‘WD 01/ 73257 2 SEP 2004 PCT/ USOL/ 09606 TUBI NG HEAD SEAL ASSENBEP THI(H:

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 hangerfoﬂ%_d?ﬁg\”f@ 'Vpglrgi%ﬁg%rdae@wggg&re_s at | east one tubing string that

- extends into t “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 etween the produgtion bore and a
D duct i on buls U #hd RES aEPoIE, SHRER PR E G B LR FRBST RS udes an
annul us passagdivayd Mustly sax wdivt Sndudesns chigret bdve itat arteadusxidliy  an annul us
outlet, and r ' t. 25 -
passageuny t SnAeRERKE APIRRR RS LG ERIHRRAET SRR 77
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
bet ween ¢ he vl oS TR0 96 R oy B0 phetp Rl AE ier GO AR 18 000 TS
nmode of oper arp@ietion beraand ppresuktianauiletimihaliutfingspoob ripledubiogispopst em  t he
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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first barrier is provided by a wireline plug that is instgl fre( EP‘I 2@'@“

producti on keyg/sabove the production passageway, |n conpgfgldiask th an
annul ar, usually nmetal 35 seal which is positioned between the tubing

hanger and t hetprdiiubibnsResl Tabey®nd baM@rQH&%@&EyE@Fféé%ﬂ;/m@Qi@ t he

production outl et he second, parrier tree cap, which is
seal ed to the® ‘?? |tﬂ§eetﬁ@6$ SRRY! g‘ha’h?ﬂfﬂla&stypp‘ff\ﬁbf"(‘?%ﬁ%gﬁ%$ i"dég%l‘" and whi ch
often i ncl udigsludes snxaxii tmdslxgblhgre \pidchreinwdrh dhseialed by mrwitctinsplag edothgr a Wi rel i ne
plug or othergsHibtRbS8 rﬁlo%ll”e menber. 5 During installation of the flow

conpl etion system t e tu spool is |anded onto the well head housing,
after which a bl ohyeg iﬂﬁ@{}ﬁiﬁﬂ@ﬁh@ figoroypieton sypigmathedebioerpot e t ubi ng spool

by neans of alaﬁdie%ﬁfnt@ﬁ@'w%ﬂﬁ‘éiadfﬁogﬁh@ R FAGEa bl&ﬁéﬁ%‘reveﬁ&?ﬁbéb" yig hanger is
t hen | owered on ﬁl t ubi anger runni ng toaol rough the riser

and the BOP alf&®@ e&m&afhgﬁuwespea'rﬁyrra?an gF &rigsr d?ﬁ%veﬂdr%ﬁﬁw&%pool After
the THRT is rﬁsselevedtubidgmahg@ﬁsmamdm@rédoyﬂmﬁm@namedamnmtt@ﬂ t ool t hr ough

the ri d. d, | anded, | | direct | b th

tubi ng_ hanger (TART &Pl tps B8 g RS tftdel o PR EalebSe el eved. the
BOP is réfriwbiadspentdAti¢rahd TIOMI ssoefiikedd, metmysapmlowereéanly ded!cated put into
product i on. Blethn%%gﬁh%@bPa% HOBKPYRA la%ecg ’ﬂghc{ ée%wﬁ%@@?écwabahsstem the

BOP and the riser re once agral n connec FFU?’ ool, the tree
cap i s usual | jieféinsenger Afier hadree gap isgnstaled) the BHBT isvetrievpdl thesB@Bnnect ed t o

the tubing hage&fieve@&R théh@v\e&ﬁﬂﬂ@twsyaeﬁn@.teb@m @r}:ﬁ.t FRTRbeicaEn. the THRT is
retrieved and_the tre installed throu the riser and the BOP.

Then t he THRTD*r'rg‘graetW‘?%\V@E‘ov?rl'fg t@cﬂﬂw qompiedpn F@tfé'ﬂgheaﬁﬁptaﬁg W8 RF conpl et i on
syst em i s 1§ eagly ohos fgmirpednnbated to the abRQ spbmptuetre@ﬁap 1S|uawlytréﬂﬁo\teﬁee cap is

required to | A r re of the first
barrier, the%@gﬁég%ngoop ﬁﬁﬁ‘}é ﬁ-}%’lnlsggrgne%teg% h% ‘#@?gaha?%}' 6'501% a robust
met al | ockdowiie wegeMenmipsrations recaingletedcike THEThowjrieved Blhréth’edlbe 1%gp kspool .
Consequent | Y, relifigatich %ﬁo&@ﬂhéﬁ &%H@kﬂ@/séﬁ@rﬁb?ﬁwmm— g@%fkﬂe@@bfﬂy a

renotely 250erate vehicle ("ROV. ") and | nst ea owered fromthe
surface vessel reigryed: asdbe Q‘Pvr'?orﬂiégtfogﬁ'r?é!ﬂe’ﬁ"‘ﬂ%@a@éﬁﬁ’ REURYE PR B0l . Thus,

i nst al | at con whdudien.tree cap requires a special running trip, both during
Each such 111 p. yorear ey an s eadbs Bk BRfp it Bt L e g
time to conplfeluse ofifie Grst h@“ﬂ@sﬂ'@ﬁﬂebwap typicalysmmprises 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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30 the cost of conpleting and maintaining the well. In addiﬁiénSEﬁBrﬁB@#
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
tubi ng hanger. Left unattended, this debris could foul the sealing surfaces
of the central bore and thereby prevent the tree cap fromformng an

effective Sealisi3s nthdubny 8&nkd! BIRZeSRRR bons P& SNSRI vaREHORFIhdhal r €€ cap i's
Installed the central b hor oughl y cl eaned,” a process that

ogﬂg 2 must be tf
consunes addi"PPEFaMerER ggmaletinagnd Maltalnimg theMilr cases the coat of conpl eting
and mai ntai ni ng tA®twephor a\notzbresl-typeiior candetbosyseont abeldsgpm f |1 ow conpl eti on

systemis di gel.og6d, iatghncgneﬁ RE.RFS bﬁﬁﬁéso ﬁw.bﬂh&s%gé%ﬁ gomsesvgqu%ﬁa%géro Al. This
systen1conpr|ses_a tu.lng hanger . I C |s_I_n_e I a we eaqa, a

chri st mas t r whickipjaaded '%aWB'ﬁ‘ﬁ@‘gé cyisteasdrequhicihie guaiedion theyeelihersiendot h a

| at er al pr odmeltidesmomidibtertl pattictnloatet bl a B@RAVAIASIUOBUIELCEN] BdRskséveEfdeSSover

tree which | . Lved wi thin the rist tree. and, i ncludes an axi al
producti on b‘gﬁg{ '? ﬁ%ﬁ Ne&g"\(’)’t\reﬂ%%% @é'? s Ipg ?lndénrrlgﬁg?(sl%{'Iaxﬁf%%dﬁ’glt'qngﬁreg%ﬁle in the

t ubi ng hangefommunineatsd with prosiial pradustiorelessin thedubinadeneani acmedystioni t h t he

pr od:Jct i ont Fbﬁs%@ew@ﬂ%a@d&nﬁﬂ:ﬁféété@wi@ﬁﬁ@ﬁgﬁ}&%ﬁ oulidi@hd SPAFRUM SRERRwWYY th the
annul us ou

t. The tubing hanger i es.a plurality of | ongitudinal
annul us portg’atﬁ?g'fnug'(?%ﬁ%‘ﬁ'&ctg?@%H@?ﬁgéht*g%@blpﬁﬁ?rﬁ@r' %Wéf BEYBi¥ °t he annul us
passageway alugiadisdliadnuig poes et comatnicaimbetedes thettebird aomulasfanfi theiadndidsr ough t he
annul us port §assad:e%% her 4 Wiy valvdhatbdnibis BE n&k B9Sid ﬂ{r&gmghms'perté. he

production bore 0 he crossover tree above the annulus outlet, and the
appl i cati on PUFEERYS WOHVIEHIRERgSs @re My nigd e produchiprsborg f thecerssevailregr ossover
tree and t heatshe thetanmsustonitst aadthie @ppiibatiop pophng td distioeeltloahnuldriessy/er, in this

system the t 04 éﬁ?ﬂ&%veﬁp&%h?netcﬂgs%&"deg%b%lt p?cidﬁj:tgghﬁlep B\%\%F,. bet ween
the well bore and the environment during installation o e chr’i st mas
tree. |In addthiviyvsteptae Wbing panger appearaiedeovids prly peingls barmieretyesl e wett ween t he

crossover trege ambthé Bevircinidns UMBG inbtaiRGoradf GhebristrhdsItee O adiition ghd sebilngd or
damaged if t V. r LS., all ed separately.fromthe . christmas

rr oo Sumar afds IR B S8e bl A E P PR Ml Rk 0% 2t o1,

provi des a f 15w eengiPwed apAaradast & e iopsoverde isdistalletigepanately frampthef fluid from a
wel | bore, té&fisthlagwegonpl etion system conprising a tubing spool which

I ncl udes a cgntral re tpat extends axially therethrough and a production
outl et whi ch%%ﬁﬁg%!%w B th the central bore, a tubing hanger which is
supported in the leemtasabct Burmeesantdnvwaitioo provided aftbesomplpicodyrtdni on bor e t hat

extends axi abdniofigd MRk AR HeiPooRd, P HGH LATHIRBS SRR piRRL conmuni cat es

bet ween t he tDE,OdUCt iaon | )
ubing 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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bore and the production outlet, the tubing hanger supportin I A
string which extends into the well bore and defines a tubi %gaaﬁgﬂll)[gb’

surrounding the tubing string, a first closure nmenmber which is positioned
in the production bore above the production passageway, a first annul ar
seal which is positioned between the tubing hanger and the central bore

above the productiingd) npassRRWAa s8PREE bidssukd&@ntaining tre€ERIYFBvidEATDEr and  the

first seal c se. a firs ressure-containing barrier between the well
bore and a getrﬂ!%dobﬁﬁ' rtr?gthee‘"ﬁevI brggnmant a second cl osure nenber which is

posi tioned in thdngodguaedrihe bresent inpotic prdvides & figit conlplSarsesterefidber , and a
second annU'&fntr@ﬁ@'thé’ﬁéw(bhﬂdrosfrogpé\#véll'%F@Qeﬂ@ﬁ&dﬁféﬂoﬁ@@teﬁ%h{:‘rﬂm@@ger and the

central bore above irst seal, wherein second osure nmenber and
t he second sté! K F(?Pfﬁp'l icbds nosilioneg QYT el Bere 2phMiidinAudes #adaiesxiendiag ween t he
wel | bore anckntrél@orerzud a predetion autiet whivh carhmynidatds lvith the céntiaBioreandibinge second

part | ers ar enyaRich LuBbrblR el l8 B8R Licrhckiads §%%e.%§9 ik no need

exi sts for a separate pressure-containing tree cap second
barrier to t‘l’F@y\ﬁeclr‘l’dUB‘ﬁ’Pé’O’eI“F?t a’ﬁ?ﬂdﬁé’ﬁ'a”éwb theibpgy., ﬂ?de?sléﬁ?ﬁucﬁ'oﬁvent i on provi des
a flow conpl )ﬁssaimwaytﬁﬁteﬁmfnﬂﬁ:cat&wéwe@h {hblﬁ@dﬁdﬂﬁn dréamdafke drédiicibnoumm a wel |

bore, the fl t ol Lch is
posi ti oned o%vtugﬁﬁm" %e'l %B%o?@(ng; aqu ngte" 2l ogﬁe aX|b3F d 8%3?1% ng
central bor etuBipgianauigs @u@emdmﬁhmbm@m\m &fﬁt Dc%mmmmrmsbawewmhh% centr al

bore; a tubi mure@@ﬁlﬁlﬁﬁod%mtﬁé‘tublﬁg ﬁdﬁ@&%ﬁ&@dﬁé ;ﬂo&u%n‘é%& Nay: Ak 8§ sédg Whi ch
I ncl udes a genera ore that ext ends

r ti
axially thr o%ra‘eﬁ”ieﬁgx%'f%?/ a"é':ﬁr Lﬁrscg%%dttf’g'ﬁ% %"a@@ﬁﬁ%ﬁg AGELFUSBFUNI cat es
bet ween t he fistethsetré-omtdirdnaagied whereinpachdi the ffishardsedopd presduteecontalning g hanger
SUppOrting apgnitd .gkgatéstso&maemb&horﬁa&eemshém@ dhRGusHh a IR ofRY defines a
t ubi ng annul us grroundlng % string; a first pressure-containing
barrier whi cHf % org AL &5te atf%%thﬁt?}ﬂ’?f'g&?nqehe t ubi ng hanger above the
producti on passadreaminer aapectahsgemntnvepticdpeiriies £iow @impietksh haer feer wWhich i s

secured to t ébﬂtr@lﬁlg%e%)wto% J%mell%%gﬁg ﬂ&P?o‘ﬁ?pﬁﬁ &fsysttarln rc§|]i'|;c)f|singc Lnd

pressur e-cont ai ni ng barri er erein eac St an
pr essur e- conVBiRgrRe whishisnosiiened ewr el Bese And wiichiichidercan ailirieadiand t he
t ubi ng annul estrdl barmaad P pPoticioh aklettWhizh cofmtiiates kwiﬁ Be bérddal Hofe; b mbag ed above

the tubing h% rwh' Hlsﬂ hQ@fntr?esc%ﬁtﬂ orghgdv@nﬁc i eslepvegrtali Ier:I ides a flow
m f or 0 1 Rha P 4098

conpl etion sys bore, the
f1 ow conpl eth¥h W@W@@fﬁﬁ?’q’t @F‘@i@'s aw“vth&s@h@e@p@o@d\mr@dﬂcﬂog p05| ti oned over

the wel | bor@s@d@dw%hﬁtbommzhlmmae%emb@Joh&'ct.@fxﬁcﬁ@fhdmga pré‘c%&toh%hueb@fe and a
e, ce

Panger wni crPhCoR NRT Lo PRESHER R PE R A et P anfist

generally ¢ yqrqnpig'rqeglg_whlch 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
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body, a production bore that extends axially through the body, and.
production passageway that communi cates between the productignﬁnggjéﬁaUL

the production outlet; a plug body that is renovably securable in the
production bore; and at | east first and second annular seals which are
each positioned between the plug body and the production bore above the

producti on RASSRIGMEYIs pYRBR&] i tHE RFAuQbn bHE abdvE &Ief%naosﬁﬁeqﬁé%e%n&é ur seals
Provi des a pressur ﬁ Fe{ﬂpt ai ni ng_barrier between o ducti on ﬁ‘ore and a

portion of t¥fE"d Wigd} B PEigeed Cé’“‘?eB'é'a"’l“éBe“é{%ed\}%e 89 3087789 Menger. In
anot her aspemtiyal béve almve gheritst $Gaﬂlwher|a|0|the}:semnd desurambinbeyaodtipkabndseasyst em f or

control l'ing ctonlﬁrlgela%\é’céﬁd pFés r 1‘9;'}{’?? ncrl\ﬁdl!vehp&ﬁ%evseh%frtelaﬁéfvthgonpl etion system

conpri si ng: t ubi ng spoo es a central bore that extends
axially thereé’t"Fﬂ”ES‘G@‘h and a productlon outl et which communicates with the
central bore; a tidiothgr fspsgeathe P& inventios pippiasd £ibw ddniphtio Btefrefbr bor e and
whi ch inclu ols ti l.al | ee. oughthe
producti on gcg’ﬁ Togl{n;B t%d#%rg Q%P%@%r"&eenﬁérﬁgﬁe%% ﬁ%?%"ﬁ%ﬁ%t@k B%Sgﬁ"i ?oggr?é%' n t he
product i on tWdngspeblovichiinlides 8 derdtel kate iraissiegaaarelly defatirgaghnet al  seal which

I s posi ti ongflodueRMCRINtWhh kbymuReieaim tﬁ@&n&rﬂ%@aﬁ@é}%{nul@@%ré Biceent r al
bore above theg@g‘cauctl on menber

oo L ROOT T B RE b T W BAG BRRRERY pint BEHcE: Shf suererihig HERTE: "hor veen
t he wel | bortereand wichimaugland pregudinw bere thekettends agigtydimdetblooghuard 28a 2 4 S EP

2004 menber siuedbnl s%édvéy tﬁ&%@m}nﬂn&:ﬂ@s Hi?art\}?éﬂr\%é &Hd&%rﬁao?@%hé he first

cl osure nenber; and a seal positioned concentrically
bet ween t he RRACHRY %ﬁﬁg%fr‘maﬁ%“’teﬁ‘%emb@éw‘f"?*h’ﬁ PB%?"@E%B%P"P%“% 0§ seal ;
wher ei n t he abewothd podogion passegdvery; fitst nidte s ebiatl isgesitioned @orp:ents&na second

pressure- Corﬁeﬁbé%hﬂ%t%d heln! er%%‘ﬂ%%nt’ré?%or\é’%hbve%é &?@I}gvoé %%m% Yhy.onment. 1n

anot her aspect, the present invention provides a St16n system for
control I i ng WkEn !hSWSB‘f'OSPTQH‘%!“‘PEFé‘Hﬁ’ weqest peabenmprise a &rst retiucHiPpieBi¥on syst em
conpri sing: tariet bidtivegh thp@el badatha sunobktieserdira@iEht; alsedaad eloﬁdnat ext ends

axi al Ly her GLILaSl ool BRNOhL BOUL) Bl UDLE BRI RGB! N he

central bore, and onmuni ca es W
annul us; a tﬁ@ﬁ?nﬁfgnqiaﬁg%whwhi'SdWS!P@neg@srpf@rllrleﬂly|bﬁtweeﬁetheémr\9ziqangeoéwé and whi ch

i ncl udes a RROEIEHI R zhﬁl}@thb hat seak Waadm t@é@bﬁwctash@rreérhﬁéaumhand a
onmuni cat es uctlon bgre and t he

. d
production pass%%%‘éYacXWP?se a s(e:af:ondd:: %sergrngt?m nW%%rHer be%Ne%g%{ SIS MOt he

producti on outt
product i on Bbe enviramsesns viheesinghoskeond Unsq@aasmgaevmbarr@rmmmseme al seal which

i's positi 0n%p@rﬂﬁﬁﬁﬁés&h&%h%nm@%ﬁam@%w@é&% tﬂéwéunﬁrek@qla%rer@mm{éae central
bore above t ggr %((:jt | onn{ga fa% Wﬁé& whf@rel n L st r?l osyre menber and
the first se%MEBRPIOCEECR P ghoPRAYL e oY Ry ‘?ﬂf‘ys cin; wheren

tubing spoo! 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.

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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barrier between the well bore and a surrounding environnment; a second
closure nmember which is positioned in the production bore above 3%21 ft
cl osure nenber; a second netal seal which is positioned con ehtStz di
bet ween t he tubing hanger and the central bore above the first seal;
wherein the second cl osure nenber and the second seal conprise a second
pressure-containing barrier between the well bore and the environnent;
wher ei n t he B@EYRHEN PAs&geMPE- cont ai ni ng barrier conprises the uppernost
pressure-containing barrier between the well bore and the environnent

SI\HH ng tthﬁ pr odgqﬁ br%rbrﬁmlétmfeﬁlfth@W@iﬂp@ﬂolfgystEIlﬂ%lsf) k%r@%'a%ﬁul@bo%s\tlﬁm .
erein the i ool . fur ses a wor kover passagewa ic
provi des forWl?'%k Xge%dscg W%‘ﬁ’[]ngr “@é%@?ﬁ’ 'faﬁgergotﬁ'ﬁ?’ug wgg%ﬂ&g%adand a
portion of t#peorigenfhaberterberethalis lodated bbweatredeadnd veal tdnd asaecinsclsaad . | n

anot her as peﬁambérm.cmsep%emnea mwmﬂnmus PJrQWhQ@%e%nmﬁ&shﬁ% ik Rfuteﬁ%ﬂﬂi?%l?t ing a
subsea wel | mnWbE g E head ou5|n%?at an up er en a wel
bore, the rEtYEe kBl gg ?'@Frn@”deoWélﬁr&‘thlt?@ar@“'tJ% fﬁ@cgrpj'f%ef RYPStostRe wel | head
housi ng, t heménmkermyich spsolocatad intith taigngehaagant Thatefob henask iegitts @xbdeentls axi al |y

t her et hr ough centra

bore, and anmg%H€<QngL Qﬂwﬁﬂ%ég%gnﬁgﬂﬁgkﬁﬂﬂgmnmga%%ﬁﬂﬂ%ﬁ%%@Eﬁanth a tubing
annul us; Ianﬁpﬁbﬂﬁokublng hanger in the central bore, the tubing 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

t he production passageway; and :~ rs,sling at least first and second

cl osure nenbers in the production bore above the 3b 24 SEP 2004 production
passageway. |n one enbodi nent, the flow conpletion system al so conprises an
annul us bore which extends generally axially through the tubing hanger

bet ween the tubing annulus and a portion of the central bore that is

| ocat ed above the second seal, and an annulus closure nenber which is
positioned in the annulus bore. Thus, the annulus bore is routed entirely
within the tubing hanger, and flow through the annulus bore is controlled
by a closure nenber which is also |ocated in the tubing hanger. Therefore,
no need exists to route the annulus bore through the tubing spool or to

| ocat e the annulus cl osure nenber on the tubing spool. 3c 24 SEP 2004 WO
01/ 73257 PCT/USO /09606
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These and ot her objects and advantages of the present inventi gnlfv@EIP l?xpali’
made appar emto firemizvt he foll owi ng detail ed description, wetfug@afoesence to
the acconpanying drawings. In the draw ngs, the sane reference nunbers are
used to denote silimbaandcaigrabentsnd adidnageant tha preaphidciomeat @il b6 Bri ef
Description o n ectional view
of an enbodi nLnﬁPQQP%rﬁWﬂB%%%og%Wﬁ e?t%“zérq%éegés} g(lr)1r1]i (R)k?t %Jgre% ée)gozt i nventi on;
Figure 2 is aRCeniPaRryedidawiags.oln thm@'awmps ﬁhﬂ@ammfefﬁfremd@mwﬂb@w aenpicet i on

syst em shown wdﬁb@%ﬁnaqzcomp@nemst.mmeman&@.r@wb@hmqe% dge conponent renoved
and 10 WI% n| n to onnected to the top of the tubing hanger
f

conponent € i 3 is an enlarged sectional view of a

t ubi ng hanger antlﬁgdﬁ@ﬂ@ﬁi rbng[tuﬁiaalrmusaamwnamWnb@nwaﬁlemafthbe present
i nvention. Fi an_enl ed sec tio vi ew of the production seal
assenbly 15 g%%rrg%np[e oNSYSIPe &%c?v?sc% Ye@??%n system shown in Figure 1,

Figure 5 is an enll‘"agtg@aimmnlaygmjww ef\mmoptphéloseéﬂnﬁcﬁawwompwud)rar seal
conponent of Lhg rﬁﬁ%‘uﬁ‘éif%ﬂi]vﬁuﬁﬁhg% ﬁ"HPudgé'cé:dn&&Heﬂt r%le{nol?%cﬂéﬁ 61s a

radi al craoss- sectl ona Vi EW O gh r conponen flow
conpl et i or¥sy ¥ mrymiarios! sommegieedo the torpof egtublég han@raom@wnt Qfdh*hal
" Cross-secti ongletiogw of the tubing hanger corrponent of Figure 1 taken

"through the tubi ng. hang annul us bore and ft annul us gate val ve
conponents of the T9W% fﬁ%‘rfﬂnia@‘ﬁfﬁe@'@a‘ dews pf a.f9bing fapesr slPeseinal
Cross- sect i onalechantsm ohich hﬁyaensﬁdjﬁthegﬁé&knma%rﬁoﬁorrponent shown in Figure

7; 25 Figure 9 is J I i nal. ctional, vie of anot her
enbodi mrent of a tlf@qupgﬁ'%aa?? eenrla? segﬁoenﬁ %ﬁoaﬁe pro %tg’ﬁtse?[nﬁfg }5n conpri si ng
an al t er ndfi veorapangn ﬂmaftoéf f&ﬂmplﬁélon E¥stfm shon® ip §igare &nl arged sectional view

of an alternative F@glﬁ’élb%n@n%?éﬁo%ecf%@hﬁéwMhégedoﬁdéy'ahﬁﬁéleﬁeta use with
nal view of one

t he present invention; QC% F?E is an enl ar%gd sectio

enbodi nent of %{"%O@Foﬁoég‘efﬁ’ﬁ’ BHIRIPHPS I BRI N FI9YEE Tial ve which is suitable
for use with the Fiesedisa nadmemssea’eaptidﬁlagﬂé\«eoﬂiﬁettﬁalr@maﬁgéﬁmdnﬁﬁﬁfI onal

vi ew of anot hﬁ1 WT% %fgﬁgﬁ Vgg'{eﬂg?q?z,gr”yhg@ﬁa,nd controls conduit plug val ve

which is SUIta use 35 I nventi on;
F!gure 7 is a longitudinal cross-sectlonal 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;



424 SEP 2004 WO 01/73257 PCT/USOL 09606 Figure 13 is alllbnyetudiob
Ccross-secti eviadi/wisew of anot her enbodi nent of the fl ow eonpkatwen system
of the present invention; Figure 14 is a schematic representation of the

f1 ow conpl eti on syd3uEen3 stiolargiludinglictpsseedi®nalyiehi gjanethétemisodimerdnf ar ged vi ew

of the {op POt dinplobn bjcbih 60APbELRMveRIH! €M shown in Figure 14, but
and wth a

with the tree capB:@o onent” renoved A runni ng tool connected to
the top of the tu |'95’g£ﬁ‘éﬁg?e§0h€‘6ﬁ%ﬁ@rﬁ§ert§qﬂoﬂﬁéthef‘WWﬂTP'@W?n Psdre 16 is a
top view of tBevwrie€iguepiz;onponent of the flow conpletion 10 apparatus

shown in Fi.gure 13; Fligure 16A is a cross-sectional view of the tree cap
t aken al ong li ne i‘guié Q%P F% ﬁr%edlv W‘ﬁ?%htro@ Pq! %‘P@L%M%WB%PIEM i onal view
of the tree caystamakmwvrahGigyrd 14 buBvith tBe fred cdpi agmpend B rerddveliagtingth 26C i s a
cross-secti onglynii %EH ng.lin < of Figure 16;
Figure 17 is _anp]o ?Q//Miy gé\r/mtg?@?trtl%ﬁﬁé |F\i¥gea£§§gg @%ﬂ eg%cérl'rﬁﬁ%%%fﬁhgé‘ fl ow

conpl eti on apf¥Pdls shown in Figure 13; and Figure 18 is a | ongitudi nal

cr oss- sect onal virgyire{s @ o145 BRTor BE1HaHLBBRIRheni2P 1Ry LHiORP et i on

system of .the present invention. Detailed Description o Preferred
Enbodi rrentlé R@ﬁ%@%ﬂ‘@& "I’f%ﬂ?eemi, the flow conpletion assembly of the
present i nventi offjguvdi &hisiascrosseicctunaldigestdnairdey/cdpyaker§ Rsrgee Anuber 10, is
shown to cor‘r@frﬁ@ﬁ: 36.tubi ng spool 12 which is connected to the top of a

wel | head housli ng 92 14 that is installed at the upper end of a well bore
(not shown), a tubigse HEhigercross@eolivnelhvidvsofdhmpiper tepdalien ddvg linali-ng spool 12
and from whi cé figursygpended at | east one tubing string 18 that extends

into the W(Sell borg, and an optional controls bridge 20 that is nounted to
the top of°the tublHE Hiol§@ orgss-serionalMsvhef tapisest caplakes senaline@+ 6 t he
wel | head housofiijgutdl iy a suitable 30 connector assenbly 22 and is seal ed

The. tubi ng spool  EHast | cae & HakaPurfeshi e GEBar Elktiol “hore 26 whi ch
ext ends axi al $onpietien eppareiugishown indigareal3; pndduct i on
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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outl et 28 which comunicates with the central bore, and a IZ@Qp)port
shoul der 30wwhiehzsks | ocated in the central bore. The supg%,%‘gm K r 30

may be 35 either a separate support ring which is renotely installable in a
cor r espondi ngr@ep@:]@iﬁtﬁ@&éﬁra?bdre%E)anﬁﬁ%all%@?ﬁloUﬁ@létﬁﬁ@%or eceptmcl e in the

central bore art .of S 1
formed by a r%ﬁuceéj bgl are C%g d%cr)']'E? rgﬁrt|8x?o H %F %09?'8‘””3'&%'?‘{8 I n
Figure 1. AsAayeeril htseieithe terthéiubleg spodshowig be pmﬁrétosmtmuha:ludma smder st ood to

i ncl ude a spogke, o F@m’ﬁ{ i n which
t he tubing P adhﬁﬁma@trggws%{g%rg%&ﬁ%%@b?ﬂ%|“ﬁ]géﬂﬁﬁa%g@?]%fg Jpported on

ha
the annul aP H%E‘l’&ﬂ’@#gf@o and is attached to the upper end of the tubing

string 18 by convdhtitumia) hamgents is Susphriedon mbraﬁaﬂarshﬁbfaeﬁsdoéﬁags string 18
ction re wi thin the tubing

extends into Qre an
string and a %Kl&bl Ny oatﬂ'%)u'?p%e %Oﬂﬁ? @gﬁﬂﬁﬁ'ﬁgﬁﬂ& C?fa’ﬁf’mj‘a B1eaes U 2Shi | e t he
i nvention is theassi HeelivhingsirmgviB tehtends ietodineeelt itora asd deflres awbddugtionst ri ng 18,

£ Shoul d be, WIS ARt Aat i Bho0 BADAST Eopalld B, BARKRS, Lo support

two or more tubing St e el Pinjection -
t ubi ng st rlpng§t”n9 Biledhe rwentigalis desadivad Herein With eefarencite atsirglenigblh@nger 16 i s

shown to i ncl siay 1 0kl 86 LTRDobPM AN RiER: 19 SoiPAREISRS @ Qeneral Iy

stepped cylindri C'ﬁ%"i’ outer wal , a pro I'on bore ext ends
axially and cBie8 C?%{P?rﬁt‘fﬁ*ﬂéa%”ﬁﬁmwcfﬁaax/b%aﬂ@ﬁawawrwmc&@ with the
product i on -bowbingktrihhs in amangers\tdukn@mm,th@art ateral production passageway

40 whi ch t end d 38 th 36, d
an aln(r:lul 3)5( ggrz jﬁ%@% ﬁaﬂg?rplro qﬁ’ ?5'Ic rgﬁQF@?‘ﬁfrﬁ'gﬁgﬁiJ‘f“ﬂj ng annﬁlnus
32 to a 205 porampigedd getmsaltystepped clliodrealditdrivadi 36sa bodadtied hateodse t he t ubi ng
hanger 16. Thgnioh BRbME é}%pﬂﬁr‘id Joﬁcﬁtﬁé%u;} {P&Fcl gﬁ% @og@ 543 %E:%%‘dﬁ%a gerber 44

and, in the enbo I ment I nvent ts?eferabl y

al so a secondl §e grsuFaRkere of A W’B’F‘Qé"ﬂﬁgF%Iqlﬁﬁ@'m@ﬂp’fﬂﬁr}?@a@l@w&b annul us
bore 42. The 4 efieh éﬂ&c%lmﬁﬁbeﬁﬁiﬁﬁod@imﬁ B@é%&%h@ﬁw&ltm%esaﬁ@‘én be

d bed 25 Th bi n f bl I

compr i ses a1 DL BB IR Aol e SR e g snGAFR P! udes an
axi al bor &0t heartidngf tfwepeintibl bart 26 thatds lopated aiedviedine hlbtng haBgétr’(G maesufficiently
large to all Ot‘()blh%ﬁ?ﬁg}ég‘l@g[]gé c|uegs et oo ombHELEARY, AT oRBSRER"*"

dlrectlytothe anger
of the anentlon 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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extension nenber 48 is precisely oriented wth respect to the & L&)Elﬁ}g Mger
via 30 one ovouemigsral i gnment pins (not shown), and is segprgdilbfEet o by
any suitable neans, such as a plurality of bolts (not shown). In addition,
t he ext ensi on 56 néthdy cotBepee foethalowyer pmmdnxﬂ(ﬂie tabuhgié;bo@llhzybﬁhtr@adioﬂg | ug or

key 50 whi ch, oﬁ%[EMentoHQI'rﬂ% Igar}g m%s sgﬁabl dm%”béﬁ‘gsét{?“?%g%y OO' 12,

engages a helica ace cause the
t ubi ng hanger thegadagter b'ﬁi’!f‘@ G6ratnd batv@sn be’@ﬂnﬁetlbmg Bmtﬂ a2 npdthe Thdtihexdi ent i ng

sl eeve 54 is @y 01/ 73257
PCT/ USO1/ 09606 %;vﬁtghﬂ@é@;aoﬁﬁg@é géhé)éb%‘h%&g?&e%ﬁe %mtg%%ﬁé%r%t he tubing

spool 12 by t FAERRRME Pronst erésntation wihtasersalo the tubing SPnOléadihﬁlkeh%wm tabl e
fegl s may bfe rimumtb@rs&ﬁsaw\fmlwﬂﬁbfgﬁnh@j |ﬂﬂ1%ﬂirr€ﬁthr@;é%%'v@945@?1@'591@?#&”%@[‘ bg% h the
ubi ng spoo ousi n o provide a backup to the
seal 24. Owceil’%ﬁgpiq’r% 36 TE'”@H gﬁ%‘%’tsﬂ:ﬁ %PB%T"“Q‘S‘H entation with
res ]E)ect Ej o the tubl hnglowpmm:lem@) agshmblyel) n& aniol inhcludd;ra]pckd&m s%elﬁé (5(] I 58 V\/Pl ch
s Tormed i n Whgndt SR G ONEIY oyl SLARLHATLR! afiShe ighoal surface

52totrapthe ub g I'ts
conpl eti ort as§léq?bl'%/‘9 @qﬁ?ﬂy‘i"@l@bﬁ*ﬁ Wh@ﬂfé"f@ad bclllmhg/\m tHedeskdoB@slewh ch i s

L hr eaded ont 060 hiey BekhamRd i &%BFo%ﬁatQ%%‘gﬁ}ﬂa%@ttorﬁEgﬁéce et UPI NG 10
spool 12 Is |%B§F Iacked ousi he 1 ockdown

sl eeve 60 may %BQE@?F%&tﬁ?@%b?f?%'?’h@%ﬂgd@ﬂgﬁr(ﬂﬁlShQW'BJ)ottom surface
of the | ockdehigh ﬂwemdedgatges:aﬂﬂ&dh@nﬁhlr@ 14 m@meéwmélemmu hanger (not

h whi ch | | head h he | ockd |
20 w11t hus b BCERRR B b8 R TR i 0 i Pt T o1 exanp o,

t hermal 185 exﬁ’@tﬁ'g'ﬁ'@hf’moﬂb'@ﬁm@Eﬂm@mduﬁlchmesipg oSuiblecnals aisdyreso b&u t abl e

ZSZLfe?a%uiLfgé’“E%“ Bauee "*&Sﬁ?‘ﬁ’%& HhR R SR SRR BB el) 1o 11

in effect Ceyng Benaenss Higt tha Lbigrserel 18 adl in efieck seadio hasasiagl of t he
wel | head houshangedi4 adﬂiﬂémfordrmgtﬁﬂlokiheh@!liﬁaﬁ%"o@sxﬂg 14,he flow conpl etion

frow through t he PERECRLR EaPd, F3bw AP EiE sy Ao meodtoaiast nvent i on
depicted P F'P@ﬁjloée E’OStﬂrh@thsdfm:mmirrmihoglfldn\ethroughcbfmjpredmmnbentlet28 hpused in a
e s oocK e ehibblmift 1N ifbriith bRl d RPN DI proddunghiOURMET . a5 1 S, el

understood in the art osure ncor thin the
body 34 of ¢ HASTLLAGbSE GPUoes Top veluedi icrcp eliaids fhe ubing spoo
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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'25 di'stinct conponent which is bolted or otherw se secured?tlp oh¥ t?xuﬂ hg

spool 12, WHheMausye bl ock 62 I's shown to conprise an i npefpaldb®w
passageway 64 which comrunicates with the production out?fj é/gs

producti on rrahdamergazldeecr@(ﬁon ﬁuerepf:@dmkiea)ﬁer‘édnrt@faéﬂita\i@a@&memﬁd@] gfdrow I oop 70
The 11 aw comperranOLalETy PGy oabebe i BbF hades niy GehRRufcL, S
val ve bl ocks %2l 7GarcHoddnowthe thing hWpngsakd e tubingl spdelst 2athe eumigehangads uat ed
e o BELRGHWENE SR L0GER0 SEhSERTE w806 Cont T oL 11 ne

(not shown) t | ow ass t he tubing
hanger 16 Ps ?Wreldrhyc?ﬂteﬁéwfa@lﬂfﬂ@ﬂmﬁbﬂwquZObedy&4I’c’dmﬁn@gﬂamﬁf 806, only a

portion of whivaibh isSsligdyve J’é&gw@pm@h QRhsid®7 i vely standard
conponent and forms 8 a??' B}gerent S'n'se?f“.“aa”%?pézrﬂ%% E P 2004 WO

01/ 73257 PCT/ e m&d@ﬂé?mad g@ééP%@ﬁ*’@ﬁ thah s fesred by 4 weygiged her ei n
to facilitat eindme dmrdeﬂesbfa‘miomgr vodll 36t rreemrms@rmo:va\mude@atubmrﬁbdwl i fy

connecting th el to the runnin t ool | ocki ng the
t ubi ng hangergff{w be]@%oﬂ S ssg% mr?zgm"[gt{@&t Yqua'ha r‘%’j‘tg‘r(‘%“’f‘deal ly
provi ded Wt hSI%BV@ﬁ&Wm::hllszad:cutﬁulgetheempemdcuitm&odﬁlaeha eviindrivaefasted or 5

hichis ¥ ?B’Eﬁ?ﬁ?ﬂ%@?@@aﬁﬁ?@@dgﬁa TR SR e et b e U ol o

| ocking ring BT iteRY P& @B‘ﬁﬁlﬁrﬁ@ﬂﬂ%’rﬁl%ﬁ\’gﬁéuﬁ@eﬁCWﬂdrtCﬁm@GD@ lbelinged by a
reduction in pisten gdé afich Hcluﬂéséb@cdautsréévé'\ﬁdrhon% thah§ siicdBi ir&t@ived Bler 76

I ncludes a t 6 Whi c S _connhe to aru strin not
shown), an aﬁtﬁukar lf%%vfﬁ'&frsiﬁle?fee@vﬁéo" ﬁﬁogﬁtﬂngersrg@[}}aggglao thegug)per end
of the body aﬂurabtyowamddm@eduefﬁngsrcs 98lipatkiched tmlthé e BnandTitiedfirktncl udes a
first sleeve 1pgy ,{dﬁé}orzgo taﬁé‘ﬁ“}eﬁgéf""ﬁﬂﬁ ¥ g tgc%g tgelog‘}/{rﬂ hﬁBbody 86 bel ow

the retention eeve ¥ ston 94 which
i ncl udes a se??ﬁ lopkdngiRistpnP4-i on 96 t hat | s sI i dabl y recei ved over the

body 86 bel ow thelnfdpfeﬁétmﬁ'*tﬁ@ﬁﬂmﬁﬂdol Phlis Kwerd 6t lﬂ@tul&hé‘ﬁé‘r{ge“@&ﬁhav' ng a 15
ower end of

Phe first 1 B PRGPare fougbuna pelsh S aiasrs flg 1500 e o8iGEmE ¢ he | over
end of thel sanddhmicdlietingey 98ientenimt®4 corfrerspomigagrbm 102hﬁatrmmé¢ggrt ool 76 is
o1 5t on 90 engg nab et AR oot Tho Rl Vsl Btodd it WER col | ot
fingers 98 erftféked gpvawgrciortiop drorntictiinoers 98Vrethe @Roavia 402 aisd thersbptbclon t he
~inner di amet efe Bt b&iehd SR8 S8 TREBERhg mEAGPRE WutRRlIAE Rl win 94 1s then

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.



‘st roked downvvard to trap the collet fingers 98 in the grodye ngaﬁgﬂlf
t her eby Iocl§,r 51‘7| rst locking piston 90 to the | ocking mandrel
Si nul t aneous Bé wedge ring 100 will force an expandgﬁrfé]S(fWéan ring

of the ﬁpgefore;f Zﬁ@?ﬁ%@%@@ﬁ’é‘ﬁ P R g B R N sl b8 o™
t ubi ng hanger PEEN %yig siraknd upwast ﬁmuﬂmﬁd@ruh@nﬂl toeti&dirom thettiveing bdrigey spool 12,
the first locké nmm@we@éb &ﬁbck%ééon&lﬁﬁ&e@@w%&ﬁe JBB%ManﬁQI%o drgcki ng

mandrel 80 dop%waf ﬁ pse ri l'ocki ng mandr el
behi nd the | oliE"FPHE %\ﬁtheanrgngv\;\ophto B%W’qvﬁ%wh%?cq?e 19ckige sEnEbiea|ing out war dl y
30 into a I50ck1thglaneﬂpdsﬁoﬂl@hal\ﬂnbm@ha@ef@6t@daiécnbé r*éﬁleﬁi@dltlélﬁd theore 26 to
;Bﬂ SEZ L?Crhrﬁﬁﬂﬁgﬁw '78g Q%%thntgtt?e Fuﬂ@ é%@!)wgl?efs @glgg g%‘%ﬁ%-ﬁrgﬁﬁ n‘B% di amet er
serrations V\,hE‘E‘W@B\/ﬁnﬂlthmﬁﬂ@ﬁlh@ﬂelfiﬁ}iOC@n@agbntgaelpwaﬂéo pwhihk i®8ingf t he tubing
hanger to ai dpjgRdmepsgg rd or

| ocked positi orél3 ﬁggPQrgjo%%%b %gdlt?gﬁ%%)au%é} glété%g"eq%}%@?? t he

t ubi ng hanger "P@'el@ 1ocked in the tubing spool, the second | ocking piston

94 is straked UD\NairhdttﬁbmgﬁHng@Mstﬂ?@fefaﬁ mme&a@bnﬂ@ad‘kbﬁmebﬁ'eﬁuén% ng hanger
16. This will romt ocC mg mandr el 80
I

and therefor¢r5U %Ef"b% g'”Pmﬂﬁ‘Frﬁgé‘{ gdfre WQ%E@DF‘E?W?WB%@%?'P%WWE ooki ng
mandrel renai ﬂ'sat@:lmmharigerﬂemaklsde@mlytobmtoﬂmublu@sm@i f@ogeg 16 can al so be

bl e Paneey Bbrbihf of ARl Mrplafon KMy SO IFAELABokEA G 19 Lo 1O the

t ubi ng hanger as describ en s | ocki ng
pi ston 90 upvJ&?"%{1 iop shewn intFigarg B e, ari- baﬁbﬁfﬂﬂ@ha%mmﬂ%ﬂ%ﬂmﬁrﬁlher eby al | ow

the | ock nb ngbﬁﬁoﬁﬂng ﬁZ@Iﬂ&h 19 4boupéd M&ﬁa&@ﬁiﬂr&@sttf’fh%fdpééi'eﬁeqaoplQBThe tubi ng
hanger 16 prefe I ncl iﬂes an anti - bac mechanismto nmaintain the

a
| ocki ng nmandr&f% '8 u‘%/‘ﬁ 3 §rEateg ouisy syirse thebangases & kerespyndpgaicevachat  t he
t ubi ng hanger suremivhish tecformeal on theBkediidreetemd iHaubikig @l b2 THKr i ng

Phvent i on shofiariacs (GG Eht BRLET A %rady%?vpk'nwﬁaﬁn G gt an ant
15 backoff rithg loy!flzgmnéwl ndheledied wasitiurorlaties oyhe inpeadsensiort 72 upper .
ext ensi on2¢8 andAh%ﬁéMQﬁ/%a%tn%@éi{oﬁtrﬁ‘ééh%rﬁfsﬁﬁfréi@ﬁﬁ'hﬁ&ﬂ%Seqrgg‘%gmter of the

fg::rk?f]goprgm?%rﬁb%@%/er&ﬁpégﬁt[ 'Pﬁ"g?ff @e@aﬁl@mg{egf%dl@m@d Qe%{ﬁgﬁqlggﬂv ring and the
| ooki ng nmandrrefereick nuinberst 1@pis Bhewmto doRBrideOf KD Bnd PIRcliifen i RubpRieliooked
position relahiNen kGt DEuRRe k£ ENS, on theShner 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



2.0 An alternative anti-backoff mechanismis illustrated i Sngprg[}@
this enbodiEAts,.st he anti-backoff mechanism which is '1‘{4‘ goﬁgeneral I y
by reference nung 114, is shown to conprise a split ring I 6 which is

supported | nccﬁr%s@dmhhg%iersqgﬁﬁﬁt drbGorkledtn e s?!@hﬁ@%@ﬂa Helpamaintapringli anet er  of
t he | ooki ng m it rin ncl udes an integral upwardly

directed toot¥" F"'Wgor?%e”!? Y‘,“Iq“ fet e s 6%« ng position of the anti-backo
f mechani sm 114 r €gitttkemolenalthongh bk splitpihgin 48 Btnprmal bevdugic shedi r ect ed

annul ar groov t f of t he upper
extension 78 @ﬁgeﬂ %’éeﬁsg@ﬁr?g{“%éﬁg %grﬂﬁcﬂél}lsﬁn g% %%fsel qbwrﬁ&g%eﬁward forces on
t he | ocki ng nelwdliteof @Pase ping f 2hionirgs b topkraringniéOreaey §em the g®ovasri@dgh t he
split ring 11§, tﬁQtCIhé I&%kuﬁ&%ﬁdrél‘d@%aﬁ%@ rét%c%e'&%anPd’]%I g@%ﬁ%@ﬂ%‘t@&n g8 30

Consequently, the | ooking mandrel wil revent e rom nmoving upward and
out of its | SRR JEehreieasewin 1R8o8pEss Ve bpRHPHEP NG 16. However
downward f or esrgedditietel Redti 130 wiiohds B4ppBE invd bdrrespotiihgtdiebpe@ot h ring 120 to

camout of it ropye nd _enga in a wer qraqove, 122. Th
ool Chackor f  SnRaRRE 1925 AR R RRI B s 8P, R e Bl B de i ns 124
whi ch ext éfd thatubiregl Hapgemittothe rwDir@iod I8 567a2dedSERh bihg RENgdrsad {29606

_ correspondi ”%d&B{acﬁ%et&@gﬁp;Btﬂﬁm gl ‘Fr;;ﬁébf d’B%vJa@I tb%ﬁ%qsé’& %lﬁeﬁ dn&getéﬁ&ﬂ@ hel p

mai ntai n the orrente e recess
Fur t her nor e, %flﬂﬂehwgﬁd IOFI'@"%IPIF’EPIE againgg a19% cemmiyerfaed 134 dfieageigleasabiist t he

ulogtre; | Ie;<t engl IrJz;s nguss fbidgs matréleés@mf@smél@@uﬁmcmﬂﬂtﬁpﬂfmfgaahbxéngpglmugﬁz a5
gr ooves >1/22 lh?%%ﬁt't[?rfgeawaé' I?i”h@e Ir'c'*’ﬁfreéIer‘%?f‘ 2%{’]? tﬁ%'e&’e?'?\é?ctﬁﬁg}/ Huri ng
retrieval 16f mﬂgelmtmtw@nga@ammtwmﬁthelﬁmhesmzease pin 128 conprises
cylindrical body parii %ﬁ%‘ﬂg RO, ik ARG AR Shodanl ot iR o | S

trapped in-a correspon ter IS formed in the
upper ext ensi &inpekgdion PY%’E%T' fdhe Eltoﬂiliévalbor@f\?'slﬁ)sqw aogke g Hﬁ%{h@’@?ﬂ 16, the

runni ng t ool ﬁa@sa?dagadwaq;fbtbzaajrwmxﬁr PRNGRT inddeebriiife viGaNd | ocki ng

t 94 t di angt t f th
géioﬁg I ocI(Isn‘éfeiﬁ Wﬁ?f’q’gﬁaﬁm%é'fabﬁ agsgﬁsegﬁ?%l%r‘?e%@@bﬁrgﬁ eIEThgﬁlé’ﬁll"ggl egse p?n

128. Thi s 20 or wemberhd 38,638 aseprpiersblyh@Blinactoah bipge whisha ngcéivdadnspl it ring
116 d i i X th b
Lo and Py EhesRlbatl s E L GAR RIRRSAESh BRn e her eby move

engagenen Referring
again to Fi gupeert(nof %WOthth@irl%)ﬁﬂmmd(ﬂmd@ﬁdéd wﬁhlopmda@tnoorbowf le hedifidnow

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
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"conpl etion system 10, the production bore 38 is seal ed a@drwgﬁ_"ﬁ’emﬂé}ductlon
passageway 4¢hRysafirst closure nenber 136 and, in accopdapgsoid N the
present invention, preferably also a second closure menber 138. The closure

20 nenbers 13fetal 3l arhﬁhBbrﬂﬁ»r%reabh}hn‘é#rﬁalblsl’é@hrﬁgrlip\fmamdﬂ% aMeseh are received
I n correspondlne%gr fllesltha are W‘g"‘ tf H (ﬂwctlon re 38 or in
a bore i nser EO[FBY UYL '"9@“@8% IfHig g an M QUigF 8dUCtI0n

bore. I n addi bﬁtbeltublng Heegdr apd et ofteotadahspating Hps152dmlehgageelat ed between the

plugs in a cogy %F?rﬁﬂ@ annLl??gﬁﬁl $15aRE ?%@Dr‘il?ﬁ iQ?oI@gﬁ’ d%nce%raiano draulic

| ock duri ng installation econd acilitate the
testing of *bo¥h bwﬁg@o'aﬁlteeﬁreatswé? Hbeare n@tmﬁllv e@pntemthwéhwaéng tiﬂ*%‘e t ubi ng

hanger 16 is armq:le@ﬁle eah@oeﬁj@bé@bntbmh%e%@o%sﬁohan@ H@Aun sumgb 12 by a
first annul ar _sea ‘\[p‘/n ﬁ osi tioned bet ﬁ 9 %anger and
t he tubing spH'SIpr%PBBR?éN' i %P@HH‘%‘PPBﬂssﬁﬁwmeﬁﬁa% L 4ﬁaeaccordance
w/h t hht he pr esepdced ap@hon the fubbrgdfaagalbiitybyal space riag dBhdhiam msluaes seal I 14% 30

ich Is posi ool above
the ti st et R R B S R D LRGORsp B 35, LEhOEE el T
forms par tl00of seal pﬁﬁd@bﬁ‘lémsS@é@ﬂ*@&@émﬁmwaﬂgwm/mtaal%onwﬂl@ﬂ udes an annul ar

| over seal 14ﬁur’ﬂ@rrﬁ5}e'1%th@%ﬁ&dﬁrﬁ’élﬁgftﬁéin%ﬁﬂn%ﬁ&w&lHWAd_auge RGeat6 and the
t ubi ng spool sz bel ow t he 35 production passage seal 140, 146

i s preferabl y4P: ¢ Krlyres %B@‘bOft‘%ﬁﬁ'@PfGalzwg%@i vbarﬂmw;w;
PCT/ US01/ 096060rmap<a1dlrﬁgemovehmhar@cfdsmfeusaashe%fealsmae,r146aclrvmie Fedhtag | ip 148

t hat ' | | f 0 wh Is f d
on the outer o R0 PR AinyRins B, BBl praR el ondhesilie 2y f ng 1 p
152 that dAgatyes-tywe sedsr espondi ng annul ar sealing surface 154 which is
formed on the cent @Ee&?ﬂﬁ%eé 12513 Ie%gf}' n‘u%Pm P?n%ﬁ%&&a&o@to tr#‘lﬁrstare

optimally orlente sea nergized rnto
engagenent wi #47 i"f‘%‘"f"id 'éﬁ?ﬂ@ﬁfﬁémﬂhﬁgu@éﬂﬁll U%‘lﬂrﬁ sitalle Fysupperéripg-essur e

Wi t{nh n E hg pr Amhmétiv@tp M&ﬁgwywé@thsﬂ&oﬁ(ggéﬂdﬁﬁay ddthprReQ Spﬁcted aFaLt |
on the tubing e i ch i.nc ateral hole
158 that ali gd%%ﬂgl rg{cﬁaép% 1%88@ B hispfggg ulgbseag%fiq ﬂ%sstg%r“ re 10 seal
assenbly 244 ﬁ@age%@p@cﬁwmdlmaaum Emgfabm‘r@emhulaiys anrmedmtheperrtrahgor%O.
Furthernore, pé flieseaMedi Hr‘?é?‘keooéuc é.’&z'?é Q@ %ﬁ%‘éfbd é‘zg%ﬁ%q’h each

seal 140, 146 |ncludes a palr E seal rings ch are

mounted in cHAH [3Qﬂ%tpﬁRjCQﬁhSdﬁﬂe%eBtrﬁ%l@'IY&UBVW%?‘P%U%W&SH@W@QI1§8140 146.
Wiile, the balﬁiﬂi@hter sealing engagement with the sealfing 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,
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‘seal rings 162, 164 may be any suitable seals, they are @rlrefSaEPo
non-netal | i Qvod45;3£5ace type seals. The second seal 142 i spptetsh y SI ml ar
in design an operation to the first seal 140 and is connected to the outer

wal | 36 using a suihtglh éie'bfmwpmﬂfmodeidigpera%ntcﬂitﬁ'é&bw& Ietl@ﬁsﬁl@t‘{m in Figure
5 the second g endi n on which is
formed an annu?gipe t:sbgﬁ ﬁqgga{fggg?ﬁg{%g%agﬁ@a gté‘reg f‘E%FF‘gg‘f:FtS’H i ng seal i ng
surface 170 whieEH® §0ﬁf@ﬁlﬁ@@aﬂrlﬁr9ﬂ1@b\le®erﬂlermbdtbtwreborﬁénd fReensieminetd?2 | s

ori ented suchThémet Wr@&%éﬁr@v@éﬂ Byife ﬁr%f‘ﬁlu@hﬁ%ﬁ‘?h%ﬂsﬁ%ﬁ%ﬁ%t geal wil |

tend to force the radi al’l y outwar S the sealing lip 168

Into tightdr SN h@’%ﬁ@&ﬁ%‘ﬁi@ﬁpyWetsﬁcQﬂﬁ'eP[léﬂeﬁlalaﬁgff!ﬁﬂepmfbseBVME The seal 142
is preferabl th&thmﬂﬂefsﬁ:oﬂhl%twf@ﬂictwbﬂthé%ﬁrspéndts'éeoﬁdb%blégsW 16 by

threads 172. .t he jS ti i nst _the tubi ng hanger

16, a top sur a@m?fgtzf}n% ﬁa]rg eé\v'rwnﬁnghﬁ?ﬁ%?fﬁi ‘3%8'?1 geteead d4h0m176 that is

formed in thethggeeandegnl 14360r both, meay dbmprise, ananpulef reyabblywtachGs shaped seal

ring 178 ma r0o thformadlnthe
g yléﬁsl%ﬁéﬂi Bétﬂgﬁgthb%tﬁna? J%ﬂ?érea?rg?%dr}eﬂgal%o% O%P%IJR AewWiiTie .t he seal

top surfacg rovi lonal pressure
142 and tH tEfBin’Fé'O'F\B?ﬁjéﬁe"i%’ ar@ohmp@m@mﬂ@t Athexefripby suphysealtis on syst em 10

‘may I nclude agisti®a8tn 015 PRRFKNS mgqbuwm& 4 en the
t ubi ng hanger 6 andnthe t ubi ng spool . 'Tﬁée}eé)g@?&??]ﬁ{gela%gw ichis

preferably a WONE Wt al 1i ¢ S-type radi aI | nterference seal, |s positioned
in a correspondi nghemfus, arseparaegsedshatconminiryrir@cap ik idiee@iée wal | 36

above the seayoidns WelBHLIIFE, HApSER R0 EC LOBAGOE Thus, 1 n te

producti on_node of operat OW CO % he tubing
hanger suﬁf)or? @W‘Wtd?oy Iﬁ’éPlPYﬂﬂ’lPsffWaP @wlbﬁeIQEd Wﬁlsfﬂm@qu completich pressure

cont ai Ni ng_ basysieRt 0. 1aérs6\RR, dnia@tﬁértetsihtflﬁé Br ’Rﬂé %n@@@inttﬁh‘?tupmy spAITEN 40Th:n g

first barrier gst $r|0V|gaer g% g
the 5 second DErPs BPYY 1361 8% pradiptalipdrthe Qgéﬁﬁﬂsﬁlwhmu%ﬁﬁﬁuﬁ'lh@ second seal
142. It shouhgallpdonofdbe shmgdhatdeatimdyibe réeeddi on of the first and second

S_eal s is to isol atsnech? E%ﬁg&m—@%‘?l&] B%V\}%%Fﬂ Iegérg?r?’s%gb nVIEC%%{I@t Ther ef or €

either the fiyrst € secon 'conprlse an
annul ar. rthg B2 bingkpegeri1§ asesrmptsasce hbseeiserice andisbmitpl kamigés  and t he

central bore mn@@@hd&w&mw@me thRe s%:c@é@%ﬁrb%n%éﬁ%ﬁ%%rﬁﬂgd the
production Ourgdtgﬁy aroundetﬁ(e gé)ntrawxls of tl‘t]e tublné hanger 16 and extend from the top of
the tubing hanger generally vertically into or completely through the tubing
hanger. The service and control 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,
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disclosed in U S. Patent No. 5,868,204, which is hereby incorporated herein
by reference. Therefore, a separate pressure-containing treegc r%@@@
required to provide the second barrier. Thus, to the extent %U|red
specific application, 15 a |lightweight, ROV deployable tree cap may be
used with the flow conpl etion system 10. Mreover, once the tubing hanger
16 is landed in the tubing spool 12 and the plugs 136, 138 are installed,
the BOP and riser which are used during installation of the tubing hanger
may be renoved. In the enbodiment of the flow conpletion system 10 depicted

in Figure 1, 2ommnuu|bubnagermewnm:la{gé%egrsgus?ﬁg@%gunber of service

and control shown I n Figur Wce and control
conduits 18#@?%”%’%% F?&bi" torﬁﬂﬁ%{?fr?cﬁ?%wQfmemcea’ndcmntrel of the tubing
LD, e st NP L .
control on uits 1h812 gﬂ ’ﬁE? ?&] r?g %Q'E' Q?r?oowgiﬁﬂjlscabl es or fluids
t hr ough PR mREEfylrin bmlmﬁsi cowemmsdPﬂgnmgpm Ngserw ce and

e

control |i n€£1918(1BQB1 ﬂﬂ%ﬂ@he@ébg r _positions | ocat in or below the
'I%ﬁ)opa?esdlg” £ erfFedddudgs gont rol conduits 182

t ubi ng hangg For f nB
may conmmuni cATEe R Biestal Prddedines and 3 agiugtiig mechanistifenenpen r ol nodul e to an
oper at i onal Cfaimclmg easiubﬂidg@fﬁn@to%&ﬁ @Q&w&é)%tdrc%k r&%ﬁ%ﬂi@@,@ﬁaet y valve (not

shown), 30 WA rglds grcate in the tubing stri %r nore service
and cont roI TN FERP IGHAA PRnGge and moetg@ume Cormegadidly tidi ng annul us

32 to a0 eRediinpke towe omnaaabnemnmdoéuylor%ndtwm& h%hé’fﬁﬂfﬂg%#m to a

pressure nofy i efihfiGeq ARV, at % i nstance,” on a e vessel. In
thi's context. the aﬁguﬁ]uésaﬁﬁghqﬁ g@é e MYHEFE e erendse clasiger vi ce and

control co n'H?ﬂ“E‘efs oy conjroliipg flow Gouphecspoctive eh@gehrneéi qRerdly SR N Figure 1

may be usedheneéd'te ifdluewih o facilitate the connection
i ! é@%@%n%w@%&% tlgﬁgsf’o‘ﬁagf"é@ﬁ%dl ng exter nal

of the ser&h n ﬂ{m@
service an {1 er iRzl s contels Wd@ﬁmmtpbﬁemuﬂylsﬂmc:bﬂl}ger 16. To this
end the %oﬁghﬁwplghtimbdge;ta’ﬂ@d andVebrizbed @m@ Las6yi bed nore fully in applicants'

co-pending ' U& I ion . ..09181.5,431, which irs hereby
i ncorporated b m?ere%‘?zgﬁlghé@ d‘%@ghﬁngeﬁaﬁﬁ@}“dﬁ?atﬂmséﬂrﬁaﬂtclbasmdge | i nes and

an act uat i MERSEfhAMSprefestbly alsrot sicynd ﬂmmbmﬂ&ﬁaﬁﬁdﬁ&b!ﬁ&fﬂdw ne to both a
service an@rmyhtth@ianrﬁm&dﬁféaﬂ UAtﬁé?a@tJn‘él%kﬁgse Q%@ and g corresponding’

external s | i ne. Consequen
Eerérgtﬁy gtpgcﬁve cosure member that is, on% that is actuated in at leastone

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 member

N . may be either an aciive closure member or a passive closure member, the latter

typically being defined as one that i Is actuated in one direction by the fluid
contained by the closure member or by a component with which the closure
member is assembled, and in the opposite direction by a return biasing means,
such as aspring. Anyofa variety of passive closure members may be
appropriate for use with the present invention, including, 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 similar to that
| disclosed in applicants’ co-pending U.S. Patent Application No.
"091815 436 which is kereby incorporated herein by reference. Referring to

35  Figures 6 — 8, the gate valve 44 js unique in that substantially all of its operatlonal
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10 need to nmake these connections individually or radial @ lit @%Egzﬂpﬁe
t ubi ng spoolyalgshs elimnated. In addition, the controls bri d%
i nclude one or nofre closure menbers for controlling floRCTHEY

t b I d t d th
Cl oture $m2L§:§OAé@$SB%%§%rg§WI%Q%ME% e R

Addi tional |y, o 8t 9339 valvsr 44dig erlented genpredy @ﬂ@llylsy estd bécopeat |y 15

| i ght wei ght t enitiewinsitiad laeit @6 seBlichbe¥eforisd t'[!gm @1? rﬁ@% ' (r)rged 44
rs osure menber

above, the tu r | udes, at | east a
and pref er abl 3‘5 d%?%ega‘a%s%%wad%? g%‘feétmﬁjé?‘?ﬁ@fﬁ 'Qi'BOffﬂéﬁ' gatpmlyeds. |’fheg f1 ow
t hrough thé aﬁﬁlﬁulwsbdmp&fet&lyAbiud%fbtemeraﬂéhM‘ii@ﬁ?% c%h%d%@enbers s

f bl t uat ed t
st one 20 Pal Befet o TR v T gnobes Bces O e seenchaper . -

exenpl ary act PR, d%ﬁigéfesr?eﬁﬂﬁ@rtbe inuttis bnw;AEbesmwrttalcbmpiF@ram&a@eﬂ n the
present i nvenbizsh Hamlvlvhﬁ@l@ By |
act uat edbal | ﬁf‘ (?_@ %)} gge)(tarYd\%eggHérg%eﬁlagy th%l‘rgﬁttﬁé ﬁﬂgsﬁtﬂq@g@? Lﬁlﬁ%t terfly
val ves or sti % Bgge &t B’FH@T1@I%r%f%%@lera"mlamethmughme an active
g' osur e néﬁbebomquwvmwtwmaw@engmn mteeméastg%r-an%ﬁmyghfeﬁ' ly - behng

efined as on t n_o i rection cont ai ned by
the closure an%%% gehéra Fa%f%ﬁg%%ﬁ? {hﬁn“tpﬁer\ﬂﬁ'ldéq’l"’etr Enehess Jiodacif@aber s
assenbl ed, anﬂ‘elf?fﬂtaﬁ@ dposmrtubisdiorsats, therntbynedistetrafich 'kBSG&dBQ[yWE&nS such
as a sprin ma f

pring. Yhidd iﬁto\fﬁé btﬁéi%vé?l SG%E%eﬂ%e&% ﬁé%luﬁ‘?nm%@ ég@ %r AWnot 1imted

appropriate fg present 1nven
to, check 30 Q/tg?r\/sé'gam%ﬁ'ﬁﬁﬁ val ves and fl apper valves. In accordance with a

pref erredlenbodi m¥he gate vialve 4i RURPlided B gehdtBIy okig | ty“ﬁg%{ H44 1S
preferably angjtger B%ra@ﬁg?aﬁ(yi e ge o ﬁgulaﬁg@é}{%@“ |scﬁ osed in
appl i cants' co-pend er hé‘?ﬂgnﬂﬁ?p?%t‘%fa‘{‘ﬁ”&ﬁ R intergrpisiaoth 86, which is
her eby |ncorp'6’ie§fl%fﬁatﬁ@r@plm1&@/amcbd eavdocend dsafrelrcohdug 18023 Jddsbiem 6 - 8, the
gate val ve 44gnngiak8d-4WE | Ly..all ts operational 13" 2
4 SEP 2004 O 01/37325 el o B3N n@é”ﬁ%ﬁ&esbc’ﬂ}‘é“h%'ﬂ?é entirely within
the body 34 dPFefsge! Oc”LfBrl qﬁ%‘?ﬁj’é}’ﬁ%wlthfhe indeiaedipierbrarchd 8gatkee yatb ve 44 is

ori ent ed %nemﬁdel%%@iﬂpﬁa@lwaﬁn@ Qfﬁ‘ﬂ@éﬁh@-tdws%gngoga[cﬁprgéig'gfsal Cross

t | |
Zggolrr?rggat 2rt i stéeO}r}ﬁ F‘ng %ﬁpgtq P s \‘tr']ma{'aak@bwwsmbewm 5 annul us

bore pref er ablgseaig19tiesd an Elatuﬂmglmebhanurdnzwmwm& isPoGifEHRGLBSadRINA

l'ongi t udi nal ibtrRRGRIcea M bifo 93K Y8sye i s disposed across the lateral
branch. For
The actuating mechanism 200 functions to move the gate 188 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 is preferably

14.



‘exam;)l e, in Figures 7 and 8 the annulus bore 42 is showne {foSEo%p?[[%/g an
upper branqﬂ) ? whi ch extends generally axially througﬂ#@ @g@y 34 to
the top of t ubi ng hanger 16, a |ower branch 186 whi t

general |y axi akdi dgurRUAD skl 1k Y aoﬁdw@z%gg%ﬁﬁ e ;BJ{bﬁmg% ng hanger,

t ne nera 'y between
?Eg 3Bplap :L?Hﬁa&%e’ﬁgﬁ@ﬁégya?@”‘? a‘é‘@ﬁfr@ﬁ@tuﬁnhﬁsq%%ﬁfwoéf@% B¢ annul us
bore 42, the smtaerenmnaxsa.cbaaaednalﬂe?r&cnewzzdgal ly machi ?ﬁd i nt ot ;Bleeo;gg;s
Il 36 d then or, an e | .
\fg The ggtn e val vesﬁlg @gnnp%/thgtégeg&egﬁﬂpqﬁ ‘10"9%8&%\% élll %é)'sé’gﬁ"@albl' avity 192
whi ch  ext éndslogastiarasimplelcavas pktd 822tWWahu%gh|eid hlep!mttarra ayiihdric8Gleamel | nt er sect s
both the int Qﬁd@gﬂ@%&es@é;ﬁ%?r&é@ PORy ot o8I, OF é:{se\.u%%-'ﬁl\glt 182a.

I n addition, [ sea I nto the body

34 from each Qé}ﬁﬁé‘é?té’é@? fs&ﬂe%ﬁorec M@eﬁ‘ﬁh’éoﬁtﬁw@ V““l‘gih%fﬁfrﬁnﬂ ﬁ@cqﬂﬁtséﬁ“?redl ate
branch 188. Ti4p,daz2 whﬁﬁ)akeals\éet&ﬁba&hé@xbﬁ@ﬁﬁﬁg@%th@f&bu’? $Hdol hafetion

f h t pocket 194,
(IR T R I R 0
actuating 1ﬁech%tWﬁ@1ﬁh2(bOdWﬁmd altherﬁhmcctveiqﬂmd 2R bsthasiceed 234 toiconthihe ser vi ceh
and cont o cRiu i TGBEHPY ARSOANSRAA0 LR | ons o move Lhe

ate 198 between a ral hole 202 in
? he gate Is aFCffI}?{ERiaﬁﬂrﬁt PR MR BicheaRiataibbaprowdadstweaertihe bodd ve cl osed

position in w4 ek éitaer hekever BRid B or@fefs‘ﬁe%ireﬁﬁcp%wﬁalh ﬂ{e‘%{rt@&%eao’ﬂﬁmbramh 188,

t t he
Rctuating meclueBEsn0zc PR OB e RAcARERG LS Pk SRS GHGHR ch suppor (s
a seal 2065t hie vl §adowt tohated betwkerethasebls v41, r42. BGddition ihdteali8@2the an
el ongated pi Séqr Had 220Beih didinddn/ SADYESK! Ao LREVDALIAE Rlocnldif PI st On

head 204, a valve stem end of the
pi ston rod 20 @ Wthﬁéo‘iebﬁ'a@fs'rﬁﬂ%b@tﬁﬂ 8""99‘8? badyr in skiphsiventseals areT- s| ot

connecti on ZMefemeovl@ddﬂemdynw Gel BB R HbodBE b ey e embodi nment  of

the inventiog, sh tilsnE Jr es, 71 gndﬂ%ﬂl s a nechani cal biasi ng nmeans such

as a 35 stack e? ugé'Yp Tevi gge g'Werg 214. 1n addition, the valve stem210 is
preferabl §014 24 gmemjm oo @e 141 824Yis RATHAIB D the 916661 pasitiah.cWhagii nst t he

servi ce and CiQEléén%H t&%léi’\%é aﬁrﬁ)ﬁ@ btaaé@ éer%a%%udﬂasﬁ(}'t?gvﬁo%%thg‘;' ch is held

in place by a nut inturn s secur 34 by
sui !to abl e rrgancso gﬁOfa% Ofth‘l" F—ﬁt‘é[f‘ H@F'“% geans 2%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

15



The opem ng that the gate cavity 192 fornms in the wall 3@ ifsS 7|?@m4y 5
cl osed by a phpplsgs,cover plate 222 which is held in plac ﬁl"l ndri cal
sl eeve 224 that I's telescopically received over the tubFﬂH}SWérqﬁf? 16. The

pressure in thﬁsﬂ@ﬁtlﬁtlﬁ@gés‘itbbn]f%% ih ekl LIRS 5 & A6A04 Yo AR {%Sb‘l""n;h' n

the first and,s nd

hanger to the 1?“536% @gg %hm‘l‘grfﬂ fh%t@{m%%afeP@nﬁm@%@r@km@@mmhmgn@equent|y
no need exi st siB#thsemmiMOtsmhhengpsn%aﬁanﬁ&4b<ﬁ’fp‘v°&%ﬁt tanBRA 34 and either
the cover pla 4 tai t he essure within the
gate cavity 1333“?&2? ﬂ%tuw@ h%]lég%?\{ggl%%traglyqn esﬁ"”@@ﬂ?@ﬁ’bf’%%@that one or
more such éea%'q@@eﬂead%efwemmm db vy Hdmgertmd)a po&%bn&iﬂme@etvh@r the cover
plate 22 or thﬁd&brﬂn%v&n%%iaia‘%hé%%h&a‘téh t{g}éﬁrtﬂ%gﬁ%ﬂr @fgk\ggle‘ ¢ gate cavity

192, especi all%‘/ nlEthe openi n CavIE W15 the wal |
36 is not | ocaf®Y Bd W@W‘”gﬁ@rﬁ % peuplingor zprofllenmaﬂbhe piowided atrise wad of t he

cover plate 22Pthbepmpensetian mek2byo iabiﬁta@tﬁ@&tﬂﬁn&%lﬁn of AR por8RY¥EyAY! d be

di d bol t ed he body whi ch
cvent el s oy e BPLERYSIa Bt EBueenords wlifen spmigeanand  he. body

34 to retdfn £pro 'ﬂﬂeessure W|th|n the gate cavity 192. 20 In operation, the

‘gate valve 44 is nnmémtasmeélﬁdq@aogtﬂégg%?p&% 1 9 pr SR, K YermdiBgdes! red Lo

open t he annukus bor e ﬁgessure I clen conbi ned
force of the %TGW%S%Y‘%?WO Q| §8nd 3 82h avheteEpe the farearent thshvetusar i ous

interfaces of binbing gatieanisat 784 dombirdl WRH U Reds0icln RGNS QLY b&E 4%”0' cont? ol

ggﬂgr: Lg %%a%%ﬁﬁéﬁ ﬂ'LJ'ﬁe ng'?éloﬁléjael?aﬁ'etpﬁéonthgﬁd E&’Wrg@f‘%i”@%‘? thR@aleont r ol
conduit 18%a ¥ *Pﬁ’éh? Flpgadeposifomnbbe negnasypplysg tepesure®, thessiicas a hi gh

Tl o coupl | nougoe 1a Snaon seoud @1 o IR &ty B8 AR AR ot

mal e coupllng 26 | n
shown) whi ch t ﬁT 5‘3?'%%? qa#e}%thh@e Chﬁﬁ%?@ﬁ@floﬂ@bmov&ﬁtf@rgateﬁmntﬂmt rols
bridge 20 andomhm Pokitiomtotie closedl pREIBGIE CHRE, i thelphfarRY BRISRBHER SR Ce by a

correspondi NGinEarsh fh%' G ntrol |ine in a conventional fashion.
Al ternatively, %ft]' he‘ﬁsi%%&?fﬁgosgﬂddeggﬁt rol conduit 182a may nerely

i ncl ude a?%eal prBTEFﬂ @taf'tﬁl‘*'\f%el’gbf&ibnwthpﬁhe psie valve dédhioh lstr’(mS;ﬁem:mBa!l?g t ool or
the controls .mmd@e irﬁ!hd drewiSgRIHAG GEBSin E(?néchgmﬁﬁ plilvd epré@s‘ﬂ[ Ia{%ﬁ%lui ¢ 1823

convent i onal agis @ ressure in the service and Contro
will 35 force Pohangmee UM RPiasindmechapism 2Mdavaglit e 198 i nt o

t he open 15 WOt D4 reiBR&d IBﬁeﬁEEe&ﬁ%ensaﬁon 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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PCT/ USOl/ 09606 p05| tion. In this position, fluid in the hubl ng annul us 42
IS aIIovvedtg 0 ?gfromthe | ower branch 186, throught EQ‘ U’émlte
branch 188 and I'fitd the upper branch 184, where it wil IP%?'iES%(PﬁG%(‘r the

or ot o ably 1 o) ae S e ool W Balprdiiali e Gats Bdracen e top
of the tubing H%ﬂ?&'@r"':’ﬁ'ﬂi %%Bﬂﬁeﬂ’éﬂﬁ 3§1whuqhes preferatiyeclosad dhy e@atar@s condui t  182a

that is |ocat ethbthsaﬁemwtdn@oveblﬁbmhb@@dh@%mg\é\ﬂh F udlfg anys We hRahd1e
drawi ngs, a at Che" top of

rovi
t he corrpensatlon Ortggg%slgogvnﬁ ]alapg{'%ﬁ g'etcﬁ’ée i?e&"f’@ﬂy%ﬁaqdﬁ@?eport t hr ough
the runnimy t’f@hﬂg fwingetvéthet leastohns abmdlatgea@3sh a correspondi ng ext er nal

service and 10 Coﬂﬁﬁr@eﬁmﬂdaﬁnenymﬁb herltisn ggp%t%fﬁggﬁgtapc#s e?.%gs?l %Jg val ve 44,

the pressure is rempved from fhe sefvice an
wher eupon t he '§ $1°%8 ‘??%‘?ﬁ“ts?légﬁ“éﬂﬁ?Whicblisa%iﬁ@@f@iwhaWB@mmaﬂmbnbl ned with

the pressure |branbln23mlvmwéatsaMcﬁsé&s2ﬁﬁ@hé‘%f@hét@§a@4@@§%ﬁa pus? the
bsed posi ti on.

pi ston head 2 nove ate
| f the means géa‘s'ﬁ’%i&gcu dab% s{heég dtsﬁ@t?éjf@r‘:@?%'deﬁ?ﬁ#' odm el conduit
182a shoul ¥ f&?@tzf’r Pnaﬁthvmasﬁigpretméca:etmnmusbaasnmarrmaﬁﬁnw@ 214 will

either retai naﬁé@e@ﬁi&f&%ﬁir@e@i@?u&h Mv&%bt i %tger efvgflte E:g\?%%gée fromthe

open position to the close di ment of
the inventi oR"H@RpEdEH Rﬂét%& whigh gligrsatith ted HEmgh bdevurctae s@fls I n an

| t t R @i Zrerdefind a fitie X
?I I 5;? ?a!t \ég ?B Evggm 1% o g}agasn pgﬁ%?giﬁéggiﬁ?%égﬁﬁ !s\r§11gg&'hlﬂs?ggtb'fﬁ)dr ggsu?/e

bal anced operatl ng NOY43%- r et urn bi asi ng mechani sm
214 woul d 15not beT eqaterveldeMrﬁmmamlumdsseamnpemgsmw@msmbfmo@@&el s connect ed

to a pressur eoais Us 5elubdh 4 AR 3RBHSR I Nt Dal i Ao SB% B ang cont ro

conduit 182a |‘? ﬁ; g_‘senecte pressure sou ¥ return the
gate val ve t o”tHETA Biedigw passsge Péf o emenasinosiéon, it wiisluthe hole 20Rts oduced i nt o

t he conpensat ai@neq)witrtthaﬂ&mb@ssﬁgé @e sh&\Mﬁankg%Fé)@ ﬂf‘eaéi:n%Q @%nFsHP? tlhe ga}e
ail as Is"

- 198, d. t t |
devi cgpwg(raf er rnlBt éhlam{/vggp é?tgmg%lr?’e&i 9&""*%,-?“%%9%{%@@%@516%ﬁfgav§pwtqﬂ4 which is
suitabl e 2%0 $9t5‘t9r9d¥ééer§)ﬁ5!'h°\telﬁ§19rﬂﬂt%@8t In anldifiot tbe acteatbigomsthamshal | ed in a
t ubi ng hangerwHtigh caané sihildk & aﬁlgﬁpﬂb%@tﬂ&tiﬁghﬁe&gmgrﬂgﬂlg%g&a%b%gﬁ LS shown to
|

!
;Ce)g; :iisfyalna?ciragr;!ﬁ% t?ﬁ} &?3%1% V@V‘% ! Y%?Serhrlgz&rge; ap(r:om t he t ubi n%xgﬁzglsus 32,
and a second br ané%@@@nwﬂﬂlusﬂmt@d(hﬂgd@e $, f"mﬂibulﬂ be uhddrsibodihain@hert © the top of

“the tubing hapgghraiboRs &AM éétg Daivd &€ wiRh She'd Stops ofA’dAfe 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 branph 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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35 conprises a gate cavity 192 that extends laterally through the wall 36

of the 16 WO 01/73257 24 SEP 2004 PCT/ USOL/ 09606 t ubing Eaggsgggq erally
coaxially with the first branch 230. The gate cavity 192 0 negﬂkhing
234 in the wall 36 which is preferably closed by a cover 236 that is

I deally renovably attached to the tubing hanger using any suitable neans,

such as bolts (not shown), In addition, the cover 236 |Is optimally seal ed
to the 5 tubing hanger with at |east one annular seal 238. In the

enbodi nent of the invention depicted In Figure 9, the gate valve 44" s

shown to conpfths &b ' ' | |,y .di sposed across the first '
branch 230 bgltbweg]n gg%iﬁh%g ldé‘%ﬂg;&gb%\%dﬁé é%%%ar??@fby% sesithe i s similar
to the seat §P{Y6YE QB kiingisoad. Inhie exampim thesaoniandawodie | dentical to
the first lOedeatgedd@iPbngiR8inalyRom thoiki i se an annul ar
body which ig %&bﬂ@gedl?% oirn%]?pr d int%g?ﬁ'%mtﬂhgﬁﬁ%ﬁggﬁé@rgeﬁ%. In
either event O THEPTYGuRuNs, dvaddion S8 valFR Woidd Breferahly be ipataliadinch al i gns
wi th the &hreoughrbetwsfiie tthiey lsmgérs 240, 242 to define a flow passage 246
t hrough t he gatep} L.ch-extends between the tubing annulus 32 and
the first branch%‘%&ﬁ.ﬁ Sfég%%\ﬁ%%?g @EF'\?%W?LH'B"’?’E?‘%ﬁfépr‘%f?feblnaégnmn act uati ng
mechani sm t c°HFBFBedkyalve yhich isro@misdtintbe npperdrash d8pofthi bius Boravhi ch a
I'at eral hol e4220Reichedk@vE a6 Borhii , f.l.Qw_passage 246, to an
open posi ti Ozlé'rai 1 which i he ?1o@geg%iéﬁ?aféﬁag%ggv%mt'ﬁa‘%’ﬁ)zecﬁgﬁﬁf%passage, as
shown in Fi gUPESY COEEPAREng Sp7i5r)s9ab dFhnldmrionperdin tachuppie) biasciptesi, t i oned i n a
servi ce Hhd awiispiislg 25andichtis dréRaiblyhappdred i 4 &bES43RGERRIR! | Y vertically
over the gatg, %g'"ﬁ'g"gg‘%leﬂgﬂ ﬁtxfgﬁ- gﬁt u%t%j ng mechani sm  whi ch can be
similar to any of the GRT g FEERahvanhis gpaesteddethetfisadand s connect ed
to the gate Wit exfeadsaithyaply thegppenbi®h todlatdhagdp oTtHe fubihy Ringab 66l in Figure 9,
it should bendaeiess baodlnabs: G I A0 562,k i€, dat e val ve are
(R 2o B D hodtom Bvd

wi thin the g%per of the 51%r esent I nvention. *he gate cavity
coul d ext engl ongrRETRAT Wossibohead 248 int srelirsengesementmita e dwat t om t her eof .
Thus, t h’ét ggﬁ%iOdb;reltsyglmulhejuppﬂt Brasectsqs Pﬁr&éﬂt&ﬁpﬂ tﬁ@ﬁ?pégl@,ﬂanc 'raO}/i dfha
conveni ent BBRARS ad ) .seats .i.n I rs ranch. In this
exanpl e, the gov%rﬁﬁm%a?‘ E%Pnlﬁé'] %@%88%3 T %‘%@dfrﬁ%&'ﬁz%‘?fﬁbe ¥RPRt bieRe gat e cavity

makes in t ARY BHshibe sfabilizas ip G975 ledhdreingeish Weliledd BeR off ohaigeatangor t . Rat her ,

the first SBidnaopdn pisbsl KRR aiiSe Hd RSohdy ¥ hD bl LD annul us
through thegwal lo 8fy 34 of the tubing hanger 16 may include a lateral opening which is
20 sealed by a preferably removable plug 260.

As an altemative to thg clostire 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
condulf, such gs 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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the tubing hanger. Al so, although not depicted in the FigQriesitot R4
configurati %309;32§7he annul us bore 42 are considered to be wthin the
scope of the presént invention. For exanple, the first BrHERIHOWC t he

annul us bore céidhgbdrehfis ﬂg&@%ﬁ“cghelﬂz&‘%g%%& gw%?ég%%q%t%e t ubi ng hanger

and comrunicate wth fhe ?or | e cen %8Ep 2004 of the
tubi ng spool t A 8¢ [PRCAthe$legre v Bretivad 26@suppatts i raireobaxllpymeded 0 seal t he
t ubi ng hanger apartishals P RAGthaPRR] agalndt thBbsn BB &, hR8RECeRd.br anch woul d

ext end gener al ' | pal. romt first_ hore down through the tubing
hanger to t heﬁaz/rtfllg?érnl% %ﬁ%ﬁ%&c’x‘?#e}ﬁ%‘ﬂqﬁ%ﬁ?e %B@HE@S\PQWHS d@arad pr ef erabl y
be installelt ighfour eair giseals 28is positiontd béteetiuibe BprhZosgRE thdedmeENg again to
Figure 7, the |gb R S sting.. open check val ve

whi ch is nmount %d&%ﬁﬁt hﬁeﬁt‘?g&:’e?égsrdeﬁgﬁ{t%@g&gﬁ Il'rtx@% q{ﬂ%@san@d&%a PFSPM The check
val ve 46 conprY E‘@bera\\‘{"c&ﬁ%\%ﬂﬁ?d prbvepti®sed M. 268 and@80 ddurge tredmbd  agai nst a
corr galspond! ng 2661 ioate et paﬁﬁl}nt, hﬁr&hlidhsché @édimt 4iaﬁ‘7,6tub\?s ra;[nt?éigt}%tﬁhl?‘lz 10
a coil-spring is_preferably suppor in a colle at in
turn i s mount e%%ﬁ%&%%%@&n@sfﬂ@ﬁle a&”@ﬁ%’?ﬁ@g%t%ﬁwr@ﬁy Flesecihppendusd to t he
head and Whi dRredd dmiie sbberse ghhyidreilic preesurdinaineistto widntbet ge §@iRg of t he

t ubi ng hanger wiifs | tabi.lizer fp 258 ichis
secured to thgﬁéﬁ?&%oe\%gf??g%%%agg&%ghg&)reﬁwg%%zﬁw&etgeP[H%V ¥ad 248 into
seal i ng engag PrefrieRly entall 9eei’ dg¥ce50 to thereby close the upper branch
184. In order to Opemidstie e 288 SGR-in Riguid i R Hr eRameib. M didfnica[TeT0er (not
shown) is insep ' t.he t of .t e ranch —and agal nst the
stabilizer fi ﬁ{!ézcggn %éyeﬁﬂgfr'% V%B%EW”P{ES ﬂ@ga{%‘zbl@whhwgfe Ae seat and into
the open pdsi CPBIFPONdiNGTeige and chatidl kortdalt ¢82. HEheamive 2B yorfristhe check val ve
46, the out esupitisicdfe 235 mbiEsdMRINGg Q%ﬂ&ﬁh e Kt léﬁf%[s‘g.é.‘éggaé‘ 'Agt :La' :

openi ng which_jis 20 e%ﬁg by a_prefera renpva
alternative t 80'1%59@:0@3'6@ a ﬁéi’?ﬂ'éqa' o5 b‘fq%?ép MbiEN ioTtigeey tespiversitiém 10 may
conpr ihse a si m&mbmgm 82aind ]g'lel\ﬂﬁee?‘/b ZF&B arﬁﬂlﬂlﬁl&fﬁiﬁlclhdbstdk%n{cﬁpseglfingt h \ih uppeL
branch 184 t o4 LMLt %jr Aé.in Lnto.the_annyl us bore when the
tubing hanger runnj ng ﬁ §:e§ 555'?%9198@ P 1"—‘*%8##%’% ’551%53“’5%%?”0[%'[ al I ow
fluid to &3551% achil HUGH 29@,yhlgbpeqpebﬂimi)c$ngagahb¢m&rahaulbm& dseradi s
connect ed to the bedj 2908 lurgeGRO R Hlinto %é’élih? @§%a§@mgﬁttvﬁtrhqgé Sf'pige and control
line. The congfy Etﬂ@on @E?d RS ation of the debris Valve are expl ained
more fully in apprli S 625 wiggh @Hﬁ‘?“‘fa o e seatmgd diieuchpidherrondsit .
091815, 436. 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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Figures 10 -12 illustrate three altemative cl osure nenbers which

used to control flow through the annulus bore 46 or the s vlgﬁiﬁnﬁégentrol
conduits 182. The cl osure nmenber 262 shown in Figure 10 i an annul us pl ug
val ve which conprises a cylindrical sleeve 264 that is secured in the:
bottom of the annulus bore 42, a head 266 which is slidably received in
the bottom of the annulus bore above the sleeve, a stem 268 whi ch extends
t hrough the sl eeve 35 between the head and a flange 270, and a coil spring
272 which is operatively 18 24 SEP 2004 WO 01/ 73257 PCT/ US01/ 09606 engaged

Che top of 1 e orm o (F e 300 bR 1 EREC M Bab S Ry Esnien, Spaced

the top of tgs sl eeve.
apart seals 279Yaeb Q’H%%b%@ﬁﬂeﬁwwngtshﬁmammmsaweMe cdiuits2 addi ti on, a

third pair criboseﬂhleS/aQ«?&)(bv%rdaﬁt‘éllﬁéfﬁr%@@ﬂh@fsﬁﬁg@géhe sl eeve 264 and the

annul us bore and ﬁ_“?adés%urth :{1 of S?‘i | S &;ltloned bet ween t he
stern 268 and th eV BEmver 417 depidpd inFigyre 1778 shayn te bersimiletine i s

i ntroduced t HrdWgespscts &r he28ige aﬁiﬁjdnsdmts@daabmes t}mWevé‘r"'iﬂf\’mﬁé ayhhedydis forned
bet ween t he % r 266:in to the cl osed
posi tion, m%fﬂﬁt'ﬁgﬁ%ﬁgﬁl%@e]ﬁ@gﬁ%& O?F'egf’? 38@46%9 O] e 8PM984 et ween -
t he tubing arﬁ?ﬁl‘sﬁ’eﬁ’ﬁ'ﬂei’ﬁ@ﬂaaﬁ%hﬂwgerﬂbeefea@%Banﬂlﬁieabyge:ﬂoca@thae annul us 10
bore 42. in tshababwmvaai L syl o BEARFHLR 290 ol BinBlssh 0B hATOEr , { he

sprin will . e the wnwar d i sition. Thus,
p g tg

the plug val V& é’fe" h‘l’“@fsg?‘ﬁbi"g%é‘m?zallﬂa%@ﬁ"'“ﬁ@ﬁﬂ@féheEpmeﬂsidirosure menber
286 showntd ntUh@cqﬂ}unth ﬁlwupeﬁlaimhaeroitt@fmeﬂlym:s rddOb&Lds fRyal ve that is
used to cont f: or respondi ng service
and control &&ﬁgﬁp?'dl g]\gc%e va? 0%@%3 é‘gﬁﬁ?ﬁ%?é’? ﬁ‘?"i‘hﬁﬁ('ﬂ“%t5§ﬂeeve 288 t hat
i s secured atifreoygn bg V?Heﬁhelsmf@r@bivef‘p'lattgeme welvertherefornifr ol conduit 182,
a cylindri Cabresa&ized)mﬂd'eﬁéié)wmllx%cbﬁduﬁ'tﬂéi%%f{ner £456 hE Gy b Pb QIéeabOt h the

E)

conduit 182 I nc es a con ling head

eeve
292 t hat enggﬂg"&ve‘gilr‘?rg@bgég?ﬁ'@segé’z??'ﬁ%@’%lné'ﬁ??@ﬂf‘éfﬁfé@mPﬂhthe conduit 20
182, a cd?l w&@ﬂgr%@ymm&mmrsm@m&mmew\r@@gzag@gpm@tmeﬂ"the sl eeve 288
and the bodmaidfh e vkl 10 eal ement with the seat,
and a suita Iae fitti ng)g% ép% %gp&sal ﬁ] ?‘6” 882 9Pt hr ough whi ch
a conduit th8f"“®extends down hol e may be connect ed to the val ve 286. In

~addition, the Valﬂ\ltﬁ'dé}&@prowﬂﬁbhl@ﬁ&;ﬁ%haln@&%&t\n@@r?thta'vfeﬁ%g% 6100 V"{“ chis 4
eas one secon

posi ti oned 290 iyhe condui t
seal 302 whie %2‘% @gﬁéaa'ﬁ;@{ &g@'ﬁ?eﬁt? includes one of the aforemenhoned
: 20 c!osure members to control the flow through each service and controt 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 banie;' 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 disengeged 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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body:and the sleeve, and at |east one third seal 306 V\/nzch 4 E proyiitied
bet ween theyghgaye and the body 34 of the tubing hange I'n "Operati on,
hydraulic pressufe is introduced through a port 306 andp?]fﬁ?%lf&%%pston

IR 15 S B 3 5 A LT

body 290 domn
t her eby open "\%’éee?é%e well ‘PP“? ﬁ“%thﬁéﬁ‘f“loﬂ@ﬂ"t fluid in the conduit 182

will flow past theRéfemdg 282 to Figiire 13 Eno@¥aMSIdMEn08 Wl &indistiohor med in the

conduit 182, t t are forrred In t he bod
290 bel ow t he sgéeg'ﬁ%th%rpg%gﬁﬁﬁ‘ﬁ%% gs'%’fh %q‘dESIFﬂ%’ in Zjagg {RePesBio gy out d
t hrough t he’ f ifPVicRgPistm SYB*@”I Weﬁeambsdebomf HoyeveaLthe o cassietion 35 in the
pi ston Cha”bersystérh%fﬁi%rénﬂﬂ)d%%ﬁt Wh*ch 1§|9ﬁ|§%&' qt% %ﬁ?%ye%?egeﬁ ALY %gﬁefl osed 19

posi tion. Thus t he val ve 28 vice in this
condition thé g'affllsx?é’o’i"%sm‘ %B”’B%Eﬁfé%ﬂew‘yéb%)W?‘thnggmﬁSfthl@i—@hﬂﬂe pressure in
the conduit 18@ingpoviel2tetvesakthectubing mru@@mana Bﬁarﬂrﬁhﬁ%%u%mtmearﬁp” ng 296.
eyt o SRS AR S8 LB iR RS Peodtve 3150
radi al fI@ng@“@mﬂwlisswmtlai‘tﬂr’é@fOlmontn@lidgdlmrthrpngrttheanmﬂustdwetssal body 290,
and e SPr | grosaférind 000K RhakBhds FAIAISHIR WRENLIB-RREFYE RS 2nd L

flange to urge_the ?3 downwar d P‘flng head
-292 of f of t RESSEgHaY zthaéﬂﬁj'm%f?ﬂbﬁfww tapRiadyrgan valvm', 6Srepd®8] andikgur e 12. I n

gddi tion, :cnst:@asabverfvaMeelzecha:ﬂstrcﬂmQﬁGwaﬁ&xghﬂhé @ﬁss‘é%lqh%ét‘l]]”fe%i&/eé he Epper
laneter o 1 w ul In the
conduit 182 tg?? Fggvé{m??% T%’eé%%ﬁ%f?ogﬂr& qu’(’?rst ‘ﬁ%cuis?ﬁdeqbé"’%fﬁt thepr eover |
t he val ve §1Za‘ie§°r‘ffﬁ@ ¥repetoly aperpble getetvelves. ds edditicn, the;vatvhemef bee, i f
pressuri zed fh'muﬂe@mltﬁé ﬁ:ngtsbcdemﬁ %Lﬁ%%bﬁe 6r*P1?&re baﬁv&@&&%%aﬁ el O the

1 O

fitting 298, main I n | ose osi n. Also, in

the event of & %Cg?ﬂ?%@e ‘b’s‘“g ﬁBOOiE?r ﬁ’@Hng F’SW‘dﬁﬂlbﬂ“ﬁh%@bﬁgéP%l YWéhpressure to
the val ve 312ihewhevesqusinigd28Enginidnt offthd fidvBdompldiion BRMM 39@ tl'le!1 the open

posi ti on. . TugresduASw il ME 13 dufhs 55 Bl o OREMcreaIEVL G, L0 01 der 0 provi de

an effectiye barrier betwe t, the tubing
hanger 16 %fr ePEFAIRNRY e Herinepreshition ammfé"@foeneﬂﬁlmdadmblmbtw@e@a thé.osure nmembers

to control t hgrofidetivn bdre 8GR BRGHHL t hat
ext ends corrplﬁggllo\ésévgr ,%u%g% dPrm;{’}é’éﬁféﬁg}ﬁgtm@h?%ﬁnﬁg?Bgﬂgﬁé\ka own' hol e

val ve. The cl osure rre °é(§r an initial barrier between
the well bore andhe firw emvileton sesiem v mapblst helugebie 6emadthaidRbiee! conduit.

This barrier ;be%etrétﬂr qgllrbb 954 techlJi %ﬁml@c@ﬁé &fin e&h d &) & correg;gcg'l\c/imgesgmc 2

conventlongl fluid cou g
and control condwt 182 w1thln 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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25 typically installed in the service and control conduit. As._is known in
the art, the conventional fluid coupling includes a popp@;#t&ﬁﬁaianye
which will close when the coupling is disengaged froma correspondi ng
coupling that is installed in a tubing hanger running tool, a controls
bridge or a radial penetrator. As an alternative to enploying an

I ndi vi dual cl osure nmenber in each service and control 30 conduit 182, the
fl ow conpl etion assenbly 10 nay conprise a nultiport gate valve assenbly
to control the flow through a nunber of service and control conduits

si mul t aneousl y. val ve asseml which is shown as 318 in
Figure 1, is des?rﬁi g O'g%gg?)% |S§§?‘|’f‘%'calgp’-‘ E‘@H’&i"ﬁgm@.%.m%?fém Appl i cation
No. 09/ 81''5,%0fe apf cepird eonduitsctdp vibivhds @onadtetio has@iipehdraigf er ence. Wth 35

cl osure nenbeawotplagaM Sy bO R LRSI k- Lhe servi and control
i Y %ﬁ'nﬁﬁb%}?%(ﬁwﬁg@ﬁgmﬁeﬁ%ﬁ%@ t ubi ng spool

conduits 20 %rre‘?%'g $2{004 \{\O 01/ 73257 P :
16 will contaln BorH ofe REVichaudeaniobcepdnitr1sa that enfersfinah thetopdl  barri ers
bet ween t he ket ubib@hangandn tifiememer, rafRe With BRERE by i3AYehaHour e 13,

anot her enbo@ideftm@ficA w conpl.et i stem of the present invention is
shown which is.sim é?ﬁ?sﬁléuﬁﬁ%g's? %‘B@Sﬁg“’ 1"5%3h€“9951$vlf‘€f\ﬁxé@ﬁ'ﬁlaet i on system 10

descri bed abdWéEcecpniElied subsersditty valvofIPLI8V"D basysinefitonid dwhg enbodi nment,

whi ch i s indicaligadn@eteidilohaiyer: ‘ ber 410, also conprises an

annul us pass%g%m\é %Z%hgﬁ] egirgﬁgg{eﬁﬁrgﬁg%@%ée"extetrﬁ%lsﬁ'b"cgﬁ'b | 12 between

t he tubing annul us<3¥° A Frdighpeneliatopence e iuning tael is discouhertednast er val ve

416 for dént fromitierfgbifg baugehrOcmReltoRal aBRI e ﬁ@§§§_ﬁ,ﬁ,\{§i¥,a¥gg an annul us w ng
lus outlet, a

val've 418 fof, dalling: flow.thrqu he .annu crossover

line 420 whi cﬁ@‘gﬁ'ﬁ%%@@%g%h%efﬁﬁa%é Witretd2te sea! Bisraondist aote t he f1 ow

passageway 6¥er¥Ringiteol fsotisspanpcipdt Wierhativble, otttz alnikes 66 and 68, and
a Crossover cofgdrving 888 of &9 ' I hrough the crpssover |line. The
valves 416, 418 aggg 45%%7%%, g’gégéldyég%?%‘ge%?yosu?rgpnﬂ’f?ﬂﬁ%?%cg&wgbussed above,
but they 15 are pr o 5bry i Ensrdd cayplgattich i dessrived mes fullyin addi ti on, the
val ves may bRppligapisheeepirndingtth® Ratdak ApplisaieaNoldigadByait ed in one or nore valve

bl ocks that #i&is Al {p,g(qﬁg 9 bi spool, or rnounted individually on
t he tubi ng g_({)l . thaﬁ t he tggggrgﬁlg)gsr%%eﬂ%dwgrpfﬁ’r‘@é%ﬁ?mﬁﬂs the flow

conpl eti on SLrEsmMieME! hoppanddhe eritpremert tHnpugh tiiseseridai ang cantranl us 32 can be
noni tored thoodigh t he annul us 20 passageway 412 during production, and

et 33 oig A8 ATHES MR B ST S S "
is preferably installed using a tubing hanger running tool 428. The running
tool 428 is similar in most respects to the running fool 76 discussed above,
including in the means and manner by which the tunning tool is connected fo the
tubing hanger 16. However, the running foof 428 als;,o includes a tubufar member
430 which is secured within the body 86 such as by threads 432. The tubular
25 membgr 430 defines a production port 434 within the running tool 428 which
communicates 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 foo! is connected t;a the tubing
‘hanger 16, is received in the fop of the production bore 38t cornect the |
3¢ production port 434 with the production-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 tubinQ
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

.22



the crossover line 420 during installation and workover. Z‘Ifhétipb@[]
conpl eti on s%,%t{}% 0 may al so i nclude one or nore nal e radi al penetrator
coupl i ngs 42 W of which is connected to a corresponEFF‘-?ﬁE)S(’y%"r“Qﬁl ce 25

and control copdiy t qQuplings 424
are nounted on thetth%%e%kﬁs%glg ?ntdléﬁ uB?%%ﬁﬁtqgrﬁ%f’iagQP ﬁd’ggc‘fg@é%tlon I
fashion, and %He% rP&F\%eeeélaﬁwnmgenf@sm|aecé§“@muser diemnitec bfthe wedgetringa A

cor r espondi ng foenaheseanou, 4@méﬁ@sar@mM)e i Chlst e &%Fa'b% hy a

conventional r nmount ed on the tubing
spool 12. Thusﬁ&aﬁefﬁg%ﬁea &er?g%égbmét@r &@q@ﬁﬂ@d“‘émbﬁr Hé #ubi ng spool ,

t he penetrat ordealﬁé%ﬂfblb? Smyerblmnatbe ina¢reithreterkof fha godyt Mnfomkﬁom&m' ings Into
engagenent W tehnkielounfd:STRRAGbR%UATBLACOHRLS ABSnoits AL BRLERY

establ i sh comll;unl cation Servi ce and co
the tubing ha 53\‘99@@%9’?%@8@‘2‘1 @PWOfﬂ'@rWF’beT@rﬁﬂ?a@wbﬂwem thﬂes to which

thﬁ f emal eI rodtpﬂdangmnmet%armnﬁecdyeﬁ;deaﬂ; n%ﬁht&l%é% B ARy 610#@&&&1' on, als shown
schemati ca e,or r e and contro

condui t s 182ymﬁﬁltraﬁké}g4%%ﬁﬁg%& 3%&*’%8“% ?‘gfalf’éf"ffﬂﬁ%'@f ff‘\({'l’)\’“’th gB%pitng 424 may be
routed witH n tybyer Fempera tog badye Momsivergthh dmemls 438 whizh aecitotub@apondi ng axi al
‘service and comniget 43@@%& l,t)od%%% aF&ﬁﬁ%ﬁ%ﬁfwﬁfo;ﬁLﬁJ%tpggs WFO%@%B' r5 t he tubing

hanger. In this manpner, devi ce unni ng tool
communi cat es GBMSREP™ r"%f['i'q e ¥ hgh 2 BORnetshpwgy ian@nm@@ted_@ thé wbingxanpl e a

surface contr epéedd2 subte BCrakhels\are/@biea a(oum‘tﬂbula(ﬁ%n%%rm&r%r ed during

I nstall ation ' ger an n. t o, .an external
set-vi ce and ?%t%rh{aﬁgfegﬁ ﬂpﬁroumﬁmgaﬁ@n E% ﬁr?tgﬁgﬁgt?%ak%?“ddﬂh'@@ e running
tool is dikc Fh‘?élé*?'@@jh@f@ef@'Ewiuﬁlberet@bma}@emm@‘hed irogherdrinaioa borpoppet - t ype

fluid coupling4raw e gailsnsdsd | ed in each vertical service and control
t he running tool is disconnected.

conduit 182 to se the -cond
Alternatively, a f ?rﬁn%%ﬁﬂﬂ *P%BJUEPZ% ﬁ?ﬁuﬂew coRgigiinn ptem 498teva poppet val ve
gndha gate Yapmnﬂfwotr@nmbmgiewuahseamw&umb plUgEILE i Ebaping cotntrol con(cjiwt
uch a coupl i i ants co-pendin
p a@bduweh B8l b BREHE FRUIBh Bedebonaydd IR BOR kIR SR o0 o h har oF

U S. Pategzh Ilcatlon Pated herein
-refer Q/\?Clmp”ﬁ?%‘?‘/WH%”nﬁ\%P|%bfeﬂéH9 bog #§lewihich iﬁéervmablybor e -and the

enV| ronment . tdmnecighte itkin oW ingsrpaEd &R RiseBlred SRIEUicH in e 5?&&%’(&9 to Figure
érSef te P:blt ;b: gg%rglﬁﬁgﬁral?ijﬁﬁgftgé Fue%s%aan%% J}Be IPH(IJ]CPﬁ ﬁénrﬁtgawlg@galﬁn]ﬁhel ?unnl ng
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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tool” 428 is -simlar in nost respects to the running tool 76 discussed

above, including in the nmeans and manner by which the run |ingSE&)I2[)[ﬁ
connected 1Q the_ tubing hanger 16. However, the running tool 428 also

i nclogees2@01 ubul ar ,menber_ 430 which is secured Wthin the body 86 such as
by threads 432. The .tubular 25 nenber 430 defines aproduction port W38109606
Wthin the ruﬁﬁrﬁ?\%ﬁt’ool 428 which comunicates with a riser (not shown) in
a manner well understood by those of skill in the aft In addition, the

bottom of theah JENRskA30 forms a  production seal stab 436 which,
when the runn; ?‘%if?%rgf‘rl S Ic%{rt\'ﬁ%sc&'@{narfa&e‘f‘ﬁ%d {E’EB‘ihﬁbby Bty offongitsdinacei ved in

the top .of t Bhutha basty6R és (98ferablicmnmesdturel groRls M‘Fﬁl‘%%giic%té)ﬁ%ﬂ 434 with
the Fubi g hangar 1 e dIARIRA S W by inlereu it asg werciovepaton 11 om s he
top of the t %ﬁ’{@t‘%"&%@tﬁ?ame{ REFRSYO.08%rim thecd un AN B0l ety TARS whi ch
435 s conl o bt SO LB o e B IRl UM SR i reg or 961 o
seal 440, whiand Sl A aRY 5ol e iaa gap from (e datisi 2004 WD
01/ 73257 PCTPUEHeriP096tsn ol e fing complstiprpaipapatis qu%vg@arﬁﬁeﬁ%g,gmgpper

e upp

annul ar i sol &b achif@bn tidreclh G ShorSiBge] bet ween t el “ext ensi on
and the outep Cg) @mﬁ@% 19f Eeﬁ\eg%\egﬂbﬁee IF"u"r\egE’g’ %68’9 e dhaseby rplieyinghe may be
any sui t abl e "8P41% of Blig fugpliongr ef erabl y non- netal lic face seals. Also, the

outer di dfreter ofRefdreng spaelfivslly T8 Flgre 630 teSra %gfg%gg %%ﬁwﬁgﬁ gsl): er t Q?n

the inner di f,-khe.bady 86 in order to

"annul us por?ﬂﬁ{ﬂf ée‘}ééts\%\@z’f?%t'%&%adﬁﬂﬁnwih%@#@ diameter ofthe bddy 48sateseen t he
galmlD ery; 4§8t Fﬂﬁd‘;ﬂ ofdhe ioge cp. tThe doﬂshe{eei@@%lsﬁiﬁalﬁﬂélgaﬁ .M@%?d{,pﬁy%@‘;bul ar
menber an nt ai-ned a nunber o U ‘
centralizers -4?6&\6\% Fd():]%t ﬁ%ﬂb@éa%gbw&?g?@eg%’ Fisiaae g gorrespndingy with eit her
the 10 t ubul HPOYFHRdS fopped inghebprer exensiaves of thl by 1IRmgsr 1Renauhgh secure

tubul ar  13ventes capIB8 tahd R eELSRY 855 f'i'u{\;\}ﬁegﬁéég al '\(Nt?{];_i,lijcrhgl{%\%h) Itg pass

et ou"t PRz Vo daarse axmminpsngrss vaomanatatin the
tubul ar mentiea loww epd theheof, a pitrtilyicd ckihe By B8 wHithid SAAHMALGAL] on bet veen
the BOP_choliedolidilg fabPadtlrt 3ndi'afs fRed Il (e bR B N S s oo oY Pe
establ i shed through tRe anndlus port =% IS 0% A62ea0d a gdingef er r i ng
again to Fi Jueé gg{hmp FReSSOHERR Y srpinger oHoglydavamsoteds 4%8)/in a support
20 sleeve 480 that is threaded onto the collet sleeve 466. Also, as shown in Figure

16C, the free cap 458 preferably includes a key 482 that comprises a radially

extending tongue 484 which is received in a corresponding racess that is formed

on the lock mandre! 470. The key 482 serves o mairitain thé tock mandrel 470 in

the up positionh until ;he‘ free cap 458 is landed in the tubing spool 12.
25 When the tree cap 458 is landed in the fubing spool 12, the landing ring

‘476 will land on the top of the tubing hanger locking mantira! 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 coflet

fingers 468 can be adjusted using the lockdown screws 478. Alsa, once 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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optionally conprise a single "dual -sealing" wreline plug 388@% %t he
producti on bore 38 above the production passageway 40. The dual-'se@a

plug 20 448 ‘E‘éﬁ‘[ﬁ"’ﬁﬁges a wirellne depl oyabl e plug body 4%0TAavkiiehos s
removabl y nect able within a bore insert 452 that is secured and seal ed

in the pr oduct SoHPIn% agngsgcking el B9-o this Mantgndhe l§ading fiep 460! 448 i ncl udes
a first annul &nciedbimmintaiassemiighadfe ldo@nﬁg&%&&ir‘er@ iR eicVeABd btsigaody 450 and

‘the bore insert 4%{;;11@@@maF[%L?QCf@;{'({’heatR{%%laS%ng% i %ﬁ%ﬁgb%& 6 or sealing

bet ween t he bod abl uct| eover, the
first and sec§ p’%‘“’@é?l‘%'“gﬁ%@ﬁ%’lﬁ“@@CWSQ COW’@etOBaWSJtﬂeHGd! gericecl ude at | east

one netal st raaoﬂha&eMh@ctwa@enéﬂna&le%%lal seM@:efaHéi éorﬁr’%nﬂ\%rm the single plug
448 perforns th fugftlon 0 i.ndivid %6 138 di scussed

above. Homeverporr%:’ﬁ? Wr‘?‘ﬁrﬁqpﬁﬁnt@rb"ﬁ‘di"&'” tbeetafg]pg @fﬂ‘gﬁbw NdEAIeE S8 r enpve t he
pl ug 448, as 6ppusedise mcwdpar RO¥ Hot stgs4dNdhrongt wiith SEor@sion @iiter each of t he

Plugs 136, 13fay H%idd o SN B0r:3RRPH BT AN B L AT AN SorDr | ses

| i ght - wei ght non pressure-contai ni ng ®nstalled in
t he tubi ng spB@? 12 above the tubing hanger 16 and an optional debris cap

460 whi ch 10s i nst alslsadwoim Figunss mmnﬂgasﬂﬁ@{reé&p&@mﬁ% RS biBfseRP 458.

'Ref t 458 h t
conpr | se an_ aBie ey e, TiAr s Rh 7ol Samireas Stboaisd sipiito. 2001
66- 12272 a nWhiskis regeivedinia edrespordingizeadedireampmcie 4bothael atiagetier by a
Plural fty of tr@ﬂ@bérléﬁdi B&dn ac%bﬁ h‘éﬁﬁ@& TH%dQﬁthhé@é%l s%abgfggﬁsetfp%maﬁyh

n%nuf act ur ad non- net a teria

mol ecul ar wei 5‘?’?’ 361%!"%‘@?9 ’e\%‘?ti‘}lle $09dn @ mappgryvhichgrevepis rotatigndw pt | on rate
on the ordér pérmithbugitl@iraB0d\@ment dfltte s24t dmu%latlv%ﬁﬂﬂﬁgébtéc%sﬁhug his 5

mat eri al not ereb aIIOW|n t he
tree cap to Eﬁﬁt%ﬂ?ﬁﬁ??%&@ %W'téﬁgﬁbﬁ% \(\'ﬁ%’égl?oﬁ‘{"&’ t"IF'HOJ %e Ganfrom
the cathodi c S3% 8ieké92 W@gﬁ&@%%ga&eﬁ@nww toexpimptd, $he anpplas berad2 Mor eover ,
any | ongi t udi inahe tubiag ﬁaiger thHé&ea%btm ntely®R =GR ¥’t‘al|.> lin Qﬁlcib@véiﬁgﬁ by the

speci i cal y EBCEIBeofabitbepas @samztg@ etz s e ol ot
sl eeve 46@0mh$@hsta@4$31mesamrwa througd borst 502 wﬂﬁcamem’ammﬁéteﬁ theoughay 462 near
fj gﬁn \tNg |rod|0f t orick@MarBRondl B804 Alth §huid bEPYRy ARAnAAHHIRS R uUBpss of
y the tree cap 458. In this manner, the pressure in the tubing annulus 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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) ' . ]

dependi ng coll et fingers 468 which are adapted to engage aZéfoSrEeEpggaffng
gr oove that |?) forrred In the upper extension 78 of the tubing hanger 16
when t he P¥EXap 458 Is | anded In the tubing spool PLI/USTHESWr ee cap

Hihg 472 1 ﬁL? 6 R e e 8 S e B PP L PR PG SRS PRl et | ocki ng
dogs 474 whi chzsaﬁr@"@lthﬁféqﬂ%ﬁpﬁé&el ved in corrsponding radial apertures that

are formed In the bedyebASap 00k fc0R0H RO wbi gggg&ggeg’ﬂ%ﬁé&adhﬁmﬁefﬁr teﬁr te)gdgd

nunber of |ac

onto the coll Q?Q&\\g@én\%g (%"Chgﬁ'%& '35"?{{%‘0\5’?0‘?% At g Gylimcrigal BeeisingiRdB ¢ r ee cap
45-8 prefer&bltpatumﬁaamlstommem&zoshaacm B 4Oncisds a&adlaique&fénﬁln? ext endi ng
t ongue 484 whij éA[qu eces a ormed on'
t he | ock rrandre SLS%H‘&FﬁH Hg%%%%@rvgﬁggngﬁaﬁ?#%ﬂow éhh & mandrel 470
in the up PodPTiegd ﬂi‘ﬁﬂ"P‘FS"}g 6t tneadditign th%@brlécﬂlm%ﬁﬂ?enbfud%taﬂnencﬁfwbzmg spodl
12. 25 %gn tlhmtdlvleaormafﬁedlﬁ&otkﬁpxri&mdeﬁwbﬁtﬁeh‘%n&lté@zﬁ‘&Jﬁﬁﬁ%tsédz tge :aggi ng g
ring Wi t ooki ng mandre an
the col |l et fldr?slggrg%fg'?&g g:’ﬁlwpcﬁ’f“é?yt%'%@fi‘?P%‘?rg’8E‘86%§Fﬁ60%?%9%"90n t he upper
ext ensi on ¥b. 52Repeihetfns wilkevn auadigly bhiwaldposii@? Woer bk @asde 52is| ook mandr el
1470, the ook nowaamr@1ugs%1@wﬁr@%méﬂﬁe£@g§dgr9a@e%a9%uypm;gq; y 4% tool (not

shown) to far camm n rin ng dogs 474,

which In tur n%aﬁ ?‘?V ﬂ‘i’i@g‘erpﬁﬁl”ﬁP nggaggfﬂj?wimay apgHaTEseove Mbich i foemedf | nger s 468

to secure U endiod dusér diemege of He tubirighpbdl 12 8 186/¢By lodinie ek dap@ ig!  Spaci ng
bet ween the | gy Hﬂﬁ Ling 476 and the collet fingers 408 can be adjusted
S

usi ng the Iock crews 478. Also, once the tree cap 458 Is secured to
t he tubi ngthanger ﬁr@f“efﬁ@bqthWPWWESwm saordig 8Hetgrgdenened by an

ROV torque t ealvedi®B i Oudvteriiye lﬂ@HBeTﬁeWﬁm) \RGh Ldd %919$p ai nst 24

Uus0109606 REP 01/ 73 USQO1/ 09606 t he
t ubi ng hangerleiQﬁ (E(E[\m %}jﬁf’&ﬁ ygpﬁergp Y rRfRTE AR Nunihes 01 G ANeYn 9 ng 476 wil |
function to rr&ﬁﬁmafiawnmeytaapeqi@tommgmcohmtekfomg/smmroem(B@sdussetdhe | ocked :
position. As %B&W'Ho%eFéchHéﬁovJ@cﬁnpk%t@ﬁa&s}[e%l ﬁé@noﬁ%gmbnnsgz &ﬁde a condui t

ecirica nector. Thus,

488 Wmch rrgrlseq;0 2Iocmglﬁ

the tree cap EAMIU HoR44 eendingd %@@?WB’”&HEW%@WW@I weflewcal service and
control I|ne p@ﬂldetion@sseafmqmoﬁrkﬂllmthc&eeww@v@rpds@@BWémmqqmmxgenug the tubing
hanger 16. Theydicfin@ifing 4281 1ot S nh i $188ac2hal 5 %bors e 20 ¢ ouTh

whi ch a corrosion inhi
the second annular seal 142 seals to thé 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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'may Be injected into the central bore 26 of the tubing spcﬁoh E\DEarﬁﬂ% t he
tree cap. 1& A?{ szhown in Figures 16B and 16C, the tree cap 458 may al so
conprise an "aiN(*s seal stab 492. The seal stab 492 i FEANUSYUEHEDri ses a

t hreaded stem d correspandi n ed receptacle
496 that is atgégve“ %}b%nd h-% elhﬁ&’\ﬁ}é]\réﬁerFlé  aZAeA ?‘%&? F?ngré’ﬂgtf"’te'g In P

addi tion, the BgY/ 9@%9'84@2 Cﬁés‘é?btaﬁﬁ‘éﬁp#d hﬁwax@ﬂnpﬂmﬂwmﬂvm@ receptacl e

500 in a nanneweawmmlﬁomr@mﬁ@ &erpaidaauogtbo,tgtgbo\;éhggbmbqﬁ Té]e(pgg& {Dudlt n?I f
rotation o

novenent of t elatiyv the re

the actuating Sh '?I?%O%dgl?osrﬂl PQBF'@%?@?/CWW” ﬁ%{)beg"}‘ﬁ?\ﬂﬁi?e%ﬁr‘f'?e §fve the seal
stab 492 do@mv@ﬂﬂohcﬁm@lfemga@wbnghan@et and doaespexﬁﬁg)dzﬁernaltsbmc@@nwl us bore 42
in the tubing daREefeslGn blind stab in which
event it funcglons ?o FSEVH?’ aﬁ%h rﬁeﬁ‘ﬁ“’%é?‘ rer’ tg'f"ﬁsa%}’ﬁﬂ%fj‘ﬁ)é’bbore 42.

Al ternati vel y, REedslog a?“%ct%t@g@e AR Presstfs-¢osisininat tteesagAndor e 502 whi ch
communi cat es  ttherelaghelisninatearhesipoadicnthned pdvicins WPkh W dxsacidtbdivh coupl i ng 506
that is nountgg pOf the tree cap 458. In this manner, the
pressure in th emlfqggl&rr}gtr%ér)l%u[us 42 may be nonitored through the seal stab
492 and a &brrespothdiily kexeegniaed Hak Whittdhaprdsentiomentioh h4s eenwhi ch i s
attached to tms@muwlnlra@ucﬁﬁsthe%efém SABUINRhRIMAEN, RSCRA iy Convey gas

or other fl ui q%aJJeﬁ? an ter I’VI c? contro ine I nt e tubing
annul us. Referri’ng ? 5@"@@3 'f%o réI'thﬂ a"tdl“@e%ﬁ"ﬁ’ detpigyvithe® i s preferably a
separate nentsépanitd fcd‘m ths Pringipleseaf theantehtort dlor efariphe tHeWiidl@ cfpepts 12 after
the tree cap 4h8wn inShd mﬁér@rhfe%odl%%sﬂsp%éorﬁé}ﬁ dﬁﬁgﬁatn rouﬁ trla{,‘;ga”””' ar

body havi ng. an outqr rim3 s srzed out er

di amet er of® t KEOYuDiMAGTUH A aPpendeq ¢laips atp fer conptrued tocaat @h i s adapted t o
fit closely arqurerttihiliugpsiin érdruekcdpdent 6@ o R invdd®nand whi ch defines an
enl arged opening 512 through which the top of the tree cap 458 nay be
accessed. In addition, the debris cap 460 preferably includes suitable
seal s which are positioned between the outer rim 508 and the tubing 35
spool 12 and between the inner rim510 and the tree cap 458. The seals
function 25 2 4 SEP 2004 WD 01/ 73257 PCT/ US01/ 09606 to keep sea water out
of and corrosion inhibitor in the portion of the central bore 26 around
the tree cap 458. The debris cap 460 Is secured to the tubing spool 12 by
preferably two |ocking pins 514, each of which is rotatably received in a
cylindrical housing 516
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5 that is attached to the outer rim508. Each pin 514 includes a radially

extending lug 518 which slidably engages a correspondi ng dogl.eg 0
that is formed in the housing 516. In addition, the debris aa gggymﬁg

i ncludes a handl e 522 which is connected to both pins 514. V\hen t he handl e
522 is in the raised position, the tugs 518 will occupy the radial outer
portion of the dogleg groove 10 520 and the pins will be in a radially

out war d gbaiMd:on. Wen t he handle 522 is lowered, the lugs 518 will follow
the dogl eg grQay dlal force the nins into
engagerre?\t WI (ﬁ \gr?ga%e{' nsys WYf rcon E%t OYVO&H%% ro%r?vt"ﬂlgo%eup“erf%&‘ aneter of
t he tub|n@ﬂ@ﬂumbyﬁemuvﬂthMBby Iook the debris cap to the tubing spool. 15

Anot her errbod Bol dehqmllft%%lc%h 8%0?’@%@%\&9&9%%gqgergtﬂrohgﬁngcf gsent

|nvent|on|S|I ate I'n Flgurel ow conpl étion as y of this
enbodi rreﬁ'tOdU%(ﬁP@Hﬂqtymchﬁp@ﬁtué’éaf@%Wé'?‘Htel%ﬁnw beeEf er ence nunber 610, is shown

to be simlag tumwgrmyeﬁvaﬁ@ﬁ@ tt&pptoae& frand b&wapwm bed | wmeh ﬁM@a@J@ prbBuctitha 0
di scusse W cong etion assenb %/}6610 does not

Comor 5 ooy T8 Sean s A1 e U AR ek oY PG HERBS T 16,

Rat h \% . béteebn the prozmnﬁdneiolrr]@ﬁhcﬂas erdaListion bﬁ)ttetnmé udm@f ranwshppterng@msmg eway
612 i ch_.extends r.ou t 12 from assageway
515 1 SR hERE ey B HE o BT SmBOR ubtip Arodlh s RIRE EIHRE T Doy o
26. | n adiding;i on, the Pow conpletion system 610 preferably includes a

wor kover val vgg féitélota?% AL b BG03Rorda i QRfr o WBL K Yt RRESROCAY

612, in this manner S may comuni ¢ et ween the tubrng annul us
32 and t h@ssgervra¥on of the central bore 26 which is |ocated above the

t ubi ng hanger 5§t mtmg@auhm%ha@adg.twﬁe@a&@a&e%xub.ﬁglr%naa%ntﬂhﬁe VEMS 03RS
Al t hough t he above-descri bed enbo nts of the fl ow

passage 51}‘3%
conpl eti 8§ @H?UC@G" PSSEPREVAr esent i nvention preferably include two

pressure- cont ah@reinghdfrsT diduse wembér anditite Mstseal @hgeisea filst plaesdretbbrgningnger
incircu %m gﬂs{ee\t/\/q e\’xg'f?or%gnggéﬁ%l{nﬁgﬁ%ﬁ'wfmﬁﬁgt aining barrier is
required r 0 t he present I|nvention
cont enpl at es &hkatondglopure neinmzgr @hish s pasitioned)/inities praebsxmom borecbowet the fitse t ubi ng
hanger . |8%tﬁ-é'ﬁlérrﬁ>ei“ Wa%%l?ﬂxcﬁéd %f&r§¥aﬁ%f§h %p&%&%ﬁédl eetwéerh tﬂgg}gﬁ'lgr]tagger?g € _cap

woul d not be require provi Seco arrier between 2004
WO 01/ 73§EPGHWP@§MY?)%@§t 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 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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the well bore and the environnent. Rather, a sinple debris cap or

| i ght wei ght, ROV depl oyable tree cap such as disclosed h W er-\Y
enpl oyed to prevent sea water fromentering the producti %%bérgﬁaaaﬁé t he

t ubi ng hanger and to possibly provide for fluid or electrical

conmuni cation between the service and 5 control conduits in the tubing
hanger and correspondi ng external service and control lines. This

enbodi ment of the flow conpletion systemis advantageous - because it does
not require the use of a pressure-containing tree cap and . therefore

el i mnates the above-nentioned probl ens which are associated wth using

such a tree cap. 10 It shoulrdI b?f recqQgni.zed that, while the present
Invention has been desct| PUYUF HOTEHEH Betends oeprralyr aally thedughnthe dibient
thereof, those kiightbaiween thheubdmutannoiy afe X SbeBn 8f b dEnHR hivdlthls Of

structural and i : A WL ,hout  departing fromthe principles
BRAEPLIRAHe %gbﬁz{ e ¥

of the invention. exanp arious elenments shown in the different
enbodi nents nay be conbiafeanniips gloswme memieoWhich s Risiiaherin ke ARRNE bore.

Therefore, the appepded Wb%mﬁﬁipﬁti&?%}%f‘en?8@%&1@31?%%O‘ cover all

equivalents falling wthin the tfue scope an % the invention. 27
24 SEP 2004 CLAIMS: 1 .Hheasnuigbe eha gonaralinldteral Gretiiramit witigh tshe 1 ow

of fluid from aonmddtechiorgyentiafy alid\WecrRPhfhi Ay System conprising: a tubing
spool which includes a (i‘intrahﬁgﬁrﬁe that extends axially therethrough and
a production outlet whi-th*tty g ierinigringiudae 2 gaterthetiis weveablay t ubi ng
hanger t whi ¢ hbi Yeseiplyoaialig acrss the fies ntanelg] bb@{eﬁn an dp%é‘s’(ijﬁoh REWH i3 bl

product i on 1gbof ext rethr ou and a production
ooducton otk 5Lt el e el
product i on out fwftset s thefirstdranghger supporting a tubing string which .

tends into th | b ' ' . di th
Cubing String: a first "éf%%’“ﬁ%%??ﬁ‘%ﬂ‘f%@ﬂ“@5%@@#“‘%#@%@5%“?h'eng ’

production bore above tRE& ¥ exfendp senarglyaxplly torgughdie bedyhetweareal |
whi ch is posit khergede dret iive ¢op dfttie tubihg Agndegng@r and the central bore above

the productjion passage notiiier el irst closure nmegper and the first
seal conprise a fjrst \[I)\g%gsurggg%#%@%?%ﬂtﬁ%%ﬁ?wg‘&bse‘? Aed idhGel | bore
and a surroundP‘Pi'@'Ué-nvi ronnent; a second cl osure nmenber which is positioned

in the production bore ROy sddhidtloh Shstem 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 to a first portion of the condult to
thereby mowve tha gate fram a first position o a sepand position; and
means for moving thie gate from the second pasition to the first
position; .
25 wherein one of the first and second positions canespands 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, whereln the moving meanis
comprises & mechanical biasing means. _ .
30. 9. Theflow completion system of claim 7, wherein the moving means
comprises means for conveying pressure to a second portion of the conduit |
which Is separated from the first portion of the condult by fhe piston.
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cl osure nenber; and a second annul ar seal which is positioned between the
tubi ng hanger and the central bore above the first seal; wherein the
second cl osure nmenber and the second seal conprise a second pﬁbgsB&ﬁB 9 4
containing barrier between the well bore and the environnent; and eré@g
both the first and the second barriers are associated with the tubing

hanger. 2. The f W GNP etion stemqf claiml1, wherein the first and
second cl osure n'iedr)'rbers li%vgﬁo tl'qrbﬁysge%9@]‘?'%1d@ﬂﬁ%?ﬁ%@”ﬁﬂgé‘.tr@@ The
f1 ow conpl etapomhish Soeiprizesdrbamular WO@F 8hd nidkhsifof §§T%Lﬁ|r%sﬂﬁb%d6§”f9%{t

me conprises a second

conpri ses a} first ri ng seal , the second closure er
ring seal , '&@%l ot ¢ thadubipg hangadand dee febing sgosleal s are nounted on a

| ug body.s 4. | et laim1, furth
comprising. 283 s BRI B Ert AL oSl gl Ty axi al 1y
through t heomrises a plargity obeidisiamctibas bHAItHE B USRS é’ﬁﬁﬁjb%? off the
u

central bor thz%t bs | ocat ed above the second seal; and an annul us cl osure
menber whi &R OOl which exfepd dhravghi the beglyeand ®nrect thegatliadwections. et i on

system O cl ai m4, WRgEidW v I ises a generally lateral
first branch which is e?éd%g%ﬁ@é&@ %y%%'ﬂgorfa@{/%'nﬁii@?er?@cgﬁgrqﬁ%ﬁ%h; and
t he annul ududherseorepmsssber i ncl udes a gate that is noveable generally ‘

axially across the first branch betm§en an open position "in which a hole
10 in the gate is al AGRYNUNS pealvdab forsenaading an aRpulisdiase adighoextenda i n
whi ch the Hilogighitfie Rifisghahhe I it the: conpl eti on
system of cl ai r% 5, furt%er goﬂ%@@??ﬁéﬁ'gc%%ﬁgﬁﬁth\?ﬁpgﬁae%dne\r{]{éss generally
axially through the body between the gate and the top of the tubing

hanger; and 15 #8) aCHuaéRSoRAIAMN SytAor Lhimor Grhbmpbtrddedd  oned in
t he cond%t. 7. The flow conpl etion systemof claimb®, ereln'the
act uat i ng TURRHEHNRISeSpri ses: a piston which is movably disposed in the

conduit and which is,. g : ns f.or,.conveyin
pressure to a first %p%tﬁ‘?icgﬁp @ﬁ%’ﬁ%hé%%’qéjﬁec?gh%%ggggfnmc fd %l?@df arm a
first posit_m bercdmeatesﬂ_d ampedttriahserviangnd control line; and

a conduit which communicates between the fluid coupling and a
bore in the annulus seal stab;

wherein fluid corﬁmunication may be estéblished between the
annulus bore and the external service and control line through the annulus seal
stab.
14.  The flow completion system of claim 10, wherein fhe tree cap is
_sufﬁciently lightweight fo be installed using an ROV.
15.  The flow completion systém of claim 10, wheréin the securing

means comprises:

“a plurality of collet fingers which are secured to the body;
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[ | | It first position;
nmeans for moving the gate fromthe second, paitian to the !
25 wherein one of the first and second positions corresponds to the open

position of the gate and the other position corresponds to %hs g%@&_(ﬂ]#
position of the gate. 8. The .fl ow conpl eti on system of clai , erein the
novi ng neans conprises a nechani cal biasing neans. 30- 9.. The flow

conpl etion syst emalocklraamdrél whitsriatide e ¢Ehin éc]ﬁﬁé'b%;a gnpri ses means for
corr:\rl)oyi ng prgssure to % second portion of the g%’;n urt Wﬁl ch is separated
6

fromthe first pord NYRDEF of mkmmﬂﬁlwbifhtéiﬁﬁ dEﬂpé’:ged .rgieﬁi@;eﬂly;ra?i?ggé i (2:234 \M_gioéh
| ' X I r .
Igﬁp];i g\gs]égﬁ‘eg%hgﬁ@?é%%g@mg%b%%n@f%Fnléé%m&i] f‘?ga‘{'%eaé‘aget%’gﬁﬂedltyast one

f the théicammiaggariasedndiesectidendRmth iskida T&Ftofé&?é&oc%ﬁél IBfe SYst em
gf claim 0,g1 e!rgg.?n t he body conprises a pl urpallty of ra |a§'tsec i ons and
i}%c

the tredf €S a nunber of el ongated bolts which extend through

the body and conn I sections. 12 he flow conpl etion system of
claim 1%, wher ei n%tﬁteeréiﬁ(raaeéet&%fé%{ Of@%tlﬂ@? W?ll%ﬁgqrcggh%w%é%| stab for
engagi ngadiallaoutwardiytagainstithe lvofist frigiis té [HcRUBE cbing fingidw Hanger and
conmmuni cates w t.h the tu&i@ng annul us. 13. The flow coffpl eti on system of

cl ai m 15OTRARPRAING gFOVE et iformedramithe tubimgrhanger onthid wibihgspadti ng whi ch

i d t h ' ' ' , e conpected to.an external
Servioe and cgntr apetou? BmBRieh <3 aHRR Ciftn o wlbrndas KmeRed] e
fluid cispiaptgddobeendaged bynarn ROWWhEeSYIRAROV 8hh baNRSei 1B 16&0iHE

comruni ¢ati on m% .established between the annulus bore and the external
ser vi ce"GREPIRe e‘%?&fmﬂbaﬂﬁ%ﬁbwqm'm%s seal stab. 14. The flow

[ Ght el aht Lo bo T odar [ EplotoRsTE R ot SRk iR e B5I R on syst em of
cl ai m 1furthglsepaiptiseae securing neans conpri ses:

a landing ring which is movably secured to the body; and

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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a plurality of collet fingers which are secured to the body; 30 24 SEP 2004
a |l ock mandrel which includes a camm ng surface; and. a nQnﬁe$EH? Zaﬂﬁd ng
dogs which are disposed generally radially in the body and which each
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; r Qi dation of the | ock ndr e 1 |] force the |ocking dogs
radial |y %&\}@r {jﬂ\e?ﬁgiagithﬁgge[f %c} EWF%W'C@:E%Q‘@!%“}%\{I“LB‘@@”PHE‘.S 614 gecandnger s
in a cor endpbivh cgngueicxestitt theDutérgeBceoktam; t ubi ng hanger or the

t ubi ng spool . 16. Th% fI_og c& | etion system of claim-15, wherein the |ock
mandrel -is adapt e"EEBHES égdéﬂlstﬂfeéﬁ’a%@,m\ﬂﬁ’ék%weﬂ%%@%@@f be. used
to |ock tB@rfadd geicRBbEW theescbRd Bad bRIEAnMlud PGt ubi ng spool . 17. The
flow conpl etion systemof claim 10, wherein the tree cap further

conprises: a | andi nyheraby finid eemmanigatian betwean the dubing eheuldsdnd thend  neans

for adj usgp | o b Iyl ' ; rei n,.when the
tree cap Fg%;ei(ﬁdré(eg té“ ’t"?fuémt%gt?% négéf%tgﬁgggri ltﬁgr Uérﬁteﬁe{]%bl ﬁ‘gsybs%%% a?'lqgh“sandi ng
ri ng engaped aad thipardion ah ther BOBdidra gvhicinidatated belowi the fisdtiBRID Famsount ed on
t he tubi ng hanger; whereby the landing ring maintains the position of the
tubing hanger |ocking nandrel fixed relative to the tubing hanger 18. The

f1 ow conpl eti 0R0.sysThaflofs cohgletichZappairgius ion clalie 1adivkistdinthe tUBiﬂPfh_ahéeladapt ed
to be actuated bﬁ n ROV. 19. The flow conpletion systemof claim1,
further cBipHS bfﬂ HeRe9RIRESh i s renmpvably connectable to the top of the

tubing spool and waheRindRehIsiRE vhiBPRaE 8hGnndt o@ﬁﬁeftéﬁsﬁ%é ABPwhitfds at

feast one choke. and kill line fhat communi cates w a portion of the BOP
bor e whi ciedled fthgitaling hangey radialipoptwardly: of shel annwlupbate; hanger runni ng t ool

which is renovably gamRstALLS t ; ' L. whi ch
includes a cylindrical outer SS’;@Q{(?Q%@& |%lﬁ,gr%gﬁ]§trt%%ﬁ@@£%ﬂg§w&?ﬁat
communi cakessivad mithirmthegrosiyandi sealdsblodhe drkina haageruhdialiy smtardly loitheconpr i ses
a first efd whighleCopguni cates with art annulus bore that extends 31

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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2 4 SEP 2004 through the tubing hanger and conmunicates with the tubing
annul us and a second end which communicates with the outer surface = -
‘portion; wherein the BOP rans are adapted to sealingly engag téh@@ﬁt QQO{F
surface portion above the second end of the annulus port; whereby fl ul
comuni.cati on between the tubing annulus and the BOP choke and kill |ine
may be established through the annulus bore, the annulus - port and the
portion of the BOP bore which is |ocated below the first BOP rams. 20. The
fl ow conpl eti on-apparatus of claim19, wherein the tubing hanger running
tool further conprises: an cylindrical body which has an inner dianeter

surface and i chi . ubd ng. hgnger radially outwardly of the
annul us bore;m'é tJﬁﬁﬂgﬁpﬁa@e’ﬁ@&?’gﬂ/ﬁ%ﬁh@fﬁ%ﬁ‘ 22tﬂ£‘e'fﬁ"&#ﬁ 139 8paele and

whi ch i received within the body and sealed to the tubing hanger radiall

i nwar dl §°’6‘Pﬁ§‘ﬁ%3 V&?[WBY‘%FSP%%?E?WQ)%'%%GH% bebresn the amlusbul ar menber t o

t he body; wherein the radius of the outer dianmeter surface is | ess than the
radi us é@sm@wwd dibgrtarcef thackatral bamdhathisiecatet Bbogonhe secopdt i S ‘
defi ned between the outer dianeter -surface and the inner-dianeter surface.
21. Theammgar semipl eti on system of claim 10, wherein the body is conprised
of a non-netallic material. 22. The flow conpl etion systemof claim1,

wherei n the 2bi ngh§ﬂgﬂlconqﬁgﬁg,% R bR 8 mthﬁé?%gﬁ%hinnul us

passageway whi ch provides for flul comuni cat1on t ubi ng
annul us.a8 he flow conp]etion system of claim 22,
further. cogr%‘%‘%}?"“%gﬁﬁwﬁ@@é@%@%&?&%@ﬁ" %Pf@égc}‘?ﬁpuilﬁaﬁﬁd@@#nmni cation
bet ween proguction .out]l et and the annulus outlet, wherein fluid
com*runi%W%??Oﬁ&‘%‘v\ﬂ’bﬁr‘?’ﬂéuﬁf%ﬁ@w@ﬁ“%P@M%?mtwoﬂumi@@ barmand¢hemy be
establi sBed t hrough the production passageway, the production outlet, the
cr ossoVHPING snulirimay despstablished dbrmgbithg productbnpR58g20RY, e The flow
conpl etion systemof claim22, wherein the tubing spool conprises a
wor kov dirogueiitiyenitet, thiei crbssoveee lins ahd thve anntilie parBageway Passageway and a
portion of the central bore that is |ocated above the second

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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ahnd'l ar-seal. 25. The fl ow conpletion sy'st em of claim 24, f&hthérp 2001* '
conprising a crossover line which is fluidly connected between the )

production outlet and the annulus outelt, wherein fluid comunication
bet ween the production bore and the tubing annulus may be established
t hrough the producti on passageway, the production outlet, the crossover

line and the annuMiiergiasiid eomnuricationteetiveon ke IGBIRG aARURNSE claim
24, further conprising a BOP which is renovably connectable to the top of

the tubB@P chpkebndidll iy flayibecésiasisnad B R the ntfils ,ggsggg.;ﬁ@m and at

| east one choke and kill Iine that communi Cates *of the BOP
bore wWhiggdwbBkdve r , d a t.ubi hanger running tool
which is renovabf?égg% ecétpgtglﬁé;?j?@%ﬁg%ﬁfw R%ﬁo?&gﬂ'f?‘ggggnné‘éﬁe and which
i ncl ude cylhindri.cal oute rface portion, a production port that
conmmuni g’g?tgs%v!nb?%egﬁ)gll%kjﬁﬁﬁsfgﬁ)% >> and an annul us port that conprises
a first end i ch_communi cates with the workover passageway and a second
end whi ch cofffruni daedlewgampletien system eficlaiacd, whetdinihe Wishgspobthe BOP rans

are adapted to sealingly engage the.outer surface portion above the second

end of @tbmpa’aemauanpuhls,ommaﬂaaﬁ%rﬁﬂbéﬁ%ag\éﬁégﬂb Fichlextéhdeommuni cation
bet ween the tubing annulus and the BOP choke and kill fine may be

est abl ibﬂ%@hﬁ@ugﬁng%nﬁﬂﬁﬁﬁtﬁt%ﬁﬁﬂﬁ’@yﬂet the workover passageway, the

annul us port and the portion of the BOP bore which is |ocated bel ow the
first BOP rapg. 2 | ef i on svst f claim4, wherein the

t ubi ng spool 'con-gi??ligg%’Mﬁn@?ggsq%tké}eﬁ%%gf?ﬁﬁgﬁﬁﬁ?wgnﬁ'&‘gs%gevvay whi ch
ext ends the tubjing annulus and the annulus outlet. 28. The flow
conpl et‘frggg"té‘{/gﬁ@%“{’}?'c't&F%f'ﬁ'fﬁ%ﬁo"ﬂﬁ?‘teﬁ twerR the praglugtion astleband the ne whi ch
is flui dllf/!conn cted between the production outlet and the annulus outlet,
wher ei rP WO hetelnflyld espmusicatioe betwekre tHeopradactiormbord Aad thebi Ng

annul us may be established through the production passageway, the

pr oductiHBiRgARNuys maydeestablished thioughahd ﬁrhﬁjamn%aé‘sa@ém?m@ay. 29 The
fl ow conpl etion. systemof claim1, wherein the second annular seal

conpr | Sadactioet el cih.craSovBhiné bW RO BRGNS PassHgbREY Of I al m 29, wher ei n
t he secon .

29.  The flow completion system of claim 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 service and control conduits which each extend through

the tubing hanger to the tubing annulus.
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annul ar seal conprises a pressure--energized seal. 31. The fzolﬂmscgﬁplzgﬂébn
system of claim?29, further conprising a seal ring which is positioned - :
bet ween the second annul ar seal and the tubing hanger. 32. The flow

conpl etion systemof claim31, wherein the seal ring conprises a C shaped
cross section. 33. The flow conpletion systemof claim1l, wherein the

each oxtend i oughe et U RN SR SPEIASE Rl Sl S5 o0 sep
2004 34 [ f claim33, f h i Si fi
condu t CRMAZ: PLSeRBRE SeRTG thy FirBubhresh s odaomot .

control ¢ nguit. 35. The flow conpletion systemof claim34, wherein the
first c&ﬂﬂ@#' cl osure nenber conprises a nultiport gate val ve assenbly
which is fluidly connected to each of the service and control conduits.
36. The fl ow3eonpilbeiflow coyppletioniysieai of Adim Bdewbicrein tiee fifst sbnagindui t

cl osure nenber conprises a poppet-type fluid coupling 37. The flow

conpl et'i:baum/mﬁ‘rbemfcompﬁisﬁb%ﬁnum@me%&e%é@ﬁbl%mh is ﬂdi&igcoup' ing is
S

adapted to be engaged by a corresponding coupling that 1s - supported on-

the tubpagheh@Plo edéh of Ihe gér\ﬂ%%ﬂﬂm(?ﬁlﬂo?g?ﬁ&ﬁ{sem of claim 34, further

conprising at | east one second con osuré nenber for controlling flow

t hrough eachqser V4 nd. cagntrol conduit.. 39. The flow conpletion system
of claim 38, 3%&@?‘%@*’(&0@8&?{] Slﬁ%ﬁﬂh?'étd@'ﬂbgﬂirﬁnﬁmg?e trshgendwit a val ve
cl osure menber which is normally biased. into a closed position. 40. The
flow cofifFUE TBRMbSE CempaiFes pRapPet fypeilidioeuplieg.second  conduit cl osure
menber conprises a valve closure nenber. which. is normally biased into an
open positi o¥. 41Therfiewfcopwletiorpsytemofafsitreds,oihefent thedSoppdiayss n t he

first and second conduit closure nenbers are disposed in a single nmenber.
' 35 21 fBiidPcAOOihglR adBipted tove engaged bya @ﬁés?ﬂ&xﬂfngcéﬁlglmﬂjthat"feer ein the
first conduit closure nenber conprises a poppet valve. :

supported on the tubing spool. |

38.  The flow completion system of cfaim- 34, fuﬁher comprising at least
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
conduit 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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43. The flow conpl etion systemof claim42, wherein the séton8f Ropii t

.ci osure nenber conprises a gate valve. 44. The flow conpl eti on system of
claim 33, further conmprising a controls bridge which is securable to at

| east one of the tubing hanger and the tubing spool and which includes a
nunber of bridge Iines, each of which is connectabl e between one of the
servi ce and ggntr?L ﬁonduits and -a correspondi ng external service and
control I|ine¥% 451ngHewgompletion systeahoksaine dil owherein thet first condeait
conprising a second annulus closure nmenber which is positioned in the
annul ustlpskte membeEreofprises anpdppdt walvey st em of cl ai m 45, wherein the second
‘annul us cl osure nenber conprises a valve closure nenber which is normally

bi ased into 43cl oske flowsidnisiBtiort Systdhfof d&im 89rRhetdiRhe¥sigg of cl ai m 46,
wherein the second annulus closure nenber conprises a sting-open check

val ve. dshdulth@odie j tp%ﬁ% laim1, further conprising. a

t ubi ng hanger runnﬂgmtggtﬁ(gmﬁts:%é’la re%l\\/, bly connectable to the top of
t he tubi ng hangersand which.includes a production port that communicates
Wth the pro u'cti!ﬁe ﬁ%‘P’&C’Q}Rﬁe‘é‘H‘ %ﬁﬁﬂgfp am 5%-Haﬂhebﬁ?mﬁrl§lag@ with the-
tubing a m,nl S, 49. . The flow conpletion system of claim48, wherein the
“tubi ng %@@5 Bdag whichiss securahle tosablgestepsalthertubingdranger aaidethewi t h t he.
tubi ng annulus 36 4. SEP 2004. and a wor kover passageway that extends

bet weerlubing spoehand wiicsinghueg sandmbehof bridge Ihed) @aeh cIRshivpy ei n the

annul us port comruni cates with the tubi'ng annulus through the workover

passagemmeatubie betwasnonsof thesErdgesand doitrol Bonddi gpl etion system of
claima49, further conprising: a BOP which irg rermvl%\tl)%“&pggnnect able to the

top of dopshbhHing e al s&@9 ' koghkudes a BOP bore and at | east one
choke .and klb|| Ilgne t atS C%%%“ﬁ‘?%‘i@'%gt h, the BOP bore; wherein the
whereby fl uid comruni cati on

annul us portsco i L th the BOP_bore; ]
bet ween t he %%b%a@%?ﬁ?&%@ntwgerﬁﬁwgm% furtbengampiising asgeopd
establ i sheFI t rothl‘gh t he BOﬁEggire, the annulus port, the workover
passag@RYUSOTYTE membelwhishds Agsitipyped in thenannylgaborerpl et i on syst em of
claim 48, wherein the tubi nP hanger '

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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ﬁpmiri ses an annul us bore that conmmuni cates with the tubi n% lﬁrﬁwglpug[}ﬂénd ..
wherein the annul us port communicates with the tubing annulus through the °
annul us bore. 52. The flow conpl etion systemof claimb51, further
conprising: a BOP which is renovably connectable to the top of the tubing
spool and which includes a BOP bore and at | east one choke and kill 1ine

that coambiviorksseipidsagBfral SRaRONGIGBENRIGR hBSTARI e paLl,y commi un

Gates with the BOP bore; ereby fluid conmuni ca ubi ng
annul usthangpit kill,line may be.established through the BOP
bore, the annu Bg%gg%%&%& %WMSL%O'BSP@.W@WGQ witisthe tibing 53. The
flow cq iQn s emof, claim3, wherein the plug body is wireline

depl oya%?ﬁ%ﬁ‘.mﬁéhq WRrkQyeh Passagewaysandrhsr amdusrpagsageveaiei n t he t ubi ng
spool conprises a workover passageway which provides for fluid

comuni cat i ot~ belheBoawemplelion sistemaatgined9, dfodher pompiisingof the central
bore that is | ocated above the second annul ar seal. 55. The flow

conpl eti on syst era BOR Whioh i54embuablpeonaesBbicsionie tép o id@ipianger running
tool which is renovably connectable-to the tubing hg.nger'gjmhi ch

i nct udespoal geavic included REORSAHY 4 lBéﬁd(‘#ﬁé %@A&%@’@%@ﬁ%ﬁhg t ends

axially through the body and conmunicates w ore; a BOP

whi ch i&m{,ﬁg%g Sywmﬂ{éegp%gll?& to the top of the tubing spool and which

‘includes a ore, 'a se Bop rans, and at | east one choke and kill

|l ine that comunicates with a portion of the BOP bore.that is |ocated

bel ow the BOP ra ,ewewgiqvny RSPCoBmuINGates wilhtthe BOPdwwei ngl y engage
the tubing hanger running tool; and wherein fluid comunication between
the tubi ng annui Whespby fluid coporupicetion hatwder thel tubimgnanynuies aad @ | shed

t hrough the annul us passageway, the workover. passageway and the portion of
t he BOBQfdcbokeiaot kilklineomalydit establishetRrddgh tha BOP Hore TThe dir@itconp! eti on

system of claim55, wherein the tubing hanger
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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runni ng tool further conprises a cylindrical outer surface peorgi
annulus port that conprises a first end which conmuni cat es %%SE}F%{?Q

k [ h,th
Suriace portton b7 T BoR el RRN sl e el QR Fran he s aliefiisn 1 ne

BOP rans arvetretmdaarm;:dealﬁeseal ingly engage the outer surface portion above
t he second end % e anpnul us port, and wherein fluid comrunication
bet ween t he t ubi anHEﬁ tiew comepletien srsteghokelatm@2k mherdin e futying epool

est abl i shegq S kover passageway, the
annul us portorngﬁ hhaewggfttl Ohﬂa‘éﬁag%@ﬁﬁméroﬁ%s @ﬁﬂu@ ?Q{Eﬁt agé’lnow t he
first BOP rtheeB%aaSEE’IUEQ%séﬁewéyfdn@!\M portpnedfiths cayEhPHdiOhat RNbEMED g
the flow of flui from h bore, the flow conpletion system conpri sing.

a tubing sgooYe ?@ﬁc% r&&8H over the wel | bore and which includes
an axially extemgng newnmlcoﬁgﬂenméy&e G 81 AP Lo ﬁ@trgsﬁwporte gin

communi cates with the central BDore; a tu anget
the central bore and anhibdtng hangéudesirag tgmlhathaiH i reyovaliy eaindeable t@the

producti on extends axi al | he body, and a production
passageway t?ﬁhg h@@ ANg AYtigh %‘%%%atgﬁé‘ %E’JHEBW@F’?%&HQ %HEPCPWQOH port
production qQutle '%iﬁh l@i\%‘ g hanger supporting a tubing string which
ext ends i nt SatEengs axighy thraweh He b%\éaadtcemrﬂgnlaamvw e pmsrw@tmrg t he

tubing stripgpe:a first pressure-containing barrier which is secured to the
body of the tublng hanger above the production passageway; and a second
pressur e- cont ai ni ng barBOErwhithdé rérsosaisly rcedngctableetdbeitop @f thdgidingi ng

hanger above t fi ressure ai ning barrier; vvherel n each of the
fi rgt and s888%oar55r&’§'§thﬁ80 QF'I?&I‘%&%gb(H&r ?lgS@Fg f Bk ramesansbahleerbons ebokei on

bore and t hgnywhi ik %’t‘%Hﬁnurﬁ@é‘t’e@ VHEH %g%ﬁl of e ?@F'Bdr@'thg ls‘?o&{léd s

| ocat ed above the tubing hanger. ow conpl etion sys emof claim
58, wher ei nbegwhther BOerams;st and second pressure- cont aining barriers

above he producti on TLELRBAAF AR IR SHaapie IlsealfReroson i thbkea
bet ween t hehbdngémamhaipeo!l;aid t he central bore above the production
passageway. )
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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60. The flow conpletion system of claim59, wherein each 2 Lt Irgq;;ﬁ]c%gglijre
nmenbers conprises a plug. 61. The flow conpl etion system clai ,
wherein the plug i i |.oyable. 62. The flow conpletion system of

5 Wlf&ref‘ll i ne de@ ] _

clai m58, wherein Yhe 7SV GERELPR SYstM Brmongolinarthe flovoabiluid éora afwet t
ring seal, theyrgedRMbPCERTILt Wyl barrier conprises a second ring
seal, and the first and secongnfgr% S;Hac{ﬁgpréslr? " mounted on a comon plug
body that is secured i na ttEngspdolovhioh ibpositiohSd oFbetHe! Vol BERPLEE WSy st em

of claim 62, wherein the plug bady is ireline depl oyable. 39 24 SEP 2004
64. The f|ow'B%’ﬁﬁgﬁf‘ﬂcﬁ%"%@s%’gﬁwgf‘éae&ﬁ%@{e bR dradudiion elatyhigol

conpri ses an gymmiuHags Wik (RO SeAPa@Ul US passageway which provides for
fluid comunication between the tubing annulus and the annulus outlet. 65.

The flow conpl etion syst trirg hehaemwvbich isisepedned rethieudinne| bl@@@%nd@ﬂn@ﬁi f‘es
a wor kover Leh provides for flyid communication between the
annul us passzgélagggg%en\g%@r?ﬁ@ ”8@%%&@(&?{? uetigpbere that extendsexdall  above
t he second prgssur.e;containing barrier. 66. The fl ow conpl eti on system of

ol aim 65, furtRevOBIRPedH mht  Prabicigh maRgegewan fidigomsounRlesrbatsieen the

removably conmesfuabbe bbre HAE thd BRI .and which includes a generally
t ubul ar body and a production pgrt tlhg'?ﬂ@%tt'ends axially through the body

and conmuni cates with the fpbindulangsr suppodingea BOMavstritty wiichenmyaiy wito the
connect abl e t top,of .t he tupin spool and i ch includes a BOP bore,
a set of BOP \&gbrggreaﬂ@d éin'P%%&tug'ﬁ@gfﬁB‘E%s S%@JW@ the RdIRG EHINGH NI cat es
with a portion of the Béﬁrﬁfﬁfrésédiélcdn%aihﬁf’gaéaerﬁﬁr @/ﬁfdﬁVYstgs%Hl%thorlﬂgBdoW ern

the BOP rans are adapted to sealingly engage e tubin anger runni’ng
tool ; and whdpgitHbinghiances aboie dhe Pordustioneassapewaybanty annul us and t he

the wor kover passageuny? SHECThErBEELT GA GNDAGAHA HOFR TAPEH 0N Be oe”

bel ow t he BORfrithatubifd hafiger hbove Ganmitsthredsusdy-ebaMiIThg Yafidh, 66, wherein the

tubing hanger 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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running tool further conprises a cylindrical outer surface ;Zzﬂ[}tﬁg[rpar@ngn
annulus port that conprises a first end V\/m ch conmmuni cat es

n| cates with the outer
surface portion B8 TROeTRECPuBRATEl RS “Bf58c|\/\d1€w¢®7thevth@mguapqd1e
BOP are cadpptesahanseald aalet an@l@ﬁﬁﬁ’nﬂi[ﬂ %'é &lew & B Mg
t he gg(r:ncsmd end ofpp t he. annul us port, wherein p %i e*i rr%’(ml c&[ﬁcﬂ’( g’h"

bl i shed

t he tubing an?ﬁmw%ﬁilonttrﬁwsgptbadw@ngmmiumandtt@aamyulb@oaﬁéta ished
t hrough t he annul u pa wor kver passageway, the a p
and tﬂe portion ofét he ?E%%Swomb\ﬁ?gﬂ SV§ & eE 18N 541 herie thﬁrtﬁme@POdes

P_200ar66riscs &lvorkoRmpasagewsy A bR3VIGADId Auld BYTE L)
?szg fSrEom a Brls bore the flow gonp eti onbsyvslt em (goml)rl sm ti)\tlivbl ng

ehwesn then @Wtdw%pasmwy albd)laepcmtldnwﬁthﬁﬂcemtmﬂb@@'t@%a%ﬂs%aftb
Z)Ifggglnd\ll\ﬂlgcQeIrltd|5]g§@ﬁF R UCtItOl’l oubl ef which conmunicates with he
central bore;  a tugﬂ%g ﬂgﬁj@ \%}2 CHOTEMNBPBTEED in the central bore and
whi ch includes a @6neralhb>ﬂowbmm@léti%ﬁ|sy'§% of RIRhUH G iRE: &%@n% ﬁgt

extends axially .thr ough t he body, and"a production passagéwa
tuby fubgng teeldvhible ipresovabipcopuédiable @ thleUg
communi cates bet ween t hé lUbiNgdandes iumEng quore aer:d Al

rodu n
Prat and SecooRyAdhdeoaREPR bRl 3 S5 bEUS ety Snte.merctm ot
body and the M@Mtﬁﬂdsmmwh&hmmtﬁdmdymwnﬂmm@ﬁ%@%"@é rﬁﬁéfﬁﬁéﬁdrp eac

ssure-contarnin
of the first and second annul ar seals provides a pre
barrier betme@ & he production bore and a portion of the central bore t hat

53, whor o the bl ug body e Tt 5 rehioval aoBuSBT o She ShShBeatbo A X
f1 ow conpl et i ¥PA peciasit rtncdqudma alB@}ﬁ@omaa b0l BOPf favig] afnﬁ%mé?é'tgirle AV

t ubi ng spool which i1nc es a
the 'flow conp f% t(‘ﬂ ﬂt%ytﬁag rea n|1 <|asn %{lthaa port:ongof ttl'?e BOP bore that is located
central bore

be!ow the BOP rams;

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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t her et hrough and a production outlet which conmunicates with the central

bore; a tubing hanger which is supported in the central borne Ev\,h)
i ncl udes a production bore that extends axially therethroug %\ﬁ{gg -[}mf

producti on passageway that comruni cates between the production bore and
the production outlet; a first closure menber which is positioned in the
producti on bore 6&bove flowWeosrpidien Bystepuios agotwalingdhé iflost offetialronealwaihi ch
i s positioned neentricall.y bet n the. tubing hanger and the central
bore above t}oﬁ%’ctﬁ?gmwrgﬁleﬁégssgaﬁﬁﬁ)%@@'n the first closure nmember and
the first seal conprise a first pressure-containing barrier between the
wel | bore and a surr oy [ ! er..which is
positioned in the pr oductllﬁ r?pggl\r’\}gﬁ%ggg@gsg@géﬁfbﬂ'séftrg% @?HP@’@E%&Y*}%M a
second net dhclydas anhidallyi extpoding cemeidl bore antl i gradlytidrebugsinwhiae t ubi ng

hanger and t cent ral re above the first seal; wherein the second
cl osure ner%%?zﬁméﬂHH:%f%Wﬁgéﬁﬂ&GEHQ| biSiprise a second pressure-cont ai ni ng

barrier between the V@“b“p@"“%“gﬁﬂg‘?’%ig%yf)?%gmﬁ tﬂgce&?chrg\/gpg%hﬁti on

system of claim 71, wherein eac st and secon osu ers
conpri ses dnelgdes asgeileraly eylingkishl boty, cepgageton bhee fraidutdridzaigne. 73.

The flow c i t of claim71l, wherein each of the first and
second cl ogﬁgel@?etﬁ%etf@c:%ﬁ]ﬂrq B@ﬁ*&%ﬂ PEFPIICRL I QoM pniggtesetwera the ow
conpl eti on mwydtetorobore) andihESprodietieh bugaeh of the wireline plugs
conprises a netal seal which sealingly engages the production bore. 75. The

f1 ow conpl etion syst ehPbi ROG hat is ramheyradiiy sebtigrablebinrthe sodlcticrongret sed an

annul us passageway i i i a_tubing .annul us., 42 4 EP
2004 76. The flow C%ﬁ%?%ﬁgﬁ%@%ﬁﬂ%ﬁvlm 78IS g‘%@aﬁe ?ﬁ@htpﬁ?_ﬁi%ﬁﬁ?gpool
conpri ses dehoekotes phasisegienny tvdpeddurtionides above ftha!bebiRMGHNI cation
bet ween the annul us passageway and a portion of the central bore that is

| ocat ed ab&PESPWEVE¥cond seal . 77. The flow conpl etion system of claim 76,
further conprising a vﬂﬂé’r%tﬁfégéh ogfﬁéétefiﬁé@éﬁ@ sBEON ARRuEPSebisyhidyRRETNi cation

between the production outlet an
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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| east one of the annul us passageway and the workover passageway. 78. The

fl ow conpl etion systemof claim71, wherein the second pres i ni ng
barrier conprises the uppernost pressure-containing barri ez Eﬁg\g?ﬁqﬁhe
wel | bore and the environnment during the production node of operation of
the flow conpletion system 79. The flow conpl etion system of claim 78,
wherei n the_t ubi %\gf S“E)ool conpri ses an annul us passageway Wi ch

communi cat ed Twi t B 1% eTRIgtiotTYgienyTor gentrotiing the ey ebfii pmanwel berem of cl ai m
79, wher ei ntheow cimplgticipetem eampigiges a wor kover passageway which

provi des for fl uiﬂ conmuni c%tc'honI (%et ween the %ul us passageway and a
portion of the c&lttHy SR ¥hichinclydes a croirplhere gl gxtepds @dalnd seal . 81. The
f1 ow conpl ethesetheyughed af prodiedtion 80tet fiuhichivemnaongitésSiigiha cehpsitever | ine
whi ch provides far gl Ui i ' tyeen t roduct.ion putlet and at
| east one of thegé[_%gr’\'h?‘hgn gmgéﬁgﬁ pg’ﬁagﬁhtﬁg\%?tﬁag%% %EE‘%E@%W&EJ €82. A flow
conpl eti on §edyntion poredhatraxtenda gxiatethetatiwoogh amdia drdduciiora wel | bore, the
f1 ow conpl epheshoeMal §Bt eMRIuhSLRY: i i ' central
bore that e?t &ﬁn S a>9<i ally tuh‘er‘c?{eétg t?re %%ﬁ?hgggﬁggugt%%%tﬂ%&{rgﬁﬁlﬁgﬁ

comuni cat eS8t h the central bore, and an annul us bore which communi cat es
with a tubing anadirsisiosarel HeBEr VAEIR oMLY ihhepRRGEIRbordabdie central
bore and vvh'ﬁ:h igcltudes a g{r oduction bore that extends axially

t her et hr ough anad & 'PPHEEASCERY passageway that conmuni cates between the
production bore afistnfetalsealdudth @positiohddedancentfitdlly beGhedmune tuppsgoer which is

posi tioned | I i abpove 43 2 4 SEP 2004 the production
passageway; hgn#él}%gp tg%%@ﬁ?%rg%%gvepg' ip{?%gﬂ" RGREERY Y cal | y between the
tubi ng hanger awherefetheéinet closulsonembdrand théfrspsead vompiise plssageway ;

wher ei n t he pfdskfe-ohBii E barRBRSwad HE eI ofé n@&@hn&,ﬂi@ﬂ{ se a first
pressure-contai ni ng barrier between the we ore and a surrounding

envi ronnent SMAEERRd cl osure menber which is positioned in the production

bore above the hisesdndidiqsibs MefBPRhich & SRABAEY FARE pHYLEHor SorROS! ti oned

concentri Ca!ﬁt!)gvebtﬁg\ﬁ‘ras?glotsgr% r%elzjrr?ti)g}?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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hanger and the central bore above the first seal; wherein the second

cl osure nmenber and the second seal conprise a second pres sgrg-rﬁ%ﬁ?i ng
barrier between the well bore and the environnent; whereilntt LS. S

pressure-containing barrier conprises the uppernost pressure-containing
barrier between the well bore and the environnment during the production
node of operation of the flow conpletion system wherein the tubing spool
further conprises a workover passageway which provides for fluid

conmmuni cat i GA. betThedlowtdompinion Isystemast SREE WBYwidBinahe RBIHgispBolof the central

of ol ai m 82 SRR BABKS e S RN B iodios Ald cpuBreelihper o ) o
conpri ses a’bﬂl\ff@ith@ad@-ﬁw&)g@bhgevmwd Bortidnef th cantcad bpleghatdyn syst em of

claim 83, WRRLAIILHRAE hlccbRg s rel i ne plugs conprises a netal seal which
seal ingly engages the production bore. 85. The flow conpletion system of

claim82, wherein each of the first and second seals conprises a netal

Sal B0 (a .| ONAOERISIn Sy LAYyt 6] NS coftykge MBS g @

thir closuyre er for._controllin ui W

passageway. H%%W%H%W"iﬁﬁf%ﬁb‘% 8?W6‘H”'g9t§1“eqﬁt‘8?e'bﬁhﬁipfﬁ%g°’f eHtehand glonpri si ng
a fourth clesstiors oithbanndies passageody amighé Weridbvel payshiewaygh the annul us
passageway. 44 88. The flow conpletion system of claim87, wherein at |east
one of the _third and fourth closure menbers conprises a gate val ve. 89.
The fl ow corp! et iTba fleyspmpiatipn systema 2ain m,t\/dwelocblnmsehcsndg S cr _ossove{I t

| i ne which i : I Ed?ﬁ'ﬁﬂé. i 1 ! on outle
and at Ieaai&ggge%fntﬂgé gﬁ“ﬁ’ﬁf us paggg&lﬁ%‘rﬁﬁ%\ﬁ?ﬁu%r&wg}@réj%éllsngggemy.
90. The f|o§zﬁ%ﬁﬁ|ﬂéﬁ wehbargandiheemdnoamgnidiiring dhe preduetionmadsiafg a fifth

cl osure menbperafin oLRSTIONIcbinpibh wjdlerh! oW t hrough the crossover |ine. 91.
The fl ow conpl etion systemof claim90, wherein the fifth closure nenber

conprises a gate valve. 92. A nethod for conpleting a subsea well which
conpri ses a79%el | ibaflowltompletign aystem ofiplaien 7&nehedéin therebinglkpos, t he net hod

L= an . . ; _ : in
apool 1 ol G s HRa0eRRT Widt Bl MG AR By, e
production outlet which communicates with the central bore, and an annul us
bore which 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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I's configured to communi cate with a tubing annulus; |anding a tubing hanger
in the central bore, the tubing hanger including a production bore which
extends axially therethrough and a production passagemay2whf§ﬁp)ﬁon{
communi cat es bet ween the production bore and the production oatl &t f
establishing at least first and second netal -to-netal seals between the
tubi ng hanger and the central bore above the production passageway; and

i nstal |ing Hie preduation ppsgagaway;second cl osure menbers in the production bore

above the pr OdUCE'fFE?SQQWﬁ%MSm%d cUPu@e L1 BeRfech!thd mbg"éfha glr ein one of

the metal -to-netal seals and one of rﬁrF'osure menber s
upper nost  pPREgreentaiiose Abews tBﬁPqu@Pt'OfH&SﬁéQﬁ'l"’&tyhe wel | bore and a

sur roundi ng enVI waen@ﬂmnedutmwaurtehﬁerab@fwﬂtth@nrstQ@él@ombnéépﬁn%tl on of the

t ubi ng spoo| net hod C reln the tubing spool further
conpri ses apre\ff)ll’rﬁoci'?g %%%E%{B%R?%%FW @']ﬁ "fﬁ”&?f%l@'% #SHTOYNGNY communi cati on
bet ween t heeddirodmén E P 200 4 annul us passageway and a portion of the

barrior. dp o seEor SR neRBKE N B AR T AR FLER Moot et A

f1 ow conpl e@bQ}ﬁ’ the jiest elasurgmenaari ol 1ing the flow of fluid
a second 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;

wherein the second pressure-containing barrier comprises the uppermost
pressure-containing barrier between the well bore and the environment during
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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froma well bore, conprising a tubing spool and a production outl.et,which
comuni cates with a central bore; a tubing hanger which fjs} E%n I n
the central bore and which includes a production bore and a production
passageway that conmuni cates between the production bore and the
production outlet ; a first closure nmenber in the production bore above

t he productj on assagewa a first annul ar seal between the tubing hanger
and t he cen%é)al ﬁﬁ@“?w&?v}%“qwsmaﬁf&'m&? whseiyaiiesst ongREei n the first

cl osure nented andfairihhtosure lember] cobtiges SQate JalveSt  pressur e- cont ai ni ng
barrier between the well bore and a surrounding environnment; a second

cl osure nenber in the production bore above the first closure nenber; and
a second andful arThesfeat cdratletersysteen ofudhaimgB2h anther ccanphsirtdwcmeﬁﬁvreal bore

above the fI'i e%hl&?@ljovgeg\,ﬂ)?rl‘lﬁfd%omur‘ﬁ?qgﬂ%eﬁzv %ﬁlfipe %r”%”B gnd %ihe second

seal conprise a sure-contarnin both the
first and t#deasseonpaf hbaraunn@lﬂs passagewsy aod &tee@brlmw\teh pasragewdy.ng hanger .

90. The flow completion system of claim 89, further comprising a fifth
closure member for controlling fluid flow through the crossover line.

91, The flow completion system of claim 90, wherein the fifth closure
member comprises a gate valve.

92. A method for completing a subsea well which comprises a wellhead
housing at an upper end of a weli 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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annulus passageway and a portion of the central bore that is located above
the uppermost pressure-containing barrier.

46





