WO 01/ 73256 PCT/ US01/ 09357 Tubi ng hanger systemw th gate val ve This
application is based on U S. Provisional Patent Application No.

60/ 192, 13v0 owpa2eh was filed on March 24, 2000, and U.S. PprovniUsSéiomas7 Pat ent
Appl i cation No. 60/200,239, which was filed on A%ril 28, 2000. 5 Background
of the Invention The pr&dBntd PRUEH: FEHF Felte82tD VA YUbi ng hanger for a
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During installation and workover of the conventional flow completion system,

25 the tubing hanger annulus bore must typically remain closed until either the christmas
tree or a blowout preventer (‘BOP”) is connected to the wellhead housing. However,
after the christmas tree or BOP is installed on the wellhead housing, the tubing
hanger annulus bore must usually be opened to allow for venting of the tubing
annulus during production or circulation through the tubing annulus during workover.

30  In prior art tubing hangers for conventional flow completion systems, a wireline plug is
typically used to close the tubing hanger annulus bore. However, each installation or
removal of the plug requires a special trip from a surface vessel. Moreover, although
several versions of hydraulically actuated valves for controlling flow through the
tubing hanger annulus bore have been patented, these valves have for the most part

35  been impractical to implement.
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control edfromgt E ‘%Flocgtlon w t hout the use of 25 wireline plugs. In
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These and ot her objects and advant ages resent” 1 nvention wll be

made apparRanially pesianed angvhishi Q%Q?fﬂélrﬁ@ thﬁcbodé@‘ om hetwean thaifitshandf er ence to
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used to denote sim mpohent's e various e
the gate which i |s posntloned in a conduit that preferably extends generally axially

through the body above the gate cavity.
Thus, the tubing hanger of the present invention permits flow through the
annulus bore to be reliably controlled from a remote location without the use of

25 wireline plugs. In addition, the pressure within the gate cavity is contained by the first
and second seals without the need for separate sealing means for this purpose.
Furthermore, since the gate and its actuating mechanism are oriented generally
axially within the tubing hanger, the closure member occupies a minimum radial
cross-sectional area of the tubing hanger.

30 These and other objects and advantages of the present invention will be made
apparent from the following detailed description, with reference to the accompanying
drawings. In the drawings, the same reference numbers are used to denote similar
components in the various embodiments.



WO 01/ 73256 PCT/ US01/ 09357 Brief Description of the Drawings Figure 1 is a
| ongi tudi nal cross-sectional view of the tubing hanger of the present
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the wel | hesRPPIRREN U 1Fi gure 6 with the tubing hanger of Figure 4 |anded
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Descri pti orvebfe QSh@mbW@bétcte@idn EigbtsdZ;ments 20 Referring to Figure 1, the
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appl cants cor HRaPHGR GREeoRERRTE pbherdPrbitab Rt Mt pse: no.
66-12272], odnsmhctedsfoheseeww%tmbimg)hamgeabfetde bmsenﬁn\mﬁtuomf erence ftub| ng )
hanger 10 i ncl ugdes rtain cha Sui |l e for use wt
a conventi onal %ﬁ% Mre@{?%ﬁ %Pt W?W%?E’%OHH'Qﬂgég'gb{ﬁ WL de appar ent
fromthe fgialsmgnmgg@lewfdep&h@an The t]thbl ngl hanger 10 colrrprldses a gelnfrilzll y
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Whioh T8 ms. a | ARG S ERCRaeIne e SliEge BaSeia) DAoL Wbt Lbing
orrespondlhwgb,aﬁdqlgweatmwedmeré.ﬁ:rgmd in the well head housing (not shown).
The tubi ng hanger supports at | east one tubing string 18 which extends

into the well b I'gi"r%ﬁdfs aertilelongituginglieress-sprtign! aiepoofanpienembedimgnt ng
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string gy oducti %fé}ﬁngfto?ﬁgur@thh@@umh'ar’@%r BE pfent invention, which is

indicated generally by reference number 10, is designed to be installed in a wellhead

housing of a conventional flow completion system. Accordingly, while the tubing
hanger 10 is similar in many respects to the tubing hanger disclosed in applicants’ co-
pending U.S. Patent Application No. [FMC Docket No. 66-12272], which is hereby
25 incorporated herein by reference, tubing hanger 10 includes certain changes that
make it more suitable for use with a conventional flow completion system. These
changes will be made apparent from the following description.
The tubing hanger 10 comprises a generally annular body 12 having an outer,
preferably stepped cylindrical wall 14 which forms a landing seat 16 that is adapted to
30 rest on a corresponding landing shoulder formed in the wellhead housing (not
shown). The tubing hanger 10 supports at least one tubing string 18 which extends
into the well bore and defines a production bore 20 within the tubing string and a
tubing annulus 22 surrounding the tubing string. In addition, the tubing hanger 10
comprises a concentric production bore 24 which extends axially through the body 12

35 and communicates with the tubing string production bore 20, and an annulus bore 26
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3 WO 01/ 73256 PCT/ US01/ 09357 which extends through the body 12 fromthe
tubing annulus 22 to the top of the tubing hanger. The tubing hanger 10
al so i ncwaes725¢ st and second preferably netal seal rinB6T/R8)1/@®@Mhi ch
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AppL | at | o o M BPEkElco P Bertddehdou b gL Mol ahgor por t ed

herein by reference, S&nb
functions to communicate control srgnals or fluids from corresponding external

service and control lines (not shown) to devices or positions which are located in or

25  below the tubing hanger. For example, the service and control conduits 42 may
serve to communicate hydraulic control fluid to valves or other known devices which
are located in or below the tubing hanger 10. The external service and control lines
are connected to the service and control conduits through conventional fluid
couplings or stabs which are mounted on the tubing hanger running tool or the

30 christmas tree. Furthermore, the tubing hanger 10 preferably includes a closure
member for controlling flow through each service and control conduit which extends
completely through the tubing hanger to other than a down hole valve. For example,
in applicants’ co-pending U.S. Patent Application No. [FMC Docket No. 66-12421],
which is hereby incorporated herein by reference, a multiport géte valve assembly is

35  used to control the flow through several service and control conduits simultaneously.
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35 used to control the flow through several service and control conduits
simul taneously. 4 WD 01/73256 PCT/US01/09357 Alternatively, the tubing
hanger 1OWoay7266pri se an i ndividual closure nenber, suchPCEES@/09357
hydraulically actuated plug valve, to control the flow through each service
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| ongi t udi na{FM@@&ﬂ(@t N8sb-14278], %k,ﬁ |5Vﬁér¥§y héor?br%%ﬁﬁelﬁ%g/?é’érehe@ | at eral

branch. For_exanp in Fi ures and he annulus” bore 26 is shown to

conpri se arR‘%fﬁrﬁ'@g tcb"F_'QHr@ﬁ Zé%‘dv@n ﬂ@tﬂ%@d’%‘f‘ﬁj@ i§einisra in Yhabsubsianially gl ol t he
body 12 to ddeeatioRR c%fnpbh@nté Hﬁé ﬁ%s@@@&ﬁély Withindhd 9(‘!@"1 ﬁr’[@ﬁBmg? H\é;% Cht ubi ng

extends generally axially throu the body 12 to ottom
hanger ,1%and!Carn gfditornéhe gate valve P$%lgni%ﬁlgeheré%’c@ﬂﬁilysg@ﬁ@a¢qUWIaateralIy

bet ween t hﬂgoﬁ’ﬁe’(ﬁg gréd?éﬁ’% osg ?Isar%r 8ftf1ﬁﬁl§)ﬂ{qtlgatn§8|tegtﬁ lf‘n%f’d@?ttd e, of the

annul us 25 the i n errre anc y machi ne%lt into the
outer wal l readila(rmcommeda’rséla&; eertlcg} odentétiog ofthelgate Galverd4, dimg/artuhusrbosali t abl e

rans. The kARG GRPIHRD OBk iFE LPORA pIRLE 8 LY 5°,
both the ithe gahewdlvanedlbpczsed lactoBs medateratbnamch:chamiampiet indligwesndand 342a. I n
ST o e AR o S B Ko BRI AV B " 251, Do
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A T T PN S M R N I I M
an tubing hanger, and an intermediate branch 52 which extends generally laterally
between the upper and lower branches. To facilitate the formation of the annulus
25  bore 26, the intermediate branch 52 is ideally machined into the outer wall 14 and
then sealed by a plug member 54 or any other suitable means.
The gate valve 44 comprises a generally rectangular gate cavity 56 which
extends generally laterally through the outer wall 14 and intersects both the
intermediate branch 52 and a service and control conduit 42a. In addition, an annular
30  seat pocket 58 extending transversely into the body 12 is preferably formed at each
intersection of the gate cavity 56 with the intermediate branch 52. The gate valve 44
also comprises two ring-shaped floating-type seats 60, each of which is positioned in
a seat pocket 58, a gate 62 which is slidably disposed between the seats 60, and an
actuating mechanism 64 which is positioned substantially in the service and control
35 conduit42a.



actuating nechani sm 64 which is positioned substantially in the service and
control 35 conduit 42a. 5 WO 01/ 73256 PCT/US01/ 09357 The actuati ng
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hanger 10. The pressure in the gate cavity 56 20 is therefore preferably

cont ai ned washiers wiieh isishewn dnfdgdrech i addition, ihed@éveﬁemgé is prigferafidi ti on to
t he packin , ! I ans
packi %e%%&ya@%@%ﬁﬂé 884icé-and %ﬁﬁtﬁﬁ @oﬁdﬁlt%ﬁtb&%r%ﬁg@@ Pﬁ%l@ggf&? Wlhrtgl i§e

bet ween t he and either the cover eeve 88 to
cont ai & hehelgingdacerty anglamd mutBadhajin eurrclaxsewet%@ theibegy &2 by stitabler esent

i nvention ¢ erﬂ%ér%ngli®t£s Itelggﬁ rsQRG, & nore such seal s could be provided

between th 4 & ther the cover 25 plate 86 or the sleeve 88, to
contain the pr es'i’sharoeemmg Ithahtftekgategeavdy 6avarng irbthe vedipidds aptingallywiosead bhe

Che seal 1 bRt G b FBi i phbE uh A ottt 3B p0 BREBS s b no

r et ai ned bytelebmplcallﬁmcelv%% pvdrlilge ’ﬂubﬂag\}‘eng@uIIOd Tihe ptesspeis deb gdie bavitp &6t he
cover i n, whi c S.are

oy et er ity T st P aetapbianed i e st BRrosd sEHaMbS 26 45 et ai n t he
pressure WI dddiition tdegatking 891 Cynseuehtly, op ased éxists fdr bepaate%eum\me% S
normal 'y i ired to open, t annul us

IR CRG TN S R ML RN NN
pressure within the gate cavity 56. However, the present invention contemplates that
one or more such seals could be provided between the body 12 and either the cover

25 plate 86 or the sleeve 88, to contain the pressure within the gate cavity 56, especially
when the opening that the gate cavity forms in the wall 14 is not located between the
seal rings 28, 30. In addition, instead of the cover plate 86 being retained by the
sleeve 88, the sleeve could be dispensed with and the cover plate simply bolted onto
the body, in which event seals are preferably provided between the cover plate and

30  the body to retain the pressure within the gate cavity 56.

In operation, the gate valve 44 is normally in the closed position. When it is
desired to open the annulus bore 26, a pressure sufficient to overcome the combined
force of the return biasing means 78 and the ftiction at the various interfaces of the
gate valve is infroduced into the service and control conduit 42a above the piston

35 head 68. As shown in Figure 2, a male coupling 90 may be installed in the top of the
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force of the return biasing neans 78 and the friction at the various
interfaces of the gate valve is introduced into the service and control
conduit AP@oamse t he piston 35 head 68. As shown in Fi guP€T/RS012098%1 e
coupling 90 may be installed in the top of the 6 W) 01/73256

PCT/ US01/ 09%¥pvice &&f obnre cunduit 224 rocrhcum@t@@unﬁecﬁa@atpees%aﬁ‘el doufcel suchaiznecting a
ure hydraulic fluid source, to the

ressure saouyrce, SsucC
E ervice and"@bpiEsgHre B)ﬂ‘ﬁ’@k\lfctﬂu'dT%I ‘r%a eé%ﬁ?laﬁa CoRTQ! SoRdiia JBa MR a
cor r espondi dx@iphrRdy i8 eRGAGEd BYth EdtlspSiti emaldl liplinky (nawﬁmgiwhiah% ther the

t ubi ng hanger runnlng tool or the chrlstnas tree and which'in 5 turn is
8

connect ed tBOYHRd ipeiBaithe tubing hanggyruanipg fqobeiba ghirimas tree ARt whishin ce and
control g ingmig cé\‘irfé@fé\(ﬁMHé)&é%sufr@%Un%‘by é"bé@és‘ﬁ@ﬁdh?éﬁ—‘ Eytersnteagf‘er\tneé’?m the

service and control conduit 42a may nerely inclu profile for a
stab whi ch Q%ltr@ldlneulré@cwenh@ad fashing Ah%rngféflelyr tmﬁomgfth@@ewe apgeorirdli st mas

oo ears | DofRAes ity hRidi) MoRHESSARYSALIES b whPNKSBIARPUnETBRE:  The

pressure 1 n t he Se[VI e and contr force i ston
head 68 dovirangedruaniag tealer e cbristimes fae endid donn@:tech@ thpprespaorsispiroa byl n  this

posi ti on, féoﬁb&tloﬂﬁltr{?ﬁaésu@hg []lléllH e252er\}| e %y &‘P@& éoﬂdwt%\wl %H:é he | over

branch 50 nte |ate ranc It o the upper branch
48, wherle ithe pistdn heedcﬁﬁwmwatdmcbthus;moee therdats 621Bita meppelsemmonASnshovm in

Figure 2 anger, .1 f er.ahl ensation port 92

V\/mgch extenE§ %gmgwd 'rﬁg’ee tglﬁ'ng?ﬁ?ﬁ%‘g %%s[aﬁ%w%cgtoﬁlgwjreolm @ﬁgg‘?"?@ tion of

t Ee servi cﬁi(}a(tjmowgmhe triteroeaihie braddasbahdind the upp@"tbmamchlﬂ@a(&hé& it Wihi | edngt

shown in the W a mal e, co | r st rovi ded at

Sho op ot Srau e B RostreTRe Bt A i s bl b HigeS 2o e BB (s

port thr ompréﬁ@mtﬂyjbcm@eé@wﬂperrsum et QZJ\thclﬁ) extehds §d1esH tﬁ%&orﬁ 6ftRe W th a
xt er nal rvice and control lin is desired to

corres di n
cl ose 'to aﬁ‘ag 63”% aﬂlﬂ"het iof} f dhg peavicg ap W@ﬁcWHW@ H%’O‘é’éﬁlﬁ"ﬁt@nand
control com&au@%%uaﬂmwm thd@ralvitige ea Frfaiér@ohglﬂ\gr&ts%brbﬂé‘ﬁ"laﬂ}%e nmeans 78

conbined with the pressure I n the annul us bore acting on thé stem 72

will push tifevigedsatdie iRl f@scqnpﬂﬁaﬁ@floamrtr?&i@qu{léat@ﬁleecoeaeq’ﬂﬁﬂ 8f thisePoel osed
posi tion. |tﬁroubl'§'ﬁwéf§l§‘iﬂ§ héhSk_f?é?'rl)(ﬁrﬂQg bbfor S nRas! tReel it é@ér?’ésﬁ@ncﬁr%j control

conduit 42a should fai for any reason, the return biasing nméans 78 wl|
ei t her ret @Xered segipeangzoniiolline cI osed position or nove the gate fromthe

open Pogj ti 0Nt Quiditi £183AL BFsbitRllyard UifPe 44, Ind s LR Bhictda gfod ment of

the invention the gate va
al t er nat i vehe gtyuige @pdcontfol corduiiiie, wmrelepthmr@mfrwm th&)nettspbrasmgcal |y

o 5t e RO B B AR TE L A o RS, 1
woul d not bwill pesjuthe pston mwdé‘ﬁidewarréammWw&atgam&mtd th& 2lossd positivectifed to a
pressure sqyr Fh%ahg' s&prb(?ymg the pressure to the service and control conduit 42a should fail
25 for any reason, the return biasing means 78 will either retain the gate 62 in the closed
position or move the gate from the open position to the closed position. Thus, in the
preferred embodiment of the invention the gate valve 44 is a “fail closed” device.
In an alternative embodiment of the gate valve 44 which is not specifically
illustrated in the drawings, the actuating mechanism 64 is a pressure balanced
30 operating mechanism. Consequently, the return biasing means 78 would not be
required. Instead, the compensation port 92 is connected to a pressure source in the
same manner that the service and control conduit 42a is connected to a pressure
source. In order to return the gate valve to the closed position, therefore, pressure is
introduced into the compensation port 92 to force the piston head 68, and thus the

35 gate 62, upward. In this embodiment, the gate valve 44 would be a “fail as is” device.
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same nmanner that the service and control conduit 42a is connected to a
pressure source. In order to return the gate valve to the cl osed position,
thereforayopt/gesaure is introduced into the conpensati on POTUS@298%Y f orce
the piston head 68, and thus the 35 gate 62, upward. In this enbodi nent,

the gate val ve Refaramd fow & Riglreal, la r@ﬁre%ﬁfati@ﬁ‘bfﬁw@tubﬁg NEA et/ @ adpown
PCT/ USOl/O Referﬁ g now t o a representation of the tubing

u ;
hanger d0A Wel Qusing Sgeri C%E’%’SF?HE@; ?HBG yRP&hane et pyvell RetednPled at
t he upper eéhdwﬂf Aitetitivel) ohe bRt hangBoWdouldbd IBRGE |h‘é6thbfng hB&y {ebi ng hanger

10 could be | anded in a tubing head (not shown) which preV|oust been
connect ed tHOWREWhIGH has p'ieH@U‘é% PeeerNngelad thie dop Ofﬁhﬁkwéﬂhﬂﬁé meLgR@P4.chri st mas

tree 96 5 ol ¥orfveRfial &n.sﬁﬁasvmeoé@ (ofl y 1 3 wWiicdBUE Shdin Ih$lgl§§@ﬂ§ed to the

top of the well head housing 9 y sui t abl e connect or chri st mas

tree 96 carfeparegfo fgyorabiA \MeWﬁ@d heusing D4 py efseitaliie gonneston88sThe verti cal
production Jhgéﬁaéq %[ﬁ?ﬂ%tﬂbl nggﬂ% ng%&; bﬁf‘@' ferkis) Emtglrug&gi%ﬁu&‘élce and

control conduit 10 prod ctlon I's preferably
connect ed trsodundon borerit0samarnuusdore i et atdeﬁSbom@sarmoe bpd gorobduct i on st ab

Lo i he ohr A OF edfo haRR PRl ihe 2FIsreiranl SRhedly g G o

Al t er ndtO veihylstmaséreetnintbdtgtimngeﬂOaby\alpudeerestahdIOGtﬂalmllehly ﬁtmtuhlsgt ree

annul us boreg C en_th t ubi ng hanger
and the cniPoBRRR BB 26,5 PPl Golles ind Aliaed EElphun porsl oy 1y 015
each tubi nglO2dygerarselugiseal m*:dmaomnaaiatlmmdw mbm@ﬁanger@mnulacba@ andth its

di hri st t d
Cont rol /51 RPN faoaniu s St ey Foffa e heipalon A0 BERERDS manner

of install atubm@hamgetraﬁd thedhrginkangewithaidhe bgd @ftammrue@ealrs@awmuy,

underst od in t rt The christmas tree g 6 also includes the typical
means (Mot &8 IEbFRIViIER PG\ EOTHIOhGPNaHit dUr I SORReGROWIRES on and” 20

annul us borc%‘ﬁreé&%d ridAthsitRe sePAcednGontollcBRduIV EhtrBMlgriEPBeh @h2condui ts
104 with correspondi ng external service and control |ines (not shown). The

t ubi ng hangele cppsiruclipn pf suchisiaosyand ssiumanner af ipgalaian indha fubingeneshpl et i on
system  suclhqasribthbs t@@%?@wb@uﬁd&&é@dﬂth%’?’{w hristind &S odf Asgrexi m ze the

benefit of the tubing hanger , ousi 94 1s preferably
speci al |y dofigdasiioe UQ'CBH“Q@T%@@W’QWHH@I’ omtwlha@nB@W&mﬁp@@pr@ucﬁmr@r esent

cont ral” por e 13 R 0B, JUhi oD eIt e PRRS EHERRA CAAGRTRANET, ns or
bores 116, CDIIESpQ[@mgaaxtﬁﬂlazeNiﬁa\andQOﬂm ﬁ@tﬁ(ho@f@'wabret ers A, B Cand D. In
ATt Lon, 8 L1 SheSHIRSRoRP RNl Safichaty i LR FRLMERA, LifgRgEES 120 and
shown) whi dysiem, socimasctheidshoantim Eigues 4. Héwzle\kequsomigr ’@4naxnm|ze the benefit of
the tubing hanger 10, the wellhead housing 94 is preferably specially constructed in
25  accordance with another aspect of the present invention.
Referring to Figure 5, the wellhead housing 94 comprises a central bore 114
which is formed with preferably four nominal portions or bores 116, 118, 120 and 122
having respective diameters A, B, C and D. In addition, a first support shoulder 124
is formed between the bores 120 and 122. Bore 116 is nominally the same size as
30  the bore of the BOP (not shown) which is connected to the wellhead housing 94
during installation and workover of the tubing hanger 10. Bore 118 comprises either
one large or two individual annular sealing surfaces for the first and second seal rings
28, 30 which are mounted on the tubing hanger 10. Bore 120 comprises either one

large or two individual annular sealing surfaces for preferably two casing hanger



during installation and workover of the tubing hanger 10. Bore 118
conprises either one large or two individual annular sealing surfaces for
the firstwaentd7®econd seal rings 28, 30 which are nount edPOIVUBHI9IBITDI Ng
hanger 10. Bore 120 conprises either one |arge or two individual annul ar

E 8:# iugg 1/sggﬁaam é@Wlllﬁeﬁﬁsﬁi@é&d}bldllm Hg@iyﬂ!ﬁe@ﬁigﬁtgérlcﬁtﬁ%F&éh?lﬁ%ﬁﬁ? ﬂrift g t
0 W, e | SCUsse el OW. lnally, e | anet er
Sappeief & uoisedh

of the bor hge UG HEt er of the wel | head housing 94. The

installation of Thb@ws‘tallbtlcﬂﬂofhﬁ’él@@fngwah rrmwm@béieégdnbb@wltméféreh@éwence to
Figures 6 and 7. First, the well|head housing 94 is | anded and connected to

a5 conduct%gurﬁ%ﬁﬁ‘ﬁa Firs th§|’ﬂtﬁ”h§aq *rrpugm&&ﬁr&%hanm and geRneestedéi@ by t hose
skilledsin doh@ucté\*ﬁousnﬁ%t(r%t sﬁasw nh anatnlﬂér W8I indefiSod % thodd SidiledRs geCr i bed

depth, a first casin anger having a first string of casing suspended
t her ef rom iat |Aaﬁ$ﬂdﬂlhr¢mth@M@"@ﬁwp@éirstpzascnbed depéh, Rdrst gasiag hangsir 1g6 94. The

f ff 128

| nstal |ad bR g R R o ho AP P s R BePRE e | e ' °
then dril | ébe wellheagddwoosidg ff.eSbe fi rbte@suhg@hngam@enwémeeﬁqdm‘d;\eweﬂ boezond casi ng
hanger 130 i 8 186 RHbilblbBlRh tRA<HE USRS NS REL M g anded

on a shoulder ore o si ng hanger fter the
second 1€asiwell is ﬁlemdntlpd to acsmcemd mtscrrbetl ldleptivesint, lf)mlqelreda apactraf ¢asihg? i s

instal |l ed econ in nd .t he. hore 120. If
required, gﬁh\l\g ?’E‘ ﬁgﬂ%?ﬁtaﬁg 8%?3\5‘9%53&%‘ gle oy Ptf dsotr}s%_ended
thFIreL rom r?;:wulherfommeﬁd ttnmbmrb@ftrr]nelrkdteasingmamﬁngzheaMmme SeRd taging n thed .
we ore. Fina anger th t tring , suspende

t heref rom i %" qu%%/@ tﬁﬁﬂ”ﬁ Or(?n 8??‘??8(1%%'@ MR??‘@%%%&S% r 130 or
a second | mdmg@aﬁmwl3d@hdﬁlwmé12@ I Fejulbed, %ddiménamtaémyhav&%e@mdwu& ng
94, an ock ring 40 into

the |l o kln is acfuated to fo
a corrg’époﬁﬁﬁlﬁg S&@g@ 8?‘?1“‘?[?30%']“@' ‘i‘i nded s wswqasmwﬂ%% 889 ng hanger
to the wel |daarehtddan HeelBsbre. raqﬁan:yhmmmlﬁg Irhridier €0 With THeebing btri y be seen
that the wel |l head housing 94 conprises separate bore,  nane bore 118,

agai nst whiPensied é@ﬁfrqm ffjewergd and 'am9d gagithertiig gecong C?%“th%ﬂgeﬁ 380 from
both the drdrfatseebmﬁ&ﬁg Qmmé?&n@a% thB@oRPT R kA @&rweaé EOM\QA%;C@M the casing

25 hanger packof f must seal . Consequently, the seallng surfaces

whi ch ar e th%bﬁ’éag rrranfiwé?:%&ra@wi@ taiferce iedodkiringl4y intg ab@rreamgim dur| ng
conpl etjy t he
tug}jng gggrOJsegg H@?c%drr]e;?tgg) th%l&)ﬁnolﬁ?meﬁg?ﬁ gérelrﬁ?t@{ee sea agal ﬂst the

wel | head hcﬁﬁs‘-lhnyngm:lgwt@g tubi ng hanger will provide an effective barrier

between the wel l'I'IhPQ,rl %gge g&%tﬁ%’t‘ﬂwé %Im':é% ’hogﬂﬁiq %j)?% 3Y'd ggggé’\bérg' n the

gate valve 44 w y contain senc any’ seal s
namely bore 118, against Wthh the seal rings 28, 30 may seal. Bore 118 is distinct

from both the drift diameter bore 122 and the bore 120 against which the casing

25 hanger packoffs 128, 132 must seal. Consequently, the sealing surfaces which are
formed in the bore 118 are less likely to be damaged during completion of the well
and installation of the casing hangers. Thus, the tubing hanger seal rings 28, 30 will
form a reliable seal against the wellhead housing 94, the tubing hanger will provide
an effective barrier between the well bore and the environment, and the pressure

30  within the gate valve 44 will be appropriately contained in the absence of any seals
between the cover plate 88 and the body 12.

Another embodiment of a tubing hanger in accordance with the present
invention is illustrated in Figure 8. The tubing hanger of this embodiment, which is
indicated generally by reference number 200, is shown to comprise an annulus bore

35 26 having a first branch 202 which extends generally laterally through the body of the
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bet ween the cover plate 88 and the body 12. Anot her enbodi nent of a tubing
hanger in accordance with the present invention is illustrated in Figure
8. The t wdng72ahger of this enbodi nent, which is indi capedugan®ssd |y by
ref erence nunmber 200, is shown to conprise an annulus bore 35 26 having a

first branchbid@Rander Gometke ey mnmrs@lzl and @E&foﬁb'byarfchmklg\fhm@dé?ﬂgy of the
9 WO 01/ 73256 P /USW%F{"O%%T t upi n anlgqe][ fromthe tubi annul us 22, and
a second brighERNY SHaHNONIR Hehrsly g@r‘? i3 st branch and the fhe WeiNgody

bet ween t hendnigés tin Ba@ifeH) tRbihg Bahdd lrﬂjude% \ﬂ?@\?ﬂ\% 44\RAIBR tombrisedqdi ti on,

t he tubi ng hanger includes a gate valve 4 nprises a gate cavity

206 that exd3neRtly 2P ihat pxtendsy B'iﬁ’{ﬂylth{@UQX)thP well 16 of Wﬁéuﬁ"%h@@eﬁanger 5
gener al Isy éfa"ﬂ% bcyaﬂéll}/ kvith |ﬂ% ﬁrbtr b?éndwmc h‘thjgte 65‘0% o968 Blgrﬁé‘éih bYerd®p forms an

opening 2 i is preferably closed cover- 210 that

is ideally %ﬁgmtwqﬂ 14awlﬁ'@!wémef@@bb'w@$ébv AgOMRN]Erthatds Héalyﬁ9m9mhlsab| e
means, suc ﬂ%%h ttﬁe 8 %mﬁmg elnp sBfdid fR8ns, ts[] 59¥GEs (ﬁc]t%fé@nfipt i mal 1y

seal ed to t east one ann ar sea O I'n the
enmbodi ment 'E)ﬁd@'lh@,lthﬂl@ver 5?0 idoplimalydbealedio fertabiag hager gith et leabtaped4 i s
shown to c te 62 which is slidably disposed across the first
branch ZOZ%L{a\ﬁg%aﬁzgé air of seats 214, 216, at | east one of which is

i deal | yi0a f | oat |Im’gl)1€waimd|rﬂ'¢m ofﬂﬂenrs/en’ﬂmedepmeu inSiggirerB) the gate vahve 4dat s 60

di scussed CcO . 216 _C be identic f t seat
21 or - Cas TR flfeEirge 2 Ahich 10 s By BReetdtfRindithe iRt bBBahe 2 oh <
at t ached tdaem?veefnm paidofi sebizgrid| 216, at lehsttone V?ﬁwhﬁh isZdéxlly larfloatitidneat. eﬁl@t ht he
cover 210 er y N S a 218 ich a ns w t roug
bores in t 536[ Sg@g%d"%iwcla'g@ghet %eagseé(ﬁ figcusseq BWVﬁajg‘gééc%qa&uEg% Bhe gate
val ve 44 whiericatd eredbst seet 2w@ed, ddhowili Figure)itldas cdmpassiafh Bendidrr st branch
22. The gate valve 44 fwther i ncl udes an actuating nechanismto nove the

gate 20 625 S gttaghgd &riord8erad IBiearally Witl fherpoxert 4 1 40 erthes eMetetBs in t he

gate is of fepQbr HM0YFEretdR ihIQVESRASSEDES WRkh al Q\Aﬁtﬂtl‘i@@ﬂ‘b YotdsQR thd N whi ch
the hole 66 is alli ngddw\;\nlth the flow assgliyh m@ﬁnoﬁ gure 8. The

act uati ng rS@isAaitts4lq iRstefiagafipy Prgsass plﬂdfﬁ@@ ﬁhﬁ Qétes‘@“(ﬁ Aewhigfiextards ol

condui t 4289em@énthétwﬂg%nn%s@@%a%émsméﬁdwﬁ'y over the gate 62. In
addi tion, the actuating nmechani sm whi can be simlar to an 25 of the

actuati ng nechaﬂh@ﬂ@tedlaﬁ@lﬂﬁsféﬂhﬁimesﬁﬁ agyatieieehanism emgea be@atevi a a
val ve sipem et\ﬁéérﬂée’b'lggecpﬁgsﬂfohl iH Sk &t%dsoﬁéé ﬂH!'é%Eﬁn Het aZ@BLHf@etq Mo he

under st ood t hat ot confi gurations ate va 4 are w
scope of t Hee flevepasaage ﬁﬂ@,rﬁnd@m OopeD rposnéemm'pwmch th@c@a@@nsﬁgme@wnﬂ%ecoul d

extend | OanoWsQé’dé, ¥s lsﬁ'év9n Hﬁgt}ré'g! He Q@tﬂgﬁ{g %é&@nlsm (not shown) is

positioned in a service and control conduit 42a that is oriented generally vertically
over the gate 62. In addition, the actuating mechanism, which can be similar to any

25  of the actuating mechanisms discussed above, is connected to the gate 62 via a
valve stem 74.

Although not illustrated in Figure 8, it should be understood that other
configurations of the gate valve 44 are within the scope of the present invention. For
example, the gate cavity 206 could extend longitudinally into the tubing hanger from

30 the bottom thereof. Thus, the gate cavity 206 would intersect the first branch 202 and
provide a convenient means for installing the seats in the first branch. In this
example, the cover which is used to close the opening that the gate cavity makes in
the bottom of the tubing hanger would not include a port 218. Rather, the first branch
202 would communicate directly with the tubing annulus 22 through the wall 14 of the

35  tubing hanger.
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30 the bottomthereof. Thus, the gate cavity 206 woul d intersect the first
branch 202 and provide a convenient neans for installing the seats in the
first bravmeh1/73266 t his exanple, the cover which is used tRCTUSSIIBITE
opening that the gate cavity nmakes in the bottom of the tubing hanger

woul d not i ncl udgsa dﬁﬁéﬁgnh%'o%deﬁé‘tbbﬁﬂheﬂg%rés' bihbr &Hrﬁgt?rla%or?soc%t zﬁn@:lfi

communi cate directl e tub annul us 22 thr

35 tubi ng hBeiges. arqwmmdmmthpd%ﬁmﬁgmeswtwenmm Hwn gkamge.
depi ct ed i Ninbfst Bféih'dﬁ %P’che%ﬁ@lﬁs B%fdtogfdré?(fe'nagéné}fal& B@éf{;}@%kf&@%fﬁm ar €
considered to be wthin the sco ent ‘1 nvention

the first bhangshaed cameuaicaigwid tlb@p@“u@rwﬂtble exttrahldorg o theayeleddiharsingl y

o et e o R e o o o

enpl oyed t owslwiad hheSlngblnrikys eaargele, the sédond brarichiveoadt drdersd gngwrdlly this

exanpl e, e II. | on aInyromthe
first br ancﬁn@&%%ﬁﬁférﬁgﬁ@{r%%% rqc& %Wﬁw@gﬁ ?'ﬁ%h?rﬂﬁﬁq Wus. In
addi ti on, tamulist én additicn, Wedate valed wowibbseférebly bstradtdlied ir asrne@r thedsp dthe top
of the tub| ﬁn\g t}g@gg 10 I't should be appreciated that the gate valve 44
provi des an Y W ®Gnd efficient neans for controlli ng fluid fl ow

t hrought@ he annut sioultidsecaifiecidibe trathe geld wtve 44pro@eepan aRsttivdandie i ndustry
Mor eover, _since the gate

as being ar bu t and reli er.

Tl ve 49 moae e o Bl i Brolond ann b A e 26 TR Gepate w t
runni ng andisiréoghi2¥d Mahviricebinngs Blina rdbisCatitremdbld tibdifte Feperhr ough the 15
annul us bore are eljmnated. Furthernore, because the gate valve 44 is

oriented gMAESONET §ines g gale yalva 4emay be ABeTRieAdamotely; therimranRd®®ense ni ni mum
radial cr Oséss'ééi‘éfe'dﬁmwrunrﬂﬁ@én@?etﬂé@%gtv%ﬁéhﬁ&plb@@%nﬁ‘&%h% fn‘?arugh giel ows the

t ubi ng hanger to conprise relatively |arge tgr oduction bore sever al
HeEC

service %ndaWH{SrQSJFe ér@rﬁi!m"l@éed | rurthpeoere, hesa g Opteawiver it is ougnted t he
present i ”V%QIZO?% ﬁ%é‘tu@ﬁ@ﬁah@@r?ld ﬁoc&%nerseej ﬁﬁ']’ir@é Ve?dlél'&?osg-rs%étgfn%?d

enmbodi nent s™ t her ose S n the vari ation

of structuramea @ﬁme@@mgahamaan@%mﬂbrg auww?nthaﬁulmg:)mrmen@ dqnumse e

princi pl es afah ¢ 1y SRLARN LB ArRQBlLoorliBE AL AP FLBRENT S | 1] Ustr at ed
odl ments nay be co

in the differen ned n"a nmanner not illustrated
above. Ther ef orleshouldddeappegrized ticdtaviite the ereSGnttwe/eutmshasjméntdescrmednn al |

1100 A 755 e s od st HEr &G len ™ f'arttha) Bieley ™ ' O

wide variation of structural and operational details without departing from the

of the

principles of the invention. For example, the various elements illustrated in the

different embodiments may be combined in a manner not illustrated above.

Therefore, the appended claims are to be construed to cover all equivalents falling
25  within the true scope and spirit of the invention.
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1. A tubing hanger for a flow conpletion system which conprises a
christmas tree connected above a wel | head housing that includes a central
bore in w#but2she tubi ng hanger is supported, the tubi ngPEEI§Er09357
conprising: 5 a generally annul ar body; a production bore which extends
general |y axihaflkCldiheough the body; an annul us bore which extends

general ly axially thrqugh the body; the annulus bore conprjsing a
general |y laterdt fi P‘st't‘gﬂg éwr%ﬁp@ﬂwicgmp AR 8V WPHLogiigssR |y axi al

second br angistn@RArebGopnddiatbabcve ERIANIAEad O URThg that ittiRfes® @Rkl Hohdh 1S

noveabl e generally axjally across the first branch between an open
posi tion i nVRiFR e tebinghangerisisyapeyiadethedubing hangsgcompsinge first branch and

a cl osed position inaWaheBny Auplbedy;s of fset fromthe first branch. 2.
The tubing hanger of claim, further conprising: 15 a first annul ar seal

ng:

whi ch is positioned B&fQwiEton brse whigh exiends aeneralbraxially thierak theibedt ond

annul ar seal which i A VRS, ; .al bore

above the first seal ?n%ﬂéﬂ%éeﬁi}g\%hﬁkgﬁ I'n %pg%r?%&6ﬂygr?@gpgﬁg%t partially

posi ti oned and whi chthezmnglis batescanrising lacgebely fatasah finst vansh wihith i$ i r st and

second Sea'c%nn&‘@%ﬂ%é‘géﬁe‘?%@gfﬁl¥\%ctoE5 Bra%Eﬁ' Hate cavity is contained by the
s. 3. e tu

first and second sea i ng hanger of claim11, further
conpri sidng: a condui & desbermexbanwiichyjeciedes 4 gatathahis motdableugghetatiy body

bet ween the_ . h of the tubing hanger: erein the closure
menber 1t ur (R 8RS I8t rnch BBfen o bl AR AP M0 b bl <

posi ti oned alignédwittc thedivstbrangh amthe clasbd pesificarigemhiabfthe hale v Efsetien &ien t he
actuating r’q;esjﬁanr%}%m conprises: 30 a piston which is novably disposed in
the condui t"am®PWHi ch is connected to the gate; neans for conveying
pressure to a fizst phetubiny Hengéhst cimdyiutthércohipeisiagy nove the gate froma

first pgsition to a second positjon; and neans for ving the gate fromthe
second position to tﬁgre?[ap arsgg’%gq iSiPaRitiones hggyveprythe bedy areiheiso1/ 09357

central bore;

a second annular seal which is positioned between the body and the
central bore above the first seal;
a gate cavity in which the gate is at least partially positioned and which
20 extends into the body from between the first and second seals;
wherein pressure within the gate cavity is contained by the first and
second seals.
3. The tubing hanger of claim 1, further comprising:
a conduit which extends generally axially through the body between the
25 gate and the top of the tubing hanger;
wherein the closure member further comprises an actuating
mechanism for the gate which is positioned in the conduit.
4, The tubing hanger of claim 3, wherein the actuating mechanism
comprises:
30 a piston which is movably disposed in the conduit and which is
connected to the gate;
means for conveying pressure to a first portion of the conduit to thereby
move the gate from a first position to a second position; and
means for moving the gate from the second position to the first
35  position;
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wherein one of the first and second positions corresponds to the open
position of the gate and the other position corresponds to the cl osed
positi onved ot/s6 gate. 5. The tubi ng hanger of claim4, wheT@so/bE novi ng
means conprises a 5 nechanical biasing neans. 6. The tubi ng hanger of

claim4, wherein thewhemimgha @ ansfirsinarde8esd pdBRRAS chdsspoAtY BthéEpdH essur e
toasecondc%.rtiﬁ@‘ of . the ﬁong‘\léit ichis seglar te fromthe first
portion of R4ORSHEE9RIGRNY e Offie PeRHON£OTaSAING I Bk I0sed BRSUSRGT &hg whi ch

conprises: gde.a wel | head housing which includes a central bore that extends

generally axially therethrough; a christnmas tree which is connected above
the wel | head hosi ng1he $bingdiangereiciaim 4wnhersinitee moNiHemeansicAMpREESNt r al

bore; the tHbiRBicBRSSg fmRER.I sing a general |y annul ar body and an annul us
15 bore which extends generally axially through the body; the annul us bore

conprising a geer al The fubingrhanger of slairp dawbereintihe movieg eeane semptsaso a
general ly ! ; ; I ner: L Si a

o osur e Trenbea s Pt ap PRy BiREro 10F spedbipgisfige e ol RbraIdl. 21 1
across t he ffam e fisst padioniséthreonduiinbydpe pist®. posi tion in which a hole in the

gate is aligned-withjtfie JOHSD?&[%B%?%%Q Wﬁ@g&d position wherein the

hole is offset fromthe fir ow conpl eti on system of
cl ai m 710 wher ei n t heatweliheay Hoasing whidniinelides accemprel lxes thaheftemdst annul ar seal

which is p?ﬂ%ﬁﬁ‘?ﬁ%'@%@ﬁﬁﬁ e body and the 25 central bore; a second

annul ar se éd between the body and the central bore
above the first seal achrigimae treawhich is connbeiel abtve thatwellheadadiousiagst partial ly

positioned and which e[ﬁtends i nh.o t he bor? from bg_t Wen_ the first and
second seals; 30 whePdfHNGPABE[WRICH S THPROTSHN §16 €WARYS i s cont ai ned by
the first and seconthesebihg hafyer Chdpfidiya gemapalstannilas bedyedndain ainaiug 8,

e o S e RO B T el hghesie r o oeal 119 surface
01/ 73256 PCT/ US01/ 098fe/annulus bore comprising a generally lateral first branch which is
connected to a generally axial second branch;
the tubing hanger further comprising a closure member which includes
a gate that is moveable generally axially across the first branch between an open
20  position in which a hole in the gate is aligned with the first branch and a closed
position wherein the hole is offset from the first branch.
8. The flow completion system of claim 7, wherein the tubing hanger
further comprises:
a first annular seal which is positioned between the body and the
25 central bore;
a second annular seal which is positioned between the body and the
central bore above the first seal;
a gate cavity in which the gate is at least partially positioned and which
extends into the body from between the first and second seals;
30 wherein pressure within the gate cavity is contained by the first and
second seals.
9. The flow completion system of claim 8, wherein the central bore
comprises at least one annular sealing surface against which the first and second
seals are sealingly engageable.
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10. The flow conpletion systemof claim9, wherein the central bore
conprises: a first portion having a dianmeter which is nomnally the sane as
that of veOBOR2%i ch is used during installation of the tpROT/AgIMBRFer; 5 a
second portion on which the at | east one sealing surface is fornmed, the

second portion havi ngha floivabeiprtionsystdm obclhifsS viHesdin tHaccediraimier of the
first portion;. a third portion against which one or nore packoffs for

correspondi W§'P"€&%i ng hangers are sealingly engageable, the third portion
having a di ameter whiaGifstipsrtiod Balifg s didhedlertiticttis ABRARIlYy Ble dhf sasansd

portion. 11._ The fl ow corrgl etion systemof claim7, further conprising: a

condui t whi 2ROBWRIFHS uget ‘l"éﬂgl'ﬁ}s"%ﬂﬁ%%rl‘ PVh?HPbBIQdP?“Qﬁ'é body between the gate
and the gop of the tgkiBehd\SHMERN on WRER Berht 138t SHeCsialigy STRIERS s hithdder

conprises an actuating 15 mechanismfor the gate which is positioned in

t he condui tthe gecondiperiandigvies wsliametenwhigh isdassdhar thgidiameter oftiles &sh t he
actuating hani sm conprises: a piston which is novably disposed in the
conduit and which is connected to the gate; 20 means for conveying
pressure to a first pdhitd paitiasfagainst wbigh one ot moteneackbifs fonearrespordingt e from a

first positd : Lhl.on r [ Jromthe
secondpposidta?'@ﬁthtggs?'%%??%%gﬁ&§%h@@?gﬁm\?\h@@r I rqﬁog]nhe&%))]}ﬁ E{j(ﬂae&leﬁsﬁcgﬁ% second
posi ti oifs desstbepthediiaretet dfidh@pasond Poribosi ti on of the gate and the ot her

DL oL AN b b SRR RR b e g, 1o, L
nmechani cal bi asi ng nmaansduitishiciTésderddsayenectty bealiythrosg!s terboall betwdemtie,
e A R B Mo B RO S "o, Lo oy ng pressure fo
the conduit by the pist@in thé4losure member further comprises an actuating
15  mechanism for the gate which is positioned in the conduit.
12.  The flow completion system of claim 11, wherein the actuating
mechanism comprises:
a piston which is movably disposed in the conduit and which is
connected to the gate; '
20 means for conveying pressure to a first portion of the conduit to thereby
move the gate from a first position to a second position; and
means for moving the gate from the second position to the first
position;
wherein one of the first and second positions corresponds to the open
25  position of the gate and the other position corresponds to the closed position of the
gate.
13.  The flow completion system of claim 12, wherein the moving means
comprises a mechanical biasing means.
14.  The flow completion system of claim 12, wherein the moving means
30  comprises means for conveying pressure to a second portion of the conduit which is
separated from the first portion of the conduit by the piston.
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