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appl i cati ongwps1ased on U.S. Provisional Patent Appli catpdnudNonssos
60/ 192, 124, which was filed on March 24, 2000, and U.S. Provisional Patent

Application No. 601268, 328BIMG HEARSEAL ASSEMEBERruary 12, 2001. 5
Background of theyln ion .The pr tp .0V | o, a flow
conpl eti on syst emTi"S\rés‘gi‘:S@"d‘é? E%Segioﬁif%rpraﬂés/‘g@r' g%{gg{gﬁé{@mv‘\\g'l . More.
parti cul arl y,60/182, i2dvehich vas filed an Berch@4s2008, and 4.$sPewisishadtetednpri ses a

Lublng nanger s &idn o, BIPRREILANLA was il bAGeRAglz, A | ¢l udes Lo

di stinct pressure-contalning barriers between t bore and 10 the
envi ronnent , Backareugd ofthe\livetioRor e and a renpt el y- operabl e cl osure menber

for controlling fhraspicBeRuaBnidigcialRt W ¥ BobesfletdnlsyStemabr fiodicidial - t ype
fl ow conpletion s sten; such t hat . di scl psed |{_1 Ugﬁi Pat ent No.
6, 039, 119, cohgPp L8T SuRaeq Walh Vere RarRyF i PER PR nE kR RE0dt ¢ he upper
end of a wel | sysierewhieh tanprisgs 8 pbdly hehge lwhick icsuppedaedid atobinfepdcdbp of the 15
wel I head housing, ane v 6f tiltc?ﬁljegﬂﬁé-c@nt&@% Eﬁrhe@%ﬁveteﬁ %’iae \gé& ﬁcﬂ€ %n@x' ally

I Ng~ hanhger ¢ ed 1N

t her et hr ough, “an annular "tu I'S 'suspen e central
bore, and0a the eavicamenhae axizlanhugs bore ead & rendiely-operablglcldsuregmeibbsre t he

t ubi ng hangerfoﬁa'd?]@r \lilltné‘ 'Vpglrgi%ﬁg%rdae@wggg&re_s at | east one tubing string that

- extends into the Wg “bore I'nes a tubing annulus surroundi ng the
tubi ng string. | nAdgdsal herironiahivpetow epsmrigfion s, wehee il disglosshBent ri c
pr OSUCE i on bays, F‘thﬁmc:}@@ﬂiug,&bgﬁ)rii\éstélmelﬂhbiﬁj iﬁﬁd@in@gviﬁdr{l‘:s ﬂ@tag@tﬂata I 3t er al
producti on passagewa a en et ween. t he rodugti,on, bore and a
P oduct i on bafe B85 Bhe HES el Pors K hbar SRR el B soBh etk Fa 1B fiea s an
annul us passageivayd iMusioly sax twitt sSndudesm tchidred bdve tpt anteodlasxidlly  an annul us
outlet, and r ' t. 25 -
Passagenny. t dTBIAANER, 2PARR S QU AERLG N BN I REeAdT LTI 2P,
tubi ng hange#nd arfee eaprwhichss inslletin K cantrgl botyehove i tgbioy hgrger.ofhe

comuni cat i onybiRgh stigiRrts HPbAG oAPRBINY SAG thak BReRW ihioQRe @b bhig central
bore | ocated above the

NP bl AN AT N T Y R
pertai ni ngo t cubihg hanges eamprised a conanirioprodatticni Horeankicly esmimedjuateewiiinat  t he
R e
production bore and a production outlet in the tubing spool. The tubing spool
also includes an annulus passageway which extends from the tubing annulus to
an annulus outlet, and a workover passageway which extends from the annulus
25 passageway fo a portion of the central bore that is located above the tubing
hanger. The annuius and workover passageways provide for communication
between the tubing annulus and the portion of the central bore located above the
tubing hanger during installation and workover of the flow completion system.
The regulations of certain countries pertaining to the subsea production of
30  oil and gas require that the flow completion system provide at least two pressure-
containing barriers between the well bore and the environment at all times. In the
production mode of operation of the typical horizontal flow completion system, the
first barrier is provided by & wireline plug that is installed in the production bore
above the production passageway, in conjunction with an annular, usually metal
35 seal which is positioned between the tubing hanger and the fubing spool above
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'prodt'JCtion node of operation of the typical horizontal fI(?V\/’rCSEp?eZBQJZh

system thewd(if;§k;barrier is provided by a wireline plugcthafidsds i nstall ed
in the production bore above the production passageway, |In conjunction

Wi E) h anhannulme,padawainlqaﬁ@tenab sa&naeainewelpedwba b?ﬂa%'ﬁzéecd& dmh@tsagﬁ/eggg gg .

t ubi ng hanger _and, .t he .t n e

producti on oufF& © t”él 8‘%’6’? aeqew%{gyp&agg(/{nagaﬁse@a?%gﬁgg ®tap, which is

seal ed to theintiutidsag o tirolg bare airichuihaurn it sepled dly laywirstitaplug eadthemd whi ch

often includgs.AB ¢ %Et[u%'m%n%e?“gh bore which in turn is sealed by a wireline
a

plug or other suit osure nenber. 5 During installation of the flow
conpl et i on3syst emPufinginsiahatieg o&ive dpwicsmpletgicyatemnthe tulrieg swsiol IBead housi ng,

after which azRhounu th@%ﬂﬁéﬂd‘ﬂouém@gﬁeawﬁl% a bleﬁélﬁlplr&@nfép BopPhgs t ubi ng spool
by means of a ri| vessel The t ubi ng hanger is

er roma surface
then | ower ed 'aﬁaie lﬁlﬂ}ww RYPEaRg of B Ever dEPITYGEFOM f AWETSh the ri ser
and t he BOP avaisélal’l‘ﬂﬁdjbiﬂg Hahgemem‘en&iwebslmr@] Dfubihf @arider funbingdod pool | IAfL er )
the THRT is rgtnie tree ' owered.on a_de cat tool throug
the riser andﬁ'ﬂ%%é%?“é;hzﬁ? ﬁ%ﬂgﬁgﬁ'ﬁ Eicﬁ’eaf&dgﬁ?q%gl‘“ ’E'SFS'%%%Q&C] ®above the
t ubi ng hani@ertubingspeal.t AlerttheeHidh s retieveds theltice dap isHewdrbiRIn Bslediested eved, the

BOP is retri %Jlecﬂrou@pﬁiletﬂ@sr eHdQP% ﬁ?ﬁ%lnﬁ dnﬁé‘c{ ﬁ%ﬁ% %ﬁrbﬁocfrgﬁﬂ%ﬁﬂ%gb&% put into

producti on. over o stem t he
BOP and the rihee#blmaéj@er Heethadir sar srinridied.dhe SHRRés re bwergt the tree

cap is usual |Mrétﬂé0e‘deﬂ1d thé ﬂéﬂf&@ﬁpléﬁgﬁ'sﬂﬁte%ﬁ@@bdy@% ﬁu@ﬁ]toTMBEuduénconnect ed to
t he tubi ng h ns are_conpleted, the THRT is

ot evbd  andDii a4 VRS grver ot oRLaca A YRR ITF BAIE SP TSR+ he. BOP
Then t he THRTaesncetgdires@tectbd® tBORbiNgSpoE! ihe evedsp iandudiesridv@w conpl eti on

systemis re lan. Since the.tree cap is
rng red to %‘?@12[‘% tpﬁ'\}\iﬁoogr%gg%d??'te%#n'gtcﬁin%gtég?‘é ﬁ'gfmbijJ' l?ainlgeru NSt the first
barrier, the theaerkosgr apgpticss arp coopieteidsibe THRTiigiettiaved ahd hedipeanplisa  r obust

et al | 0ckdow.indBRARFHER theribdr am:er,el é@ﬂs fm tpewaws Jek}%vémé@ouspool

Consequently, the tree cap. i s usual heavy I nstalled
renotely 25 Op&HHEgvEs: @i’é‘}‘fh%ﬂ‘é” FG’VNW'O")SY%FHW ‘*"rr{%?y ’ior’f@tFé'éElacﬂfé"tPower ed f rom t he

surface vessebtrodumtiom specially designed tree cap runni ng tool. Thus,

! nstall at ' on of t%ﬁl(ﬁ% I'Feetrecéac% |srr%ahl koS3 m%nn?ﬁr?&rel?pregsuurllen{nncﬁe ven?bf both during

I nstallation of t
failure of the fi rst bamer, the tree cap typically comprises a rigid metal body and a

robust metal Jockdown mechanism to firmly lock the body to the tubing spool.
Consequently, the tree cap is usually foo heavy to be installed by a remotely
25 operated vehicle ("ROV"} and must instead be lowered from the surface vessel
on a specially designed free cap running tool. Thus, installation of the tree cap
requires a special running trip, both dufing installation of the flow completion
- system and after a workover operation. Each such trip typically requires a
significant amount of valuable rig time to complete, which necessarily increases
30 the cost of completing and maintaining the well.

In addition, during retrieval of the THRT prior to installing the tree cap,
debris within the riser often falls info the central bore of the tubing spool above
the tubing hanger. Left unattended, this debris could foul the sealing surfaces of
the central bore and thereby prevent the treée cap from forming an effective seal

35  with the tubing spool. Therefore, before the tree cap Is installed the central bore
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system and after a workover operation. Each such trip typi caﬂlhySrEaHuﬁ@Qé a
significant anount of valuable rig time to conplete, which necessarily
i ncreases 30 the cost of conpleting and maintaining the well. In addition,
during retrieval of the THRT prior to installing the tree cap, debris
within the riser often falls Into the central bore of the tubing spool

above the tpbimng tﬂbﬂﬁgﬁ§ clednBd ta p%@ésttﬁeﬂg@@uméﬁd&h%hfaluﬁbl@ﬁé‘tlin‘?e dful the

seal ing surfaces of central bore and thereby prevent the tree cap from
formng an ef'PEREP & cedgtcongleljaand paitainig iyl pool . Therefore, before the
tree cap is |nstahhatier prive art Barizorakl-tipe flew 2omptist sysentinosdisgiiny cl eaned, a
process that, n&‘e%@bﬁs?ﬁu aab s NQW?O%@%#?R erhfss stéd1ﬁ6?n;§f§93 ﬂu&ﬁ%%%?os the coat

of conpleting mai ntal ni n art ntal -type
f1 ow conpl et Wt’dﬁh '8 {padechn we'!i‘re% P&RisiMgsree Wh'@'é'ﬁ ﬁ@tmteﬁm thpugiheadandon No. WO
01/ 55550 AI inditide’ bSYiSE I SBRENPERVEH DGt R atddDbBG SA0Yesutletiidadtréssovepséed i n a

wel | head, {;\EH §$e Cef’cI Wi% tmhngtmag dgé) alzj ar{cudgﬁnantamal rocjuctlon%fngt ‘? | ncl udes

both a Iatera pro and a
crossover tr%ﬂmma@hwt@am@@ébr@@@hwhw in thetebirgrhenesrreemoductise and i ncl udes an

axi al producpisasyhay ﬁatéaa]rmun@aagmmtﬁ@ﬁrs@cuuntdaua@nm Anuld Rdscehan bore in

broducti on olP e muAeEn Y LB R Bray Pk CORRRAPLET el tPht[‘ﬁe
annul us out | letgituding anubisgrthhaigemmiunicatelbbeeen thel tubirgd anbylusaind tHeanguldsudi nal
annul us portﬁasggg%tmmma. aﬁe%wmasIhaﬁovu&Qu.a%r&@nwe%ﬁnﬁe%ﬁéﬁe annul us

passageway and a sl1ding valve that controls the flow of fluid through the
annul us por t suthermare. (g Wisline D'%%W?L@Md%thﬁpfaa&t'%@r%ﬁmt%sw ffafe
producti on baroge ik ahindis@uiks S0 e appliedion abmretddlm;loa@mmlaumlanuéd:et and t he

appl i cation Y &erﬂ]iescr(gsgogk §<—§a| E@é%e cﬂﬁsnﬁé&% aaB vﬁ% p?odu%ﬂ%{w EbHE)\ngvepr OSSover
tree and the christmas tree above FFon ot wever in this
systemthe t latS*r'fnzysWaﬁb%ﬁubla%b@a?rsapp%ﬁrw@mvee O'EihP gingle Barrigs betwaelt the well bet ween
the well bob®e afdthé b@lr&mwe:n[@mﬁ@m&tal?wd dig}elcﬁﬁeﬁrgéshﬁbllﬁ)ﬁddﬂfnn tti’wl%eﬁlhlbl st mas ]
tree. In add e rf.ac or, t he r_seals between the
crossover tr%al}ééagér%éortt% anﬁﬁgr %]gbeh% F"r“é@e Cg%é"ovéef tréeang "ngas 5917‘""3 ed or
damaged if t ¥k of beirgdenjestor daneagest & the gropspverdige §ép@ﬂ%ﬂtsepavat¢lvm thee christmas
tree. Sunmar yhristhnat ee.i Nnvention I n one aspect, the present invention
provides a fLow co etiopn systemfor controlling the flow of fluid froma
wel | bore, t%%’@?%&f%%&%qﬂgqq on system conprising a tubing spool which

i ncl udes a cent r dh otEoasped, Wzt presetitdmgstion ricaitiésya fiolvepepblbticosgiterafed a

controlling the flow of fluid from a well bore, the flow completion system comprising a

tubing spool which includes a central bore that extends axially therethrough and a
production outlet which communicates with the central bore, a tubing hanger which is
supported in the cenfral bore and which includes a production bore that extends axially
therethrough and a production passageway that communicates between the production
bore and the preduction outlet, the tubing hanger supporting a tubing string which extends
into the well bore and defines a tubing annulus surrounding the fubing string, a first
closure member which is positioned in the production bore above the production
passageway, a first annular seal which is positioned between the tubing hanger and the
central bore above the production passageway, wherein, the first closure member and
the first seal comprise a first pressure-containing barrier between the well bore and a
surrounding environment, a second closure member which is positioned in the production
bore above the first closure member, and a second annular seal which is positioned
between the tubing hanger and the central bore above the first seal, wherein, the second
closure member and the second seal comprise a second pressure-containing barrier
between the well bore and the environment and wherein, both the first and the second
barriers are supported on the fubing hanger.
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production outl et which communicates with the central bore,;? tggj @Enger
which is supported in the central bore and which includes B ctr

bore that extends axially therethrough and a production passageway that
comuni cat es between the production bore and the production outlet, the

t ubi ng hanger supporting a tubing string which extends into the well bore

and defines a tulihog naRsdd diRtsToHarsepurat PRssuRecdniding SreStdpitIgrovidd £ 1 1 St
cl osure nenb&momhh”mro§mpo itioned in the production bore above the

producti on passageway, r§t annul ar seal which is positioned between
t he tubing hangerIn awwetmectdbmpre&dntlbmnmn@mmsaﬂwqmmtdatjmtdyﬁmnpmssageway,

wherei n, t hecdnirbifily ued RIS ﬁﬂd"fﬁﬁpﬁ\'ﬁ/el%qe thtelﬂﬁm Edn‘pﬂmﬁﬁ@t@mqﬂm{slnﬁe‘a a first

pressure- cont inin arrier between the wel sur roundi ng
envi ronnent , “%%088 ﬁ"g"CEI'SO@G'F‘@‘eFrEYﬁS&e W PR a"‘%wrﬁ%?é”cﬂqd%%’be"iaw ¥$f8dipg oduct i on
bore above t teotrélibpretand b petuadiomautitterhjch acrdmenices edtidl tha rentilabiores @ albinghi ch i s

posi tioned  RebiinidWepddil A J\AAEboR UMk Wik iR lerBRlif Ak the fiT st

seal , wherein, 'the secon osure ne conprise a
second pr ess?Ats-SRERAUSioRioATG Uik prends axiglytigigh theladywanid a Reduetiand t he
envi ronnment geReagehsy thitRombobitatds@iveln St pREGLIbIOrS &R brodvatichioBleg ar e

suppor t ed Onthé tﬂ%mb Hg)ﬂﬁtgrgsuﬂm%ra tub%ngzstr%g %)f:TPh gx(?endamm{f?é weql%8|;$ (fng g%iﬁl sis for a

Separate pressure-co ? to the
wel | bore. |HbBGH@IHES St&@p@hﬂg theeth@nsmt@wemﬁrstupmﬁetmwwwmgcb@rr@wm i1 ow

]cczlorrpl et oln Ssé%br@ﬂﬂoftlgﬁ bod§ 81thd @bihd MhgérBovel iRpr&ducioh lébéiaééw%maad W@éc!o?@or gd gc;
ow conpl etion system ¢ chis position

t he wel Irrpbor eresasﬁﬁ%\%tf’"glﬁg ﬁ'ﬁd?r d‘%@g %ﬁﬁcﬁﬁtaﬁeﬁg%ﬁﬁ@“ﬁafbwg ha??@ﬁ?qog? %Bor e and a
product i on ostiresssunbriertrinitarhaier eatrels eaght di the ffist ardsegoat! plessues-coataininbi ng

hanger whi ChydrfersSisdpRey Bo@ﬁhé BroliRBorPRR 4rdlih QiR aﬂﬂlﬂusvﬁ?)ﬁpg]pd gﬁ bides a

generally cyli roductlon bore that extends axially through
t he body, an?f”gqb?%aﬁ'é'? OBﬁ%dﬂ%% SREY PEREEE conmuni cates bet ween t he
production bore amahotHeeaspendbmmremntmehiucmtprowdtedweﬂmﬂmmp@tldna@geﬁ f@®upporting a

t ubi ng str i n&n%gﬂnﬁ %e%&:%ﬁﬂ@j fPom Qwélll'b%re\’\ﬁlle lﬂ?vp(%n’r:pleﬁ&gs gtg%lcglﬁﬁns?glat ubi ng

annul us surroun q re-con nlng barrier
which is setbirdtPoplavhichés %weepvetr H@ “tehB‘Pfﬂ @“WH@@F'LQWXPH@XW@%M i on
passageway; @@niiklaors@sda trodfi@saiétavheh Bbramiridags Ral the esntwidofda tusingecured to

the body of ﬁaﬁ?er%{ﬂﬁh F,gsugr?b'ﬂggi{q tr?ebc%}(t?a! BQS anJ Whlc%tlnCRJIéi?SSas #erngra of n%nca'l ng barrier;

wherein each econd pressure-con Bartier s |solates
both the pr dtPdB RRFUtion dorg et ?’ﬁ@dﬁ BW"M@f%h@P@de ansha Faoq@letfom on of the

central bor %dsé’h@bwéy&hét@@rﬁh@ﬂca@é%%\éﬂ/ebﬁﬁ\e bl*dabucﬂg'l AERIthe driiugidRbiRE: saspect

the present rl)li?gvb%gt {hat IS %gn%yab yes%cuar'able in\{yle pronBct%Fl c?rg a% St Eeanl 1I r§ and second
annular seals which are each positioned between the plug body and the production bore
above the production passageway; wherein each of the first and second annuiur seals
provides a pressure-containing barrier between the production bore and a portion of the
central bore that is located above the fubing hanger.

In another aspect, the present invention provides a flow completion system for
controliing the flow of fluid from a well bore, the flow completion system comprising: a
tubing spool which includes a cenfral bore that extends axially therethrough and a
production outlet which communicates with the central bore; a tubing hanger which is
supported in the central bore and which includes a production bore that extends axially
therethrough and a production passageway that communicates between the production
bore and the production outlet; a first closure member which is positioned in the production
bore above the production passageway; a first metal seal which is positioned
concentrically between the tubing hanger and the centrat bore above the production
pas:.ageway, wherein the first closure member and the first seal comprise a first pressure-
containing barrier between the well bore and a surrounding environment; a second closure
3a



controlling the flow of fluid froma well bore, the flow conpl é gLéiysten1
conprising: a tubing spool which is positioned over the meIIZb GU’
whi ch includes an axially extending central bore and a production outl et
whi ch communi cates with the central bore; a tubing hanger which is
supported in the central bore and which includes a generally cylindrical

body, a pro%@ﬁﬂ&wh.mgso&ﬁaﬁéd iRk QRSB bAb hdovk HeGHOHoduREMARRY andind 2

producti on S conmunj cat es roductl n bore and
e pr ocuct i A Bon ep BB PRt A oo BV Y 06288 B 1 ¢ ho

producti on benteg baadbak tHedies $eaf; whertin #recesmd olnslire mambdrand the adenaveach ar e

each posi ti qRed el WESR p o d36,rRbdHebi rr@mﬂet\mﬁ tr%rvse%g% AixRor €  above the
production passageway; ereln eac first and second annul ur seal s
Provi des a pi¥E8ER: cont ai ni ng barrier between the production bore and a
portion of the «aediothetl adpedtahé braterit Sivémicapedideoisay doidiohéy@nifanger . | n

another aspeghuol o F il kNS B3R OH IS h QU SPORELgn, System for

controlling oW O rom a tion system
conpri si ng: tablnst ePIvgrichiirsidesa certiral mmawtead%mﬂw&ler%mhtmt ext ends

axially ther;ﬁ&dmewgmu@m.cacoram@lé&éé VAt 1 iddnBhl bk, Sk HOARRUI0S B&b @Bich t h the
central bore: a tub ntra{sﬂbore and

ChrehaT nor ueenmy el ot S ARG spil s g PSS T RPONe, TR SRl ¢ ha
producti on dwrd ad;whichfindlusies @ progustien hwatiet exidrids laxiplly thosthobgnad a n t he

production  deridfRNeobis tPéthHﬁ)hhl%esoﬁe?@%QN@ModL@tléd Bord arfighe! seal which
I's positioned concontrical bet ween tub m(g@tan ger and the central

bore above tﬂﬁ‘éd“ﬁ‘i’%'dﬁ'ﬂﬂ%fﬁﬂr?é?é%’&@ﬁwr Wh'%‘élpg?'??n? he prpdyction kst e nenber
and the fir sibogethb podogion s&sagéway;saﬂrﬂmwa? wea whick Grpositidred mgudaatrmaltgr bet ween
the well borg Icﬂtt%tﬁﬁlﬁg{%ﬂgr'éﬂ il bsh é?BS‘F%% ovedhe b ?%rpﬂé 5 ﬁa 24 SEP

2004 nenber ositioned Int F uct i1 on e first
cl osure nenpHiEreinhg f@ closvpgnem b eaY th§§é§ segheIprisa B’éb?r?ﬁsﬁﬁé@”@ﬁ‘ﬁ’@ent rically
bet ween t he Hattlr bgwhange welbingle thea si@@DdIR] enbiiﬂrﬁheabe\éécdnb elofuré st seal ;

wherein the seeands eh ASULR AFRRL pARSib NG, 38608 S LiosseMA s, a second

pressure-contal mrpéa L € envl ronment. I n
anot her aspeeeondtirial sed yéish 'ﬁqw*é@nead@ﬁnwtﬁva"uégmaeﬁHhewbmsrhgn@trﬁ% system f or

controlling th@@nirblwréﬁboté medrst §&Meﬁé@n|the L6 cxésh@e rﬁérﬁwraﬁumb etion system
corrprlsmg a s.a,ce ret at etends

e
axial l'y there?%”rdéﬁa' °g""8'pse arse&?P %Sr?“’&?f’ﬁ Y"”ﬁﬁf’r&'ﬁr FEeHh t he
central borethe qwuowramteusth@mnwremre -EPotANiNg t@ateesomwrlseﬁ thet ubi ng

annul us; dﬂ)@étﬂﬁ;sﬂﬁé&@ﬂe—c‘éﬁtéﬁhgb&né%@e&% Wl Horbearfaweyrﬁimmme and whi ch
I ncl udes a pJQdu tlog l%ore th ex cﬁ axi al | {herethroueg %n
uring t epro uction mode o opera |on he tlow completion system; whetein

tubing spoo! further comprises a workover passageway which provides for fluid

i

communication between the annulus passageway and a portion of the central bore that

is located above the second seal.

In another aspect, the present invention provides a method for completing a
subsea well which comprises a wellhead housing at an upper end of a well bore, the
method comprising: installing a tubing spool over the welihead housing, the tubing
spool including a central bore which extends axially therethrough, a production outlet
which communicates with the central bore, and an annulus bore which is configured to
communicate with a tubing annulus; landing a tubing hanger in the central bore, the
tubing hanger including a production bore which extends axially therethrough and a
nreduction passageway which communicates between the production bore and the
siuduction outlet; establishing at least first and second metal-to-metal seals between
her iubing hanger and the central bore above the production passageway; and

z:giafling at least first and second closure members in the production bore above the
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producti on passageway that conmuni cates between the production bore and the
production outlet; a first closure nmenber which is positioned i g?
production bore above the production passageway; a first ne a# SE: zﬂhﬂ&h
is positioned concentrically between the tubing hanger and the central
bore above the production passageway; wherein the first closure nmenmber and
the first seal conprise a first pressure-containing barrier between the
wel | bore anﬂm§W§ﬁ?WﬁﬁﬁHWﬁg environnent; a second closure nenber which is
positioned in the production bore above the first closure nenber; a second

metal seal \mlch:m&malm@mﬂem@bﬁéf@ktbmal@,shwiaestmnhmgwe hanger and
the central bare ein the s cl osure menber

and the secBid® g&ﬁ %%‘ﬁ%ﬁf ®e Iyéﬁrg@%%tu%%gg@e@sm tg‘? 'HBH%”B‘H'P? & bet ween
t he wel | bor&patra of thiaeentrahboredhatisnecatediboveite setumd sed,and aparesissitlesupont ai ni ng

barrier conppbRes whidhis dégﬂﬁ']@msutneQ{nﬁlﬁ§wr§‘r‘?;9§”ﬂ%'aﬂhtﬂ&tQ gro%;ed%ﬁﬁrgﬁen the
wel | bore and the e VIEO ment urlgﬁll%e producti on nnd operation of

the flow cor’r‘ﬁ'fh&tp%wg'% Ry gAY a'l”H'Hf brge sisaptollsd y@slosueonpri ses a
wor kover passeygenaicisiash lopated indesubirgy hahdei Therebemaunded atistO @ rieed tieen t he
annul us pas Sé’rﬂu@l\’}@%r@m%u tﬂquBh%ongfcor thgcafeqﬁé érﬁhlugaés%retrpé%ber bfmbocated above
the second seal. In another as esent 1 nvention provides a nethod
for conpletlﬁﬂn%ﬂmyubsea wel | whi ch conprlses a mellhead hou3|ng at an
upper end of a well bore, the nethod conprising: installing a tubing spool
over the well head housing, the tubing spool including a central bore which
extends axially therethrough, a production outlet which conmunicates with
the central bore, and an annul us bore which is configured to comunicate
wi th a tubing annulus; |anding a tubing hanger in the central bore, the

t ubi ng hanger including a production bore which extends axially
therethrough and a prc-riuction <,,Juction outlet; establishing at | east
first and second netal -to-netal seals between ~. ibing hanger and the
central bore above the production passageway; and :~ rs,sling at |east
first and second cl osure nmenbers in the production bore above the 3b 24 SEP
2004 production passageway. |In one enbodi nent, the flow conpletion system
al so conprises an annul us bore which extends generally axially through the
t ubi ng hanger between the tubing annulus and a portion of the central bore
that is |ocated above the second seal, and an annulus closure nenber which
is positioned in the annulus bore. Thus, the annulus bore is routed
entirely wthin the tubing hanger, and flow through the annulus bore is
controlled by a closure
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menber which is also |ocated in the tubing hanger. Therefore, 2nlb ‘\hggd 2004
exists to rewg@/sfhae annul us bore through the tubing spoebr®kiivesukocate the
annul us cl osure nenber on the tubing spool. 3c 24 SEP 2004 WD 01/ 73257
PCT/ USOl /09606 THésse amtototrivejecislng etiantayds afitiapteagetinaintiorheill peesent

invention w | Lnagga fBRRAL %%WJB elaedegcg},p ?%Viw{?tﬁe e%' l Fgggescrl pti on,

with referenceto?@gﬁa cconmpanyi n %E?avmns t he sane
reference nunﬁwpéﬁﬂ”m@féﬂmg% olndlwdmwmw ﬁﬁlﬂ W%@fm@mnwherﬁ argsadar i ous

enbodi nent s. %rﬁnb%fmrﬁﬁﬁ%mﬁédeﬁﬂ ifhe VAo Aot gure 1 is a | ongitudi nal

cross-sectiongl, view ap enbodi ment of the flow conpletion systemof the
present i ngengr—%flée—sﬁﬁ-ﬁgﬂilé—ﬁ—gé—‘ﬁwﬁenl arged view of the top portion of the
f1 ow conpletion alemshiongliudinalorgsrsectibnalbidw ¥l derilit@nbf @ks bri dge

conponent re a runn 00l connected to the top of the
t ubi ng hange?ﬁcvgrgr%@ﬂ%ﬂnon ngte?‘hzthe pﬁ@sgﬁ m%ﬁ'tt'mh gure 3 is an enlarged

sectional view of Fwtmlbnsrqjl dndangrst viemof the tvagpkdibh ofthnﬂoha:nmretlwim ch may be
used 1N e, PERSARLNMMERILAM, ol M1 o ol isoBa banAEnE Rk anals Vi o of
ow

the production seal asse onent conpl & |on system
shown in EPguiih Erurrﬂir@dsa@csnn%team@ﬁﬁ%w‘é'w@@aghamrcvm@wastoftth@ secondary
~annul ar seal igemeanent of the flow conpletion system shown in Figure 1;

Figure 6 is a radial 0SS-S ctlona ub|n hanger conponent of

the flow conpl eti &?Q‘Eﬁ/éfse%@\?%%’? &4 'qﬂiab‘ﬁ?"éola tuE@gﬁj tf“ POl | ongi t udi nal

Cross- sect i onalechanism wfucrh hﬁybubsmgnhmrmﬁentuﬁmoment of Figure 1 taken

t hrough the tubin nul U an n uI us_gate val ve
gflgﬂx"?% Iai%] dS se t\ne\:sj oft tn% Pro% alon, SSﬁ%-ISP?JH[?[}‘. al

conponents of the'l ure
cr 0ss- sectlf onsdmraAnen; fofhetfh@f @mﬂﬁtlgrssys@m ehoml ling@tmbonent shown in Figure

7; 25 Figure 9 is myupas tsl A enl RO steeﬁunaﬁhev%ﬁﬁé s&@hbik9BRhudl &4 of anot her
enbodlnent of a tubi onent of resent invention conprising
an alternativ& rgﬁlﬂﬁ'ﬁmfgﬂﬁ%[]g’ W&]p&mg” ISt %hoﬂﬁ' “i‘ E% 4P Enl ar ged sectional view
of an al ternati ve Figunub issa ebiaberos-sectional view of the tubing hanger component of
the flow completion system shown in Figure 1;
20 Figure 7 is a longitudinal cross-sectional view of the tubing hanger
component of Figure 1 taken through the tubing hanger annulus bore and the
annulus gate valve components of the Invention;
Figure 8 is an enlarged longitudinal cross-sectional view of the annulus
gate valve component shown in Figure 7;
25 Figure 9 is a partial longitudinal cross-sectional view of another
embodiment of a tubing hanger component of the present invention comprising
an alternative annulus gate valve;
Figure 10 is an enlarged sectional view of an alternative annulus closure
member which is sultable for use with the present invention;
30 Figure 11 is an enlarged sectional view of one embodiment of a service
and controls conduit plug valve which is suitable for use with the present
invention;
Figure 12 is an enlarged sectional view of another embodiment of a
service and controls conduit plug valve which is suitable for use with the present
35  Invention;



menber which is suitable for use with the present inventiorﬂ;LtE&)EIPi;@rﬂé’r 11
I s an enl ar gegdvigezsti onal vi ew of one enbodi nent of a serycr@soiapascontrol s
conduit plug valve which is suitable for use with the present- invention;
Figure 12 is an ediigfgddisselongivianl cvisewedionavswhe anethboetimeitherdof a  servi ce

and controls g-@,rfgwao | ble for use with the present
35 I nventi on; ”@eggn %ﬁk%ﬁo%é%@%%gg@w# / USO1 09606 Figure 13 is a

| ongi t udi nal cr ossF'gé’é%ﬂ“Hﬁr?a?Ch@méW rgpregqittine pf Eafiod campletiar systere f1 ow
conpl eti on sysh®m mFugtukaaw)r esent invention; Figure 14 is a schematic

t f | et i h Fi 13; 5 Fi
ePresenayon o il N SaI ST S PRl e Bl 5,0
shown i n Fi gus¥sterd shdyatinfiguhe 14 éut witkahe bge capropopendnt rensveddnandhwi th a
running tool ﬁfﬁﬂﬂﬁ?&o?goﬁn%cﬁg?o tthg’?ceﬁogfﬁeqﬁbiﬁ#pér@gr po%}%ﬁento g%onent of the

i nvention; Figure 1 p ‘conponent of the flow
conpl etion 1@V%!ﬁ'|95rat us shown in Figure 13; Figure 16A is a

cross- sect | onal Vgl lfitob UBR of 4R sBkERoARAGdr IR iy Amefiohi gur e 16;

Fi gure 16 |sacro secGt view of the tree capta en ng line B- B
of Fi gure Q6 2R qf?sg%}o&’”i%kgf’%e? cross-sectional view of the tree cap taken
along lTine C - C Fgurdiguise céss-debtmnleidofite ed @p tiiteevsiaig fba 1 acki ng cap
conmponent of ¢ Jré%" conpl etion apparatus shown in Figure 13; and Figure
18 is a longitudinal ‘cross-sectional view of a further enbodi ment of 20
the flow conpl et i Giussy §ieimactosssecionelsavt ofitia/isee GapriakeDetiariglliad BDeBcr i pti on

of the Prefergmagyehedi ments Referring to Figure 1, the flow conpletion
assenbly (1% the present | nvention, which is indicated generally by
reference unber LU BGKHAMOFociwaiqse the Feapandalapaimoipetht 6h i s
connect ed to dftRgure@ps;of a wel | head housi ng

Figure 17 is a top view of the locking cap component of the flow
completion apparatus shown in Figure 13; and
Figure 18 is a longitudinal cross-sectional view of a further embodiment of
20 the flow completion system of the present invention,
Detailed Description of the Preferred Embodiments
Referring to Figure 1, the flow completion assembly of the present
invention, which is indicated generally by reference number 10, is shown to
comprise a tubing spool 12 which is connected to the top of a wellhead housing
25 14 that is installed at the upper end of a well bore (not shown), a tubing hanger
16 which is supported in the tubing spool 12 and from which is suspended at
least one tubing string 18 that extends into the well bore, and an optional controls
bridge 20 that is mounted to the top of the fubing spool 12.
The tubing spool 12 is secured to the wellhead housing 14 by a suitable
30 connector assembly 22 and is sealed 1o the top of the wellhead housing 14 with
an appropriate annular seal 24. The tubing spool comprises a generally
cylindrical central bore 26 which extends axlally therethrough, a lateral production
outlet 28 which communicates with the central bore, and an annular support
shoulder 30 which is located in the central bore. The support shouider 30 may be
35  either a separate support ring which is remotely installable in a corresponding
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25 14 that is installed at the upper end of a well bore ( 18] 2@{]
t ubi ng hangeyo ¢1k82swhi ch is supported In the tubing spool ng, g% (}m Whi ch
i s suspended at |east one tubing string 18 that extends into the well
bore, and an ogptptedain henertal sore 6] dge rReyraiatt omerrmmg Qﬁbotw\tvﬂii@htop of the

t ubi ng spool 12 .0 S cur fo the mellh ousing 14
by 1’1 gw ltoabl egs?f%quEa%r\{tﬁgcgzé dgg%gk%Iport'lﬂ'ﬁmstﬁ%g?rgrag%%[fee?f FEWPHRH PWSqo:‘J ![hg
wel | head houspPpgsedharginithe @méﬁuplng)pwooditshomdlbahm!erstead toZﬁcludEmessidabl ng spool
conprises a gaa@raaahhytmagyrh@eﬁiéﬂmergsm [} bgghm?éﬁtwt i Cg&%yam ally

t her et hr ough, a | at eral productiion out ch co tes'with the
central bore, PaRPPRESnnul ar support shoul der 30 which is located in the

cent r\e/blh' b(ﬁr_e The Tﬁumghmbmdﬁdﬁﬁup%@rtéﬂi&n fae aﬁ@]ﬂ%@lﬁe@v%@{gﬁ ?gg«‘S?ngZrtS £

ring which is ins n a _corpespon

b 5804 per et Bb Bete WS Bl ahe kb Pa3vER b BEBORGAIhsEmegre, 5k e a

part of the t{hsadg. Ebe)blbln@ztmgnélextends ihortheedelblyora ane defved agiraietier  por tion

of the centra used the term

"t ubi ng spool bo%%ﬁipéﬁtum é?%‘gé%“%laﬁw'”?@z 3“5%’8% %Terntg@ "8a christmas

tree or arly oftHes \é’bweh@mﬂ i desatiegihetdiewitutsfargndedn gesingiesiybing be

“supported. Theyitgis, rtgshb@agsnnae@stbémaﬁmﬁg %999169&@&%&5@& ggoul der 30 and
onv

is attached to th r en the tubi'hg strin ent i onal
means, such a¥P PP%%&@?HOF?H&*QWW@ Vghigh ey 11%9'3",@{ B’iﬁ’éﬁctioﬁt%mﬁfr‘&oﬂ/\el | bore
and defi nes atuping dtriags, dma rrtaanmwnmhm\m] hiee &tibi ng string and a tubi ng
annul us 32 surrou n the e

descri bed herein \?\ﬁ% ﬂ%F m%n%%rc ?C,% o ?W@Pae?ﬁﬁ??fga ragip %’ﬂ%}'%’vh'a} shoul d be
under st ood3 t heampriges agetrenallystepped cdintritabmitacagitiéda podusioppord 38 wo or nor e
tubing stri ng\ﬁh|cl¥‘@;lt§rtﬁs’$<?éllﬁ&n&é&@&ﬁncﬁﬁ?ﬂ@bh%}LE l%’da SEJaﬁstcbl%kuplcaitgb' ng

strlngs In a manner Range i's shown
to include anVHhfgPHAURRgNPopRfyheubie FERg 18,5 ‘@f@FﬁbPT@é%ﬂO& p@émﬁaaw st epped

cylindrical ' lo:tﬂ@mcmatténc&ﬁxetv&eﬂﬁmwe?)ll &dcQon Beve 88 3Rd thatLedh m@ﬁ@@% a?qxlj ally and
concentrica an es,, Wt e production
bore of the t%@l&é%gge“ n q%/i’dﬁgf’fé?f%l %ﬂ@?%%‘&géa%% fgd?o whi ch
ext ends béf V\/el@ﬁfictnhétlm@ajtlelthomﬂ&ihatss [B:Satad\elbd\/eehe)mt)mg haagdr 186, Thand an

annul us bor e ginyhhdar ¢ LRORIEENSHR! b inahbY: 44 S8, 1R LiiBbdigegnnul us 32

to a
of the invention depicted in Figure 1, preferably also a second closure member

46 for controlling flow through the annulus bore 42. The preferred embodiments
of these closure members will be described in more detall below.

25 The tubing hanger 16 preferably also comprises a lower extenslon
member or alignment sub 48 which includes an axial bore that is coaxial with the
production bore 38 and is sufficiently large to allow the tubing string 18 o pass
therethrough and connect directly to the body 34 of the fubing hanger. The
extension member 48 is precisely oriented with respect to the tubing hanger via

30 one or more alignment pins (not shown), and is secured thereto by any suitable
means, such as a plurality of bolts (not shown). In addition, the extension
member 48 preferably includes a radially extending jug or key 50 which, as the
tubing hanger 16 is landed in the tubing spoo! 12, engages a helical upper
surface 52 of an orienting sleeve 54 1o cause the tubing hanger 16 to rotate into a

35  desired orientation. The orfenting sleeve 54 is supported in an adapter bushing
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20 portion of the central bore 26 that is located above the fubimglhaiii
16. The tubwagyBanger 16 also includes a first closure pgegb8fiddsand, in
t he enbodi nent of the invention depicted in Figure 1, preferably also a

second cl osur @5michdy condbeibdto thermt:weobdrlmgafftﬂeammh@é;mwh\z b%&]r@g@{@@}us bore 42.

Th f d t rrenbe rs escribed in
m)(raep(rjgt :lrlrebelﬁ%pegiﬁg'%%gl ngbns me%aﬁﬁérsw%ﬁep W%WJ‘%/F’%%“?BG‘EBWF’? Ises aI
| oner ext ensi 81 adgpiepbyshing &8 dngretween Holb tBtubing spod 12 bodige wasihaxi al  bor e

that is coaxi abusmdfu ff tly large to
all ow the tubin ;gh é{jﬁi@é&{%ﬁl&gﬁﬁ% %ag%ﬁ%%ﬁh%ﬁﬁﬁ‘@é‘nnééﬁ%d. rectly to

the body 32 of® %’&Wfﬁi‘&é?“ wiffheespesk fodthe fubinarappdl 2, the key 5Qwilci sel v
ori ented wi t hdropdyteatsidi 68 mﬁ:hlwf@rnﬁlﬂi if %gﬁ[rentmg%le%oe 81 &t AE bBRE ofthé gnent

t sh d t.abl h
Dl Ural 1ty of  Lalepsitet 2 RS whRghened Bl Miw S pieReion  monber 48
preferably incl udediedlowadirpletign essbabifii0gndyugsodncliizys [EEkdoth eRevaso t he
Lubl ng_hanoer whfen o Aiethi ihe B8 bPIG.ABSk B, £G5S, BDS! | cal upper

surface 52 of an orlentin g¢ 16 to
rotate intl asE®! %@l’?'@iﬁd@ﬂﬂ ket orohe wltead howsing Mg thelleddew dieeve suppor t ed

in an adaptere@ﬂﬁP|bagn&r&ﬁe§mg@%ﬁmlgg43§géﬁa bggréggﬁa]c/e%?ﬁw% 56 which is

connected to t?é'g V\f gortlon of the tubing spool hr eads or ot her
convent i onal Jpum sfgpv BBQQQGBH‘Gt%Pftaa%’P@@%F@W“%’ (D@fsﬁh@\iv@)ned ar ound
the adapt er bwbiah fsgsuSgeraind irbiat weliteab Oblsidg e, t‘fiﬂ@lkﬁtﬂdmélée»ib%mm the

|l head h back 4. Once the tubi
hanger 16 5 r naehictenife BshBRaR AT Al oo Sl eine tubi ng Spoot

12, the kéy 5&RAN$IPN Omcmtsaﬁnn@fﬁ}emdmm caking. hSiimbkaealdndyralddt@ ori enting
sl eeve 54 at sﬂeefd@@sétwg@@fheqmdwnﬁélé%'sogﬁaL&ﬁ%é@#&.—bﬁéﬁ?@%@b' ng

hanger into I'ﬁi‘ 8 er orientation ON- as 10 nmay
al so i ncl ude 9°rCBRNBFRvesFRBoEihe fibingiresl 12 avill v <ftegiegead in Becagndot t om of t he
adapt er bushi mapgB6in aﬂmuaﬁotdwsteaalonmewb@ne%a%hs;ﬂ&atS | anded and | acked on

t he wel | head housi c sl eeve,. 6 sqremed usi ng an
appropri ate tool lﬁ% rﬂn‘bsﬂz)gcfﬁgﬁ’n suﬁwg‘ QK cgPiEtipn aslsﬁ%‘%@ ?I’%ﬂ@séhgages t he
top of a p¥od@attionn clesie mwpniten e cortreding ﬁmmugh\ma phdictios useeagleth i n t he
vel | head hou%égm%édlmghﬁofltwlb%%n Eérfgcl‘?é/aen?‘% the E%H&cﬂ%%h’ pt the casing

hanger from m?w n
closuré member is housed in a valve block 62 whlch is bolted to the tubing spool

12, However, as is well understood in the art, the closure member may be
incorporated within the body 34 of the tubing spool 12 or comprise a separate,
25 distinct component which is bolted or otherwise secured to the tubing spool 12,
The valve block 62 is shown to comprise an internal flow passageway 64 which
communicates with the production outlet 28, a production master valve 66, a
production wing valve 68, and a flow loop 70 for connecting the flow passageway
64 to an external flowline (not shown). The flow completion assembly 10 may
30 also comprise a number of service valve blocks 72, each of which typically
includes a remotely actuated valve 74 for selectively connecting an external
service and control line (not shown) to the flow passageway 62,
As shown in Figure 2, the tubing hanger 16 is run into the tubing spool 12
on a running tool 76, only a portion of which is shown. The running fool 76 is a
35 relatively standard component and forms no part of the present invention;
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15 ekpansi on or contraction of the production casing. Sui tab!h eSEgal?g%ay
al so be prongdeshshbet ween the | ockdown sl eeve 60 and botp?f,q%l ter
bushing 56 and the casing hanger so that the tubing spoo wll, in

effect, seal hovdveg aaisérpgon MaRges lncmd@ﬁidérbinQBfécmeﬁ’é an OsdePAshd@y drhe
ur e he flow co letlon

wel | head hous st to Fi
assenbly 10 a‘h@%n%snré IR? O%tﬂgﬁrﬁplff%g@tne twgq'&? %‘E'{]Fé‘a?ﬁéaﬁ’ﬁ@? O g FUBEt r ol | i ng
f1ow t hrough tohb76mrtdda@<tngdhe mbint;eanmm the tubﬁd@@pe@mmhﬁmﬂﬂngﬁangbt%i nvention

depicted in Fidgé!fy%rcﬁndetdflﬁtg ré&ﬁ’rﬁ‘ﬁ%l% L%'O“%%P"ﬁ%ﬁg’% o) S housed in a

val ve bl ock 62 whic Spoo mever as is well
under st ood’i nS¥NEeddwtother geitebledaeans fQT@ﬁWOf@EW % a lpekingrpandsa 8@ wi t hin t he

body 34 of t h@hithlkiNgathpeedivelover the QPR eR&n o ? : tinct
conponent Whl%h'TIS bol.t ed o'\; ot her wi ggérs U 0§ @%rnataﬁ ex%‘%}d%géspool 12, The

val ve block 62°"% Ui WQ@'&SW@%O%H sf‘?ﬂ"ﬁ?ﬁ&ﬁ“ﬁ*ﬁfﬁf”ﬁ?&s@ﬁ@d@'%4 whi ch
conmmuni cat es inithénditnetepofdblu citbomiiast [Tab r@ﬁung&ocﬂve(ﬂimidb@@tm%&%dw alve 66, a

duct fl | cti the fl
Paasageuny o PHELKCehfuidlS Aot Ry hengha SR PR corpl et f on
assenbly 10 nglgeve@Sarhich i senpirédde the uppebad dthestmdy 8662 sydiharizalfirsicks 72, each
- of which typi gaglidg/p Jstbﬁ‘gb Hﬂﬁ:ﬁjr@lu@@é@%@ rolp‘éﬂFoﬁg) F?alt! shéélbv%ﬁ%c?lge ectively

connecting an ext er nal service and he fl ow
passageway 62°VEREedREnAE Pﬂo‘ﬁf”@jﬁ@”'@“ %'%eﬁﬁbﬁlﬂﬁ’ga indjisel speoidloeking i nto t he
t ubi ng spool igton BdnwauchmmUQQab&ﬁ}th@ev@wrﬁorﬁeﬂlﬁéttté QRiaBly réddehel ol Shown.
part of the oh8bahred e S8l RSFishes drieeidnes  WedsinpeT) Usor/ 09606
however, &5 dedwriitpol dependieg eﬁlﬁtﬁr@ensr%hmdtmzhhh@toah@mmér&td;flttndfatsie an

under st andi ”Qoﬂ&ng F;,g}gngéedﬁgg%f |dg%ﬁ£g]w h@ﬁ I | f ggélefcthl ng the tubing

hanger 16 to the runni ng |ng %er to the
t ubi ng spool SESONG Igekinglsta®hanger is ideally prow ded with a cylindrical

;Jgptea eeﬁ) gnz; on 7f oﬁera:.gnltﬁe HRRRaERA7®k @é@&%ﬁ%ﬁg Hﬁ{égaﬁ‘t’é &rrﬂiglcgl Ugg“s
over the upp epgg‘g‘{ gﬁ %fr?@c’%%gimﬂﬁ% hg top gk 'ﬁ@k”ﬂq 'ﬁ@“%?’ Bhich is
suppor t ed2bn apddieoedligeing8e %Mterlmoéomrrﬂﬂodnyngagrb@mrt{mtm id Prkdteordi amet er  of
the outer walge #Ger dTé}ﬁetés“&%é"lg ktlr&%a {fer! '?ﬁe oﬁﬂ%ﬁrﬁ&%{s@(gﬁfd%ﬁ 86 which is

connected to a running stri OoWn), 10 sl eeve
88 which is s»?é"elﬁcbépwwaw@ t@pﬁ@rco@ﬁdmgerstsam thedyoo®6 102 and herdy lockl fir st

the first locking piston 90 to the locking mandre! 80. Simultaneously, the wedge
ring 100 will force an expandable locking ring 104 into a carresponding groove

25 106 that is formed on the inner diameter of the upper extension 78 to thereby lock
the running tool 76 to the tubing hanger 16. Once the tubing hanger is landed in
the tubing spool 12, the first lacking piston 90 Is stroked downward to push the
locking mandrel 80 downward and force a lower nose ring 108 on the locking
mandrel behind the lack ring 82. This will push the lock ring 82 radially outwardly

30 into a locking profile 110 which is formed in the central bore 26 to thereby lock
the tubing hanger to the tubing spoof 12. The inner diameter surface of the nose
ring 108 preferably comptises a plurality of serrations which will frictionally
engage the outer wall 36 of the tubing hanger to aid in maintaining the locking
mandrel 80 in the downward or locked position.



‘I ocki ng pi ston 90 which includes a first sleeve portion QZZtQhé}EPSZQ[}itdabI y
recei ved ONES of _}3%7body 86 bel ow the retention sleeve 88, él I ndri cal
second | ocki'ng piston 94 which includes a second sl eevePEyPtS(?Wﬁ““ 6 that is

slidably received fte tEtQﬁg iﬁﬁ%r uraf%’%% ulgnh %5 gl ee%/%%g llﬂigggrgz%Al .

collet finger r|n havi ng
attached to tREONGIRES Sfé?lfﬁd @PWQFH(‘;D tﬁﬂifPOéStthe HUG@IR@ ng L& fmrmthegobln@h@gar wedge ring

100 s attached trmstmlea@%ck@r@coﬂétnhﬁ@s 98 B6AML Jb%‘ﬁj :ﬂanRélsafo% 94. I n
operati on, ﬁ}eﬁ nni t'ubi ng hanger 1.6 until

red o
the bottom of '”ﬁa:ﬂ@f’E’Wedem"?ﬂgm?}.t%P%Fﬁ%e%wa'éﬁgfég lackiag msprdist remq@q ocki ng
n’&ndrﬁl 805 f2®1thﬂldbokétbpdsmbheThéﬂublﬂ@hSﬂgﬁB‘l@ﬁrﬂﬂsdEﬁ@trﬁvﬁ@ﬂél@m@ndl nﬁ gI’OOVed
102 that is net.er . of the The secon
| ooki ng pi st Oﬁfr@ﬁ&t@d? Tﬁgﬁwﬁ %EPLW e L'&Blﬁ?@réﬁﬂ?ﬁ’l’?q ngers 98
in the groove@lgp @ﬁcﬁ?anﬁéfplﬁlbgffﬂedltﬂt100th@plsﬁ0n§ﬂ upwaikiitogulpihe taking0 to t he

| ocki d
expandabl e | L?ﬁ;&ﬁ' O FRERS O el e MBI o2 b g, )

formed on theP er'Odi aneter of the upper extension 78 to thereby Iock t he

running taol 76 tq’hbhtsﬂalﬁg-ﬁﬁn@& f@%?@@fab@%ck@é%nbh@bédk@#%cm‘?fo | s | anded

in the tubin on 90 is stroked downward to
push the Ioc% Wgarh%'ﬁi‘?{}g\ngﬁnﬂﬁ\‘/\ﬁ%rﬂéﬁ IQW%PBF‘E@ d theeby sisvee hehg 108 on
the | ocking frerdvied hanghi rechatrkh eedoalk lockeugo &2 wbihg Spasi 12 dgringh the | ock ring

O 21 Loy Yt ar il Yoo Bab L RGOl e ehbBaRhER o For M0 I § Be

central bore 26 to thereb anger ﬂf ubi ng spool 12.
The inner di a%?rép”%ﬁ“ﬁa'éé;'%lfezﬁ@ proiackafi rngcmolsmmoefp%@tﬂwarwonprl ses a

plurality 1ef bﬁkbmtmgpm WREICE sbUrdd duch 6k b?ﬂﬁéécbé to %@gﬁg&% éx?b% SRHYBE OW?'n' t ﬁg

of the tubing i n mai ntalning

downwar d or %’E‘ﬁ@‘gu%ﬁ ?el"éf?d OgtBESW%Eﬁ'EEGWQeW\ECGWSPSQ@W W@FYQQSO / 09606

IAftEr the tu?sm’@acharhgbisfd:ﬁnadaanltb@iﬂad'didmétblﬁ)fthéhbﬂ@gﬁﬁé}ﬂrel sbh%@eggn? .
ocking pis c romthe

t ubi ng hanger ﬂ{é{%ée ﬁwé&ﬁfﬂ%%gtl-ﬁ&‘ﬁ@#gﬁ]%% CHB ‘F\E’ §5§’ ngdrfa{]v%gﬁ@ ”Q%nt?lf‘om t he

| ocki ng nandr®F l@Eing Aendichis the lopked positnn relative toring wapet extbngian T8 retrieved -

whi | e theapooking Aﬁ%ﬁé‘h@ﬁvera%m%h%ﬁ%écﬂarﬁfﬁ:s iREkELy ﬂpﬁigl%rb%G byke t ubi ng

A T C T e N S M i
the first | ockfengncpinatnber 9@, ¥RWeWTotcdmPHEd a EMNHhPEIE Vtich is supported

in an annular recess 118 that is formed on the inner diameter of the locking

mandrel 80. The split ring 116 includes an integral upwardly directed tooth ring

25 120 which In the locking position of the anti-backoff mechanism 114 resides in
one of a plurality of downwardly directed annular grooves 122 that are formed in
the outer diameter of the upper extension 78 of the tubing hanger 16. In this
position, upward forces on the locking mandrel 80 are transmitted via the recess
118 through the split ring 116 and the tooth ring 120 to the upper extension 78.

30 Consequenﬂy, the locking mandrel will be prevented from moving upward and out
of its locking position with respect to the tubing hanger 16. However downward
forces on the locking mandrel 80 will cause the tooth ring 120 to cam out of its
groove 122 and engage in a lower groove 122. The anti-backoff mechanism 114
may also comprise a plurality of guide pins 124 which extend laterally into



mandrel 80 upward and thereby allow the lock ring 82 to r nrg@“og[ﬂﬂbf t he
| ocki ng pr?,f' 110, 10 The tubing hanger 16 preferabl ; hHEes an
anti - backof mec:hani smto nmaintain the |ocking mandrel | n the | ocked

position and é&a@e&m ng%léEQZGH@Earetf@ﬁleb%bﬂth naﬁgﬁsfﬁﬁﬁirﬂ&nt@mﬁ@ ely | ocked
ow conpl etion assenbly 10.

to the tubing durin eration of
In the enbodiﬁ@ﬁ'ﬂ”gd“fmff%'e‘é O”‘F'ﬁgqew&"b&'eéﬁ?‘?\ﬁﬁl E%] Figure 2, the anti-backoff
mechani sm conpr i séartiammant althbbgrome kspiitfring nr@[shﬂaﬁnw@bmbed sg@ettheed such as by

threads 1Ot NGPBRL A ATRL A LB AL OSLUIRR, ReaBl AlggLqut o Surface

t hat engages correspon roove orfed on the inner
di aneter of tméralltmekﬂewgsmn@lﬁ%& to80ge thk tapth fingt B faaey fiowtthe givovdse 22

anti - backof f édtngttﬁmcﬁ.n@mhmvmaﬁ%eqét%ctewi] mgllmvmfme%mn the Iocking

mandrel in the | ooked position relative per exten3|on 78. 2.0 An

al ternative aMNOShHH TP reigR8 P 15?@\QOE‘PF“FEFSLFQ’W"&F@(ﬂ’o%qu’i"g‘jm%"“@ an |n this
enbodi ment, t&eargsd disbaeknédd m@hwm|§fnapp\emrcé1carﬁespmﬁr@aétme@eneral ly by

f 114 i h t h
[of e ence nurlghodify i3 RN BRI et HOPRIRRA S o
the | ooki g tafdirgl haBfer TBhibesinitg too! 7§ isla6dddnol teltbing hangeregd te upwar dl y

direot ed. 1 00t ucbhddodh Bl 8 |sShok s ARSIk BPOL! Aok, it | - backo

" f mechanism 1 resi one ownwar rect ed
annul ar gr oovedheisezontigeking istpe pomiast ﬁﬁeartca@rrmféfpe Haatesdt re@ﬁw BEe upper

ext ension 78 gfg, tiag fbﬂébsmgrél@ésﬁq;nslﬁs réd?alﬁ;fauﬁvard}pmtotspﬂmnguﬁ%hé forces on
the | ocking nan Vi a ough t he

an
Spli ¢ i hg 1 TRRSR R A S ToR] G B ks b G R Bkre RT3
Consequentl$y, rirgh0lonbéfiengagearet with ihelgrodves pz2zvent ed from novi ng upvvard and

R T L

downward forces hring 120 to
cam out of i t¥mrlgtiensestap 10.dheip@driige bbie 38 is esadad ahoveihe productiothe

anti - backof f m@&@ﬂta ank}éf;rmms@bmn%meéﬂ aa@wﬁa{detmhqﬁe gui de pins 124
whi ch ext end 01/ 7325@24 éEP Aé,sp%’ USOL/ 09606

cor r espondi ngprﬁ%el”iE'V‘i'}é'g”'trﬁ?fteraﬁyéﬂﬁocﬁ??88” Dﬁuﬁ%mglﬁ' P 1 e §IPRUEo hel p
mai nt ai n £he mepbérs 186,n§8 praypeichaplyorireting edwivplubs which ererreceiesi id 18.

Furt her nor e, (%nte%gmgtppcﬁile%w\ét%ré go%’edjiprﬁ':ei p?'otﬂf&ﬁ%clré( 3@ Bﬁﬁ%dbo?egai nst the

insert (hot shown} that is secured and sealed within production bore. In addition,
a test port (hot shown) is ideally routed between the plugs in a conventional
fashion to prevent the creation of a hydraulic fock during installation of the second

25  plug 138 and to facilitate the testing of both plugs after they are installed.
Furthermore, the fubing hanger 16 is sealed to the central bore 26 of the tubing
spool 12 by a first annular seal 140 which is positioned between the tubing
hanger and the tubing spool above the production passageway 40 and, in
accordance with the present invention, preferably also a second annular seal 142

30 which Is positioned between the tubing hanger and the tubing spoo! above the
first seal 140,

Referring fo Figure 4, the first seal 140 ideally forms part of a production
seal assembly 144 that also includes an annular lower seal 146 which is
positioned between the tubing hanger 16 and the tubing spool 12 below the

35  production passageway 40. Each seal 140, 146 is preferably a straight bore-type

10



"upper extension 78, the anti-backoff mechani sm 114 pr ef eZdTbIS/EPnQ[}@é}es as

plurality ofyd@l-ease pins 128 to urge the tooth ring 120,a¥81kfcdn t he
grooves 122 so that the | ocking mandrel 80 can be retracted during

retrieval of tieebebivhigh chapges aﬂﬁmerﬁ@@@l sreaiu@a@elmrtﬁatéa@eg@@aprlses

cylindrical bod I on _havin nme ea ichis
trapped in a &3 %Sg‘%rﬁjt BIgARYlacs "faa? 3\%{3‘?‘@% fﬁéqr@eéga ﬂ'fen%{‘ger fe‘ghmed in the
upper ext ensi ofith& 8ibinBrhiaogertaod aebuueemdilaf seRlirigdipt 152 tiahbhgagebanger 16, the

running tool Z&réséorﬁﬂ'@da%%lgp%éa %dfﬂb@%m%fiﬁ fcﬁﬁ]lgd bR%e ahEaMLd OCki ng

piston 94 is aneter portion of the
second | ocRi né®-pinsditiondia seets 1é0r@&rar%awﬁmaﬂgorﬁw sp3hatdhe é%ﬂbhg findl ease pin

128. This forwms:eteiaergfz@hﬁﬁ@@n@%@@ﬁe&%ﬁm&wc,%hleébo%w@ééilhy shr’i’éc@s%?' it ring
116 and push her eby nove

rom r _extension 7
the tooth 15 ﬁe gsf%rﬁ "BWP"QEB‘? pr@ﬁbﬁ@%ﬁ%ﬁ?@%ﬁ’%ﬁ‘%t ngg?%a‘g% 1f§§ ® Referring
agai In to Fi gus;wcéd apart mmEemmMgamsrhychespeéermp@nm whioh ofchuleeaf | ow .
conpl etion sy r | e production
passageway 40F:‘:: e%ﬂh%@ 15% E{j@g%&#@eﬁ%@ﬂc i?asﬁ%ge%%ﬁ 4§t%ngi3ﬁé/ §|&t éQw. th the
present i rwenﬁead)ﬁssem’oéﬂelﬁmwwﬂé@tha tehneorRigen ysuetsines fibeAS0L38. The cl osur e

20 menber s 138urkAfod!f iR SIRARLN G Bhofen ShONNRidAS4 LG bodr © [ ccel ved

in corresponﬁll nﬂ %)ro iles that are forned e production bore 38 or in
a bore inser 8% ingldeig p%‘h%ftbaF@P%E'dm%ﬂ%GG%BH'FQGVWP‘WW Br oduct i on
blore I n addi torcusponomug@&]gvepﬁfata.(erf@tnear@a\twe)selaﬁ f4deniol yNiﬁi@u?w@cﬂaaa@tgweeln t he
plugs in a co ashion to prevent the creation o raulic
| ock during |§e ?H'Ilqsq{é%bw‘i TR %&e%[s r\% I F?&yt'bonfrg%F[P tate the
testing oflSbofekefipegsalafter they are |nstal led. Furthernore, the tubing

hanger 16 is seal Qﬂeﬁé’cotna%e Qéfsaﬂre@%ﬁgfﬁlag &eégn%p%gé}ﬁ %IFtBQI‘?éE%lZ by a

|
first annul ar seal ﬁ IS posit anger and

t he tubing sp&RA %@Wéwweaﬁeé@@ﬁp@ﬁrwab%ﬁamsw@blaﬁ@uwm r*%&‘:cordance
with the pr esaﬁrnatw@raa@.ﬂwnﬁﬁgzﬁé@mhé/ss%bﬁ@s@t secandednstisbar seal 142 30

whi ch | h dth | ab

the first eckironans P BRNeR IR RIS lre i Tl seelfe @Deif%s"t% o ideal ly
forns par £20of efwasﬁﬁ)@ig@ms@nndlmahmwﬁm yTUJLMDitlhaIrmaﬁsuheneﬂt[aﬂb@"ean annul ar
lover seal 148 WiidCha| ﬁzi@gﬁérkéooggﬁﬂm?g SR s LahRNfbrd 28080w iR and the

t ubi ng spool 12 bel ow the ct1 oh passageway seal 140, 146
i s preferabl yS&l ‘é’l“rt%nddﬁlfor%ﬁhSJQ%/@ rﬂ‘l‘]alﬁ&u@@ﬁ Qlﬁbthus the seaimg lip 168

Into tighter sealing engagement with the sealing surface 170, The seal 142 is
preferably secured to the outer wall 36 of the tubing hanger 16 by threads 172.

25 When the seal 142 is tightened against the tubing hanger 16, a top surface 174 of
the seal will sealingly engage a step 176 that is formed in the outer wall 36. In
addition, a preferably a C-shaped seal ring 178 may be positioned in a
corresponding groove that is formed in the top surface 174 to provide an
additional pressure barrier between the seal 142 and the tubing hanger 16.

30 Furthermors, the flow completion system 10 may Include at least one backup
seal ring 180 for sealing between the tubing hanger 16 and the tubing spool 12.
The seal ring 180, which is preferably a non-metaliic S-type radial interference
seal, Is positioned in a cotresponding annular recess that is formed in the outer
wall 36 above the seal 142,

11



‘V\D Oi/ 73277 PCT/ US01/ 09606 netal seal which conprises a”ZiZP'&EPr@PU%I
ace 150

sealing |ipwd&Hat engages a correspondi ng annul ar segkq
which is formed on the outer wall 36 of the tubing hangng:JNg%}é’%%ﬁ out er

r ad} al sizgl4 ing | il?e phi§an thlea:trocmnmaﬁa@deaofopalafﬁcgmmgiowg:omlpwbggysf@@ i ntgh
surface ; entral, bore . I n addition, e

seal s 140, 1\2@&; eiugipq%?f%(%g%ro%%ﬁ?tﬁ(??@g Y rteﬂtéreég'éﬁtiaﬂﬁs?qoﬁg will be
ener gi zed i nt Bre&fHIR gEN@Ring WRriarstiebyaen der preduystiordarg asethkiengraswmehtaices by t he
pressure wi thithe fé€odhid? Wi5rbyi a8k AR AIPHRY 15tknd e SERLAa 10 26 are

spaced apart on t&ﬁ t ubi n hgn er y a spacer ring whi ch includes a

lateral hoPe %8N RAFCLE pRdeddy fesgeondrmbmiEBicon theeassonsbseal 1480 It and t he

entire 10 seabhaussieniidgrsiobd that taGudtiesl of the flardwWeba JRBRISH ikYat@ T et ai ner
ring 160. Fu ' ' ntion shown in Figure

w N, the enbodi nent_of the jnvent
4, each seal fh&fﬁ%&ﬂ?@f% b."ﬁ%‘if%rai"se AViEEITen fol%‘:if?(ﬁpe'@Q'éﬁ%e fishgrel 18201 164 whi ch
are mount ed i the seerndesplolddi erdpolit, By esmprisatananeulfaigedalorhidhie seal s 140,

146. Wil e, thes i 4 |tabl e seals, they
are pref ergbl B&g%ﬁgieb?gfﬁf@‘a “’1”%@?8%%983% sceegﬁ %’.bg%]%ﬂé%@gcn‘ﬁﬂétggl 142 is

pr ef er abl yUsi zﬁOﬁ%“O'ﬂ RosFagewY M teperpauctiomoutist. tAreexemplery sushakali®t0 and i s

‘connected to gibBoseuireD. SMpkienBlo. bHaRB03, vﬁ%ﬁ@ﬁ%{%bﬁn[@&%‘%{eﬁa@@gb

Al ternativel Y pesdS shown in Figure 5 the second Sea rise a
dependi ng radi®al 1€y 166 on which is formed an annul ar sealing lip 168 that
20 engages a cor r @bgefudh, mgeparate pressarerdoatninyARewap @ hdt feduRéd®d i n t he

tral b | ' h t LN th
contral bo o Bee FRReRiRlbatts, HhuPld GOLES FUER 07} nEREE RalPuci el 1
outward and thightWeleht<RAY dagjoyabls teggap meay detuserhwidr the datvicompleigagenent Wi t h

the sealing ssysfeace, Méteoven ] he outer
5 ok, aorbsgils ity hgeProg gl aCer Gl o1 o1

wall 36 of the tubin n 16 b . . .
ti ght ened agaﬁ'r}%ﬁe pHes {%‘mﬁﬁ%arﬁéﬁ&%’rﬁd’fﬁ? BQP g risehichera vapdgiuring he seal wil |
sggl ingly eng'ag];dlaa'orsbfetbemﬁﬁlgﬁaagerinmyfb;@rrmdveidﬂ t he ou; er wall 36. dl n
addition, a prefe o ri 17 Si_tion in a
cor r espondi ng ‘gr ng)rgtgé tgﬂg%"ﬁf‘gp‘fa"g?‘%e@%ﬁm?ﬁ% Sc}’ﬁ?egﬂw(é@gd‘%g'ﬂ Hagyrebovi de an
addi ti onaf? prie€ising haagsti16@lsesrmptsestaraimbendf seniceand cohieol toisiuitg  hanger 16.
30 Furt her moresg. weehdwoW F@UIDbehi 98hvisy StESBnko) dEﬁ%un's%%%PeearPatnE%c?aSt one

In a

(bl g spool TRV FRECUBERSTT A B0 HAGHETGe" 16 erLrdaIon ieroat al || o
S-type radi alth¢ biaghengemgencraalertichisy inosk toranedlyiktodghaas r@sRondi ng annul ar
recess that i3nfQr AR shfich 3Rd QHSN conduits 182 provide for the communication of
25 cables or fluids through the tubing hanger between corresponding external
setvice and control lines (not shown) and devices or positions located in or below
the tubing hanger. For example, one or more service and confrol conduits 182
- may communicate hydraulic control fluid from a subsea control module to an
operational device, such as a surface controlled subsea safety valve (not shown),
30 which is located in the tubing string. Also, one or more service and control
conduits 182 may communicate pressure from the tubing annulus 32 to an
external service and control line which is connected to a pressure monitoring
device located, for instance, on a surface vessel. In this context, the annulus
bore 42 may be considered to be a service and control conduit,

12



wal |l 36 above the seal 142. 11 WO 01/ 73257 24 SEP 2004 PCT/ US01/ 04606 Thus,

I n the production node of operation of the flow conpletion sy tgr@E@Z@[ﬁdg
t ubi ng hanger supports both of the industry required first an econd :
pressure containing barriers between the production bore and the
environnment. The first barrier is provided by the first plug 136 and the
first seal 140, and the 5 second barrier is provided by the second plug 138
and the second seal 142. It should be understood that the function of the
first and second seals is to isolate the production bore fromthe

environent . TheMesanacisoikEz 46 ik 358 phA8 it s, Second seal 142

or both, ma | Se. an ul.ar ring seal I Ch ™ oned between the
t ubi ng hahgkeer0 g]ig%tgjl é‘;tegb#ﬂg’g Cllse e copnestian 9f thamerticd drel cablolpr oduct i on
passageway &RaHuthd8Dtodbeictin@spaiding @kiernANscRi@ 3 LS disclosed
in US Pat %ﬁofmgbmgng%gé%% T\@h]ch i'ﬁﬁherea% i%ﬁt{%gﬁ%%ﬁ%ﬁ%}hﬁ n by
referencg Therefore “a Separate 5r°84 0590l brdagi29gwhickis cap i s not
r equi r ed >t o 96357854 @eretfully '8 eprinentan peeding USUBatehidphigatex eNt required by a
speci fic appio/sasusPimich k= i-ghtwei ght ; / depl oyabl e tree cap may be
used with thg | ow. go%%ﬁ%'@?@%}%m Q%\}'Eﬁm,d)é@ﬁce the tubi ng hanger
16 i s | anded TR OhE I PAdgedipevfndian ackmting echpnisgsiod@fotdl38 ar e. i nst al | ed,
the BOP andcwtineglingwhtic brideing! &Asb N Edri a1l lahdon. of .the tubing hanger
may be rerm“% rér[bhép‘fe" enbodi ment of t_%eal#dlrl%\%'vﬁqgé%rr{’) uétt’?g}?tg?}@i em 10 depicted
in Figure 1, “30 the T UBPAYELxGER! 98vies ang contipliing eomenuatigrihof servi ce
and cont!f ol "sdriemiake thes@Bonnastions ididually b Bf-Ry frodgfS, bl 8o "d cont Fo
conduits 18‘22@%%%%8”9?&1@{3%3' Ir%/j 29 nd the central axrs of the tubing
hanger 16 and extend from {iRl P poripis bidae manFgdeenegEmage leswe | y
vertical |y THERPTDor contfsilien 8by trbugbuepetive biiddy Ings, thaHBBEmi %@gservi ce and

a

i ough ¢ naubr e, hancer-pecsag oot IIERY B e anh tior vi co and

t hrough th ' hanger  between correspon

control Iiﬁleﬂj';sw%ﬁ%%e%ﬂé;ﬁédmgﬁﬂ’yd@%P@‘é@fscﬁﬁdﬂm%ﬂ ipoeisrablgeatieigntiyn or bel ow t he

t ubi ng hsangﬁéhtweisbttoénarqﬁnedam:tn%tﬂéfledmr%a%qi@'{lf_ce and control conduits 182
froma subsea control -nodul e to an

ray Communt 2t GHRHL G RBIA Bhel ihel 6 P S S o MO 10
shown) , member 44 and preferably also a second closure member 46 for controlling fiow
through the annulus bore 42, At feast one of these closure members Is
preferably an agtive_a closure member, that is, one that is actuated in at least-one
20 direction by an external power source. In this respect, exemplary active closure
members which may be suitable for use in the presentinvention include
hydrautically, electrically or manually actuated ball valves, plug valves, sleeve
valves, gate valves, butterfly valves or stinger valves. The other closure meinber
. may be either an aciive closure member or a passive closure member, the latter
25 typically being defined as one that is actuated in one direction by the fluid
contained by the closure member or by a component with which the t,;Iosuré
member is assembled, and in the opposite direction by a return biasing means,
such as aspring. Anyofa variety of passive closure members may bé
appropriate for use with the present invention, iﬁc!uding, but not limited to, check
30  valves, poppet valves and flapper valves. |
In accordance with a preferred embodiment of the invention, the first
closure member 44 is preferably an intemal gate valve which is simi!:clr to that
| Qisc!osed ifa applicants’ co-pending U.S. Patent Application No..
109/815,436, which Is hereby incorporated herein by reference. Referring to

35  Figures 6 — 8, the gate valve 44 js unique in that substantially all of its oper-ationél

v - 13



30 which is located in the tubing string. Also, one or m)Zel‘ §EEEI Zgoénd
control  congyiyl$,482 may comuni cate pressure fromthe tubing annulus 32

to.an external sérvice and control |ine which is connecfEHFUPYEMHr essure
nonitoring dey rf.ace vesse In this
mﬁ@nén%ﬁ%?'gusefg%rnwewnﬂ@gﬁesb% ecﬁ‘#b‘]& t@%ngah%?dscé” and control

context, the ag%%?nu

conduit. 12 24 WTWY@V%%@PBW%G%Q”@@& aXailylsown to occlipgare 1 may be
used in the flnomimusoomieitiarreyamhdrd forfichbind Alfd BE fOAIGGS T on of the
service and C%HS{% i caondw t@t ﬁ@p ei r _correspondl ng external service
and control |inés ?ﬂryou.?ﬁ?lmWR ate Ve&fca't‘?‘i‘ém@h% ‘?féh%%@éﬁ‘”el@ 'fhﬁb this end the
control s brdi dgamges horehietdvalis inbludesscinich Braier ®hitm s dbnhdtiaRBlal cant s’

co- pendi ng ' 181.5,4 which is _hereby

i ncor por at ed b%ﬁ }rtuec{frga? E%E%MB!%E fr%'ée lye '%ﬂﬂ@ég?‘?a‘?m?%%ﬁhﬁ%fﬁl B#McBgEC i nes and
an actuating RRTRR 18 Figpss Trasghtted gnnulte hnect?i isghavact cbimpag@ean dpper to both a

service and Cﬁrﬂnbi@hsmﬂﬁﬁwéﬁehd& &H&a%ﬂﬁﬁgﬂ%mﬁer?cﬁ@%ﬁo ﬁ'l%ét]éjnesfg E;r]rgi(ggt hese

external serv
connections i F%f’\?%ﬂ%?ﬁ@ ﬁ’“ieéﬁ'"raa‘l’ﬂ QW‘@L@(F?nﬂﬁéeﬂ%@W@gla&pﬂWUth i s
el i mi nat ed0 | hodydditha lrttomtdfiéhectolsibg ﬁdr@ebéh@&?mf@:ﬁedk%'b\vﬁ\%h9@@\5% jore

fl h |
Chereny el m aaenddenBRl Lol Biend ieBb Al b Betesradesitton ( o
t ubi ng spool the fermatien efttee anrilusdporesdy the itt6rmelitiet tbraﬁcb‘la'id&ds idelly controls
bri dge 20 i s aesliRiaRltne bl FAISRIY nehTebbob) 1.4 mﬁﬁ 8o fotal | ed and

retrieved usi ntg %é)\/ ment | one above E{eﬁ” 16 i ncl udes
at least a fi? ?rsé'ft %F"@a”%nber 44 and preferably al so a second cl osure

menber 461for conﬂ‘hebhﬂen@lv&M@Wbmbﬂ’ﬁe@!é@@nér@lﬁfr@&ﬁh’duﬂé”‘r Qférc%vfyztgz'%&hléheaﬁ one
of these cl OSLUEE 4

an ‘active cI osur that is,
one that is act uagggp&raﬁj l?tsé aél h@"%‘“ﬁ“@&é@@ﬁ% inggysepts 1@9@'1! E’E\enal power
source- In twn?rm@ck@ie@tancbst&&mcm yerdcd andeco@trﬁ%tiﬁ(ﬁm 18RADRY Ridiibh GR My be

table f | [y,
ZH?C?“ §a| |O;’ Mgfﬁgﬁ?fg gézgg%ﬁ%&%{gg%?%bg% B8 hSikg eay Q%ﬁé'ﬁ%aéi?eeze val ves,

gate val ves, seghian ajecavily 19 witivibe lnmlrne@gte brérehdBheThedaisur e menber
lng%/t te)re S 13 ETervadm %@smn{ph@mm nﬁ@aﬂwed Qbat Qﬁ)%l%gﬁfa% Jt%E g«%gé%f ﬂﬁgﬂ;@r i ﬁ Qgt i on
by the fl ui )(;FB %ﬁ’i!r)]rh%ﬁl !Hlé% %l%;otc 1@?@%?9%9%@ ooy depeeripistiensn wi th whi ch
the closure oAy 19% andseatiiaig nantrism LIEWHKEIPRDokor¥dBEdhRAIPY a return
bi asi ng nmeansp the service and control conduit 182a.
The actuating mechanism 200 functions to move the gate 198 between a
25  valve open position in which a lateral hole 202 in the gate is aligned with the
intermediate branch 188, and a valve closed position in which the hole 202 is
offset from the intermediate branch 188, as shown in Figure 7. In a preferred
embodiment of the invention, the actuating mechanism 200 comprises an upper
piston head 204 which supports a seal 206 that engages the service and control
30 conduit 182a, an elongated piston rod 208 which is connected fo the bottom of
the piston head 204, a valve stem 210 which is connected between the lower end
of the plston rod 208 and the top of the gate 198, for example via a T-slot
connection 212, and a return biasing mechanism, which in the embodiment of the
invention shown in Figures 7 and 8 is a mechanicai biasing means such as a
35 stack of Belleville washers 214, In addition, the valve stem 210 ig preferably
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‘such‘as a spri ng Any of a variety of passive closure n&wﬂe&gﬁrﬂ[ﬁ)’g

appropriate e with the present invention, includi limted
to, check 33‘1 (ves poppet val ves and fl apper val ves. n%%%c@?%@nce with a

preferred enb@é’dlé@é&alr@f thb @&v?e@‘éﬁdqédnﬂgb coﬁélﬁ’t 1f8?5 %P a sﬁﬁéb?e%’;?}aeckﬂﬁg? gr 44 is

referably an |nfern te valve which s sim sclosed in
gppl i cantg lh é inglage bpg glend NWRAP thekin e inescuregigp geshodg@4 bwhi ch is
her eby incorpelm’abEdnéws.esuﬁhbyar@@@ér%ﬁx@@rﬂﬁieferri ng to 35 Figures 6 - 8, the

[ | 2
37sep 2004 W0 01/ 135S nund ol p 38 B3V T5: B nitee wBlon seBBSEAL | Tery it nin
t he body 34 oflosasbytausinplg chieanglate 208 whiah is beld int fHane, byteheyiigiioel sleelwe 44 i s
oriented genepsy dhyt tﬁi‘é[c%’cbﬁfua’ﬂ?R&éwé@oxﬁé?ﬁﬁé@%u@grwgﬂ{@Jmh% és@ﬁredr?ﬁl-' al cross

sectional area of
accommodat e t BFE C@‘@Wt19351 th%f?ﬁoéerﬂrﬁfﬁaéﬁ cgptainR@ wihip @‘G\/fﬁﬁ\ﬁéd%co”ﬂ h‘@al% annul us

bore preferabl4p, |1H|2Whtd&9reajsbatc&u"eal th@fubrmg fﬂnaM@Hr@&thb%lﬁr@y $Hesl ﬂghﬁﬁm?rﬂt I

I i tudi nal by at e val ve Cross e latera
brasch. For  Baagfrdler BRI Totkeh Badh B A aBERROMENE ohown to
conprise dA upgween fﬂjﬁ@n@}h&ﬂ@w althérdhe exveeplals Zgﬁneﬁhalsleyvaxmaiblcyntah\rl\ﬁugE t he
body 34 to th 186 e
extgnds genergleltp?/&g@%ﬁtﬁﬁthi oug]%'t?ﬂéeb’g% v%e@grﬁeﬁ%% @({%ﬁg{% of the tubing
hanger, and afPi$iRipiReebene %mwcmsw%\mt&m e pirvidedibetyeereihabbgy | ateral |y
bet ween t he usupand &ner heveVer bl%mhﬁ%e sTéévé a8 Ik Eéﬁtﬁn tﬁéﬁesfsgfermfhlrpn of the

di 188 I h d to the
outer wal T 36t atTRd ERL PR Y W p R PheRE L1 St oAy TR sul t abl €
means. 15 1Thefhga\taé36ﬁ noé logdted befpeersihs sealgmrla:tl maddmbra,ri@ﬂwlrofg@t e cavity
192 whi ch ex&&eﬂaa@%aﬁbéh%eéé‘ﬁéae&ﬁhé Yed R Ao LIELHE B be'filensiy and

i ntersects bot I nter SEervi ce control

condui t 182a. Wihensddbe £9¥shplatgsimpbnbrited ents dag baslycikahichgwrerteealadee t r ansver sel y
into the bodyprB%rd’blnyrbﬂ@éﬂfbetWé%%eB@ﬁéﬂ}ﬂ'é’ce@ﬁd tHedolpbe tLRMIH the 192 Wi th the

I nternedi ate Q?%*ﬁgihggggec%@%géo val ve 44 al so conprises two
I hg- a

ri ng- shaped f each of which is positioned in a seat
pocket 1940 a gaté1%ﬁatmﬁbﬁgﬁitsvwe‘ﬁ%lblnymch!lgpdbedlot-m:tm&:nn When#eats 196,

and an act ualis BGsRGarTHR SRR 3 pRASHE SAAGENSY BRbamd @bl Y Tn the
service and control _conduit
combined force of the return biasmg means 200 and the friction at the various
interfaces of the gate valve is introduced into the service and contro! conduit
182a above the piston head 204. As shown in Figure 7, a male coupling 226
25  may be installed in the top of the service and control conduit 182a to facilitate
connecting a pressure source, such as a high pressure hydraulic fluid source, to
the service and control conduit. The male coupling 226 is engaged by a
corresponding female coupling {not shown) which is mounted in either the
running tool 76 or the controls bridge 20 and which in turn is connected to the
30  pressure source by a corresponding external service and control line in a
conventional fashion. Alternatively, the top of the service and control conduit
182a may merely include a seal profile for a stab which is carrled on the running
tool or the controls bridge and is connected to the pressure source by
conventional means. The pressure in the service and control conduit 182a will
35 force the piston head 204 downward and thus move the gate 198 into the open
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The act uating mechani sm 200 functions to nove the gate 198ib§fRel()R, 25
val ve open Rgébf/-bgfﬁ in which a lateral hole 202 in the gate |Is allgned W th
the internediate branch 188, and a val ve cl osed p05|t|oﬁ FHSWE7%h "t he hol e

202 is OffSetpog'f'@mlﬁ*ﬂﬁsbﬁt@ﬁ%ﬁlﬁ%t@dﬁg{‘ﬁﬂu%ﬁz ;saalo&legmﬁy}r mege 7 Ina

preferred e the 1 nvention 500

conpri ses an u%geéP"a“B?g %ﬁhrﬂ‘é@c}h‘?@@”ﬁﬁ#’@ﬂb%%ﬂﬁ&@ﬁhﬂ@é}aﬂ uppeBbrehdt engages
the service ar@4curte tbhvliliﬂazcmmmimetclok&%aneratﬁbrabﬁfgﬁ@%ﬁﬂ A shb@R i 0d 208 whi ch
I s connect ed a_ valve_stem 210 which
i s connected E&%ﬁrﬁ@ﬁbﬂ%\%@ert'é]gre%éﬁ%lfﬂgu%sft@Wp?Bﬁt'QYDBOF&%%?the top of
the gate 198, “ish eleaspbeweerbihe top-of fhettubingirengertdndra gbiibn At sandicet ur n

bi asi ng machalah@ea, wWhédHa TR LN td. QN shown in
Figures 7 and ﬁ nt%_irrgcwgmiggﬁaﬁig%g maat(lr)llré3 Esstt}gﬁ]ea%%gﬁB%ée[?%k of
Bel | evi | | e waSHEYEM T2 Ros, @dne'e 6ovPling 1y siahl prefilsmerbe povided gmbwpam y 14 24

SEP 2004 WO oprtﬁezampa@ﬁdd&ﬁrﬂmwﬁmn@mh@@bnae@tioﬁ%t th gﬁ grﬁﬁegnd COlnt rg'
ace y a gl an

ot 218 that 1erged PERSTRRREIPe S culighaanisioSlentiot sitans, such as
a retai nerl0scPeWobhig. The opening that the gate cavity 192 forms in the

‘wal | 36 t I I | 222 whigh is held i
blace by a 85#1 %"T”éearﬁtfdgi%g Yo 5 - TSP LE I R el vea over 1he

t ubi ng hanger 18 .NOr§REViRT WGenEc! icpndui d 824y shereyeari the fOIQEercvrB thefretuaf or e

pref erably cohiaanglerdcfvurﬁdm zncitdaﬁubfde%ﬁthﬁ’é%rés%ﬁl%ﬂﬁth%%hélus ﬂtﬁgtt 2142 whi CE are
n 'tion to the

backing 216, g oM 2GR oo EGistahend OL Aier per e ¥mgaiveans 10
bet ween t Hé b&%ﬁ/‘“@jh%ﬁas%hmh@@ntlh%emmess sypblying 122 eerurd eahstsave 224 to
contain the @i@@ﬁﬁbl%ﬂﬁﬁﬂs@a%ﬁ'&w@ﬁ for QWIJeE\Q/%nJ‘%% ?tm\éﬁ;ﬁﬁ@ %%Cﬂg?grese”t

i nvention nor € sea Vi ded

bet ween t he bg%wﬁﬂ"eéﬁ%a'aqﬁf@@ }9r§én g viseeppeaitionzpmore thegats fwavibe 224, to
contai n the pemsgusiomicithé cosddipesigat. erragMh ié pkdre ESRSAL: ¥ ﬁ pben the

openi ng that #s V, Bk e wall 36 1s not |ocated between
the seal s_140, J?éilhgfﬂh% ﬁa\@?‘%él on, gsf%’l ‘?%Sﬁa éﬂ‘v '®®he cover pl ate 222 bei ng

retai ned BY the siaiaiepmive @'ﬁ@dﬂ%vﬁhegatbdalbewwbpbrw&ﬁspéwbﬂlyand t he
cover plate sl[umhtedlﬂﬂihb%m@fﬁsothb E@tu%ﬁ%ech%i%gﬁl?s VG u?e}%l ey ©
h K& B/ 7'4"8% et ai n t he

preferably pr qied be&I e cover plate
pressure Wit hi ﬁ"*{ He "}‘Ség @'%v er;eq@gﬂy, the return biasing mechanlsm 214 would

not be required. Instead, the compensation port 228 is connected to a pressure
source in the same manner that the service and control condult 1824 Is

25 connecled to a pressure source. In order to returm the gate valve 1o the closed
position, therefore, pressure Is introduced into the compensation port 228 fo force
the piston head 204, and thus the gate 198, upward. In this embodiment, the
gate valve 44 would be a “fail as is” device.

Referring now to Figure 9, an alternative gate valve 44’ which is suitable

30 for use with the present invention is shown installed in a tubing hanger 16°. In
this embodiment the tubing hanger 16' is shown to comprise an annulus bore 42
having a first branch 230 which extends generally laterally through the tubing
hanger from the tubing annulus 32, and a second branch 232 which extends from
the first branch to the top of the tubing hanger. In addition, the gate valve 44’

35 comprises a gate cavlty 192 that extends laterally through the wall 38 of the
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20 In operation, the gate valve 44 is normally in the clgsed position. \Wen
It is desi r‘ggob% gpen t he annul us bore 42, a pressure s_f&ii&géhtgﬁ[}dr
overcome the ~conbined force of the return biasing neansPEHB0EPYIG he

friction at tRenNakd | Qf at I I s introduced into
the service and lc%ﬁﬁr@gfgegg%&ﬁﬁa%@gq tg%g'gte&?'ﬁci' %ﬁsﬁﬁ?}g%gﬂmyd% As shown
in Figure 7, d°ThiI30 0BUIRY P3fgn Heavalis6 wdichieprefesabi diesgd ibp atcesrt2a® of t he
service andhcdtﬂtn'sdﬂe_zacﬁsaF@hﬁvﬁbli&ﬁaﬁ:ﬁé@toftﬁﬁ@iubingiﬂ&ﬁgerﬁ&ﬁ'@ﬁﬁﬁ&{[ﬂ%lé‘{rﬁéﬁ%sUr e g
source, suc e aulic fluid soufce, to € dervice an
control conduiastﬁ.c. |Ee&%®égﬁﬁil ‘Pﬁégﬁ%fﬁ%‘ﬁ%‘f{&&g&uﬂ%yﬂaﬁy sepdrte8sondi ng

femal e coupl i AgPinerisNgeyGine) leabtionh anmularsesitosd, i n either the running too[ 76
or the controls brih@gemdqant WiShvdRod ¥ icténcglnifobq@?eregt ed L9 tQFeaaﬁo pressure

source by a correspondi ng _external service a 1115 g3 V3!
conventional fH¥IMVBIR CORPRiEs AgRiei8B yhich ixslitally dsposke agesathe érsand cont r ol

condui t  182a breagh ABY dtyedmoparcts sdats 240, 2, Oftid Mstls05t R0 @M G 1S carried
on the runni ngeat%c?gé diQJuséeréeabcoentf ol s brdl dge and is connected to the
pressure source By~ convanti onal MrESRYd spRkl4gcaa be jdentical forfee el vi ce and
control colduiseat2a@ar, ak Bhov@sn Figniee, t ben girsirisa aheasli@Gédganwpner d and t hus
nove the gateafBeah ; 0 7,24, SEP 2004 PCT/ USO1/ 09606
position. In thig gi?tﬂ?r@%? § iawl%%iftm%cé('%%é?hg’ eitrqﬁh?vﬁgt’ &fcf’%e@??omed to
flow from t he PSRy MprdgsEPoridE4 whishsligs withdhd thteeghvbdieafrethbsench 188 and

i nto the uppee4lraneiiefilsd flombassagd i46\%ﬂohgr?m€%Hﬂét\%fvet’lggwﬁacﬁéﬂéﬁqsnenber 46

I f present. Lo Figur.e t upbi ng hanger 16 preferably includes
a conpensat i éﬁet?)/g?gm%@'r@ %g\'ﬂ?!gﬁg%%c}e}ﬁﬁﬁrs @?8@'&?% he top of the tubing
hanger and3a port iT6R 98 Ve 44 deriheciaciudaschincaniting mesHadiit o kRRatichat i s
| ocat ed bel owgiiBeoPbsilyosh : ' Ln the draw ngs, a nmale.
coupl i ng or \é\?’fﬁb ro{i [ e ﬂﬁ%ﬁi’%?‘%“%é@ﬂ%ﬁ%ﬂ?‘%obaﬂé‘? A8 npensat i on
port 228 to f 3P Teaihe ToN@assER 248 itoan erenmesiop o whithihegle 208és  r unni ng
tool or the calighediih theifichgPasviabd) 28 sEOW B SRR, ; l.ce and 10
- control Tine. (nW@BWL}is gésﬁ%?ugé [ed etg cl OISC%EW%}%%&%%E%n%éhg pressure
is renoved  from the Sbrvice and Com8IctEnd 182mthatinareniison the force
fromthe F&t¥Feraly ¥ationly avat ferdiati9B14n adsiifo rtbel avtidtingtoheehpigssur e in the
annul us bor e wilch @etteRgniRRtd i obie BoddfhgthdchaMURDaL ORI S00 Jhead 204

upward and m%ﬁnéc@e% tg%eegate 198 via a valve stem 210.

Although not lilustrated in Figure 9, it should be understood that other
configurations of the gate valve are within the scope of the present invention. For
25  example, the gate cavity could extend longitudinaily into the tubing hanger from
the bottomn thereof. Thus, the gate cavity would intersect the first branch and
provide a convenient means for installing the seats in the first branch. In this
example, the cover which is used to close the opening that the gate cavity makes
in the bottom of the tublng hanger would not include a port. Rather, the first
30 branch would communicate directly with the tubing annulus through the wall of
the tubing hanger.
Also, although not depicted in the Figures, other configurations of the
annulus bore 42 are considered to be within the scope of the present invention.
For example, the first branch of the annulus bore could extend generally laterally
35  through the tubing hanger and communicate with the portion of the central bore
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15 198 into the closed position. If the neans supplying the pressure to the
service and control conduit 182a should fail for any reasgm (sEEDQﬁ}urn

bi asi ng mechanism 214 will either retain the gate 198 in hg S 04
position or nove the gate fromthe open position to the closed position.
Thus, in the preferred enbodi nent of the invention the gate valve 44 is a
"fall closed" device. 20 In an alternative enbodi nent of the gate val ve 44
which is not specifically illustrated in the drawi ngs, the actuating
mechani sm 200 is a pressure bal anced operating nechanism Consequently,

t he return bbage g HAH AT e required. | nstead, the '
conpensati on, por t. ?ggsi smgoil_r%]rl]ect_gg _tgq%e p%?asss 7 ?Wﬁ)éﬁdﬁoﬁ%'ﬁﬁesane manner
that the ser V"8 "3MEr &WHe fubingseprduintthis seampls tRSsecomhisabddvduli a pressur e
source. | n oexderd donoiah ondhutinaly Sy Mbitrd ok Rrctl0 B uriROSbO"
t her ef ore, p{&@@@éﬁ Ias |ntrodé1 ed jnto the conpensati on W58 to force
t he pi ston hea 9 a0pps Wy dﬁﬁ@: Eb%g@ex@jggw hifefpratinbe Wsfeliestibodi nent, t he
gat e val vé 49 ngeuthe tdpef the'thitding hamgerd " device. Referring now to Figure 9, an
8
30 for use with the present

alternative gateg) ' L.ch.is suitable )

i nvention is sho\%‘%ﬁﬁ' taéﬁipéégﬁglﬁeg’ tﬁﬁﬁ'loﬁ'ﬁe MSAY st 461ig prefergbly asiiag-enbodi nent
t he tubing HAFY&Peckaalve whichisinounteddntieippe beanchnadbie BSuisddre havi ng a
first branchM®3®evhéedkvarsuen , Ly . t.hrough the tubing
hanger fromérdge ?ubi ng:agnulﬂgpr%g%]&gﬁyuér_égiﬁﬁ%ryﬁﬂ%ﬁgaé%fm?@h ext ends
from the fiTarett SHERPYENE fenicahpeab 50 Hat is opnedyintlamymer bianciathi, t i on, t he

O outh the L ae o i BoBEbe AN il B A Son  0obcs
throu t he 5 )
0 rH&led P |”\'jw%f31” 13 %}‘*Wg‘?%w’?‘ﬁb'swme&feﬂﬁ%mwemer.ld The gate

t ubi ng hanger genera coaxi
cavity 192 “Wihsteads bpnueh g B branch kuvavdihk t@EoniY Bing Karefigr abl y cl osed

s ng any siﬁfg"@iﬁﬁg%%gﬁ"ﬁi%f RNl A feert ol 1 on, ¢ o
cover 236 | 4%ah; If}%ﬁprg/g 5241985 the hgad 248 sty erwsgemnentivith thiet sdakast one
annul ar 1§eaP5(238hf>rEW diére tientygei breidh 134, Trhsidbrly 856r A8 uBSR bRingfl E{ n Figure 9,
i Sposed aos omeldh i BRI R s e TR 1% s rsepaca0. 242, The
first seat ga%aga@sy,hﬁjsfag;ﬁzqrgn Ebfeto threlypusl Grediead BeB efflothioyat arlie second
seat 242 caimtdifie bp@iddsiah. hrdeh® hdifiSh the assembly of the check valve 46,
- the outer wall 34 of the tubing hanger 16 may include a lateral apening which is
20 sealed by a preferably removable plug 260.
As an altemative to the closure member 46, the flow completion system 10
may comprise a simple debris valve which is mounted iy the fop of the upper
branch 184 to prevent debiis from falling into the annulus bore when the tubing
hanger running too_i is removed from the tubing hanger but alfow fluid to pass |
25 through the upper branch when the annulus bore is connected to an external
conduif, such as an external service and control lfne. The construction and
operation of the debris valve are explained more fully in applicants’ co-pending
US. Patent Application No. 09/815.436. "
Figures 10 ~ 12 iflustrate three altemnative closure mémbers'which may be
30 used-to control flow through the annulus bore 46 or the service and controf
conduits 182. The closure member 262 shown in Figure 10 is an annulus plug
valve which comprises a cylindrical sleeve 264 that is secured in the'bottom, of
the gnnulus bore 42, a head 266 which is indabI} received in the bottom of the
annulus bore above the éleeve, a stem 268 which extends through the sleeve
35  between the head and a flange 270, and a coil spring 272 which is operatively
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10 seat 240 or, as shown in Figure 9, It can conprise an ?rﬁpuﬁ,ﬁﬂj li@@;‘k whi ch
S attached‘gb% 9357f0rmed integrally wwth the cover 236. n either event,
the cover 236° Ppréterably includes a port 244 which ali gRSIH%MSthe t hr ough

bores in the ' a e 246 through the gate
val v: I198 whi iﬁ%g%de%%e”%ﬁ%@'ﬁ‘dﬁ%ﬁ% L?gle %Jécotgﬁ aﬁ?qsfgggigejrﬁedhetaﬂeu? i rst b?anch

s be

232. 15 The gaﬁgé'”@fdfh?/gpﬂﬂthefsiﬂet’%eﬁﬁ heef Gesuraprtaimoyatrs oftpximliy leatesm t 0 nove
the gate f1?8 dyaa;t\se@mzm,tz?@&ﬂﬂsd@%datﬂsﬂﬂz gmnmo@w thab&ticH, 2 gle. Zoﬁhi n ! he
gate is offset, . e to open position, in whic
the hole 202 f‘%alrog?@é%;@ '%?%ﬁoﬁﬁiggﬁ%%%%gg%v&@%gQEEgﬁcﬁﬂﬁ“fpﬁb‘Ffﬁ@Uﬁ e 9. The
act uati ng necHaRNEhpaiieleeals Advie positonpo betveenibd siem B8k geavBdag ont 1 ol
condui t 182a tihaberh®onOky ; - | cal over. .the gate 198. In
addi tion, the Ec?eratﬁnhgﬁméﬁgrﬁlg%r# Emﬁ{??%eﬁépgﬁﬂ%hea %‘frlf?qzaa}“%t"go ﬁﬁﬂ?%é‘f t he
act uating nectf: ﬂ'i’”g?ﬁé"’htﬂ% d¢ lreeshbatweandhe peals FdnAkicand 80 do trige thgdteed 198 vi a a
val ve stem 21266M blieugbset @bsiidr, hSHick RS sdais ﬁ492‘f6ewiﬁ)zr~trécfdles§hq}d£etdzr?ﬁe th

n the

sope.of s he el e b A Bl R85 ba 2 o rabysioss Bagmucoul d
extend | onHl t baTerER. Iy thersbeerich of hyduigpiessugein iy gistoh Bisanitet tigwrgiigr eof . Thus,
oane for o Ut heal268 Balmickinld 62 he BAMERAT T8 fY bOS Buol et he.
cover which iggggé?ﬂgfﬁf@b[é’laé@ﬂoﬁﬁ“éd@ﬁ%i ng that the gate cavity makes in the
branch woul 0 Gomnceat ooy 290 SR 1, R ka8 Aol | e vl |
of the tubi ng{? ang%aﬁ\.% ti?tslsolfseglt? ﬁ%ﬁaﬁn‘ﬁﬁﬁwa@?ﬁ f'gcd" hpugha Fi gurgs, ot her
conf i gur at Pon&OEIsPeing senvies and contra carRiuar 82. cTisiatie 286 corapas wi t hi n t he

scope of the pigsaRlccl¥ethi r t i rst_branch of the
e V2Tt ol ﬁngé@ir’%,ﬁih%%%? hrocgééﬁ'p’{cﬁgn? ubi ng hanger

annul us bore COrH(lﬁf eét.ﬁga gen_eral ly late S
and cormuni cat® o T cYlingvicahfeal brdy 28R mihish indidebly Rogivett @M 2004 of t he
t ubi ng spool béiathd wniidctRetd dEosieve 268 SRRMSHREGHsY @nRERlaNRd to seal the
t ubi ng hanger pty 4364 Uhl % thi l. e, the second branch woul d
extend general I%/ I o,ngaltt.t ﬁ%ﬁ!&%gﬁﬁgﬁ Srpgw?%%ea??fé‘&%F Prgeidin PneRdsh the tubing
hanger t d°t ha®% gisethepriaa 286 which isrppawdively engagedisstgedrethy alewe 288whd pr ef er abl y
be installed the boBy 290 BeRje thd'ReddRo Qhaltben Qin@ﬁtv{l RRiGMring again to
Figure 7, the Lﬁlj B8 s B&y‘oﬁr 46 is pr e?gr a%ﬁléy a s f?lﬂl%f"ééat, A%
sulta ting which is attached to the seat and through which a conduit that
extends down hole may be connected to the valve 286. In addition, the valve 286
includes at least one first seal 300 which is positioned between the body 290 and
25 the conduit 182, at least one second seal 302 which is positioned between the
body and the sleeve, and at least one third seal 308 which is mounted between
the sleeve and the body 34 of the tubing hanger 16. In operation, hydraulic
pressure is infroduced through a port 306 and into a piston chamber that is -
formed between the seals 300, 302 and 304 to force the body 290 downward,
30 which will pull the head 292 off of the seat 294 and thereby open the valve 286,
In this position, fluid in the conduit 182 will fiow past the head 292, info an
expansion 308 which is formed in the conduit 182, through a number of inlets 310
that are formed In the body 290 below the head, through the body, through the
sleeve 288, and out through the fitting 298. In the absence of hydraufic pressure
35 inthe piston chamber, the spring 296 will force the body 290 into the closed
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open check valve which is nmounted in the upper branch 184 of the annul us
bore 42. The check valve 46 conprises an annul ar head 248*WhEQhP|$U@¢apted
to seal against a corresponding conlcal seat 250 that is 4orned in

upper branch 184, 10 a coil-spring 252 which is preferably supported |n a
collet 254 that in turn is nounted in the upper branch, a stem 256 which is
connected to the head and which extends through the upper branch toward
the top of the tubing hanger 16, and at -least one radial stabilizer fn
258 which is secured to the stem above the head. The spring 252 urges the

head 248 intop m'ﬁ%semgﬁgﬁgggﬁls\y“faﬁc!%&% 3?%%8? ilﬁ)éz?gr %notgx%r]ﬂe@cgjbpy close the

upper branch 184. In order to (s) for simlar.
menber (not sHBYRYE £36 maies enene W@PﬁﬁﬁsufﬁpemmFQSBweuplpercoMﬂeh and

agai nst the sibale ihexake td sveldeliR: bREGERY spihgosNe head 248 of f of the seat
and into the ope Jtd on acilitate the assenbly of the
check val ve 46, hééagu Wewg?rps‘!gge%?leé H’j”f%b%'ﬁé heverigde similrimay i ncl ude a
lateral . o?)eri}‘ﬁf@(fmecihtcpﬁmﬂ@lvsé&imsbubsedabweef}m»@béranvQﬁBﬁ@%?ad%luq 260. As
an alternativg flo letion, system 10 may
conprise a si n#?fﬂg?%&%ﬁ O\E/Bé WWB@%M%Q Orf‘r%' F%BO‘}‘V#Q%%Q%BSW"& he upper
branch 184 t GYBisRPemiveleprgaged beiwedruihe sinevei 288 and ihe flangeliowsgdapé e when t he

t ubi ng hangesearrbunmmmlmmn PIPHE dedih O3B bl BHAD DAGGEL Pt al | ow

n

fluid to pa thro ranc t he "ann

cozlnect edpt 3§%tgn§'§>?t° &r ﬁ%' Oﬂégﬁ'ﬂgg%gugqj@, '&gd%‘iﬁ’"e‘ﬁf@?%lﬂ?%@wm@ and control
line. Thel®oRes infbe canduiaher, ttepppatdianctaiof e@oGesois miabatasit 816X P! ai ned
nore fully i g, @RR! Y P i cation No.

001515, 435, | £ SOR IS cofilny 8216 ¥ pert e oot 2 pu P e R®. manber s
whi ch may be Mokspvers g velye dbaismetferblpe i it to wigbe™tvhlee;aheratolts ifbor e 46 or the

d prestuiok 6 Fi
service and pestu dﬂtﬁ@é}%&é Whthid B2 mﬁm:ﬂt%%dﬁ.%c@{{?ﬁ{ ﬁg"“ﬁF@@q@egv'e n2614 gﬂ] :t

10 is an ann onpri ses

is secured i Hl'u#%al\?é g@t’?’ﬂ hg@ﬂ@&?ﬁ'ﬁ?%@’%%%@®@ﬂﬁé&@f@%%l chis
slidably lﬁec@ﬁworwppwghmmmmpcéssmhm thaRave 312, PRlsp mﬁ}ﬁ)_i@e%ﬁ he sl eeve, a
stem 268 whi ghinf¥f ®895q eeve, 35 betwe head and a fl ange
270, and a cg%(l Spri ng)I ?%J\EIQ ha?%és%)hﬁlérg? tgfyaf'i%ggq‘dng@SW WO 01/ 73257
PCT/ US01/ 09688"®engaged between the bottom of the sleeve and the flange to

~urge the head abedrdatto bildeidt aR eMctidWGurfdr8eMBen HRGI88S ABG,SUPPOrts two
pairs of axi glhyhnsRaGed tubing hanger 16 preferably includes one of the aforementioned
20 closure members to control the flow through each service and control conduit 182
that extends completely through the tubing hanger to other than a dowr hole
valve. The closure member will therefore act as an initial barrier between the well
bore and the environment through the service and control conduit. This barriér is.
in addition to the barier which is provided by a conventional fluid coupling thatis.
25 typically installed in the setvice and control conduit. As is known in the art, the
conventional fiuid coupling includes a poppet-type valve which will close when
the coupling is diséngqged frotn a corresponding coupling that is instafled in a
tubing hanger running tool, a centrols bridge or a radial penefrator. As an
alternative fo employing an individual dlosure member in each service and control
30 conduit 182, the flow completion assembly 10 may comprise a multiport gate
valve assembly to control the flow through a number of service and control
conduits simultaneously. Such a gate valve assembly, which is shown as 318in
Figure 1, is described in applicants’ co-pendmg U.S. Patent Appllcatson No.
09/815, 395, which is hereby mcorporated herein by reference Wth
35 closure members such as the above in place inthe service and control conduits
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apart seals 274 276 t hat seal against the annul us bor e\2412 %g iion,
third pair /S 278 is positioned between the slee ' t he
annul us bore and "a fourth pair of seals 280 is positi oﬁ‘éﬁﬂ%é@%ﬁéﬁen t he

stern 268 and ﬁsbeth&@%%P&ﬁgsz' nflamﬁffoﬂqtéf%ugéﬂéﬁi??%a% R5tan %%gqﬂésfor med

i ntroduced throu a,por 2 an
bet ween the s&&l" rszbf’ﬁ eohfiae ﬂﬁ'ﬂb%%éanﬁeﬁﬁ‘@@”@"ﬁ@ head 266 in to the closed

position, in whi chRefbrengeal & Rdide 12,7aﬁowar| émtﬁ:fdrn@éﬂidbﬁlm&dﬂpﬁ‘éﬂog84 bet ween
t he tublng an S cl ose .the annulus 10
bore 42. In t%&t&'@gﬁﬁ%gﬁ}%mﬂﬁ\%ﬁaﬁll g W?‘e@@ [%SIFﬂar ‘PIEYEBY BBt Rdfber, the
spring w |1 ﬁ@W@émP]ﬁ@WQ@WmeaMMb@el howetdngthe fiow ogepletaasi t i on. Thus,
the plug val V%yst&ﬁ%fﬂh% e?ﬁb%ﬁﬁ{é\pWIGF} 191 |F|@r$elte00£e%@rallgﬁwe?e o Thni%m Losure member

286 shown in F|1gure i,s, for exa ®Valve that is
used to contrdi E}Hsé’GPF‘BW%@”&‘“BWW%‘&?QB@Wdu%ywh‘ﬁh Qﬁe'@brthi@smﬁhal ng service
and control ciatihg gpodig2. beﬂmnwtuan@&ﬁmmma@h&aﬁaﬁnuuﬁslmxm@tmtm%rpeve 288 t hat

is secured an rvi control conduit 182,

a cylindrical %g@g%l rﬁgséér%gg%vﬁ% KO 8959? ﬁ%@f‘ﬁ}’gﬁﬁﬁeﬁ”@%s RPSSRPSYY@Ybot h t he

conduit 18% afB aﬂ'ﬁ@%ﬁl@@v@\'%@ famepntlingHioivriimbughetse anadus wdibt, seal i ng  head

292 t hat enga@@)‘és@eﬂ%r@@mréﬁle%n&%m 2 AL kS aﬁ;f ﬁ%ﬂ F{Q\Fﬁhe conduit 20
ePy engage8 &

182, a coil s rlng isS operativ &¥sl eeve 288
and the bodyP3%8 WVLﬁ“dEa*ﬁ%eC%%%PfWﬁndh% RRATgieN BrlvsdSrandB8idte t he seat ,
and a sui t abkmssavet vang 429 forwbhtedling Sod tHraghekk érsdohé 8 atheaRfed hr ough whi ch

a conduit tha Y be con ect dto ve 286. In

addi ti on, them%%ééggtg%zqﬂ%yl?&%@ aﬂ{i qogUEim ﬁ??%s'%dteagﬁo"%g’@tw chis

posi t i oned - bePREsiEAY reBelgly PpEablagaealver Ioeddiion; thk8Alveatiay bast one second

seal 302 whi CthUﬁe@m&hé1u@mggp$t¢t12‘@ﬁdhn§éa‘?n or#éomncﬁw waoaésﬂgxsh and at |east
e

one third seal bet ween eeve an body 34 of

6
t he tubing hantéaecﬁedl%ﬁhei E’b'BBéP%Dhjl%H‘OUW%P"QMdP%"Y Oﬁrﬂé%%'@ﬂ@ speplj With oduced
through a portheabaveadascribeﬁ@nangnnsetnoﬁftm’ﬂmmb&fmpﬂéi@h system ﬁ% iRd between the

| s 300, 30 h |1 |1
tS ﬁg rs1ead 292 %rfefééhg?‘ @@ﬂn e tug?ﬁgg%z?h 89? %Y?ee'ﬁ?“ g’begﬁ%\rt%ﬁ& %W@P o6, " I'n !to EI s
position, I uPEi‘fS?Q?“{aHé%BWH@lRmdPS@W\Md flufdswan pa sirculate M\aebrﬂaa into an

Ie>r<”p<'(;1tn§| 820308pmﬂuoﬂbh b@eﬁ&éﬁ@dneﬁ%xﬁd@m&ﬂ@%%&ggélﬁaw Ha\le Heag 4 oer hOI he
body, thr oughﬂtgﬁmgéo‘%fa ?\?magggr'”gdﬂﬁa@g?%’}?r%"’@q’fef he fitting 298. :Jg the
absence of hydr aullhefigy ewsnletien 3gstem 4 imaphist PRIuGH BRDE Mort RISRELENG 296 Wil |
force the bodyend@llod dduRingB 224 BSCG vhich is connected fo 4 corresponding service
25 and control conduit 182 within the tubing hanger 16. The male couplings 424 are
mounted on the outer wall 36 of the tubing hanger in a conventional fashion, and
each male coupling is releasably connectable with a corresponding female
coupling {not shown) which is carried by a conventional radial penetrator
assembly that Is mounted on the tubing spool 12. Thus, when the tubing hanger
30 is landed on the tubing spool, the penetrator assembly may be actuated to bring
the female couplings into engagement with their corresponding male couplings
424 to thereby establish communication between the service and control conduits
182 in the tubing hanger 16 and the external service and control lines fo which
the female couplings are connected.
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position. Thus, the valve 286 is a "fail closed device. Nbre ver, in this
condition the valve 286 may be opened by applying sufflchhn)Eﬁéégﬁﬁe I n
the conduit 182 above the valve to overcone the force of the spring 296.
The cl osure nmenber 312 depicted in Figure 12 is shown to be simlar in 5
many- respects to the valve 286 di scussed above. However, in valve 312 a
radial flange 314 is attached to the | ower portion of the seal body 290,
and the spring 296 is operatively engaged between the sl eeve 288 and the
flange to urge the seal body downward. This will pull the sealing head
osition shown in Fgure 12. In

-292 off of the sgaljk 0 the qpen
addi tion, instead ga%j o aggg%“ﬂ'sﬁchﬁmﬂtﬁa@d'gﬁﬂwgt THeonestidnore B> - t he upper
di ameter of’ t%@l@@&?%@l c@dw@dwewucass @n@:ddi totaadbilpekddasi d i N t he

conduit 182 ttﬁu;ﬁlb@%@ﬁaﬁybéhﬁtéa%ﬂnn%@@b YN &gh}b?q%t{a%?ert@é%gre I\/Ib][eover,

the valve 31 g‘"ﬁ’%‘ﬁ q\ﬁ% pilot to close
pressurized flui ﬁ‘%?’ga 'f"ﬁ?ﬁ”q ?Ré‘frE'cFHE!‘iﬂ*ttm?H@temng(fromib@tee@f to the
I |h tting t2933]c thehlgbing hargyex ah Wes ivizhider, ra&l&}b@wiﬂ?whrbﬁ?ﬁjtﬁ?&ﬁ gé} .Tnk gn Al'so, i {‘

e event o n pplyin rau pressure to
the val ve 312@! {;ﬁg&%‘%t&fm g@“\%\%" ﬂélp?\fé’i"ﬂﬂf“?@f E)‘e‘;gvezgmplﬁﬁ t he open
posi tion. Thﬁ%ﬁaOFHB"’TPHFQ/@!bs&EZSaf@Y&aWé(a$¢881p)3 nb@lwmmeed dwingr der to provide
an effecti. Ve;rbﬁlﬁﬂoﬁbf@l@ttlylﬁg'hah&&a“@#ﬂen%rﬁ*:@@gor:tl ef'xted'?l%w ronment, the tubing

e

hanger 16 pref Ha] ){tll s one of the afrorenen 8°%® 3 osure menbers
to control t "RYBUGR sk peneliator ense Hieduaring todlis distaduicted1 82 t hat

ext ends c@mﬁ@néte)tub:hgbar@hr tAne)rﬁfuhubﬁQpBﬂﬁﬂ@Peﬁﬂd% f {n ‘g down’ Boie
as an initi arrier between

val've. The cly M&ﬁ icya\fseh/ t he(rjef

the wel | bore an e envi ronsntd CAFgLHdth B2de seal the candiitonpe r ol condui t .

This barri er”‘?é”"“i”ﬁ tael #i discopnectedt ﬂﬁemarvely,QHM@brﬂgﬁzﬁﬁaﬁR%hded by a

conventi onal cdnhpm‘sid reile thy installed in the service
7 HoBée Qﬁéa*‘ﬁa?ﬁé‘é'y& S SR I e suth {1 i o

and control J;I
coupling i nc “5 °BA%B8?" Upeushd spuping; wiichis descobessmonstigly in t he coupl i ng

is di sendége@ﬂﬁfﬂ)m mﬂmgsmnwtm;\muﬂohm ddtalkisye installed in a tubing

hanger runniigeri® Abreb @inERPLL a_radi a enetrator As an -
alternative t Irrpl gy?‘rrllg an tlgll’jlgl v"éﬁa‘lgferef]%esm"é” pbpRegach service and

control 30 JEWERSNher%d! borgyandithe ainiremmens thraugh feseniitejaniiGomBy CONpri se a
mul tiport gabeduitval ve assenbly to control the flow through a nunber of

e S By oYU g gt o pond o
U S. Pat &ht ‘“APpmarefambliyinskied ugwy Sibbg 8ager whhiad tdob4 48 AL Yurhipg Or por at ed
her ein by r ed@nBIVE imil¥¥ it Prost respects to the running fool 76 discussed above,
including in the means and manner by which the running fool is connected {o the
tubing hanger 16. However, the funning tool 428 also includes a tubular member
430 which is secured within the body 86 such as by threads 432. The tubular
25  member 430 defines a production port 434 within the running tool 428 which
oommumcates with a riser {(not shown) in a manner well understood by thase of
skillin the art. In ‘addition, the bottom of the tubular member 430 forms a
production seal stab 436 which, when the running foof is connected to the fubing
-hanger 16, is received in the top of the production bore 38-to connect the
30 product:on port 434 with the productron bore.

Furthenmore, when the tunning fool 428 is connected to the tubing hanger
16, the bottom of the bady 86 is spaced apart from the top of the tubing hanger to
thereby form an annutar gallery 438 which is in communication.with the tubing
hanger annulus bore 42. The gallery 438 is sealed from the environiment by both
35  alower annular isolation seal 440,-which is engaged between the tubing hanger
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35 closure nembers such as the above in place in- the sepvi GFfh@Nfantrol
conduits 20 %%@%P 72004 WD 01/ 73257 PCT/ US01/ 09606 182, the tubi'ng spool
16 will contaii68th of the industry required first and BEHHYWHarriers

bet ween t he wef . i ferri no Fiqure 13,
anot her enbodi r?leaﬁ{aqrgfu@%ﬁ%%}vﬁggn%ﬁi éer@%gﬁl%esrfg %%1' Qf[aqgﬂge%/rd'é‘gméﬂi'%venwon i s
shown whi ch i SNERIRY Bstwaeh thrwRper edsnsion end tietokier dBmpleow teowpdgetringn syst em 10
SESCL i bed agpvl@D. gcbm.m:;c;lolt mbﬁqbpw &)l éyanlg,sy@ta%r&r%ra}bgingn_enboqi ment,

ich is indi ref erence e ., al So _conprises an
annul us passag@é\fgy 1%%&%9%1 %Soéﬁ}eeor‘f[ﬂd'?'ﬂ?%h%hetWé”[a“'T"?:IBI?’E?‘iﬁS%EooI 12 bet ween
t he tubi ng anrfgFigsetR barsthaier tzanrtoé inseraiismetdr ofithd bo@nss iR thfofmgt er val ve
416 for contrgphi te ; an_annul us w ng
val ve 418 for g&rﬁ%@ﬂ% %‘fr@v*e\l/g [ﬂ ﬁﬁtgkﬁé%g@%#gﬁ%%?%%%%ﬁi%eﬂ@dgssover
line 420 whi ctPeRVGSBMAIA!Py B8 AR thA iR O §rededy. etherspacinpbetwearthef the 1 ow
passageway 64 tuthitr membeosrat e bbtivrRealynhmtRhBC hdibey 8 €3y 66 and 68, and

‘ . [ )i I thr h th , line. Th
Talves are, fatddédes Ok ARl bOptadih ool G BEER LN PRt Tec used above.
but they 15 afé@usr steababonthe bodyt dojeougrethatiireadyase wizh ¢eare fubuiaddi ti on, t he
“val ves may be mdmHenkestolths gmsglé;gﬁl}geldstggﬂw% uidé@%%%%ﬂ{ 'eughlﬁ_ﬁse or nore val ve

bl ocks that are attached to'the t ng spool, di vidual ly on
the tubing sp8BMeclt Hnt w@afaﬁwdr@ae@@?ﬁ(n@t@hawm)amwed tofthe tibing | ow

conpl eti gn rs}ySDmTﬂZ&ﬁU thie P @ﬁg%@éi&e%kd&h@thﬁ"&gmiéﬂHeﬂﬂ)e@%’@ﬂd riife 32 candbe
nonitored thr ) assa rin roduction, an
fluids can beQ%:{?rtrhgh:g%te \Z%é%gﬁaéxemﬁm W%&"’%%&%ﬂb’%ﬁ@?ﬁﬂ’b@f’g@ dHieERe t ubi ng
annul us t hifoud® o Banear arnulys ered@uney beredtablished trogh dhesannbiuseord20 dur i ng
instal | ation amdambdhkguiefy 4380e fl ow conpl etion system 410 may al so incl ude
one or nore male 8 each of which is

connected to a cor regégg%%qpen8?@Eﬁokbﬁ“%g[g‘l’“lég'ggtééﬂzﬁ':léyéqe%ﬁdwt 182 within the
t ]thbit Rg [‘38?? ontenalrrempeisea eiagipr'dqagsaaww&élaemgmﬁeeb gugt ﬂﬁbe FEt gg UV\?: 'n 3i65
g M
which is &rri g%cwr'ée%%WV@W? idgpiayableigdiody 4swhieh Bremaeblenbl y that is
mount ed ont heornediailg withio @lbolinssHse thatfeBcdrb®ald fiakd il@BYRIualdni S | anded
on the tubing,spagl |y éo}aﬁioﬁﬂﬁlee&ﬁa?-ggarﬂng? kg Ay Molges abfﬁst%(r:utulljlg'ts%gﬁntgo bring
assembly 454 for sealing between the body 450 and the bore insert 452, and a
second annular sealing assembly 456 for sealing between the body and,
25 preferably, the production bore 38. Moreover, the first and second sealing
assemblies 454, 456 each ideally include at least one metal straight-bore {ype
ring seal. In this manner, the single plug 448 performs the function of the two
individual plugs 136, 138 discussed above, However, only one running trip is
required to install or remove the p!ﬁg 448, as opposed to separate trips fo install
30 orremove each of the plugs 136, 138.
The flow completion apparatus 410 preferably comprises a light-weight,
non pressure-containing tree cap 458 which is installed in the tubing spool 12
above the tubing hanger 16, and an optional debris cap 460 which is installed on
the tubing spool 12 above the tree cap 458. Referring to Figures 16 and 16A —
35 16C, the tree cap 458 is shown to comprise an annular body 462 which includes
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the femal e couplings Into engagement with their correspondjng nele

couplings 424 to thereby establish conmunication between ﬁhfe &EIR/Q@@} nd
control conduits_ 182 in the tubing hanger 16 and the external service and
contogel 2-ppores to whi.ch the fenale couplings are connected. 21 24 SEP 2004

I n' addi.tion , _as shqwn schematically in Figure 14, -one or nore of thd30109606
service and cBf#H2 conduits 182 which i s connect ed to a radi al penetrator
coupling 424 may be routed within the body 34 of the tubing hanger 16 to a

correspondi NGy gxhigd ntrol nduit 182 that enters fromthe.
top of 5 the fubi néa?%wdl g&t'ﬁrﬁs Ehﬁﬁ%reﬁﬁﬁﬁ%‘?togﬁthé'éw 2 Bluralityrofvurigtiindiael t ubi ng
I

hanger r.unni Wﬁﬁhﬁﬁeﬁw’sfmﬂl}l mgndfm@eﬂ'ﬂ%ﬁi@ﬁbrfhet LW | ng_hanger

16, for exanpiuehas asuld I saf ety va can be
noni t or ed duré ?a,\}?ﬂa ) al";'rﬁg%trlﬁ@%{“rl d’ﬁ@ ’?"t‘%ﬁw} hagavary Wai@'hnect ed, to

an exter n% eV e Srfer T ahauh@ 08%rio thgR4t ver ASTHD5I0RBE! FrRKOT OONCe
th trasderial potdi stk A t |
opet - 1 e e e S (o8 ich By JbAone e, vi ce. and

t-t f t
Coner ol 2onacrd bR ATHOD Sy S| Stee remop tomtmgoatiaio |

di sconnect ed PTAFHER Aytery of e fawicbuplbtioaRickatds. 4d6re %irCQ"J ﬁ "\%‘ co and
ch ='ser

poppet val ve fargsh dti B@th\ﬁe\é%a '”\%n 4; igh%'ﬁﬁ@%\ W}@eﬁwlﬂg;kheﬁelgnd

cont rol condg @u&ﬁ .a COUpI g,
applicants c %’ gfusctiopat ent Appl i cation No. 09/844.579, which is

her eby i d@or por atREdieerg SPSRIfNy16 ﬁfgﬁfeefmsethe"i’lréehcagggg\? Sg’é}o\ﬁ}%{]b%lt tra(r)| bet ween

the wel |l borg, envi r.onpnent rough

condui t. Refer rﬁge‘}tem%ﬁw fids [Ilgeadtaﬂé’“i"d% Rgendiageter sBthe bodihas X heaiw

conpl et ;)n lsSh@tkgmfthezmamm l'&iemol%étere@bé ¥66 REtidd %Huﬂﬁéﬁb@dé\yﬁ\}#%ggg {1antgert i
runni ng too IS . -sim In ects to the
runni ng toold%ﬁ dmggﬁlseg@&%ove‘bﬂaf W@I aPtRe 19 fhaage arerRepandingnanner by

whi ch the r RPYRITeIdBomEd inghmuenes dxtemsion TS of th6 kunth fraimger 16Mner fRYEVEr, the
runni ng li)oltre&& alb&%lbﬁ'd‘édu ich I's secured
Wthin the b %é@ l'I(C gﬁﬁ;ﬁgggﬁsﬂ 4?322”%%%%?%’ dherjaclydesgn; 430
defines a pro d;?f: ?i lyio ICAMPREESASRmMMIDY tiog K72 8R¢ ishittakhed

conmuni cat edo @ilewergnd Hmof,(mpmraﬁﬂym):km@d@gmwicw\&{al B&lﬁ.fbgplr L5hiogf by those

of skill i btto he tu er 430
forms a pr ggﬁ%;kgééﬁd;ﬁd}aaﬂﬂ%'r@%é tg‘/ﬁ%ﬁ c{{"ﬁé ‘ﬁ’ ) AR @ [96!1‘"95 connect ed
to the t ub| which is secured by a humber of Iock down screws 478 in a support

20 sleeve 480 that is threaded onto the collet sleeve 466, Also, as shown in Figure

16C, the tree cap 458 preferably Includes a key 482 that comprises & radially
extending tongue 484 which is received in a cnrres;:ondmg recess that is forimed
on the lock mandre! 470. The key 482 serves to maintain the tock mandrel 470 in
the up posifioh until the tree cap 4568 is landed in the tubing spool 12.

25 When the tree ¢ap 458 is landed in the tubing spool 12, the landing nng
‘476 will land on the top of the tubing hanger |ockmg mandral 80 and the collat
fingers 468 will enter thelr corresponding groove on the upper extension 78.
After the ROV tumns the key 482 to relsase the lock mandre 470, the lock
mandrel is pushed downward by an ROV handling toal {not shown) to force the

30 camming ring 472 against the lncking dogs 474, which in turn will move radially
outwardly against the collet fingers 468 to secure the coliet fingers in their
groove. The longitudinal spacing between the landing ring 476 and the coilet
fingers 468 can be adjusted using the lockdown screws 478, Alsu,'or-ma the lree
cap 458 Is secured fo the tubing hanger 16, the lock down screws 478 can be

35 tightened by an ROV torque te_aol 488 to firmly secure the landing ring 476 against
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'hangér 16, is received in the top of the production bore C{BItglI:lanﬂQ@g]L t he
30 production pod 434 with the production bore. Furthernore when T
runni ng toolWa9¥i3t3 connected to the tubing hanger 16, rcivesiaobtdoom of the

body 86 is; ﬁTaced aFart fromthe to(g) of the tubing -hanger to thereby
forrn an anndfaFPBRITERY oy Ofndesh 89-sinithis marnerimiPeding B8 4960H! t he t ubi ng
hanger annul udunstioreto Aintai the gublingetayigeh Idtking maaareEsd in tHeQaKeH Bodiitvi r onment by

“both 35 a |l ower a 4 i.ch 1S en et ween t he
t ubi ng hanger 22 %h%@yn%%@évﬁﬁﬁ%féegﬁ%“ﬂf# tg%g“g}'] t he upper
ext ensi on 78, CGHEISER 2lgspeg pefllederan eesisivalcpuiecionalhusdhe tmmcaﬂuans engaged

bet vieen 1 e URRRatexABAIG B BRdhnklWbclivbiRenflb aRFLSHoRleihg vedge ring ~100.
The seal s 440 sui t abl e seal s, areq;jre erably non-

metallic faceb%réeaspgr%ﬁ S@B"Get%'g ot ?O”HP'HﬁéfleéPb'ﬁg hfﬂ@éﬂ biﬂeéﬁeeﬁﬁl?rber 430 is
5 desi gned t 04b®mgyrald eclutitamRONdiot site490dhraugi véiichod cdrh:erobmﬂx}blt&ﬁ in order to

forman annubag ny@liee |ﬁ}5thea!{éﬁﬁ%!%§%=%§rE‘thal%qiﬁ—lec;bsﬁé%ﬁg Qi8R doo menber s

whi ch ext ends et ween the ery cﬁ? The spaci ng
bet ween the f€&bul ar menber and the body is ideally maintained by a number

of L | ut eﬂ 10cent r alAszhosn #dtyund 158 mye@ah@&é@@ae@sm %[sofc@ﬁﬁﬁgzhdnnt Sgr lelzy
‘wWith either t t he t hreads
whi ch secure ?ﬁf)&% st Sl‘,%?f{?@ Hbgeag %‘al? %‘n@ Bﬁyg%prhs?%a}lqr%d&i sted 484 ow f or

fluid to passwpish @Ugwt\teldlﬁsa carmspating drreaded rédspiscia@af tat iswttathed tBOP ( not
Shown) 15 CONBRIRA oh@ of diacl il Yhar 390 o he s oBFAch WB LR ©f Osed

around the tu retention's

communi cati on %Y&?Jve%ﬁu"f%d'mﬁ‘?%mmﬁ%wamapner %hird PagYgntesotetin Bubibi ng hanger
annul us bdfe #amitaionpitidest mbleehed tevealsb relivead Md rvseppRid. Thd44 and the

gal lery 438. Refigh Htﬂ@a@tﬁ&ln@ Sﬁﬁf@@%ﬁ%ﬁelﬁg t?cﬁéﬁplt gﬁ/vqwglﬁ)wll etign system 410

may optionall corrprl se a 448 to seal

the producti Vﬁ'@@%“gf?@gmnb@ithofw mmmnwos bdl'”laéZ
dual - seal i ng tnltlu@tuBiﬁg A4yet PAPTHeSRE! s@ebvugmdyrb% 20RRd S¥E G ﬁmueih Hﬂan'Pﬁ’dy 450

e eq 1 o BRloks AR A kel PG TS . e URl sl | g g
448 incl udfs %3 $tﬂ@ﬁ%mmtmpnsealthmg;h bassieaiihich4bnfunicatese trdugh abet ween t he
2 ggyf 450 anld éc}ﬂ@gﬁ&aﬁg ch&ﬁﬁtfsoéé@h a ﬂt(ﬁ]&i cSupliRPSRA WMLy R GR! b gr assendly
or seatl tﬂg tr eg E:avp\e 58. ln t?us man¥ler the pressure in the tubing anrtulus 42 may be
monitored through the seal stab 492 and a corresponding external service and
control ine which is attached to the coupling 506, or the seal stab can be used to
25  convey gas or other fluids from an external service and controt line into the tubing
annulus.
Referring to Figures 13 and 17, the debris cap 460 is breferabiy a separaie
member which Is mounted to the top of the tubing spool 12 after the tree cap 458
is installed. The debris cap 460 comprises an annular body having an outer rim
30 308 which Is sized to fit around the outer diamster of the tubing spool 12 and an
inner rirn 510 which is adapted fo fit closely around the upper end of the free cap
458 and which defines an enlarged opening 512 through which the top of the tree
cap 458 may be accessed. in addition, the debris cap 460 preferably includes
suitable seals which are positioned between the outer rim 508 and the tubing
35 spool 12 and between the inner rim 510 and the tree cap 458, The seals function
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) ' . ]

25 preferably, the production bore 38. Mreover, the fi rstz ém&%BcBQBJr

seal i ng asseg‘ol | es 454, 456 each ideally incl ude at | east one netal
straight - bor BO¢ ring seal. In this manner, the singlRETHISE @48 perfor s

the function of kEé}?seta%teroppdf\éh&igoa}rOPgaﬁ”lgﬁ)élBGg'e PHSIP f’f?‘%f?‘a "%H?R?%Vte he pl ug

However, only one runnin
448, as oppose%?"’l@“‘é’é‘f!ﬁa‘i*’%t‘@r'ﬁﬁﬁps to install 30 or renpve each of the plugs

gt e ght - pon o ety & fant e SRR E B KRR MO 2l led in

t he tubing spoo(fkﬂ'%ém1 q‘ﬁg\/efc? RPWW{%H éaq@hﬁé‘?we%én aSHINdHGR! BpSing®3P debri s cap

460 which i % itheftinstiagbieddn thetduter timtE0Ag Esgomn 5natmee radigytex@adiagp 458.

1L St e sl i o

66-12272 a nd e hP‘éﬁ!ﬂgaEtwsé”tqqd@ﬁ@ thendeibria eap 469tnluded athegdie B2t by a

PL ural fty of |vdthgiit tshinaetbd tolvatt mnsi4. wWHee tRAfdYdid 822 lsSn %Q&i@é{cﬂm y

ol ocut ar - wei i B0t B BT T el A BLo G pgraPi i i fad®o aasr pe i on rat e

on the ord&t oR0apdie pinsedOFeOn Rmadidly o@WatiqpositioASIIMIDEE Batds 622 iFhi s 5

mat eri al not drmgq t t all owi ng the
oty 1B A BRuEP o Sl o6 Lty il e )

‘tree cap to Qe | nst al y a ree &P from
t he cathodic Wﬁqyécertc?gﬁWé'ﬂt%ﬁﬂ“@e‘ﬂ’ﬁ@W%@“@Bmﬁﬁ@fegrqq\fﬁ“@b?b@rfam@ Nbr eover ,

any | ongi t udi malthe dueraismeteref ihBEUbIrgREpbd82 td MEreBRRcKNL el BpTEsbY the
bolts 464, th r bl 1 eving the Dbody 462 6f this function. 10 Refer(ing

speC|f|caII ure | BB, the tree cap 458 al so conprises a coil-at
sl eeve 466! |ch | offter eabRsimet pha Tavecampiesion sistameaerordify t ke eyt 462 near

the top of thénveres lﬁﬂlﬁ‘strat'Ebﬁi ﬁ@lré% $$@f%%ﬁcoﬂ@@txbﬁlsés‘é%g fypfumoer of

downwardly d ng col |l are ted to engage a
cor r espondi ng%g]‘r%g%}\pe'gtt Wg f F?dfcgp a&anqrﬂg’%éafﬁﬁﬁ‘éer”%eéﬁ G- &rshegnét t he tubing
hanger 16 wheResghiarip many espedptodiSidwscomphtiedsystentshi@, f1ddigwssgaool 12. The

tree cap furtbps |m@lﬂg@t§ which conprises a
camm ng ring 472\”‘:;1/?721 s&gféﬁ%\%%wﬁg%eﬂ%ﬁﬁ%ggg&#eregfseag plurality of

| ocki ng dogs Ot ?a%efglnp(mwsgb thelbbing Benger #6.cRatherpbadewg r adi al
apertures t hapor'amletioh@ssmmbly &1 Otiftudes e wodier paBehgawS e itich extends

through the tubing spool 12 from the annulus passageway 412 to above where
the second annular seal 142 seals fo the central bore 26. In addition, the flow
completion system 610 preferably inciudes a workover valve 614 for controlling

25 flow through the workover passageway 612, In this manner, flulds may be
communicated between the tubing annulus 32 and the portion of the central bore
26 which is located above the tubing hanger 16 through the annulus passageway
412 and the workover passageway 612.

Although the above-described embodiments of the flow completion system
30 of the present invention preferably include two pressure-containing barriers which
are assoctated with the tubing hanget, in clrcumstances where only a single
pressure-containing barrier is required between the well bore and the
environment, the present invention contemplates that only a single barrier may be
associated with the tubing hanger. In such a flow completion system, a pressure-
35 containing tree cap would not be required to provide a second barrier between
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ring 476 which is secured by a nunber of |ack down screws 24485 & lilbport
20 sl eeve 46PJ ll? 7|s threaded onto the collet sleeve 466, Al so, as shown
in Figure 88 ¥¥e tree cap 45-8 preferably Includes d’QT@Sﬁ‘“AFB@Gt hat corn
prises a radi |ch i S$.receiv

cor r espondi nga{héglggg&t?%ﬂgmg%n%%%@ ﬁ%ﬁ‘e FRERIE ‘iﬂ?”ﬁﬁ?\od‘?zphtﬁ’?'@ﬁt The key 482
serves to mai ntgl AeR'mEbledier canpiehas dwgsadrhereumame ooy dmpreveritl t he tree

cap 458 Is |anmmatmf!“oh&ntdﬂ’bgﬂ@pr&lﬂ&@h b&r%abaém%mbfﬂ%n drfia P 458 is 1;
nded In the t lland on the top of

Ian |
t he tubi ng ha%e V?R:&%e Orﬁﬁlﬂ&[glpct% %’g“‘fr??@g?fbtfqt‘?éefe” ﬂf‘? $5UrF%saN08 wi I | enter
t heir corre%powmfﬁgo@ud@vdh&)wwghangppmd cmxémsdrmgleﬂémal séivicglangd he ROV turns
t he key 482 t%oﬁﬁ?blﬁ%ﬁe%eﬁq mandrel is pushed
downvar d by a[}J& d% }'}eeﬂb%?;?g ﬂ{)e?llog/%éﬂ eltlc[ﬁ sy?tgm I aduantageous ., - ng ring
472 agai nst t HERGERRES B?}g%q%wemﬁp%prpwutwtwngl tragee andidi al | y
outwar dly agaithgtiotdwimiradtdsate siovgeieatiched ploBleHe GMIcE arddBo@bd ®En finger's in

their groove. &ultP. i nal spacing between the landing ring 476 and
the coll et f.”r?g'g S %géé&g’ be adjusted using the | ockdow n screws 478.

Al so, oncelthe tre'és %‘EHJ%S@QH@G%‘@@MW@& thopresant hvisitiog hésleger 16, the | ook
down screw, 5 dg&ibea@m rblﬁtné’rﬁo"tﬂe@ﬂ?éf&%den%b B%récﬁrt%tk% C%ﬁ%kﬁl 6,40 firmy

secure the la ring 476 a 0109606 RE T AMENDED
SHEET WO 01/ 73%%%%‘?%%?/"6@%&% DEW«SCTP%?%OPE%%’ detlsRrifiButnandr el 80. In
this manner, tdggarfizgidinmthemiingplds’d thw intentidru fot emmpteotwéarbfﬁﬁlérbrﬁéﬁ% t ubi ng

h | ock 16A,
the tree c '”g“mé‘ﬁ}:ﬁ o BB KD pRASH I = i b aleiy g

profile for ar"f’ BY% cPemss: Lﬁ&%ﬁ‘ﬁ?@%‘iegrc'a'"'ﬁﬂfg to heronstrusd t@@qyet%ih 5 facilitate
connect i ng an easivaentafaliod ettiin treaduesafpwlaﬁ@s@ﬂd:fﬁ@ﬂ{vé@tﬁonl' ne to a
correspondi ng service and control conduit in the tubing hanger 16. The tree
cap 458 may al so include an ROV hot stab 490 through which a corrosion
inhibitor may be injected into the central bore 26 of the tubing spool 12
around the tree cap. 10 As shown in Figures 16B and 16C, the tree cap 458
may al so conprise an annulus seal stab 492. The seal stab 492 ideally
conprises a threaded stem 494 which is received in a correspondi ng

t hreaded receptacle 496 that is attached to
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the |l ower end of an actuating shaft 498, In addition, the seal stab 492 is

optimally Kkeyed to a surrounding receptacle 500 in a nanner.\/\higwrmﬁ]ts
rotation but 15 permits |ongitudi nal novenent of the seal Qb"xr Ldt ive-“to

the receptacle. Thus, rotation of the actuating shaft by a suitable ROV
tool (not shown) will nove the seal stab 492 downward into engagenent
with, for exanple, .the annulus bore 42 in the tubing hanger 16. The seal
stab 492Chapide a blind stab, in which event it functions to provide a
backup barri er, h nnul ore. 42 ternati.vely, t 20.seal stab 492
may corrp?'l se éﬂﬁ’ﬁr‘%ﬁ’gﬁﬁ%”o?yééﬁb'gr Wﬂtrgﬁn% hﬁrﬂﬁWioig?’égo%ﬁr%e@&%"eathegfg)wr espondi ng
condui t &@Upleliantsystemlcaimgrigiogipl i ng 506 that is mounted in the top of the

tree cap 458. ,hiddoSol i Eiﬁcluc%@%go%ﬁgﬁgwee(hétréx{em@sEﬁ?hQQeerﬂmﬂlhg?nélg may be

moni tored through“the seal sta : a correspondi ng exter service
and conProgyction gutisimibich cpemapicalenwih the qentsaldeigpl i ng 506, or the seal stab

can be used tgudhgdRRYENWHISs SliprRHES the bdrial hdre BhaRhieX nelLB&d a pREVIes and

cont rol él ne into he,aéug'lﬁn a&gul us. Referri ng to qu%ures 13 and 17, the
debris ¢ ?feﬁ*@éei“%“‘%raé‘f 4 r%?hrau Huhapradugien BassagprayHht SomBIYRCEES t o the top
of the t bdtivagn $peeddutibnadctesind the pltodeetiopaptictSiBe tdmdmg@sh\ﬁl\%mrﬁwtudmbriz cap
460 conpri.ses, a nnul.ar .body, havi n outer rim30 508 i IS sized to
fit arountiny Hut sRBRRR T ¥ pEodet Ry Ringtas oS sdindb B 1808 510
whi ch i sslddgipted to fit closely around the upper end of the tree cap 458

and whi ch def 5'ﬁ%%clé&r@@eﬂ{bﬁﬁﬁ@@?@%&ﬂo%% gg[ﬁ?l 5 tiMoﬁ%aﬁd@S tlieorﬂ'o@{cflifnrbe tree

cap 458 may be accesse tion, the cap prefera
i ncl udesPasgdevdt e seal s which are positioned between the outer rim 508 and

the tubing 35;%REMnuk? 84 WnRBLNEERRNichBE btRBES the itdBi naBhridige tdr@si KRP 458.
The seals function 25 2 4 SEP 2004 WO 01/ 73257 PCI1/ USO1/ 09606 to keep sea

wat er oufPYE BERIOUHPHEISAIGWAY bitor in the portion of the central bore 26
around t he treReremphedfiSt clobue: slelbércandaie #6sehbcopegive 8 frst prebhire-torainigg SPOOI

12 by preferably t | ockin ins 514  each of which is rotatably received
0 o oyl Pt eeedndte pafbats A% B(Roding BfehoRet o he outer rim 508 Ench
pi n 514 i ncl udescond chduralngmizx ibict iisgpsitiogedih8havbrodictish bokalbbyvechg figes a

cor r espopgdi [ PQVENP LS f ' i
addi ti on,ag%lﬁg W%Q%IF' Fgar%atp 4%(]) [ n(l:JIHE ea}s], @'°ﬂé§%ﬁg§g8§§b&”&ﬁ?’£‘ﬁg®s" ﬂ%or%ﬁgecrtéen to
bot h pi nthesentral ppepbpyrthpArgFeali522 is in the raised

wherein the second closure member and the second seal comprise a second pressure-

containing barrier between the well bore and the environment; and

wherein both the first and the second barriers are associated with the tubing hanger.

2. The flow completion system of claim 1, wherein the first and second closure members

each comprise a wireline deployable plug.
3. The flow completion system of claim 1, wherein the first closure member comprises a
first ring seal, the second closure member comprises a second ring seal, and both the first and

second ring seals are mounted on a common plug body.

4, The flow completion system of claim 1, further comprising :
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position, the tugs 518 will occupy the radial outer portion of the dogleg
groove 10 520 and the pins will be in a radially outward ijgggg. gﬁgn t he
handl e 522 is |owered, the lugs 518 will follow the dogl g ez
radially inwardly and thereby force the pins into engagenment with an
annul ar groove which is formed on the outer dianeter of the tubing spool
12 to thereby |l ook the debris cap to the tubing spool. 15 Another

enbodi ment of a flow conpletion systemaccording to the present invention
is illustrated in Figure 18. The flow conpletion assenbly of this

enbodi ment, which Is Indicated generally by reference nunber 610, is shown
to be simlar in many resgechf to the flow conpletion systens 10, 410 .

di scussed above. Howevef T HLS PPRwC Sitends sanergieaialy teoahibe subg
%grrﬁri se an leo hamarwwegyihemv@am:mkg% bbbﬂi?ﬂgfthﬁ%eﬁtkﬁ’&&%tnﬁ@er 16.
ther, the i ncl udes a wor kover passagewa
BatEP IR U keBRP S ob S passagen

612 whi ch extends oug spool 12 from the annul us passageway
412 to above where the @etwdlts doviot aentealvhitd & mefibsed 18 thd AR YRE. bore

26. In additson, thg PowhsGpiRbabi @%&fetn? 0 preferably includes a
wor-kover val ve 614 for control I?‘EQEE@S owaicgé%égﬁﬁ%rﬁ@'mrkover passageway
612, in this manner, f1 %R beee capmiinems genceelylatersbimt tranc wiitlhg annul us

32 and the por taonmectdd thleayenerily abialReEdhd ishohhh 1S | ocated above the
t ubi ng hanger 16 thr ougﬁhthe E{gg@l us asl?%gqeﬂ:\l/\lg%%;m and t he wor kover

passageway 612. Al t hough"t#E" CRGEE : ariedhatds mpvedtle f | ow
conpl eti on sys!gemram(éaxbeﬂiymbmsmﬁﬁmmanﬁw béﬁue@ﬁa@bﬁérﬁﬂi&ﬁbﬁgﬁ Wﬁﬂcg.ﬁ%o‘ie‘[‘g‘o
pressur e- copt ai . r ssqci ated wi .t h the tubing hanger,
in circunst ancé@h\%%g r 2}5 .(%ﬁrﬁwﬁgo{@ :"?%QT’%ﬁ’ﬁ?e@éﬂﬁ @-Ei‘l?ﬁg BP$HHRgn pdnichi tae holg
required bet wediPfisptframthe fisgibeanghd the  environment, the present Invention
contenpl ates that ofly 'qh@flﬁl@b&nﬂéﬂdn's?éteﬁpafcf&ﬁn 5%%&@&% w.th the tubing
hanger. In such a flow corr'%&tv@%% s"@éem a pressure At ni ng tree cap
woul d not be required t8¢ VHEenLXEa0gs penasaliyraxiaty theoupbdhe balybetederSEP 2004
WO 01/ 73257 PQE/da8Odndme &dp oftiectuling hadweresnand t he environnent. Rather, a
sinpl e debrjks cap or |i | epl oyable. tree cap such as
di scl osed herein may be%%@%@gyﬁ%ﬁﬁ%\%ﬁ%e 533%&’3}3&&%@%@% Bering the
producti on bor 69ve the tubing hanger and to . ' :
' 7. The flow completion systemn of claim 6, whereln the actuating

mechanism comprises:

_ a piston which is movably disposed in the conduit and which is
20  connected:to the gate; '
means for conveying pressure o a first portion of the condull to
thiereby move the gate from a first positien te a sepand positien; and
means for moving the gate from thé §6¢61id pasiion to the first

position; .

25 wherein one of the first and second posifions corespands to the
" open pogitz'on"of the gate and the other position corresponds to the closed
position of the gate.
8. The flow completion system of claim 7, wherein the moving means

comprises & mechanical blasing means. .
30. 9. Theflow completion system of claim 7, whereih the moving means

comprises means for conveying pressure to a second portion of the conduit

which s separated from the first portion of the condult by the piston.
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possi bly provide for fluid or electrical comrunication between the service
and 5 control conduits in the tubing hanger and correspondi ng external
service and control lines. This enbodi mrent of the rom1coan§l@oS[§psgﬁﬂﬁ
i s advant ageous because it does not require the use of a .
pressure-containing tree cap and therefore elimnates the above-nentioned

bl whi ch t ed t h t . 10 It should b
Pecooni zed t hat (i1 8% hak SPabiion SRR Siitt dhiher Goersped iee
rel ation tOsatph.ta'hlph%bﬂ’f;frl%‘ésf%_ﬂ‘bé}(ﬂttﬂﬁl%éd)‘E B&d ﬁiﬁansﬁ’@%@ctﬁmg t{h@ dt : P'?ﬁ art

may devel Oq a W de variation of structural and operat S w t hout
departing f#@haneeolghe febippdanear and theiehing spoolFor exanpl e, the various

el enents shown |n t e conbi a manner
not illustrated 15 arl;@j\?gﬂgvzfﬁéﬁ{ebﬁefogp% %‘}éﬂﬁﬁb‘?et%?fﬁﬁt @9330[

construed toonewises apluralitgof kaliginiestibas |ahdghé\ﬂtrb6'd%ptéiﬁn|§ﬂ‘ 88 éﬁﬁﬁti%e?ﬂg
spirit of the IE&%‘?BPh% 27 24 SEP 2004 CLAI M5 | ow conpl etion

system f or whigh exteid drraugh fbehoema@d«mnnebbt’r@ raglied sktitons.
conpl etion syst e Cow‘éﬁd"vgﬂ"@"‘g@aﬁ%@'ﬂ%ﬁl C@gﬁ' ﬁt lﬁuﬂd S a cent ral bore

that extends axially 'there
communi cat darthentdomprisesent ral bore; a tubing hanger which is supported in

the central bore and which i ncl udes production bore that extends axially
therethrough and a &ﬂm’t‘t’%ﬁeil‘j v@]ﬂ%%@ﬂﬁﬂh&%@%hl@eem@dst he

product i on tReugHaRe tlﬁﬁlﬁ? h&ﬁgéﬁéh@'&o F?te%%tﬁ fﬁg&[}gmgaé‘%ef%ssuppor ting a

tubing string which extendsS into t ore an i nes t ubi ng
annul us surroundi ng the tubing strlng a first closure nenber which is

positioned in tfge prn@ndweantwm)na@evantohela%opﬂl%né?&n Rassaoeypy: @ first

annul ar 83@1 whi ch i s positioned between the tubing hanger and t'he central
bore abo WeCCtSPB@FER?tl on passageway; wherein the first closure nenber and

the first I b bet th
w1 bore ana a_sur riid RolbAR} wAIEIS MAHEE bR ik BBy SpHb e pdaRRh s
posi t i onedo be ddnaeptenidtocis @xtebml eeplavand bentfolnmk; agdosur e nember; and a

second annul.ar seal whic osi ti oned between t he t ubi ng hanger and the
central bore above @&&2 u,ttgy igh gpmmunicates between the fluid coupling and a

bore in the annulus seal stab;

wherein fluid corﬁmunication may be established between the

annulus bore and the external service and contro! line through the annulus seal
stab.

14.  The flow completion system of claim 10, wherein the tree cap is
sufficiently lightweight to be installed using an ROV.

| 15.  The flow completion system of claim 10, wherein the securing
means comprises:

“a plurality of collet fingers which are secured to the body;
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wherein the second closure menmber and the second seal conprise a secondA
pressure- containing barrier between the well bore and the enV|rongen§' and
wherein both the first and the second barriers are associ at _gw@{?&t?@ﬂif
tubi ng hanger. 2. The flow conpletion systemof claim1, wherein the first
and second cl osure nenbers each conprise a wireline deployable plug. 3.

The flow conpl eti anlogkshamare! which iftiude¥ResRhmidd GurfddeSbng! osure menber
conpri ses armfi rst ring seal, the second closure merﬂ)er conprises a second

ring seal, and botthg@mber pf lockingdlogsewbish are dipposat geacmilyradialig iion a

) . : , h
compr 1 e BoBg 3fd icl 5oh (BRI At BeMTeR R frasled abe ety axial 1y
t hr ough theamming surtaas g DesumaNlond WHPIS M HSorR Sha6f fopd Of the
central ﬁ?ﬁr&e]ct%l at:f'ﬁl s |located above the second seal; and an annul'us c

menber gFftSoned in the annulus bore. 5 .5. The flow conpletion

temO claim4 e M ‘ | ore Coppris enerally | ateral
fsiyfst branch whi CW%gf"%ﬂﬁgi@ﬁg‘a%qg&ggﬁg\dgﬁw”_ﬁ;{pgﬁﬁ%%{%m ‘St%‘-‘g?gl; I )e/md
t he annuhdialiy botvardiyragdiest the collgefingers 8 RickRE chfet TR eRdIEs ge!
axieal |y acro}gs é.he first branch bet\/\%en an open posi t:g%n In which a hole
i

10 in t FBTEEPRNGIRG groeyeethafis fornge an thettubingriemgen or thectublrepispanti ti on i n

i i f ' -anch. ,6. .The fl qw conpl etion
System of cl i 5P 1ohh EompReh siorh ¥ BIAUE wireitiiRelodkmeRditer ar 'y
axi al | yis aulapigd to be engadigetdiyame ROV hehgebg tha ROV eah PR Wed B8oskid

hanger; ,and 1 tuating nmechanismfor the gate which is positioned in
t'heg coH&ﬁicﬁpq?inqﬁ@)'?gwgﬁﬁﬁfmWH'W% of claim6, Wierein the

actuali ng  mghanTAEMRATBIBREonyRIH R ATRTD, | heBN L Yo sposed in the

conduit and which is 20 cohnecte e gaté; eyi ng
pr essur Brther gomprisesporti on of the conduit to thereby nove the gate farma

]csle[:gﬁl dl,oof) ;f f[ ?gnt ?8?‘}"’?{@% inflgfv!ﬂkilcﬁ?é mo%ra]g!yns?e%ﬂ?e t%rthgob\gdg?a;[}cri] ® gate fromthe
: means for adjusting landing ring axially relative to the body;
wherein when the tree cap is secured to the tubing hanger or the
tubing spobl‘, the landing ring engages a tubing hanger locking mandrel which is
slidably mounted on the tubing hanger;

whéreby the lahding ring maintains the position of the tubihg
hanger locking mandrel fixed relative to the tubing hanger.

18.  The flow completion system of claim 17, wherein the adjusting
means is adapted to be actuated by an ROV. _
19. The flow cbmpletion system of claim 1, further comprising:

a BOP which is removably _connectabl.e to the top of the tubing
spool and which includes a BOP .i)ore, a setof BOP rams, and at least one choke
and kill line that communicates with a portion of the BOP bore which is loca'téd
below the BOP rams; and '

a tubing hanger running tool which is removably connectable to the
top of the tubing hangér and which includes a cylindrical outer surface portion, a
production port that communicates with the production bore, and an a-nnulus port

that comprises a first end which communicates with an annulus bore that extends _
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position; 25 wherein one of the first and second positions corresponds to
the open position of the gate and the other position corré&boﬁ&ﬁjt (ke
closed position of the gate. 8. The flow conpletion systemof claim?7,
wherein the noving nmeans conprises a nechani cal biasing neans. 30- 9.. The
fl ow conpl etion systemof claim?7, wherein the noving neans conprises

nmeans for n i pressure to a secon ortion of the conduit which is
separ at edﬂﬁ?"%ﬁfﬁggwﬁp ”88??’?@%”8?‘”{‘!?@?%‘@‘{*{%#*{9 %@'W@”Hf@t%ﬂ.a%@% SEP
2004 10. @he whichvearanphieticswityheoma supladk Modtionf ur t her conprising a tree
cap which conprises an an and neans for securing the body to at

ul bod
| east one of the tu ﬁ@'%gﬁgﬁépdﬁ sta{e adapiadfossatngly engagmberquisy

conpl et i oBuFa SIRIGH abbwl kool @R 0P tH R porgompri ses a plurality of
radi al sections and the tree cap conprises a nunber of elongated bolts

whi ch ext end t hr ougWhefebyH cammupipatier betwaen theitebing eonulunand ile  The fl ow

conpletio 3 &l ; ¥ C ef. C | ses: an
annul us sgfﬁﬁﬁrﬁﬁe%ﬁ%ﬁgeﬁ%ﬁﬁﬂ %?ﬁg%é@%&%@wl%s}%%%u@e a?ﬁgy&gh t he
t ubi ng hapgéendtie portinnoF tet BOPWdra which isudéated balow the first BOA kamé.l ow

conpl etion systemof claim 12, wherein the tree cap further conprises: a
fluid coupling which is nmounted on the body and which is adapted to be

connected to am0.ext Thadbwsemgletnadshaeata bkiair Ne; waBkirRtHeqUBinG thanheeh
comuni cat es. bet V\ﬁEH the fluid coupling and a bore in the annul us seal
stab; whePSNG PG YrBELARMPRSES on may be establ i shed between the annul us

bore and the externgh c?lﬁfdﬁbél%%lﬁ@ﬁ‘hé@bn'irﬁr{@dié?ﬁﬁ%grgtérff{]&[ ﬂiem%éhreﬁ iseal

stab. 14. The flow conpletion system of claim 10, ree cap is
suf fi ci ent§djed iytheigbigahapgenadialiy outwardlyuefithg aanulmeborel5. The fl ow

conpl etion system of 1@ thdBbelBRich Has Mo tEF dhhitier HFADS A THidSES

received within the body and sealed to the tubing hanger radially inwardly of the
annulus bore; and

means for securing the tubular member to the body;

wherein the radius of the outer diameter surface is less than the
radius of the inner diameter surface; and

wherein the annulus port is defined between the outer diameter
surface and the inner diameter surface.

21.  The flow completion system of claim 10, wherein the body is
comprised of a non-metallic material.

22.  The flow completion system of claim 1, wherein the fubing spool
comprises an annulus outlet and an annulus passageway which provides for fluid
communication between the tubing annulus and the annulus outlet.

23.  The flow completion system of claim 22, further comprising a
crossover line which provides for fluid communication between the production outlet
and the annulus outlet, wherein fluid communication between the production bore
and the tubing annulus may be established through the production passageway, the

production outlet, the crossover line and the annulus passageway.
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a plurality of collet fingers which are secured to the body; 30 24 SEP. 2004
a lock mandrel which includes a canm ng surface; and. a nunber of | ocking
‘dogs which are disposed generally radially in the body and Wé%cﬁﬂé@c@@p4
conprise a first end which is adapted to be engaged by the camm ng surface
and a second end which is adapted to contact one or nore of the collet
fingers; wherein actuation of the | ock mandrel will force the | ocking dogs
radially outwardly against the collet fingers to lock the. collet fingers
in a corresponding groove that is forned on the tubing hanger or the
tubi ng spool. 16. The flow conpletion systemof claim-15 wherein the | ock

mandrel -isogdap ROV,..wher eby t he ROV can be. used
to lock the 2%? eetrglgglto 19’ O&?H@Bﬁ @%Sgﬁgﬁ‘aﬁﬁ%ﬁ'%?ztWgefﬁi%t%%ﬁpow The

fl ow cogglllﬁhi on iﬁ/s emof claim10, wherein the tree cap further

conpr i sESTPYSERA W&OY?rﬁWQEWayyhm%P?d%Q@MM the ampulbedy; and neans
for adjusting landing ring axially relative to the body; "wherein when the
tree caP2fsadexayan aportian efifbe sgntvaihpre that isHecatediabgvepbelsecbii@ | andi ng
ring engages a tubi ng hanger | ocking mandrel which is- slidably nounted on
t he tubamgulansemr ; whereby the landing ring maintains the position of the
tubi ng hanger |ocking nmandrel fixed relative to the tubing hanger 18. The

f1 ow conpl et?®n Syrs HBwUonspitioh é]st?u?"{gﬁ&ﬂ’éim ?@quﬁmé}'é&%)@ﬁ]s@g%@ns i s adapt ed

to be actuated by an ROV. '19. The w conpl €t'1on sys laim 1,
further 6080 drSinRuhi ATVl La.empyably connectable to the top of the
t ubi ng ~ Spoo érgﬁgq”v&l{?%%ﬂfﬁgﬂﬁggééeg%%?gﬁ%p@chm sutef apd thend at
feast o hoke, an ki ll |jne that comunicates with a portion of the BOP
bor e whi IS ofiflat, wharein Juid ¢oryaupieption betweenithe progiatiom ot anddinai ng t ool
whi ch is, renovably connectable to the top of the tubing hanger and which
i ncl uddEPingaMukes may bepestablisheditacamghdheippoductionpassageivay, ties t t hat
communi cates with the production bore, and an annulus port that conprises
a firstpreduction eutleolivcrossuves liné thd dié aanoluk yasbagewhpat ext ends
26.  The flow completion system of claim 24, further comprising:
a BOP which is removably connectable to the top of the tubing
spool and which includes a BOP bore, a set of BOP rams, and at least one choke

and kill line that communicates with a portion of the BOP bore which is located
below the BOP rams; and

a tubing hanger running tool which is l‘(_amdvably connectéb!e to the
top of the .tubing hanger and which includes a cylindrical outer suﬁacé pottion, a
prodq'ctioh port that communicates with the production bore, and an annulus port

. that comprises a first end which communicates with the workover pas.sageway

énd 'a'second end which communicates with the outer surface portion;

wherein the BOP rams are édapted to sealingly engage the outer

-surface portion above the second end of the annulus port; and
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31 2 4 SEP 2004 through the tubing hanger and connunicatesgwﬁthtlaezg%%rng
annul us and a second end which communicated with the outer surface '
portion; wherein the BOP rans are adapted to sealingly engage the outer
surface portion above the second end of the annulus port; whereby fluid
comuni-cati on between the tubing annulus and the BOP choke and kill |ine

may be establ i shedvhereiodlyid chmnamicition Hestween the tubing brauluR0sid gd t he
portion of the BOP bore which is |ocated below the first BOP rams. 20. The

f| ow coB@Rchoke apdadibinsmol be @itiblished WiRighthk %gg@%%@g%&r a;rg[‘g'r ng

tool further conprises: an cylindrical body which

sur f ace grighgoyktived pl @g@é [ anger. radi.al outwardly of the
annul us borg; at Eﬁ?% ns‘ﬁgré‘%gﬁ'imgﬁbﬁgsﬁgjnﬁlg oraloghﬁ ébpsg?'feace and .
whi ch i §p.: ecel V. ithin the and sealed to the tubing hanger radially
i nwar dl 3’%‘#"] '%ﬁégﬁgﬂ\ﬁ?ﬁ%ﬂ%ﬁ@t B&%%ns for securing the tubular nenmber to
t he body; angei n_the radius of the outer dianmeter surface is |less than the

radi us of théfi nnéhedionneampleton sysiem lafrtdaMérWhBr&ihm@tUhi:hgls;)@@lrt is
defi ned between the outer dianmeter .-surface and the inner -di aneter surface.

21. Thecomprisesaplaanubrs st and oh arlnius passaged/agiwhikhexeahs i s conpri sed
of a non-netallic material. 22. The flow conpletion system of claiml,

wher ei nbétaeenUthenabiRBRINUIECAR] fhasmrfuLmEius outlet and an annul us
passageway whi ch provides for fluid conmunication between the tubing

annul us and e . The 1.0 etion systemof claim 22,
further corrp%?'si ﬁgH%hH@r%#s%lgﬁe?n %?Sr%%"\/ﬁicéﬂ"{)\?gmbgr ?‘?}F‘pﬂgm(ﬁ comuni cati on-
bet wee ti.on.outlet and the annulus outlet, wherein fluid

conmun ?%}rg?lg%‘%rrg@#&@Bﬁﬁ f%@”'ﬁ&é‘tﬂ’@@?f"@ﬁ gen theyproghictioniowflebandiths nay be
establi she(li through the production passageway, the production outlet, the
cr ossovEIY e gubglgwhreein HHid ermpasicaendpiwesn (e groBER006rednd Tike f | ow

conpl eti on system of claim 22, wherein the tubing spool
tubing annulus may be established through the production passageway, the

producﬁon outlet, the crossover line and the annulus passageway.

29.  The flow completion system of élaim 1, wherein the second annular
seal comprises a metal seal.

30:  The flow completion system of claim 29, wherein the second
annular seal comprises a pressure-energized seal.

31.  The flow completion syste;m of claim 29, further comﬁrising a seal
ring which is positioned between the second annular seal and the tubing hanger. |
32.  The fiow completion system of claim 31, wherein the seal ring

comprises a C-shaped cross section. -
33.  The flow completion system of claim 1, wherein the tubing hanger
comprises at least two ser_vice and control conduits which each extend through

the tubing hanger to the tubing annulus.
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conpri ses a workover passageway whi ch extends between the a;%&iégzp 208%
‘passageway and a portion of the central bore that is |ocated above the
second annul ar-seal. 25. The fl ow conpletion system of claim24, further
conprising a crossover line which is fluidly connected between the
production outlet and the annulus outelt, wherein fluid comunication

bet ween t he Bﬂ@du%b%\np%rﬁg%'ﬁgn ts%t[%nté WP l:l'%ﬂa‘aig)"t? %ﬁe&%ﬁifﬁé%ﬁ{ shed

t hrough t he production passageway, pro ossover
line an ) eway. 26-.The flow coppl etion system of claim
24, fur98@@ﬁ5§@§§#§%%§ﬁ%§%%ﬁ“&ﬁ?ﬁﬁ“%@mvgﬂﬁvagﬁﬁc Gifdee apdcondol he t op of

t he tubinﬁ .gpool and whi ch includes a BOP bore, a set of BOP rans, and at

| east of8"bke and kill line that communicates 'with a portion of the BOP
bore which is |ocated bel ow the BOP rams; and a tubing hanger running tool

whi ch is rendbabl yhe doncerapleton systeen of dpinof34; whierelhithe fikareaduind whi ch
includes a cylindrical outer surface portion, a production port that

communi clases mietrber lbempiizey et iaipbtr te%ﬂreaébs%ﬁmy%i&%tﬂuialgat conpri ses
a first end which communi cates wi th t1he workover passageway nd a second

end whi OABY E361PSF Heldbrlibe oAl S EEAGRPOT LT on: wherein the BOP rarme
g

t
are adapted to sealingly engage the outer 'surface portion above the second

end of the agnul ;o an 3 24 SEP 04 ,wherein fluid conmunication
bet ween t he Yubi ﬁ‘;h%ﬁ%ﬁ??"fﬂﬁ@oq ﬁ%StGE@fz‘gﬂ'Hké‘iaWE}efﬁ"P the first capguibe
establi s]hed t hr o%%h t he annul us passageway, . the workover passageway, the
annul us“Bote HREPERECKBFIERSA ROPPekEymediuid souplingli ch i s | ocat ed bel ow t he
first BOP rans. 27. The fl ow conpl etion systemof claim4, wherein the

t ubi ng spool37.conphe Bew campletinn systet dfetaien86anhaithspagssagsaay whi ch
extends Dbetween the tubing annulus and the annulus outlet. 28. The flow

conpl etfitidh coyplingnis eidapted W B enfagédby ac(%ffﬁép%hﬂﬁlgacol.g:ﬂiﬁﬁstﬁéfﬁé l'ine which
is fluidly connected between the production outlet and the annulus outlet,

wher ei mddp@r@d@mqhgmgiémopet ween the production bore and the tubing
annul us may be established through the production passageway, the

production ayf | etrne fisly COABRUEH systdif Ukt s, HHer SoRpRsing B st

one second conduit closure member for controlling flow through each service and

control conduit.

39. The ﬂow completion system of claim 38, wherein the second
f:onduit closure member combrises a valve closure member which is normally
biased into a closed position.

40. The' flow completion system of claim 38, wherein the second’
conduit closure member comprises a valve closure hember which is normally

biased into an open position.

41.  The flow completion system of claim 38, wherein the first and

- second conduit closure members are disposed in a single member.
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29_ The flow conpletion. systemof claim1, wherein the sétong8Ank(

.seal conprises a netal seal. 30. The flow conpletion system of claim 29,
wherein the second annular seal conprises a pressure--energized seal. 31.
The flow conpl etion systemof claim?29, further conprising a seal ring
which is positioned between the second annul ar seal and the tubing hanger.
32. The flow,conpletion system of claim 31, wherein the seal ring
conprises a t2shapBa fienamplation systegsof dain il owhetaip e first copduiém of cl ai m
1, wherein the tubing hanger conprises at |east two service and control :
condui t SlogMrecmer s compsises trpappgi valvee t ubi ng hanger to the tubing

‘annul us. 34. 24 SEP 2004 34. The flow conpletion systemof claim33,
further compdd.si nghefibircompleRailsystof] oFutéit ABIRRErdPEneSadrp] |1 10 f 1 ow

t hrough each service and control “conduit. 35. The 1JI ow conpletion system
of clai it b | ; ' osure nmenber conprises a

mul ti poﬁﬁﬂg'gte Vaﬁvﬂeggggé%@éhﬁfgwév?lﬁé] dly connected to each of the
service and ntr onduits...36. The flow conpl eti on system of claim 34,
wherein the %P'r stﬂi%ﬁ‘a‘diﬁom@?‘&%?@ﬁ%%ﬁfjéﬁa'%%fpsbgr gopBppEg-a ype fluid
couplin 7. The flow conpletion systemof claim 36, Wwherein the

- poppet - Is PT"S@%W hisisggurable impt least eneref thedubing hangerandrthepondi ng
coupling that is supported on- the tubing spool. 38. The flow conpletion
syst em tgbingl spoel and which ineludesrpnumbsgofbridgalites, @aehsFeiich gondui t cl osure
menber for controlling flow through each service and .control conduit. 39.

The fl| cenneotbid belvedstrbPhedeMite 28d cHRGOELONANE éﬁfﬁnd conduit closure
ma

menber conprises a valve closure nenber which s nor y biased. into a

cl osed Wbbﬁﬁng@ierﬁaﬁsé*@ﬁ’ REdIfReSYyst em of claim 38, wherein the
second conduit Closure nenber conprises a valve closure nenber which. is

e m 38, v o T PoBBRlcR Sttt cindlitirthe e s asonte
di's pos%%niljfbsaclgsiunrglrgenq%gp \euifich is positioned in the annulus bore. -
| 46.  The flow completion system of claim 45, wherein the second
annulus closure member comprises a valve closure member which is normalty
biased into a closed position.
47.  The flow completion system‘ of claim 46, wherein the second
annulus closure member comprises a sﬁng—open check valve.
48. The flow complétion system of claim 1, furth_er comprising:

a tubing hanger running tool which is removably connectable to the
top of the tubing hanger and which includes a production port that communicates
with the production bore and an annulus port that communicates with the tubing
annulus.

49.  The flow completion system of claim 48, wherein the tubing spool

comprises an annulus passageway that communicates with the tubing annulus
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. ""35l21 SEP 2004 42. The flow conpletion systemof claim 41;2 IWQEB gglﬂt!fe
first conduit closure nenber conprises a poppet valve. 43. The flow
conpl etion system of claim42, wherein the second conduit closure nenber
conprises a gate valve. 44. The fl ow conpletion systemof claim33, further
conprising a controls bridge which is securable to at | east one of the

tubi ng. dadhgarorkoder pssalgeal IhaRAn A Betililehtnk BRIRS A IR fy BT | dge

| i nes, each of which is  connectable between one 0 cont rol
condui t et r ' external service.and caontrol line. 45- The
f1 ow conpl et |rgﬁb8§é§)ta@§§'gi?&%,r{;?'ﬁ1 ,ﬂ%?‘{fﬁ?‘fllifiogmﬂ}l?é}ﬁﬁgﬂl@ thedyhtrd annul us

cl osurealﬂ:ﬁjﬁgegl whi this H%'sitioned in the annulus bore 46. The fl ow

conpl etf S UraHglthe Markaves passagexray anbihecanmdus passdgeway.osure member
conprises a valve closure nenber which is normally biased into a cl osed

posi tion. 47%0.-Thelhe ﬂW@@ﬂml@ﬁdmwstwtcﬂrdaim‘4&,Ifaﬁheﬂéompﬁgihgi n the second
annul us cl osure nenber conprises a sting-open check valve. 48. The fl ow

conpl etion syst ema BOR Whioh i$ refhavablgconfsttbr t@@lhe%%‘dﬁitﬁ%twer runni ng
tool which is renovably connectable-to the top of t ubl ng “hanger and

whi eh  ispobligdas which PRUISSPBOR borkHd SOBRUMUARY ke X%Bi“ﬁ@% RepLauct i on

bore and an annul us port that comrunicates w ul us. 49.

The fl @gngﬁgmcgfésqpitﬁ“ﬁgpﬁ%%ai m 48, wherein the tubing spool conprises

.an annul us passageway nicates with the. tubi-ng annulus 36 4. SEP
2004. and a wor kover sage t hat extends between the annul us passageway
and the central W@i{?‘a@ﬁ@%\ﬂnﬁ?&e‘?‘?ﬁ EoBMiKYcAtes witbrthe RiMbdireat es with the
tubi ng annulus through the workover passageway and the annul us.

passageway. 50. Wierebyfluidsemmunisatioybebveat thel tabingiShnifius Bh@the onpr i si ng:
a BOP which is renovably connectable to the top of the tubing spool and

whi ch B&Y? ghieke and®@ lbw mayiie establishet tiRightRk BORGIE! thel ddigiddat
conmmuni cates with, the BOP bore;
port, the workover passageway and the annulus passageway.

51.  The flow completion system of c!aim- 48, wherein the tubing hanger
comprises an annulus bore that communicates with the tubing annulus, and
wherein the anﬁulus port communicates with the tubing annulus through the
annulus b'ére. |

52.  The flow completion system of claim 51 , further comprising:

a BOP which is removably connectable to the top of the tubing
spool and which includes a BOP bore a_nd at least one choke and kill line that
communicates with the BOP bore;

wherein the annulus porf comimunicates with the BOP bore;

whereby fluid communication between the tubfng annulus and the

. BOP choke and kill line may be established through the BOP bore, the annulus

port and the annulus bore.
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wherein the annulus port comruni cates with the BOP bore; wher W
communi cati-on between the tubing annulus and the BOP choke n@tm:l[jl inﬂ-#é

b tabl i t |y ort he_wor kover
passagevay and th anti (o Rlurelon§dent SFaBRT A MhsrER the shEhei o
cl ai m 48, wheslimendddleydhibi ng hanger conprises an annul us bore that

comuni cates with the tubing annulus, and wherein the annulus port
comuni cat es wi tHt hel R&IBPWFORMRIETIQR SYstepughclaime 22awhereais the tehingapodhe

' ; l.aj - risi-ng; a BOP.which is
IL?r\évvgglrrgl ?glrmclzst%aéb g\mtr%g\ﬁ-é% ItS g%)é%wa{{werh%‘ﬁélmﬁg sfé?ié'f‘%a%%ﬁmnéﬁ?“f’ﬁm udes a
BOP bor e arittaieeh éas Bnouleisgiessagewdykind a borent dfahe GATRINbGRE B5t Wi lbBafebe

BOP bore; wherei,n the annul u port communi Gates with the BOP bore;
wher eby f Lﬁ%@éﬁ%ﬁ%%@ﬁ@ﬁ‘ug’éﬁﬁ@bn the tubing annulus and the BOP choke

[ [ [ : | us ort
and the annui us pore. sty e Bk SR sc st SPaRTBIYs1 em of
Compl et On- oot o OF Bl AL 22 ool h the 1 oL ny paa SATEHACIoN the
38?‘2'033 OB&@%@QZ‘\%G&%P@WHP@%&@% 68%9(@'& tobiiki PPEREnerA Prrdugdien poe
annul us passage nd .a portion of the central bore that is |ocated above

IR e darialy

t he second robgre the oy 8ndicemrannisgtesamitto thec pedduwctian

further congpjessi Ng: a tubing hanger running tool which is renovably
connectabl e to the tubing hanger and which includes a generally tubular
body and a producti onaidOP whibhtis esthevatsly axhabtiabidootghtop v the hbimg d

connect anl copavaet PEPGRELES BPR epacret ahB . rs: 41 Bliesshomorheisee.
N Th & port o o e P2 oI st e BT ner o1 n
t he BOP r anbBelgmethedBPPe@nis seal i ngly engage the tubing
wherein the BOP rams are adapted to sealingly engage the tubing
hanger running tool; and
wherein fluid communication between the tubing annulus and the
BOP choke and kill line may be established through the annuius passageway,
the workover passageway and the portion of the BOP bore which is located
below the BOP rams.

96.  The flow completion system of claim 55, wherein the tubing hanger
running tool further comprises a cylindrical outer surface portion and an annulus
port that comprises a first end which communicates with the workover
passageway and a second end which communicates with the outer surface
portion.

57.  The flow completion system of claim 56, wherein the BOP rams are
adapted to sealingly engage the outer surface portion above the second end of
the annulus port, and wherein fluid communication between the tubing annulus
and the BOP choke and kill line may be established through the annulus
passageway, the workover passageway, the annulus port and the portion of the
BOP bore which is located below the first BOP rams.
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hanger running tool; and wherein fluid comunication betwe ept @ hg
anngl us and the BOP choke and kill line may be establi s\r?zm't ﬁ%ﬁgg {)he

nul us passagewa the wor kover passageway and the portion of the BOP
bore whi ch T | ocaid BUPHEAREICHER SyAME fcs"_&onm@mgltgwfk@@h@i it drors psweth
of claimb55, b’h’fl@,rﬁienﬂdv{ﬂ%oﬁ*rb@étﬂﬂu él}%g%ﬁrcongmwg tool further conprises a

cylindrical outer surface portio an annut'us port that conprises a
first end which comuniatitesg apodl whiehusphsitienedassalewas]| BOE: andagmH end

whi ch conmmuni, with.the guter surface portion. 57. The flow conpletion
system of cl a{ﬁ&hgés W%&n@&'ﬁ@ 'B@Jﬂeﬁgﬁib%'ﬁeagchafﬁ@@ﬁmm @éfﬁﬂtl\ﬂﬁmf}/t engage
the outer surdor@uBRElePRIANRY Behirgl Hieond end of the annulus port, an
wherein fluid comruni cati i)n bet \?veen L:?Cﬁ—e’ t ubi ng annulus and the BOP choke

and kill line may be estulinghadgemwbichHs shppenedinithe @ﬁﬁb@v@é@dgﬂﬁch
ore
i o' 15 ool CaUBE R Era LR B odie rodubiithaobat selends ey
| eti temfor controllin he flow of fluid froma well- bore, the
flow compl et OroWs s bebimss ngc}%ﬂpumsaa%\%@y thaticommenisatas hetmeenotier
the wel | bor epidiciéh 6Bre éﬁgkﬁ@?ﬁxﬁ[&ﬁaﬁlcﬁqéy extending central bore and a

production outlet which comunicates w the central bore; a tubing
hanger which is support#é tuhingeangertsupipotiongea aurdngvstritly whichl exg@sdinto the

' i.cal dy. duct i b t hat tends axially through
The body. anda BrbGued FBlingS e BB ifun Susonrifive Mo Sithea bk e
production bore and theg mmcﬂﬁééé&e-@httéiﬁﬁg t{)dgrﬁgﬁ g&ﬁﬁfﬁgg%egﬁéd ﬁ}‘tﬂgﬁ]&gdwf a

tubing string which extends into the well” fines a tu _
annul us sur r dBgdHRGOthRnGenBbaYe dhe preduciionipassagewsyaret cont ai ni ng barri er

passagenay. and a secord o SN bR i e AP o Rk e rorutde dRe bty
the body of dfithettultinghangegaboad tyefitdh@rédsiuss-cBhRHFHE B=f@d}: ai ni ng barri er;
wherein each of the first and second pressure-containing barriers _
wherein each of the first and second pressure-containing barriers
isolates both the production bore and the tubing annufus from a portion of the
central bore that is located above the tubing hanger.

59.  The flow completion system of claim 58, wherein each of the first
and second pressure-containing barriers comprises a closure member which is
positioned in the production bore above the production passageway and an
annular seal which is positioned between the tubing hanger and the central bore
above the production passageway.

60.  The flow completion system of claim 59, wherein each of the
closure members comprises a plug.

61.  The flow completion system of claim 60, wherein the plug is
wireline deployable.

62.  The flow completion system of claim 58, wherein the first pressure-
containing barrier comprises a first ring seal, the second pressure-containing
barrier comprises a second ring seal, and the first and second ring seals are
mounted on a common plug body that is secured in the production bore.

63.  The flow completion system of claim 62, wherein the plug body is
wireline depldyable.
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i sol ates both the production bore and the tubing annul us fr%;a#ﬁqﬁﬁb zi_of
the central bore that is |ocated above the tubing hanger. . e § 0
conpl eti on system QII cl 3 the first and secon

| wherei n each of tF i Sec
pr essur e- cont ai ni ng barr !@'&%%P[@BQ Séfsﬁqn?)%Pg”ﬁe‘}%éﬂfh%ﬁncthatgblngn;lpoorl
>S5 ; , \ r ‘
DUl ar seal i on o oy L TR BB &?ﬁ%ﬁﬁ%@ﬁ%ﬁ%%@ﬁ@@
bore above tfINPREERIIONdIetYReB e kaling GONUisearfd the armmpiliebubet. Syst em o

i [ | conmprises a plug. 61. The
Fl ow combl et on y2tem of° AP% s RIRR sVEIER PheBnty. Feramibe tieng spool
depl oyabl e. 6@&miFtised b avorkovg ;ﬁés@_@e%?tvﬁﬂbﬁ’brd?\}i@é?@%uid‘@?@@\@eiéc%ﬁo& 'rs

pressure- conbai ning barrier conprises a first rin eal ,

D o T) B o s ar o oc) 3 Sedron of0\Seaitolgte 1R S 1ahod
?Eg ;?ggzct {gﬁggigﬁéggﬁﬁﬁ@%ggg(eﬁ-gg g ggrorﬁgst em of claim62, wherein
the plug body is @btel iThe fieptoyaiten st oPERIA gﬁr%h%%%p{)ﬁééﬁ’gé ]

| etion system of claim58, wherein the tubing spo _
gggﬁl ﬁsl out | )e/t and an aAriuPHg hrnoss gevring Wbolovhiph twiatesvdldy cbhuéetable to the

i i i DO I and the annul us outlet. 65. The
I R e e L By
wor kover  pastwgewsgndstaxddilypthestigtethef 03dyf And Qor%ﬂmméﬁt%ﬁgn'tuf?ﬁhe%gﬁg@ﬁ

[ | bore t IS 1'oC above
annul us passageway and a portion of the centra _
t he secogd prgg§ﬁre-containing barrier. 66. The flow conpletion system of

: par it ; . which i
| ai m 65, further conpriHmE wid Mébtlé?rgo'%gl 88 unnl ng t 0|t .
rCermvabI y connectlabl e Iéliobt' hcgu:t%b'tsngpEﬂgméw@;imf;ﬁ;%gﬁ?gm ally
e
t ubul ar body $RPl@ngrwihich incndemna e, @tﬂﬁiSBa SISO rahts) o rermvabdl?% aasky,

: [ | h roduction .bore; a B )
o o o B 20 i B B e B e e agtechor o
a set of BOP below,the/BORtrak@ast one choke and kill line that conmmunicates
with a portion of the BOP bore that is |ocated . .
wherein the BOP rams are adapted to sealingly engage the tubing

hanger running tool; and

wherein fluid communication between the tubing annulus and the
BOP choke and kill line may be established through the annulus passageway,
the workover passageway and the portion of the BOP bore which is located
below the BOP rams.

67.  The flow compietion system of claim 66, wherein the tubing hanger
running tool further comprises a cylindrical outer surface portion and an annulus
port that comprises a first end which communicates with the workover
passageway and a second end which communicates with the outer surface
portion. '

68.  The flow completion system of claim 67, wherein the BOP rams are
adapted to sealingly engage the outer surface portion above the second end of
the annulus port, wherein fluid communication between the tubing annulus and
the BOP choke and kil line may be established through the annulus

passageway, the workover passageway, the annulus port and the portion of the
BOP bore which is located below the first BOP rams.
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bel ow the BOP rans; wherein the BOP rans are adapted to sealingly engage

the tubing hanger running tool; and wherein fluid conmunicatj t
t he tubi ng annulus and the BOP choke and kill Iine nmay be s%%ﬁ%fmﬁp

t hrough t he annul us passageway, the workover passageway and the portion of
the BOP bore which is |ocated below the BOP rans. 67. The flow conpletion
system of cl ai mt§6, whéewiapmpietionbysigmhiangentroliingrthe dowoon fldid fiohes well

conpri ses cylindrical er surface portion and an annulus port that
conpri ses }Qf%‘{’rdsj?q@r‘iﬁc%ﬁt‘%' Qaﬁfﬁ{ﬁ&&{@s\m-h the workover passageway and
a second end which comunicates with the outer surface portion. 68. The

f1 ow coml et on syst eqalioglsBbB) fAicrHBBLEI LG BP0 AR sike o AdaRLR Lo

sealingly engage the oute urface tiron above the''s

annul us poringlughe @i axiéllyuexteodimyurentiat bore bet wesndlibgon vbilsgwaeAul us and
t he BOP choke and. Ki | | ltm ma\a/ bﬁaestabl i shed through the annul us
passageway, "V HEUMSARR & ﬁ%&? BalRS e t he annulus port and the portion of

) T 0 T S e S S R

A flow compl etion systemfor controlling
bore, the fineidesmpdenarally sylitdsicatbogy,issprogiuction bbie that pxtsndshaxiaily S

posi tioned t re an ich includes an axially extendin
central bo‘rtgyoa(@?ljr‘?(lj‘I [ﬂ%p%?gﬂgﬁﬁ&p@gglo ?”Hﬂ?ﬁ%%%ﬁiﬁﬁ@@aﬁegnw 9% Qﬁé’e@@ﬁgﬁal
bore; a tulproduttingbsrevdc thd proaipReR betlef;n the central bore and which
includes a generally cylindrical body, a production bore that extends

axially .through the Biigybodinthakisiestoratipaepasbagievay productoomiere: aat es

bet ween the producti r tion outlet: a pl body that is
rem)?/abl y ;Zvl;tagblcbﬂﬁelar%;?%% @?gﬂgﬁggﬁ({)%g@aéﬁaalsih'F%QEEE ﬁggpsggéfﬁecond
annular se n alug lbadhap aiRetioR@lone eBol B end bHH ® an e

producti on bore above the productign passageway; mhergin each of the first

and second PATREYEY¥2¥eal s provides a
wherein each of the first and second annular seals provides a

pressure-containing barrier between the production bore and a portion of the
central bore that is located above the tubing hanger.

70.  The flow completion systém of claim 69, wherein the plug body is
wireline deployable.
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pressure-containing barrier between the production bore and a portion of
the central bore that is |ocated above the tubing hanger\M27p Eggjd
conpl eti on system of claim®69, wherein the plug body is ré $
depl oyabl e. 41 24 SEP 2004 71. A flow conpletion systemfor controlling the
flow of fluid froma well bore, the flow conpletion system conprising: a
t ubi ng spoo h_includes a central bore that extends axiall

K'Iand%'af

t her et hr oug I cRIBRietionsYsiom tor comiralingdepfiom ptiuic froma wel é@’ecent ral

bore; a tumewfg:vhemgﬂetlmw@tem sorfipiy:t ed in the central bore and which

i ncl udes a produ§ Qon borz th ﬁt X ends ax aII therethrou h and a
production pass d At C&EB LEXEngs: ti on bore and
t he product itlmnethmmh@hd agpréduction obMMﬁhmrﬁmm:cdeth mem@ﬁirélit@i‘@d in the

duct b f t t | which
Product on oor e 30K, nhAiR DARELUAR BT AIRIAN A LISl TRl Bhazea) Ui ¢
bore above ﬂféOW%é@fedhatpﬁ%é@fdg@mwthmmreugh avka pradsittiod osur e nenber and

the first seak r en the
wel | bore apd I%@E”P?é%ﬁa?'ﬂé”“"%%?ﬁ’%ﬁ%ﬂ e GRRLAIGR e 33 e HrodBIVRLL: ch i

posi ti oned PHlethe production bore above the first closure nenber; and a

second net al seala firdlicRiBulesmaaBétinacd p@)@iﬂ&@éﬂlh'ﬂﬁ‘@ﬁr’oﬂu&%h‘%?@aﬁm t ubi ng
hanger andn%.Jg ntral bore above the first seal; wherein the second

cl osure me prg %ctlpﬂgag%a@gwa seal conprise a second pressure-contai ning
barrier between aliestwedtal sbalehienid pobiiossvéoneamBedlly batwebhehé himgeonpl et i on

system of ¢ of ..t he st and second cl osure nenbers
conpri ses aln?rﬁe rzd}'d tl‘ﬂ%‘@%ﬁﬂap% gég f"%‘l‘r‘& %gass?g%w?% oduction bore. 73.
The fl ow conpl et Wbﬁreyytéleélmtﬁfosuﬂeanemﬁar arviltee fishsezhcbmpfiiset dnfirsf i r st and

second cl osgfé@,sg@%[ahgqngmlé ﬁe\iﬁé‘emh%‘%véllrf{?{réj?r‘?c{ %)ﬁﬁ‘}?&ﬁwcﬂ ug. 74. The flow

conpletion systemof claim73, erelrn eac ewre pl ugs
conpri ses a® oRMegEal  whi ch seal i ngly engages the productlon bor e.

a second closure member which is positioned in the production bore
above the first closure member; and '

a second metal seal which is positioned concentrically between the tubing
hanger and the central bore above the first seal;

wherein the second closure member and the second seal comprise a
second pressure-containing barrier between the well bore and the environment

72.  The flow completion system of claim 71, wherein each of the first
and second closure members comprises a metal seal which sealingly engages
the production bore.

73.  The flow completion system of claim 71, wherein each of the first
and second closure members comprises a wireline deployable plug.

74.  The flow completion system of claim 73, wherein each of the wireline
plugs comprises a metal seal which sealingly engages the production bore.

75. The flow completion system of claim 71, wherein the tubing spool
comprises an annulus passageway which communicates with a tubing annulus.
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75. The flow conpletion systemof claim 71, wherein the tubing spool
conpri ses an annul us passageway whi ch communi cates with a t béﬁﬂJ Ius.
42 2 4 S E P 2004 76. The fl ow conpl eti on system of cl a| er ft he

t ubi ng spool conprises a workover passageway which provi des for fluid
comuni cati on between the annul us passageway and a portion of the central
bore that is |ocated above the second seal. 77. The flow conpletion system
of claim 76, further conprising a crossover |ine which provides for fluid
comuni cat i 38. befTvediowtdompistiod seste@rof @ldirh €5, valstetthe {u‘bﬁ'@ts gpe of the

I k f l | et
annul us PASRRRBNEN A0l MRLKONE MRS RRREY o A el Lo "
conprises t Ib@wmpéhmemultpﬁr pASSag@vayoaTtd mrh(y bicthe icemtral betevikatis t he wel | bore

and the envidompeEtovdWd €e4)r oduction node of operation of the flow
conpl eti on system ¥9 %’Q Hj]o‘\:?v conpl etion systemof claim 78, wherein the

tubi ng spool conprises an annul us passageway Wi ch comrunicates with a

t ubi ng annul7gs. SﬂeﬂEhe;oHp@Noﬁ@,pﬁéﬂtdfelaunwétfaﬂh&fcompﬁba % %re:cln tge
OVI or ul

t ubi ng spoo rkover passagewa

communi cat i h'ﬁe WB”RB@%@%?T@%%%@UB@% 'h‘i'i‘ﬁ PéP fign ‘Eiﬁ’ebffm‘iﬁte central
bore that i teast onatfdbe abaves piesagecayshdshawori®ler gdigagdvay. conpl etion system
of claim 80, further conprising a crossover |ine whi ch provides for fluid
comuni cati on between the production outlet and at | east one of the

annul us pasg@gewdie dnd complation kystem o alpiadewalyereid 2he gedohdw conpl eti on

system f or ﬁ%tsﬁr‘éden%rﬁ@Barfnlap%rﬁ;;rbsfels %Hedu Oﬁ-ﬂbv\ﬂip\é%shreb mmé‘ggrng{ ow

conpl eti on ggst em conprisin | I nc central bore
t hat extend fa%aeaﬂh%/weli h‘é’P@thrt%@'hV'mamﬁﬁ gitlmproduction mﬁﬂe&f cormmuni cat es

W th the ceppératioborthe flaRdompletionBydters. bor e which communi cates with a
tubi ng annul us; a tubing hanger which is supported in the central bore and

whi ch includes a production bore that extends axially therethrough and a
producti on 7fassapeviay comptetionsysiemmofitiasn B&twiessn thetupingdpesii on bor e and

the pr oduct bGorQldnirinufhs pabSgelad Wich BEARGHIHEL Gn LIuBSg hhdgaed 1 the

production bore a

80. The flow completion system of claim 79, wherein the tubing spool
comprises a workover passageway which provides for fluid communication
between the annulus passageway and a portion of the central bore that is
located above the second seal.

81. The flow completion system of claim 80, further comprising a crossover
line which provides for fluid communication between the production outlet and at
least one of the annulus passageway and the workover passageway.

82.  Aflow completion system for controlling the flow of fluid from a well bore,
the flow completion system comprising:

a tubing spool which includes a central bore that extends axially
therethrough, a production outlet which communicates with the central bore, and
an annulus bore which communicates with a tubing annulus;

a tubing hanger which is supported in the central bore and which includes
a production bore that extends axially therethrough and a production
passageway that communicates between the production bore and the production
outlet;

a first closure member which is positioned in the production bore above
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43 2 4 SEP 2004 the production passageway; a first seal which is positioned
concentrically between the tubing hanger and the central bore above the
producti on passageway; wherein the first closure nenber aﬁd;ﬁ?ﬁ}jﬁgﬁp_sea
conprise a first pressure-containing barrier between the well bofé&“dnd a
surroundi ng environnent; a second closure nenber which is positioned in

t he production bore above the first closure nenber; a second seal which is
posi ti oned Heriteduatipe apsspgbweeen the tubing hanger and the central bore

above the first aehsclfifil 8 pblifoReaanloRHOMLRMENIES 1B Hgesecond seal

conprise a s %ond ressure-containing barrief between t bore and
the envi r onfBhine cepparkore aboue the PElCINRASERGEWAYIt ai ni ng barrier conprises

the U|0|oermoséI p_r@ﬁéﬁéﬁﬁthétﬁfﬁtgioﬁbr!%gn@ﬁb%ﬂaﬁfdfth@ﬁf@@éhltcbﬁp?@ 4?1 fnféglre and tlhe _
envi ronnment _durin ne production e operation of .the flow conpletion
syst en V\/neP'éel‘E’ﬁurF%é’n{%ﬁ'qqgargﬁﬁt%ﬁm?‘iﬂnﬁ'ﬁ&eﬁé’%’%??‘zﬁ§“§°‘W<5W90ver passageway
whi ch provi degrohoent;| ui d conmuni cati on between the annul us passageway and a

por ton of the cgnbily iRk kafoet AnlRSABESARE NPk MFocBfGPghseal . 83. The

fl ow conpl eti on systemo g erein each o rs and second
cl osure nenBedve Be fifst Fleaweansmbasl i ne depl oyabl e plug. 84. The flow

conpl et on_syst eansgbortd aMifidh i1R1BhG: Eaane cal Kot tbifld UGS compr i ses

a netal seaé whi ch seal i n%l%ﬁen ages the product’ion ore. 85. The flow
conpl et i on 83SEANGheGeniTR) oye afips BeAirdae®: of the first and second seal s
conpri ses a net alheil the 86conthdodur®micamaphed thersesdyisd §48| 8dmepligdian 82, furt her
conpri si ng third closure nmenber r cotrolbin fluid flow through the
wor kover pag%cggg\ﬁéiﬁsu%@%@ng E%W%%%’ﬁ'leg? ﬂ]?nw'%' %qrgﬁpgkhec?'yfrﬂ?@g{'}' further
conpri sing a fouwhéreircihe sacandrretmire-tontaioimgtiaaidricogpfises the Lipbpawrtost ough t he
annul us passRagsyeXontshi I t el I 7, wherein
at | east ong 0 the_n tﬂ‘ﬁ@bdari%?e?%%’éﬁﬁgwg?ﬂé;%g% gﬁg}ﬁm@}?ggﬁ a gate
val ve. the production mode of operation of the flow completion system;
wherein the tubing spool further comprises a workover passageway
which provides for fluid communication between the annulus passageway and a
portion of the central bore that is located above the second seal.

83. The flow completion system of claim 82, wherein each of the first
and second closure members comprises a wireline deployable plug.

84, The flow completion system of claim 83, wherein each of the
wireline plugs comprises a metal seal which sealingly engages the production
bore.

85. The flow completion system of claim 82, wherein each of the first
and second seals comprises a metal seal.

86. The flow completion system of claim 82, further comprising a third
closure member for controliing fluid flow through the workover passageway.

87. The flow completion system of claim 86, further comprising a fourth
closure member for controlling fluid flow through the annulus passageway.
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89. The fl ow conpletion systemof claim82, further conprisin &r gsover
| ine which provides for fluid comunication between the p olngEﬁBo tl et
and at |east one of the annulus passageway and the workover passageway.

90. The flow conpletion systemof claim89, further conprising a fifth

cl osure nenber for controlling fluid flow through the crossover |ine. 91.
The fl ow conpl et+on system of claim9Q, wherein the fifth closure nenber
conpri ses ag%at el Refayecorapletion systemyef 9aim &ompeein aideast nestiewel | whi ch
conpri ses athinglaht éanth diasuss megmdbrsaddmiiees agats wivea wel | bore, the net hod
conprising: installing a tubing spool over the well head housing, the tubing
spool including a central bore which extends axially therethrough, a
producti on 8%ut | 'Bte fldw cdmpletivnsyisteat efsclaimt 32, fithec emhprddingt@ssaee an annul us
bore which j | ; l.Ca | I.ng. annulus: |anding a
t ubi ng hangléﬂres\?ﬁa?%%g@éﬁforralﬁ'dg%r €, %‘fc?g'%ﬁ 15’ | r?rg'% ”?\Eénér%ld u%'r?@lotﬁ’ ?tnag”d a

product i on #deast @ne ehthexanewlts pasdagewgy andthetwarsensh passgawgy.oduct i on
passageway whi ch comuni cates between the production bore and the
production outlet; establishing at |least first and second netal -to-netal
seal s bet we¥h t hEhe flowheaiap elinngysteanel daie & fitrther caraprisingbafith t he product i on
passageway; cl@ife meftibetdr kbftrdiing AP0 tHrQighans cResRA |G osur e menbers in

t he production bore above the production passageway. 93. The net hod of
claim92, wherein one of the netal-to-nmetal seals and one of the closure
menbers defdme arhelpecsmsétid SSul 6F FAM I, MhB@iPREfFR Closk@t ween the wel |
bore and a surroundi ng environnent during the production node of operation
of the tubi'H%mé%rocmpr%ﬁs. a?ﬁ&%\f%od of claim 93, wherein the tubing spool
further conprises a workover passageway which provides for fluid

conmuni cat i b \omqq : .pas and a
portion of %e. gAent ra d E)grcéﬁ'n[pﬁegfig i%sgfdggésgeé]%@g@ébﬁﬁﬂg&uﬁg‘%ﬁﬁ%ﬁ
pr essur e- cdHUEING; at gn Rper and of ggveli bore, the method comprising:

installing a tubing spool over the wellhead housing, the tubing spool

including a central bore which extends axially therethrough, a production
outlet which communicates with the central bore, and an annulus bore which
is configured to communicate with a tubing annulus;

landing a tubing hanger in the central bore, the tubing hanger lincluding
a production bore which extends axially therethrough and a production
passageway which communicates between the production bore and the
production outlet;

establishing at least first and second metal-to-metal seals between the
tubing hanger and the central bore above the production passageway; and

installing at least first and second closure members in the production
bore above the production passageway.

93.  The method of claim 92, wherein one of the metal-to-metal seals and
one of the closure members define an uppermost pressure-containing barrier
between the well bore and a surrounding environment during the production
mode of operation of the tubing spool.

94. The method of claim 93, wherein the tubing spool further comprises a
workover passageway which provides for fluid communication between the
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Title: TUBING HEAD SEAL ASSEMBLY [err] Abstract: A flow conpletion system
for controlling the flowof fluid froma well bore, conprising_ a tublng
spool and a production outlet which comunicates with a cg Fo@d(8 a

t ubi ng hanger which is supported in the central bore and mhlch includes a
production bore and a production passagemay that communi cates between the
production hore and the product a first closure nenber in the
product i on BEP@ 7Y% ﬂ%f?%ﬂﬂHﬁﬁggﬁﬂéﬁEVEaHS#F? tqd 3hoNB ar sea

bet ween thﬂfletunipengoéharﬁ;eureaamdta;rhmg barrier.al bore above the production
passageway; wherein the first closure nenber and the first seal conprise
a first pressure-containing barrier between the well bore and a
surroundi ng environment; a second closure nenber in the production bore

above the first closure nenber; and a second annular seal between the
t ubi ng hanger and
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'athe éentral bore above the first seal; wherein the secon% ‘uSJEEr éﬂ%nber

and the second seal conprise a second pressure-containing barrier and
wherei n bot!R RHENATIPMAL AR CATHEN BEISHRD WRER THY RTENTCOOBRIBBIONIRBA YA t he

t ubi ng hanger.
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(57) Abstract: A flow completion
system for controlling the flow of fluid
from a well bore, comprising a tubing
spool and a production outlet which
communicates with a central bore; a
tubing hanger which is supported in
the central bore and which includes
a production bore and a production
passageway that communicates between
the production bore and the production
outlet ; a first closuse member in the
production bore above the production
passageway; a first annular seal between
the tubing hanger and the central bore
above the production passagewsy,
wherein  the first closure member
and the first seal comprise a frst
pressure-containing  barrler between
the well bore and a sarrounding
environment; a second closure member
in the production bore above the first
closure member; and & second annular
seal between the fubing hanger and
the central bore above the first seal;
wherein he second closure member
and the second seal comprise a second
pressure-containing barrier and wherein
both the first and the second barriers are
associated with the tubing hanger.
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