf?&%ﬁ éQ@%@ l]e wellhead

the wel | head ousi n and | east one choke and
houging,cand ablegst epe ﬁh@h% agg Mllahnﬁ extentle fiony teusurface to the blowout

oSSR oA SR B0 R 5L connt v

bIowtout preventdl tocthd WEEIIh\SBdQ‘IOLEiﬂ% dFlDFthﬁlféliétéﬁréTﬁM :lfé appllddehrough the
ines to the sefting

Cho‘ﬁ %@fgﬁq s tPﬁ'gg ggg@gfw&'ﬁkm the blgweuhpeeventygams are closed.
ACABESHit foPnblHRetR 8 Seatas SahnRs BoBlbnkS b%%é%h MNG&ihead

bet ween I'head housi ng an an er
housg,ru@ podtd whutarthanges forssuppogtingadubwbt strifigen maMalthhe method

inchigB o8& g B b sl MR 6 WeleadouRiaan the rynping tool to

an lrﬁm@eﬁﬂn@%’sttﬂoﬁnan@%rééﬁhg%id“ﬁrés'stéjtooﬁ\%?lé Yhé séﬁlng piston on
nove the setting piston on the running tool axial

the rgnging teekaxiptnto @ sehpesition suschstbat thessaatisisgembly is energlzed by the

applfi‘:ﬁ‘t‘l{ng?'04E ﬁfhob%{re%gﬁlﬁn@qﬂ st%w&g? ,{\H eg sg & El’flf%%ra i pre?erably
provmedvfodadléast irfiallseakitg betwéet threabiiithdo ebverg ér’ﬂﬁthe hanger and a

lockigg iR PG Ao BRHAGINSdSn! Frayides detlopnaiibeiapAgassembly t
the Han.@eqz_eal assenbly to 25 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
moves the setting sleeve to an unlocked position. An anti-rotation key may be provided
for allowing a running string to be rotated and the setting sleeve moved axially without
rotating either the running tool or the hanger. A retaining ring carried on the setting
sleeve may secure the seal assembly in place when the hanger is being run in a well,
then release the fully installed seal assembly. Rotation of the running string to the right
also releases the seal assembly to move downward.
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A split lock ring may expand by rotation of the
running string to nove a setting sleeve to a |ocked
w@omuilise) while rotation of the running strinpCT/HSZN4/018371
opposing direction noves the setting sleeve to an
u/%ocked position. An anti-rotation key may be
ViRping teeis @mm@dw’g:rasaﬁmma sgabassembly beecentaveithead

thout 3
hous?r{gjg{@% ﬁﬁhﬁ@%n@%ﬁfb}% LﬂlLlJéfrt %{f‘gng Ihgaell. AThe running tool
includes ai mnng\grtongbodly fored/velrmg t‘rfe s&ltaseembh )L@ﬁthm Wekhead housing,
e th seal assenbly in place when t

e hanger i s

and § geHing RiRton SUPRAEIA on teshinpincieoL bodk farTieyingGe sPRkassembly
axra!%@'a §§t5[5‘<5§?l!|dh sﬁ%@ﬁé eWedl ?Esér‘dﬁworﬁgy%‘érlbwgrédjaﬁ@%nerglzed by

al so rél eases t e sea
the @@ﬁmfmrtjof uid\presue IQ mgeﬁﬁ@/mﬁﬁﬁOHtﬁ]diaﬁéﬂsuré imthe assembly

't t I
surryd ol i 58 S sk il 5 s assemby
to the sepposntmg ThieWuttirey pi%tdri @Qals rBJnf’el Ylﬁi:élly ihAard §Uﬁé88 and a radially
i ncl udes a runni ng tool | owering t

0UfW§ FU%%%%%W inpl bedy. meth@eatqmaﬁmaagpn theigeal asaambig is

ref 46 s PUARRILETL Bl RS EAIELA i 88 8ol ho THRS anger,an

allowstfhtid phessiealo ammldyre&ﬂy ohehé @var ééise’iﬁl@lxe melogkibgthiston
plication of flald pressure to the setting

SUPPéP‘&%’gw fhe wnging-teekmay 10¢k thesseal assemply i inediangaig
t hﬁwééé“é‘rhd‘ Btt'%trrféé‘tﬁr n%ﬁd %véﬁl%ﬁégtotf ke 8945%51? ﬂnfef#}non will become

novi ng the seal asse set
appasentfrem tbe§ollnwmgal|&dsalm descsigtiah) whemvarefesandeas enadalto the
outward surface of the tool body. An

ﬁgur% L{‘Saﬂ?a,éclf %aémn%are}‘wég§eal assenmbly is preferably

al so provided for sealing between the well head housi ng
. .and the hanger, and 15 allows fluid pressure to al so
MMMQL&&MeaI assembly. A | ocking piston
23905} §n3s 1 cabE ekt SoalRbesil A §RL Lty pperoized, and

lockmblmamae@e&ﬂdﬁ thehweliheerEndusing entiidrewtionshipcto®BOP and a running
apparent fromthe follow ng detail ed description,

00l wherein reference is made to the figures in the

aﬁ%umr%a%‘%haﬂs HrAWMIAYRd WS !tRE hBRGEF inPthk 9l 1ahBEd position.
Flgure 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 being removed.

Detailed Description of Preferred Embodiments

Figure 1 illustrates a subsea wellhead housing 50, an outer conductor pipe 52, a
blowout preventor (BOP) 54 above the wellthead with rams 56, and connector 58
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Figure 1 shows the casing hanger seal assenbly | anded
and fully energized, and |ocked in place inside the
wowrdshesso housi ng and its relationship to a BORCHON2084/018371
running tool. 25 Figure 2 shows an enl arged vi ew of
the hanger in the initial |anded position. Figure 3
conneglng the BQR Y todhe asltiead bwusing ?vthngquuraﬁtygmﬁthe@hoke and kil

lines dd Hﬁayc\?éenl‘?/%ﬂf\o { eg%vrﬁil f?cﬁm?ﬂ%% eah%rrrg% ﬁg}fd qr}g may be used to

opera’ree’?ntaecwmn% lhahg?dt rumlgtgel@bl [Qa%adl:scg&w hlér&nsﬁle}bﬁrété%ydrauhc lines
eing | ocked in place wi
(not BN FFavRx e fropie:s ooovmrtta%ramsmbe BRPon
OfFlgﬁféc ?rsh%Gl/sﬁH‘@‘?%ng@rﬁéwéﬁérqun& b%%ul?ée%sggllﬁé%sﬁgusing 50,

head housi ng ter con
with Hieosraltasseay 20 fullyBeR)arstioaked i pllaeewé;utiseadwmtdads and casing

TN N ST R T
prefeM%d bt asbtApsisdl Wﬂaﬁ@cco‘?ﬂﬁb’dbf’é tHeeQbglieme EE&‘ %uﬁpﬂa ﬂr&é 2 required

lines 60 may conventionally extend fromthe sur
to ingtalh theopealis @lsmbigber.u$be préseniprventiont rovidesiangettiog gaton to

G e T

p ol ruriréng &od 30 sugporis@hRe Iﬁir@@r l&ghy;@ﬁm lb(ﬂenﬁ%SQr(gee Figure 2)
that (RDEPRBOGuR 1056 anin) 10619 hanger ot haspInIrsacERIbEsed radially
mwaRi ﬁ%?ct?e:gg %3?%’/&?%* S(El@ﬂén ﬁﬁﬂmé:ﬂﬁi%at?iﬂggﬁ Sndiush8%unning tool

tenperat ure ressure
cen’tr@uhetem dfeiottbe lett, vonieh ér turd rad)\kesmm alcttﬁmt; shegve 34 to a locked

i U R SRR o B SPEHAR 0 88 i
(clockWisaNbbRIhgRIGW \AREs Peleasés fHe RASIHTrdm thé‘?@hrﬁhg *tébl When
providing the required setting force to fully S

rotat@satp thQSIghhéhemm@gtwvaam sopsr o framg ble@rrgiea spm lbyk ring,

allomfi\*nr%ﬂ* ﬁ?sgﬁ l?n@éllﬁgs[ﬁ% I({qi(erﬁ}i%g ﬁ So%%ctgsa‘atllﬁr)(% dgozuq of the mating

groobesa88dh tieelhahger toirelsaisd theYodlesEiomHethdriger qoat i on of

t h(?né %? r|1r|1<;1r r%%artlloﬂ edg/% 3a6ngs tsrqg\?mtn[: (le:'gruurgrg r%%ytbe located on the lower
end of the running tool body 37, and allow the drill pipe or running string 42 and thus
the central stem 40 of the running tool connected thereto to be rotated, and the
actuating 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 to 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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central stem40 to the left, which in turn noves an
actuating sleeve 34 to a | ocked, radially downward
w@odiiiiseo Conventional rotation of the runni NBCEHUSI004018371
to the right 20 (cl ockw se | ooking down) thus rel eases
t he hanger fromthe running tool. Wien rotating to
releqsf?edwsﬁz maynbe dr theatadiallystuteraed pasitionts hold thierseral assembly 20 in

'placgeh' nd a split lock ring, allowing the biased inward

split lock ring 32 to contract radially inward out of

t h@nmatth@gangeotb@ tasHeenahded tABIBANIG StBhEAS Ay Be rotated to
m t he hanger 10. One or noré rotation eys

the r@? ia allgy {M%e tgol,ipdm r@le@s,%lyfrq;@ the hanear. oW hilegotatingr the central
sterr?lﬁo %‘ﬁ'l@f‘l%ﬁp thd 4BfiaRAg %@ve%%a?bqe @Qte%ltbﬁﬁ'o%%ﬁq fhe unlock or up

or running“string 4
pOSl%thrr\MlJlewetatéuamnngIagve mmovedm@mednbbkroem rscsslthm the release

dogd, f2 A mpBPatn Gt 475 HE eQITisBRACien 10 & BeodenGain the body of the
tool. TORCE 2iaé rsi8asa dols 1'20é'Vﬂér W?Rfovbhﬂwéjﬁ%r% 'rtoc‘!YtEQ‘asTettlnI% piston 72

anti-rotation ke ey seal s the nner casi n annul us
relegses. and dhe saal agpambly |203ma3m®eed@~nwambwrthmmsettmgsston The

welgﬂwtz?f‘ﬁgél 3 g‘fgggt\l;@arzfg gawgy%{fg\%@)\p t?@s'%d;ﬁ%‘é opdhe setting piston

72 theer pthshﬁsvmml absémblya®0 ttaah NOtialdoRN& s#4l o Mee hanger 10 and the
12 may be radially expanded to hold the
boreé@&i@@éﬂ%‘ﬁ}ﬁ%hoqﬁﬂn%ﬁgce while the hanger i s bei ng
S
asse%‘%?ﬁlrﬁg(fﬁ Js't%ﬁbe nov gﬁ‘% hﬂ%\fhtéleéévg@\k%@s‘?v i on. S%ﬁ' ﬁe%em‘béy 20 unti

the stecabassmbtyockmlacte thédahgeg elnerebbxege'imeMr@g@ébﬁfbb%@al between the
e in the

OD Gihe AR5 anAdna D3 HH5 BRTEGA6PLoHe il sedbmypy e between
a rubber o@'e@é‘@on@ﬁi@;%dﬂ'@n Bﬂﬂﬁeéeé#%sgéﬁmbgﬁﬁﬁ’% Baﬂ'ﬂff'%thérg;%r 10 and the

runni ng strln%N be rot at ed
We"f@addwusm £80iWith ﬂhﬁé rares S8xafdhe rBQIPtfi'ieCIhsecbechld Predsare may be

t O.to.kthe r
opplESIGHRR FRRSBRRH S B0 00 b8 FabdaueBiure acting on e
settmmbrstdh ﬂmhm‘r tﬂ@vé@ﬁlletse@tfhg phRtdredoWAwaLd UAtH p@ssLRENSsist from the
is noved to the, unlock up position, 'the rel ease

SQﬁ"ﬂG@@S@@b&\r 46. vbica i glaﬂﬁubje@r’r@;thlérfwld RERSsUre: Fhid prassare on the
ouel 163 3 PESAMBY HahBa NphEAt Sbybheny 120 PSR REpon por 73
locking) pisten f70n§hep1 downw#fl 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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rel eases, and the seal assenbly 20 may nove downward
wWth the setting piston. The weight of the running
waLny3¢® acting on the top of the tool 30 anPCDOS100€018371
setting piston 15 72 then pushes the seal assenbly 20
to an initial contact seal on the hanger 10 and the
the 363 ésmmblyozo hes brenisesdhetocidng gl%@] 7(destbeﬂoclgng sleeve 14 may

thus ?gg’gﬂ Wﬂ@&ﬁﬁ\mg@\ée\l@%\f’@g@e@g Cee'altqegembly 20 are

sheehradl,gthle Ioclhangl% Fesleovah imPigars 6né ff@r‘beé&@'m@@ MRRId k8 a recess in
anger and the |ID of the well head housing.

the uﬂﬂeé %nﬁfu Qf; ’fEﬁ casing hanperetheeehiclogking the sephassasnbly to the hanger.
Oncé’ s 58aRddse ?'h'a@ bhel II% d&ﬁé&k@éﬁe@’gbé %ﬁg Qe%\%Hhtﬁen@OP rams

hanger 10 an 'housi n
may bg qiiendseaBbR ﬁmlghtqndicbn mawdrlqmgaslsmgeﬂnmeecbm release the locks 16

d kil 60 bel h
and ffasE e 1457 B drerod S8t Sord B5neiny 2ot t i ng pi aton
f UThé eurfaBys belnatscafdd b?%é’eéél%s@ﬁmy‘% fﬁe ;We"s@ WthmVﬁntlon may be

pressure assist fromthe seal I Ng asse
PTOVid§dalP sowslhbplayy atBOP oir othendlasyeatavice. Presaune firoasshoe is

R e MR e e—

as distlosed aIﬁxvet be relaktwmtdnémbéh@f Sl Hsee ) Qde@@gé§‘the bore of a
war d rH)vement of | ocking pisto

cyiing e inerval BLs SIS eovaTand Rousing.clinyoing seal could in other
appl@@ﬂé‘rﬁé‘éngé@e HEBMY @f Sudhcd hﬁgs,lnbh_erfr@eﬁsériqe? n1‘?)' ﬁésc’? rggially

noves assenb y I'n ace
external aeplllngesudammeh artapet fmefbtolmg;tlfe)sem aseeEm'ﬂy tdcbal@e@jtward to

soal FFES etfRafhoybih oThe BiftenBaraRb kool ki Ramgth an

elastomerio R WG, ih Reprasstes] eddodfRsst, ﬁmﬂ’a@/eééalmﬁh'tﬁ@q\%i’lhead

and is sealed to the well head housﬁa?
hou%@gd amother tadialpt istasnalelasipmeria forsgas-tighti Seahhg engagement

i ECABIEEE SRR B Wy O B o
secohdsﬁlaﬂon@rméal W stAG With3®e REAbEHSANd bAd%? More érhﬂﬂar bumps

senmbly 20 h been set, the | ocking piston 7
on th&‘d@ ?ﬁ@‘el %ﬁql%ﬁge@bg/em@yiqrwe"@wggﬂew@ meéalts;eam@ the outer

S T e Pe | ock ring 98 as Shown i n Figure 5 is

f dReledse toalsvis maydnitiallyfio the sealesseimbly 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 allowing axial movement of bolts at the
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t he upper end of the casing hanger, thereby | ocking
the seal assenbly to the hanger. Once the sea
w@e@eldgo has been | anded, | ocked in place andPCEEE®A4/018371
the BOP rans 10 nmay be opened and a straight pull on
the working string 41 used to rel ease the | ocks 16
uppefind eof bessetting pisk toamore selative ta the plate. Assrrtbt sle@le 15 may

surrc;mﬁi igich |F1F¥8F§ bﬂgnéecﬂltﬁg LSI?{rngS%@%a pg)%ﬁgtnbl y of the

sent | AV on nay {9 bel ow a

BCngre ptiven ecdlaxgedenéiﬂwf e h&hg@rﬁ?rtﬁ?fm@ém?ﬁ@y@ pb§lt|on The
0 orce e seal

lied tqg the setting piston
Sea“&a\%ﬁ&ﬂﬂmy PR ia cppaeepd %o the laverancoef ths pisfoni /2% Mduehtis retained in
the @ﬁdﬁtloﬁ”#ﬁ h@?ﬁ@@e Hérdﬁ?\ﬂﬁefog?ﬁﬁ%%en%%%@gwr&ﬁ the hanger, and

engages 't Ical” Tnner Wwa
the @tﬂsm;aaxs‘im Vﬁ@and thelseahgssmhbilycregmm iretheagd positibd. i n

noiabre, P ist R B sHYR B 72l ihp sk assarmbly 20 moved

dowmeatd. ”Bhl%%é@érﬂem r‘hB %etc?él%df Y a)ﬁlﬁf ﬁﬁbOSmteh@oﬁﬁ@  unning string 41
assenbly radially war d seal with the wel

actingo@sithe tompéthe @péaﬂewh@bahawmm yransfﬂrtﬂ!bes Bd\’\hchﬂmcal force
to thd S LR @ BBG S8 T e Yo 3nR SEHEASSUBNAY ™
anfeighes 5maﬁ;traltés/the"r§@n @@bemlbﬂﬁlb@k@d it plaealanidothe runnmg tool moved
nt seal i n8 engagenent  w th the tubul ar han
upw4tg Mﬂg 81551 FREND Aaager t Ardpomey inddgwecadeaking key 9 . which in
Flguﬁ] Q;YéhQSO\?e tRESANa RS R HEnSH @é ‘f(?r a%ez?éérpﬁw W{aﬁhntp[ghe recess

anger, Ssince one or nore an

to efisictively leelathessasal msbgminhy 20 ar maaermitwabh ebhe hanger 10 and the
I to-nmetal seal with the outer 25 surface of the
we f}%‘ﬂg@ Rel ease I ocks 16 may initially fix the seal

aske Aiciosed étSbvbhthé Qé’chné‘bast&h t7|2 dlthe %ﬂﬁnga%?mﬁgy?@gctuated to

held in place by one or hore shear pins 17
movesdﬂeragalr@asemblm the seimosifiast. oﬁs shansh Eégure &, @ettmg piston 72

el 50! 3 old B GREF BB a6 e G008 SaRiront seal
with tmi ODnof me':‘lbolﬂnd pistoit 70aan@ dner@rahory l%@ilél@’)b&%&! §é§is 82, which
ting force to assist in the final setti

in thig r?éne,%élme $eahwithy uppar extensiepdar Hisbodhdhin Theomﬁmgn thus has a
radlaﬂke Sea{ooséaﬁl O{W%%%féhr?tg 8 {%&'gwﬁ“’?ﬁfj s\@%hﬁg sﬁfgg&é%ﬁh for sealing

asse rat
with fheerunmireg temhbody 37tdrmi/d>rommpgn@mtstojrnh§ Gunirdg lbeol supported on the

oo B0 53550 Pr . Wi oo RS e medtg, since the
settifX ptorTBYAERIY sétl Wil the iIIHe3@ and thus not have to compensate for the
varying cohditions 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.

Another significant feature of the invention is that this désign operates in
response to fluid pressure in the annulus about the running tool. This fluid pressure
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7 WD 2004/ 111380 PCT/ US2004/ 018371 5 upper end of the
setting piston to nove relative to the plate. An outer
w@b@ane3dd nmay surround the inner conponents PET/URM04/018371
running tool for protection. Figure 2 is an enl arged
view of the hanger in the initial |anded position. The
mayGonveRtonalyebe ppprbry subsamihsoughichoke hrd kiMiesdodheBOP. With

e 807 R ERSE2 1B BBt Aol B oout e

'n Fi gure e ‘runni ng ( _
running:tdohn Beravoididg bhetdtiprseft therngolihseoporse @MLid PResRA in the work

strin Lot e eiinb e o7 MATGITSk @1 ihe doainine pastd bells, seats, plugs or
otheﬁ%éﬁlggﬁ méﬁbé@%si@qﬂw\?gﬁfo% %;g%&d@éﬁsmﬂ%rr{]ﬁ%ingiool are avoided.

caused by axial" novenent running s
Alsoagignifipaph saviegs are tsalizhd in the tit®, savgshbyrthe opeatdreao run in and

k s a nechanical force to the top of the
use éé@??&%"'ﬁg?@ﬁes‘rz and then to the seal assenbly 20. 15
Fi dar theSenlbodihent Q%cldé@dsﬁﬁévé}stﬁén%ﬁﬁﬁlép%léﬁldaé&rﬁbl?ﬁgeals to the

and the running tool noved upward fromthe set cas
exteHgh geffacaLish Sasingnhangen dW, in| elbkr mypkestics, thehsettingnpiston may
[ j A I e i n.the nger 10 .
forcq, U Bl an e BRI Ry BRI BEeRCha v R 5 PGURGE At an exterior
surfadeeof adlbalas eobioya 2ug mehbeg fiehv&en thde chprges ddmy hanger. A

R
Iockfh% pIERYE td e §8RledaRs B laYed GndibE t@%t rumﬂqj'(tjém'b and below the
shown i n I nclfudes one or

Figure 2, setting piston
hangfir Ag digiclaised heteiar the settinggistontis cadialy bhivatisafithe dolcking piston,

o B Mte AR R B oS S\ extror of
the %é;ﬁﬁ%_m@ﬁi N&Prefetdd BhibodiRBR afow$ isd QBaf Qésérﬂ@ly%dble locked in

he piston 72 thus has a 25 radially outwar .
place oaceihe s@tiing: pisten has fully ael fhei saels althaugh ingaliamatecembodiments

the |§§ﬁg%mgﬁ?§%@bh?g%ewn§&twe running tool ‘body 37 and/or

runni ng tool supported on the body,

s unfithasaboveldesgribed tembadimenitd, Sluic pressugNivas Gplied from choke and
e of the inventjon, since the setting piston

il g e i S RHERUBEIBG\{BPITHBRAAYING ADd thet thiiRssetling piston and
sool SHEPIIAF 8 S 0 Vool (AT bl Bpp i, MR Bregours o o
setting piston may be supplied through the annulus surrounding the running string from
other flow lines extending, 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 occur to those skilled in the art. The embodiments shown and
described are thus exemplary, and various other modifications to the preferred

embodiments may be made which are within the spirit of the invention. Accordingly, it



30 invention allows fluid pressure in the annul us
surroundi ng the working string to act on the sea
w@s®eoldgo di rectly, and this sane fluid pressuP€r/as1084/018371
on the piston 72 which nmechanically acts on the sea
assenbly. Another significant feature of the invention
is toj e tePFQt'eaSIM ynderstepd dpairsuchs madificatiope rered Bdaptatiotis are within the

&5 t. about e _runni t 00 Thi s
scopg| it %‘%‘Jr"ﬁ\? oW rsien o ch? TbHiAS Beirars. o
may conventlonally be applied subsea through choke and
kill lines to the BOP. Wth the BOP ramclosed, fluid
pressure nmay thus be controlled in the annul us about
the running tool. By avoiding operation of the too
in response to fluid pressure in the work string
and/or the central stemor mandrel of the tool, the
cost of balls, seats, plugs or other sealing nmenbers
passi ng through or spaced bel ow the running tool are
avoi ded. 10 Al so, significant savings are realized in
the tine savings by the operator to run in and wuse
such sealing devices. In the enbodi ment disclosed
above, the annul ar seal assenbly seals to the
exterior surface of a casing hanger, but in other
applications the setting piston may force the sea
assenbly in an annul us between the wel | head housi ng
and an exterior 15 surface of a tubular, or to a plug
menber, such as a tree cap or a dummy hanger. A
preferred enbodi nent allows fluid on the back side of
both the setting piston and the | ocking piston to be
vented to the area inside the running tool body and
bel ow the hanger. As disclosed herein, the setting
piston is radially outward of the |ocking piston,
al though in an alternate enbodi nent the | ocking piston
m ght be provided exterior of 20 the setting piston. A
preferred enbodi nent allows 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 surroundi ng the
running string and then to the setting piston and
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25 seal assenbly to set the seal assenbly. In other
applications, fluid pressure to the setting piston may
wheoosapeBe ed t hrough the annul us surroundi ng tPET/US2004/018371
running string from other flow |lines extending, for
exanple, froma rig spaced fromthe subsea well. In
Claimng; s application, the BOP may be | ocated subsea or on

b Ssent M sat elMeBOHSELRY HEIhE M Pads usina hpving 2
cylindricakinappaealivg Sthrﬁceotahcra mbﬁla‘rlr@'geﬁlh%vﬁ‘@da tapered external sealing
s of the preferred enbodinents wll occur

_ad
SU”%‘E&%%&@@RT haRger sHRRasting @ tubylar singinme Meell, Hreowellhead assembly

furthd®eehiiRih@r € thus exenplary, and various other
nodifications to the preferred enbodi nents may be

madgunhinghtoal bawngha central stein iconnécticlietoi al\remﬁmgrstrm% for lowering
the'A@%Ofdlnp 9 WO 2004/ 111380 PCT/ US2004/ 018371
HonNg t9Q 'éﬁB?é’g%ll 'y understood that such nodifications

antheadRimf ﬂo@ﬂéa@fllﬁg\’él &éﬁl'hs"s@%bhﬁe i ﬁforﬁrﬂfth%r §e°tﬂ'§ssembly within

I nvent | on, fined in oW n

the well hmdzmmmy %@N@@:ﬂ' }thmﬂhe@i Baaging &nd fbeﬁ:ubc.llar Aanger

e M —.

aXIalithBldaWe ﬂm&hg&ubhlavhwﬁér toaé)eéﬁﬁoﬁﬁérﬁ?f nal sealing
t he tubul ar hanger supporting a tubul ar
ﬁwagorﬁﬁ%revﬁynp iedre thesating pistere HsPygh @iy @eylus surrounding the
runnfrRy B 10 a running tool having a central stem
connec e to a running string for lowering the
ruihm seftingopision hheinged Iradidily sutenisngfatednd:ar radially nner surface

S y for itioning the seal assenbly within
eacr}ﬁ) an]g/ Wﬁgfp%@ﬂ%%en t he wel | head housi ng and
the tubul ar hanger; a setting piston supported on the

runni ng tool for novi %the seal assenbly 15 axially
refat i vANt 8sserablyuas defingdgin Claim det whesgini set down weight is

trandrhitded 19(15 t?‘n?uﬁm‘cfﬁﬁgg shg'ndg Oohgﬁ tﬁgtrb'nrr\]%g oo‘ ) tﬁ sea? assembly for

an annu
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 aé defined in Claim 3, wherein fluid pressure is supplied
through the annulus surrounding the running string to the seal assembly subsequent to
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
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running string; and the setting piston having a
radially outer surface and a radially inner surface
weawh/1iB80 seal ing with a running tool body. 20PCT/US2004/018371

assenbly as defined in Claim1l, wherein set down

weight is transmtted fromthe running string through

positigr, TP iargetabdo-netat sealswtt bathsbahielihead hdusirg ahd he hanger.

seal ing between the wel | head housi ng and t he hanger.

25 3. An assenbly as defined in Caiml1, further

coBpr i sAngisseinblysasldefinge i Cyaim T, fufthBE camMpRkiagt ONer i ¢
seal for initial sealing wth the -wellhead housing.

g . ! .
4. 8 JQPKING; BIsHAR, SWRPQEE] AR dhe rurming fedl, ancheayveabld ini response to fluid
resBORSHHHR hAnGIUBRb h ! iti i
p. surroundi ngmtﬂﬁe ru%kﬁ@ Eﬁ ?’%g‘ ?%%@Qggaw%ggte F')yon’ the setting
pistosuiaidag erlarges préssure aires e the Ibeking gistohe wel | head
housi ng and the hanger to assist the setting piston
to nove the seal assenbly to the set position. 5. An

aspenbl xnapseaidlyped defifd®inChim 6 oRRERi o
assenbly. in the}mset e Cim’ 1,?51/3%%16 e $8fng piston is radially

outward pllEDlogkingaEstons position, forns a netal -t o- et al
seal with both the well head housing and the hanger.
6. An assenbly as defined in Caim1, further

coBmr i sAngissembiy ke iefipiedtio ICiaiP 1 WhedeinTiuid préssuiné Beeated during
. taol d noveabl.e in response to fluid pressure in
activafign oh i Seting:PistoRKs NEMIatiomANBWYE syrpURANHBesantral stem and

beloRABkitiONar hAgasetting 10 piston having a | arger
pressureagreagthan the | ocking piston. 7. An assenbly

as defined in Claim®6, wherein the setting piston is

radi al | outward of . the |l.ockin iston, 15.8. An .

neZermol A 2835828 demad e hopestein i<ty e the seting
pistonl fsfsed tAkdughdchokel arvdkill a8 wHdMebIsRiout Bge\férﬁé%nhéaE? closed and

vented to an annul us surrounding the central stem an
thengarosightthe anmwiisssumeunging the running string.

10. An assembly as defined in Claim 1, wherein left hand rotation of the
running string moves an actuating sleeve toward a locked position and expands a split
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 unlocked 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.
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9. An assenbly as defined in Claiml1, wherein fluid
pressure to the setting 20 piston passes through
webwkaiased kill |ines when bl owout preventer rBOBUS2004/018371
closed and then through the annul us surrounding the
running string. 10. An assenbly as defined in Caiml,
whédei nAneﬁﬁseﬁdﬂM asdiefiriedrin &lainmd 0, whuemamgemasertg)gs retam the seal

S t e war d cked position
aSSémmg %matﬁép {lﬁé‘%géf{oglc% r?i'& 'f‘op%%h%c?”‘f] H& tulpﬁﬂq@otahon of the
runmrmgnlstrh"rg l‘rimebethge&ctuétlng AlReR8IBWANY tRS UARIdKeRdpbdition such that the
m 10, V\herel nri ght hand rotation of the Tunning

’e'e%%er |dR§S mslRase ffee assambly aadetheofattinganiston dekmwave to the set
posii@si tion. 30 12. An assenbly as defined in Caim 10,

further conprising: an anti-rotation key for allow ng

the running string to be rotated and the actuati ng

yeQA ?%%ﬁ‘ve XI & l%%é‘qﬁmlé‘ﬂ %Pr"%‘ @g&#&kgg@g a inner sealing
surf&éféT éh@%@éﬁ@éﬁ%@hg@r %vw@“aﬁ%&éﬁ’l‘a}’ s@éhﬁ’&fshﬂﬁee' the tubular hanger

Claim 10, wherein rel ease dogs retain the se
SUP%@%@IW‘JH@G string ea wellgthei weltheadrassembly rfwrttpmsadm;tmismg:

t .
o1é 4o, Rl PR o cobPBleds" R BnEr¥Eiefor owerns
the nuhatngtbel srrtabaﬂele dogs rel ease the seal assenbly and
settl g% E iston to nove to the set position. 10

AtheURBIN CREYghR ﬁe?héﬁﬁﬂmﬂg iRclugingrrm 8laséenserig seal for initial
RS, SR8y USO8, 90 B O v

the \M@iﬁmadtasaynably Lhiahwaen she welihead bowahg antiftbevt/ablhlbeadnger

2SS B TR 36" S S8 L2l T Soat ssombiy

amal‘i;ﬂmfﬁﬂ\ﬁ&o the thbelat WaRYELto' H8ét pakifidip vel | ; the running
tool carrying a seal assenbly |nclud|ng an el astoneric

s efiyid peessuipsiuaplied é@thm@e’cﬁng pistore and|tb liea dealassentply through

seal assenbly within
an abﬁglu\%énl 'lr?gug‘g '%J[sheeonb y "ng%ﬁg 'quwe wel | head housi ng and
t hihet siitihgrpibtonghaving 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 fhroUgh the running tool to the seal assembly for

initial sealing between the wellhead housing and the hanger.

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

17.  An assembly as defined in Claim 14, further comprising:
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a setting piston supported on the running tool for
nmovi ng the seal assenbly 20 axially relative to the
wo aimdlian3shanger to a set position; fluid pressPCBEUS2004/018371
supplied to the setting piston and to the seal
asseﬁok%gt hrough an annul us surroundi ng the running
st A REKNgRistaresuRRariadyopithe smmning ton) amdr mdvesble inwesponse to fluid
reSsire i [ [ .each for sealing
D e BN Rickiol R Sbaf dS iy 6 g e hesifch.
defined in Caim14, wherein set down weight is

' d he,. [ [ h h th
Ui ng 4 Bithpd YHRPIAG,A SAs0 avBryORoPotYaan paNolhead hausing and a
tubddet M@I@?él’tf@? sléllg{.?bﬁﬁgda ROUErEifg th & %Ilhﬂi@rﬁ%hcgbgg%rgpriéﬂg:

assenbly as ined 1n ClaimI4, wheréin
aSM|@g thenseakassemblp udihin te housing om artming dediEialing a central

ster?%@hn%{ela @%F‘iﬁmﬁg% Ighead housi ng and the hanger.

An asse as hed in Caim 14, further
coppssingryid b%é@ré@%b%ﬁb%%rﬁﬂé é@%@@ﬂdiﬁé%ﬁg?‘uﬁiﬁg string;
| ocki n&. i ston. supported on the running tool an
no PERRFR i%sﬁﬁ!{'@o&%r\t@ theyrunning tealuthe setting pision hiaving a radially
tdriurfzeekd 1 ' t sition. 18. .
O e it iRy finc? SBRAES Yabh 10 SelPalT B nadl body: and
houndregsing dluid lpreﬂsut rn:arto Imm@eiht g ef satting pistoh ilagfhill@ reldtiveab the hanger
[ in a we e net hod conpri sing: oweri ng
to "ﬁ’rg tﬁgaqeaéggﬁwbywq BeLPQSHOMousi ng on a running tool
having a central stem connected to a running string;
passing fluid pressure through an annul us surrounding
t hd9r unhi Wgthed paglefingddniGlaing 18, sWieréingarpanholar spatd®etween the

w85 et i AL oot e Bod Al bbbl forming 2
metsletatmetpl wethwith ot tgweMtdadREYsing hdiRe HAGRAS | NY

fluid pressure to nove the setting piston axially
relative to the hanger to nove the seal assenbly to a

sepoposiat i £ ' iGhp 18,
wher ei qmawgghr%d&??ap%‘g%%gp mfeéﬁf ﬁ@& &ﬂna‘l&hg.
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 taper 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.
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wel | head housing and the tubul ar hanger is closed by

the seal assenbly formng a 20 netal-to-netal seal
wowdow/1bs8h t he wel | head housi ng and t he hangerPCR0S2044/018371

nmet hod as defined in Claim18, further conprising:

provi ding a | ocking Pistqn supported on the running
t 089 anfl msikedlas defineddpoGlesmt 82f Iwhatejor eigbtihandnrotation of the

| ly.to th
runnleRESERB s e iy B8l d e B UGS Rt ac”
de24.nedAi nmelfhc(ijd gsl@ehﬁnweinecmim 38 fAmé@eiﬂnflidiltiepr‘tégéLllﬂléeﬁﬂthe setting
Pt hSSS BEeTsadle @3Bl 1ngs gy Blewos prevesieereges Araclosed and
hed down th
then!tRfG@hANS N RS Silbbuncg 1R FLrithey simghed doun t he

taper. 30 22. A net [aim 18, wherein
a g@l i tAlrgoRingitngl fex pettidg ebyeallaskentidy betweaat a4 arelihéad housing

! : . |
and b eI haasrofor SppoBe 8 opuEr stipat A e o 1yiing tool being
operativély réspeihdiog toSiuieipresstire supbRéMtRrbughhsh %rfhuid@tghrgunding the

hand rotation of the running string noves the set
ruNNEGHYIRg: theamnaaiorblurihes compnisinga. ~ A net hod as

deg.i.n i ' rein i essure t.o.the . .
SSHe7SEaf BeShN uthe, 50 ol S b Seating witn e

wellvdaehholsing windomeveblyaespensivate flaldosegsansin theedhnulus surrounding
t hrough .t he annul us surrounding the running string. 10

the fﬂanmﬂ%ﬂ% ng tool for setting a seal assenbly between

a yabtiep Bidikoy S| oﬂé@%r@tﬁe”ﬂﬂrﬁ‘rﬁg/\i@cﬁ%%%vabm F]%sponsive to fluid

u
supporting a tubEFar string in a e run
presswigl inbtiengnnulpier surrouriding dep onsiing dtong Ifor thowires the eeal assembly

RPN At
pres@s@ataithy sJelﬁﬁ'ig%Jﬁﬂsﬂﬂ\ and Heasd ARsbMmbRPaNnd or i nitial

sealing wth the 15 wellhead housing and novably
r dBposeiting piston bhavingra sadiedly ioutehsutfapeilanst a radially inner surface

eacrHdh SBURE, W 4 Rt RN Bofbo "ana moval v esponsi ve
to fluid
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. A running tool as defined in Claim 25, further comprising:
a locking piston supported on the running tool for locking the seal assembly to
the hanger, the setting piston having a larger pressure area than the locking piston.

28.  Arunning tool 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.

15
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pressure in the annul us surrounding the running string
for noving the seal assenbly axially to a set
w@omuilise) such that the seal assenbly is set PYT/UR®04/018371
application of fluid 20 pressure to the setting
pi ston and the seal assenbly; and the setting piston
ha¢Png & wuuing fopl satdefined il £daima?B, wherih ahlipnaémaueface on the

; I ld j runni t gol body.
wellBhd Rk ichipd by 108 SeBf lbertly &Syl iicatand an outer
tapesed susfacepar ¢hd diangen foress tthe sel bBsambiosgivtid alsed peished down
ﬂmagy%uhfr Han er is closed by the seal assenbly formng
Peffet SHT8GS et al seal with both the wel | head housing

and the hanger. 27. A running tool as defined in Caim

25, further conprising: a |ocking piston supported on

t h80r unM fginingotoof as deficéd iyCldim 2%alherefretiiz! ynhing £ includes a

son 8 AR T RS IS BT B 2Ty o

tool as defined in Claim25, wherein fluid pressure to
the setting piston passes through choke and Ki l

| i nes when bl owout preventer rans are closed and then
t hrough the annul us surrounding the running string. 15
WO 2004/ 111380 PCT/ US2004/018371 5 29. A running too
as defined in Cdaim25, wherein an inner surface on
the wellhead housing sealed 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 Caim25, wherein the
running tool includes a split lock ring to | ock the
running tool to the tubul ar hanger. 16
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