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t he upper e bore,, a tubing spool which Is connected to the
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central bore, and atree which is installed inthe 20 central bore

above the tad kY 'Hﬁﬁ@@rblowPf%ﬂ’??@“ﬁ@wéﬂn%ﬁlﬁﬁcﬂvﬁéﬂ'@ttub@ﬁé‘ﬁn%fe t ubi ng
string that d@%ﬁ&l’ﬁ@%llé%rpaﬁd"\ﬁo%bér &?&fl&ﬁ@oﬂ?&a‘tnﬂﬁ%gﬁﬁaﬂ% ng annul us

surroundi ng the tubing string. di tion anger conprises a
concentric pr oduE'@Wcﬁﬁ?”!i&?t@r\/ﬂﬁS@mbbeﬁﬁ% prasicing q}hquﬁlaﬁ rfr@nt siisag wllsiarng and a

aeral pr g A8asnaaRlcihBtoRKhAAME PROKRAR Ny BEANELAG) DOr e and

a 25 production out e tubrng s ng” 'spoo SO i ncl udes
an annull@s ﬂ@@@@ﬁ(@tﬁh@? Wmhlyewmrﬂﬁstha?djmlom lmeBnBaianhNbu&,OBQMaa annul us

outlet, and . I

passagenay. famBSHs g RaRRRRERLN e Ro g e LpGSh SierdiP gl Bere e

t ubi ng hangertubifighegeo] pdéchag eoayectegpioahe dap Hiothe evatiheand bansinmg\aduiawm;bn t he

t ubi ng annul u nd th ent ra{ gore 3 bov t ubi n ager during
ot at i ocES ReRBeliors R end oz it AN Bro B o 2Bl M RENdeh  at i ons
of certain whichtig 'sa@e}meledai thiertgntral Bdne, aridhs Ree pae dinithi io thstdlled o theand gas
require

pr essur%6 22%?%F%Pf 5 COHB‘? g}gﬂggpk}\%a@s??mhg r”?gv %?@?%Hlag‘?r%eaté‘?ﬁﬁt PBRment. In
the 35 typi mﬁngmrmgm akichb®wts hieph &t bars angsRIRéY a tdbey hhfidds barrier is
provi ded bysurroundlng the tubing string. In addition, the tubing hanger comprises a
concentric production bore which communicates with the tubing string and a
lateral production passageway that extends between the production bore and a
25  production outlet in the tubing spool. The tubing spool also includes an annulus
passageway which extends from the tubing annulus to an annulus outlet, and a
workover passageway which extends from the annulus 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
30 above the tubing hanger during installation and workover of the flow completion
assembly.
The regulations of certain countries pertaining to the subsea production of
oil and gas require that the flow completion assembly provide at least two
pressure-containing barriers between the well bore and the environment. In the

35 typical horizontal flow completion assembly, the first barrier is provided by a
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| WO 01/ 73259 PCT/US01/ 09607 wreline plug that is installed in the
producti on bore above the production passageway, in conjunction with an
annul ar, WeHAliysometal seal which is positioned between tﬂ@/@%l%g@manger
and the tubi ng spool above the production outlet. The second barrier is
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cap is lowered ,on a dedicated tool, such as a THRT, through the riser and
t he BOP andFr\ gm%d in the 15 central bore di rectly above the tubing hanger.
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topt he t ubi HasySﬁL ﬁg% @%@%ﬁé%@k%ﬂg%?é@@'wEaasa%r HRMRY E%d,  the THRT

i s retrievedTHRI"I tfoughtRe Fidr drdl the BOTS had |Rded h{fm%ntraﬁbdré%ﬁfheand the
BOP. Then the TH is retrieved, the BOP is retrieved, and

conpl eti on UR¥YeTAgO} The TERdyS msentr@tr@u@d Bae khe teacan t?d%‘@reér?n 3S| nce t he
tree cap isqs@etbs ?&bthJcﬁ%s'E ?HRTWE?\Iréuthﬁé $|§éﬁaﬁd‘ﬁh%%ls‘éﬁ8‘iar@fed% th%5

failure of the first barrie tree cap typica rises arig
met al bédy gemraébommtlyﬁbm thﬁduﬂnﬁ@%ﬁ“@@cmﬂlﬁ ’qr@e cap ﬁillystaltﬁﬂkthehe body

to the tubi 1T‘E?IRSI’FJ]Q?é’cne equgéﬁ’% rle hé o ﬁHﬁE denllQiheavy to be
Ia "§OTR &

installed by a renot oper at e iMaY €ad be
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THRT prior the THRT & tetriiwyetaadithetec app is re- lnstalled through the riser and the
BOP. Then the THRT is retrieved, the BOP is retrieved, and the flow completion
assembly is ready to be put back into production.
Since the tree cap is required to maintain well pressure in the event of a
25 failure of the first barrier, the tree 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, installation of the tree cap
30  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 retrieval of the THRT prior to installing the tree cap,

35  debris within the riser often falls into the central bore of the tubing spool above
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35 debris within the riser often falls into the central bore of the tubing
spool above 2 WO 01/73259 PCT/US01/ 09607 the tubing hanger. Left

unat t endeg, f1Hsssodebri s could foul the sealing surfaces ofpedit®80b " al
bore and t hereby prevent the tree cap fromformng an effective seal wth
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p%sa S a%e\livay sﬁénfell(crel \felseeloe usmally dstabﬁslmMMmughehe bobilog phszgewagttet hr Oﬁgh t Ee

B choke an i | i nes. is that the

flow in theVREQYPLRESSEIEVAY: q”ﬂ@'tﬁﬁrbﬁ% %%de gﬁ(HO%S 9{1 r%?(?fgghﬂ‘ehanger i's

gener al 1y uanmsts betvedn tRNTHRITI hdUneé ﬁsérf lwdr%daﬁbwdéé@w%w@lrcamm isubi ng
and erode the central_bore, including

h | kd h t he
"ocki g pr oP LA HIABSGHA BHEPGARiq s et HUST PO (hhBIRGUAGREI  bor e

agai nst  whpefa, tHicudh 1e tGiRg BlH u;9€h|é tahiflg $AAlIus [ BERGAthY BhiulugO Summary of
the invention In accordance wit present invention, these and other

di sadvant ag@%ssagﬁwﬁhéhfﬂngﬂh%\"’@”@?"@r RARSRERMAY. Y0 fheyveriah gote ahoyethenpl et i on
appar at us fﬂfblngcﬁémgéiabhd ﬂgoﬁd]?thtalBUP ghoild édeklﬂ hﬁ&JE}Pné‘ Fd’blﬂénﬁ"%t ttl‘in's.ng whi ch

extends into a wel bore defines a tubing annul us SUI’I’OUI’] 1 ng t he

tubing $%ri ﬁ@angﬁﬁ@emusﬂnaémeﬁlom indhe oentegh pareaefiBe &ding spnes aboveethehead

housi ng whi gBideShd Iéf‘%@ AR ubi ng
spool whi chﬁfbs 9(5:'6 rﬁ%tt%e &Lﬁﬂge weﬁ ﬁ@gghlﬁoagﬁm%ﬂ&wmﬁﬁ ?%UI?hnef:l udes a
central bor tibingatanger oeldovax mechgnistaendteodei e, ceatrplrbntwnclodmgdm | et which
conmuni cat e 8 ich

comuni cat e@CW%% %fL@aﬁ(ﬁg{ergAné‘ﬁﬁ ahriad”%qul%g%?ﬂtﬂ tﬁ% %ﬁﬁ%aq%gﬁgg@néwupported 30
in the centWhlchbmerandpnwstlmhendedalt tesaactwpper end of the tubing string,
the tubjng l. a production bore which extends axially

t her et h?%ugﬁﬁg'ﬂﬁ O%m% "%jé i n passageway whi ch communi cat es between the
production bore laradcordarcewith tiet presertutvestion ghése std olhesdisedvarmdyzs which is

posi ti oned lnn:h(ta %ﬁorp e gpecct)vercome by providing 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

25 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

30 inthe 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

35 positioned between the tubing hanger and the central bore above the production
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bore above the production passageway; and a first annular seal which is 35
posi ti oned between the tubing hanger and the central bore above the
product i ofg o3/ 7¥R901/ 73259 PCT/ US01/ 09607 passageway. Fur tdql ¢k Besol NE

t ubi ng spool also conprises a workover passageway whi ch extends between

the annul uspas?s?a@e%yfargﬁg&{rﬂ)r@,%%&mgﬁépooﬁ a%ofc%mp’rglgs bydpkdyapt is located

above the first "sea . he t ubi ng hanger al so nprises an annul us bore
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of the- ot Bt R QY. RSuS ey ptRad e kS el o ThR
whi ch is renpvahlaccomianes tvithlaaother adygect opthefprédemt inventigh, isnigy and whi ch
includes a _generally cylindrical outer dj er surfac a production port
t hat commnP@HP'géoﬂge{W%hSt e CORRESEHA r@’?"ci?rlﬁ f%{ﬂ%ﬁ)hﬁ%@\%@gfe t hat
comuni ¢cat e thetwyeonihthebingeped] aad hich inBIddeda BT boe, whirst ket 6 Bopmed in

ce.  Furtherppre, the first BOP rans are adapted to

t he outer dianeter rf . : -

seal i ngly ef?@é%@”fjﬁz}l%ﬁ?@?e chpkeranddsill ing thakeoramiyisates avithrepertign of fet hi s
manner f1 ui BOPOSBIY MHicH is WtatdtEbeieR thd et BOP Behs2BAY b UHRNhidAgs BOP choke
and kill line naé be established 20 through the annul us passageway, the

wor kover pa&¥RRyeRbyconnRetableria thestopai dhe tubitg hamagr ard ybich iagledasi@ portion of
the BOP bor gervé?hlmyn;ﬁdﬂti%gah@?‘d%ﬁ%é?& éﬁ%cé)ééﬁo{jﬁgﬁ SH'Bhat EnAARGHERNCE W th

yet anot her aSpeCt (0] ( present I nventi on, i conpri ses a second
set of BOP Wihihe preductippiorandan annulyseparbinatieeromusisatasttetwesn thepor ti on of

he BOP b [ ' : ' : d
the or QnWiBn%kZarﬂgoagﬁéﬁﬁéW%ﬁ% fonﬁecﬁ I b é)%ﬂaq d?ﬁ&%&tﬁ%%ef ams, an

t he second BOP _ 0 sealingly engage t er dianeter
surface bel bwtheremospdhe fiegt BOR namssarasadapied t6 Isealinghoengagedhe ooter bet ween t he

tubi ng annuhi‘éﬁe?é’r%u?fgge %\/eecttﬂg eﬂfﬂg. ifﬁ His gnianﬁ?/{]ﬁit%{%ggrgﬁﬁhﬁ%ﬁ&@hed t hr ough

t he annul us passageway, Wor Kover' passagewa ore, 30 the
annul us por betaedn theetubingt darowlusfandhtbe BOP biosle add ldlhlinesmip batesthhtishewen t he

{ inr tsﬁlea?@b?ﬁ]g ntgge)mﬁﬁlﬁg pajsstagréaw%y:[ trl%eerV\(/aofrﬁ)(gveertp))%ss?aeg(?ar\}vaty,h %Ea a;[nrrllﬁlu%%%lﬁel,us bore
the annulus port and the portion of the BOP bore which is located below the first
BOP rams.

In accordance with yet another aspect of the present invention, the BOP

comprises a second set of BOP rams, the choke and kill line communicates with

25  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 kill line may be established
through the annulus passageway, the workover passageway, the annulus bore,

30 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 that the annulus bore in the tubing hanger
provides a convenient means for connecting the tubing annulus with an annulus
portin a THRT. In addition, the annulus port provides a closed path between the

35 annulus bore and a BOP choke and kill line. Thus, the flow of fluid between the
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provi des a conveni ent nmeans for connecting the tubing annulus with an
annulus port in a THRT. In addition, the annulus port provides a cl osed

pat h bet 35 annul us bore and a BOP choke and kill , the
flow of 119y 72% ween the 4 V\D 01/ 73259 PCT/ US01/ 09607 ‘Jdm gt /-éxnnul us and

t he BOP cho re and the
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spool . | barri

bet we d t
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in the prodoesireménber ialiy prdduetidri bere apldase fitst BRADST seahBetwdenalond 10

annul ar sea| ,that is positiopned between the tubin han er and the tubing
spool abovb,f'bfrﬁ?ghafrlgleégé tuB|nlg WP&H@HH@P“ Hot %fj errtge[tw%le{a hehe second
barriers bgeieer dtPthRInvirORhentas SrdvitRdeiVbdte BrRBbNAREBsIFRUREBBer thar  ON
t he tubi ng , hange Consequently, the flow conpletion a%par at us does not

require a tFé@sq@aﬁd%ﬁhétPrP%U‘%'QBQBT%aQﬁVestBQIﬁI’SﬁQloﬁﬁr&i ReMbEhENPEe3ASQPd i n t he
wel | bofg. éﬁ&%ﬁl@@éeal fhal B éds"ﬂélnéd bbtv@é@nvﬁe%mln@ﬁé’rﬁge?aﬁé@h&ﬁg‘)r@%dd&?ta"ed on

t he tubi ng spool using an hereby saving the tinme and cCost required
to run a traeovedpefirgpeal. sJ[]r’fH"é@@nV‘éésb@hth@dwtrﬂjﬁdlth@ﬁa@wbaﬁﬁe@nd wor kover
oper ati ons. pdfiReR 1 dePbBRY f i nvention
will be mde app arente Pron? eh%%tgl% %vﬂnﬂ%ﬁda\égw&?ﬁegj 'ﬁe"srté’BﬁB Ion, vvlth

ref erence tbangeas. Longequanilsnipe rﬁlgwonomnkatgm apparathe ddesandtriggyirg adresane
reference n Whit ?%gasf{:éﬁn?@?fl %%IIH§ Qgﬁlﬁsﬁlg\%}@é’su%ﬂmﬂ@gfe&%d@ I}'lgt%a& aé | ous

enbodi nent s. ri e a representation
of a pribr alrrtplehchght&wumdebns)vxam:oambeinSMIedmsthahlbjngsskpmmhusmg1aheR(DVpduct| on

nor t zont ar - FEeoLevERbE Aot A BRA TR AR A k@R kol £ B0 V5o5lor kover

node of opedMnmnstaFFatgmchNorskoaerrcmeramsI atl on of the flow corrpl etion
apparatus of th resent entlon shown in the producti on

operation; Fi gu?@he%ela‘?d otp% s g Faﬁ%?ge%f?‘ﬁ? BWSSBHBY EOBHV'EBﬁar atus of
Figure 3 SQIaSlb(apfpawemt from themu@wnajd@anemrdmnbmewltnvéfer@fceqom@tl on with a
first egpbodine of BOP conn %th?rd fo ttne t ubi n ool ;

accompanylng drawnngs In awings, the same re ere ce numbers are used
to denote similar components in the various embodiments.

Brief Description of the Drawings

Figure 1 is a representation of a prior art horizontal flow completion
assembly shown in the production mode of operation;
25 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
30 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 spool;



Figure 5 is a representation of the flow conpletion apparatus of Figure 3
shown in the installation or workover node of operation with a second
enbodi men{yPf;3.480P connected to the tubing spool; 5 WO OJHC%Q/O%M
PCT/ US01/ 09607 Figure 6 is a representation of the flow conpletion

appar atus of Fi gﬁ?grbe% SO redenthtidn lof Ha AokeEEhpIctiol 85pRaius O FRAFE 89

connected to the i'\%ﬂt ha_&ger; Figure 7 1s a representation of a second
we

enbodi ment 8howmwithjad I etareentigppackaasscametted tp thesehinginengati on shown
in the install atg; ; ; bon: . Haguee 8 1S a
representation o‘?_‘ggre?fhisfad@%\égﬁgﬁy%fseg%@ﬁg%j@%%ﬁeﬂggﬁw appar at us of

t he present completion epparatusrofithe pieseptrioantion shown irethefingipliatianioon; Fi gure 9

is a repres I ; conpl eti on apparatus of Figure 8 shown in
t he instgl I g’?f@&bgﬁo%ﬂg@%%h%vde of operation; 10 Figure 10 is a

represent ati on ofigaref®isra repesdeathtiosof adiird embddioent ofathp flewi compdgdjpar at us of
the present | i ) i.n t ti de of peration: Figure 11
is a repr esggﬁgﬂ%r&o © Q’%@?Tﬁ%ﬁg%%f‘ﬁ@ﬁfﬂ %\grhrﬁ%ucﬁpgwocd%ﬁﬁlogﬂagﬁh, appar at us
of the present ifigert9 sra sposgentatioh loé tHenfkivatorapletion appamatuks @ Eflgupmbe of 15
operation; F gure representatio . xt h enmbodi nrent of the flow

2.1 .
conpl etion SAPEAIN ﬁér%si?lﬁatt'ﬂgob?”(g e ﬁ“ﬁ@%ﬁ%?@ 3 #Hbwn in the installation or

wor koveno node ofFigor@efrcarsimprdaegtlatien bsaicfi@rml drabddnmeni @Mh@flo\f/he THRTf shown
in Figure 12; 20 Figure 14 is a | ongi.tudinal cross-sectional view of yet
bnot her - embBUTABHEN SBRSTERES I Taspreail BHATSRN SHRAR I e RiPdHaan et
invention sheyvatib) the installation node; Figures 15 through 17 are

enl arged views of portions of the flow conpletion apparatus show in
Figure 14; 25 Fi @EW@ h%'Si%rearqseﬁbﬁtlpu&faéfth embodiment of Biedlow splgtionst i | |

anot her enbgghdrefis of He praSent iRVErRiBARKEWH RTthRRRAAIRIIEA of volitfePHRaBF
i nvention shown in the production node; Figure 19 is a top view of the

tree capdcoRPIAEPR: of the flow conpletion apparatus shown in Figure 18; 30

gi‘glliirgurlgAlig's a EHARSIERY lePRAenidtiENofh shifemb8&infehPof RESBWAfetddne A - A

apparatus of the present invention shown in the installation or workover mode of
operation;
Figure 13 is a bottom view of the THRT shown in Figure 12;

20 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;

25 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;

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

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

35  of Figure 19; and



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

al ong I'i ng 1773539 35 of Figure 19; and 6 WO 01/ 73259 PCT/ \ga4 %%3%5%7 Figure
20 is a top view of the |ocking cap conponent of the flow conpletion

appar atus shown i t eferred

Enbodi nent s Ref eﬁlg?lﬁg%g%# éa/lregﬁéﬁhgﬁg:k ﬁ%r%% fr'h)%?le?Foorftta ﬂ‘?@pe flow

conpl eti on &8RPy aPEAratYsisHOWAINAIOUE EBnprise a wel | head housing 12 which

i's installegegfied b@swfg@ ofgr;ﬁPger?ed"@nboaﬂ{eﬁts not shown), a tubing spool

14 whi ch i s connecte f the well head housing and
whi ch conpri ses RefewinortalFiguse 4, a erioesnt bmﬂqmgalﬁvpeaﬂldvycmmahehomamhblya
generally a i uIder (not
shown) I%ca?@ éﬂo“}rﬁg éé&ré? glga‘?/[r)elﬂ@aéi"ﬂb@ﬁ%é ?%eeﬁ@gr‘%‘m megﬁéu S installed
in the centead obawell brev@ot Sirown)ba tubitpsmpet 14 MmhtlalconrgpctémW@seéledl s

secured to wn_nechani s hown) and
supports at {qqgggéj&%ﬁgetﬁﬁ(ﬂﬂéadlﬁg%{q@ rﬁwﬁjﬁﬁgﬁm&rﬁ%%agepm% of%ééwel | bore
and def i nesesendibg aglaﬁwﬂWretbrcﬁghsalgemraw alg"nwd‘r&ubluglhaggaﬂaﬂ\ghlchlis addi tion,
t he tubi ng hanger Lnc ud duc 26 which co nicates with
the 15 t ubi REP PP?‘%S’O%‘ Y ier?g&teﬁ%gyvnﬁ) tIn LB%%&?% tRAi ch

ext ends 1det ggeP0 whivh l@rrtsdaﬂ@ﬂIlmthdhyn&a%tﬂe'fab@vé)th‘é&tlbldg&h@ﬁgéh’f Tfe tubiagt ubi ng
hanger. The_ t ubi 4 incl.udes roduction outl et 30 which

communi cat e82RGE Hgt'% §g%r%%l &W?&W'“%é@%dg\%@ logkdoyyn meAANIEM fidsagevay 32

whi ch comughdiat) emdwupPoittd1at |b§é1ldh@tuaﬁ@§irmg 2%4Nhuameﬁtaﬁuéuﬁomét\béﬂt 34 whi ch
is connected to the _annul us passageway a wor kover Fassagevvay 36

whi ch ext enB¥e@d\asdRes ﬁéugﬁ%anw&ui)aﬁarg@wg WRdubing sirg-t incddson he
central bor ﬁhe]tﬁblﬁéﬁ)éﬁ%érh@ |hé'IQU@Qa @%!ﬂl%ﬁoﬁgore%ﬁlléﬁ’baﬂnmd?\mw&@mes seal ed

to the tubln spool ower pically nmetal seal rin and an
upper, &t sotUbifsi g 92 gad a|lat§@éprq<1Uﬁéomgasspge\aaﬂ28 MhHEh exien bﬁM@@n ion bore

26 is seale | Rfe erh?’rﬁ S reline plug

25 42, whi cﬁ ??%Lgcttléhﬁﬁg?m;gv‘teof oi o?ggggmﬁgompqn @bl@fg @%IWIJ ng 22 into

t he producspash1éindusies3oprogugiiondudiet Shwhishtcomnwrlisatesiwith the proguciuct i on

wi ng val ve V, r out | et

30, uni 1 o AP aage AL 28 At RS bRha o2 WhlcH AR LA Wi e,

wor kover vadwvelE24enm gnmolisdrdet 34 wbh:hns)bor‘iriemedttbrtmlghnulhspasﬁagbway,

PaSoagrtgY | 8 o WP BotiagBilbl 36 writh SteRikbdilBen e S RR3agSNEY
and the portion of the central bore 16 above the tubing hanger 18. The tubing

hanger 18 is sealed to the tubing spool 14 by a lower, typically metal seal ring 38
and an upper, also typically metal seal ring 40. In addition, the production bore
26 is sealed above the production passageway 28 by means of a wireline plug
25 42, which directs the flow of oil 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 outlet 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 outlet
30 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
35 metal seal ring 54 which is disposed between the tree cap and the tubing spool
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During the production node of operation of the flow conpletion assenbly
10, which is depicted in Figure 1, a first barrier between the well bore

and the gyviiigseent is provided by the upper seal ring 4G@ENckoissow rel i ne
plug 42. The second barrier is provided by the tree cap 20, nore

particul arlys ah&aawﬁérﬁé(bﬁ]g'h @ﬁlcﬁ‘i’é ﬁ(‘)SItﬁﬁ@H ifi bR Gxif byl Seslien d:“%posed
bet ween the tree cap and e tubing spool 7 WO 01/73259 PCT/US01/ 09607 14

and a wi rel threugh the t@@ Gl JWUSS'“@E‘%P'HQV(%HJPW porapletion apsasably 18gthesirsindi ng
through t hebéﬁl@?lsca%gocgféﬂﬁmﬂi e lh]ﬁn%’ﬁéﬁq]era}%t ﬁﬂe%’l‘%%@%ﬂégﬂ& igssenbly 10,

the first barrier Is assocl ate anger whil e the second
barrier is asgosiptechwihltha rée cae2@.r Abhaigb rIZIDShN/m h‘oEllghrenbtths treaweap ROFi gur e

1, the tree, thetree
cap to the g mdites ApSRidylfindtidhichn 12 EAp I RETA Rhe RARER .. on
assenbl y 1014.s shown in the installation or wor kover node of operation. In
the tubing spool aaTheQ L ER?. 18 ey SyRPISERs Bl IRE Fhdr e < hoi ng
hanger 18. ink&@ll&dA omebdrkdes racD’dé oﬁcmermlonB(lPeltﬂneTrcﬁtfﬁe@,e rabdéscalidpenationset  of
ranms 66 whi abl e S st the RT at | east one
choke and k @ﬁdﬁpﬁésp%@n% dﬁ?gh @Pg’éﬂ%awﬁw&%% @a%%?aiiﬁfggﬁe BOP bore
bel ow the r aitached tatik @pftHeitbingasmger (810The BOMihcluties additéin@nBOPt he THRT
the' pr oduct POA HoRLios! 1% chrasitt WISt SBPaiiob SHURAPISAPEES W hough
the BOP r a6B, atideat et bhd eHokeeard nuﬁﬁessadrlﬁﬂ@\n@qaglcaﬁwtmdrr@tﬂswﬁtwéén shoul d
underst?@)&éhat the rans could instead seal ai nst anot her_ nenber,

such as an A SPENPSIRYIRS ramih PE ﬁnéarﬁarfag%ge%ﬁeb Y seeweh padgditionat
comuni cat egheWHART GQQ@nﬁfrlgéiéléﬁirﬁé‘mﬁpédreﬁ) éh@roaﬁmn r%(?t WI‘)"dh%nH@&tQ to

installation and wor kover of | ow conpl eti on assenb

comuni &at i ¥§ Bedugtien bore26 s awgroéhﬁmnﬁatzmoéﬁhowrhk Rise f%’@éuéﬂéﬂ'@el may be
establ i Shedelp’rr%Hﬁrer&%s@r‘(ngil He%elﬂ Ss‘é@ﬁr‘(@é(gg%@st thd ¢ HET ggblgpld%ssageway 36,

the central bore 16, the 4. and e choke an 'i ne 68. For
exanpl e, deepdaigiopd thatdhe W%W%mst@dmbmﬂmsm@d’fhﬁy msmpsrngpchl as ah down

the 25 THRT, ﬁ@ﬁ%ﬂ% R}erﬁt;gro\}d%h tcpﬁgﬂéé},dé'ﬁﬁdrdgg%ﬁpé(ﬁg it csﬁm%tésk\ﬁltﬁ ubi ng

string 22, u ubi ng annu annul us passageway 32,
t hr ough thethemodhm&len pp&szfd'@ﬁe"v'\HRTSG into the central bore 16 above the

tubi ng Q@nger 1qﬂur w&?ﬁﬂ?a"[%ﬁ? élﬁ/oﬁ(%vgrngf thQ?lB@%n‘ipﬂ%uo%%s&%ﬁ/ 1¢nd. Ki Il

| i ne 687 However, I"ow central "bore above 't ubi ng
hanger 18 i sommhallcatmm petween the tublng annulus 24 and the surface vessel may be

established through the annulus passageway 32, the workover passageway 36,
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

25  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

30 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.

35  Additionally, if the tree cap cannot lock securely to the tubing spool 14 and form
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30 unrestricted, and this flow can foul the tubing hanger | ockdown
mechani sm and erode the central bore, including the | ockdown profile and

the annul @ip §884dong surface within the central bore agai Rty Bbkot he tree

cap 20 nmust |ock and seal, respectively. If the tubing hanger | ockdown
mechani sm bgg afBgjvEdhe aunét‘%ﬁé’&&{tbél eéretmtﬁéaﬁheglomleﬁd@é@sb%w ubi ng
spool may be conplicate ditionally, he tree cap cannot ‘| ock

securel y t o1@mél rﬂqttnrﬁ@d%ﬁmeqmmedamonémfrles b@@’@ﬂ’fh@m beoTAWSEE 09607  an
effective sgm,mﬂg@n@st the central bore 16, then the flow conpletion
assenbly w |1l not provide the required second barrier between the well
bore and the enlhe br@ﬁ@nitmvaml@n@ﬂé@@ﬁes ihevahove sleserifthddiseitagioniim prior

above- descr I nbl i es by
o ovi di g1 5 1o col el b braintfor Lol ARARL A bLARAIRE" | "B
bor e t hr oughotkezerTpéeEagadapgndihenBORPordtirdughhtbe T HI%T aadldytrﬂrmmseg;ond

b 3, nmbodi t
of b £1 ow oBfhtng frsh A L dnl 8RS SRl SihERbie BaBlE, D0 orF on i o
is indicated %erif%efekrirw tbyFiget e, ene:embanlemmmbga fldxw&gmdmetmnrddparatmm ganyl

ts to_t t 10 Al n ,
helET ow contserang s e BN RofisR Ty i SRR bne B by Koo apool 114

whi ch i $0 monuhber D10, ihsimiar inhﬁawy @@ﬂeM@icﬂhe floacddnatsistich @@@tﬂw 1ore 116
extendi ng a ener al I annul ar tybin g hanger 118

| t th
which is sua‘:?)%r”k’éﬁ Bﬁ‘r’g éir%%)ﬂlf Qlﬁ’aﬁ‘ﬁég SHEURISHq fug SOMATSRA cent ral  bor e

and from whivelhdagi mzsaemstﬂg sBodluBURhigt isimaunte@oh s wenteadmd WHigle t he wel |
bore and definpes a tubing annulus 122 surroundi ng the tubing strlng As in

the prior afcluded® ol @rPJHG%EGé‘ﬁ’ﬁIQWXﬁ'}’t'ﬁ?f@”l“i’ﬂﬂ%@”ﬁérﬂj%‘teraii8 i s secured

to the tubi a.gnﬂmebm@%nggr 1118\%&H%ﬂ%ﬁ@é%%@ﬂd&%r%ﬁtﬂ%bwﬁﬂl@cét@@' udes a
production bore 124 conmuni cates wt he interior of e tubing

string 120 pohasantgalibere pagd frerodiel isowspardss ibina StENgA 2@ thas exends bet ween
the prOdUCt!n%the%l%&@%nﬁ%ﬁﬁé@ 5%%%&4&& s P32 §liFourdRigt ﬂerﬁﬁﬂrgqgtgng\h ch

Simlarly, the tubing spool t ncl producti on “outl et

communi cat eAs i the pries aﬂrfmm@ﬁt10W§ﬁ@éM@ thegibingrhangen! 8 issesyfeway 130
whi ch conmu t utlet 132
whi ch 1 5 connaa g shobl 1 by BLRGAIRUNENTE o RABWATR AT AE 8, 1 g

hanger 118 p@dgetainebbred ZAW@IcMQmmgluspatﬂs wiithdthe hrycemr afipeetubingrsdfing 420 y net al
P oducto9" 356k RGBSRy 1B SRSl TR b PERARARBF L
formed on t bcarecafnuitthaloum:nrdmrﬂéiér offibe tutémgrbaregert Bamitarlydihetiubing spool 114
includes a production outlet 128 which communicates with the production
passageway 126, an annulus passageway 130 which communicates with the
tubing annulus 122, and an annulus outlet 132 which is connected to the annulus
25 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
30 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

35 passageway 142 that extends between the annulus passageway 130 and the
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bore 124 is seal ed above the production passageway 126 by a suitable
closure 30 member 138, such as a wireline crown plug, which directs the

fl ow of o fromthe tubing string 120 into the pr '
passageway 1@67 gslgn accordance with the present invention, %OE@%% hanger
118 also i n A op and
the outer  GTHEeBoRAT IS rAhe, LA niERTBRERER R LIFE ais,

conpri ses a19\2)akd)ﬂatoa©fﬂzeswbglem;ngamﬁét|h@ro@d&cbbwm7etEmMBmash?Omaylre 1”438 o
passageway n

this rranner@éﬁ%’r??@g rgﬁs\%gg\%\ﬁ}?hendgﬁé ﬁgeﬂggﬁg? 1540511/% Q F the top of

t he tubi ng tesujibed béBw, shipaocangerderdiwill perndincorhmanipakieaigetwagn tHe30binghe

wor kover pags e ann 0, de crlbed
bel ow, i <STAGe TR AE R 1, 0F e REH e SR el e e

annul us 122ofathd canféidore 1he abovd e ttbing ghger 111I8RT rather than lnto the
portion of the gentral re 116 bove th hange 18. Si ar to
the flow conpl et$m‘| t@ﬁglpv %pl &8 %ﬁﬁswg% It ﬂ%c‘grﬁ @%8’? geparg

al so conpri $¢€0 maPralEBJ@dee@ folllictital rM8stdridaled (U paid BPHEdUcaBN Wirdd val ve
146 to control oduction outlet 128, and an annulus 10

;
master val v¥lY@ a4 %C%m %W{PH&%W@ dugtign Suteta! 2k AR PBANGEILSe 152 t o

control 19 f | piastehianah 48Nan aﬁlrmuuy@m@m@ﬁwandlé%rﬂo%r Ve s PRl 132
and the workover passageway 142, respectively. Wi t hese val ves may be

any suit abl Bow g1raugh ﬁ‘er\ﬁé]ﬂﬁ'élﬁ@asﬁwaa/r@%ﬂ’@f @?ramsyoqtl@ﬁﬂ)@%apd H‘@er abl e gate
val ves. MorggM@ber p aﬁ%ﬁﬁ?\%%%i r8EpdchiGaly alfe these \;é?ve's EQ%@\% dog 0 the

body of the tubing 4, into separate val ve b are

bol t ed ont oclpﬁ@etmmn efssiheylare preferably remntﬁlwmﬂjable\g@ta/@almeMbnepegr whi ch
are connect r ubi ng
spool with %%?E%QS ltrgr? \%ﬁ‘&%é con@'d&tp%;él?—t [ er m)r e, etugﬂgﬁ%ﬁ on outl et
128 andli he1h4mmtbl$§pam¢ valvd Blocks whph@fr@bedtﬂcyommrﬂmamlb&@ spwol, DesxhrEct ive flow
| oops whi ch, &Myl a8 I} 20 via a
mani f ol d, |'rr1]8a rraﬂ{rllge]?é Eﬁgg{ﬁale@ “ﬁ]lil(fh% COKR‘?(’S(S{I c”%ar ?Séqe% 'Y‘%éﬁ ér(%guct Il on node
of oper at i opassageways indhe tubimd spacdwith spparatailendthe of covruith HLEsthdarpmret ed in

Figure 3, a,firs arrier we the well . bo and the, . environ S
ot vl e by SRR oL B A S Re AUl HludkOf A8 Braraaey EonoRe Rl g
whi ch t oget lespestzeviowt lmpswh&h@otﬁmrfictaié dithra durfacpvesiattaither Biesatlyforom 25
t he envjronnent abgo\f@ .t he t ubi %.anglﬁg In. ﬁ ordance with the present
inventi%(%, Ya SJpgEP!g AP Aimeanissd WELhKNQW1 N B8 AE- and t he environment is
provi ded by a sunhtiadprdaetsansady otbssttich ofetid 8ow othplativtrapdaratusM 1@l i ne
crown

which is depicted in Figure 3, a first barrier between the well bore and the
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
25 the environment above the tubing hanger. In accordance with the present
invention, a second barrier 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
30 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

35 provided by components which are mounted on or in the tubing hanger.
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plug, which is nounted in the production bore 124 above the closure nenber
138, and a secondary, preferably netal ring seal 156, which is nounted on

the 30 tywhgshanger and sealingly engages a correspondi fgNdhédo7 seal i ng
surface formed in the central bore 116. Together, the secondary closure

menber 154 and tepe8&RARInYios B8R0 ProvidesidP isbitifl i iubthd Suftisér Zohe 1 uid
in the production bore fromthe environment aboVe the tubing hanger. Thus,
t he necessafr9mithe gpviggignens ebeyrithedubing hanges 1 18<Biriagithr) Piaseiciinro@aee obn bor e

fromthe eny e n i i ed on or
i the ' ubi o T ey g AU RS RE AP RAR AR g RotevBE FlENES L 2T o
al so provi dere dleged; thel uapengraduetiaruggah 34 and thessecendarymeat heS witllvi r onnent
above t hge tyhi : : i i f rakl.on.

B ovi ded t nEToyo 18 B tired st O Bt har et e AT i o QG EBA Y

cl osed, t heenyipeamept.odaowevarnwbempreb8dredn the tubingenmntler W22sesdds 1G6ewi | | 5

bna the  envPpombioh igaoRPS RREABNETL EF WA ARG LRl Ds 122

needs to bewhbh gds ifihtrdduoad grto ttine tubingud runsi yzath g B ey adiQusadtidt zed dmaul us

outlet 132, or when gas i§ iLntroduced.into the tubjng annul us ough the
annul us out?QUI%WﬁsﬁgeWQ%aﬂﬁ'%g%sdﬁwéﬁ% nauﬁer?dmgg@%?sﬁ?r\éag\fﬁﬁ tions,

t he annu) usmiesheopsraddve 148 10 nust be opened. Therefore, the flow

conpl eti on appargtus, preferably aJ so conprjses tree cap 158 which

el udes an- anndsSielaia b chmPledtn PEPITALS RTREH 0o CORENSRANES bor e
140 to providle158 WRRAMLIRRIS dresnnulud Siah 1 60 Edt 8Balviinth thd@pWsItkONRulyal ve
152, between the tubi n(g?)annul us 122 and the environnent when the_annul us

master 15 vBPree!4P48 Ppreyvi 2 5ecarl hagriem i QQ%CEQ'E)WitBéhWW“iOHE'I YRie é?%annul ar,
preferably paqReAeiéiubidy st@lus(22tarihAdBhvitehnsétlwRBahe ahndihe nidskirng spool
114 and t her eby g_revent sea water fromenteri ng the central bore 116, the
tree cap’ i svVivr 14%isonesd While the digiedapral S8dpay elugganmnnulgs) preferad¥ure in the
producti on ; i )

| i ght wei ghtlprre eéefﬁ%‘ [ cﬁ%gtgh&gg)' @%taﬁﬁndﬁﬁf& %’gﬁ‘zc’oépé’gl %ﬁﬁ% ﬁ%gébgl i mnating
t he need t opienentHel waier rersentiingfithe aeniral befeatth, ieestre¢ cap Ehwtinterdashp 158

[ f b : : ' - d bi

spool - 114 wormroRRE StbeBfri Rt el reaRRecih 1l roBlEc | coplaliongy o1 19
mechani sm wiheltrgercapi th8 ia ayeEkivgly tightivieight oekahenwhinbcdembiesinsiadiediusiogsecur e
the tubi ' et I lth h
the trod oop RO o faldidhEdeRR S osialing Y cfp BETERGac Eosel | net cac
be confi gur €k &se aap 458 & praferable eandap onAhs tubirgd hdrwegh 18 and $dudved to thet he

draw ngs, t{ﬁ%intgrs%%oF’?’P 4 v%éf?a conventional lockdown mechanism 162. This lockdown

mechanism will provide a backup to the lockdown mechanism used to secure the
tubing hanger to the tubing spool. It should be noted that, although the tree cap

25 158 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 to Figure 4, during installation and workover of the flow

30 completion apparatus 110, a BOP 164 is lowered on a riser (not shown) and
connected and sealed to the top of the tubing spool 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

35 tubing hanger 118. The THRT is either connected to the tubing hanger at the
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could be | ocked directly to the tubing hanger 118 rather than the tubing
spool 114. Referring nowto Figure 4, during installation and workover of
the flow 1#35%l etion apparatus 110, a BOP 164 is | ower g-19ofoddoSEr (not
shown) an connected and sealed to the top of the tubing spool 114. The

BOP 164 incbygee ve@Qel'd?ﬁQIs@é'to %@Ferw ﬁ‘lbﬂf@@an@ter InéR e taﬂlﬁgﬁbg{ﬂ%ﬁﬂs ki'll

line 168 and, in th di nrent of the i'nvention shown ure
pref erably mka"g‘eqrsofdhesmmg herger o lpwered ttmpugh thetrrser and theBOR @ a THRT

connect ed 16 RE B g bRl inaer ™ 183 4Rl Qb 1T 9ins R of Bl <"

surface vesspérationl TRedHRJ 17dvle|8h©\M@tQ owhpgsenaagreraiinedindtieal outsirng spool

dur i 09 § nliahlchlr Qa6 4 BRalURIbIRAGHN ¥ o AURISIHAL Biidlicfde 11 ser and

the BOP and connecte hanger Spoo
anti ci pati ohoref124 wyoa kmhaéxie prodactani m] sfﬁbdml-lﬁﬂﬂ aﬁ4nnudusbom‘18t)®vkmmpr| se a

e conneet o eB5 15 BAEY oe BB smee 5 H5te AR RERE A ILERSH cea "ot ab
178, and anstabrn8Rukatmmgbgdsthehbiod haagemnlwldsrbmeazmortl on of the outer

di ameter surface.to a.suitghle an st ab gages the

t ubi ng hanger an Su%‘"tﬁﬁ? Q) am]sh)[? ?ﬁal?ﬂ@gﬁﬁgméﬂlﬂz seal ed
agai nst 1¢ hecdriilinitadon ﬂ\@tmfé@ﬁﬁh@tub&tg arihuhet 182eand the BOM chekeaartlkiliind 22 and

t he BOP choke_ and kil l be establ i shed through t he annul us
passageway 12pMayihe %?QJ'SB%‘? thrg%@é@ﬂgy Ug PISSqqedvayn bﬁ?‘%‘&f&@v%o t he

annul us por paés%@ewagnd@ hfe raﬁhmugbofa‘ 140, ige BRIRPH& 1@@ amfail tR8 pbitiohegat ed

bet ween the BOP_rans 170, For exanple, with the ‘annul us wi ng val ve

150 cl osed, therBQRE boge &%Wb@ht'ﬁ‘ E’ﬁ@Wﬂtt{eé‘MeQ’BthﬁrWtr?fésémfh@e R¥ssel down the
choke and kékémﬂ)lbWltﬂﬁ%a%(&uﬁhghﬁﬁea@m&&%d Re&surd 88n tehrpuatktde tubing

hanger annul us bore 0, through the workover = passageway 142, through the
annul us li)asga@éhwuriw V%sﬁal davrothersboke pnd ill llaﬂﬁﬁﬁu@rqtm the apagliis t he

L0 obor 1o ARHLCHOL S RRRIEInGEPShn OB 148 HRoudloRR WLy cul ati on
Oeh AR Ve 15

can be acconplis e annulus W ng 20 and the
product i on Passegewaul¢e, tmwghr’ihﬁ pmrﬂmmgassagewamm artﬁientaﬁbeéummi kill line

the vor kovar i PEOUL S B8 kg of Mo QaMOR BB oS mang Adboddan t he
t ubi ng annuwel citagatiqnacsn hermqwmnhsm&ﬁ oy ga@hgnbpthjpetaheuluamlm@valve n6g 120,
st DR e e PP ol R RSP ke BBl Souen
and ki ll [i lree 168 through the annulus port 180, through the annulus bore 140, through the
workover passageway 142, through the annulus passageway 130, down the
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
25 flow between the tubing hanger annulus bore 140 and the choke and kill line 168
is restricted by the THRT, no possibility exists that the flow will foul the tubing
hanger lockdown mechanism or erode the central bore 116.
Referring now to Figure 5, the flow completion apparatus 110 is shown
connected to a BOP 164a, which is different from the BOP 164 described above
30 in that the choke and kill line 168 of BOP 164a enters the BOP bore 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 annulus passageway 130, the workover passageway 142, the
annulus bore 140, the annulus port 180, and the portion of the BOP bore 166
35 which is located below the BOP rams 172. While this arrangement allows the
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Is restricted by the THRT, no possibility exists that the floww Il foul
the tubing hanger | ockdown nmechani smor erode the central bore 116.

Ref er ri ngwiepWses0Fi gure 5, the flow conpl etion apparatus kG
connected to a BOP 164a, which is different fromthe BOP 164 dS%SCI‘I bed

above 30 i fukihgbohtiet hERERANrKHS abbiRend GRAL B iAR0RR S Lhe BOP

bore 166 below a single or the | ower set of In this

enbodi nent , aRNylaAres Priwsaihe Jii e (kand theecantrsl tp@eamlmdu?sntmw 4hi§ t he
choke and kb}ela Bécﬂﬁe%ﬁlgeﬁé%t £LalL ﬁ@GEﬂro@léhM‘fgdﬁﬂELﬂhstnﬂ%ﬁ‘&ﬁWK 130, the

wor kover passageway annu e annul us port 180, and
t he porti onaoy lfﬁ%ltmhbtﬂf@elﬁle flow affiuishwill sssertiatly e Ivestisted kethBOP rans 172.

Wiile thks I P fluid to
Cont act 1 nePRBR SERIEOR o8 Whioh 18 pHfRiide el Hoh 8RBk ' L C 1 or
area bet weeand kidl iIMeIRE8 Bnd thadnndies penhﬂB&lentmmtha B@bedrda e@onseduentlyi d, this
area becones.ih . c dea " t.hr h t luid will. not flow
mieh e i flaf bR o BREwANE suniBfi e Bl §3rd 1o boldfidiebpriofne
restricted to thléeférmmymlmgurefis, twaIoB@brbple&oriLﬁﬁpaﬂa’nusHis ph@mi imat e t he aLea
where both the choke n il .line dt 180 enter the
b oo " chaButten T E ghtwe R enioy padok NS 4nBREh i WPRRl SSLEees ¢ he
central 1por smohitér the tmbI%Enmﬂl%hmlandReéMdéltﬁQV\Ieﬂ fiohp&l wa;rlﬁ)vet hesskl. ow

ar at us s, shown

conpl etion with a light well

e vent| oNBEER LS cHbqIoa aTaRorRd. the Pl eionaakads TS eCact he t ubi ng
annul us 122sg416d &£theit6S of the tuethy shosiM1a. WhekeeRieni&rs petkaghffearindiliest ree cap
158 is renoved, the intervention pack 98%184 is |anded and sealed to the

top of the PPRGHFIPEBIE 186 Whighdsicaprecieshia thA PReAuclierR ba®4 24/ Ades  a

production Q&lf&lé&@du%rpébdl §ta601'8'8€§ﬁ&gn Taﬁnuﬁlb@r)&*’t ng%hleﬁ‘ l@&fn%eét%ﬂ t@y a
sui tabl e production seal an annu whi

connect é3 t theitgbingdangey @@W? Héﬂlelt@b\e@nﬁﬂwstﬁ@ahﬂgbﬁ@&bITBeannuI us
seal stab iﬁ]?ervgrgt%né i(gg EBB'CBﬁlpRQQ%(?gF‘oo%'cﬁ&w EB5RE m&RLEr ROgpction
0 ng W

cl osure ne 4 for ntrol throug the production bore 186
and an annuPQrﬂirQillﬂgsflﬂV\ethﬁ@Uﬁfethe p1@Biction berentdtoand amyannuve clhswadghernber annul us

Phey are propersPAnsug o sWRIGFR, antuths pkofbr T2 uhfe R¥odithe AEREY, ¥ Poser
t he product 194 ‘t%cmay be meyrbeﬁad@ﬂalves pln@f eghbiprably wimaelyloparabiggaiat e
P P e o AR T i
by the tubwirg sheareg gatevalves bore 140, the workover passageway 142 and the
As shown in Figure 6, fluid communication between the tubing annulus
122 and the annulus port 190 in the intervention package 184 is established by
the tubing hanger annulus bore 140, the workover passageway 142 and the
25 annulus passageway 130. Consequently, the central bore 116 above the tubing
hanger 118 is isolated from the fluid flow. Therefore, the central bore will not be
subject to erosion while service operations are being performed with the
intervention package 184.
Another embodiment of a flow completion apparatus according to the
30 presentinvention 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

35 132 and a portion of the production outlet 128 that is preferably located between
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25 annul us passageway 130. Consequently, the central bore 116 above the
tubing hanger 118 is isolated fromthe fluid flow. Therefore, the central
bore wi || wpt 389 Subject to erosion while service operati @i/Bodagi ng
per f or med mnth the intervention package 184. Anot her enbodi nent of a flow

conpl eti on méqﬂbatdt@nméma% e érhﬁhe%ducﬂ@@mng W@é‘ﬁt@“ln‘ atddﬁlawn in
Figure 7. The flow co etion apparatus of th nobodi nent , S
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t he el ement 5&@5 ARP

However , thgucﬁj Sf%ge'é%%w 1 4a{§g?@\he f?%gv&tﬂ?l aT'lﬁetlon %@g‘g@gtc%gg%d al so
I ncl udes a Hewdeop@l2.f | ow | oop 212 ext endi ng bet ween the annulus outlet 35
132 and porti r | ocat ed
bet ween f%13 WO g\yf’t%%gﬁﬁﬁq%%ﬁh%%@’#"ﬁe pr ch#%?%tll%?gra{%%a%@a fve 144 and
t he product pl@mdmg\@mramlsatmsbetw:aeadchurfawtyesstehand ither dloerplbatg amulyspar at us
210 conpris | r S enDter oper abl e
gate val ve, ??zogrc@réttp&g@ct%ﬁe b?? Afhwﬁﬁé 'ﬁéul}%srvél'séq{%éﬁ1®% OSB 212. 5
Wth this aanauigecennunichtord pmwanlmlatanheherptbmmheBmD tlsokeagrabitie of
providing c ation bet surface VeSS and either the tublng
annul us %%ﬁ © B?%%ﬂ%?%ﬁg%gpﬁaﬂ us Bpten 4t%h Spw% SRgESM W e 150
cl osed, uan 1@2]ram|duﬁeeﬁmtw@pa§édg@tn1a aso. eanh@ﬁmétmm th@twmutubrr@amérthe BOP
choke and kil | e, annu the annul us bore 140, the

wor kover pa@&%éﬁgwq ela@%ugm\tlﬁgva 3%9%%@9%%’3%0 IONPQF] her nor e,

with the anssthiteinitasdepath\cah\se detblisRét thrcud B8 BP BRoRY a1l KRlive 1886 bot h
cl osed, a production bore communication path can be established through

the BOP chok@ Hal Rylus pAd 188gthe tybjag Wf@ﬂﬁutug@omﬁto T wotkexet ubi ng

hanger annUbé@sa@@\FvQ}/ 149, thb'&ﬂntﬁ\ﬂé 69N&H32§@»%W¥r fidhéioo P@lzaﬂm@m us outlet
132, the crossover tlow | oop roducti on out 128, and the

product 1dn PRSYsiRnRLlel 228, EF’tddW @écdiuatl%mﬁsaa@wayéa$ ePovidadadewn si ni | ar
cl osure MENhgE oAy @b@m.m.@r ab%@%érﬁb&%ﬁbf éttotN tteclosgéoot%%fal SRt ring

120, the production bore conmunication path can use circulate fluid
up the prodpEduelipnuiring 126 the pradustien b@rgmmmwmt@mp@ﬁscarpb@vsem@ further

that the prg Pét'.ﬁ%téﬂﬂldﬁﬁf%gjpﬁtg%dgﬁ?@wﬂ(‘:l?é'forIrE%r %Qﬁcﬂgtokggalt@% eprfided

comuni cation path ¢ ressure test ‘hanger seal s 134
and 136. Pefusibasthet tt@rpibdmtipnsplo'rtl1|76ilsnptungeda,rthewdducﬁ@tbgni ze that ot her

conmuni S@t ' Q%Q%h{&gtl&gﬁﬁtﬂtcgﬁrbeot%%ﬁ% 'pPé%%u%atgsﬁhg?uB?ﬁg hlgr}i]d& gglswf Elh the flow

conpl eti"on apparatu
and 136. Persons of ordinary skill in the art will recognize that other

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
25  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
30 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
35 landing on the tubing hanger, the THRT will press down on the stem of the valve
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Referring now to Figure 8, another enbodinent of a flow conpletion 25
apparatus, which is indicated generally by reference nunber 310, is shown

to corrpr{,vab :?25% of the same conponents as the flow conplpq;ll/% @gﬂggr at us
e ove

110 desc In this enbodi nent, homever the tree cap a does

ot e Ul sithe A0, K LR 0 PRy, 27l

bore 140. I Ng open-type val ve
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Dur i Inlg vvorkm\,egly gaplmLMrlFogwey\thbhnalehmrihbevwfemp{/@ttlogal fﬁmqbaowfihug 310, which
is illustrated i.n 74 red thro 164a
and Iandged Bl ??}gﬁ?h %H‘@ F{llz%T%iOp %ptgﬁ? \Aﬁ%ﬁeﬁj’”ﬂwugﬂ?@ ?ﬂﬁB% hanger ,
}32(13'/ '{Jgg'{/ \(l)\ngbdrrqypgﬁgmd@%mal@rmér’gbersdfelﬁ@ aésdnhtsty Murtad |Mhé/‘&)t€&ﬁ 6BHR9

and t her eby, open val ve. conmuni cati on may
s oot abl 1 SRS GLERDE e, KASb ST d 74 Koeartes ph PR&RINGLENSSFt 180 i n
the THRT. |me&nM@fdn@tfemaleCﬁoubhﬂgFﬁlbmem|é?1tgb$é"aﬁ@@@ie@tééisﬂtﬁdlgatﬂmlﬂih i's not
illustrated in any particul ar ure, the r of a_conventi onal

nbe
fluid coupl PhESEOY ér%a’f\ye%hpdumg hateRramnyiustioes aaghthsr THRE anOBiufg hanger
annul usidporgoand the corresponding femal e nenber of the assenbly nounted
in the bottomof the THRT annulus port. Thus, when the THRT 174 is | anded
on the tubing hagpier embedimantofafiew eorapletiohapnaraiys meaprding taithe engage and

2 seal ed 11 tedoiahleriohls oy PRARE e TIPS 4GBRRARE annul us

bore and the THRT annu ort. Another e |'ow conpl eti on
appar at us a@@b@@lﬂﬁ@t tvdhighnis m@e@g@generﬁl}yshy referense showar 410, gimiler 0.  The

fl ow conpl efy general ly
by refer ence nunbe %&f?a@arétﬂ%ﬁg?%?%&fﬂeﬁ%%ylv%&ﬁgg&%{agﬂdﬁ p@?at us 110

descri béd abtBleof thisweweadimentinelgddsom grossdver boredd! Déxiehding batvmﬂnrthet
ot w2 ShAPASS BB R B W BBt o BB 0,
138, 154. | closmajnumnbererﬂm 154. alnTddRUnsticrhwitls a ITHRT sa¢h ashpdot and wi th t he
uoper 110 ke DY, B, 0S A KOVBE VEL KR 2 o osety L i o cssover
shown), t hrdoggy, tﬁmoﬂibﬁ/ealbow 42 gilints foneitcusdiomabwntthe @@hcﬁd‘l@ dridhiing
nggerlzg(pnull us b 'ﬁ %1 t hr ﬁﬁg?ﬁafmsovewgﬁ&rﬁlﬁw roduct ion
circulati Onhanger annulus bore 140, through the crossover bore 412, up the productlon
bore 124, and up the production 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
25  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 apparatuses discussed above, the flow completion apparatus 410
30 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
35 apparatus 110 described above in that the tubing hanger 118c includes a
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utilizing the crossover bore 412 may al so be recogni zed by those skilled in
the art. Mrreover, during production a first barrier between the

producti Oafoglﬂ nd 25 the environnent is provided by the 01/05 6(3 uct i on
seal 134 an Iomer cl osure nenber 138, while a secon AE s
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t ubi ng hang®® T‘f"o@cp @s‘("a‘ﬁeggﬁ)"p@?'ﬁ@@W@&d i Figyge 81, B8%pt acl e 512 to

connect 14 hec&ﬁﬁﬂH%bh@rﬁ‘b@We@nlﬁétdb%gtm _F 8AAhd e&epmrotariwtﬁe THRe THRT 174b
i deal |y al so conprises an annul ar erably non-netallic seal 516, for

exanpl e sur AR PRyt { B@ issesipplishad bVéF‘ agaulup sgak Hiab A8? canedontthe THRT to
the top of {hRT qmmgeh%aﬁﬁenﬂfﬁﬁd éérﬁhh’&ﬁic%ﬁ&n BEERA tth@eowrﬁ)ké%ﬂdaw t he

production port ) he enbodi ment ust rate in Figure 11 uid 10
communi cat i ¢ b@e&mwetthbmg@bnnlgsHaageeestablwbedgs@@s@nbﬁma @inhe THRT
annul us por I shed by an annul us seal stab 182 carried on the
THRT. In th&afél?‘%R g) lre:\ér'”%béfl uid communi cati on between the BOP choke and

kill |ihe 168 arefetring toliguigs ARmot U8, arsthérseralbedimientdfeiiew completiobhed above

in refer engfpérgtquo Ceg'ﬂg/ > i G 1S leg ! é{eo? tﬂ@s%{ﬂg féaefuregré%tﬂqg r

enbodi nent ron  appara generally shown
conpri se mafhgwobmphaélosapparfaﬂ&stMﬁmewmaheﬁlbwwmlﬁlmamraipman@t us 510

Coar stab 18r R cERPPR e AR TR i 187 pebliSh AR AR B R,

annul us borand #@. tuEthengertdﬂmuTUﬂR%réMO &athen) the ZHRNDLL ofethis |ncI udes an
on 612 cat.ed ove b, 514, and

Fhe-t bt FaRaSment Bistudan sfitolfas P hr oo & 2Miieh biiSctedandve™

the stab 514, and the tubing hanger 118d comprises an annular rim 614 which
extends generally upwardly from the top of the 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

25 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

30  THRT 174c may also include an annular seal 618 around the lower body portion
612 to seal against the rim 614 and thereby more effectively 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 616, fluid
communication between the BOP choke and kill line 168 and the tubing annulus

35 122 s as described above in reference to Figure 5.
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extends generally upwardly fromthe top of the tubing hanger. The rim 614
is adapted to receive the | ower body portion 612 when the THRT is | anded
on the tywojNgsenger. Furthernore, the THRT 174c and the mdgag/ogh@ager
118d are 25 designed such that, when the THRT is fully engaged in the

t ubi ng hanger, ﬁre?é‘l*ﬂéﬂ 8bdifent ththlbWan;ﬁé{@n JJ araﬁﬁs f<OSHHRGh i thin the
rime6l4 between t bottom of the THRT and the t t he tubi ng hanger.
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t ubi ng hangtbirgrivanges 7 bd which49 landed vgta usldyal?Q@rtbat&llﬁpathum the central

communi cat | @%ﬁﬁ&@%"kﬂg&f‘?ﬁ@ﬁ é;?\n%légc cﬁjtokt'h!Flé?é ﬂp tgnejt gap% Eguthg' ng

annul us 35 esScCT OoVeé n re
01/ 73259 POnstd8atidroatDworkayer afeeaticed. é'rmbdubm@hangﬁr TiBesubbonts a dutphgt | on

apparatus is .sh i,n, Fi n_thi,s enbod ment of t i nvention,

the flow co%P%?%Wh'%?g?%fﬁlQ% “@ﬁ b°§ apgpeiies A | W@raaﬂnlub’ j;}%r ef erence

nunber 740, surmmhnmhé@ubun@mhgse\san thdpregoa@emlboamﬂen\mItﬁ@tubmml 0 eed agd
a cenfra ore 71

sealed to a ead housi 7 j.ch include

ext endi ng a% \nP d?ﬁ@rq?ﬂ’ﬁ?’gﬂfj Odiﬂct'%'[a‘?rvf%??%%@?e#ﬁ %Amfewefeév | anded on a

shoul der 72 etdiatough ah@@@hﬁh%ﬂlébté@ﬁltﬁﬂﬁlh@'nor Bohe tusing s@indg B2, 4 Bderahi ch is
secured to the top of the tubing hanger during installation and. wor kover

oper at i ons. P@Héc’ft%rb‘?%?éaﬂ%‘ﬁﬁ\é7397&’§'°§@fﬁ%‘ﬂﬁ§GBIVQ%thﬁ@r°%L{CF'P%BO"P2%‘ Bch

extends i ntgutbPgiawRlidr d?@ﬁ@tu@mé KRR @hd AntdHPURE HARE #B8 Y hickBexdéhdsur roundi ng
the tubing string. As previous enbodi nents, the tubing hanger 718

i ncl uded’ a Q@W@@nme @utlgp G@U@mr&ﬁ thepiubingimngar and tettep @kthedrbina hanger.
theret hr Ougﬁgﬁ cmmmh 8h6di Wirgbltwge% dh&’oeﬁét% le{?@h&vH#‘r} ng string 724, a

| ateral pro on pas%s@%eway 7 ext ends bet ween t e production
bore and th@ommumate@wa empreductipe pasasigeyal 430ean asmduspassagevay bore 732

whi ch ext enfl% ﬁlcheeg(\’%rg btelﬂ)g %gr’[l‘l&h&?ﬁﬁlﬂ{ls g§6 En(?aﬁ %Ph@l%ﬁ% ﬁ&e}r:sgand the

top of the I'ng hange ncl udés a
producti on and aal«tormrwmssagewesnﬁ’ﬁﬂNvmch@Enmwnlhaﬂeaé)epvemu&)elaonulpassageway

132 aonaB U pRESREARIe L 5 A0 oL PR e B, S S
conmuni cat esutlt 7838 @ne phaéerabllytdoueed@d mjmelspecta{adlowheomwhlbbsobmwlm The
producti on vc\)nlfh aestuerl évggs%l teh[ﬁer dlrecltly or via a manifold, in a manner that is well
known in the art.
The flow completion apparatus 710 also comprises a production master
25 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
30 above, the tubing spool 712 preferably also includes a production wing valve
located outboard of the production master valve 742 and an annulus wing valve
positioned in the annulus outlet 738. Furthermore, the tubing spool 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

35 may be incorporated into the body of the tubing spool 712, into separate valve
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outlet 738 are preferably connected to respective flow | oops which
comuni cate wth a surface vessel, either directly or via a manifold, in a

manner thglgigzyel ! known in the art. The flow conpl eti opcapRaddds 710
al so conprises a production master 25 valve 742, an annul us master val ve

744 and a V‘@le@’\ﬁﬁlCM%‘fé’BoI?é!ﬁorftQ"théﬁ%Bhg%lpbblngr intd i‘PlWVH?JraP%Ve bsenmlieduct i on
outlet 734, the annul us passageway 73 wor kover passageway 740,

respect i vel Yhiclnaee gonngoled ‘i@dbe'b@sﬁﬁ?ﬂv@lﬂ‘-{“&@l@ pagsagaaysii sHBINgbut are
preferably éﬁd@%h%eﬁ%ﬁ@%hgth@%ﬁ%on’{cﬁjltves Al t hough not shown in the

drawi ngs, but simlar revi ous enbodi nents descri bed 30 above, the

t ubi ng spool 712Dt|mrtgtéem®ucao@qumfgaé@tlan pf Bedlom eampletinn aesembly I ocat ed
out boar ds of r

posi ¢ ond [ 1oqRER e SARTRIHE BRI e iAo R YIE HBT RS )
al so conpr iheepraduntios passageinay v 30drysuitable aippenaabloger clabure membewr t o t hat

descri bed r e

above- nenti one%né %6} Vﬁn%a}:e sl',:ob)/\%%ﬁgé?t&%)éﬁﬂ%ﬁ%ﬁ{locﬁr@ec%s&%Lng%l;eertqg t ubi ng
spool 712, 748 (759anapa&feraballmneellnébrdm pllgs 3RES dPETEddBEL i B6AEspdrldirgks whi ch
are bolted gn t.h spoql , di vi dua ssenbl i es

whi ch are cBr‘?h%é '(1.% e{r% drI laceiéoﬁ%lﬂswgggﬁtﬁqé? geqwe%gg@ ﬁg t%l n the

t ubi ng $@oohp;yurtpl@rtmr1ﬁrtlaé ﬁrddﬁb’@irhlﬁor@fmeoH‘rdaddltlorﬂarteﬁ@drh@lopél&dmﬂtw on node
of operation wco Ietl n asse Zlé‘é V\/rych i s, pot shown in
the drawi ng‘§llea 341'?9” Wte% u,ngmIascoglgépt&Ta Dion e REevsRbESCt i on
passageway ch%atI@VoﬁaJhy@rahm luapeunrﬂﬁdsthn SF RS UpSer PRI @S to fAdifitagnd 750,

whi ch are shown Ir}gecﬁ Mlm in_Figure 14. The cl osure nmenbers , 748, 750 are

preferably {ertest uge ater ey aie 'a?té”?qsc/éf'(ﬁé@‘?ﬁ?”@o?‘?@%‘ﬁ@ﬁdl ng

profiles thgdrriaf Betiveen®sh il BoROdrR tha%ﬂo.tron%%ttabaoe tr@ t§8fﬁ5%ﬁgé¥‘ﬂ1§ea| ed in
the 10 upper portion of the production bore 728. ditron, a test port

(not shéwn) isipsoviderbhy fhe lpwaf@asw@tm@@bprt@ qm@ww&ar.wpgr BIRVENRN onal
fashi on to grgventyridieis da&maﬁéd)l@etweeﬁtﬁby@b ]glegﬁrlﬁ;?]mérde'ﬁﬂ"al bahbation of

the upper plug and to facilitate the testi | ugs a ter they are
i nstal | ed. @baverthe pRRAUSHON PaSATEWRNITAY: Awpﬂmtépretﬁéume@mtaln@g\b@rnerbore and

the environ %9@@%’ fi Bret 4 Se'i%@xﬂﬂﬁﬁerﬂ@%r%@ ded rt])QrtRé( hﬂﬁ%ﬁé’ \k}:q@e K

cl osure ne an annu ar upper |o Ich is
posi tioned Wembeerdd laed taulannglahaagmdaamead &6 whithriapositoredieBweahtee t he

oot o9 RARIARAURYofdlhe SrRBERIH SERR I SreE BRI Sy et
748 and an bathuf #re @qcmedjﬁnsyas@aécoﬁﬁ@reﬁwoémorﬁapm haroerscare etounéad inhe
or on the tubing hanger in the preferred embodiment of the invention.
As shown more clearly in Figure 15, the upper production seal 754 is
ideally part of a seal assembly 758 that also includes an annular lower production
25 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
30  716. 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

35 the entire seal assembly 758 is secured to the tubing hanger by a retainer ring
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20 tubi ng hanger and the central bore above the upper production seal 754.
Thus, both of the required first and second pressure-containing barriers
are mountgg di3,8r on the tubing hanger in the preferred g@osiesdy;of the
invention. As shown nore clearly in Figure 15, the upper production seal

754 is idepbd yripidmidte, Efn FRASMBSHABR of tHefhvERn Movh G4 HEes #e annul ar

| ower production 25 seal 760 which is posi tioned between the fublng hanger
718 and t heSeAAEFRNPIYJOE includesi WRper RECKUPIAR IING A7 Pasiialy ismguntedin Each

product | on_geshodSthdnkGoBielcfialh Y AEfd et fod ey et

seal wth an inner seal i ng ages the tubing nger and
an outer raskalli’54eand emg)welr@aphmS@hga@é%Z,aNhlelmrSrregmiadnmg canagpandingeal i ng

surface 462 f; 1 , the

pr oduct|5(7)n r\ee%}lgkb{tg%d @W%&p’ﬁ?ﬁaﬁ{?y@%@ﬁgﬁggat gw%”lef H%%chg ing lips
wi || be eneseflzieds 0,0/ @yag beeny suitatie sérl$, rtheyareguplanabin gos-esdtalig

surfaces by %Q%&r&s? re in the production passageway 730. The production
seal s are spacetd apart on the tubing hanger 718 by a spacer ring 764, which
i ncludes a | at er%fehmiges‘cm&ﬁthlue&1‘alth@ssconidafy ddat 756 pnhjertabmqmms;agaway 730,
and 35 the etnt

asse 8 i.s secured t.0 .h t.ubi n nger by a
retainer rlﬁéa grit Wf/r?"% gge%&ﬁ}?@gd@qjg‘g%#asef%gg '?ﬁﬁtﬁgpﬂ@?set% in the
enbf)dld memt tmblrtghmngBVEm an@uﬁnMallseag?nggwmaﬂéngégme a (S(ﬂ'ﬁéspaﬁﬁlﬁgbl y 758 4
I ncludes an _u C up se ring 77 correspon I ng
gr oove forn@ﬂﬁﬁ nga %h' @ghﬁﬁBvﬁ&$ﬂ%gﬁb 'EBBW@SE OreQuely 754,
and a |0\Nerth|é86‘e%urﬁ>déi'?%balrls i&aﬁ%BneM@d 68 thel tHPsEHIiAg lips wall wéﬁ%ﬂ@a%ng S
groove forned in the, body e |lower production seal 760 ile, the

backup seal NEiRgSUWTH th?ﬁowo%éaweﬁ’éb’t@tgISB%'Qé'P% UPRSHRFORGHIOp SERkr abl y

non- net al | i g54 fACe TYiRg 77634 §rov|a%ﬁ% %éélﬂe%é LdconBafyl B ¢5é§galh§'t% secondary
seal 756 preferably conprises a strai ore :Eb?/tﬁe netal seal with an

i nner r &di alatejélaﬂt?m@m#@tﬂsnfé?fm@%@a@@@U?eﬁé"amﬁ?U g tyhing Banggid 18n out er
radial sealqi rlr@ dh&a&efélgt%&%h% (é%ern%l%%ﬂ/?éé?\gthe%ﬁghﬂé"ﬁ ssa%'éri&g dé”face

774 which is e centra bore 716. Moreover, t e secondary seal
is ideally @bBé@]?%@loétbletSﬁ?&OmﬂmSgélép‘ff?fge ﬁhqo%eqqnﬂarytﬁ@abﬂrmlgiag@astape t he

pressure ing B%s@ﬁ&?&j@%dl i9thrBad e Z;%%gﬁ%phﬁ #%&@Bﬂ% figheduct i on seal

754 fail. A provi ded to sec € secondary seal 756 agai nst
a 15 later acorspleporvmoarams 71@ rhay eardprise a secopdaryrbatkapreealrringf782Hbat ubi ng

h 8. i ncl . |
02 nE oris 0 8rq, I L orrpoHERS ose i InE ANy Rare 48505 WRC SO0
seal firn ysagmdar:ytsaahéSG sTlpseontby Backumgealsingmaade dooeatamplaea t ubi ng

hanger. Fur ﬁon Metdifie facect)ype seal.
Referring to Figure 16, the tubing hanger 718 is provided with a cylindrical

upper extension or rim 784 that is threaded onto the upper end of the tubing

25 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

30 into a corresponding locking profile 794 formed in the central bore 716 to thereby
lock the tubing hanger to 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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conpl eti on apparatus 710 may conprise a secondary backup seal ring 782 that
20 is mounted in a corresponding groove forned in the tubi ng hanger above

the secopgdaj);s6al 756. The secondary backup seal ring ”%11?[?88 /fﬂﬁqe t ubi ng

exanple, a non- rretal lic face-type seal. Referring to Figure

hanger 718 is pr -M:Fgg m 784 t hat
is threaded ont o"Qét/%e up%ﬁa%ﬁﬁﬁﬁqlﬁéﬁ’u I ng ﬁﬁgééﬁp,ﬁé‘%ﬂ? g@l?l[drﬁg mandr el
786 whi ch i mendlee €88 paviaglap uppeeendwhishds cornrectdadntp aastdng ahdrédippandabl e | ock
ring 788 wh L t orned on the
outer di arre{h%:]'kéin@%gohﬁgi I'ﬁgrﬁ(’%éB%%(ﬁwg\td\%ﬁlg@r?g%gefd ({?ﬁtéet@%% ng mandr el
786 conpri smrm)em'a@endIsap.addrﬂlmaeto?t%swﬁablehneaﬁsesud:mas treeatiss802, an f or ced
dovvnvvard by th 122 d to ur e | ock r| 788 ward 30
"to"a cr rRRTPRPE Sleelk oFF S $8attpTo okt ot oERerivitbe 716 Lo
t her eby l/\ga Kirst bglirddibalngckiengistont 806t wasich lmblurdgs Siﬁmstlslgék/é poPﬂ‘brﬁEBUS theackof f
ring 796 J

d tg the of th des a
serrated ou'tsesr“dglﬂ}’f%%gue{d?%’ler @%} ﬂ&r Eﬁ%ﬂgﬂé %@éda ‘?l“Jf ace on the

i nner di am&@“onafcynmncbplglsklﬁ@ pistBHBHEWhiéR hdRic8Ri s8cdhb sté@@elp@ﬂl@nrsazrrandr el
in the | ocked Eom tion. WO 01/ 73259 PCT/ USQ01/ 09607 As seen nost clearly

in Figure 1thatisydd WWCPMBM@{)Fh%@bdyaﬁmlnﬂ%#h%ﬁbﬂeevm@orhmﬁ% An upper

end whi ¢h i éol%@ﬂr%?trﬁﬁg 81(4 |§aﬁééﬂéa§to‘ﬂﬁe Rk bn@bpfﬁeqrrst lé&k‘ihd blgt%n(mt shown) ,
a cylindrical iIs nounted on the tubul ar nber 798 and

secured the?d d \A@)dggminga?dﬁes Ablaghed te thmlower end ehine segond lmklsgaafﬁﬁm ar
retention sgfagve 804 which is secured to the upper end of the body 800, a

first cyllndrlcal | ocki ng pi ston 806 which includes a first_sleeve portion
808 that is slilo®peiatioactkevidtRbvez lalhwetﬁcj’ognt@ﬂ@ tweing\whanger ¥ el feh sl eeve

d
ol eeve port PARTRREEHILIBBRT AN UhgBLEE B B0 3r M IO et 780 o e
first sleevangthetdodet BQLrs &Ml@prtnglh‘@ta cwrr&y@pndlng@rm¢ 818 fgtm@d:h@thet o the
| oner end Onpﬁlhc?]e\o'etﬁécrtof %I‘ék}ﬂﬁ%m%ﬁp&? %R? %o%ié?@%?or%%@ﬂs%e IS

attached to econd I'n"""oper ati on,
t he THRT 72&rokeddowemend tntrap theccﬂIabﬁnggrm&T@'mrthé YBavetd 1 drivethedebyt om of t he

oot of P2k 80808, SRAIORR 1 LR Bl 61 SR IBREAR) RS, 15 0
i nner di arreWedg@fmg B¢6 Wiltlordegarmanyingbble Toukirgetangld intdka ogrrespindimg810 i s
e o Sl RUISR ek fe obShight BFETRs Bhelehy G B R o
Si mul t aneou®2¥to thB&ubing hanger 718. Once the tubing hanger is landed in the tubing
spool 712, the first locking piston 806 is stroked downward to force the locking
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
25 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 unlock 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
30 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

35 shown) in a manner well understood by those of skill in the art. In addition, the
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wedge ring 816 will force an expandable |locking ring 820 into a

correspondi ng 20 groove 822 forned on the inner dianmeter of the rim784 to
thereby | QefoilBesoTHRT 722 to the tubing hanger 718. Once gdiqydolbddyy hanger
is landed in the tubing spool 712, the first |ocking piston 806 Is stroked

downwar d t opgsAef eub@SKambePRIRES praﬁ&teﬁ\@@w@b 8@@%&91' Wheh kite force
the | ock rlng 788 into the |ocking profile 794 to thereby | ock the tubing

hanger to th RtU%Pﬁ@“%P&QﬂO tha@%h%%@éﬁr'ﬁtﬁ%@'\éﬁﬁdﬂéhﬁWP(,Qfﬂ'r‘\%ct| on with
Figure 16. % frg&mﬁ&i el708kK) egnlﬁcﬂr@brga&tfoﬁ P ?’t@ \ﬁﬁﬁ@l‘éeiﬂio h ot unl ock

the THRT 72 m t he tubi ng hange This w'l | so unl oc he col | et

fingers 814 frorﬁttrﬂerm@wm@nﬁm HBlT 7P28s gaanadired tef ibe éubing hmetrﬂé8THRT to
be retrigve I JEA i I tion. The
t ubi ng hgngg\r"lﬂ;ﬂ%ﬁr Mr}ﬁ%bgg g@ret r%@lg @g@hﬁﬁe t6€}3 %t%%&ﬂan% d():onnectr ng
t he THRT t otherebytfalin mg aman@egalwyaégmmedlrammmuandthmwrhh ﬁtertumngg t he

first | ocki i ward and
ther eby al | B3l BB PIB5the GaiRly bad Rsaetioty PR BnmeRbpy B2 50
As shown i nlomeganmslameolahm $&al 83RewhicRTs §rfagedipeiweastha tpbioglbatgern port
chowny 1o ReANE PN 7ER AR af BBettHrHicS BRI SBRad hitids khSbed, " °

?ddi tiom) tbetwe2n tl’v@u&ﬁdnﬂ&ﬁﬁ%u%ﬂddﬂ&‘ﬁéﬁ @QLBQWedEérmgm‘lef Thb%ehlﬂbﬂba& rrerrbﬁr
orns a pro tlonsea 82 en the THRT is co ed to the
bl o hangBss ey be i wilaPe sEaR, Bl AES el CGN T MBI Iace SFIBOTES v25 t 0
connect theo@teaduuﬁreltérrbfm%tub&%rlmerﬁtibrme @d@ﬁgﬁédt@rbebsrﬁ@uerwrrtherrmre when
t he THRT 722 i s _connect ed to the tubin hanger 718, t he pottom of the

body 800 i siNgpadiamelgsal he bory 840N EHRTde TQrHEaR Ay W&H@%Pr tanUler eby form

an annul ar gt EIbetkB8eMHER t mMdmISEHETHHhCAd I3 btiBert the ééﬂ@iyf‘&% hanger
annul us bore 732 The gall eryl_ 828 is sealed fromthe environnent

| over ahhul and thedpaof e esiy @e@pawng@ﬁtweenethgé@té&erae@m%r\a%@emmng
hanger 718[3%&1@%.5@%6%51@% ftflarb%rce?r&%}&&& seéWr?'ﬂéH @8y pgal 832, which

i s engaged 10 between the rimand the outer dianeter he” wedge ring 816.
The seal s 8aitachedd offgymed itagrady Mta@rtberstbert@ulamveraber Prrtee bpdb| y

non-metall | Mb o @K Stﬁ ﬁe%a_g"gO%ﬁchﬁrsegu@ 4 BbayPBod tbethhtr'@cw %’ mgr‘é 98/98 is

designed to snal an t I nner arret er o n order to
form an annatleafluted)tqmb)\l\ofrorﬂudrﬁ@bassthpfmgh thisTonbestionen these two menbers

\é\gegrngéﬁg?\?\zeﬁ %‘%g%% %r %é er aﬁg@?n&ﬂﬁ i Q@nrfe??el f]?&bﬁ%dér/ﬂ alTEZd by a
nunber of fV 12 edd tenBORI ramraxe 8@6edvhrmimdrthgtl,tbelarmembﬂr§(98t fburdr f or med
integrall'y )%r%ﬂruﬁlcgpgrq bétm?ee‘w%’é'b@b %n‘g ndchll line anl?ﬂ% tubing hanger

annulus bore 732 is established through the annulus port 834 and the gallery

828. If the BOP choke and kill line enters the BOP bore below the BOP rams,

25 then fluid communication between the BOP choke and kill line and the tubing
annulus 726 may be established in a manner similar to those described above in
connection with Figures 5 and 12, and various fluid circulation 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

30 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

35 732 but prevent debris from falling into the annulus bore when the THRT 722 is
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Mor eover, the threads 802 which secure the body 800 to the tubul ar nenber
798 are fluted to allow for fluid to pass through this connection. 20 In

this manngip sy a BOP (not shown) is connected to the tuylkipAkeshaeh 712
and the BOP rans are closed around the tubul ar nenber 798, Tn&c{ﬂ

comuni cat i i ARIWRAN tHdBpREManGeker Sa”ﬂwe'%dﬂstrhbtﬂﬁ\ aifogdigidribiitRg hanger

annul us bore 732 is established through the annulus port 834 and the
gal | ery 82@ebristvalvgcagepiplaingdananedully injappligants gearendingd) SoPalstt e bel ow t he

BOP rans, 2pnbiR8ford N'é' #h@%?@él@%}% '6‘6”1%% é‘tug‘he ﬁéB?F@ra?é?ﬂwé?bin line

and the tubi ng annul us be est Ina nne simlar to those
descri bed abytafetience.connection with Figures 5 and 12, and various fluid

cireul atfon pat Ngnfih e ord QlciBnidbko gmomnthsgy&ncg@%t@h Gogeger at us 710

as descri bed, for exanple, 1n connec ron wt
however, t heorﬁmtlseoantree capdiniiiar ko therieeeatapetad dza@cntlmi Meboqtcmomhtgmas t wo

sets of BOD mogthcﬁga l}hH'F’“?g}%%W‘mé ggﬁtia?pg%e%ﬁﬁ%feraagir%@jegy)ke and kil |

l'ine andthe |ng ann e es er simlar to
t hat descri bekinglpmﬂdae B40 egmnetommcinthm itde dapdoclelodvn rRettemism gnaygmigageéo Fi gure

val ve 538 + OB P R PR etS el BB il B o Tl °

prevent 1(oiebmestre‘emamémiulusngabﬁta93table annul us bore when the THRT 722 is 21
WO 01/ 73259 PCTQ!\,J 01/ 09607 rmve1 hﬁr the tu g han11% 8. The
construction an FEING B 1orFIgyE 14 P iR SrWe fully in

appl i cants'’ c@«ﬁpmca MgMberf sBAlie dnd Aol @@dduﬂ@ 8hh wrﬁcﬁ\&em@ﬁgécj No.
66-12273], which is h rebgtr orﬁorated herein _by reference. VWile in

the pr oduct fasipliysdeut hg e hetubing Rasisier-af 02 serviseANg Coé‘gﬁbrl se a tree

cap sinmlarcdRiuitt 844 eEb6RB whh sleS6ihdeid tﬁé’%@y oﬁﬁé %tﬂh@aéugeraas shown
nost clearl% in Figure 17 the central bore preferably includes a
P

| ocki nglpro 'Inee'@ﬁbthﬁdaﬁ’ REthegiteniareter Péthedta@ng BéR@ﬁfmdm%ﬁK@W may
engage,  angd Br(e:%énﬁ’d?el‘éfy thmgﬁnh@tdbﬁq&%rpug degd gé,lmcecanladﬁ%atra &haLiprofile

842 agai nst whi 0 t'he tree cap annu stab seal . Referring again
to Figure mnmalhlezfunc@@n@nmvaelameeq:ﬁpm@tth@ulghélnettmmwhartg@rrﬁpmses a nunber

oF S2V! o B5Rk0k of MM LS, 806N o Seoet @SSyl tialdycsbout Lie

central axi he tubi ng con U|ts 844
are bores \Ahlilcthorﬁméwmumcﬁ%rmam@omwme @humber Qfdblidw’ganmrgmﬂsme 15 from

el ther 5(519 E mQ 105 S\t l5| zh% fitliq & vél\pees (5r Mn@%% ic38%bd ﬂ extend
iedhicati Bl

into or~co i Nng hangér. Thé Service an Eon roI
conduits or below the tublng hanger In addltlon the service and control conduits may

include one or more fluid transfer ports for conveying chemicals 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

25  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 fluid to a surface
controlled subsea safety valve (“SCSSV”) (not shown) which is positioned in the

30 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

35 in Figure 16, the conduit 844a may alternatively be connected to a male coupling
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primarily function to provide access into or through the tubing hanger from
positions above or radially outside the tubing hanger. For exanple, the
service @ifh16R5or ol conduits 844 may conprise a nunber ofpddd§oddornst er
ports for 20 comunicating hydraulic control fluid to valves or other known

devi ces | ocgi@@hich cofipridgs QWoh%dtIBH'pBEpélad?ﬂleg’ate l/é‘lvédsQJch'd%rls dégtﬁ"lb%@r vice

and control conduits may include one or_ nore transfer ports for
conveyi ng cherg By n @FPP“@@'hférCWﬂdmgsHFS/lp@éeﬁtIAﬂpdj@attqmerdﬁMQQOQK%N@g hanger

to select dgun ngggﬂo{wﬂ&ﬁt.éﬁ by Modhorbiel neRh By FoARReC ANbaloFaRAUT LS By

conprise a nu ports acconmpdat e el ectri cal ,
optical or §¢nﬁuntaﬁ46aa$)p@mefctad f@(ﬂfﬂmlm@oqﬁﬂim%@whl@tfmrm@mm@ devi ces

posi ti ongd ét@n&érdg'ﬁ/hpe\NLEE QSu;BIH@ 4’?9 H?é"‘ﬂ%her 'tﬁb 6%!&@&%%[’8 f twlo'®

i nvention depicte dervicerand contr ol
condui t 844barfiers tpﬂtweerdth@g:dm;ddrt&ﬂ#aandtth‘mmhroﬁmenti to a surface controlled

sub;ea saf ety Vah S|rg1ll§rqg§1¥891 éQ&%w@%ﬂ}ﬂ%nﬁ@ic%ﬂdggﬁﬁﬁé'u‘:@ﬁ@gan%%bge 30

tubing string 7 t07a Ccorresponding in the
THRT 722. éTtmvromm,uprtovﬂém electtlwlrcon@nt:tormmetsadetsensordnmtsmiwnpanel on the

surface vessel ,so tha t he s t he S tored during
i nstal | ati olyeafd 1§ fie o Wprﬁ?nHﬁi’ﬁ?é}% %Tféf’ comigl @’SHEEB‘%/QC’@EEE?J ®4a may be
rel easabdy corgspeddingonguits4Byiviens rrem%ﬂ 7zzomajh|h Yuré viduld Be ¢onddtedy .

ear | he condui t 844a may

However, as s re c ure

al ternat i veld} Sgoﬁgﬁﬂ’@@? Hc?tsggnﬁﬁ ¥GSA S°2t a\ife PIFSEyEEs th

PCT/ US01/ 096@ihg a%&ld&*’&éh%éﬁﬁﬁntdré@@luﬁng?Fh@i%lllaﬁ’éd &Mhe h rgage val ve,
such as is descrl bed. nore fully in apgl i cants' co-pendi ng S. Patent

Appl i cat i onTRgse ¢t %&@?feﬂﬁb'y rejga nnegiedUsinds? ﬁ%’?v@ﬁ?o“%\cor por at ed

herein by r@[fe@tfneal%uple'ﬂ tﬁé@érﬁél@rbohhﬁ 8320t dHich B4PBwhin FRfuRegsed to a female
coupl i n(lgi 850 wh forns a part a 5 standard hydraulic coupling. In this

manner heC%l?ﬁteéirtoéh%CWth e;ﬂﬁbw de two barriers between the conduit 844a
and the environmgy foy Eorﬂg%&ﬁh 'aﬁg rfaﬁ%hi'1@32a3?al§8rﬁ’dll§cfe &@oﬁﬂagrﬂéle‘:o”d“' tin

t he tubi ng hanger (not y Provi an electrical conduit to a
pressure se p@neiratghmwvjmgs dehteagh iohwhieh it apinegteshind errreppendimgi s

condui t_woubg e AANUEREARClER Wil EALASRY ALY 7480 HHelmS gshe THRT
i FLe R e 1 bl

722, which in turn e connec rol pane ed on the
surface ves8®4 a@dnoh@ted ohdéhe petes diaméter aflilke tubirg mangeninug asnveatioms noni t or ed

out} 20, 57" 2B 88y et e ARG, BBt ConpeIF WA bReding o,
t he fenal e feoralé ooudivg (ndt shbivahthas isstzored byna Ebgvandiohdl radiatpemedated t o t he
condui t 8465)Ssembly which is mounted on the tubing spool 712. Thus, when the tubing
hanger is landed on the tubing spool, the penetrator assembly is actuated to
bring the female couplings into engagement with their corresponding male
25  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 844c may be connected within the tubing hanger to
a corresponding service and control conduit 844 which enters from the top of the
30 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

35 in the tubing spool 712, and that the male couplings 854 are therefore properly
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The fl ow conpl eti on apparatus 710 may al so include one or nore nale radial
penetrator couplings 854, each of which is connected to a correspondi ng

servi ce aRg @934400! line 844c within the tubing hanger 71&c1li&180¢
couplings 854 are nounted on the outer dianmeter of the tubing hanger in a

conventi onalang?rfédfvaﬁhm@rfemarécto@amqsﬁmeerm@émhple@oﬂ §p5£b@§$ablpve@%nﬁct abl e
wthacorres&ondln femal e cou not s own%et at is carried by a

convent i onalnclugigs a|fmﬁea4asﬂm§ﬂblﬁey idealyd beliederiip theiowar dinmetaibi ng
spool 712. J1Wg wuihG Rahds, tAéQh@%blﬁEﬁ&?der'lsslah@%g QIPuﬂan@ bodpitRg figgool . the

penetr at or assenblé I's actuated to ~ brin e coup |n s Into
engagenent @ignmerti ey V\dbmmpmrr@pmﬂl@g tepeserLiplpt inghe %rzltral @Otehé‘rﬁiaby

establ | sh cammhas) i HELIBRInARIFauNEs ARbARRR Shrrgpd s 8240 in

t he tubing an conduits to emal e
coupl i ngs ateperasigieict ed. It should be noted that, one or nore of the

servi ce and contygl. sandul s, RA4 JTHe HESSAMRSHER NN 8,4 Yai ng hanger

to a correspondi hg service a con ers fromthe
top of the Ble flavicogpletiogeppatatud i thisreamrelimeat, drbmho:emdldated/\gmmlnaltyhe THRT

722 i d | | at f .t t ubi |
Scsov. can Betisnieblfiet 37,1 s skt bRAAG-gBRAs i et R bugh
t he tgbil(mg s@nopletiadrl 2pparate 7t1I®e:|6%dB§ed Bnmle@stem‘amwed Howsvet, hﬁitﬁl$|lbl Ing hanger .
In order to_epsyre t ubi.ng hanger e a ar

ori gnt ed 38M EHHW@ Pﬁ&‘?ﬁ@ WoRRple p%ﬁﬁ”?éi@ tﬁﬁg“tﬂ&ﬂ a%‘%ﬁqugngs )8/»54 are
therefore pé@ﬁﬁféaéaﬁﬁgl\éﬁd@éﬂsééﬁx‘@ vﬂ@fﬁ@@ﬁ@@l%@%ea&hb@?@ﬂjdibﬁ Botche femal e

coupl i ngs, Iowco etion appar at 7 referably. includes_a fine
al i Snmaﬁt kégaﬁ @/e BRiAr LICEFBEUPP?g %“@M%%deﬁbﬁg‘?ﬁ'%éh% M9 RANGSEY S of the

t ubi ng hangﬁ‘ﬂblud%atrB&aIIWBhélﬂe@aﬁnﬁlﬂﬁs b&lldrapaednion i§ ifnifcdinngeobee! . the fine
al i gnnent key wil enga e a corresponding tapered slot in the central bore

716 5 ahd t ﬂ'@rf@&gr of she bibingehangsr hgiwesn ds secondary b7 handananndler on
defined by {dhgarysanei1edssiPhe aK%h rﬁ&@h@?&fceﬁ?@@gééreﬂ%t Riposiigng esent

invention is shown in Figure : | 'ow conpl etion apparatus of this

enbodi ment , beiMieen th%tubmg M@@dagéﬁlﬁ%ﬁﬂtr@' beyg 7r1§f dugheenergnthertuling, i s shown
to be sinil Ran Vs boRP PSS é%r\{;\grléé%ea bR IJIQ b?%le%“h‘?&?\ é&%?c{ ﬁ&ﬁﬁhg 10
t e

di scussed i me at ePy above. ver, In odi nent o f1ow
conpl etion amdm%@ai@@@% tq the topbf thg th@n@bangem Firadlprpihieslow conpletifine

e 50 et Rl ATl RS A RS RAGRR AERploLe Le
radi al | y or cam®t@iwhichus irstajjat irethe tolidg shoallY 1Rsabbwe Iﬂmjtubnngthwgeu?w
and an optional debris cap 920 which is installed on the tubing spool 712 above
the tree cap 918.
The dual-sealing plug 912 comprises a wireline deployable plug body 922
25  which is removably connectable within the bore insert 752 that is secured and
sealed in the production bore 728. In 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
30 second sealing assemblies 924, 926 each ideally include at least one metal
straight-bore type ring seal. In 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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15 diameter of the tubing hanger between the secondary seal 756 and an
annular tertiary seal 916, such as a non-netallic face-type seal, that is

posi tioneg,o Resyeen the tubing hanger and the central bor gcihEsor/09607
Furthernore, the tubing hanger annulus bore 732 conprises a nunber of

branches whi ch exémhglib FRUrES 19 aRAYBAS. FRE 1186 e b4p 098 tdgndwRPtoof the
tubing hanger. Finally, the flow conpletion 20 apparatus 910 preferably

conpri ses acPmpfige spaHilar hasty 378adyeh Bickigps ainvinihgr of edlial sggtiomsdhaini ch i s
installed i i - : ' ..and
Installe 'Qre_téb%uFéSﬁbQ%th\%ﬁIQgh pmgmﬂ?f“gﬁ?"é%ﬂ BPE@QB@aﬁH@BOJ%%%8 gahd an

optional debris cap 9 1S | _ e tubing sp (12 above
the tree caprefersbly Trenudaciureddedm Hiyadighymolezutas weidhspalyeihylene whieh Bespl oyabl e

| ug body 9 | ' hi i re insert 752
Phat s ecqran aniibiEie Db RmROT rEaas 285 A SR T2 AT, on. 1 he
dual - seal i n§SPpMIGSBA est.nThiadeeriad nbi oy nakee ke traeadp BB bghderighly 924 f or
seal i ng bet t re.jns ) annul ar
seal ing asseity d5uhihe i8Rt bR Tl ATERY, bdrsS BoLfes ERIGS The
producti on bap ovizBe chlhodio\peotectidresyisians bf thedlo@Ocopeuletih sygaratng. assenbl i es
924, 926 eagh i deaiaaw Ii ncl e ring

de at | east on tal _straight-borge
ceal . in tniOreRhany ofigALPloesEihe 85 Tt led par MiiE Betha B bR he Two
i ndi v: Fltu(azl 9$(uglseré§%relré|5mg thonewe928 ofthis fangionunning trip is requi reflI to
install or renov e plug. 912, 0 ed to se te trips.to insta or
remove each of t'ﬁ%f[eﬂlqgg?egﬁ'éé]%’fg%s'gtﬁgq% g‘f/t@?f%aqﬁ%%é‘i’%%ﬁ Ref erring
to Figures &8lcaBeeld32 Wfeh it fiRchddPoriiathdddel GiafRMOT tHe BEITPIAsSIReaRN
annul ar body 928 whi ch includes a nunber_ of radial sections that are

secur ed t ogBeHEP obiedran ¢aral thecqiet sleeyg 3%dinFEfeanuabgsof dawavaelyy 928 i s
preferably awuﬁd#@wleﬁﬁ@gewgy& %%@rgﬁdﬁﬂ%ﬁ%’bﬁéagﬁ gbrr@ovigingy! ene, whi ch

has 5 a very | ow water adsorption rate on e order of about 0.03%in the

24 hour 15 ASIIOOPS fiptissiormed i) iermpper fim) 784af tmiupingdieaget AtS whee theie® 18
l'i ghtwei ght gap d98is8RNac] h e Rbirdd§hdol #£2.CRRk {8 BSp tMeRIdcReb¥nan ROV, but

also isolates the tree cap fromthe cathodic protection systemof the flow
conpl eti on elppaatad lrck mangrel3 whigh gompriggs & gamaling dra838 tet Isajtashed he tree

Fh s funct 1 Sre ey Srdge0 ichafly BFlbodh O BG4S FhlR il RREKeHTE 01 o,
conpri ses ain aoslespending eadial gperiwies dhetiase fdrmed de thedrady 928 andi edandinganet er  of
L1 oodto SERESRS e g o ASR of A B sERk A hariByBi2 ncl tes
engage a cosleegpdfiiihadjis threaded onto the collet sleeve 932. Also, as shown in Figure
19C, the tree cap 918 preferably includes a key 948 that comprises a radially
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
25  the up position until the tree cap 918 is landed in the tubing spool 712.
When the free cap 918 is landed in the tubing spool 712, the landing ring
942 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 turns the key 948 to release the lock mandrel 936, the
30 lock mandrel is pushed downward by an ROV handling tool (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

35 cap 918 is secured to the tubing hanger 718, the lock down screws 944 can be
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15 groove that is formed in the upper rim 784 of the tubing hanger 718 when
the tree cap 918 is landed in the tubing spool 712. The tree cap further
includes @iy o1 ﬁljgggat ed | ock mandrel 936 which conprises a JoMdodoh N9 938
that is attached to a |ower end thereof, a plurality of |ocking dogs 940

whi ch are sI.grﬂarI&ovby 86 ﬂo«?g)rqu@toep%zeﬁ)ﬁmw é&ur@ﬁlfe%mﬁﬁ@ﬁhgl bgs abQIﬁEt are
formed in the body 928, and a anmg@ZOrln 942 wh Is secured

nunber of III@HUHamaee@réwlwmanﬁreM plrdhis memr@éuféegamlrﬂgwamg P42 wilk eaded
onto the COIdneIIorﬁIo%aﬁLa?%e t@ﬁuﬁﬁhaﬁ erSBORY In'énEn‘eg‘?' qtka%ckteta? tsrt.eﬁ cap 918

preferably 1 ncludes orrprl ses radi af exte t ongue
950 which is redts shawn in I%Igweﬂr%‘sﬂtmfmen@epr%‘c?ew mhladelaspolhdwﬁ@54 WdSIItht he | ock

drel 936, I I 25 th
up posi 1 on Pt eHoBARg RISy o] MtaPlihdebtor, il TATHEE o8 2N, 1,% hen
the tree cafactitege cenmemdgamextetrlhm edeﬂmMagss'pmelandI:@ntrolhmeltanadl ng ring 942

w il Tand OgorI&%QQQR%%f [\}1&'9 r]Ioug l%lpcﬂ‘%ﬁ h%ctbélﬂg h%ggrr '? etﬁ&gcé

collet fingers e|r correshon per rim
784 (see FQ@mywolnelﬁdeantheVR&Btaueﬁsmrbegmwwca%cdrmsrcei irhibiort he | ock

mandrel 936 the 30 Igckt qﬁndr ed doanwgl[gd é an ROV handling tool
(not shown) mtaéf Fd’?lc?%e N PI ng roga NQdhe IrR8 CABc ki ng dogs 940,

whi ch |m0tuLn vm/lkél. shiowrein FFIQLdeeIIBBhaMtM,dIe/tr@@%thI?hIwatsdd:cﬁhpr‘iSerwers 934
tosecurete ol let fi rs.in thej roove. The | on cin

bot meen ¢ heBTHGR 181 SISt T ie ke b SGR gAY epigares S readed Semiiilst oa
using the | apicHvweceReaWwsabfespriiihg tﬁﬂéé\@eﬁh@céplt@ﬁe Q@m@éﬂ’aaﬁéd&ecured to
t he tubing har7] er 718, the | ock down screws a WO 01/ 73259

25
T/ US01/ QoB1omer it & ATRaSti SR8l CE0: quBodiial. tomseq5iat 358 § BREGIG « he
I anding ri ”Bey%@?co%%In*?o%lhdmgh@céd#ét!lé‘%@ﬁﬂ&ﬁfanh@ﬁd@hlﬂg pi’@c}éﬂfsﬂloteﬁ%ﬁ butn this

manner, the l'anding rin function to maintain the tubi ng hanger
| ocki ng 1ﬁanaererltsmmuamh@ow%u%ekpfﬁb% peal stab ialative dnhel recentgeiee THYR, t he

tree cap 9lg: & drice H&Ga%&&ﬂﬁ%%a SthoREN tos (?IQPQ’Idvﬁ@%YI@nIo% g profile

for an electrical connector. Thus, the tree cap can Itate connecti ng
an ext er nal sealétﬁeriBanwamwomqamwtdvlthI fm@xampbe theoanralysopRIENng servi ce

and contr ol %ttu g%ﬁgrg%ér%rbgﬁgﬁ%mgﬁgﬁgégs m Iyg)eté SI"r‘noC%BB,I ﬁ&%n&?y al so

i ncl ude an corrosion inhi may be
injected i nemnthtéurwwnsm ployide a7hidckep baviande the armelusrtmse @3p. 10 As shown in

Fi 9B i I I
stab oed? ThSTalytiy theSeis®h SR mdy ColiBe S R ob BRI Mg 060 " wh b i s
received i ncerntrmnlcet;—:fsdhnhugg at dorespeding capiuitd76 vdta flhndtcobphrg@?&ﬂhetj to

the | ower e@ 8l§nt35]|natﬁelf§;§ bplgleﬁrr(]a%fctap%q%: Ir|1 %ig% 'nFIerOLcIIe E)regsurg in thset ab 958 is

optimally
tubing annulus 726 may be monitored through the seal stab 958 and a

corresponding external service and control line which is attached to the coupling
25 972, 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
member which is mounted to the top of the tubing spool 712 after the tree cap
918 is installed. The debris cap 920 comprises an annular body which includes
30 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 may be accessed. In
addition, the debris cap 920 preferably includes a first annular seal 980 which is

35 positioned between the inner rim 976 and the tree cap 918 and a second annular
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keyed to a surrounding receptacle 966 in a manner which prevents rotation
but 15 permts |ongitudinal novenent of the seal stab relative to the
receptacl g oifysse rotation of the actuating shaft by a syd@iegesey t ool
(not shown) wll nove the seal stab 958 downward into engagenment wth, for

exanpl e, t e 0BulcH R R8RS bétwlcB the DitBEriRAUTAAHE wiilig s5eal7 191 ab 958

may be a blind stab which event it functions to provid backup

barrier to T%S%ﬁaﬁgsfa%fw@cmo kgepAp@é\faft%rtq%f gnd 9%&0%%mh@sta'bm95% may
conprise a &é}{tgpggrebpf J%gﬁdwfg ni cates through a corresponding
conduit 970 wth a couplin that is nmounted in the top of the

tree cap 918. | nThaﬁ@ormm&ZO i8 ﬁ@CLpe@wmeéublng sheol HZ2diyryetanaily two 726 may
be noni t9reﬂcklh§?¥fg\?§4h%aéﬁa% RiERR r%?ﬁakﬁgged’élveﬁﬁlé rég%ﬁf? apﬂ%%%é@or t he

servi ce and con I he whi I's attac
seal stab cthatisatiasked taotheamaryinyQg4.0Each piero8dlintlddes a oadlalfyeemndmgwal

servi ce and o | f Fi gures 18
and 20, t helugg%r |V@4l%ljégln%?y%@ érgg @%&8?@0%41@%9 Q%O%nga%%\[/ﬁl ch is

nount ed to fonmed arpthefhdulsmgtgﬁﬁi niy adpuhonh tid Aebrfid eap 92kincludes @a@and@1A s
installed. The,.debris S an, annul,ar. . had ich i,ncludes 30
an outer HWF'@'MS ??{H}ecf%do@%?gfbp% t%eé\r}ﬂa htaﬁglacﬁ??é? Yrbﬁ\ﬁgr@'ﬁ‘éq of the

t ubi ng $$1)00b05|t7cik\2 tlmnldg];el%e MIEOchnpwﬁe?@dtdgamer poAidapf ¢tk doyléd grdblngSI ]}/

around t he e of t tree ap 0 I m efines
an enl ar gedg@(g@"r‘l"ii ﬁ& @'?%Wflﬂbet R rag YPER@E% PgFHOR- h%&ﬁnﬁh? qj{e@% 't op of the
tree cap 91Rweard, e RGE©B8ed! fdlow thsldbdlegBrodvB®odahdibly BaRrdyangr ef erably

i ncl udes a f|r t annu%ar seal 980 which |s 35 positioned between the inner

rim 976 andeRPVIPEE o pingiRiofngageserioni %ﬁﬁn%r grogvenshistyiy frmed
PCT/ USO1/ 096Qthe Siftal diflSrdtaMor &ty mgmg%@bbu o1Pae thebBe Rk ithe debiéap tohd 74 and

the tubi ng spool 712. The seals 930, 982 function to keep sea water out of
and cor £dsi BRINGBl-tor in the central bore 716 around the tree cap 918.

The debris cap 93Q \yaﬁ.a%e%fﬁ@frow ddMEpIb i é}ﬂaa?é’cgé’bf ﬁor@é’erﬁﬁrﬁfe fighlife two 5

| ocki ng pins 984, each which is rotatably received in a cylindrical
housi ng 986seal mlchiis aé{s@ca@tﬁédvmhdhe ABNWuUs éﬁabﬂn thegﬁztRTE@éﬁh@sﬁalwuch igcl udes a

radially ex ﬁ%ﬁfdri%@ beiWGerP R thH érﬁﬁﬁ{!,s, st téggu_rtﬁrﬁﬁgo apBVd %R)ﬁ der%rdogl €9

groove 990 I's formed In t ( rtron is cap
920 i ncl udepassapaway.csL@b2s th¢sedl 916 S@QWI’\@EF@@H& 68 seld nait he pogssurathen t he

handl e 992 bo%ténﬂ p%%ais?' ﬁ%ﬂell%q?/()c%' ténﬂ@l\y; bterbg%%&ggr SRt E&algv%‘@‘%t he

radi al outer e do and the pins
radi al ly oupmnd@dpmsreweohthe\msaagmef dedonidlaed 3@ Birect thé emmulesjﬂwd ladorigugs 988

Wil 1ol Ov%htehp?e%(?r%d?l%wgga(?ﬁ Yh%og&oth%%ublﬁg Ihgngenrva\@'lrnﬂl% b%rllé1 and the THRT
annulus port. Thus, while the central bore of the tubing spool will be exposed to
pressure equal to the pressure in the tubing annulus, the debris in the annulus

25  fluid 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 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 the tubing spool above the workover

30 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

35  of debris past the landing seat. In addition, the annulus stab is a non-sealing
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thereby force the pins into engagement with an annul ar groove which is

formed on the outer diameter of the tubing spool 712 to thereby |ock the
debris cagg@,sse 15 tubing spool. In a variation of the gdow¢asgehetion
apparatus of the present invention, the seal which is associ at ed with the

annul us st afetd) s’édWﬂHRFa@%daélaleclé&ﬁhcé’\WItﬁthé %ndﬂfb%érb@ﬁ'&ds betwaggn the
tubi ng hanger and the tub |Bg)1s pool above the workover passageway, such as

the seal 918PAHEMPT inctpRd LD 19dnch cEis Rlsaranse iy euficiertlysmalbiotieyitig seal s.
Rat her, the r or netal seals that are provided to
prevent theuggggggkﬂp ¥S%§$?§%§%@gfo direct the annulus fluid along the
preferred flow phshoulthpbeuesoanizeditodti whiletegueseinventiobbabegd t he THRT
annul s POrsch43 o W (o R8T o0 mBhicliiErcbl AR SRRl 4 b
debris in t mayaeMelops widefvataiibnwilstrubterd)landlopdraiipnaldetailsovigaubnt i oned seal s
and will th t wn
mechani sm ogéer u O@frpr% thQ?rlpaél:eg\gfa%e |Rv<%n?8h %B?e%eﬁﬂ%l@gthg%g S gl@ﬁ{éﬂ?sn

pr esent |nvdmwwomthehﬁﬁsmammMmmwmmwrmaﬂ@mcmﬂbde@utmnHMBeammmumkaEwab in

he tubing Gp0e HEsviereHE abubiR e Bk iR AEF bl B "Coar o6

shown i no Fi gquieald@ts fa]mryg ithialthertroakeshe awd spigtl of thd imseetéh, t he | andi ng seat
of the tubing hanger, that is, the seat which engages the |anding shoul der
in the central bore fromwhich the tubing hanger is suspended, is |ocated
above the workover passageway. The contact between the |anding seat and
the | andi ng shoul der is sufficiently strong to prevent the flow 35 of
debris past the landing seat. In addition, the annulus stab is a
non-sealing 27 WD 01/ 73259 PCT/US01/ 09607 netal stab which has a radia

cl earance with the annulus bore that is between about 0.005 inch and 0.010
inch. This clearance is sufficiently small to prevent the significant
passage of debris. It should be recognized that, while the present

i nvention has been 5 described in relation to the preferred enbodi nents
thereof, those skilled in the art nay develop a wde variation of
structural and operational details wi thout departing fromthe principles
of the invention. For exanple, the various elenents shown in the different
enbodi mrents nmay be conbined in a manner not illustrated above. Therefore,
the appended clains are to be construed to cover all 10 equivalents falling
within the true scope and spirit of the invention. 28
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WO 01/ 73259 PCT/ US01/ 09607 What is Clained is: 1. A flow conpletion
apparatus for controlling the flow of fluid through a tubing string which
extends W #sye! | bore and defines a tubing annulus surgcqungi Aot he
tubing string, the flow conpl etion apparatus conprising: 5 a well head

housi ng whi gfhat & CBfhet ised at an upper end of the well bore; a tubing
spool which 1s connected over the well| head housing and which includes a
central bore thal exticfiew camplglipy appripbisHpberytirolliagihe dem of Byid thyagiet whi ch
conmuni cat e i : Mqﬁg.} , : 0 which
comuni cat e§ ﬂ\fv&ll‘t;I Stthﬂg tu |%)gé%ar%ﬂhﬁuas?8gbt8%bl ng f@%g%ﬁﬁaﬂggﬁﬁﬁmg&supported in
t he cent r al syeeundingsthe dubvieg siing, the flaw apppetiosrappafatudeompiising string, and

i ncl udesza productio j d ial t d a

pr oducti%n passagevvay% @ﬁ!‘%ﬁ\g@gﬁiﬂ%ﬂ %E‘?Qg%a@%{e%dé)é“#@@%%%ﬁ@ﬁ?&ﬁembore and
the productbaem®; outlet; 15 a first closure menber which is positioned in the

roducti on bore above r i on wayv., and a first annul ar seal
a/hi ch is positioned tS“‘&&@@ﬁPﬁ@Mﬁ%%n"é’Rﬁgﬁgg?’Ve%% vsfeﬁllge%éeh%lﬁ%rl\g B%(I&]e above
t he pr oduct wbichpedsdaseaesntravberecthat éxtendsubially tisgretirodighr, bheodwtiopr i ses a
wor kover passage 20 which ex ds between the annul us passageway and a
portion o1l‘o ?'ﬁtg & %qmmHB'P%tGFHVé%%F%C?'%E%%BG’38 v a[qqgluisiqagf,agaea\gqy, and t he
t ubi ng h@ng@hichuwolimeuinicaePnith @se tudlmgamnulugs bore whi ch extends between the
wor kover passageway and anger ;. whereby fl ui

the top of, the tuhing h ’
communi cation betweeff Wh@gﬁ\fﬂpaﬂ"’@ﬁmﬁ THPPQHEd ﬂh@e BiralRPresis chaNeaifl ng
hanger may Rearegsgdhldnglts the lbRYSiridd)anaitilldés aRdSaaERWDOre whith wor kover

passageway and the annulus bore. 2. The flow conpl etion apparatus of claim
1, further SURPFS Ay therstimepoRane A Areduclinn PaBIAZCWEH NEUTHEIBMERICEE top of
the tubing peeeh e Prodittdh bote land@se prodBRtidsRiet;2 first set of BOP rans,
and at | east one 30 choke and kill line that comuni cates with a portion of
t he BOPlbore which i & firfodesuse meankan Wi is ippsitiopgspin thgprodisgombanerT whi ch
i's renmovabl ¥, 6RMESIEHIcBoh Bat . 84 the tubing hanger and which
includes a cyli ndri%cal .Coat g? %@F?\gg’q portion, a production port that
communi cates wit h t he fisloanisdar saalbihiel) isgrasitiened hatwaes the tubindbangssnpri ses
29

and the central bore above the production passageway;
wherein the tubing spool further comprises a workover passageway
20  which extends between the annulus passageway and a portion of the central
bore that is located 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
25  top of the tubing hanger may be established through the annulus passageway,
the workover passageway and the annulus 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
30 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 to the top of the tubing
hanger and which includes a cylindrical outer surface portion, a production port

that communicates with the production bore, and an annulus port that comprises
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WO 01/ 73259 PCT/ US01/ 09607 a first end which conmmuni cates with the annul us
bore and a second end which conmunicates with the outer surface portion;

wherein t{g) fiiHisd BOP ranms are adapted to sealingly engagediigsorBsto®’
surface portion above the second end of the annulus port; 5 ereby fluid

comuni cat i Qﬁréf%hm‘bﬁé?ﬁnﬁuﬁbé@s@ﬂﬂ%é@nﬁﬂgs bbe ar%@s@tfﬂ?llﬁ%r@%lghl I line

may be established through the annul us passageway, the workover
passagevvay,CQrﬁ@UaWﬁtﬂSu@”b@ﬁ@thrﬁéﬁa‘ﬁmwrﬂgn,port and the portion of the BOP

bore whi ch | < '0cat od Rglipthd e BOPSLBORoaBBready sJARgl) atapemid et or

apparatus of claim?2 wherein t ses a s et of BOP
rams; wher epufet dérfasieqiastiamebdvielthe BemdcﬁsMnfﬁhe;anmﬂuw)m a portion of t he

BOP bore which is |lo
wherein the second B e(?ébr?@ﬁ}‘are ag“ﬁfcedbr{i gétﬁgﬁltﬁgﬁ%&mﬂiﬂ out er
surface por BO&rchoie end tkilidineauoanbe estdbhﬂhetjhbroaghtthajanrpmm paskBgeway,dbg fl uid

conmmuni cati rl&@é&ﬁaé&ﬁ# lf.'ljgt)ée A i H&rﬂsth%%%ng \}é ﬁo&%éictﬂ%gktovgorfﬁé I line

may be esta |sh annu UsS “passa
passageway, BOIﬁ’ebcHemhildslstman behm/\/ahmﬂﬂsUBOEaatnsand the portion of the BOP

bore which is | atedl. ch ween thte first tand ecog_d BOP rams. 4. The fl ow
conpl eti on appartt us 5‘? Ia‘fOrW‘?Le I FRAFLFUR GhPPIS ng:. 20 first and second

product i@n cl osure nevHeesia tfﬁ@BO@o&ummlsbs@gsefcb@deetthrB@@Feméte producti on
outlet; a first annulys cl osure me

or controlling flow.thr h the
annul us passageway; Nl %%h%ﬁtelnéﬁ‘"l hne SMmHRCH IS%"gthﬁ P%Vm%ﬂ?""%

communi cat eBOM tidte Mdlidh is ZoratdtEbatinabh Ufe MBSHRDSKRYII BTP tdifs;whkkover
passageway; a second annul %&/Cl osuyre nmenber for controlling flow through

the annulus outl et; WSRIP KeRe8CoRA QR BMe AtRRdanied 0oiRaHBglY eRga9e B\® t hr ough

the wor kOV@uteP@@rﬁaﬁﬁ%&’on 0@ t1¢d SsPMnd! df e SriuRidbdrg from between the
first and second production closure nenbers to the annulus outlet; and a

crossové? cl osure neihereloiuid sempuinication beiwmenrine tHping arnulys akbeer | i ne:
wherei n wi t Bopgokk 9l kﬂgl?]‘él HSy 6& %%bﬁsh‘é%rmr%hgﬁ% é%l@@ﬁ%@géﬁa?ﬁﬂé’“m Ion

cl osure nenber closed an remal ni ng cl osu nbers open,
workover passageway, the annulus bore, the annulus port and the portlon of the
BOP bore which is located between the first and second BOP rams.
4. The flow completion apparatus of claim 1, further comprising:
20 first and second production closure members for controlling flow
through the production outlet;
a first annulus closure member for controlling flow through the
annulus passageway;
an annulus outlet in the tubing spool which communicates with both
25 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;
30 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
crossover line;
wherein with the first annulus closure member and the second

35  production closure member closed and the remaining closure members open, a
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30 WD 01/ 73259 PCT/US01/09607 first flow path nmay be established through

t he annul us bore, the workover passageway, the annulus outlet, the
crossoverywld fifs2dohe production outlet and the production gegigsei/Besod e flow
conpl eti on apparatus of claim4, further conprising: 5 a BOP which is

removabl y caRnRsy BalrEmbPLLRSIb A tridiRh HORALILE SR 1R oBIGN | el udes
BOP bore, a first set of BOP rans, and at |east one choke and kill [|ine

t hat comunPaResway tthe anpelus potietothetgresspier lingr thewrpductios outletandiiebel ow
the first B%d[n By bsed a THRT which is renovably connectable to the top of
the tubing 10 hanger and which includes a cylindrical outer surface
portion, a produsti onhgdlow campletigoappanatoaéslaim #hfurther geropising:on bore, and

an annulggrport t hat ac,g@prvilrﬁg,?- ?E{Qbé@gcg%c e ﬁg{{ﬁy?f@ggﬁlﬁgg\j th the

annul us e and a second en {/%r nmuni cates w surf ace
portion; whepasiand wdidh ineltid&OR BQirborey e fiesl apt efdB@IB rareal ampatyeasigage the 15

outer surfa oty . £n . . .wherein
Wth the tupog g LR M BunEERE RS p ) AERBEOP £0r hleh ¥V el Bt on
pat h may beloestedlbeiaht firbr ®OBmambearchoke and kill line, the portion of
the BOP bore which is ted bel ow t first. r ,.the annulus port, the
first flow path and t%tlgf%ﬁlcyﬁu@} 'iséﬁm%%ﬁ. C%We@?ab%]”& thp dop 8€tﬁﬁlt®?'p£n

appar at ug ohargeriand Whidhuintinges aeyiidrisangliteBstfaes HoMdh, 8 PRstiiction Potthe t ubi ng
hanger whi CE‘@th ends, bget we, '

n, the annul us bore and ortjon of the
oroduct i on BEE EOTRRRIGAES Hibihe Pradisian pREs. an caEnaubisines thahtsarorisgRer ei n

fluid comuagifieatehawHisH y&@emuhiaated With! tHe aRAIGs BB drltea sdSorl Hdughicen bore
may be established throu the crossover conduit. 7. The flow conpl etion

( Ugh ,
appar at us ofCTBMAENicRtes Wil RAUIR SHFRFR PAGONa second cl osure member which is

positioned in the pregiéihae filROBOPARMLSrERRapIctId sEAIRRY &ndgiRBRRE; and a
second annul ar seal which is positioned between the tubing 0 hanger and

the cent? al OWer sutiaseROriaEahqvedhe seend &itkoldhe agnylys Bertpr essur e- cont ai ni ng
barrier between the Wéfreiﬁ%fﬁ th@;ﬂ%iﬁdgﬁﬁ}‘_'cfogeg%@fow PeRhinMg Asdgdyat he first

i
cl osure nenber and the first seal;
first circulation path may be established through the choke and kill line, the

portion of the BOP bore which is located below the first rams, the annulus port,
the first flow path and the production port.
20 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

25  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

30 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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WO 01/ 73259 PCT/ US01/ 09607 wherein a second pressure-containing barrier
between the well bore and the environnent is provided by the second cl osure
menber ang,dfigzsgcond seal; whereby both the first and sqggngkoRasdhers are
supported on the 5 tubing hanger. 8. The flow conpletion apparatus of

claim?7, wherein the v&Herrénh aaélé?:on§?i?&@@lré3é&ﬁéihﬁ %H#E?rb%t\ﬁ@é‘rﬁhémrﬂoﬁ@ a
w reline depl o¥abl e | ow conpl eti on apparatus of claim7,

wherei n t heafd @terwe@meet is ipepNidgd %Wsrseg@ad glosyregnembergansethe spperth i s
nount ed on @eéﬂ‘ reline deployable 10 plug body and the second cl osure nenber
conprises a second ring seal which is nmounted on the plug body above the
first ring seal. 10. witesely kathdumrfilsbancsecopd degiars auf supiperted 2n théer ei n t he
THRT furthey, Wg'e?e a cylindrical body which has an inner dianeter
surface and \M!‘II ch 15 sealed to the tubing hanger radially outwardly of
t he annul us bore§. a tTtJﬂeu‘Ioa\rcoreMbtwn appacaiub @ claim duwbereih thedirgdrandur f ace and

whi ch 1S s SGalithalid Nehdbechatto AL orRlethd dfipplthl,pg hanger radially

i nwar dly of Setih tubul ar nmenber to
the body; 20 whed.ein 'I‘tHee‘Iamacbru;sletlrﬁn ammrams@f cIderprerewhhbdmsi dasuteess t han

the radius_of ,the inner dianeter urf C erei.n . th nnul Us port is
defi ned bet wggwe{ﬁgmguf'%sra 585%98?8 ? 'éc,néo'ﬁﬁ%‘ymrﬁé‘ "Y'?ﬁ#@?%ﬁpg Lblgr surface.
11. The1f | oplugdody ehd tine sepatalassir@metiber borhpri$es d betondatmardeal whicaig ree 25
cap which co lSes: an, annu non l.I'ic hody; and means for securing
the body t oHELEREI G PG BoveRee TabiaSedponi . 12. The 1 ow conpi et Lo
apparatus of clajign 1Ithewoar edriplbtich Hsistratdd of BlEPh RSRRer@irdhe MHRT surpkr r adi al
sections and the tree cap conprises a nunber of el ongat ed bolts which

ext end t hr ofYAPYIRS body and connect the radial sections. 13. The flow
conpl etion appar at us LHdyliplidddMddy w%ﬁr}%*s%ntlﬁiﬁartd'&ﬁet@ﬁlé’urfédéréda%hnéﬁ’l§pr' ses:

an annullgjs §§§éd tsc}t%gtat% engagi ng he annul us bore.
g hanger radially outwardly of the annulus bore
a tubular member which has an outer diameter surface and which is
received within the body and sealed to the tubing hanger radially inwardly of the
annulus bore; and
means for securing the tubular member to the body;
20 wherein the radius of the outer diameter surface is less than the
radius of the inner diameter surface; and
wherein the annulus port is defined between the outer diameter
surface and the inner diameter surface.
11.  The flow completion apparatus of claim 1, further comprising a tree
25  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
30 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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WO 01/ 73259 PCT/ US01/ 09607 14. The fl ow conpl eti on apparatus of claim 13,
wherein the tree cap further conprises: a fluid coupling which is nounted
on the bogy @rd,40hi ch is adapted to be connected to an exi@inahn&@hVi ce
and control I:Pﬁe; and 5 a conduit which comuni cates between ﬁe fluid

coupling and a_ f0r e Thd foleeciétioiaritid bAYanME iidhollib ros @gpuNi cat i on

may be established between the annulus bore and the external service and
control |in®rthareamaprisese annul us seal stab. 10 15. The flow conpl etion

apparatus of cl ai m 1hnhes glif Wfknlis Bbunf drtne B mbaRfitr is'dapapel aht to

be installed using an The flTow conpletion apparatus o aim 11,
wher ei n t hetoswceaninggtedite ansxtasngsieswes and gantiohling; yandf col | et fingers which
are secured to the b MR I i i . ﬁﬁ{r%n'ng
surface?inr and a nunbe%cg(gjpdfj%@lpl?cﬁg&ﬁﬁa@%%%het\gé%gﬁg?ésglgiéégﬁéherﬁ’era y radially
in the bodyoranltheharrtulesasstal siabpri se a first end which is adapted to be
engaged by the camm W% C nd_. n all i ed to
contact one or nore 'O r%ﬁ@L@(ﬁ%ﬂﬁp&l?%@ﬁﬁﬁmage%gﬁg&%ﬁ bfi‘@'%%la\%%n of the

| ock mandr eanmillid bdrerane thé exteot sagicdens contrdi lmkl throogh Wae dhyulagseaist t he
collet fi nge,(rg to lock the collet fingers in a correspondi ng groove that
is fornmed onothe tubi ng hanger or the tubing spool. 17. The flow conpl etion
apparat us of cl aign 1Gheviloer nmplétivh appekatusrenelaied 11, sviadtaiptirg tree chp iengaged

by an ROV, reby t , can .be used. to ock the tree cap to the

t ubi ng hang%‘ﬂ?”%ﬁ@ﬂfﬁ%ogﬁd'aﬁei?'veféj.smﬂw@" %E)é)w conpl etion apparatus of
claim 11, wher ei1s.t haherfRw catiplefidi dgpRFataO BPEIRIRES1, Wwhdraindh®geddrig Whi ch is
novably secured to the body; and nmeans for adjusting landing ring axially

rel ative t oMEABS BYBYSEHH wherein when the tree cap is secured to the tubing

hanger or the tubing gn@efly.of cCHRetiiaBehsRehicH A8 RBORYAS tie bodly;Ng hanger
| ocki ng mandrel which is slidably mounted on the tubing hanger; whereby

the | and® ng ring mai Rtlashapael yhishincidesra ¢aemingsuiigchadifer | ocki ng
mandrel fixed relati wefhdrhf IdcgDg8 WHAST are Rposed 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;

20 wherein actuation of the lock mandrel will force the locking dogs
radially outwardly against the collet fingers to lock the collet fingers in a
corresponding 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 to be engaged by an ROV, whereby the ROV can be used to

25 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;

30 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.
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WO 01/ 73259 PCT/ US01/ 09607 19, The fl ow conpl etion apparatus of claim 18,
wherein the adjusting neans is adapted to be actuated by an ROV. 34

WO 01/73259 PCT/US01/09607

19.  The flow completion apparatus of claim 18, wherein the adjusting
means is adapted to be actuated by an ROV.
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