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This application is based on U S. Provisional Patent Applicafion No.

60/ 192, 124, WhP¥ER2as filed on March 24, 2000, and U.S. Peovssjsmal Pat ent
Application No. 60/268,329, which was filed on February 12, 2001.
Background of the I nvertWBINGHANGERNITH ANMJLUS BEREt es to a flow
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outlet, and a workover passageway Whic
passageway t dNAURSr sepkal hore extendingraialiy thersthecughain amulap ediirechangeve t he

t ubi ng hangerwhidhie $BsHRASSRE TNENRralNoRY LA®S 2 HNsGRRR gL ween the
t ubi ng annul us ﬁ'gl t h%Pce tral bore éEov% .rt %g%ﬂﬁ?ﬁgq%gﬂgg?n tgﬁr i ng
installation SR Fa.@RPep thertubinghangery ‘@'@M]@g hanger supperhatyeasTome r egul at i ons
of certai n cdubitg steésg that ¢ragris irgo the M%a@&h@%ﬁﬁs@ﬁﬁiﬁ% Qfnftis O 1 and gas
require that ¢he £l I on assenbl rovide at Teast two
pressur e- cont alprﬁiJ né&g{?‘%%ﬁg&r@& %%%ﬁpﬂe%ﬁgibf"gﬂﬁﬂ%er&ﬁﬂmﬂ% %nvironment. In
t he concentric production bore which communicates with the tubing string and a

lateral production passageway that extends between the producfion bore and a

production outlet in the tubing spool. The tubing spool aiso includes an annulus

passageway which extends from the tubing annulus to an annulus outlet, and a

workover passageway which extends from the annulus passageway to a portion

of the central bore that is located above the tubing hanger. These passageways

provide for communication between the tubing annulus and the central bore

above the tubing hanger during installation and workover of the flow completion
assembly,

=

The regulations of certain countries pertaining to the subsea production of
oll and gas require that the flow compietion assembly provide at least two
pressure-containing barriers between the well bore and the environment. In the
typical horizontal flow completion assembly, the first barrier is provided by a
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typical horizontal flow conpletion assenbly, the first bafri &Ebs ZBB&W ded
by a 1 17 SEP 200k wireline plug that is installed in the production bore
above the pMJEBIBNn passageway, in conjunction w th anpaerosisss usual |y
metal seal which_ is ositioned between the tubing hanger and the tubing
spool above t H&elieRiiepUR instaledin themmedustierdhne Bagveitier produgtioovi ded by t he

tree cap, whi phssagew®glirecbnfudctidiavithladhAdars Rl B tafiééamﬁ'ilﬂrb]é.r’ ':ypi cal l'y
ichinturnis

netal seal an L 1 i pcl udes an axial through bore

sealed by a nglo ée%{"?rﬁg bSF’W "gFe tybipghanggr andiihe tubing sppdt abeisrihe prodesiien ng

instal | ati on eftleth@hd sepand baribes ponidassetblie cil) whichbd Siengele 1S | anded

onto the well g lL.ch bl owqu reventer ("BOP") is
QA0 oot e T Bl A0 hebhdlicy

installed ontg the tubr'ng spool 'froma surface
vessel . The t HBpyst BeEmybieh indumiissealeg\by erdretime plud oboting shitaitgeclogurni ng t ool
("THRT") throughpehe riser and the BOP and | anded in the central bore of
the tubing spool. The THRT is then retrieved and the tree cap is | owered

on a dedicated t Mg is@Etation of thefiry completionassembly the tbingragoclie BOP and

| anded in_t helandehontathehesliredt ioasih, wftabmvien 4 BBwbipral@nierpgepr) & ter the
tree cap is i{ﬁﬁaﬁéétﬁﬂothteﬁgtfi THRT! Is retrieved, the BOP is retrieved, and
the flow conpl 6tion Aas&mbl§e ROl Bylmeans oha geer ggployest oA sefasei on. During a
typi cal wor kovesselofThe ibirfd fengemdsiiies tivensd asssiabing ianddheunBAg teddd t he ri ser
are once agai rTQRMY @4 ; i . tree cap.|,s usually
removed from H_e tzbi %\l?stg%g%%?ggé\@gtﬁ %&&%luc{eg '%%r?ﬁ%%%?&afetf’ the 1 ubi ng
hanger. Once MRB9{BYR0VBS TBRE sthervietierpdansddhe fres eap is lavwmeedddR i s retri eved
and the tree defate to6; sushtaala TR, bfr&lgafuwéﬂ&%réﬁost‘ﬁ%le@?dar{d%deﬁﬁmeme“ the

t he ow conple

THRT is retri the BOP js retrjeved, and W CO! ion assenbly
is ready to bgéﬁgrg{boﬁ%@ﬁec%o?%o"&i%ﬂﬁ@f‘ﬁl Banges; Niss therfeeergapds ipatplladstheequi red t o
mai ntai n wel | TREisgetrievéd, e BORIseattiewe, and tﬁ@ﬂémc@nméﬁdh%sémm?rs barrier, the
| bckdonn b oot dEQP oiBabedn, it o §oikn i or e apmpielon
Consequent | y, 33SR@blyr e BOAandshe Bass kiteyonce egdie asnnetted tiethi gl dped!, by a

renot el y  opethatreelcaieidivelaly reréafrorNfe R shokt LRGPPk PIE d from the

surface vessel 0 ecial |y designed trée cap running tool. Thus,
i nstal | ati on %W‘“?ﬂ%“a‘t“ftg%ﬁ’b% “%P%fiﬁu Preasthg wepererapeiatipng arg cempigtedbot h dur i ng

instal | ation tbé THRE id tetrieved and i tros capdis & Mblalle PRBudh Herisar AMAtkoVer

VBl uabl o rig T et be TRRTEleed i B3RrPrer pibie doagompicton

assembly is ready to be put back into production.

Since the tree cap is required o maintain well pressure in the event of a
failure of the first barrier, the free cap typically comprises a rigid metal body and a
robust metal lockdown mechanism to firmly lock the body to the tubing spool.
Consequently, the tree cap is usually too heavy to be installed by a remotely
operated vehicle ("ROV") and must instead be lowered from the surface vessel
on a specially designed tree cap running tool. Thus, instaliation of the tree cap
requires a special running trip, both during installation of the flow completion
assembly and after a workover operation. | Each such trip typically requires a
significant amount of valuable rig time to complete, which necessarily increases
the cost of completing and maintaining the well.

In addition, during retrleval of the THRT prior to installing the tree cap,
debris within the riser often falls into the central bore of the tubing spool above

2



the cost of conpleting and naintaining the well. In additﬂoz,géﬂ:r)i4gpJf
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 2 17 SO P
2004 the tubing hanger. Left unattended, this debris could foul the sealing
surfaces of the central bore and thereby prevent the tree cap fromformng
an effective seal with the tubing spool. Therefore, before the tree cap is

i nstal | ed t hetheautinghariyer. €. efMuittenBed, the esidaIdab@ane skalig BIRLRS of thbat
consumnes add|t| rtaﬁéoval Ie rig tinme and increases the cost of conpleting

and mai nt ai ni #g' rﬁé” $EPY REVRYriBe Tge AR dropbiorMing anagfiestiveoseahmith

wor kover of tine tubmg €pdol. hﬂféréf@t@zt gbford {Hevireeosspl @ﬁr\ﬁﬂe@%ﬁ@&&h%i b6k cati on
bet ween t he tub BQUl us d the surface vessel is usual l'y established

t hrough t he a[i’ﬁ s@‘?@@ § Pracges thab pResvEYeS Reditigpal walabla g me ged t he

choke and ki Ihcr‘ebﬁ@ﬁh@éoétbﬁcdﬁ%tmg anb enataiHing the Wk ween the THRT and the
circulation is often acconplished by punping

F | e
ui d down the THETBPREG PRGN BAAAIOR rEOYEtovel B BEGHPER ereaia

string, up thfiow ubmr)@t@ﬂ@h@dﬁﬁ:W,H&:hﬁh\%h&@ b@ﬂ@éhutﬁeﬁaﬁﬁ%%\ﬁﬁlﬁs antihth@ugh the
wor kover passageway, % o the central bore above the tubing hanger and
n

t hrough the ABEREESEN KPyally | ssiaRlished, drpvgh taen aunuiys  PAsSagewayngBfent i s

that the fl owbrRold@asgbray, ah@éﬁaé?fthédfr@:ké HRd KD 1SR khe O @r tHaGnhURs NY
' this unrestricted flow can foul the

hanger is en aII and
tub?ng Ihanggr Wﬁaﬁﬂ%‘ﬁ ”%‘?n”ﬁ‘?fd FOF Sefamplee degmtwel| cipsstadion jis @ftgdi ng t he

| ocki ng prof Ié@oﬂlbﬁhheﬂhﬁ/ pnﬁplhgrﬂuﬁﬁabw‘ighéUITHRIFethVMubhltﬁetd?é‘dtﬁﬁéﬁ te, bor e
agai nst which,t he respectively. Summa of the

i nvention In tBWélgai'b“eE‘PmQPﬁ@gpv%ﬁ’@ﬁt’bm@@?@%H"rﬁv%\/ﬁha@éwm P8%5a89®h et i on
apparatus f OEhrcmtgn tthieDankﬁgartd@esédewa/y oifitof t{ml icentr) fbéklglﬁbcﬂrettlcl@ 'tuﬂ%% héﬂdét@ hV\'h i ch
extends into a e s atu annul us surroundi n e
t ubi ng stri nga Pgﬁ? %9?;%702‘{5 Hq‘é{lplﬂﬁrsagﬂg QRigirivdiBdthis afEnpameRt Bousi ng
whi ch i s i nstiaad thd fﬁm @nthumaﬁfral sl o thed hu@:n@'&idooﬁ%@eltﬁ?jttﬂthh@ﬁaﬁ%@% \Q/hl ch
connect ed over  the ich includes a central bore
'It?]at ext ends %%eEﬁ"Vyu'}r%%?%‘f rlfgﬁh's U’%‘?%WE%‘% \QIGW St P‘élt thgn IUBR9c BARESAI cat es
with the Centibaddoh'ﬂrrﬁechandmc’mldaé?md e d@aﬁaa@wmmdrwy €8 IGRPGURbREERS W th
orted the central bore

t he tubi ng anpul us; n su

and is co%nec %8”?‘83 ﬁ}?p%%a H’%ﬁ‘f' ﬂt’ehﬁertrlﬁ‘tg‘?fﬁ %B'P?W'Cﬁmtﬁeﬁtﬁaﬁd“”%anger
i ncluding a nomchndtseahrets@éﬁwwigj ch extends axially therethrough and a
production pa§sargevvao¥the InVentlcom‘runl cates between the production bore and
t he

In one aspect, the present invention provides a flow completion apparatus
for controlling the flow of fluid through a tubing string which extends into a well
bore and defines a tubing annulus surrounding the tubing string. The flow
completion apparatus comprises a wellhead housing which is installed at an upper
end of the well bore; a tubing spool which is connected over the wellhead housing
and which includes a central bore that extends axially therethrough, a production
outlet which communicates with the central bore, and an annulus passageway
which communicates with the tubing annulus; a tubing hanger which is supported in
the central bore and is connected to an upper end of the tubing string, the tubing
hanger including a production bore which extends axially therethrough and a
production passageway which communicates between the production bore and the
production outlet; a first closure member which is positioned in the production bore
above the production passageway; and a first annular seal which is positioned
between the tubing hanger and the central bore above the production passageway;
wherein the tubing spool further comprises a workover passageway which extends
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production outlet; a first closure nmenber which is positiéﬁé&atﬁ9t4u94
production bore above the production passageway; and a first annul ar seal
which is positioned between the tubing hanger and the central bore above
t he production passageway; wherein the tubing spool further conprises a
wor kover passageway which extends 3 17 SEP 200k between the annul us
passageway and a portion of the central bore that is |ocated above the

first dsegl abgtwtae tHeldrinlus fpam&wéyléiﬁd@rpog@m?f itr;@e@rm}at l?dgélﬂixdﬂgs_ B@étﬁd whi ch
ext ends bet ween sageway a e top o e tubin anger ;
wher eby f1 ui 2R ﬁgﬁ!ﬁﬁmgﬁﬁagﬁ"‘%g}ealé%ﬁs eiiger E’S‘Fﬁrgcoa?ﬂﬁ'g%%” aylysthorg WHICht ¢ he
tub|k ng hangeextems bﬁw@gﬂi &lﬁﬂl h\@h@d?rt bés!éu@éwdyhﬁncﬁﬂ’fwtdwsom@lést%ﬁig@%nd gér?e .
wor kover assage nd t he, apnul us n one, exanpl e, enbadi nen e
o eompl oet BASEHE il B AR beaRe e i S SRR 106 of SIRFUBRY
connect abl e t harigee rhap bef eﬁthﬁllshewltlm@u@rp(lﬁé anndius Whasehgdwa URE SvakdeP bore,
afirst set of BOP r | east one choke and kil |l i ne that

comuni cat es W%Sﬂg%i’vﬁyoﬁ”tdltﬁ%a@?”t”sl@r%@ bore which is |ocated bel ow t he
first BOP rans; an@ andHXamphd oémboﬁummowlfwmmamg@b@bl@pbfatdsheurtr@ia of the

b h d. whi | outer dianete
Surtace.a  HSBHTIEES B RO MEc faEm Ao tesdaS i R e T BBDG EPOR B08r & and

an annul us pamgch mb;antnrafc@mmumma,taefarstbwtvsfancozgtrh’cf:saagﬂualtluasasiOérreach@{s&ﬂa.@c]pkuwptenIB gg
which is for ' t he outer . me r rt.hernore, e firs

rams are adagﬁgdh‘:{‘}ocong'ﬁﬂqaf?& B%‘(L'J%” Pﬁg‘ o%ﬁ'grbo Wgﬂésr'oﬁf?q' gelewdBeve the
opening. In tﬂrstsBGEn'.almsl ahd ai HHRIDrwmdjh Eaigrma@dwﬁﬁttéﬂrl?ﬂtc{]uﬁl fop clémﬁw us and
t he BOP choke d . Ki in e esta t the an us
passageway, ttH M?R%‘V@ndd’gg@bﬁéﬂg?ﬁa RN T“E@a{)‘&ﬁ digrAglen BTACESA por t
and the portimodation bert BEP cbarenishies withsthé pegduetbn Ib@b,oawd&eahnm@é %W rans.

I nb .
the choke. andi BTG ORMIAPE KEGTNEPE Bof o1 SRSOFS MM GEATIRd whi ch

is |ocated mawmaer dubmefelrrm-fawdFmﬂmnﬂ&eB(ﬂ% rf&HrBBOBndw][shQreSQGévtéhl E’{]P rans
are adaptedto | y., en et outer dianeter surfa el ow t he
openi ng. In t¥eld Pﬁ’]%e th?l"g’?% dé%ﬂ%ﬁn?%% CP FAPONR t\’/ﬁe@ﬂe'}“?%%f‘ J%F‘ ABRHShul us
and the BOP dhuikeoramdnicétion! betiven tmycuﬂmag estidl ashed BOP @uﬁha éﬂi‘tﬁkllﬂimmﬂ us
passageway, th rk SS he annui us ,bore, the annul us port
and the portlrggy}é\?eﬁﬁéﬁﬁa%ﬂwggwr% Up PAPEEIEY 1R MAREDNST RRFSAISYEY: and
second BOP r ahs anhulusiye,tthe asrfubusepdoiearsidie portion bithe BaPticee afiencl lm@];s t hat
t he annul us ubi ng hanger provi des a conveni ent nmeans for
connecti ng thl%?c{"?@l E‘rsttgﬁpt rams.

In another example embodiment, the BOP comprises a second set of BOP

rams, the choke and kill line communicates with a portion of the BOP bore which is
located between the first and second BOP rams, and the second BOP rams are
adapted to sealingly engage the outer diameter surface below the opening. In this
manner, fluid communication between the tubing annulus and the BOP choke and
kil line may be established through the annulus passageway, the workover
passageway, the annuius bore, the annulus port and the portion of the BOP bore
which is located between the first and second BOP rams.

It may therefore be seen in the example embodiments that the annulus
bore in the tubing hanger provides a convenient means for connecting the tubing
annulus with an annulus port in a THRT. In addition, the annulus port provides a
closed path between the annulus bore and a BOP choke and kill line. Thus, the
flow of fluid between the tubing annulus and the BOP choke and kill line will be
restricted by the annufus bore and the THRT. Consequently, this flow will not erode or
contaminate the central bore of the tubing spool.
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annulus with an annulus port in a THIRT. In addition, the Mn@lfélg BQQ#
provides a closed path between the annul us bore and a BOP choke and kill
line. Thus, the flow of fluid between the tubing annulus and the BOP choke
and kill Iline M | be restricted by the annulus bore and the THRT.
Consequently, this floww Il not erode or contam nate the central bore of
the tubing spool. 4 17 SEEP 2004 In yet another exanple enbodinent, a first

barrier between thm yeehrhotmre@ara@éenﬁoh@m@ﬁtvamﬂaaﬁér Hiewddhaé Gemlbis aaat h t he
first closure, nenh oducti on _bore the first annul ar seal

bet ween the t16 @H\ﬂmﬁ%’ﬁ@'é? pr&ﬂgedc byeboih e firgt ‘%??H@ memlPPré[U‘H? progiction borgapgnd

barrier betwegs fidtaniuidr! sehicseBvadncthd R®IrgMEnGe ERINhe iy ool GfaditicdRosh a
second closure ﬁ% er that |s @ ositioned In the F|rOdUCtI on bore above the

first closureSTrRAHRGMEr Defieen t rareARN dffepnviErngient is Rfovided Bkgth 2 §8@Ad bet ween

t he tubing hagigske madbérmeattstﬂasmmm@ o@@ﬂﬁr‘?bdr@@bcfv‘erﬁ%fﬁ@@éure higribet, s
manner, both the firs gﬂ second_ barriers between the well bore and

the envi r onmedid 2550 seqh gt is pRsiianed betyeerythe ARy hangesandder lingy . t he

fl ow conpl et moamahwrsﬂcs@a MOthid Afbhére b@thtthQQ’ré%%‘?xdWﬁé%Bccbrﬁi bé‘rﬁé@-b' e of
seal i ng agai nst thehg iure in the well bore. Instead, a sinp

|i ght wei ght  CRANFSMSt ats W the, spvopragnt ke mosnted i wgorsﬁbsaqxblrwshw@ean ROV,

t hereby savi noortsI@Quérmyc&he A8 wapleticieaphdrads Hoed Het req&m’ee@ 6@ Rap fiphas sur f ace
vessel during |nat atl a don and workover operations. These and ot her

obj ects and aFRPANELQLeRaAling aggipst W&ﬁﬁsﬁreé’ﬁﬁﬁd’i’m% I%qqd Bampiea MBI ent

fromthe foll Mﬂgapi@nahel inslalide 26 thePlLbiRg spodl bding & ROVYNBErebP sVt the time

acconpanyi ng dr the draw ngs, the same reference numbers are used
to denote si ?Hdlaﬁ‘?sit‘lg?f’r‘r‘ﬁ%&é%f@ ffreen@ vaﬂ"ﬁ‘ Susurians yassek Avdng ipstallafiorp@sdr i pt i on

of the Draw ngorkt\@togerdiions a representation of a prior art hori zont al flow
conpletion asse sho th roduct.i on de of operatl ure 2 is
a representati on%ﬁleéeaP%Wea?HJEOE%gﬁ ?f&?gﬁﬂc{{@v eSRTPIEEMhpdimenis 8? shown
| n the instalnadé cappareniviiokOViey foIOAMGO HetaiRar absdﬁﬂuonFIv@w Qefdrehde 0 the
epresentation of the fé ow_conpl et| on. a%ﬁar at us t he resent invention

shown in the PEOTEEMETRYHE- UpWino% ihe pargR ergnqesn heshpiesssddei on of
the flow conpderbtecnirnmp@ﬁmmﬁtsmth&@mseabocﬁrh@w in the installation or

wor kover nod off Do erati on . ghna first enbodi ment of a BOP connected to
t he tubing sg%%q—%—aﬁqﬂemW esentation of the flow conpletion
appar atus of Fi gurfig@esh@na reprﬂsérit}ﬁom [tz blickt 4rd Roiontab ke \cempidtste  of
operation w tgss%m%fiaf sRown in Iﬁ?e producp ion mode of%%arahon
Figure 2 is a representation of a prior art horizontal flow completion
assembly shown in the installation or workover mode of operation;
' Figure 3 is a representation of the flow completion apparatus of the
present invention shown in the production mode of operation;
Figure 4 is a representation of the flow completion apparatus of Figure 3
shown in the installation or workover mode of operation with a first embodiment of a
BOP connected to the tubing spool;
Figure 5 is a representation of the flow completion apparatus of Figure 3 shown
in the installation or workover mode of operation with a second embodiment of a BOP

connected to the tubing spook;



connected to the tubing spool; 5 17 SEP 200~ WD 01/ 73259 ®GT[3158 /8407
Figure 6 is a representation of the flow conpl etion apparatus of Figure 3
shown with avdeghisswei ght intervention package connect edpd@udofoshtibi N9
hanger; Figure 7 is a representation of a second enbodi nent of the flow
conpl eti on appar athiguref it deppsestetinn df thediotvicompeavapparatisef Figasd &l | ati on or

wor kover node Sﬁ)cjwrp\piﬁ{ éﬁdh?ﬂ;e|lgﬁﬂ |HtHFv@nt§>n FSJ% lgE %Qﬂrﬁﬁﬁﬁttc?fhb?%lﬁ ha%ﬁtfe/rglr][ ? on shown

enbodi ment of the f ow conp et1on
in the production fi@te’ éﬁaEﬁﬁ@sa'ﬁtﬁ"éﬂﬁ‘OTEFPwﬂ@moﬂis\eamfélmf@S\ent ation of the

fl ow conpl et i eomplpfrppiifiof tegrssenBnvehtié¥holvh i ME idsBAL@nl At | on or
wor kover node %Lkog‘?er\z# | g8'?ﬁ5f’ Figure 10 is a representation of a fourth

embodi ment 'of "% on apparatus of the present invention shown
in the production Figues gfa rep{:aeerataticmrqfaﬁiurgwnmomhehSofade@mﬁtiahi on of a

fifth enbodi ”Eﬂﬂaré’&? BHReEeQ%twgﬂloﬁtsh%x é)[?ragﬁc‘t@? ﬁ\[od% Fop%ragse_nt I nvention

shown in the installatioh or workover Ve 12 is a
representati on of Figuse isp @ﬁ@é@"tﬂ@ﬁtOfﬁﬁﬂPW@Ompmemrms af friguepPar at us of

the present lemih%iﬁétﬂléﬂod &W&Pﬁ)vbﬂﬁéé’ééf%bé@ﬁorpr wor kover node of
operation; Figure shown |n Figure 12;

Figure 14 is a | odééqu{%i‘? ﬁzflreerf'ﬁ‘aégat@@ef?fS’Hﬁm e'\‘)‘P‘é‘!AF"S’fmflﬁle SWot her embodi nent

of the flow comrp;blettoncappapmaroathusyreménmmnmmﬁwh irl tAY eriduednsheRfi N t he
installation ;Fg; . Figures 15 through 17 are enlarged views of portions of
the flow conple tlon %){)aratus shown in Figure 14; Figure 18 is a

| ongi t udi nal cr os$isER11 §dprresaniation ofa fifth ervlyogitnhant okshi ol oengletionf t he fl ow
conpl et on apagsaRitiisorthe brBGer ERBh sheWPRMORERAYNof ork e RRACHE! | on

node; Figure 19 L5 a top view of the tree cap conponent o

conpletion aPff'@f'us shown in Figure 18; Figure 19A is a cross-sectional

view of the tree Figurd #kiem represaptdtionef #elxthémb@ﬂmﬁhgﬂ&t%ﬂb%coﬁp@éﬁbﬁ 19B is a
Cross-secti Oné‘ﬁpa\’ét@%ﬁﬁe ;Bljagentt rn%gnt%ﬁehéﬁn gnhe lné)fg'lpatton ore onr’kovetB mode of

operation; :

Figure 13 is a bottom view of the THRT shown in Flgure 12;

Figure 14 is a longitudinal cross-sectional view of yet another embodiment
of the flow completion apparatus of the present invention shown in the installation
mode;

Figures 15 through 17 are enlarged views of portions of the flow
completion apparatus shown in Figure 14;

Figure 18 is a longitudinal cross-sectional view of still another embodiment
of the flow completion apparatus of the present invention shown in the production
mode;

Figurg 19 is a top view of the tree cap component of the flow completion
apparatus shown in Figure 18;

Figure 19A is a cross-sectional view of the tree cap taken along line A- A
of Figure 19;

Figure 19B is a cross-sectional view of the tree cap taken aiong line B - B
of Figure 19;

Figure 19C is a cross-sectional view of the tree cap taken along line C-C
of Figure 19; and



of Figure 19; Figure 19C is a cross-sectional view of thek7e8FERpAken
along line C- C of Figure 19; and 6 1 7 S E P 2004 WO 01/ 73259

PCT/ U501/ 09600 o1/Begure 20 is a top view of the |ocking cagrosipaeent of the
fl ow conpl etion apparatus shown in Figure 18. Detailed Description of the
Preferred Enbodi ﬁ@e%f@ﬂopw'@\mm’)ﬁﬁii@hmg cdp cammunearrof dretfidaor i zont al - t ype

flow conpl eti Qam ﬁ&{mj MratdkQhbsn & conprise a wellhead housing 12
which is insta % p'rea uppern %\ﬂ ?é)a vveII bore (not shown), a tubing

spool 14 whic RIpNQI T \h‘--'ff‘a He top of the wellhead housing

and whi ch conpri sej%ef@rrsﬁ@tmtm@lre an’ﬁnol@rt h@r&bﬁt@%ﬁ&ﬂ&b&(b Cf!lé‘t}og%%g&ﬁﬁ%arggr ?not

eneral ly ann han er suspende

ghovvn) Igcat e:jb rioﬁ'e cerﬁ"?lé? a g"éea\gg‘l%s"ég f%‘@]%'c’h isdp5iaied @hihe HPRY | nst al | ed
in the centralen@of@walblmre(rtolhdxommmuartgbmgas;@ermvﬂ?ﬁmItsumrregtedmaﬂg@a[edw is
secured to th%mg%wtnghe%mlng E@%ﬁﬂ% ggﬁﬁ%gpqﬁeshom) and

supports at |east one tub mg wel |l bore
and defines aSrERYIRGEHY e h@ugls@rgea@rﬁwaitgulﬁh@bmbamgyrgem@h id n addition,

e tubing hasaqrnddfuneb dafoch Rk SRFY keReDATR: sl FOETMRI cates W (1

the tubing stri | at eral production passagewa I ch extends
bet ween the 5?%%‘8@%%??'%%8"5\4 © FRrahpre Abaye Aedtiipg ‘PnﬁqﬁeT’%QﬁHP'ﬁ@ hanger .
The tubing spoeuder 18 isiseclrad estha tybingdped] 10 By @ WckedwrdeoMahih (ﬁ@tm’ﬂml cates

th t h d h
WU e B o B0 B e AN SRR Bl T
connect ed to PRE 3aAARTNeS aﬁ%%@’é\%@ 24 spiindingheldobieg stivas 3@@@:&@ 36 which
extends bet weef tﬁthﬁg l@éﬁ@@& Hﬁmélﬁﬁ%&%\ﬁhétuorﬁﬁi'e é@ﬁhl@]‘?&%ﬁ]ﬁﬂm%w% R@n fEnt” al bore

16 above the IS sea o the
t ubi ng spool ﬁ’ "Qfgrﬁ’gazg%ﬁfj aj[‘%?rﬁ‘ Rr 8?’%‘390%%%%%’9%’@&?8 Whish estendsbriwesn upper
al so typi cal | $hemesdaictigetare anditye 40ter dismeSEfthetbing h@ngét’- Oﬂh&ﬁjbaﬁ@ bore 26 is

| ed ab b | 42,
oh ch di ot s L OB LoRRISRATIR By oo RN il P irostonl o e
producti on ouPfEEIDGY K, @r@uw&smessamme?z wla¢h/®rrmlurmadasawmrtb@mmmgon Wi ng
valve 46 ar eammélzie% &r%uﬁﬁ%hfléi'%fm’h%ﬂ’tstéynﬁélﬂ&tw %%5&9 @é&}a' et 30,
n

whi | e an annul ulf n% an annulus w n&l n wor kover
val ve 52 are 25t dVPL 8\6?’%5%8%‘{’?3’03‘5\f"r'wxmdaa@we?'h e&ﬁﬁuﬂlﬁﬁa%ag@wgeway 32,
the annul us oand e porlidn afte térralNsyré 08 B5ovB AESIABRYANNGRP 181 BERPASHE Vel Y.

hanger 18 is sealed to the tubing spool 14 by a lower, typically metal seal ring 38
and an upper, also typically metai seal ring 40. In addition, the production bore
26 is sealed above the production passageway 28 by means of a wireline plug
42, which directs the flow of oif or gas from the tubing string 22 into the
production outlet 30, A production master valve 44 and a production wing valve
46 are provided to control flow through the production outiet 30, while an annulus
master valve 48, an annulus wing valve 50 and an workover valve 52 are
provided to control flow through the annulus passageway 32, the annulus outlst
34 and the workover passageway 36, respectively.

During the production mode of operation of the flow completion assembly
10, which is depicted in Figure 1, a first barrier between the well bore and the
environment is provided by the upper seal ring 40 and the wireline plug 42. The
second barrier is provided by the tree cap 20, more particularly, by a typically
metal seal ring 54 which is disposed between the tree cap and the tubing spool

7



During the production node of operation of the flow conpl ét?cﬁt%%]%ﬂ y

10, which is depicted in Figure 1, a first barrier between the well bore
and the enwoamsnt is provided by the upper seal ring déredadodsie W reline
plug 42. The second barrier is provided by the tree cap 20, nore

particul arly, 1hgnda wirplineaiigys6 whichdb pesitioned inray 3l bdre 6B extendingposed bet ween

the tree cap @éligh hi@eﬁré%d&gﬁ%%th@ &c?raﬁ%wcgﬁﬁsem %e%%@bbr (5501/ 09607

14 and a wire |neg %?Fi osition n an axl a ext endi ng
t hrough the tPRECIIAFSS E?é‘W'ﬁhﬁhﬁtwemghmer%whwqtaﬁﬁ%@ﬁwbemem assembly 10,
the first ba%so&nﬁteti&wt&ﬁi@l@eaaia@(iomitﬁbdghﬂottéhbwmh ﬂ’l@uﬁﬁﬂrth\%&eﬁ/@héﬁothe second
barrier is the tree not . shown in Figure
1, the tree cggg%ﬁaa?as}(%%% balasmg%%&BWh#é% gmettﬁb’g%ﬁﬁﬂoé the tree
captothetufb‘ing spool 14. Referring to Figure 2, the flow conpletion

assenbly 10,15 SN0kt bbSurd BN ALIRIEH ARRRYAT R flnepperati on. I

ei ther of these podes operati on onnect e’[he top of
the tubing sptsil a'@"ézhworéiovnqudszf%raham bictber of thesp eodepolsfperatien,t ubi ng

hanger 18. Tha%@%asgebm@e@dmherfdp%th spd%P‘l'ﬁar@i"aTﬁRTbQ%St one set of

Choke and ki | PRRnRERaRe gt 1BdHind hsddofi e B2 BGRSRIUAT L O BOP bor o
bel ow t he rankoré®4aaideaat wa‘e&ohame%whicﬁ isodapsihie eigealingagaiigt the GRRT t he THRT
62 conprises gn ahﬂtaﬁggﬁlongeﬁ&eég kfﬁﬂn@é@%t"é&h?ﬂg?&@h&g mﬁmfo%%e %rt]ernlgﬂ ?lohgh

t he productlon uct
the BOP ransthgBORRae PP'B‘éth]@ﬂ@ﬁﬁ agd a§b@ﬁqewgswgﬁ\phﬁtovmheln‘aﬂmon it shoul d

be under st ooghetripRT Gﬂ'&nfpﬁQ@s &ﬂﬁtbﬂual tBb'ié ?@d)r pRALctRA %bﬂ Skhig\Qnh&ds fgenber
such as an efb‘t ensd| %{j ri ses a production port that
communi cat es ”?tf?é‘%}e?F% i F‘d?FPdﬁ P‘Pf-éhQ‘Flﬁl Alggyplithegahiben

i nstal | ati on BO rews kMIschedmhmlrfds(wamgrmbﬁ‘sﬂtﬁ@TlaR!FGnéHoWdfﬂé

communi cati on, el | ace vessel may be
ot abl i shed 1 Foranse e e (3o A B H0a B S, B G 28 8 gy 36,
the central b@?t@’SPG mQ’h@rB@be@ﬂ@ﬂﬁeﬁah’nduqtth@p@rh’dmbccmmmhﬂ(cdtds withne 68. For
exanpl e, deepth\g/@}ddu@ﬁdncpéh@?ﬂ@m.mn be acconplished by punping fluid down

the THRT bore 70 uction bore 26, through the tubing
string 22, up th&Y f"ﬁﬂ)g‘#g 'rﬁ%ﬂﬁloﬁ gﬁmrkﬂ‘ﬁré’uﬁﬁ floy gompietionassprbydgevay 32,
t hrough the mrkmnatno:phstwageﬂmyubﬂﬁ;, ann0iu®24 bed e rlfale vessPmbp babove t he_
T :Jﬁlengéghanger eslﬁallshe'ﬁ%l%u&mﬁe %q?uhpé)éa%sr%}ew%p 92 A \%gﬂgvérggssaggwgyh:? e and kill

the central bore 16, the BOP bore 64, and the choke and kill line 68. For

example, deep well circulation can be accomplished by pumping fluid down the

THRT bore 70, through the production bore 26, through the tubing string 22, up

the tubing annulus 24, through the annulus passageway 32, through the

workover passageway 36, into the central bore 16 above the tubing hanger 18,

into the BOP bore 64 and through the BOP choke and kill line 68. However, the

flow through the central bore 16 above the tubing hanger 18 is relatively

unrestricted, and this flow can foul the tubing hanger lockdown mechanism and

erode the central bore, including the lockdown profile and the annular sealing

surface within the central bore against which the tree cap 20 must lock and seal,

respectively. If the tubing hanger lockdown mechanism becomes fouled,

recovery of the tubing hanger from the tubing spool may be complicated.

Additionally, if the tree cap cannot lock securaly to the tubing spool 14 and form
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flow through the central bore 16 above the tubing hanger ﬁB?i&EPeI%I&‘i\/eI y
unrestricted, and this flow can foul the tubing hanger | ockdown nechani sm
and erode twwowesbral bore, including the | ockdown profpdguangshne annul ar
sealing surface within the central bore against which the tree cap 20 nust
| ock and seal an effectipe etdl agdiyst tHefcenhing borelieniyem thediew doopletionassembiyani sm

becones foul et’lo WIIfrﬁ)‘Fﬁl\éeia?ﬁ tt%freéal%gtsggnagaﬁﬁpge%eén tﬁmivrepgorte%bl j g spool may be

conplicated. Additiona e tree cap cannot | 6ck S&Cur el y to the
t ubi ng spool PRAVIRATERlor m 8 17 SEP 2004 WO 01/ 73259 PCTI USOL/ 09607 an

effective seal agaﬂm&bﬁ'egehﬂn%ﬂ@rf é’ddré%@é@thé@bo%%@cﬂd&ﬁ ikt Qng HTRoRt 1 ON
assenbly 10 w not he reﬂ’f’J red second barrier between the well

bore and the arefif{v\‘vlcgqqﬂlg{ﬁn asfﬁ’@ 9B BX pppviding Jr sempnicatipndiedueendthe
above- descr i bedrkoveripastagewsy amd the BOP boar throljiotne MR @idi Iymamseibl i es by

providing fory sageway and t he BOP
bore through tﬁtﬂWWH&@S&%%?%&%Q&%%W%%&%&@ '5)%}59 ®and the second
barriers solely orRef{Eng igiiigise Rengembottekataf afigwicompletion prdratene enbodi nent

of a flow conpttdi OW%%#%veﬁﬁﬁ%lﬁémg|ntdBatEB%elﬁ’ér§l§/3clp¥lrefer\ﬁ€@t | on, which
I n many

I's indicated energdb eference nu

respects to t %m'f"?r d%ﬁ%]"@‘i'ﬂ@??“&é@@?ﬁﬁVtﬁ%)ﬂo"ﬂ%%ql‘?tﬁéés%@%m Accor di ngly,
the fl ow conpHedcrioed aljppar Atosditdy e fd@ompleved éﬂlﬁ@éﬂu%pr@eéwbl ng spool 114
whi ch is nmoun h es nt.r bore 116

ext endi ng axi g?ﬁ‘eggﬁergﬁtﬁﬁl‘% ,‘j’éﬁ%é‘%%ﬁ‘&’%ﬁ? gn i %‘F‘l% ?WB’YE}Hﬁ' hanger 118
which is supp@ﬁb@%ﬁ @ eerdrabhnse l Heexi¢ndbng ashtbwii)?retfmmmheahdag\ertermlycent ral bore

and o clr sanRASg el IGHBRbARIZhcloBt B EPocal 0 N vel|

bore and defipe anpul us surroundi n

the prior art Wtﬁ%wnér@ﬁtﬁﬂ gﬁn%ﬁorﬁ%@ﬂfﬂ syspended ﬁ@lbﬂﬂﬂbﬁtw 1Ribatextends i s secured
to 'Ejhe t ubi Bgnntcpﬂaehvellﬂzdrelmyidaefrmeladm mehéﬂwﬁﬂr(dmﬁam@ﬂ@\m%m hﬁ'nd ng' udes a
producti on bo | at es erior t he t ubing
string 120 aﬁgm;ta? gPtMe}ragtlr}lO&% ‘Tg v '8@%21@&&%@“’ %‘a{/\?ﬁé S B8EEWEE bet ween

t he producti of? thgiblgsaeplt! ﬁa@ bbaﬂcekdawnanmhemlsmf(nat lakowrn) land inclidegar .

Simlarly, ! ngrobdhoRBoP@ehwichbomhitfbALesinRine] @gﬁb%f 18 «Hild & 5,31%% whi ch

comuni cat es ro duction passageway assageway 130

whi ch comuni E’?ﬁ%? SRl dﬁ’ﬁfé’" &aa?ﬁgﬁ\yaxamww @stéﬁweaﬁﬂ@rm@m@@fbut let 132
whi ch |'s connemtedd the dubs damudrustnem@a@ﬁwys"h:@r@dﬁ'é fub@g spbdigq4 ubi ng

hanger 118 |s &j’_se pr%ﬁ%: 'gﬁaa%?l’%'?sa?%ﬁ Befsz)/"’t%q“e Br%gucﬂoﬁreferabl y netal

production sea ring
passageway 126, an annulus passageway 130 which communicates with the

tubing annulus 122, and an annulus outlet 132 which Is connected to the annulus
passageway. In addition, the tubing hanger 118 is sealed to the tubing spool 114
by an upper, preferably metal production seal ring 134 and a lower, preferably
metal production seal ring 136, each of which engages a corresponding annular
sealing surface formed on the central bore 116. Furthermore, the production
bore 124 is sealed above the production passageway 126 by a suitable closure
member 138, such as a wireline crown plug, which directs the flow of oil or gas
from the tubing string 120 into the production passageway 126.

In accordance with the present invention, the tubing hanger 118 also
includes an annulus bore 140 which extends between the top and the outer
diameter of the tubing hanger, and the tubing spool 114 comprises a workover
passageway 142 that extends between the annulus passageway 130 and the
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metal production seal ring 136, each of whi ch engages a 3o}r&EEomﬂrzfg
annul ar sealing surface fornmed on the central bore 116. Furtherm)re, t he

production vRogi@sks4 i s seal ed above the production passm ¢o by a
suitable closure nenber 138, such as a wireline crown plug, van ch directs

the flow of 1giahnullls e 140, riQ ERid lhﬁndﬁﬂlbﬁﬁ@uﬁfcéﬁdﬁg)eﬂf?éénitﬁﬂbh@ﬁrp}rﬁﬂ&dgm I OE
passageway r dance, .wi t nr ese, ent i t he tubi ng hanger
118 al so |nclqu%é'gb @%?0 o(}@edgblg%fjaepgfr ﬁ%f’fé’ﬁ’gaﬁ%ﬁaé” YRASHAYSHEY t op and
the outer di 48®ttha warkovehpadsapéway 1HArayeithe anmalut beret14bi g wieo!l 114
conprises a t ul us
passageway 12%@&3%&{ ?%mstﬁég@%@é?%@% Q/\%@r@f% @5@8%#%%%@'8%;’ Ef&etﬂgp'@\n nul us
bore 140. |n BRPWUSE2R0H a RQfidelsireuded brpush evitiRT . tater thabiinig themedlons 122 and
the toE of tEefthtalbeiﬂ@l ﬁtﬁ@g%aﬂ&&ﬂeﬁuﬂﬁ@ﬁér@@mm thg annul us passaglemgy

130, the workover n an ore 140. W e
descri bed bel ow, iach?ﬁAﬁé\gﬁ%rﬂPle&nlqss%p%@% '?ﬂ’fﬁ?ﬂ"ﬁ%?tﬁoﬂﬁpfﬁ?é?%en t he
tubi ng annul %0 llla)?a!andoraprBéE redubtiorrroasterdralvh il ddigid aipﬂildﬁéﬁpn aigher than into

the portion  olid s BeBhfdtho r@ﬁ&fgﬁﬁe;ﬁmﬁoéaﬁd%@% AR p1i8 S miar

to the fl ow conpl etlon asse ow conp atus 110 may
al so conpri seM&SBF iR U@I‘”'WW@ 1§Q4n@1ﬁwod<0p¢r0@lyeﬂ52)to sonfig  val ve

146 to contrOfiovff{rmughftﬁmmu&b@sslaQWSkJOmeQHﬁdn%tou%l@@lsz%ﬂEiﬂ%“ annul us
mast er val ve 14 and a wor kover valve 152 to

control  fl ow"PY %P‘beﬁ ﬁss[aﬁgw%ynhﬁ, T?gp‘i%l@‘étg‘ﬁ{ﬁwhﬁ@d’a'vﬁﬁ@aé{ﬁﬁ@P)a%”"‘@ﬁlﬁl et 132
and the \Qllor kdegire pmma@eﬂvayaWefenaBly[Daﬁ(twﬂalyebed-ab[&\baﬂe&vatvh§slﬂor‘éa\lréfeE | may be
any sui tabl e ra egate
vl ves.  nor eof e aHSr IRTARES mal BE Bl RLGUS Ik bty PR B BBT ™ 1t o e
body of the t lilfh o sgnEite valveblogka which @pabaiied ovtathedtubihg sl whinth ar e bol t ed
onto the tubingivRiDAYaive Qbsdnibifs wlhlaﬂjéﬁé'cgh@cte\ﬂ% ¥eir @mla' Gﬁfletw ch are

u

connected to their res eﬁ i}iﬁ’ | ets or passag evva I n_t bi ng spool
with separ at ePTERIFIRYS Bring H'glsPOOEF—VJPF?%’%r‘eéigthstoh@"ﬂﬁ’bdﬂ&wﬁ@fﬂp%ut let 128
and the annul the pmwbm dlfié 128 eng trefaanalbs gut@omégféfér@bly 6&&@&6& tove flow

| oops which c e, Vess via a
mani fold, in % nnewlﬁ%g‘ph' %rﬁ%ﬁc&ﬁﬁwﬁa ?W@G%V?Sselr il l}eﬁglr %Bruct i on node
of operati on ¥? ampaifelddnaceansechatinwelppematnte a0, which is depicted in

Figure 3, a first ek t I ment is
o gw Ged by the pl’cﬁlﬁcttbﬁ n‘{&i%rbé gﬁﬁat}@ﬁ olfthtégf)\ﬁ c@n?lglle{lcg}ﬁapgg%‘ﬂs nﬁﬂf 138,

whi ch t oget hewh'giég\%gplfz%d ‘%%Q'é{tegn frst bariigr petweep fhe walldwiranddhe bore from

environment is provided by the upper production seal 134 and the closure
member 138, which together serve to isolate the fluid in the production bore from
the environment above the tubing hanger. In accordance with the present

invention, a second bharrier between the well bore and the environment is

provided by a suitable secondary closure member 154, such as a wireline crown
plug, which is mounted in the production bore 124 above the closure member

138, and a secondary, preferably metal ring seal 156, which is mounted on the
tubing hanger and sealingly engages a corresponding annular sealing surface
formed in the central bore 116. Together, the secondary closure member 154 |
and the secondary seal ring 156 function to isolate the fluid in the production bore |
from the environment above the tubing hanger. Thus, the necessary first and
second barriers for isolating the production bore from the environment are
provided by components which are mounted on or in the tubing hanger.
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t he environnment above the tubing hanger. In accordance \XA?I‘SE&* Z{}Ua%ent

I nvention, a second barrier between the well bore and the environnent is
provi ded by WO4ui®¥*bl e secondary closure nenber 154, suchcessevespr el ine
crown plug, which |s mounted in the production bore 124 above the closure
menber 138, and al R&RIBIARIVENtoR dFQprayss faiselrtingitrytubios niuie 128hi ch i s

m)ulnft ed on ]Ehérommben@rohm@m%ﬁomde f.@mtqlhal@ée‘{ 1680886 Qh@pﬁéﬁc‘h@fﬁa%&bﬁg Snnlﬂ ar
sealing surfa e centra her e_secondary

cl osure marrbe% ?Ei&( gv'??ge%%@’&r&] %é@\’e ?‘h@“d 'E\%‘%‘f"r R¥er valve 137 i sol ate t he
fluid in the @odossd ba mewrodﬁctmmseddd%amd the sesuntiagisesterst e t ubi ng hanger .
Thus: ¢ Lhe necomiind ldaitedid and CAORELRALL BN Beh e 1SR} AIRY AP oduct! on

bore fromthe environnent are oNnen unted on
or in the tubWb‘“%’?ﬁ"ﬁ@’brHO“@Merlwhe@r#U@OOme\lemaW@B@92P0E¢d8$m¢ 09607 The

pr esent |nventbleﬂrbffahr509mth@‘éhldm% Pabdaghbwa) ﬁéo'dﬁﬂtﬁé’&rﬁjlég'oﬂ%tar@@l&us 122 from
t he envi ronment a above thg ‘E‘Fﬁ ﬁ'ﬁ&@?&? ‘F1J8 dur | nlgent he producti on node of
operation. Proveada® Bhdrodeedinie anpyug thraugs he.apruivs alidstepd die val ve 152
are cl osed, t Renuysprassagepriy dbnngyas édpplidations) thd Ameuke arearivees 156 wil |
provi de the F @it beEhehkd st and second barriers between the tubing annulus

and the environnment. However, when pressure in the tubing annulus 122
needs to be bl ed Gerefrarthedow somplelion aprasatpspreferrbivgisa@onmises & hiee annul us

outl et 132, okap Whi@ﬁiﬁ(;lh&s'a‘htahﬁﬂu@ﬁéb *IGﬂtﬁatts'éQIsﬁrH@th@go@t'fif'tT uu'Q,r f”gh the
| cati ons,

annul us outl e gooul us  passagewa during gas |

t he annul us ntgg't%g(r%&/%sr\% gfgecorqgg?mgr oje] Eq'onﬁ‘?gf"@f%?’@"ef Yﬂi"ef Bw
conpl eti on appaiween thegulidgarmbluy 122 sl the epiroseentavhien ¢ armalps #agtenhi ch

i ncludes an anayd Wi |§BE\QL1\§HEettn@'&ees I1%8 %?nc judg a}'u% pre%lr%%glr U\S/al bore

140 to provide a second barrier, In I 'on Wlt
152,  bet ween "PHEeH5iSAY (gt shgwn tojseal Wstﬁ@tt@ﬁmspgﬁriéﬁﬁnd\hmebvhe annul us

master val Vepfe48ntls§a waaﬁfrorﬁ\bhﬂeﬁndth@cérftﬂﬁbcﬁ@ﬁﬂslﬁ%tF@Vca @ﬁdﬂﬂﬁerﬁl@%anm" ar,
preferably seal against the tu spool

114 and ther eg{}) rﬁ'ﬁ eaa E"ﬁrf'e ' '"Me rprEfSFBrﬁ'%W?QquHﬂ“’PW rec SrRNFeAUehbt e 116 t he
tree cap is nthetieﬁtCéndéﬁjls atrelatvetynigeeghtrazmbes whivh @hin 5¢ inselliéd geigssure in the

product i on bOé@RO@ﬂ't%@@ Hétln‘éfthe ﬁe@@ t& f-@gﬂ ﬁ@?re&ggp frc?m%&ﬁlf‘eavlg\éseelg i mi nati ng

| i ght wei ght can
the need to .”ﬁ%% ieq @h@aﬂ%@éfe@&b *Qﬂf’@ﬁp&tf@d\dblmﬁﬂnﬂ%t‘@land Iodked tortbe cap 158

i s preferabl yiubmpdgshi and iwhiea E:Mﬂbﬁl@m@la@ﬂ%wﬁh%gcréﬂgﬂ ReK istl&.k& tubi ng
spool 114 witp. g, GO an\n?lﬁtbll'o(\)r 3l 695! p(?o e Ionﬁgglﬁnrlngcma%g% us-elz_d Itossecure tr(ljé) "
tubing hanger to the tubing spool. It should be noted that, although the tree cap
158 is depicted as an internal tree cap, it could instead be configured as an
external tree cap. Also, although not shown in the drawings, the tree cap 158
could be locked directly to the tubing hanger 118 rather than the tubing spool
114.

Referring now fo Figure 4, during installation and workover of the flow
completion apparatus 110, a BOP 164 is lowered on a riser (not shown) and
connected and sealed to the top of the tubing spoo! 114. The BOP 164 includes
an internal BOP bore 166, at least one choke and kill line 168 and, in the
embodiment of the invention shown in Figure 4, preferably two sets of BOP rams
or bags 170 and 172. In addition, a THRT 174 is connected to the top of the‘
tubing hanger 118. The THRT is either connected to the tubing hanger at the
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mechanismw || provide a backup to the | ockdown nechani Sﬁ'I—lJSf\EEiH (iwé”cure
the tubing hanger to the tubing spool, It should be noted that, although
the tree capouwlE&Ps depicted as an internal tree cap, ircoushdednst ead be
configured as an external tree cap. Al so, although not shown in the

drawi ngs, t heSYfas8 Vesss! %Wseé%fpwe'ﬁﬁe fublgdangsr inte theyiubieg sieel duiibng hanger
118t rﬁt h;ar th&ntatiditi@nbﬂtﬂeﬂ@an?@fﬁﬁber}}%ﬂiow&@&@frélbgh&hé\ﬁélérfaﬂd Eie%lf?_%ﬁ dug 629164
i nstal | ation er 0 e W, GO i on ara a

i s | owered on@(glh(il‘re %ég %ﬁ(fﬂb‘ GERAS" '%ﬁﬁt”lﬁ’?ﬂq%é?f?{'BG”%*F%?%B}%‘HO%B‘Whe top of
the tubing spopgrationd Th¥AeIRBAR4 16shoivndd ceterwrise argenarialty eyiihdrB@our e 166, at

| east one Choﬁﬁrn%fég éfcle A%ﬁaﬁuc%lgﬁpé\??ﬂi Mﬂclﬁé@onr?e@%%% Eﬁ%ﬁ)éo fc&cglrge alngvigtzl on

shown in Figure In

addi tion, a TP!F&’?'@”! ya§uwﬁi§@@t@ﬁonaﬂeﬂﬁebﬂ&a¢adauaenu!mannm‘@owmmer 118. The

THRT is ei t heexteiamemi &gorkioh biftfe buthl dimdianaftceo atéiﬁa&&a Baf 004 WO
01/ 73259 PCTI L{SQ&%%@#)? surf ce vessel and used to | ower tqhe t ubi ng hanger
i

into the tubi YiRprRtne aP%‘?rlatﬁ'ﬁ“B?b?rﬁé4@ub| ng hanger, or | owered
through the riser Tausmnhehmpmdmmnm@ém dg@mhﬂﬁetl‘HRTngf-thanger in the

t ubi I 174 I
Shown to- conpf i LeIeRBHLERn e Rl e 102 BT VR A kol Sad e, 2 '°
producti on poil®8 m%bwt@bilsh@ﬂ %mgbmwnulus passagevey US| tba wolkover 124 by a
sui tabl e pr Odblé‘ésbgggva?qu oy QQ,.,UWS%OF@% ?P‘ ARMUL Pt p%{f Em%ﬁ% p‘gﬂioﬁ% ext ends

froma portiop E thé outer dianeter surface to a annul’us seal

stab 182 t hat MeRPgRese dBGwhighisdecatad hpsveeniheiPOE reyos 470,482 ForThus, with the
BOP rans 170, exafiple; @t @b étﬂﬁﬂu@@lngtvléﬁe-ﬁbﬁqloégddf (esSRTRMILS Rlishiitdaet ween t he

t ubi ng annul u 2 I|ne 168 be established
t hrough t he a nrﬂ%lfsu 8%%5658%“’2@& ?‘Pﬁ%a L €08, %%953’@\%’9”!@2 t he
annul us bor e AAD]80; theoumhritg wbing bartget 8fhuluartard D, prosdghane abrkotdae BOP bor e

166 which is bhacaldeh gaglvmr%ngﬁms afiud @Badlfdy 146 and%%h%gﬁﬂ@ W th the

annul us wi ng val ve 1 , pressure ca r‘ansm omt he
surface vesseﬁ’”rﬁb‘\ﬁﬁzgmteéﬂbﬁ@t%ﬁwQiiheldomﬁ@lemkert(mméh@#n)t Asoadieepl us  port

180, through Wélacrkmbtldrgcéh%%borﬁﬁ]’@hléd@y AR b%ﬂpthetaHﬁ&Mmb K}Qw&%dmvef

passageway 142 hr o assa eway I hito the tubing

annul us 122 t9 d[thgf’r g*"ﬂmaé V%‘ i4 Wé’“ﬂ?ﬂmﬂﬁ'ﬂl@”ﬁéﬁ%@'ﬁk@ﬁ%k'ﬂhom)
Al so, deep V\lEieHSBJmmugmthecamma@pdnﬁmmtrmnyhltﬁél@ﬂm% b@Pé)'&lonﬂrrél@h%é he

?Pﬂrljugomn?h‘}g%%%ﬁ éé&ag@@%ﬁ ’f4I§ethPou8H Hweta{nﬂﬂtug%gs,tsgéev}r/a% 140, dotin B nd punping
tubing annulus 122, past the down hole packer, up the tubing string 120, through
the production bore 124, and up the production port 176. Moreover, since the
flow between the tubing hanger annulus bore 140 and the choke and kil line 168
is restricted by the THRT, no possibility exists that the fiow will fou] the tubing
hanger lockdown mechanism or erode the central bore 116,

Referring now to Figure §, the flow completion apparatus 110 is shown
connected to a BOP 164a, which is different from the BOP 164 described above
in that the choke and kill line 168 of BOP 164a enters the BOP hore 166 below a
single or the lower set of BOP rams 172. In this embodiment, fluid
communication between the tubing annulus 122 and the choke and kill line 168 is
established by the annuius passageway 130, the workover passageway 142, the
annulus bore 140, the annulus port 180, and the portion of the BOP bore 166
which is located betow the BOP rams 172. While this arrangement allows the
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line 168, through the annulus port 180, through the annuf s HBie 2084,

t hrough the workover passageway 142, through the annul us passageway 130,
down the twoagsasnul us 122, past the down hol e packer, pgdutdifedrbi ng
string 120, through the production bore 124, and up the production port
176. Mor eover fluigitmeantachthe cehitalotret 1@ ahovettae tubing hgndearig@ronaathel us bore 140

and 16, choke il dd O 091578 854 Stk BrehD el T A0uROSST BT 1t

exi sts that t anger an| sm or
erode the cengfegbspenes in BfectRedeadrdong through whlﬁn therfigidsyill oetdlowiviiv conpl et i on

apparatus | 1@nt Siehbi ferent from
the SOP 164 ders]%rfe% gywhg\%& B34 ﬁa\é%ﬁltume‘ﬁfg%sgm ﬂ‘btéqﬁﬁgﬁéms of SOP

164a enters tHR® *@'CP-f 33 PRPkeee '!)@I‘HW'HS pgqxwgqteéthg,arQqu@,ggth theghoke SOP rans
172. In this endkillimerss arklihé shreREToAHE@BHENHE SDMaRIe. t Déndetfltingg, annul us 122

and the choke_an ne 168 t annul us .passageway
130, the wor k&l &““%@s"‘é%ﬁé\ﬂﬁveﬂw” n?tﬁagegﬁ?ﬁﬁqﬂgqﬂ’8¥% '%etﬁ undyeera3aiil us port
180, and the port iReferdhg toHaguBeOR, tbeaﬂ@:v&tﬁ'ﬁalehﬂllwharamsm&wtmdwbm ow t he SOP
rams 172. Wi itk 7

PCTf usouogeso%@rf’\5 fin i 2GRN ety eén@éé\f] ?9%1?84 W'I'fg\gtg%’é%'%gg Pubi ng
hanger 118, oﬁ't?@'tqfﬁ@tualﬁaﬁﬂ%lﬂu%@?a@“ﬁé?we@qw@’ TR werkevervgsshe central
bore is fill edfuithbtrbd bﬁpﬂ1581|§'fe$novétﬂ ORe REARITEM ;ba&kﬁdefmtis Rindéleay zone”

t hrough which t nt en Ther ef ore, the
f1ow of fluid® r]‘F‘i "°é§%g’ﬁt°f &ﬁ’fé}mwesaoa”ﬂ?” &F%H'?%%B"E'ﬂ'épa 9%/ iI¥ningrdeshe BoP
bore 166 whi ch praduptiosdiona 86, whieh & ewansdtet te thoprbdudien bérekied bpad kil |l [ine

168 and the aQE\tHb}éﬁq Bl i?rﬁ&‘%b& LI(J: fés, %H&a#&ﬁmﬁ{% "won 1%@%‘%’&5%@3@2@ s fluid

fl ow arrangene centra osi on.
Referring to Hegubieg Bangﬁh@?mll@\hotﬁo‘rﬁ@lb&tai&Nﬁaﬁ@pﬁh&lﬁ@alﬂ@193? sithewn i n

conj unct i on V"irﬁéh&tuhh?éﬁka&@él%o biHhRcue pIRRATAGR réfber i it S typical ly

used to nonitor servi ce froma

i ng_annul Us
wor kover vess 8?’““0 ling figy tt%}rwgghttp%@rog%oqgge 186 AachaY enulysrdosura BemRRHt i on
package 184 i 396 fondeadroling flow eabeth tlﬁeoaﬁrinﬁlstp@lﬂ 19(D Whﬂ?e theRicagreSiterd 14. The

I ntervention 4 ing r od uctl

connected to ﬁﬁj‘ék'%?o&i’% FB%S&S@EEG‘TE@S Waa’ee "E}%HB%%%%%M stab
188, and an amaivésudn ptbdlmonleﬂeasivtheqinodtstmnﬂnwrﬂreelmef19@1Hﬁepreiaetawy hanger
annul us bore MQsPééraﬁgﬁHﬂetv%Qge annul us seal stab 192. The intervention
package al so conpriseS~a uction closure nenber 194 for controlling
flow through the p"fsoﬂ‘ﬂ‘t“,’f'i"b‘ﬁglﬂféﬁeﬂl&@@r@ﬁm%ﬁmﬁhﬁt&'?ﬁ%ﬂ@lt@i@m@ﬂﬁ'ﬁlﬁber 196 for

control ling fHemaidihedefuiidsoreraouh the iRenentibA ackibt he4 shatpligeyby Menbers
the tubing hanger annulus bore 140, the workover passageway 142 and the
annulus passageway 130. Consequently, the central bore 116 above the tubing
hanger 118 is isolated from the fiuid flow. Therefore, the central bore will not be
subject to erosion while service operations are being performed with the
infervention package 184.

Another embodiment of a flow completion apparatus according to the
present invention is shown in Figure 7. The flow completion apparatus of this
embodiment, which is indicated generally by reference number 210, is shown to
comprise all of the elements of the flow completion apparatus 110 discussed
above. However, the tubing spool 114a of the flow completion apparatus 210
also includes a crossover flow loop 212 extending between the annulus outlet
132 and a portion of the production outlet 128 that is preferably located between
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194, 196 may be any suitable val ves, they are preferably r?agrrfl @ QQerabI e
gate valves. In addition, at |east the production cl osu 194 is
preferably avowiBzmsshearing gate val ve. As shown in Fi guper/@soifobdot d
conmmruni cati on between the tubing annulus 122 and the annulus port 190 in
t he i nt er vent isrPradichiey@asiguvalve ¢4 eahiesrrstucling wingealvartbadn hddiiper  annul us

bore 140, thetmmwp;ﬁaﬁaﬁ%a@yz%mgestmnageeHJs ePAsRAgRay 130.

Consequent |y, centr bore 116 above the tu 118 is isol ated
fromthe fl ui %1 HR eRELeRErable gaia velvnh {e cantraighe fioy 1hr0%83h%055§w1 ect to

er osi on whi | eflsgioop@d20per ati ons are being perforrred with the intervention
package 184. Anot hﬁﬁhﬁgoodl nent etion ar at ccording to

np
the present invention |as"a§ﬂ%uﬂltqﬁ E?Vbﬁ?%olé}mfﬂ%arﬁua&/?@%?ﬁpﬁ?Bfﬁ appar at us
of this enbodrayising comimunicatian hahaeanat eufacrevessellahy elther tref tabiegmaemnutusnber 210,

5 Shown Lo 19960k pibcablontbrd 29, WHETRIATUR IRE A 0SIBL S on appar atus

110 di scussed above. However, ){%e t ubi n ow conpl eti on
appar at us 210 @naHlusFoMHeYNIRgtian Bath parsarsisb $h9§\thp@@ibthQ§@Pe6hol§¢lwdwlg" bet ween

the annul us oukd €ds, thb?aanauép@nmme%nmﬁs 53}61@6 Qﬁé’ﬁéﬂk&\?&r%ﬂéé ‘%?1‘2?1} 8820'75
Cc

preferably lo et we o W0

t he producti oﬁ%fig}e {;‘épiﬁﬂg%{’i’ﬂi’ @HeFB'FQ?d‘HE’Ler \‘.‘)’W’ Waﬁﬂr‘\')% yasteue. | n

addi tion, thealfé 046 armithé ptodoetion piranatved 48 hoth e, |asm6d@tumdr@bl e crossover
val ve 214, sy t .0l e flow

t hr ough the cr%ﬂ?g@g%&‘i ?R' c%b%e%@@&l%ﬁé%&ﬁ}gﬁﬁ{ééﬁpg E"i ?ﬂé Tl ow

conpl etion apB‘&rTé'iRFsafE@@lslpﬁﬁdﬁQ)élhﬂ aibipg harmeoamlmiu@mbhﬂfmmeorwkmr bet ween a

surface Vessebaéﬁgev@éytmrthb'éﬁnﬁl&%d?@t BRNHb Wrossdveridh !oBE%?’iI‘Peducuon bore
124. Wth the _annul us w val ve cl osed, an annulUS communi cation path

can be establ P ﬁ'%l’?l“ﬂﬁiﬂ%&t"‘}’i‘gtW%B‘R’bpaéﬁ%B%aNI"zsI Prowidedg dowhe annul us
port 180, t hehalasafetysalveoe sk, cldsue memkewm sﬁ@.ﬁﬂm)a to 3ddoff BHed t he

annul us passa . Fyrthe r ith the annul u ter al ve 148 and
the pr odEct i oﬁ"%‘@%ﬁ’;’égﬁ“@é%ﬁe é@?‘h&gﬁ‘ @A%rsﬁomg'“ia'%&?ﬂ(ﬂaﬁb 3’&”@ 4 ©mmuni cat i on
path can be esitaulte Blikdp themmdybtianpertB@P far iedrevasholutiopbratibisn ®rdd@d  t he THRT
annul us port ﬁﬁtﬂertmqhéﬁeamonggg%ggma{; > R YrEoubdch b 4:?9 wor kover

passageway 142, the annulus ou e crossover ow | oop 212, the
product i on ouf9r@NURieaiion gAY caR Be yresta Praswe fes teduhieg harmer sqalsoided a down

hol e saf ety vahd/£360MPeddoiis bPérdmbTHiIh B BRI lebnize iatBinet S cl osed to seal

off the communication paths and other operations may also be achieved with the flow
completion apparatus 210,

Referring now to Figure 8, another embodiment of a flow completion

apparatus, which is indicated generally by reference number 310, is shown to
comprise many of the same components as the flow completion apparatus 110'
described above. In this embodiment, however, the tree cap 158a does not
include an annulus seal stab 160 for sealing the top of the annulus bore 140,
Rather, the tubing hanger 118a includes a sting open-type valve 312, such as a
poppet valve, mounted in the upper end of the annulus bore 140 to close off
communication with the tubing annulus 122 in the absence of an activating force
applied from above, for example, by a THRT. During workover operations with
the flow completion apparatus 310, which is illustrated in Figure 9, a THRT 174a
is lowered through the BOP 164a and landed on the tubing hanger 118a. Upon
landing on the tubing hanger, the THRT will press down on the stem of the valve
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production string 120, the production bore comunication Ay used
to circulate fluid up the production port 176 for riser aazuéﬁ?n UU#

operations. W @yissied further that the production port 136, hS.Rbsgoed, the
production bore comrunication path can be used to pressure test the tubing

hanger seal s B3Zandihareb3GperPie yains Rﬂﬁnd@ﬁﬁlhﬂﬁnﬁé‘ho&'&hé;ﬂthﬂ@eététﬁisi@édt will I e
recogni ze tha t at hs .and o 0 ions may al so

achi gved V\ntherﬁ‘;egﬁ hgﬁ%%ggu ?rgam ﬁ“%@‘ﬁé‘f‘a'ﬂ‘ﬁ%i’ %ﬂ] gﬁgﬁ#ﬁg now to Figure
8, anot her enbodi neatvaddtioa of thewiivw coppletioroappampsaiatwitch isvhotdiusirateil ndi cat ed
general Iy by rrﬁé@rﬁﬁ%ﬁlappﬁ%%rthé%%ie thSmBe ¥ c&@rgnﬁoggpﬁdlége of the same

conponents as OW CO fon apparatu ove. In this
enbodi ment, h@sREFRNY C%Jh’ebecm@@i%daaitlﬁsmﬁbe@bﬁmhangercanudes bereandtheus seal

stab 160 for w@éspa@d.ﬁmnra@nn&ﬁbérmetha@ewmﬁy Jaearﬁedlﬁ«(ihe bcﬁ%hh@frmethe t ubi ng

hanger 118a i ppet val ve,

mounted In t hgﬁﬁﬁé‘w@%a&%f ”ﬁew'?;ﬁﬁ'rfﬁ?%RBd%'siWeF 8“6¢%§'€'“8FF”99F . .
comuni cat i on thei rhdie ehe femae m’tg:p%gnuérﬂi&aré@ﬂl ehgagefwndmmeiu@f paﬁﬂwnﬂCt I vat1 ng

i ver
Loroe AP B ANk e SRR Sy EE oY AR RRCT oo 1
Figure 9, a TP 174a |Is Iovvered through the BOP 164a and | anded on the

tubing hanger 118nobfeR Bmbbdiéhi28s 86y bRy b P RRRAREy kS, TERT Wil L b ess

down on the stem of the valve 14 1004 JSO1/ 09607
312 and thereBS?SB'i!}é'H’eP?@ i§ shwn in Ejgyregt %JMHW@QWPGHOWE‘MU%O@@MM i shed

bet ween t he aemubdjmeblowalcﬁl%QndimdedétKhemnylw %r@%tnuﬁ&@rllm sl In a

variaton of Yol BiRORRLaLAl: MPALAIA 0% WDl Sultrenpbistrated i
assenbly coul d1§ib0frﬂm&ﬁméddllenttlrm.tdleep cofssovee bore 4l 2 gxteadiggbetaneruthes  bore and
the THRT anncl s BT RG Boricl oy R nBRERD hore T BLERoh BB T b ng

the THRT annul us port t ubi ng
hanger, the ﬁ’ﬁ?‘éegl?@bleé?rﬁﬂ Be %JBPQMWCW@T%THRTISU%%% {(apld a seal ed

fluid path wi blhowrb%rﬂ&’hiﬁblhé @ﬁ&dplb@ﬂ%%oﬂr@@aﬁd&hé Marddo89RIvedBpUl Us bore and
the THRT annul us a flow c%rig(:;cl etion a par at us

of
according to Flgzed, B"Eecé%sisfqurm@nqﬁ?@ ow%{mawﬁt!qqqdqwrbtngg holrg,@ng k
conpl eti on aplier (@viehooh), thiough teeBIORIT memulys polti (adt shSwh)Ddir&@h@lﬁia uBiRgr al ly by

reference nunpger gel'_é%u!dssoo% FBbd o quﬂ the &8550%?"‘1‘3’0?&:0@ lch%nprgtﬁp giatus 110

descri bed above.
bore 124, and up the productton port (not shown). Other modes of circulation

utilizing the crossover bore 412 may also be recognized by those skilled in the

_art. Moreover, during production a first barrier between the production bore and
the environment is provided by the upper production seal 134 and the lower
closure member 138, while a second barrier is provided by the upper production
seal 156, the upper closure member 154, and the annulus seal stab 160 of the
tree cap 158. Therefore, in addition to the advantages of the previous flow
completion apparaiuses discussed above, the flow completion apparatus 410
also facilitates certain circulation modes without the need for an external
crossover flow loop.

Figure 11 illustrates yet another embodiment of a flow completion
apparatus in accordance with the present invention. The flow completion
apparatus of this embodiment, generally 510, differs from the flow completion
apparatus 110 described abbve in that the tubing hanger 118c includes a
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11 8b of this enmbodi nent includes a crossover bore 412 ext ngmg Biiheen
the annulus bore 140 and the portion of the production bore 124 ‘pet ween
the two cl @edé@rspnbers 138, 154. In conjunction wth apdidoipsleh as 174
(not shown), and with the upper plug 154 renoved and the workover val ve
152 cl osed, pereraslyemsowercinde 1 fomddamthefltop ofthe pretiadtionbodornas, t he BOP

choke and kil T n u ort (not
shown) , througﬂdi%p‘ﬁ 'I”Pi%ﬁﬁﬁ% er d;%fgu?ﬂﬂtgﬁamﬁfﬂ% ‘%“o‘ﬁ&ﬁ *he crossover
bore 412, up ﬁ\éﬂ\rﬁrélw@mtbﬁbot@m@foQEHREﬁwuuq)themqypwm 0h. Pden (not
shown) . Qt her yeogier i@flarﬁjbﬂ eﬁk@tuaﬁg hatglt 1 A ¥He Has 544 380 dﬁ?ﬁ{ee 412 may

al so be recogni zed b e skilled t he Mor eover, durin

production a quFBrladﬁélj?F%?O"B%‘t"‘\f@eqp‘i'-}’?gorb?%ﬂu%‘f fodhe BefctigRBot e envi r onnent
i s provided byhé MERUAPGSS .damchvsbtdoamnmadn ahadiag prtfdrbisly hewalketaliglsegur e menber

138, whil i.d ct | 156,
t he upplar ecFlosur g&%é(%é% SEgﬂLIm Vﬁaggh‘m{ﬂfasﬁeaﬁfe%‘f“ﬁ O?gtf" seat ree
cap 158. Ther #federof the tubindihanger 11160 #roenditiv ardadies bofe t2denditieyi ous fl ow
compl et on appRKALIA B AFECISAE dnARANS: 1LOFaild AMERIP] igon apparatus 410

also facilitates certain circulation esvm e need for an external
crossover fl ofPagpcation daieen ihg tubing hangeeannplus bareotdianddhbBdRFrent of a flow

conpl etion  apRRN®tdss: 180 iSEHaIi aWatnhulwé‘edpétﬁﬁesi cérﬁé!@éﬁ fngn. The flow
conpl etion 510. differs fromthe

a of t e
flow conpl et Eﬁﬁrr Eibtgfsaetm&? Tﬁ?gb 'gé’PmH\é'B‘cﬁtg’G\Pét"Y%‘?n e OF ghoke and kil hanger
118c i ncl udeslire 18 shdthéSinbiRg Z2hiBilusNR204 ést3ERdRS GBI RB6&Ingener al | y
annul ar _receptagk d at the top of the production bore 124, and
t he THRT 174chorr§?e5(ée5§upég‘raef erably integral stab 514 which depends
downwar dl'y from t Hefespeg orhigires HearpHRTarntharetbodiment dadlowi complstion  176.  When

the THRT is | éﬁ&@&u@@eﬁ&ﬁi[ﬁ%‘ BQhW%on%ﬁ@maN@tﬁé %e‘aﬂeﬁu e%&fsEfﬁéa' ved in

the receptacle 512 to conne t he production bore 124 roducti on
port 176. Th °%P#@TP'§*M!@PP@@318|557%!*%6\@6&5@ ﬂ%%""é‘ﬂetta’ﬁﬁﬁp%{?wsﬁﬂ ferably
non- et al | i ¢ des not Bdrbpriskain aaxalopsel sidb nsmmiwe@ thBerHTanntibé port 080 seal i ng

t he bott f .8 dth

product i on bors s MRk dtae! MRl Bod b Baed W RN PRk st iod ment
i 11 ustrated i amPediment inclydes lan iadnulardewarodapdrtion Gi@twitis ideeteti aboveg hanger
annul us bore %Qta%ﬂﬂﬂ%tﬁ@%lﬂg%ﬂ#r%%@%ﬁprﬂségah Snrfurdr 3 s ANAHPY an

annul us seal stab 182 carri ed enbodi nent, fluid
comuni cat i on®HedrseReraiicumgsdly ferdreign okthe tubing hanger The rim 614 is

adapted to receive the lower body portion 612 when the THRT is landed on the
tubing hanger. Furthermore, the THRT 174c and the tubing hanger 118d are
designed such that, when the THRT is fully engaged in the tubing hanger, an
annular space or gallery 616 will be formed within the rim 614 between the
bottom of the THRT and the top of the tubing hanger. In this manner, fluid
communication between preferably multiple THRT annulus ports 180 and the
tubing hanger annulus bore 140 is established through the gallery 616. The
THRT 174c¢ may also include an annular seal 618 around the lower body portion
612 to seal against the rim 614 and thereby more effectivaly isolate the annulus
fluid flow. With the exception that the fluid flows between the THRT annulus
ports 180 and the tubing hanger annulus bore 140 through the gallery 6186, fluid
communication between the BOP choke and Kill line 168 and the tubing annulus
122 is as described above in reference to Figure 5.
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line 168 and the tubing annulus 122 is established as dest i @@-’a‘}i@@% in
reference to Figure 5. Referring to Figures 12 and 13, another enbodi nent

of a flow cevgpdigbison apparatus, generally 610, is shownp¢EpusReRhi Se nmany
of the same features as the flow conpletion apparatus 510. However, the

f1 ow conpl eti on apperetired ebhodimeutes thedbwecompietieeapparauiskhsvsiaal stab 182
petween the THEE200UI 415 1P erdimdhPth hfRyddtBh i RANEgHa@RAU! uS bore 140.
c s erbodi ent L ReT ude MU

Rat her, the TH of thi i san a ar | ower body
portion 612 wAPRHalS Whirkds iadicaied generalli by seferisn@1aumbend1Q, ireshowbitg hanger

118d conpri segormftisaRNUbIAG sﬁdom@%iamss&ur&f%n%@%lg%tﬁﬁﬁw@[irlexd HOYRdl Yy from

the top of thgéu\tﬂ}rﬁ h,arég r. The rim6l4 is adapted to receive the | ower
body portion 6Y0aWh¥Nch R gnial borkie\§ sxtengine axialyshersthyigher .

Fﬁrt he\rm nor e, htdb&ng'FHﬁﬁ'_ erﬂawmh@lalarhtmtdnmsa@uibarmeﬁhalisgdcaaé@intwbe@nﬁmedl such

t hat en t i n, the, tubjn anger n__annul ar
space or gall g?%%& m-{}%rl%%wﬁgl?%%%gﬂf@ﬁtﬁe {Oﬁgpblpﬁy%rlg%gfz 'H9t he bottom
of the THRT aifgtaliafiontapp wotkoverepemationsg Tha fuping. hangert?B supponts @rtybiid ui d

comuni cat i oNgiARG MEARNBS @ﬁ@ﬁa@%&ﬁ@%uibﬂrﬁﬁggﬁ?ﬁwbﬂataﬁ@nﬁgs;ﬁ%fﬂo and the

t ubi ng hanger annul us bore 140 1s establis roug ery 616. The
THRT 174c maySHTRBAING tejdingsiing M i theguayious embadiments. thedubirgRangpody
por It i on ﬁlZ 18 ilaaadiesfa?cdnér}t?d Preduction 6&ﬁ 7288 @hich xteRs doRpRtaly f elct i \ée:c Iy
i solate the a S Ui ow,. Wth.t exceptign that e ui ows
bet ween t he Tﬁ%&ﬂﬁﬂlﬁﬂﬂeﬁ' COB'HHr'?aT%"tEHﬁ "?tﬁ'éortogg’feﬁ@” '}{aﬁnﬂﬁﬁt‘ﬂ@] bore 140
t hr ough t he ghilcdestipn @assagéwa)i T80 wdinhmaxtends betoaerbibe peelactidneboRCdtheke and
kill I'ine 168 : j ' ' ein
reference to I%l?gﬁ?éerhgt#%?%b@%ﬂpgﬁ%i a\ﬁ)%fb%%%@%@%??%@%? A preferred
embodi ment  of beteen ihepuiendigmeter etihe pibine deceeriand Bwdomo the tubingheeaer14 - 17.
I n this enbodsingiaily, @e tubiag kfooeMd idCluddsReprbduRHorcautBt Bi4iviich appar at us, which
i s indicated %Q%ral,;I biéﬂéefere%}ce nunber 7%{%, S sPovvn to conprise a
t ubi ng spool WHrES Wit 108 P{oFRGHOR RRSeaay R VoA RAUSRESAIRYEL | ng 714 and
whi ch i ncl udeg3twhienextardstbetweet e tabitgadtiuhg 728 iaad by abimdusedutlein®gh, a tubi ng
hanger 718 whi ' [ : : | n the central
bore, and a TéH%Tﬁ'a %’grgbﬁi%g%alggu%e?g%é&f&g"ﬁ%w%%%tbg t hg-i:etaéur@ﬂtﬁé hanger
during i nst aPytgt arshihg ABNUs hasr 832. ofhermsrdusiing, outels 3¢ @bl the ananlyer 718
supports a t ubitRg73esdre pRderdid c¥Mhe6iBd BeEitvd tAobiReviE donfiirficatind def i nes
a tubing annul us_ 72 sur roundi ale t he t ubi n%, string. As In the previous
enbodi ment s, Wmaf Cﬁdeﬁgﬁggr}er ectly or via a manifold, in a Tnanner that is well

known in the art,

The flow completion apparatus 710 also comprises a production master
valve 742, an annulus master valve 744 and a workover valve 746 for controlling
flow through the production outlet 734, the annulus passageway 736 and the
workover passageway 740, respectively. These valve may be any suitable
closure members, but are preferably remotely operable gate valves, Although
not shown in the drawings, but similar to the previous embodiments described
above, the tubing spool 712 preferably also includes a production wing valve
located outboard of the production master valve 742 and an annuius wing valve
positioned in the annulus outlet 738. Furthermore, the tubing spoot 712 may also
comprise a crossover flow loop and a crossover valve similar to that described
with reference to Figure 7. Moreover, some or all of the above-mentioned valves
may be incorporated inio the body of the tubing spool 712, into separate valve
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718 includes a concentric production bore 728 whi ch extend 7 wl Ay
t heret hrough and communi cates with the interior of the t ubi S»-st rm 724, a
| ateral progygl#spp passageway 730 whi ch extends betweenpéhgsihderction
bore and the outer dianeter of the tubing hanger, and an annul us bore 732

whi ch ext ends bloblet wiéemare heliaidngs the tubingtspool odr mtdslmdh;mibhln@lvbasmblia@d the top

of the tubi ngen{ﬂf?:ﬂgz%c n V\E&t@% oqﬁéi%jrehsﬁ @Iaeto'ﬁﬁétggE ;Iia%? w?aﬂ’gm AEluges a

producti on ou oduc I'On¥passageway
730, an annul aeoqbaéfsa@w@tylenmsomn@w ext ends between the tubing annul us

nggﬁcg?egnnul ot k@prgﬁﬁflznsﬁ%uﬁo‘g?égﬁV&qhh anngﬁﬁx%ér e Iﬁe’gﬂz(:hThe

producti on ou? %%45 aﬂc‘fﬁ?‘ﬁ%i“éﬁ‘tjﬁ‘ﬁ@gs SR %@ucmb%? é2diesrapaBby¥econnect ed

to respecti vetifd puddctiepsasadieniay CBODRLsiEbIE eppewah@loa:esubélﬁ@ memss%teL ei t he rT ]
nown i,n e ar e

di |

1 ow compl et 1 228 P, bt el dhofin MR Bloule™al Th ciobR Merkfhas " 21 Ve
742, an annul @i48.7a8 eee proferably Mmﬂnmwmplumwfmmrev@md M@rfespondingt r ol | i ng
f1.ow through b%legﬁr%@ﬁ@tfb%d%%% [Jséﬂvs%{?\%ti@%@‘?uré@arﬂ%e%?& 736 and the

wor kover passag respecti vel ese valve may be any suitable
cl osure nenbeH PerBB‘F“’&P@"hﬁ PE—E’PB?"QB P9"er78ﬁ0{"él%¢‘t'8'ﬂ>&taﬁlP@“gﬁ%ﬂféhw)\}%s Al t hough

got S th\g i nbtd@euydbareu ?Qmeelbtﬂe W plubdin atd@nﬁdﬁﬁorial fxhion o srenttheent s

escri be above a

producti on wi ﬁﬁab%ﬁ?r} hyﬁ'@&@%@ P%@ﬁé '8'f'° Bﬁ%&h“@tqg {?ﬁ@fla%r val ve 742
and an annul u$edgsiipg evhbate pluposiier iregack mstalteldeAa‘imtlp.rassuretmhhnnms

Fur ther mor e, bhfel 1l ORBH bchd andBY oAliRAmeRUERIA B8 (Gl RSRAVAAS 11 oW | 00D

and a crossover valve si m escr i nce to Figure
7. Moreover, EdHevidad byjthe lgwvet dlesuggypersberd A9 ?%%aWWé@PerrﬁE@ﬂuﬁ@m ncor por at ed

into the bodysedi 760@hich B praﬁmsm%m?eba thd tﬂﬁlﬂ? ﬁ@'gﬁféﬂcﬁth&%r‘ﬁ%l Bore 79EP2CE 4 VO
01/ 73259 PCT/ 0/99607 cgl ock %I}@ E ont o t{; #@Fg spool , or
i nto indivi du8POVgdrgody 8%?558%9‘” Peh é?@“é@ﬁ%é%’ﬁé&“ BINSRATET r espect i ve
outl ets or pabstwgemtngsvellbotchandithehenvgonnsgmbd sl provided by eiaupeeclbamgt hs  of

duit. |
;ggew g D;rlbﬁgmeﬁ@mwanﬂ@am@mh s%aﬁfswh% i%ﬁﬁbﬂe& bgwcgff{gg gf) 'r M g

i s seal ed abob@mgtfﬁeg%aaamqemﬁalﬁa@saé?gwﬁyuvm pmﬂugtmntse@lwuﬂb@m and | ower

cl osure nembepgin of the rédisted et aﬁMBe@cBthfr@ssﬁﬁéQiﬁﬁtamgW‘&QEﬂel modrtegiup € 14. The
cl osure nenbers crown plugs which are

received in c8f qrblgﬁgwmgﬁﬁmger in e pre erred t.ymbodlmenjf of%he invention.

As shown more clearly in Figure 15, the upper production seal 7564 is
ideally part of a seal assembly 758 that also includes an annular lower production
seal 760 which is positioned between the tubing hanger 718 and the central bore
716 below the production passageway 730. Each production seal 754, 760
preferably comprises a straight bore-type metal seal with an inner radial sealing
lip that engages the tubing hanger and an outer radial sealing lip that engages a
corresponding annular sealing surface 762 which is formed on the central bore
7186. In addition, the production seals 754, 760 are optimally oriented so that the
sealing lips will be energized into engagement with their corresponding sealing
surfaces by the pressure in the production passageway 730. The production
seals are spaced apart on the tubing hanger 718 by a spacer ring 764, which
includes a lateral hole 766 that aligns with the production passageway 730, and
the entire seal assembly 758 is secured to the tubing hanger by a retainer ring
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profiles that are fornmed in a bore insert 752 that is s rS ":arggngﬁieal ed in
the upper portion of the production bore 728. In addlt Tt est port

(not shown) weoisekeal |y routed between the two plugs in @ﬁ@g},\ﬂ@mry onal
fashion to prevent the creation of a hydraulic lock during installation of

t he upper pl ug6anBurtherrhare] ihitteadnebodinteat ofdiss invantiof stiveintin Plougsittiteer they are
Iled. Af | b d
nstaled, A bk dRE N oA LALRbI SaobRTEH R BT UARE & BEuBLI, Dore an

t he environnen e I']| ower
cl osure nmenbe@ cpsesp@ﬁana@roavmi@rrmd in ﬁ‘g@éﬂblm banger atmve t@emraemadumcrc his

posi tioned belumess,td atlbkpér'lﬁclh@%ﬁﬁrnné'?@ iHenGEMbliftkd M@on@éﬁondﬁ’tﬂove t he
producti on passa % second pressure-containi arrier ~“between
the wel | bore 9519 e}(\/a%e Fthe B?ﬂ*fé’rfﬁhe lawes PERAHEfOR SBS 7§He"‘{fg‘f§'é’ﬁe B3%Rire nenber
748 and an ansedlaingsED Aftamyly beahy sifidblevbéatd) they aposreferaphatbrbaétamen t he
t ubi ng hanger %g{%&e@%a@entral bore above the upper production seal 754.

th

Thus, both o required first and second pressure-containing barriers
are mounted in orReerionelilttebighg 19aihg secandaryiseal 7568 beaferehly evisesrant  of t he

| nventi on. sﬁssemom;vse ﬁlb@ﬁééa}’wﬁﬁ‘aﬂ:hﬂé”ré‘dzajl%ealﬁa‘ﬁ we.ﬁga]gé%\éct lon seal

754 is |deaII art seal assenbly 758 that "al so i ncl'udes an annul ar
| ower product it gi?é‘ﬁ?raf'ﬁ@“\ﬂH feE FrdjaksesfiRg Hﬁtﬁwgweﬁm @bi ng hanger

718 and the centulalsebiyaurfacstr Aaall i$ emé tHe teMial Pats 7ageNitovst). Each

production se 760 pre abl es t bore-type netal
seal with an %r?nse?é}dgal Sqapigéc&la ttife ﬁs%ﬁ‘eéﬁ%hﬁﬁigw tet?Brigﬁﬁdﬁ nger and
an out er radi &e presshirenig the modumnn mmwyﬁo simutddb@opnhrpg:dactmlsaat seal i ng

surface 762 whisg ! & 1414774 @emméafa%ewréihe%e&q afyidial 198 flfiktd On. L he

production seals are ¥ oriente seallng l'i ps
ar

will be ener gi'ai%fﬁ[ ﬁ@ﬂﬁaéhﬂéﬁgfémmwetw Hiamete of the dyhinachangersd8l i ng

surfaces by thme mrmgmu@es 8 stewmémamﬁs Qétmdé@ﬁ&@%ﬂﬁﬂg lip3@nd ditges oduct i on
t..on the tubi 764, which

I
hel udos a | aBEPE TR SRR i P RE A cReT e e BLTED BATBHES agoway 730,
and the enti sepsedic Basgisiihrgade8@ntoghes tuibing ddnden. Fimthermubxienfipshanger by a

retainer ring c&;ﬁ?léﬂo%'-:aDp%Qétu\é@@H g%&\?\ﬁr@ gr%g i, q%%p %&@nn{ﬁétﬂ&r more, in

t he enbodi nent of the Invention assenbly 758
i ncl udes an uﬁde?uwdkaﬁogwnﬁ’mm@wwﬁdorwuI&Fhe|t§bmﬁ)hﬁngéaabqve the

cor r espondi ng sgtoneate séélWBBdTh&schmdryJﬁﬁcRg)zéh%\?m@ﬁrﬁégb@é/%rtéi?mgl@})@r producti on
I C I'S nounte In a

seal 754, andng Io%r fbac}ﬁgep ﬁa ring 7
correspondi ng 'bP"‘S & 195 °%h t he body of the | ower production seal 760.
Wi | e, the backup Red@dhg toiFigse 76,6he tdbifg hangeb®18in pravidiet alith e cpiraltissl t hey are

preferably nopsteelbhdiGn or rim 784 that is threaded onto the upper end of the tubing
hanger, a locking mandrel 786 which is telescopically received over the rim, and
an expandable lock ring 788 which is carried on an annular shoulder 790 that is
formed on the outer diameter of the tubing hanger. The lower end of the locking
mandrel 786 comprises a wedge-shaped nose 792 which, when the mandrel is
forced downward by the THRT 722, is adapted to urge the lock ring 788 outward
into a corresponding locking profile 794 formed in the central bore 716 to thereby
lock the tubing hanger fo the tubing spool 712. An anti-backoff ring 796 which is
secured to the upper end of the rim 784 includes a serrated outer surface that
engages a corresponding grooved surface on the inner diameter of the locking
mandrel 786 to maintain the locking mandrel in the locked position.
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face-type seals. Referring still to Figure 15, the second
preferably conprises a straight bore-type netal seal ﬁr?yrSvnnerpgradl al

sealing |ip whairepgages the tubing hanger and an out er %@ﬁhgﬁ%gal ing lip
t hat engages a correspondi ng annular sealing surface 77 which 1's forned

on the central bor&s §ka. md\doble@wem Figuiehig, e TOIRTI2E cEMBlisdsS tulsl R Ity oriented
that th beeerlze r.es £.Jin the
[S)(r)odugt i onengiéa geégvva%/é @%’H‘\gﬁ{‘o‘iﬂ"a‘" 6%?0%};?}5‘%1&? %Hn%%fj;;{nﬁmpggr fail. A
T-ring 776 |sﬂpﬁ@m(@mah@‘«m)sewndﬂcamdsé%wbiainysmatedwahagmu[ast a lateral
step 778 that nﬁe"?nlfe‘?'?ﬁ%d ébchn%@t%r'ét@ﬁy d@ﬁi@trﬁéang’fsu[:ﬁﬁs fh\'@.idggoﬂaaﬂger 718.

The T-ring includes a stem wh exten he se T nd

engages a baSenyagetentiqndeays 88hwhiEk isseaured t theperer endokibe b@dﬂaﬁ@ seal
firmy agai nsta fﬁ’ét@ylm&h@q@ loaRing Bitol 806 Which ﬁcbbé@@ﬁi@ﬂs[é&%‘boﬁlhﬁ’ gb!ang hanger .

d back
cenl 11 ng 7825 THHe0Y OB L PR B e e R s Bof abeda i The
t ubi ng hanger satdeylirdgcal fekiog diator 84@ avhicll iGluddshe semad sdave/pdtaiadig seal ring
may be, for e ﬁda :'fggoed%ﬂhggggr Qﬁ)eqn Mﬂﬂeﬁ%?%lee@i{oﬁfowaﬁg }\O Fi gure

16, the tubing RFOVI €r " 'ext ensi on
or rim 784 th&#f! qfﬂngeﬁfié&lb’d'sé ached kethe fower emﬂnﬁfrﬁtﬁéclqnmmlaﬁ@ 80fanger, a

I 'ocki ng mandr ehd 4&@dgd tied1a1eSis bRAREE RIthE BlvbYerles eleReoVBEkiAdGsibh M and  an
expandgbl e Ia%mrl ngyél?égdﬂlv\hl gh is carried o% an a?nnuoar shodt}ﬁder 790 t hat

Is fornmed on e outer diameter of the tubing hanger. The | ower end of the
| ocki ng rrandrel 718 6peratig, itmae'B-IFél‘mgbwed'eamaﬂbth@mm@%ngmlmbunm the

drel i ; he | ock
g 788 out waPin pARUAPIRBRpLBF ade Bhadatine Iob FRAbEha fartid 70", 01
central bore ?E@tf{etfoﬂﬁ@ﬁ@,ﬂﬁ 814 errikg trﬁ@a £ar tﬁsn@pdmmj@wetffd 8tforened wbithey spool
712. An antl-h@@kﬂéﬁeﬁfﬂlﬁh«;%@km@ﬂnﬁﬁhr&blsThé%‘déﬁ@ﬂ:cknﬁgbﬁ%n‘ﬁql?%rth@md of the rim

din rooved
curface on ¢ hErSRHEPENaidD Erp B pRE dseid 1tg" Midem et 800 Forapi nt ai b the-
| ocki ng nmandr &ck the firstdodking loistbnBesitd the fockih§ nibndreS788. %urﬂﬁl%emwit{e73259
PCT/ USOL/ 0960&!eé§e9@'?g?'16rmﬂor&|Eﬁ\aé’xhgndaglg A find o0 IlkCa dSRLJihg o OPr | ses a

tubul ar nenber avin s=cOimt " stri ng of
drill pipe or 9raoMe823 foeme mthgmﬁnqlamatetgﬂthmm i784to therghy BOKthelTHRT i s
nmount ed on the2s e %lngﬂﬁﬁgﬁrﬁgg@n@é‘iﬂeﬁ%ﬁérfﬁqgér@lﬁﬁééﬁ YhestHI'.u hgbl e means,

such as threads ?f?e nnul ar retention sl eéve IS secured to
the upper end SBCP§ t!ﬁfg@t Wg piston 806 is stroked downward to force the Iocklng

mandrel 786 downward, and this will force the lock ring 788 into the locking
profile 794 to thereby lock the tubing hanger to the tubing spool, as was
described above in connection with Figure 16. The second locking piston 810 is
then stroked upward to unlock the THRT 722 from the tubing hanger. This will
also unfock the collet fingers 814 from the locking mandrel 786 and therefore
allow the THRT to be retrieved while the locking mandrel remains in the locked
position. The tubing hanger 718 can also be retrieved using the THRT 722 by
connecting the THRT to the tubing hanger as described above and then stroking
the first locking piston 806 upward to pull the locking mandrel 786 upward and
thereby allow the lock ring 788 to retract out of the locking profile 794.

As shown in Figures 16 and 17, the THRT 722 comprises a production
port 824 within the tubular member 798 which communicates with a riser {not
shown) in @ manner well understood by those of skill in the art. In addition, the
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a first cylindrical |ocking piston 806. which includes a ~8l 8
portion 8%8 that 1is slidably received over the body 800 123&; £ heﬁ?ﬁ.
retention slyaewgsB94, and a second cylindrical | ocking mﬁ;ﬁ ogaa0 whi ch
i ncl udes a second sleeve portion 812 that is slidably recelve over the
body 800 bel owotidreofthe tbulat memberiomtsieopro®@bon bal e 828 whit)g@En theng 814 i's

i hg 816 1o arr et 8t MBinb badlers B KRR PR BREMRe Dl st on 830, 11
i
ope?at i on, t h@OPHftiPn pore 728 tp eeuseeldhaproduciiepart 84nwjthibegreduciisBbemat i | t he

bottom of the fi rsiuﬂh@{ﬁ{ﬁh'@%hﬁh %Wﬁ%z@@&%ﬂ@&e& i&%é f&Blng‘;h?iésé‘?gn@fEé”groove

| 786 n r| ng
gﬁgd; gr med on?flaﬂ)é’rﬂ baﬁﬁé%ﬂ gfpﬁﬁgﬁﬂ%t FﬂeﬁﬂP ?HP@WB!”Q hqrpg@r Yecond
| ocki ng pi st othedt@ fmren admmulasgallewmadmmmndommuhlbﬁ@nﬁ.'hﬁtrfe(lhbg%esf It gthLZ 814
in th n I ston
: (r)]ckl ﬁggﬁgﬁ\éreé‘%@ég’ﬂ@s% t aneo hggglle %28 s E?agedj k'&%gﬁémw M%) ce an
expandabl e | o iR gnnuias dpolztion sal &%Wb@h ﬁe&;lpegﬂdllbﬁégweegrﬂ@mtmbtngﬁmg‘eor med on the

i nner di amet e'?18’£ndth@ r:ﬁ1|7"8147§rfh én%pb@teafn‘ﬁt?l)ér llsﬁgtiﬁntsgﬁl SEHmhrcﬂlg%n e&he t ubi ng
hanger 718. Once t anded | n 712, the

first Iocking fﬁ‘”??’bﬁ‘eé%angh‘%P‘r‘tgrlé\*é?i‘l’%f@'\/%\frﬂ‘i’r%edﬁﬁ ”f‘%mfé Trﬁ’éeﬁiéé (Png mandr el
786 downwar d, 83huiay bé anwsuithblé esate buiee bmkamy Reh-MSBilE fHce sédke THeCKi ng

profile 794 tgutgp%,ﬁ&gr&fqﬁ&uwg”w%@g ?r@%néﬂﬁtgtbggg%ﬁbi n‘%&ﬁ ool, as was

descri bed above I n connect ng plston 810
is then stroleer digugiecoftie WV@@WWWFW a anfulayivolutne of tanhuigs hanger . Thi s

will also un|o@@'lsan Bewizeh ko fadiaghBerSifich ERBMMSIBARS idich ug@%%e' 786 and

therefore al the THRT be retrieved whil mandrel remains
in the | ocked®$Be iR Fihe bﬂqe‘é ThasRRgne AnRyeen thedukulas "@F@@fﬁ?ﬁth%b?weved usi ng
the THRT 722 IydealpmainttieddytatrirBERor fitld thetrizdds 885 \hmag%ysé descri bed

t on to pull the
e o i BB Al il b S8 U, BBl AR RS 0 U i1
out of the |oM9r%gerpﬁhsﬁhre@sﬁ92 whigh ssmv\ﬁheumdFsmétsemsuzmmser 79%e THRT 722

conprises a paedugkit®aiowrer ¥4 thRjubh tiEcdnHOigbar member 798 whi ch
co%m cat espwth@g [i lsoer ﬂ:\léit;:s; u@l n a nmanner wel | understood by those
|

of skill in the affisPAYg OfE@O‘ﬂ{@) igconngcted fp the (YOINg BRI 259
PCT/ U501/ 0960712 duittbeBOBframb eretoldsed arounieib @ubufze ridmbar T0fWEt | on seal stab

r8§2 e:ACIegh; n"‘{‘ﬁé}n%mﬁcat[}_ﬁﬁmbén ?Sﬁ:p éh%ﬁ %rbqlgln%%’%? lf)hr}agtﬂ han ?e“rgfa'f:éspr gguct i on

port 824 wit hannyiis [?P@jmt@ @sﬁatﬂ@lpqgi through the annulus port 834 and the gallery
828. If the BOP choke and kill line enters the BOP bore below the BOP rams,
then fluid communication between the BOP choke and kil line and the fubing
annulus 726 may be established in a manner similar to those described above in
connection with Figures 5 and 12, and various fluid circutation paths may be
formed through the flow completion apparatus 710 as described, for example, in
connection with Figures 5 and 7. If, however, the BOP choke and kill line enters
the BOP bore between two sets of BOP rams, then fluid communication between
the BOP choke and kill line and the tubing annulus 726 may be established in a
manner similar to that described above in connection with Figure 4.

Referring again to Figure 16, the flow completion apparatus 710 preferably

also includes a debris valve 838 to allow fluid to pass through the annulus bore
732 but prevent debris from falling into the annulus bore when the THRT 722 is
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Furthernore, when the THRT 722 is connected to the tubinp th&iger 2438, the
bottom of the body 800 is spaced apart fromthe top of the tubing hanger to
thereby forman annular gallery 828 which is in comrunication with the
tubi ng hanger annulus bore 732. The gallery 828 is sealed fromthe
environment by a |ower annular isolation seal 830, which is engaged

bet ween the tubing hanger 718 and the rim 784, and an upper annul ar

i sol ati on seaﬂerr&ﬂé?d frWnltiﬁEhtublag aa@meds Tretosrstfuctiveand dferatiod of the dedtier
di aneter of th

e seals, 8 suj tabl e
seal s, but ar‘éavﬁraé? ?‘%{ﬂ[’?fg’ﬁ‘8Wijé‘i’ﬁlaPP’t?a?t§ccé’ EBQQ”Q%}%{E‘%{G'B&F’B? PRt er of
t]t]e L ubgl Sr rmmzlswughmlsusdﬁmbgn&ﬂrﬁo@at&ﬁh@rmlbyfeéfeﬁehe@ t he :nner di amet er
of the body 800 Inp,order t man, a r volyme or "annulus port' 834
bet ween t hese twoWRéE ﬁ’? W?%H?%&W PR EPRAAIUE 308’*@8’ and the
tgp Ior t he boaibynprfgéet&p&apsmlbemwmeédﬁ?'tsaibidsailibeﬂl%iﬂib% ARBSHINGS, éwdyb i's
i deal Iy maint ai ne uted cent i zer ich may be
attached to o OVVBM%%CIFﬂWe'gﬁﬂUﬁ/ (/\fhﬁ‘?ee r?] {1% T fﬁ yd’l’c H’fgﬁ]ﬁéﬁ"’k&g t he
bo?ﬂ); Mor eovmoﬂe 84@3%&:13@@61'% m;wua]? Fbcﬁ@@M‘id Retimishosidy Bﬁ@agboaﬁdlﬁet ubul ar
menber 798 uted to allow for u s connecti on.
In this manne po{/\ﬁ?@ﬁ"ﬂ”'%‘”ﬁt’%ﬁ”@ﬂwﬂﬁsq§eaiBWﬁ'§§3t48@g?'BS% BI"Rg &ool
712 and the Bfffulastabangy sdabsed around the tubul ar nmenber 798, fI ui d

i cati bt t he BQP chok kil d t h
annul us. bor o 732 1O RULHATCREPER ST Th ARG PAEE NG (ne

gal lery 828. cohfprrsérﬁa B@Rbertubkerviza dnd cortrol torRiuRnger whithereBinged,e bel ow t he
R A T e A T
descri bed abmoediits 84@@11&515@‘95 ahichiatdfofrmeniinaise Bodyrud tHeAubiAg Hars 70810l Ui d
CL St o ARG e LRk TR SR Be i g ARL SRR STRBGR U 720
however, the deGplatdlpkeowdthé tubing hamgere The servick aad B&erbﬁdir&iuh@bmarﬂyt Wo sets
o oA R ks TS 8 WS e P i En i | L0
descri bed aboreadiallyootsivecthe tubing lamgEi. For ecampldRerﬁeescerma@amg@dmrot@nEugur e 16,
e Lo PO AR AR R R Bl S O Bl oLy
from falling dontrd fiiddo aaimsl mrsntrtsmkeowndemdelseocﬁw in é22elow thHaltubifl hengdr. 2 0 O,
Cemeved Lom SR Iskaha0eg, By SO IR Bl B0 DR RiR R O 1
Pat ent Appl i qetts dor chtweylng chemlcats or other well service fluids through the tubing hanger

to select downhole locations. Also, the service and control conduits may comprise

a number of signal transfer ports which accommodate electrical, optical or similar

cables for conveying power to corresponding devices positioned in or below the

tubing hanger.

in the embodiment of the invention depicted in Figure 14, for example, a

service and control conduit 844a for providing hydraulic control fiuid to a surface

controlled subsea safety valve ("SCSSV"} (not shown) which is positioned in the

tubing string 724 is coupled to a corresponding conduit 846a located in the THRT

722. The conduit 846a in turn is connected to a control panel on the surface vessel

so that the status of the SCSSV may be monitored during installation of the tubing

hanger 718. The conduits 844a, 846a may be releasably coupled using a

conventional poppet-type fluid coupling. However, as shown more clearly in Figure

16, the conduit 844a may alternatively be connected to a male coupling
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09/ 815, 436, which is hereby incorporated herein by referdnée&tﬁVHZGﬂ%-n t he
production node, the flow conpletion apparatus 710 may conprise a tree cap
simlar to the tree cap 158 descri bed above. Accordingly, as shown nost
clearly in Figure 17 the central bore 716 preferably includes a | ocking
profil e 840 agai nst which the tree cap | ockdowmn nechani sm may engage, and
the top of the annulus bore ideally includes a seal profile 842 agai nst

whi ch the tregagmfich edtptstiSa SbABiInaRY p%FQét-anR@ét%_r\ﬁéiVB,QsL@B 85 i delcritegur e 14,
the flow conpl eti on apparatus preferab number _of service and

. | | . conprises a ser.
control conduP& N fwtaﬁe-%m"a%He%%atqnaﬁmlwtwa{%QWB%é?%éwhuqhaqs axi s
of the tubi ngndrappitorpdiadifrsih ﬁgre?é}én@é?'lﬁ adlitionaRE BoHduR 8884t is@bAndaies whi ch
are formed in the body of the tubing hanger 718 fromeither the top or the

out er di amet el aEMalgLorpimEfiyOndiridemeriPahef@standashydrayie sowring Bl et el y

through the tRiMAghraAnBE Eoupldt @48 QUIMIrERJARMND KePidrs Bbtween thal dohd it 84mr i |y
function to provide access into or through the tubing hanger from

posi tions abo¥¥ NeENYIEEMeNty out si de the tubing hanger. For exanple, the

service and contr @ a sigfetfabision, SAeriRYarRQFRIrb TBnduit it tHaelbikd hirdat guot ransfer
ports for conmmuni Catlyrrli%g(ih draulic control fluid to val ves or_ other known

devi ces | ocatE@WhMg nigiReticalranguihiRfgpssurg sensaHinet hiewni Reatsd vi ce

and control cafbiubigERKullPLE! dBisUIRIA wold Be EonHedtelt@BTbREspoR@hg s f or
conveyi ng chem cal s or service fluids throu e tubi ng hanger

. other_well sery h th
to sel ect dovrRgVIES4e5daedAIRT Ag% whichjnfugiaveyid e Weﬁt@&f"r@P cediui t s may
conprise a rpdieRbcftéd 6h BRaurfhdeasbaiiso Bt tife plBdstife iRGROBREahSuIG &ft ri cal ,
optical or simlar, cables for conv%@gmg%\é\er to _correspondi ng devi ces

posi ti oned i rPoToNaredfyring instalighioyef PO 8.5 s8Rl PrReES 8 t he
i nvention depirefefdbly rélchbauly €onhéeted 06ing % 3BTNRtiorl clBEtfivAl eBudtdine athaie !
conduit 844a for F%%zlfg’@%g\iﬁh%/hdraul c control fluid to a surface controlled

subsea saf et yP 0 OWAde FOH CORAPERd fodheernduit e i n the

tubing string 724Ths flew¢ppRtidroapbatalid ERNAAPAIBYINGRE Bhé 0B8R rhaigat ed in the
THRT 722. The ¢ nduht 846am|§anaéqLérn is _connected to a control panel on the
S

surface vessedPARERENEH0r E9HP e of WAICEsEaPNRelEd 102 FRSTRSP during
instal | ation srvitdignd ¢ovirolinelsaag @ithin U tubing haAgehFi1BSTHRAARGle CSG@mrgérem be

rel easably coupl ed using, a .conventional poppet-type fluid coupling.
Hovever . 3o SHBAPURISRETANEaHES Srmeter Silhe orE Hepae 8 ettt 2ray,
al ternati vel yarlieaeh nes t@plingis felo@ablyCotiidotatts with 848resdbsdingRARId Ses a
conbi nati on p%p @%ﬁ]‘?‘n r%at ?thvg.l ve,.  such as I’ESS' deisccq.l bed qDI’ e f%H y in
appl i cants' COUBUIRAALTOvE) thell crted By avarRnalsacie GrBaR e AR SoRAYL h 1 s
her eby i ncor petiiet Bindisitei on thy tutiEsp@OLEL2. ThuR Gtheh g tubing herdeti lande#oa i s
connect ed on the tubing spool, the penetrator assembly is actuated to bring the female

couplings into engagement with their corresponding male couplings 854 to thereby

establish communication between the service and control conduits 844c¢ in the

tubing hanger 718 and the external conduits to which the female couplings are

connected. It should be noted that, one or more of the service and control conduits

844¢ may be connected within the tubing hanger to a corresponding service and

control conduit 844 which enters from the top of the tubing hanger. In this manner, a

device with which the THRT 722 communicates during installation of the tubing

hanger, for example an SCSSV, can be connected to an external service and

control line through the tubing spool 712 once the THRT is disconnected from the

tubing hanger.

In order to ensure that the tubing hanger 718 is properly angularly oriented in
the tubing spool 712, and that the male couplings 854 are therefore properly
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to a female coupling 850 which forms a part of a standarld/h§artAuliidh

coupling. In this manner, the coupler 848 wll provide two barriers
bet ween t he w@mHibd 844a and the environnent. In a sim @fm% odedhon, a
service and control conduit in the tubing hanger (not own) rmnay provide

an el ectrical atigneduwiith theofemalercespings tiseiatomphbbn 5 ‘Mm)s T'mqﬁtéf@tiablyl n the
t ubi ng annul u d onne orrespondi ng
condui t 846b %CYL{%ES ajﬂfﬁ g%%"lnqmv\/k l‘I”'llhflcht"ﬁera I?%ie @'SRH%&FIEH‘E b the
control panelof fhgdefirehangen hP@ﬂsmiit!blaghar\%ss@ndstblntthatubmbespml,etlasmee in the

t ubi I ! i h
R T e e g S gl 10 10

convent i onal therqby dgree the suking happey te achigve thep‘?ﬂef"iaé@ﬂ dafimed by WEH ch i s shown
in Figure 16 dapensicii®d to the conduit 846b The fl ow conpl eti on apparat us
710 may al so incl enet r at or ngs 854,
each of which is bgegngélﬁ rcfrqbg‘alg'eggarlﬂées%g *]%e g'éis\f%%"g'r{g gﬂ%rol l'i ne
844c wi t hi n t Hee fig cergplatiangpeparaiug of tisembetieeob which rgsdieded genemllymunt ed on
the outer di ag??éféreﬁée et YR, RNBARGAe difi CASMABLARAY WlaRly on.  and

each nal e cou s rel easably connect a correspon ng femal e
coupl i ng (not C2RB&HAN apRatRtysy 10 dispyssed iRymediately ghavei blawevardaiss penet r at or
assembly  whi embbsimeniuitiedioarcohpriibrBipagtR0] thd Mﬁnngﬂ%ﬁ@er MmBen the tubing

Lo bring't he FoRyaS el B 28RBS isint s 2T S mBRRTER Pives pondi ng.
mal e coupl i ng§2@3§bp\fpc§h€t mred@lbqn passagelay IA0. cloradﬂlmrnﬁteltulmn@hdmgeem& he service
and control copeidbd § rahe ohéhtéd‘&muihk‘ﬁéll@ $¥aNGHh rszﬁn%i‘&'{ fh@% gternal

conduits to WﬂﬁCh th fema e couplings are connecte ould be not ed

that, one or Fl?teéf’ ﬁé"bﬁ'@rﬂﬁﬂﬁ%f b&H‘(?eEHH’tSPS‘P“d@B'rﬁ?a'i £58 ang@n@nm{y be
connected wit terttary el DU isoeh émmmét@lh@fa@@fybeswrtﬁétf'@pcfsﬁﬁnﬁéd?e and control

duit 844 f th | n thi
S v co wi ¢ DeReR R g AR A8 ol el R RO Bl § onof the
t ubi ng hangehang%ﬁnwr’q@r%T@rmSm a nmlbebef tn:am:hes:wmch txtemhfrae ther nal
service and gpRfig a!lérﬁ;@‘?ﬂd}ﬁé’ﬂﬂmﬂh@%ﬁrm% ersmhy,m:,;ﬂo%cﬁaﬁnﬂ&?%THRT IS

di sconnect ed fromt e t ubi ng hanger. er to ensure e tubing
hanger 718 'i sPRHES V%ﬁﬁj{ﬁb rWPB?‘%SéHlQBHW?iQN NOREresFBerReNEiie trep12, and
that the mal ecapefdl whigsis &tiied ia thdrabiag 5! Praofeid e Zdbid ﬁﬁ&%gV\D 01/ 73259

appar atus 72050 2} Efiiebal o3z §REh & %Sﬁ%ﬂ()ﬁﬂ?&%@l%é@ﬁﬁhﬂ S b el 1y
i s bol ted ont Betirge 0@!9@8 di anet er
The duai-sealing plug 912 comprises a wireline deployable plug body 922

which is removably connectable within the bore insert 752 that is secured and
sealed in the production bore 728. 1n addition, the dual-sealing plug 912 includes
a first annular sealing assembly 924 for sealing between the body 922 and the
bore insert 752, and a second annular sealing assembly 926 for sealing between
the body and, preferably, the production bore 728. Moreover, the first and
second sealing assemblies 924, 926 each Ideally include at least one metal
straight-bore type ring seal. [n this manner, the single plug 912 performs the
function of the two individual plugs 748, 750. However, only one running trip is
required to install or remove the plug 912, as opposed to separate trips to install
or remove each of the plugs 748, 750.
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of the tubing hanger. As the tubing hanger is |anded in t fhef tBirh@Eool
the fine alignment key will engage a corresponding tapered slot in the

central boreyddfrsand thereby force the tubing hanger to ﬁgﬁg he
orientation defined by the tapered slot. Yet another en%odl r?g%g?oéf t he

present invention RefershpioFiguned Tamdel9A8. 19CThe tick Qup SMBBIsBéViO® appar at us of
this enbodi ne | 1S, 1 0di . | | b ef.erence nunber 910, is
Compiee dhntfial Sy &35 Bfic RRBHALR Yoo o BBl SR Welpar at us. 710

shown to be sim I n man @@l‘ The
di scussed i mef $fcried legsthveby #oleliyyiof longitudinalsholie B3 dinedotly 828 she f | ow

conpl eti on appeastertbip mdk@act g fﬁ)HIQJIt@hiMGEEul&%igéf@?}Pfjﬂxﬁﬁé, vﬂnic?g% le

"dual -seal ing" wirelin L ug 912 to seal the pro ] ore above the
producti on 'pas‘:’svga'é%%ya%gqso?m'o%%? PR g‘ﬁ,"”‘ﬁﬁ@ﬁ@lﬂfi Wephiierd haw i ncl udes a
radi al |y ori eASEH REVOULSIS Tigairlaariyl idl dniywiakds thé trééapad saBnthvBRhO Ut er

di anmeter of t | ec eal 756, and an annul ar
tertiary seal %{%ﬂ%%n&%@qgéﬁgﬁ{oﬁﬁ xgs‘t%lllgg b?ﬁ'&%@@%ﬁ a%@éﬁc’,'at"?%g? trpg
positioned bERRMEYN therfathodisiprjediom gestenapidhe frw cranpletiah abraratud.16.

Furthernore, WMogsdvtibhb frorady ad [ er of
branches whij cgs(gﬁ?g%dﬁsfglfe%’%zg?@mannullﬁiomaﬂléﬁrgerzggpggﬁ%tggb@%zjy%op cl) t he .
i

t ubi ng hanger . W 9 Rpdy Cewpl 1Bl fupRtionappar at us 910 preferably

_corr}[)r: lsezI al ightigjrgth’gspeniﬁfaﬂptcelagées&?lﬁéﬁ%ddabb_ @13&%@ con@:ﬁr;keglﬁ WhidCh i's
installed in the: . e e I n r , _and an
optional debr |Es cap 8%2\%’%@# flzée%? ns@ﬁ? fh&?u{?ﬁ&?'ﬂg‘%f E’fﬁ{’]%gmy;?é&“e%ﬁz above
the tree cap Yedop afifiee Wieratars dhk collgt Peang 992 icludesa nsrelseraf dowrslarde depl oyabl e
pl ug body 922depibieh chifet firdjERVeHal\Whidh S&dna 16 elidoBl i nsert 752
that is secured ang sFaI e(g, in the Fr oduct | one%ﬁoa&e a%&?‘sﬁoﬁ&é@di tion, the
dual - seal i ng PIPQY 9315 {95pY igde unper fip <B4 gifhe fubing bargar 748 wheribsltge 924 f or
seal i ng bet weeap $13ds landd iB B2 taiing sgvel 7120 Mae 86 e4g furtie? inchiads an second annul ar
seal i ng assengly. 926 |k t he body. a eferably, the
producti on bore g75128 O%ﬁ%@\?%rg?gﬁ’ﬁgﬁ?’%‘}ﬁgﬁeiﬁﬁam@@gd’ﬂﬁBg%m%F 'ﬁ@%&@gn’ol i es
924, 926 each®&leus spditirpaicrplurelity eblockingrivgs@s@ivhicls arealigiity locsieedt ype ri ng
seal, |n UNi sinmBnegondihdl Brerdalindd aRBmRaN SoBBa) 8 afd'BBhlig Of the two
i ndi vi dual pl &}&S,Q&f‘ﬁ@ 750. However, on[dy one runni ng tripi1s ‘required to
instal | or relBve2londs a%nu@%y aumbshefdeds doyn segws Bé4inasupeort o i nstal | or
r errltz)ye eachlgteew;]@m Ithiad & éﬁmsde?c;m thééol?é&l@ék/e'g_@25ﬂ!ﬁﬁ’,@'5|s}ﬂ$ﬁmm&93 Referring
to Figures 19¢gnah LA r R own. to_conprise an
annul ar body 928 whi chce‘%’n(qz:?ﬁF esa%y ﬁﬁﬁ%‘%ra I@%%éﬁﬁi@%’@ﬁ%@%ﬁat

extending tongue 950 which is received in a corresponding recess that is formed

on the lock mandrel 936. The key 950 serves to maintain the lock mandrel 936 in

the up position until the free cap 918 is landed in the tubing spool 712.

When the tree cap 918 is landed in the tubing spooi 712, the landing ring
- 842 will land on the top of the tubing hanger locking mandrel 786 and the collet

fingers 934 will enter their corresponding groove on the upper rim 784 (see

Figure 18). After the ROV tums the key 948 1o release the lock mandrel 936, the

lock mandrel is pushed downward by an ROV handling too} (not shown) to force

the camming ring 938 against the locking dogs 940, which in turn will move

radially outwardly against the collet fingers 934 to secure the collet fingers in their

groove. The longitudinal spacing between the landing ring 942 and the collet

fingers 934 can be adjusted using the lockdown screws 944, Also, once the tree

cap 918 is secured to the tubing hanger 718, the lock down screws 944 can be

25



are secured together by a plurality of Iongitudinal boltslo8ETh&{lEdy 928
Is preferably manufactured fromultra-hi gh nol ecul ar wei gh poI yet hyl ene,
which has ayygiii0W Water adsorption rate on the orderpgf fidh7 0. 03% i n
the 24 hour ASTM D570 test, This material not only rrakes tnf]1e tree cap 918
li ght wei ght, tigitteweeidy mlﬂmmettmgszmrmmeémtp@ianamgainb@dz Byaimd ROV, but

al so isol ates tﬁ&ﬁ?a{%ﬁ&lg%@&t%}g‘e{%@loﬁéﬁ8€ aIt hhl%I hcnrﬁeéﬁﬁ? %Inl(d’[ﬁé] nﬁ%?#ﬁ\g\lm the flow

conpl etion appara ongitu on the tree
cap will be bdstondy mafréalwettsblngalwgemmfremendal 78f/inrie lobiediposiior028 of this

function. Referring ﬁ@@ﬁmmg@é |1§Attﬁla tFé 1&8@. Igﬁsgﬁeée uft 8B4 Fin al SO

conprises a collet sleeve hr ea e outer di anmeter of
the body 928 AYHPsef AdOKing pEﬂﬂetfPreantfﬂ%’icelaFﬁmeFF% Soys, the tegesaR 62932 i ncl udes
a number of dmmmcﬂnynectﬂgpa@dtengsaédtﬁoatsewudé%ﬁ%o&%anCd1 are adapted to

Cubi oG hanger CHEPaNR IR SN bt Bl finlnd shnges PR Td ifgPepoot  712.
The tree cap Pi% mReAlsp includelen RAY hobsten §58 buuplowkichmardrediortiBkibitdni ch
COMPI | S€S 2 CAHETLEhjAnBHE Lhph oe AbBFORMIngf fod ST end thereof, a

plurality of | ocki ng. dogs 940 which are y received in correspondlng
radi al aper'tures t15aoY 5‘ iR tPE #0d19€. e dpe 928918 Ray alse emenrisganr i ng 942

\évh|6 chhl s secuaenmllizyseal standBs; Toé sdlaa)eiab@smwﬁfroamn&% thféa@ecﬁét@@%b |55 | eeve

46 that is t co I n Figure
19C, the t ree%gg%gg ‘%tdq? é?%f) s{f'onae'l:(’l tﬁrggg cﬁ' %eé%a@%qhﬂt's %%?B‘\F,\‘?@es a

radial ly ext &@dewsj eﬂ@nfﬂ‘ea@&@ng\ﬁmﬁw&slnr@daomem $aal stal 858 isoptimaliyng r ecess
that is for m?ﬂesyeﬁ% 4 Q&rdu‘ﬁ@uhg P@%@ﬂéaé 966 rﬂ%ek@%c@ﬁr@véﬁé é)%:oﬁ Bugmai ntain the

| ock mandr el R. osition unti tree ca anded in
t he tubi ng spB?fF"'t‘?Pfg'tWh PYFé“et“F%féh%éﬁi’l galgrefajive ?riﬂ%iﬁcieﬁtaﬁlﬁe'rbllﬁm ng spool

712, the | andratgfioniohitre aBuidtingishbft byps duntaBletFtw fo@lﬂn@lfshb\hﬁ‘) Wil Eioﬂélth@anger
enter their

| ocking rndr el 8098 e A Spg 0GR G T ekl SRR L o oy
turns the key? fatha:tuble@bmr?% Theskalistaly@58 me9 D8 a bilihé stabgn whitandr el i s

hed d rce the camm n
pus ge9380\2n\2/fié\%nbitf%@8udﬁ% BraAdd & B0 BlribnGine AL pb@ o o° - the carm no

n
out war dl y agaﬁﬁ%’f‘at't"ﬁ'% tB%P?aégtaP |gg%@|3¥ ceymprise @ @ééﬂh@rﬁ fes ‘db'P*P et f i ngers in
thei r  gr oovecorithani¢atesgthiough aabrr@pawlmOh&izmmlﬂﬁeﬂufcﬁf&bm 97!2ﬁiﬂat942 and

o once e LR AULRSEE LGS RGBT ESE, e 1 ook

down screws 9lubing ganwes m may s morﬂ@@d voudhlithe S StabP G538 iS4/ 09607
corresponding external service and conirol line which is aftached to the coupling
972, or the seal stab can be used to convey gas or other fluids from the external
service and control line into the tubing annulus.

Referring to Figures 18 and 20, the debris cap 920 is preferably a separate

membei which is mounted to the top of the tubing spool 712 after the free cap
918 is installed. The debris cap 920 comprises an annular body which includes
an outer rim 974 that is sized to fit around the outer diameter of the tubing spool
712 and an inner rim 976 that is adapted to fit closely around the upper end of the
tree cap body 928. The inner rim 976 defines an enlarged opening 978 in the
debris cap 920 through which the top of the tree cap 918 rnay be accessed. In
addition, the debris cap 920 preferably includes a first annular seal 980 which is
positioned between the inner rim 976 and the tree cap 918 and a second annular

26



ti ghtened by an ROV torque tool 952 to fi rrﬂy secure the ﬁaﬁcﬁﬁ@ Qﬂﬂé 942
agai nst the tubing hanger |ocking mandrel 786. In this manner, the | anding

ring 942 w kbooef#metion to maintain the tubing hanger | ogking %[p,drel 786
in the | ocked position. As shown in Figure 19A the tree cap 5 can

i ncl ude a condedl B8DFHicivs positiomaiiptwese Shetouta eikii 979 pBiathd tubing esocam ! ect ri cal
connector. Th : | ] onnecting. an.ext ernal

el ectri cal selr:r\{j? ?:éée{kg%%f ggzn@ﬁ%og?@ﬁeé%t% gé lggtteg%lﬁro g%‘bo (ﬁﬁoﬁ'arc"g@lb\'}?rd'é nd
control . cond@ftiral pere Rd6 pigbndhielranger 91818. The tree cap 918 may al so

i ncl ude an ROV hotmtdabris%a@gzbn@éégmemtﬁ@ming%sﬂmaybr@f‘&rmut@@ may be
i njected into, the cen% | bore 716 surrounding the tree cap. shown in
Figures 19B aff§N#gpins h‘g epeinef Iyrpgatalpy receivedl ip g eyindeeal Bpusing B8l us seal
stab 958. Thettsbislatistied (958 outbe tidnloy4 cBagIHirs et iAciidbseadeatiysdx@mi@g0 Wwhich is
received in a ' ed r le 962 t | g,attached to
the | ower end]%%% gﬁf'f’@@? ﬂda%ﬁ’néngéﬁégt&gg%%ﬁ&hgé%@ﬂ$r8?1\{e%éhazésal stab 958 is
optinally kejRsged i the Beusing¥8i iIngpddidiom theadsbeis 6ap6920rinciudesrartandialdBzh prevent s
rotation but wARh WM dofinédbio b girl osa0 VEHEE He &Edi&@@ﬁ%ﬁ?i%e%i@@dre' ative o
sha

the receptacle. .t]'hui?l, r\%gtl,on of the actuating y a suitable ROV
tool (not shoRRFH P 14e5PE8 wilecoupy dhe egiglpuiargorignalilie 4ogipe sroeyRjagenent
with, for exaB®land thérpinamiiitieUs alnatistly outddrd poshibe Whbh the Haaqges2 ié18. The seal
stab 958 may bj. i | ' event J.b functions to, provide a
backup barri elﬁe’a’te %%ﬁé%?&?t%”@%ﬁémélg%eg %??Vgrgﬁgﬁ'c{;aglp’wwqﬂﬂ%a%al stab 958
may conprise Hetahy fightheeins irde gngelgpmant with smaniuartgesove ivhinhdhfoemerbr r espondi ng

conduit 970 Whh theuldr Hiathef? BRIk i | bkt of the
tree cap 918.fuhnet Hi r?ar?ner, t@"%r%ég‘gE?ﬁetoithéﬁnga{ﬁgidE%]sa%ﬁﬁﬁlg 726 may

be nonitored 8357t he seal stab 958 and a corresponding external
service and cont r di a badetiomb thé flove cardietioh @gpdratus BRhe prepbhtienfbhtheOr t he

seal stab can ) aother .flui fromthe, external
service and Cg%ﬁv(l;li?ﬁ%%s%ocﬁé&%ﬁéﬁ{%@@? ﬂrngﬁunSgstt%n' EneutHFg]sRch{etB? F?FEWPF}%EI gures 18
and 20, the dewitiosedbgiweernthe subinodtapgeriang the teinmsmmbbabone teevorkdverch i s

mount ed t o t hpassagewdiy, $UtA ab el 26 PBRAbwThFightd €5, négkgnéjrb%%ré% e 18 Is
ody whic

installed. The debris Biﬁa%hzo ﬁonyl ses an annul ar y i ncludes an
outer rim 974°¢¥ATNG 8835 73R JNPY tanLIBRbnRe elpRionpeR s meld! apele BBt @ the tubi ng
spool 712 anprodided torpeevent the PaGapdiatdebss adiap dieskt the dnhtilus has Blodg ar ound t he
upper end of fhe. Lt GAR i |£Iﬁ1i er rim976 fi an enl ar ged
opening 978 in ?Flee ] egqugr I's ﬂgtggmgié‘%thﬁbl &qamﬂngﬂlu%%retal} ﬁ'lf"f ! iﬁ ﬁ]e tree cap
918 may be ac¥¥ylE@orty Ahusawbile e aentrahleoreletthe tibingspeA O/ilveedxposedity | ncl udes a
first' annul arpregse SRR WhEHrebsure RAY dibiRY SchuRR! ¥E 8BotE ¥Rl ' M 976 and
the tree cap t?l(j@i zﬂnd ? l%edcon annul ar 26
tid will be blocked by the above-mentioned seals and will therefore not be
allowed to foul the tubing hanger lockdown mechanism or erode the central bore.
In yet ancther variation of the present invention, the seal which is

associated with the annulus stab in the THRT and the seal which is positioned

between the tubing hanger and the tubing spool above the workover

passageway, such as the seal 916 shown in Figure 18, may be eliminated

entirely. Instead, the landing seat of the tubing hanger, that is, the seat which

engages the landing shoulder in the central bore from which the tubing hanger is

suspended, is located above the workover passageway. The contact between

the landing seat and the landing shoulder is sufficiently strong to prevent the flow

of debris past the landing seat. |n addition, the annulus stab is a non-sealing
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17 SET 2004 WD 01/ 73259 PCTf USOl / 09607 seal 982 whi ch |s @sqgébqﬁﬂ%?etmeen
the outer rim974 and the tubing spool 712. The seals 980 987 f ion to
keep sea wabtwas¢gi@disoof and corrosion inhibitor in the ce % 716
around the tree cap 918. The debris cap 920 is secured to t e tu i ng spool
712 by pref er aistay sﬂatwvhlmmkbm@:hq)bllearaﬁ&flwttretae bnrﬁflus\/mirélihai iS bét@ead abl y
received in a, I ta hed the puter rim
974. Each pin g%hb?ﬁgfu gg@??ﬁg ysg§$§%c aP y§@§ rfE‘W"glldably
engages a cor#@§ﬂﬁﬁ@ﬁﬁgﬂ§%@9é@d@maove 990 that is formed in the housing
986. In additi on, Ii%uﬂ%@%é‘o ﬁl@&:l tﬂgpwhlﬂﬁhé’g@%erﬁ H@f@ﬁ'ﬁyn‘?\aﬁggen whi ch i s

connected to af b%% t he e raised position,
the lugs 988 WPYAPHtLE ?J?t‘ot"ﬁ%tr}e&’(ﬁ‘?f%rred(ﬁﬁl@rd'”fﬁS‘Fstff‘%rﬁo’bﬁo%ﬁk"@ém ®8 afr oove 990
and the pins wialyldelop awilevaditiah bf/stauiumshact Wt{’bhﬂ@ietawlﬁmduhe handl e 992 is
| ower ed, the 0 .00 adial Iy inwardly
and t her eby P %@eﬁﬁﬁ) nWh‘L' nﬂé?ﬂl% é’f’élﬁ]engvegﬁn%lnﬁ% vrvl% ‘ﬁ%t efﬂ’ﬁﬁ'{oﬂ? EISWS%t@e which'is
formed on th8heyutietheg t@mbgﬂlm?hfé maytbemgmbngd)ln armantep nothilbsstedtyd | ock t he

debris cap toabdie. Tha.térdaa t%lendédrbléﬁné’é‘ﬂé'tébé Bdhsflied B&ofdra)y conpl etion
apparatus of the ﬂﬁ%’?sr%&ﬁgl nveqﬁl on, al which 1 s associated with the
annul us stab PH*Y Wik ¢ ér”§é8?pe\ﬁf‘?p@ﬁ'”f%”heb'agfi’“ﬁ'i)'bned bet ween t he

t ubi ng hanger and the tubing spool above the workover passageway, such as
the seal 916 shown in Figure 18, need not be pressure containing seals.

Rat her, they can sinply be elastoner or netal seals that are provided to
prevent the passage of debris and to direct the annulus fluid along the
preferred flow path through the tubing hanger annul us bore and the THRT
annul us port. Thus, while the central bore of the tubing spool wll be
exposed to pressure equal to the pressure in the tubing annulus, the
debris in the annulus fluid will be blocked by the above-nentioned seal s
and will therefore not be allowed to foul the tubing hanger | ockdown
mechani smor erode the central bore. In yet another variation of the
present invention, the seal which is associated with the annulus stab in
the THRT and the seal which is positioned between the tubing hanger and

t he tubi ng spool above the workover passageway, such as the seal 916 shown
In Figure 18, may be elimnated entirely. Instead, the | anding seat of the
tubi ng hanger, that is, the seat which engages the | anding shoulder in the
central bore fromwhich the tubing hanger is suspended, is |ocated above

t he wor kover passageway. The contact between the |anding seat and the

| andi ng shoul der is sufficiently strong to prevent the flow
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of debris past the landing seat. In additien, t he annul i"l gg '
non-sealing | 27 17 SFP 2004 WO 01/ 73259 PCTI US01/ 09607 t al ~st ab “whi ch
has a radi akygb@assance with the annulus bore that is bet 01/@9@9}“ 0. 005
inch and 0.010 inch. This. clearance is sufficiently sma 0 prevent the
significant pdéshgelaimedédris. It should be recognized that, while the
present invention has n.re tlon to th referred
embodi nent s ther eo#] Eg@g cg'ﬁﬁﬁf e pPara{uRgorgp iptroliing the floeit § E‘dg‘r%'%‘e vari ation
of structural aé@fd"&lﬁi@'rgawhldh@ﬁerdeirmdisreNr\mrheud! defilepa tubingganhulosn t he _
principles of stgunbiny em tBiRg stFﬁ’gj’ tr@%moﬁrgrem‘? apb%qu%Jc% n&ﬂ?”ts shown in

e

the different enbodi nents nay be_ conbin manner | lustrated
above. Therefore, the ﬁﬁ’ﬁgﬁééaoﬁ"@lwhd?@S"@UﬁdrﬁﬂﬂeﬁBereﬂéQﬂh@W@H)ver al |
equi val ents fabtkfng within the true scope and spirit of the invention. 28

17 SEP 2004 WO 01/ 7325 9607 V\hat IS . flow
conpl etion appar at us fgrﬁ%ﬁk? ig\%\cﬁ& PR r?‘eﬂelﬂe&gl"ﬂﬁ‘%“m a tubi ng
string whi ch &Rickingkidpsa genirahkdre thabexieraln dxidiyf therethraugh dboproguctiomul us

di t I r n a
vel | head R?,usfvﬁ“g‘éW“""“%'T“i“’i"ﬁfrz““?ﬁ&é olMaE R i o g AR D 5 "

t ubi ng spool erupispRB Witk te g arAdusiel | head housing and  whi ch
i ncl udes a central boremh@maegerwnrda rsaesppdrlem irh ﬁh@rc@ﬁthil B8 s canrideeguct i on

outl et which gf e ce ann | us passageway
whi ch communi ca WEF%&?”@ tt‘ B??r ngaﬁﬂ%1na]§desaa ‘?rﬂ‘E)Lf‘:HBF ﬁ%[ﬁé“@l‘ which is
supported in exiendseaiallathetstireughi and eqmoteciaacbastageway whipie coremahiedtes he t ubi ng

String, and i Bekiddferal @AM Srollilishoufkt ends axi al Iy ther et hr ough

and a production pass gewaél ni cat es 'bet ween the production bore
and the production outf &8t %F“fqm%mb%lwwﬂsep%ﬁ'ﬁwi"\mﬁﬁch@fp&ﬂ|oned in
the producti oabdvertiee pratiaien paseagonegiidl on passageway and a first annul ar

sea[ which is position tubi n er nd the central bore
above the production i@gﬁﬁr&%?&a \Dﬁ‘ch is posrgoneg befieen %equbmg hanger

and the centra! bore above the production passageway;
wherein the tubing spool further comprises a workover passageway
+ which extends between the annulus passageway and a portion of the central
bore that is focated above the first seal, and the tubing hanger further comprises
an annulus bore which extends between the workover passageway and the top of
the tubing hanger;

whereby fluid communication between the tubing annulus and the
top of the tubing hanger may be established through the annulus passageway,
the workover passageway and the annulius bore.

2, The flow completion apparatus of claim 1, further comprising:

a BOP which is removably connectable to the top of the tubing
spool and which includes a BOP bore, a first 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 first BOP rams; and

a THRT which is removably connectable fo the top of the tubing
hanger and which includes a eylindrical outer surface portion, a production port
that communicates with the production bore, and an annulus port that comprises
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wherein the tubing spool further conprises a workover pas%a@e&by Lhiiich
ext ends between the annul us passageway and a portion of the central bore
that is |ocayggabeve the first sea[, and the tubing ha udodser
conprises an annulus bore which extends between the workover passageway

and the top ofafirdtleed thibh cgmmengass witttes etk buichriaeresemidaid whicHoet ween t he
t ubi ng annul u%orﬂ%m‘:&@swﬁf?ﬁg%&%t%@tUb%—g@-ghanger may be established through

t he annul us passageway, ageway and the annul us bore. 2,
The flow conpl etion appbereitte fost BSIFaiams Bre ddaptelddo sextingly &sgagg the a BOP whi ch

| s removably GORPATLEDbALdPaUklF et Sy i B gROL and whi ch i ncl udes

a BOP bore, a first se rans choke and kill line
that conmuni cates wi t WherBRyHilidfemmLnicRtionEetvass e thing Bnnuus ansdhe ed bel ow

the first BOPBORhokeamel idl I'ﬁleﬂﬁﬁy\ldéle@fébﬁsﬁed Wﬁ@darﬁ@ﬂ@%ﬁés%@éﬁayt fhet he top of
the tubing han surface portion,

whi ch
a production pog(t%[’er{%%g‘cfagg%%c ilﬁlnag'g‘t' g%?'ttﬁg?rl%' uﬁﬂ?&@&&ﬂl‘?r{mﬂ@f‘é’ft nd an
annul us port BREtborowhich séecazd Ao BIBIP REEL US02109607 a first end which

conmmuni cates with 4 he end whi ch communi cat es
3 ﬂwmgm Wﬁne%gﬂrﬁusscﬁ%%m

with the outer surface portio nthe first BOP rans are adapted to
sealingly engage the W$A&P rﬁﬁ@%ﬁ%“ﬁf@???éwoa@)é%*@fﬁﬁé’Tg@é:ond end of the

?Enul lésODpoLt ’ wher eby Whe}ﬂtndtf@@ﬁﬁkﬁﬁr@&ﬁl]{iﬁ@c&ﬁﬁﬂ?@ﬁdh%%H?ﬁ&goﬁﬂé‘w us and
e cho i ne S e u annul us
passageway, t O%rb%ré(\& l?ell’giocggeg% ﬁ‘ fﬁsgaatiﬁ%ﬁo[}éggg’r TSHE8 annul us port
and the portion of theﬂh@ﬁu?tl’l@@eeomﬁﬁ%rm dre edepbad tbeéajmwreegég'ertsé BOP rans.
3. The {1 ow caire) @iaSnafinidhiihe Shoohl 8hdbedhe WIRIRIL he BCP corpri ses a

e

second set of BOP rans; wherein and I'he communicates with a
portion of the BOP boVkerehyifiuid commupicaicncdbefisendmtubing apnuiusangie second BOP

r ams; andf whe BePrehbikeargiqiding n&{;lBh ereétﬁﬁl(ljsﬁé@t ﬁ&r%darinﬁlﬁfaés'aﬁgkéy @ﬁgagebt he
outer surface e second en t he ann or er eby
fluid comuni cggﬁ%éﬁgg %&e@g\l E npﬁ'tﬁ bge: 3‘9\%"&”%’38% af“P1 &"8&(’3‘& and kil
line may be eBPEHoreswrich is lnceied hetween therficdt asd paesdiBORayms.t he wor kover
passageway, the agnul Uﬁze%ﬁv%omf:l‘éﬁor?é’ﬂ%‘d*a‘tl% d? @laim ?%@Eﬁorﬂﬁﬁs dgPn of the BOP

bore which is |ocated between first and seco
first and second production closure members for contro!lmg flow

through the production outlet;

a first annulus closure member for controlling flow through the
annulus passageway;

an annulus outlet in the tubing spoo] which communicates with both
the annulus passageway and the workover passageway;

a second annulus closure member for controlling flow through the
annulus outlet;

a workover closure member for controlling flow through the
workover passageway;

a crossover line extending from between the first and second
production closure members to the annulus outlet; and

a crossover closure member for controlling flow through the
crassover line;

wherein with the first annulus closure member and the second
production closure member closed and the remaining closure members open, a
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4. The flow conpl etion apparatus of claim11, further corrp{]?s @h]‘St and
second production closure nenbers for controlling flow Sgptz
production aibbeiisea first annulus closure member for cogpgallidng flow

t hrough the annul us passageway; an annulus outlet in the tublng spool

whi ch conmmuni diest e path Imaly(bbI&stabllmaetatmmmbtime@ﬁﬁﬁeg&yb@,yth@%rkbm wor kover

passageway: 2 pSeRa00 B bARK R FRIBEL IO o TO0LLR LG Lty Lir ouat

the annul us over osur e e ow t hrough
t he workover Pﬁ’&'ﬁ@@@é’\% a crossover line extendl ng from between the first

and second | pr oducs T onTid @avkcytEah g ardies dUBIAANUNG bl and 3

crossover cl osure menbeg controll rou%‘g ssover |ine;
wherein with the first2&R d’l"lﬁ‘ 'ETW?@V%WB@?N%FHW oié*@dmjng product i on
cl osur e nmenbespwll asewhiamiiclubes & BORbbieNg 116t €5 BT BOPRMRS BAd 864t ofe 30 17 SEP

200~ VO 01/ 7580 HASE Bl il NRBR O Bk SR AR ISP P ouah

t he annul us bo t he
crossover |i n@caﬂeﬁéelﬁwdhﬁ,uﬁf@ﬁw ramSt end and the production bore 5. The flow

conpl etion apparat us of TAR®iWRcf is rfeH{owﬁJco%RéH@éH[éﬂoriﬂe 0 %@%ﬁﬂ@nm 'S

renovabl y con ect abl 0 fhe f the tubing spoo I ncl udes a
BOP bor e, ?'%gce E%‘fWEB‘Fh E@Pd‘?'%é)r@’?”%{ﬁa | oyter prtege paian, ageustiemePTki | | | i ne

t hat com‘rum ca'taesonwmmaaemﬁtth@prodﬁchbhBorBQ?]dtuhraganﬁtﬁmhét co\gfbﬁ@ésed Ee| ow
the first BOP va conn e to the top
of the tubing rrﬁsg%nde‘?m %%ﬁlﬁt%ﬁqﬁ%gnngﬁg%wrﬁ#la@ﬁ rgﬁefn? N f ace
portion, a pré‘éfﬁ'@tlﬁlléﬁe%)‘@ﬁththephf&tsmmrmﬂmat es with the production bore, and

an annul us port Jthat cameihafsie®dH Gl Rl e cAmBlgab i Wi Lh the
annul us bore a l1‘i‘%eco conmuni cat es th* the outer surface

portion; v\,her8‘|J ﬁ”f % pe Q“Wﬂ‘ﬁﬁﬁc%‘ié’”ﬁﬂgﬂﬁéﬁnﬂ‘ﬁ@%l i ngly engage the
outer surface portion \aﬂmne‘iewithmestaﬂm\iﬁhr@amldsbdbh&wmbmg h@fyek,;a wherein

wi th the tubi fg §ANERIN ShPRETbOELIhE NI AY RIS ke, the
portion of the BOP bore which is located below the first rams, the annulus port,
the first flow path and the production pori.
6. The flow completion apparatus of claim 1, further comprising:

a crossover conduit in the tubing hanger which extends between
the annulus bore and a portion of the production bore that is located above the
first closure member;

wherein fluid communication between the annulus bore and the
production bore may be established through the crossover conduit.

7. The flow completion apparatus of claim 1, further comprising:

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 a first pressure-containing barrier between the well bore

and the environment is provided by the first closure member and the first seal;
and
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first circulation path may be established fhrough t he cho ezagﬁg_glrl,l l'i ne,
the portion of the BOP bore which is | ocated bel ow the filrst Dtjhe

annul us portwooitBgefirst flow path and the production pogdyuBieddie flow
conpl etion apparatus of claim1, further conprising: a crossover conduit in

the tubing hanger whi cwhereinarsdsordgtresenr-cohfamingatier bethesetham@l dogor t i on of
the productio first closure nenber;
p Qn@ﬁ%%n{nnﬁﬂ"nehts is h%%%&@gy ﬁ.ﬁ%&?on‘ﬂ@ sure%%beéﬁlans ﬁﬁﬁ 8%0[5'52 duction

wherein fluid conmruni cati on e annu
bore may be e§8abl i shed through the crossover conduit. 7. The fl ow

conpl etion appar at us Ofhebisyi BBtH.the Fiktst bitdecR Biicts AQ: suﬁpo?@ﬁ%ﬂq?él osure
menber whi ch @E@g’ﬁl tioned in the production bore above the first closure

menber; and a 89%4nhnul ar seal which is posi ti oned between the tubing
hanger and the cer r al Thedtow @hpletion Aspatdtussds camal ; whelelh eHerfira ahdi r St

pressure-cont @é&#\&glogﬁ'{a F‘ﬂe‘ﬁ{begee}a%ﬁngcgpﬁrgg 3\'\@ elin%@éﬁ%yaﬁ%ﬁﬁu&he environnment is

provided by th I rst closure ne and 31 1 7 SEP
2004 WO 01/ 73259 BT/ USEfiiopgmopleliprarriaratis of sloind, whesels thedirst olosure ni ng

barrier bet \Aemnibbecdr@ribeéaé)ﬁ@t nr@%daﬂvh\%heré%bﬁrﬁém&ﬂé wlréhn@rd@FIb by the
second cl osur econd eal ; whereb I rst and

PuEPE"
second barri eP§9 8P %\5’3@%?%"86(’ gpsyrpe ﬁrﬂioﬁ@“?ﬁr?g?ﬁco"@mm%é whighis conpl et i on
appar at us of wolcamted 6’nthmgejouyhh@/eftmafmtragdealsecond cl osure nenbers each

crarm 7. wherein URe 1o e e yiPensimu e ookl R Pl PR R s

whi ch i.s nmounf¥BPEAS:a wirel i ne depl oyable plug body and the second cl osure

nmenber conprises a Se@ﬂﬁﬂndricﬂﬂa i%hmﬂ’ﬂbs?% |h§er SEAH e atnt]‘%vh@#@ body
E

above the first 0 et1on apparatus of claim?2
wherein the Tlg-ﬁiedftﬁﬂl 6”9 E?ﬁWﬁF @gyo‘ﬁwirglb’nﬁﬁ'ﬁaﬁ%!“%? whi ch has an i nner
di anmeter surface and whiubldai reemiseathietl na ah betet didrhétgr supagLand vadeak| v

outwardly of the.anptivie %Bﬁfénd sealed to the tubing hanger radially inwardly of the
annulus bore; and

means for securing the tubular member to the body:

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

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

11.  The flow completion apparatus of claim 1, further comprising a tree
cap which comprises:

an annular non-metallic body; and
means for securing the body to the tubing hanger or the tubing
spool.
12, The flow completion apparatus of claim 11, wherein the body
comprises a plurality of radial sections and the tree cap comprises a number of
elongated bolts which extend through the body and connect the radial sections.

13.  The flow completion apparatus of claim 11, wherein the tree cap
further comprises:

an annulus seal stab for engaging the annulus bore.
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a tubul ar nmenber which has an outer di arreter surface and whic geceiv
within the body and sealed to the tubing hanger radiall y |Fﬁv@|ﬁfby? the
annul us bor eyo emdz2seeans for securing the tubul ar nenber g gdigededy;
wherein the radius of the outer dianeter surface is |less than the radius
of the inner di anegder Buwrffomommpletion svparatisof clain #3)minetesn potree cap def i ned
between the owiger SniedLr surface and the inner dianeter surface. 11. °
The flow conpletion apparatus of claim1, further conprising a tree cap
whi ch conprises: an an"ﬁﬂ#%POWBW%?MFN%MB@GWheéA@dVﬁ%(hw@cm isradspiedir i ng t he

body t? thefttﬂobe@n??omm?aareﬁehﬂ@m¢mﬁgm% lineténd The HOYV ;:orrp:c etlgn I
apparatus of claim e $eS.. & plurality of radia
sections and the tree &8 %HEWB'P*‘E‘EE"‘W%?@’@W heeﬁ%é%’h"@@%‘é’lats whi ch
ext end t hr oughoretiethb@dyulassbatgismect the radial sections. 13. The flow
conpl eti on appar at us %hé?éuﬁ'ﬂ&h%&nmmgét%h% VBSe%)tE&%h&ggetvlv%&g%her Co”p“ S€s.

an annul us seal stab for engaging the annu P 2004 WO
01/ 73259 PCTI BABYsdws0And the Sxtamal serviss 266 Agtist inerihrapgiethe eorulesy scel ai m 13,
wherein the tets cap further conprlses a fluid coupling which is nmounted

on the body, and ch dapt to be connect 0 an_ external service
and control line; § +hec@ﬂ’d% Wn?ﬁ? @&Mﬁ'ﬁ@ﬁﬂﬁﬁﬁ%@@ﬁ% P iIBI ui d
coupling and aum%ﬁleilwhwvelgfﬁit@hmmbta@dssmg astRil/. wherein fluid conmunication

may be establ i shedgbetweaiRuwld p[e %Hpgpdt&

Blafineh wgr gt ervice and
control line through the annu us se stg{g IT{E owsg%lrrr'g etion

appar at us of BearTROIPiSSferein the tree cap is sufficiently i ght wei ght to
be installed using an £ReMalit}6f coiginbéro WheRBR) @Eb:@&t&ﬂﬂ@%éﬁ us of claim 11,

wherein the securing ns_c Al lurality of collet fingers which
are secured to the boaa”%% manaogp.vhlc%?ncludesgcammmg sﬁrface and

a number of locking dogs which are disposed generally radially in
the body and which each comprise a first end which is adapted to be engaged by
the camming surface and a second end which is adapted to contact one or more
of the collet fingers;

| wherein actuation of the lock mandrel will force the locking dogs
radially outwardly against the coliet fingers to lock the collet fingers in a
cerresponding groove that is formed on the tubing hanger or the tubing spool.

17.  The flow completion apparatus of claim 16, wherein the lock
mandrel is adapted o be engaged by an ROV, whereby the ROV can be used to
lock the tree cap to the tubing hanger or the tubing spool.

18.  The flow completion apparatus of claim 11, wherein the tree cap
further comprises:

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 spool, the landing ring engages a tubing hanger locking mandrel which is
slidably mounted on the tubing hanger;

whereby the landing ring maintains the position of the tubing hanger
locking mandrel fixed relative to the tubing hanger.

33



a lock mandrel which includes a canm ng surface; and a nu T ikng
dogs which are disposed generally radially in the body aggéaéggﬁlgggﬁ
conprise a fweetgpd which is adapted to be engaged by ;@ﬁ?ﬁ@ﬁﬁypg sur face
and a second end which is adapted to contact one or nore of the collet
fingers; wherein a@® uaThoitovodonipetioh apparatenctroim we | wheréi ¢ daigtingocki ng dogs

radially outmquhybéggﬁ£§hg%ﬂ%§% gkﬁggﬁ&ﬂgers to lock the collet fingers in

a correspondi ng groove on 't he tubi ng hanger or the tubing
spool . 17. The flow conpl eti on apparatus of claim 16, wherein the | ock
mandrel is adapted to be engaged by an ROV, whereby the ROV can be used to
|l ock the tree cap to the tubing hanger or the tubing spool. 18. The fl ow
conpl eti on apparatus of claim1l1l, wherein the tree cap further conprises:
a landing ring which is novably secured to the body; and neans for
adjusting landing ring axially relative to the body; wherein when the tree
cap is secured to the tubing hanger or the tubing spool, the landing ring
engages a tubi ng hanger | ocking nmandrel which is slidably mounted on the
t ubi ng hanger; whereby the landing ring nmaintains the position of the

t ubi ng hanger | ocking mandrel fixed relative to the tubing hanger. 33 17
Z'")' EP2- 00 4 W 01/73259 PCTIUSO /09607 19, The fl ow conpl etion
apparatus of claimI|S, wherein the adjusting neans is adapted to be
actuated by an ROV. 34



