WO 01/ 73255 PCT/ US01/ 09350 Internal Gate Valve for Flow Conpletion Systens
This application is based on U S. Provisional Patent Application No.
60/ 192, 13M0 owhd2eh was fil ed on March 24, 2000. Backgroundrof/ustie9siovent i on
5 The present invention relates to a gate valve which nay be used to

control the flow of flhiephd BLRUMNYVBF FBHCHRIRRPEN s @ flow conpletion

system such as_a_ tubi'ng hanger. Mdre particularly, the invention rel ates
to such a gate JVaisappligationisbased erbkS|Rrodgenal PatenaAppligaliathiNe.s ori ent ed

general ly | i i I and therefore occupies a m ninum
6?(‘@(:22 1941 Rich Yaks 'ﬁlelhfb% l\ﬁé’reﬂ??li‘ﬁg)go.

of the radi ross sectional area o 10 conponent. The need to

renot el y arBiokeiountbithe dnveniidn t he f1l ow of fluid through conponents having
enatively, smal ik ahy il 0N5 AAELL NALIBLE0S uhRNRRLIACUAT, Kot R0, | 1 the
field o flow co et1on Systens for producing oil ’or gas froma Subsea
wel | . A tygiopalf fluiddniorginvarous gompdnemis afaniohetdnmietonsystemc sighrdsses a
wel | head hqusing . which, is 15 j(nstalled at t per, end of a well. bore, a
{ubi ng- s poc DA NeRFr Vot p e, Beiien iy o BREER EBPRSaNB bl g “and

whi ch i ncl udewmtaly esnalilebnd@hieh éxdrientbidgnevallplohyitudirialy Rithe ovigponemnd a t ubi ng
hanger whi ch iﬁ sps{gended in the central .hore and. which PH ports at | east
one t ubi ng FYNYEARIFCURES @THRIMYN BF the AdiE cTosp SPEHoaARreRPitHes a t ubi ng
annul usiosurdopipadlemg the tubing string. The tubing hanger is usually an
annul ar 20 conpqnent whi ch includes at |east one Iongitudinal producti on

bore connected t'@eREA 1 GRIARY 314G fefigPly eontrt toe dpw of B‘d &rough ﬁ?g_’ﬁ)&@@ﬁay t hat
ext ends_betiRpg il AiGbHRNoRRIG aRap IHRLIEAY s8] Rind fad bt Ubi ng

spool, and one or nobre service and contro condui ts” for conmuni cating
control si gﬂ‘i’&’l eompletion gy sfems fesmreduciug i ior gas fiere @ syhseawelt rdvtypical nes t o

cort espond iz SRNLIGSI alARLd-AYSiehnEAdel B uRindBRIshEGrfaiL ng hanger.

I'n 25 addition, the tubing hanger r?ay‘ inclu ongi tudinal annul us bore
for corlfectipsigllediah the unpengndeiauvelsoaig teubing spes! whish ineonnested énthedep bor e

| ocat ed abaygd DakUhA%ind AR, HBLABES BLARILAE dhahhasiaipnp eti on

system flow throug ore and service ontrol conduits
must be cartbénethirgughoand atkubig hamgenshickeistshspenged! in the gentral Boredandsvhidt escape
into the enyi , i j ion of the
1 ow compl SLPBAEE Tast 684 B TR B et shleBe LB A ba R  RAEARL S BEBG g une
a bl owout gmelestieour(dirg@Re jubirg stirgt dlhedubiadbarger isaistally argprimalzger , at whi ch

poi nt the tubing hanger opened t.o al]low far circulatio fluid
bet weerrtt nisHER B g ol AR brafBeliiion Sl enBeosT e, ' &

wi reline pltuiging strihy A laterdl prosuelont maschgemey Hattehiendn betivesn b godudtivever, each
Installati %%rg gné g gPo\é?chtio%fouttIQﬁn Eﬂleutgbiag g[‘JJCIJorI,easnd%ne or more service and control

conduits for communicating control signals or fluids from external service and control

lines to corresponding devices or positions located in or below the tubing hanger. In
25 addition, the tubing hanger may include a longitudinal annulus bore for connecting
the tubing annulus with the portion of the central bore located above the tubing
hanger.
In operation of the flow completion system, flow through the annulus bore and
the service and control conduits must be carefully controlled to ensure that well fluid
30 does not escape into the environment. For example, during installation and workover
of the flow completion system, the annulus bore must typically remain closed until a
blowout preventer (‘BOP”) is installed above the tubing hanger, at which point the
tubing hanger may be opened to allow for circulation of fluid between the production
bore and the tubing annulus. In the prior art, a wireline plug is typically used to close

35 the annulus bore. However, each installation or removal of the plug requires a
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1 1 WD 01/ 73255 PCT/US01/ 09350 special trip froma surface vessel.

Mor eover, al though several versions of renotely operable valves for

control | iwgof/faa8s t hr ough t he annul us bore have been pat enP€dUSO(98¥e val ves
have for the nobst part been inpractical to inplement due to the limted
radi al Crose;)esatﬁnb@r@aiaéurmetvb%elilﬂomaéd altloagh Bevdndl versiona®f henngiely for such
val ves. 5 There% af nee ﬁ S Olpﬂl‘@ renotel%(wggera | e val ve which can
reliably cORAFIF ValRS T r8 n$ oW drreuand(ig ANy RN RAeRESYt em
corrponen: bHeseMuias haoteﬁcmlleemo@ttpmrbelemmpradﬁogl toqﬂhpemteﬁeﬂé PR nrami%a of the
conponen nvention | n accordance w e presen
in\r/rgntion r@HT‘goéﬁ Cﬁ?’l’é?r‘ﬁtg%%‘fﬁ"é‘d%g‘ t?‘ﬁwbi@ Iﬁq{@ebfop'gyci‘a\{eﬂvegre over cone
by provigling a ciressfére, AREREExiESTora rEPBRANPRabRYVAEIWRIBh c&h @ngﬁ%ed body and
a fl ow passage extendi n&%ener ally longitudinally through the ody, the

f1 ow passag@niradhadewgf Buid kyieicha {pw eangietionssystem eompaprnidainished to a
general |y '&&Gblbé'9'nﬁlﬁdmu?r?fé&f&ﬂcr%éé’&é‘dﬂonéﬂéﬁa%f%&cﬁnﬁﬂ?ﬁﬁﬁr, conprises a gate
e first branch between

which 1is noveab ener a l'ongi tudinal I'y across
an open po§ﬁﬂnﬁﬁﬂm§_ﬁhﬂMHL@n a hole in the gate is aligned with the first

branch and a cl Qﬁggﬁloll?@%l kv tl‘gé'p %&twﬁht h\%%gghélp@\fef‘agéd\faé%“h:nf' rst

branch, a condui't exten
act uat i fy nibe pden arthanpeyertcomedy prmwduhgaa cloaghainberioar fcum:vcvqngodmet hayageanf r om t he

cl osed posi | O ' ism for
novi ng Ito he élgr?%téoﬁ%éré}eaﬁg%g%gpn& gé‘?&te%%eﬁ" Eu %‘9%%@@{]@%&@ n the
conduit 20 lmdye’nhdsﬂogmesayeluyclmma penbralbl lateral ﬁnsbbrghch d:mnbo!éyiozhn a
preferred enbodi

nt ..of. the ven act ua nechani_sm ri ses a
P ot on whi P iR iding) SEeori iy 3he dhguiihembear RS REh a1 o
cgndw t, and nmaaﬁebeneremmgnudmam@&rml th@frs’plﬁreﬁ&ubawem an Bpérﬁﬁ)osﬁ@ht l OE of
t he con cates W st on it ma e.seen that
t he conlﬁc;‘st‘-)'ne‘ﬂ\[’l’\@1 Cg‘fa l?‘ﬂénmtﬁ‘?)gaiieés ﬁlﬁ%gwﬁaﬁleg#ﬁﬁr%%h %ﬂ%se&awémaw al i gned
general |y Imam thiadHonsik losfsétofd th @rst Brahbte a0h8uit Which BkendhR®igh tihid1e ¢l osure
menber occupies a m ni mum anpunt of the |ateral cross sectional area of

t he conpon ydoRphRe&ate: gn grivgingpechanisaupesitiopas &y tae conduitder mo\ing thei nce
hydraulic GRE RO TR biosetbeshition tehepkR ]pbélﬁ‘org ah&a réllM &éﬂﬁ%’ﬁ@cwr may be

operated renotely. In one enbodi ment o resent inv ion, the closure
nmember is J8RPHOYRY thrpate fromdiee ppendpasiien F-‘thhﬁéfﬁﬁe? pm'cthvwher%@s@ﬁa@dt in a

t ubi ng FPoakyi@d gé!ﬂeehy fbﬁgﬁfd’ln%ﬁ?thr&fgh%é’ﬁ&ﬁi G4l 2 RSy ma iRBnastMY us bore

t hat extends generally t heret hrough, the annu ore conprising a
gener al | y |inyestian te a@tatlbgm am@n@@mpe%ﬁsamstan g\@w@r@cmneaﬁedmtmmd

beae 1SRG Lethf R AR, SRR B ol MlEn 1o moves e
pressure to a first portion of the condunt which communicates with the piston.
Thus, it may be seen that the components of the closure member which move
25 the gate are aligned generally longitudinally relative to the gate. In this manner, the
closure member occupies a minimum amount of the lateral cross sectional area of
the component compared to prior art closure members. [n addition, since hydraulic
pressure is used to actuate the gate, the closure member may be operated remotely.
In one embodiment of the present invention, the closure member is adapted
30 for use in a tubing hanger which is suspended in a tubing spool and which comprises
an elongated body having an annulus bore that extends generally axially
therethrough, the annulus bore comprising a generally lateral first branch connected
to a generally axial second branch. Accordingly, the closure member comprises a
gate which is moveable generally axiaily across the first branch between an open

35  position in which a hole in the gate is aligned with the first branch and a closed
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35 position in which a hole in the gate is aligned with the first branch
and a closed 2 WD 01/73255 PCT/US01/ 09350 position in which the hole is
of fset fmooot/m2s§irst branch, a conduit which extends geP€T/@RON09330 al |y

t hrough the body fromthe gate, an actuating nechani sm positioned in the
cogduit forpogmhmgwhibﬁtlﬁmcﬁe fsro]tcﬁfsettfdmm mbtﬁmﬁranels,idéc?ﬂuftWhiﬁh@x’@ﬂ@@ posi tion,
an return_bi asi ng ani sm for .movjn e gate.fromthe open position to
the cl osed @“ﬁf?i‘vt%‘?'a(ﬁ‘r%gh% %chrfpgb{hgglﬁf?d?ﬁg%pamg mﬁ@qnmﬁqq%ﬁ? t he
actuati ng nReHEEuNgINIL for ARVINgIRS gate Mofi A8 clabéd Poditonae HeasieRphokifion, kpdgat e and

whi ch seal i ngly, engages, the _conduit, and nmeans for conveying hydraulic
pressure toreg-'”%/P‘% Q%Eﬁq‘?@ﬁmé?r Peng. R gaierromyiie GReR GRAHIPH %’é‘f“’e%’o dh the

pi ston. gurgdafioRDIrea pidhdirddthitifan @ehelitRalidr tHeOsBAldtRE fndchafi$mand second
annul ar seal s positioned between the body and the tubing 10 spool, and the

cl osure nmendsERPTEAY 8 RISOCWNPH Issesnesteiodhegrte epd mhicseaindenogaesties at
L east par ti Ginkit RAR iM% BRI I5/arE BRYS.L 1S B lhBolaly: the BARdRR! ween the

first and second seals, wherei'n pressur he gate cavity Is
cont ai ned byhigheominugicaiga wvith dreciisian s Buthsrmise theftdbieg hangenidesly seen t hat t he

cl osure ne ' | . ] - t ubi ng
hanger - annurPes HefaRlEBR il teb RosiohditeRiodh h Bl HAAHE

wi t hout1Q hespesk and thei dlesurnmepibeglirthénnotripgsera gate savitysn whichdlae gatarsati t s
actuating i 2. OF | . xi.all Wthin t bi ng
hanger, th(rarlg g%%%é%@e%r@%g? gﬁég’ﬁﬁﬁégﬁéa%ﬁi tﬁﬁkglrj%%?ﬁbe@{r'eo%gﬁgg%ﬁ'{o al area
of the t ubisegondssaie whePdin plessareavitiindbdgate @byityds sordaided by thetfiegj@ad of t he
present invention will be made apparent fromthe follow ng detailed
descripti ons,ec\?f“?ﬁeq]%f erence to the acconpanying draw ngs. In the draw ngs,
the sane ref er efthereforeianay be searsthal thecldsure eensbeor e prasenpiaveitibs i n the

vari ous, enbodi ts, Brie scription o he Dr.aw [ 25 Ffguwre 1 is a

| ongi tu na?erﬂqgﬂgw EEB‘E%‘I?&@W%’WD%E %{WUL!B?M tgrtﬁ? rPF%iV %‘Ffﬁ"egﬁf%a_ system
whi ch conpriesfte lbbatichaiitiovethy @s®bf wikdin® plags Nturthavaoiel SiRce fheQetetand ifsS a

| ongi tudi nal cross-sectional view of a gortl on_of the tubi ng hanger

conponent sHSAING Meaenguipe are prgnied generlly Rxiahewithim thedulring fardeadhel us bor e

and the gatigsur@hemibedBedupafminhim AdHidt Bl03E 88&lichandba Bth8 @lbing _
cross-sectional view of the gate valve shown in Figure 2; Figure 4 is a

radial cros¥@gektional vi ew of a portion of the tubing hanger conponent
and theygate valyssBR¥BiHePobEA8 BRd ddvantages 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.

Brief Description of the Drawings

25 Figure 1 is a longitudinal cross-sectional view of an exemplary flow completion
system which comprises the gate valve of the present invention;
Figure 2 is a longitudinal cross-sectional view of a portion of the tubing hanger
component shown in Figure 1 taken through the tubing hanger annulus bore and the
gate valve; .
30 Figure 3 is an enlarged longitudinal cross-sectional view of the gate valve
shown in Figure 2;
Figure 4 is a radial cross-sectional view of a portion of the tubing hanger
component and the gate valve shown in Figure 1;
Figure 5 is a longitudinal cross-sectional view of the gate and seat

35 components of the gate valve of the present invention;
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Figure 5 is a |longitudinal cross-sectional view of the gate and seat 35
conponents of the gate valve of the present invention; 3 WO 01/ 73255

PCT/ USO1MOQ8E®25Fi gure 6 is a |ongitudinal cross-secti onaPCviuset/wssoa
portion of the tubing hanger conponent shown in Figure 1 taken through the,
t ubi ng hanger arﬁrgmelﬁlé)@toagmmhal aroes-bedtionativizth ofensortidn dfl‘tﬁe’gbhlghuﬁd;efe ?f Lhe
present invention; gur.e TA i n oss-sectional view of the
mal e over ri PYRGER S@P gfn Figuge,bta %’f@ ‘3@?‘3 @E'{S‘pg]ﬁ %n#agp@@ shown in
its nornal mr@fnb@pmambnhegae@urveomelp&es@ntm@tbudl nal cross-sectional
view of the mal e override co ﬁl er t he atev %eé)lctedln Flgure6
shown in its nmadigde §ids 2 iqng C@Ps'ﬁ‘ffé'f) iV °t VgRidegoypler of

| ongi t udy n&he@é@%ﬁl@%ﬁlc@@ﬂh FIGuRY® Sthovir i ltaﬂawamd@@rdpo@érﬁﬁ&f:t or component
depicted in Figure 6 own in its up position; 10 Figure 8B is a

| ongi t udi nal cr d43Wa £Bts %mg‘tqﬁ'f@kp@ﬁs‘??ﬁ'oﬁﬂﬂiﬂwt'%F@'epﬁV@f@@tCQHP'eEerrponent

depi cted i nchg gt @?&Yé@j ih PiguteSe S5 iR@S hidnRar ovehridd mod/bfloferdtion;

| ongi t udi nal cross-sectional view of the annulus bore protector conponent

depicted in Fi gLﬁ@r%é\m)mnuwmn%cn@éﬁvﬁeqﬂéaaltwetwfﬂ@mwwh@mﬂe protestay parti al

| ongi t udi ngl, dﬁ%ﬁf&? éqCﬁH"Iﬁl Y 6% tug?'of)@gpodl ment of 15 a gate valve
nt I

assenbln%hof t |nve t| on. scription of the Preferred
Enbodi ts Wi I@LtrﬁéBgm@newdml argg%ﬁmtrgbnaimemh@‘tm awutius bane profector may be

used to CO”&Jn?doneH %{asw @ggﬁ%erea %Emfelp% t|8r9”p| etion system

conmponents, 1t W ter i °Comnection with the tubi ng
hanger corrponentanﬁre&AmaakrmgithaI tloesvs@giond vjEvedfitiomamydisdrare fetextari ng t o

f f the how i || ed
nan exemi g BPIERREERS et fRe B Re St e ore i iy in
appl i cants' co- (Fgae Qgp éJpﬁ*tlalFPa’ﬁﬁuumé\lmndm%bIlm|mof adihdvapkdiniNmt of

66- 1227 \MEFCh IS @ bncor orat efi herein by reference, the flow
conpl et ion 3§ é(ﬁkvggs%n %ﬁg P QeSS NG ad housi ng 14 which is installed
near the t dpetafieceDawelibtidhastehe Preferred Fombdimentd ubi ng spool 16 which is

connect ed over I | head, housi ng 14 and which .includes central bor e
o et S o urs WEiedRe GhEAGHadseT ot reseht By allon Msi bersabiaiinual | o

supported ifiout RUGR AtvaAbtyRPAGY é&n@l@ﬁb#@}sfeﬂw é:diﬁd)dﬂéﬁ% RwlitRRIeabAbed annul ar
body 22 havi ng an_outer, steh% cylindrical wall 24. The tubing hanger 20

30 suppor t shesgafies Rgonpaeiop e Wibing hgngss cRRIPORET:Of amaxempled ieWe wel I bor e
and defigescampldtidhispgemnnul us 28 surroundl ng the tubing string. In
addition, the tubing hanger 20 includes a concentric production bore 30
whi ch comuni catRefering te figdretluBipraiersad erplgpdiment of the gate valve 10 is shown

installed in an exemplary flow completion system 12. As explained more fully in
applicants’ co-pending U.S. Patent Application No. [FMC Docket No. 66-12272),
which is hereby incorporated herein by reference, the flow completion system 12

25  comprises a wellhead housing 14 which is installed near the top of a well bore (not
shown), a tubing spool 16 which is connected over the wellhead housing 14 and
which includes a central bore 18 that extends axially therethrough, and a tubing
hanger 20 which is supported in the central bore 18 and which includes a generally
annular body 22 having an outer, stepped cylindrical wall 24. The tubing hanger 20

30  supports at least one tubing string 26 which extends into the well bore and defines a
tubing annulus 28 surrounding the tubing string. In addition, the tubing hanger 20
includes a concentric production bore 30 which communicates with the tubing string
26, a lateral production passageway 32 which extends between the production bore
30 and a production outlet 34 in the tubing spool 16, an annulus bore 36 which

35 extends generally axially between the tubing annulus 28 and a portion of the central
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26, a lateral production passageway 32 which extends between the production
bore 30 and a production outlet 34 in the tubing spool 16, an annul us bore
36 whi ch v ogx2ehds generally axially between the tubing RONUBUHNIZ® and a
portion of the central 4 WD 01/73255 PCT/US01/09350 bore 18 | ocated above
the t gbi ng usmie?erlqcawalldalbav@gmbehsi?]@h?]ng@r,\dnd@ r&m@emﬁédﬂ_/'li_ﬁe aﬁoa@miots 3:3 whi ch
exten eneral | i t hr ou e. tupin nger . e W_ CO etion
system ?ray %ﬂnggl){sc%ﬁplgéxtsﬂ%gg?erw@reéleﬁ))éwhgge %PQJ@HB?M inefigw lrrgw

t hrough t hecapipgietiohisystematiay slso Sdmprivathne of eitiré 0Alges40 ﬁg@orﬂr%llmgﬂowonnect ing

the annulus, 5 bore 36 and th rvice and control conduits 38 with
corresponditﬁﬁ’“@?f@'ﬂ&ﬂ”‘g'%wt@%%ﬁm ZERRTPISIPrifge 84 for cernediBdAE anPHIUB he 1 ow

conpl et imn 1536 B6Bhd theliicd &l ¢omtrbl @DREEIsI38 WiltecdrieRbaHintpadehald@rvigy ef er ably
al so includes both of the industry required first and second barriers

bet ween t heARdegontreldings giskayelenvi ronment, thus elininating the need for a
separate 10 pre%We%oﬁﬁéﬁnﬁﬂ?&iohrsgﬁeﬁﬂ@-dgH&?edfihrFﬁ;turé)‘?rtﬁé ﬁfbirig%aﬂp@ﬁ’i(ged by a
44 that 1S uctron

first wireline crow plu _ i sposed 1 n the produc ore 30
above the prreteiRiy @po palvdegeainpf Be indusindreguired &st andmecand bgrrieSer abl y net al
seal 46 whi j I 4y g r ubi ng
spool 16 ab%é\}géé:‘rhﬁgeg\?etgg&c@%@ﬁﬁégﬁ\ggaewg&Ttﬁegi%&mg?ﬁ@%%t%eég f%gsgfﬁ)gp%%rri er is
provi detd bypressise sealingiree cameThyg irsirbapiands previdédby a §rshwirdinedrown plhe 15

roducti on 30 V. i I ul ar,
Br ef gr albl y P%? Q%ggggfecﬁatt%réwcﬁén gé@ﬁq %r?g%t%&r@&ﬂoﬁﬁéﬁ%ggﬂ%g%anger 20
and t he tubamip Spowinulattrefoebly métal feat 43 whiehlls pbSitiohed betwoen thedabimg t h t he

t i ti t ubi 0 al so jncludes the.gate valve 10

na: ST« ne ot ke fecyblad oo s e HoffetbBarirenbls sy ) o ably
al so a secosetond bawieeis provized by 2, sesosdhwinsling cedwrmngug 98 crm];ets radwetdd Maﬂlxze_ye, for ,
e L
oper at i onal meRngENE0 Wichli€pdiriensd beitebh eletubihg Ramgdr 20 abathe RBingkpddie t ubi ng
hanger 20. {n addi tion, tP glate val ve 1_% is oriented generally axially
within the 1R@R9Ng thelfpzea 42@3 8 Geerdzngeduinthg Presantinventiohthe WRINBadi al cross

sectional afiRRerdo 4186 inckiabStheZRitd \HNEETO arld) inthe 8mbb@infERs bf the &ehtion
acconmodate this vertical orientation of the gate valve 10, the annul us

bore 36 predeRicesl iy FigiEe bousierabiyAler & PewNdHAsUIRHTIOMbPOZ; Srebat 28Ndt 0 a
br anch. 2 For e R B B S e ct e i
Figures 2 - 5, thrieranata tigurepdr, 88 gate waivatO isanigiein thebsubstaniplyrallbr anch 54
Lubi g hangar JG0 auatel Sotpriard ety AP bets 200r HI%ORE P 11
t hr ough t hehdngey2Q. dntadditibntthegate valvé 40 isdrientpdrgengeatly axially within the tubing
hanger 20 so as to occupy a minimum of the radial cross sectional area of the tubing
25 hanger. In order to most readily accommodate this vertical orientation of the gate
valve 10, the annulus bore 36 preferably includes a lateral branch which is connected
to a longitudinal branch, and the gate valve is disposed across the lateral branch. For
example, in the embodiment of the invention depicted in Figures 2 — 5, the annulus
bore 36 is shown to comprise an upper branch 54 which extends generally axially
30 through the body 22 to the top of the tubing hanger 20, a lower branch 56 which
extends generally axially through the body to the bottom of the tubing hanger, and an
intermediate branch 58 which extends generally laterally between the upper and
lower branches. To facilitate the formation of the annulus bore 36, the intermediate
branch 58 is ideally machined into the outer wall 24 and then sealed by a plug

35 member 60 or any other suitable means.



I nternmedi ate branch 58 which extends generally laterally between the upper
and |ower branches. To facilitate the formation of the annulus bore 36,

t he i ntew@di/zx28s branch 58 is ideally machined into the pOT/@SoMEBI0 24 and
then sealed by a plug 35 nmenber 60 or any other suitable neans. 5 WO

01/ 73255 PCT/ Usoaﬂwﬁlﬁbdummttdﬂmeemmdbmmncted intFigures2eB, tteygetepaled €0l i n
Figures 2 -

ate valve 1 s, shown to cq e .a generall
rect angul ar'sﬁg?‘%n (f"a‘gﬁfgf'séf S il y@g{a@ﬁalgr %ﬁ&?\é{% W'T%ﬁ%?aeo\nqs;gef‘ﬁ?réghgh t he
outer wal | 3tral thrbegh mbiocder hangebf (e et hatger 3@ ahdintdisectd Aker nedi at e

branch 58. | I tion, nn |.ar seat pocket 64 extending 5 transversely
into the bol ”Q?éi bﬁ?'@h@’%a@" Q'Tﬂﬂ%@ﬂaﬁ?ﬁ@é@ﬁtW%@?%@@?W%f the gate

cavity @2 wrdrRvérkelyird &ferﬂ%félyQQﬁ% ;b}’éﬁal?éﬁly f@gmea_ BeodaRiferdadton ot thedaf® conpri ses

two ring-shaped seats 66, ositioned in a seat pocket 64,

2"Gate 68 it AR Pan 1 iehmGa ap opRreb Ao dhagele eive Denodeisaniven
act uat i g hapBTLEs cBuceh of AR ARRE, USROG by d queger vi ce and

control conduit 38 that extends ener a over %ate cavity

62. Ref err|w@cw§@dabhcalsm<3ﬁed@em§arﬂ@e geat%ﬁ@wnééatacwtm@nprsl@am Oy a
floating Se\ﬁﬁlch o‘émoﬁé{ﬂmﬂs?ﬁgﬂ? r?éggﬁllcfa%ﬁg cggtrcfl E@ﬁduﬁ’t%a: SAexidngs 9at e 68, a

rear face 7 site t ace ener a I|n rical outer wall
76, andiG c@ﬁberailyaxhﬁw@@ﬁﬁtmﬁetz@/ltt/ﬁat aI i gns W|th the i nt ermedi at e branch

58. The outer i rim 80
adj acent the f\r,\%%\ferz E#HEBQ% nggﬁgé %%gr?g%er g%@éﬁﬁgiﬂbﬁﬁ%&%@nt t he
rear face Mhiclaoomprisshaftahefac8Z2 it ahgabek dhengata 68 heeraar facalTd dppesitertieesluced

di anet er po . In_ addition, . a Belleville sher 86 or .simlar. neans is
posi ti oned %%}t\?%ghé gﬁ%er?l}yrﬁy@yrgalcyu%{quﬁgh W?‘Fﬁé‘%ﬁt’ qu'aqpr%é g'?tt o urge

t he seat 6Gal|gagwithﬁte ibfeemediate b}?éhch&ﬁdTaé oateﬂwbmmSﬁmhal&&:onwdﬁéB%ﬁ a sp(r:I i ng
energiz ress re intensi.fied stra ore-t sea pose

ar ound ﬁ %ﬁfg‘é 8'3819 %g&%q;?qqng“)e f@? ggeﬁ reﬂ@%&i@ﬂ"?#@é"%‘ﬁ% é%nd t he
seat pocketadidcenting régrdhceSB, afd arsab@a@twocaaéd Betivesh § rdgah@thee enhanced by
pressure in the gate cavit ring 90 haV|ng a plurality of

62, and a spacer
radi al hol e€9¥ ANRlg" PREPt RRGEYRN: @a‘%ﬁlﬁﬁ?%w 8B Of SIEWAr MRaSi8eal and the

shoul der  84xdspioRBé BétieBn tHe&ird @elan@ trmeéli of tr@g‘e\té b&ﬂ@@z&@ Lijeithesé ebhe seat .
25 Al so, the rear face 74 is preferab g/%roun ded to forma circul ar sealing

lip 92 to mﬁm%@e%ﬁﬁ%@nﬁuaa@anulgwai §ugh Bﬁésﬁ'@'fgﬁﬂqrﬁze(b@f%@rﬁ t he seat
66 and gge lﬁ%ﬁ&lf &Pé’tl‘eﬁ‘éht @f}re—tyﬂ_é‘%a?% Hi8bddRe H& IR ﬁé@hz& dilReldr BBtioh 0 Move

the gate 68 between val ve open position, in which a transverse hole 94 in

the gate i ss%ﬂolssﬁbllﬁt\ﬁﬂ?@rhthﬁﬁ@at gndities mpa@l@tﬁﬁtaﬁ%s%%me&raw ve cl osed
position, igyd @ngr K gbg%hﬁgr%d p‘PéJsﬁFetm tl-%o%été RVity 89, Ay £555dt AiPodr anch

(as s hown I n refer
having a plurality of radial holes extendmg therethrough may be placed between the

seal and the shoulder 84 to maintain the seal properly positioned relative to the seat.
25  Also, the rear face 74 is preferably rounded to form a circular sealing lip 92 to provide
an additional seal, this one metallic, between the seat 66 and the seat pocket 64.
The actuating mechanism 70 functions to move the gate 68 between a valve
open position, in which a transverse hole 94 in the gate is aligned with the
intermediate branch 58, and a valve closed position, in which the hole 94 is offset
30  from the intermediate branch (as shown in Figures 2 and 5). In a preferred
embodiment of the invention, the actuating mechanism 70 comprises a piston head
96 which supports a piston seal 98 that engages the service and control conduit 38,
an elongated piston rod 100 which is connected to the bottom of the piston head 96,
and a valve stem 102 which is attached between the lower end of the piston rod 100

35 and the top of the gate 68, for example via a T-slot connection 104. Also, a suitable
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enbodi nent of the invention, the actuating nechanism 70 conprises a piston
head 96 which supports a piston seal 98 that engages the service and
control ow@duTRs88, an el ongated piston rod 100 which | sSPCDUREN8Y t o t he
bottom of the piston head 96, and a valve stem 102 which is attached

bet ween thestémw:klfl?@qio@fs memo&ﬁ&weéMe%Qﬂe%naf@ érﬂﬁhé@erv% dnhe gate 68,
for example via a sl ot connecti on . a suitable 6 WO 01/ 73255

PCT/ USO1/ 09%'@0' condwif pRtagerbthe gete @V@b@@ ftﬂPfB rﬂ@qumr\/@é'ﬁfe 81MICG ang gordobm 102
and the sereen@en%egted%ee&émb b8 'fhé@ackm %al?*ﬁ%ldgﬁg\%gé? Ligr@2 from the

portion of the service and control cond UI | oca e packi ng. The
packi ng i s Muida8 pt isseguied tpthededy @2 of e duting ’ﬂﬂﬂge&%by Bigitablesmeansured to the

body 22 1 48 ok uhbnidagaRr 80 1HY SHERNLEBRARPTO freRhall A% Pibe! ner

screw 110. actuati ng nechani sm so I a return
bi asi ng mecheatirs ijasingi reéchanistrh whighiiroitiie embiodinfient bﬁhe inventidnGitusirbleddt r at ed i n

Fi gures 2 I I i ) s a stack
of Bell ev?fﬁau'%a/ggﬁgrés@%%?é?@%%%ﬁ%l @3@ 'ﬁ]%ggggg %'%ei gr]s't'e}cgé)?pl ston head
96 and t he Belesitielwastterd,GRat id Gpdrativelyengatratbeteedn it pisien ipraeidSdnditheent i on,

t he gate cavll t(%/ Q% ﬁxtends into the body 22 of the tubing hanger 20

bet ween t he?'f1¢ 'Y 8 d second annul ar seals 46, 50 and consequently forns

an openilhg 114 |hmohélem‘badjlfneﬁﬂoﬂc’;ﬂi@pre'sawtmmhﬁdrpﬂ%(t;dﬁ@el*;af\m?BZ eki@ag§m€d S. TEeI .
opening 114 i p se Si ver ate 116 i C e
Pl ace by bodl 4 he it Reter 0 Betiel e et shesprcang St ed over
the tubi ng SPaitpageequtly IdhesRhepening 1M inthewaing4 gat B posiibhed Ksiwesn
preferably ont me@@& theh@rst d second seal s 4 50 and the stem

packi ng 106" e?ﬁ Pef GOEW%' yclasgH by a sirapia Fayes Pl T whig 5 s

bet ween thehéf@?ﬁ%adé't@taﬁcﬂlﬂ'@ncﬁﬂéleé\)éel1@@!%& i2i1e58opiNY AdcBived BverlthERBIGE W thi n
t he gate cavity 6 However, the present invention contenplates that one

or nore %ucﬂ‘ﬁr@é&?@; T prassie wrt@m%@ﬁt%é@%@ﬁ ig prefesriy confaigedibeine fest t he
cover 20 plg{esebdfy Qéalélgf 5‘@)'5%%!% étér% palcRinG 906. atﬁbréfeﬁe Hb%@é&léﬁs%ﬂf%*y n the

gate cavity 62, especi g when the ‘op enln% I's not |ocate et ween the
seal s 46, S®palaie seRior senls betivaen &@cpoijaw @e@fﬁtmlt@dﬁzmcmln@er et ai ned

by the sl eeﬂrgssu'%wmtn ﬁ%eé%agg\ég\{ltg%gio%veld{h@q; %gln%ﬁt%n%eﬂﬁeﬁ@fab K& plate

sinply bol ich evént "seal s y provi ded
bet ween t heonsowenorg isachesaaigicauittbdprdyided betweer the body 128 aza eﬂh@rﬁmxcce/ew thin

the 93t a8 ki ddie AEoBNSHLATRIRASAL ARENAS LAR Bl 1L ow

conpl etTon System-12, e ‘gate ve RS Rl "osed
posi tion. \Wspecially wiserdibsiopening ¢14jsant bhated batwees thdseats 4}£50alrmctdﬂs>ur e

PR T R L T N T T T
dispensed with and the cover plate simply bolted onto the body, in which event seals
are preferably provided between the cover plate and the body 22 to retain the

25 pressure within the gate cavity 62.

in the production mode of operation of the flow completion system 12, the gate

valve 10 is normally in the closed position. When it is desired to open the annulus
bore 36, a pressure sufficient to overcome the combined force of the mechanical
biasing means 112 and the friction at the various interfaces of the gate valve 10 is

30 infroduced into the service and control conduit 38 above the piston head 96. This
pressure will force the piston head 96 downward and thus move the gate 68 into the
open position. In this position, fluid in the tubing annulus 28 is allowed to flow from
the lower branch 56, through the intermediate branch 58 and into the upper branch
54, where it will encounter the second closure member 52, if present.



30 introduced into the service and control conduit 38 above the piston head
96. This pressure will force the piston head 96 downward and thus nove the
gate 68 iwW001/13265 open position. In this position, fluid PETAURE/@6E ng
annulus 28 is allowed to flow from the | ower branch 56, through the

i ntermedi ate br dschob8 imRiduiaR, @ ridle coyling 120 ambonvﬁﬁﬁorwhlwdealjlib codplér

encounter the eco nber .52 rese 01/ 73255

PCT/ US01/ 09@%30 %‘F\%Wﬁﬁ?{? rEnace %{‘drféﬂngc"cc(?f] i} %%to\llfgﬁlﬁﬂ a conventi onal
hyd(r]I aulic mp$amglamrdemfhrgsltmé§w¢ hyralradneﬂmu@n? mﬁ s‘eme%ma\domeolﬁnd colnt rol
conduit 38 to itate conne a soprce o i sure raulic
TP Lot enguR s e Bl o BRer oD < et bY S Srcsrndng Bpmis Agopint (18 engaged
by a corg esgeng), Wl&fﬁﬁﬁ)l' Be ARURlet Br &@@iple, i & A®MYhanybi r@uhmﬁ?ibob@r tAgunt ed,

for example, in a tub han%hﬂ running tool or the controls bridge 42 and

which in t gRPls be@%@%ge%vvh m@rmﬁegw@déem%ewr%w&ﬁ P¥a pondi ng

ext er nal Seédfﬂe@.&)rﬂﬁﬁé éi&é}hél%br\)lde%d oﬁhircﬁ'hﬁ@t AW&hé’uvephlﬁettéﬁ%fQﬁe éé?@céer vice
and control conduit h%g: i nclude a seal profil or a stab is

carried on Q’Wéontr@tﬁoﬁéu' way 'ﬂCl!HﬁﬁlaﬁgaltRf@ﬁ’e&fatsﬁﬁ? et lscﬂaﬁleﬁrqnd@% and whi ch
inturnis tﬁ&ﬂ%ﬁﬁ&éﬂ rlirfhid ol]é?tr%r@o?n%l%%né 5ﬁ&wh.2§ﬁﬁ1t9ﬁ={]§cﬁme\5{%g¥9%éﬁy al 50

conpri ses a cohpensation port 122 that ends throu
t ubi ng Hanguese saireretha date valye wmhelsommpngeammemereﬁtbraoqnb‘raz on of the

servi ce a”dtﬂét%&én‘a& ttﬁrBﬁ‘gﬂHhE b%gyé?é‘bﬁﬂe Lﬁnrlg%p&dzo Q&WQ%Y\ ﬁ]@‘?%&bfstﬁé’” head 96.

VWiile not s profile may
be provi dedubing hhrgar@pd afportion afmepwmmamﬂmoptwltcomdm$8)Whlab|sllo¢mde the 15

connection : gr.orupni ng or_.t he
controls bré)ea%etﬁeij'sqg'{ c{@ g&ﬁ'&ﬁ HS hﬁ?@ﬁ%ﬁ%‘é%@,ﬂr\,’q%@% ﬁgr%rSt"fq ne. \Wen
it is desi (rjml pr?ﬂe:nomﬁloet;b‘revngedetthatop@fm coyumn?meaw]rtazem faemmaﬂef romI t he
serV|ce nd_control .con on e forc rom ani ca

bi asi ng 5arre%?|q§ eqip o éﬁ%?%@h PHMH@' gg%qgtrlgwaqg tf’ﬁ'é)rg??n(fﬂnﬂ@s%ﬁ 6 acti ng
on the val V@c&ﬁ;sebmmgl@aemléenpwéhddmtrpnmbon head 96 upward and nove the
Phe “servi ce and (LGRL FBI0SEBREGIAoSIHE SABURYS e POty PERUGHOThe
mechani cal theeéﬂvmg aﬁE@Bﬁtrcﬂ;BndMltUS whéregpor 18k fdrbe &9 thadMeehfcal Ha§;h§ cl osed
position or nove ate fromthe open position to the closed position.

Thus in t HEe§Set! @rqo 'Wﬁ’ﬂmtﬁﬁﬁfesélfreﬂrh@elaﬁ%’% Perie Prretipmertheyele 10 is a

falio ClQ%dOZ%V}bLﬁSﬂ thé isfdh hahd 86 Oﬁ\k/ér\d%nﬁrm@tﬁ@géte@fs |ﬁtB‘ih€9@6&%dVa| ve 10,
the actuating nechani sm is a pressure bal anced device. Thus, the return

bi asi ng ned¥RRics rrif\mﬁmaamﬁﬁupplmsd ¢ Bregsure &nthaiservicetsing SORP! et 3812
LrSLear, RERRPRE ) Qs i SRURPRLAR 1 0 S SRR o1
gate 68 in the closed position or move the gate from the open posmon to the closed
position. Thus, in the preferred embodiment of the invention the gate valve 10 is a
25 “fail closed” device.
In an alternative embodiment of the gate valve 10, the actuating mechanism
70 is a pressure balanced device. Thus, the return biasing mechanism would not
require a mechanical biasing means 112. Instead, the compensation port 122 is
connected to a source of high pressure hydraulic fluid. In order to return the gate
30 valve 10 to the closed position, pressure is introduced into the compensation port 122
to force the piston head 96, and thus the gate 68, upward. In this embodiment, the
gate valve 10 is a “fail as is” device.
In accordance with another embodiment of the present invention, which is
illustrated in Figure 6, the actuating mechanism 70 may comprise a mechanical

35 override feature to allow the gate valve to be actuated mechanically, for example in
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30 valve 10 to the closed position, pressure is introduced into the
conpensation port 122 to force the piston head 96, and thus the gate 68,
upward. WoObvhf®senbodi nrent, the gate valve 10 is a "fail PE@BUSEIN098VI ce. | n
accordance w th another enbodi nrent of the present invention, which is

i 11 ustrat edhe Bvéritgtia iltire relaéingtotth@presguresotreal $his fibchayicalovptidee a
mechani cal 5 override feature to .all ow thgﬂ%%?f val v e acyr at ed

0.b
mechani cal | §aUFP PEVIAR DY & Rale QVeiFip $pupipg Bdhe PROT Bent of a
failure r e|@Tr\h(EE9aridJCdn|ﬂﬁl JUhEGis 8. eDSWrﬁﬁmadeeﬁetlﬁﬁCthébv&ﬁhe ev@ing dg4 feature

I's provided e override coupling 1 I's nounted jn the top of
t hep servi cfé’né% fﬂ@h@f@éﬁ?uree%wem@e ‘Wﬂﬁ@n%‘gPﬁﬁ‘ﬁu'ﬁ’@etpé‘b’g@Hl'caﬂ'ﬁ@“Eﬁ/er ride

coupl i ng 12de preMRAE JBiddvnRERS BRG], W SheleRehtth a SARNS eRating © went r ol
conduit 38 to hydr aul i callegé’{‘or ce 5 the piston head 96 downward. However,

' the everowTIasqss. eexieaialariiaior ean MEh ARCRsE it ' BHeTis, CosRlristZd nal
act uat or Cafutia Atddagemef wirtfe Bk Hedd 082 ebﬁ&.éa%forﬁée%w& i nto

engagenment with the piston head o mechani ca force t pi'ston head
downwar d. Fhﬁeérdownyatcb Figure 7A, the override coupl ing 124, which is shown

inits nornal ﬁ%toqil qAaHe%em%léoﬁﬂmaqg@ WP@CW@@H&Wﬁ@ ifs rfo‘?MQ{ ing

sl eeve 126 whi ch |s vab rétained wt e service and cont
condui t1(8 mgdelofrcmesatlnermey besesniR@omPlige @ ooypling glesyetibewhigib isqoonablyses a

stem 130 whi.eh i hWtﬂas lc%nacoﬂt?a% it38%, ta.r%r@fé ﬁzé’f eadi al ports
a he éxt e

134 that connect e axi passage W riofr "o em an upper
recept acl e c:bﬁﬁhn@sleﬂveﬂQBmompes&s&nBtEm 1t3IGew!mh intlughessaads! passbga 1I32\aed 15

t acl h 96 d d t
(EEEPSE | it AR e LB B BB 0,
al so conpridas, an up@rmwiaeleW%MﬁbWubcaimec&dsd) thebedXia passage vard 4 Iom/ehe4zpper

t 136 .
hooht T < gBtenate 153 nen e e iR UReD ol bl cRRe A Foale (BT g v v
lpl n 1t46dWhl ;flftom Sed @BMéaﬁ]bly éhdabed. kﬁ@@lerrﬁie(bddﬁﬂlr@‘ﬂf ﬂ%lﬁémﬁﬁs a I

ongi t udi na ou [ cav i s formed e val ve
sl egve 140val §rﬁt56 129@3\'?@?)?'?%8'3’1:@@)(‘@% ”&H"el L@%b@%‘ﬁ%ﬂ%&% And isseplsder

cavity betvaaRintdyea rlﬂ@%ﬁ?ﬂﬂi%q(ebb@r MAlWcrsi §6é{ﬁed m th'é g@oérh@cewéc}ée sl eeve
upwar ds agai nst the to t he pper receptacle he val ve sl eeve 140

al so i ncl ucRelowstheygjyers PQ%@@WW” 1é@|Wht9h|'9r$LtP@°'i@1Un\KPﬁ keensk erchwhicRet ween
the uppgy CR¥ddd¥ IGHudiRg) |tﬁP6ﬁ§h 5%&%&1\3@&48%@1@&@&1 lﬁ’?ﬁw‘llé?ve dédye seat 156

that is forned bet ween t g(ger cavity and t orifice. addition, the
upper cavi t14018md ﬁ&i@@sspan% whlﬁbesopowgn@mindme lower eaéi be?ﬂe@néfael i ng

engagenent wdohb: érﬁﬁhe{ %IV@sl%S\?éatone?e Y vﬁlv%%lfb% USR8 BgdiRG thdh df theSUPPOr t ed

i n the upper cavi
upper receptacle 136 The valve sleeve 140 also includes an upper cavity 152, an

orifice 154 which extends between the upper cavity and the lower cavity 148, and an
25 annular valve seat 156 that is formed between the upper cavity and the orifice. In
addition, the upper cavity 152 houses a valve head 158 which is urged into sealing
engagement with the valve seat 156 by a relief spring 160 that is supported in the
upper cavity by a retainer ring 162.
In order to open the gate valve 10 during normal operation of the override
30  coupling 124, a female coupling (not shown) is coupled to the stem 130 and
pressurized hydraulic fluid is conveyed from the female coupling into the ports 134,
through the axial passage 132 and into the upper cavity 152 of the valve sleeve 140.
This pressure forces the valve sleeve 140 downward against the return spring 150,
but the valve head 158 is prevented from moving downward by the valve pin 146.

35 Instead, the valve head 158 separates from the valve seat 156 and allows the
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In order to open the gate valve 10 during normal operation of the override
30 coupling 124, a female coupling (not shown) is coupled to the stem 130
and predw@pi/zees hydraulic fluid is conveyed fromthe fenBCEUS@UEBIONG i Nnto
the ports 134, through the axial passage 132 and into the upper cavity 152
of the val vieydsautieigid teHlow thfduigh the ediverié4f diheaydrbnhl'& fluil flosvsdhte ehveeloWdnd

downwar d agai ns e return spri.n t va ve h 58 is

prevent ed f?agm ﬁ’l%él:{\?{ u@bﬁ'ﬁ%‘? %Eq]%ee\pgr {%‘ (BPB?‘?W@ a'?:%'”&’r?&? T the val ve
hea;i 158/ Saﬁaé[aéﬁé 188, @fhdrén?wﬁbnce trmaoﬂﬁﬁatﬁ%iﬁ@hﬂ;]m td bgen tBe VENE. 1/h 73255
PCT/ US01/ 09350 aplic id t rou the orifice 154, T
hydraulic fluid "ngﬁ{ﬁé qcmecgt{u @adtP ?18 \5/‘?1'@/3 gg)ve{rmedug# APPBIUAR ARG i n t he
keeper B4 theelermbovtlpliag d24, Wi i 8epicted in FIE%Q’B afldevidsSuchded stabt Wil |
force the piston head 96 downwar d t o open . the valve, In order to open the

gat e val ve Rgieiafahed tagiwaing Banger f%"’\%@@l ipregsnrageinshihgfop o thegleder ri de

coupling 12gg t%u%trie%odﬁlmgcstle%@e'meEbﬂHmrd?B«s a%sm?me%tt%w&tﬁé a stab
plate attached to a tubi ng hanger running tool is pressed ainst the top

of the sterfOUPHTY Hlepvei® wnh@or&@ﬁﬁmq Rigjor head 6 arzbfommrwar hichreiul t, t he

bottom of thgH0HRLA Itée,%{ %.126 Wi ll contact the piston head 96 and force
It downward, Kﬁﬁ?cﬁ W Ig% ereby open the gate valve. 10 Referring again to

Fi gure 1A t he d?@rringleg@oupfﬁgwg 1R thepvefrisie obpling i@k werferally inaudesfa

mechani smt r r tacle
T RS AR 6 WER LR e MR i Bl PABRRRETS0. 70 o
head 96 ancBmdh\dra)pgzd presseretcotildéntgidere withltiveerelOn bfhhmpdtarshemgl %ramerl y. In the

absence of t.h ve eve 140, any

o esour e vi THERY Pibentfie bBLAPRIRBR st genfhy. W i Yifveiay 1%
of f the valin¢hesaater ¢&6ty=5d oa’gpalvalsfe sideee 14@lang bresporenvgthirtifie lolvee pr essur e

w | | co equent.| al l owed to ss t h t orifice 154 d exit the
overri d qr B?‘?tﬂé 9%? W&'Jﬂm?ﬂ%e eaﬂé@g&gghﬁ veaﬁ?ﬂ%%anq E TRy r}beorts 134,
In the errbqénérepﬁng)ma HEnd pressiie wm cohsadpibhtdt rdalioneff it@pdss througef | ow

conpl etion ud a debrlﬁp\r/ggl e 164 i hcf upper branch

0 t 1
54 61 “tho aRiTGP 47 61 EXC 88 CVGTS GRS dEBReR Sespae 152 oL Pe anmal e

bore. Refermipgpdre f34gure 8A, in order to acconmodate the debris valve 164
t he upper branch 54 ideally includes an_ upper. expanS|on 166 and a | ower

expansi on 168. AP He erpbrdirgapof theypyaption Bustraieship FHdsees0.4ne Bew §9MBIRtIohdr i cal

body 174p V\'héyéfém $2 ﬁia'y(ﬂﬂiﬂldé d (%b@ié‘&él% HB4 IRe @B;'Sl#'b\%cﬂ%ﬂlﬁ kR armQILd BBk ar
collar 172 which is Secured in the annulus bore between the upper and

| ower expan#d Grpseveahdehyisdiom erlieating ipHiednnulys bper é%qf%réngt%ﬁg@rg@é\ et ween a

Egg;' dﬂ] | TorkiBGo 3BRthMB IR ife déMis Falv8db2 tne! ppBOErahdPs£itkEadhdudsapm t he

upper expansion 166 and a lower expansion 168. Also, the debris valve 164
comprises a hollow cylindrical body 170 which is slidably received in the annulus

25  bore, an annular collar 172 which is secured in the annulus bore between the upper
and lower expansions, and a spring 174 which is operatively engaged between a
shoulder in the annulus bore and a radial flange 176 extending from the body. In
addition, the body 170 includes a closed top end 178, an open bottom end 180 and a
number of lateral ports 182 which communicate with the interior of the body.

30 When the annulus bore 36 is closed, the spring 174 will urge the body 170 into
the home position, in which the top end 178 is positioned within the collar 172 (Figure
8B). In this position, debris is prevented from passing past the top end and into the
annulus bore. If fluid is allowed to flow up through the annulus bore, the fluid will
force the body 170 into the up position, in which the flange 176 is in contact with the

35  collar 172 and the ports 182 are positioned at least partially in the upper expansion
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addition, the body 170 includes a closed top end 178, an open bottom end
180 and a nunber of lateral ports 182 which comunicate with the interior
of the bowy01/3258\hen t he annul us bore 36 is closed, the speT/Rg§o11083sow | |
urge the body 170 into the home position, in which the top end 178 is

posi ti oned ydd (Bigurd 8. QIQ{HISE‘;BOS%IBB thé 'ﬂﬁHrseallo&@i to ﬂd?/v &ﬁ‘tfﬁod{:}?ﬁhé bmdebris is

prevented from passing past the top end and into annul us bore. If
fluid is al® , O the Bwt%wzt Rireghting H@O%ﬁmﬁnwnb%@ndméhnouw #ewi |1 force

the body 17Qm'uﬂfs%offé‘51fﬂlﬁd gqtﬂﬁéa e&Nn tHPo tﬁ@totpfmfe'aﬁma%g%ﬁé ki Aufl RNt act

with the 35 coll e port are positione ' east partially
in the uppefprceﬂfp@h@,dyow() intQ tW@rm n@t@s, iP@hicisoe flaassys ig becegdriayir e 8A). I n

Con 1 ot ingt B8 spiitt nd oo 188 afehdshiied R il iR talbolm Snd 180,

out the port e upper xpanS|on rough the
annul us bor@<pan$|orn Fm;LdeBé\ floﬁlmedosimmtheﬁiumughllaww tbcﬂpw(p)astthelcrmnul us bore,
the fluid V\é)!

h the
flange 176 1 e Slgm(gf(ﬁ {h?o@%% i}g §Ut§@§f‘&€w§ b@% ggrg P & Higgwgre
posi ti oned tatoubbaﬂammmsmmréy in the | ower expansion (Fi gure 8A). In this
position, the fluid. s allo St.t sion 168, in
P ough i he mor (REERS il HERs D AhoRe SRS oh® 05l A BB S augh  he
a?nuLummorleverﬁeﬁ@vhiémg lrlilikwtécbgdﬁegalyetﬂ) |ashrlivhemstenémdlaﬁmémpfar;a gate val ve
of the presge

ent ch s | ated en rally at 10, is shown
Tnst al | 6d 138 haRaRA ) R TR D R S ShRL R RERTSR He ¢ ubi g
hanger 20 ignresheward 36 ARy & fit @ﬁnch’imméh bﬂémsl’gfénbﬁéhy Raerallyf thfosigh br anch
184 whi ch extends eneral I é&)ateral |y through the tubi nge hanger fromthe

t ubi ng annudubing Manger Bora dhe hing ARREHS 48 NG SLRONRPRAHESE WRIRR t he fi r st
branch to té}&eﬁdéﬁroﬁfthbhﬁstbké%ﬁ%t’hé'ﬁﬂ%f’thé!ﬂ:bﬁ@%hg&”dn kgt bl val ve 10

conprises a gate cavity that extends | ateral rou e wall 24 of
the tuba ngvaz\eﬂwbbporg@mf@sa gaje ety B tha exiends lﬁwéalwm@wgfbt%amﬂi 24@htheThe gate
cavity 62 f ?"a%a I [ cl osed
by a cover 1%@5 thﬁﬁ?br%ﬁlgﬂ "#gnrtrltt')g%b bgatrt%gé‘ﬁ%d?ﬁ%b% Eﬁqng Sanger
usi ng any s eRERING Wdh&e \8@] \a@db@lptr@er(ahb'tdosgﬁbWﬁ)COVGPFn1 8§dhﬁttﬁ igeallyt he

188
Cove L0 I TRRRT B NRRANE iy itk UG ANGGE ik An 2 chfeByone
t he gate vashown)Oln adslitiostbeoten 188 ismptisellyasepdaddo @8 twhing hahgerstithddbl y

di spos ac nch 184 between a pair of seats 192, 194. The
first E%Oat I%%%Inéggp%é{%eral ﬁ)%dit he seats 66 di scussed above. The second seat

194 can be i dentlnuwemlnnchmentfaftmetm\maon déjficted in Fagur@ s, b gate valveFiQgisre 9, it
CE, O SRR A AL SO & iR AB S DTS P LY,
port between a pair of seats 192, 194. The first seat 192 is similar to the seats 66
discussed above. The second seat 194 can be identical to the first seat 192 or, as
25 shown in Figure 9, it can comprise an annular body which is attached to or formed
integrally with the cover 188. In either event, the cover 188 preferably includes a port
196 which aligns with the through bores in the seats 192, 194 to define a flow
passage 198 through the gate valve 10’ which extends between the tubing annulus
28 and the first branch 186.
30 The gate valve 10’ further includes an actuating mechanism to move the gate
68 between a closed position, in which a lateral hole 94 in the gate is offset from the
flow passage 198, to an open position, in which the hole 94 is aligned with the flow
passage, as shown in Figure 9. The actuating mechanism (not shown) is positioned

in a service and control conduit 38 that is oriented generally vertically over the gate
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196 which aligns with the through bores in the seats 192, 194 to define a
fl ow passage 198 through the gate valve 10" which extends between the
t ubi ng amabu®s2s8 and the first branch 186. 30 The gat e PErA80110350f urt her
i ncl udes an actuating nmechanismto nove the gate 68 between a cl osed

posi tion, igs Whia8MHitich, lthﬂatétrt@dtlnﬁﬁié%h&ﬂsmMﬁlﬂ?c&ﬁﬁeﬁsmﬁaﬂﬁfaﬁ?bffhé@ﬁﬂubhfg flow
passage 198, to an og posi t1on, whi ch the hol e 94|sa|?ned wth the

fl ow passdB%Cha&§”§ SWﬁj qhoga:r'%cwe\mé e hegsia O] Vigsorlygisam (#dt shown) is

positioned in a\HelHgH ﬁ&lll%Q@até@WFﬁ re 90I0&HHuld FBuridedtodthat biR&t ed general |y
vertically over the gat 1 WD 017 73255 PCT/ US01/ 09350 68. In addition,

t he act uat i $ogfighrelinngiof Hne gﬂtﬁ ta#va:%rﬁ witbindhersgape of Bhedngsant inveetioac Faat i ng
mechani sy1s ve stem
T03. Al ThoudR by T Yo ARy eaeonaRens Rightindng gl qiind hinddy K8mac, 2o

ot her confthgb@mmtth%e@f Thuafsﬂmaée mltvwoaidentmsenﬁtheﬁnsébrgodpé%anct he present
i nventi on. gi tudinally
into the t rl8¥1lge Eanger frg%ﬁﬁfgg%%Ilﬁg]ﬂ-lehéeéra%é?ﬁ%lﬂ]gb%ﬁhﬁe gate cavity would
i ntersect téxanfple, #te davanehicl BAisad tb clpsedte dperang that/thaigate cavilipmakéson
installing . th ts.in the fir ranch.. tn_thi er which
2 used to b BaBE REng Rl ek Rl B BOGH L a bt Jo5 aRatB; fre A8 om of
the tubitng te&ingauld permindnicatt diractlyudid the fubing ahBius BatHreugh thbevall 24 9f ther anch 10
184 woul d cogﬂmﬁi cate directly with the tubing annulus 28 through the wall

24 of the W nger. Al so, although not depicted in the Figures, other

configurations @fisd, BRhaughwbtidepidied i@ tﬁﬂ’@Flgﬂr%s Caneri dafigeations lbetheighhilos t he
scope of t ergégsent i hvent i exanpl t he jI‘St branch of the

annul us bor PtP W@ﬁ@%@ﬁ@r‘”&’i‘l"ﬁh? SA0RP & e AreseatigNention FOEPREPIS hanger

and communi fatigst Biahbh bftAe Bﬁﬁdlue%br@f:o@lb' @x@ﬁ@bér@éral@%t@réﬂif tHrOghitH tubhgs Pool
that is |ocated above the seals are en'? oyed to seal the tubing
nrg

hanger 1% tn@g?wck@m@%@tewrthtwoﬁl%@émﬂ Hore etiHR dHbtassRoR! il d

extend gengg fchitdl-pBE %%Q@'Wrﬁ’chfdre@ E(Pnlplo?@d fd sfe%t thg%lﬁ’ngj%etf fr tﬁé’ flbirighe
tubi ng hanger to the tub |lngz annul us dition, gate val ve woul d
&

pref er abl y $790}. da thig examnle, teg serend btﬂﬂéhtv@ﬁld@?(telnﬁ@eﬂ%i% neiiusinaly frag | ¢
shoul d_be. aRRSRELGLEBuhIbuLDFoRa, HalPioafe LBAGIAAREL 1 ARk @B, Provi des

an effective and efficient ans f ntro rough the
annul us borgatgealve wheld geaferablyibgdnstaled évogiear be t@moftth@tubﬁmmnggr as being a

robust gnd reli Ehbéh%%xhe%tl pecidt Slrthe SBNE" fth%'d?& {r\@er%h rér%de‘eé‘ﬁd”ay be

oper at ed renot el Y, Se assocl at'e
retrievi ng an efsctivesans ef@merttmaaosnfqrobntfdlhmgdluidlfbw tﬁ@ughtrmajimumhéaoeaﬁﬁjl us bore

i aly i n RTeE SR TS B B 4 FOntE: o RplibEphge oo 1Y
member. Moreover since the gate valve may be operated remotely, the time and
expense associated with running and retrieving wireline plugs to control fluid flow

25  through the annulus bore are eliminated. Furthermore, because the gate valve is
oriented generally axially in the tubing hanger, it occupies a minimum radial cross-
sectional area of the tubing hanger and therefore allows the tubing hanger to
comprise a relatively large production bore and several service and control conduits.

It should be recognized that, while the present invention has been described in

30 relation to the preferred embodiments thereof, those skilled in the art may develop a
wide variation of structural and operational details without departing from 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

35  within the true scope and spirit of the invention.
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sectional area of the tubing hanger and therefore allows the tubing hanger
to conprise a relatively |arge production bore and several service and
control owedurss It should be recognized that, while theP@r@san9s3sonventi on
has been described in 30 relation to the preferred enbodi nents thereof,

t hose skil I\@#af 8 Oldipedld: may develop a w de variation of structural and
operational details wthout departing fromthe principles of the

i nvention. For dxanpleconbieatipgwith@scorpopamithavingjansiongetsd Hody eneé a flgws f er ent
enbodi ment Sp MY DEERITRY Gsérdil IGhRAARY 1f16ioH thb B8k r,@ﬁ@ﬁov@%gés g Therefore,

t he appended clains are To be’construed to cover all equiVa e%ts falling 35
wi t hi n t he ineluding 8 gpeeratidlatepml fifst brghch pennegied e A ganeraliylongivdinalzszead

PCT/ USO0{ O i s: 1. In conbination with a conponent

havi ng ;dn ?%ﬁ%hétg\ye&g%g@vggﬁéﬁqﬁng%q passage extending generally

| ongi t udi nal | y t hr ouglgatehehibloi$ymoveablefdeoerafhalosgitydinalinatrass thg fiest gener al | y

| ateral fir ted.to. ral l. ongi ] e 5
branch, a c %2&@&%@%’?8@%‘%@%@&@%&? 'é’ 'mﬁeﬁ éstéﬂ%@e:da\g&etﬁgg%éral |y

| ongi t udi nabrbgcheandosslosduepdsition in whickathetholecit wifest fram thp éirst pasich;i on i n which a
hole in the gate is aligned wi,th . .th i rst ranch d a closed position in
whi ch the hole is of Pscgﬁdtf'frj\’&m?q ??ge'? srtértouglp m‘?g}??jyﬁfowgtﬁﬁgﬁke’Mi ch extends

t hrought® he body frosciubingratans poditienddiatthengoriain fes modrigtthe gatd fiom & he

condui t forJr~ novi nﬁ %he gq%tag fr.{)m_a first position to a second position;
and r et ur ni TR} RELAR 9@ PRYIYhEYat e from the second position to the
firrst position; whereitirnpigenadnstiremdiinigthe 3otk FRe HebeRORd hositivh t6 @ier esponds
to the open, 15 position of the gate and the other position corresponds to
the closed PINABHBH of the gate; and wherein the conduit extends generally
I 'ongi tudi nal I'y t hr ougetireohoshite firshdioaiR¥ohdiSosiony 3birédpoRBaidhe Bp&ener al |y

aligned with the fl ow passage. 202, The closure nmenber of claim1,
wher ei n'& herasiion f ihggakrsaiikthe etheppesition: cogeppands o tigicdased osiimmeidhed to the
gate and 'qug apgal i ngly engages the conduit; and neans for conveying

hydraulic pressure to a first portion of the conduit 25 which conmuni cates
with the piston. wherein the conduit extends generally Iongitudi_nally through the body;

whereby the actuating means is generally aligned with the flow
passage.
20 2. The closure member of claim 1, wherein the actuating means
comprises:
a piston which is connected to the gate and which sealingly engages
the conduit; and |
means for conveying hydraulic pressure to a first portion of the conduit
25  which communicates with the piston.

3. The closure member of claim 2, wherein the conveying means
comprises a fluid coupling member which is mounted in the conduit and which
includes a flow port extending therethrough.

4, The closure member of claim 3, wherein the coupling member

30 comprises:
a coupling sleeve which is movable relative to the conduit; and
means for retaining the coupling sleeve within the conduit;
wherein the coupling sleeve is movable by an external force to engage

the piston and thereby move the gate from the first position to the second position.
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3. The cl osure nenber of claim2, wherein the conveying neans conprises a
fluid coupling menber which is nounted in the conduit and which includes a
fl ow por wext/znei ng t heret hrough. 4. The cl osure nenber oOPCTNU&INI350 wher ei n
the coupling nmenber 30 conprises: a coupling sleeve which is novabl e

relative to the gondghgicloaiié mémsetof Eigim & SliRdrih BPlch e St 6rige fdveeve
within the conduit; wherein the coupling sleeve is novable by an external

force to en%b@(tertdﬁéhrﬁl‘@ﬂﬂ‘?c%ﬂmgﬁ@eéﬁy move the gate fromthe first
position to the gecongeRRsineiMémberbsciéfh 81kt 2am %ﬁ&§%h§§§§ﬁbne@- TPe

cl osure nenber of claim4, wherein at |east a portion of t | ow por

ext ends t hripdfithcaurbng-gepys fagconirelingthedlow i Bydrpdisunressaemiberugb theciiay m 5,
further Eporrwrhsi ng a valve positioned in the coupling sleeve for
controlling the flow of hydraulic pressure through the flow 5 port. 7. The
cl osure nenber of cl dhecksusgireenaber of plaim &t wherin gheediining oweps i ses a

nmechani cal mrﬁﬁisggarﬁ?e%ﬂﬁnicé'biagﬁg rﬁéé?%yre menber of claim?2, wherein the
S C

returni ng nea onpri ses mean or conveyi ng hydraulic pressure to a
second portion d thdheaclduietmerhidendclaim 2 svissgiatie retlrhingmeghe first portion
of the conduj th tston. 9. A closure nmenber for use ip, a tubing
nanger whi oty SEs b BRRIoR bPVeymo BB ES I Brrecari RORER oF 8 cbril

el ongatsd bwhiyh sesepagteaifranm thel fust pbdioe of ihetconduitigntts pgmmer al |y axial |y

t her et hrough, the an ullus borebcopgri S rrég a gﬁneral lh{;g'l ateral first branch
connected to a gener & FSFUSINGMPERIOHIRE 1BAIHIAG Nepger wihigh i sUspeRtRd in a1 5

conpri si ng: tuBing@peol whd Ahichopyvieedreelomittsdbddy Haxinglahyanadiueseretthat fir st
branch between, an orpﬁn poFiti on in V\@i ch @ hole in the gate iﬁ al i gned
with the fi?dgndsoeneRly axalyinerpHughsherPnYHs PorewRMerspga 9rpsaly s of f set
fromthe figgtallifstBiGgRch sorfRoditd a\YBhsrBilyexdf BESordanaichl ihe cosurl h¥mbér ough
the body fromthe 20 gate; actuating neans positioned in the conduit for

novi ng tthe YAIRSISTom a~ first position to a second position; and returning

means for noving theg E&wlﬁi&ﬁ’fé‘rﬁé\%aﬁl’é?%ﬂéraﬂ?éiiéliy%rds@ tiid st Hrifcht  posi ti on;

25 wherein one of the Tirst and second positions corresponds to the open

between an open position in which a hole in the gate is aligned with the first branch
and a closed position in which the hole is offset from the first branch;
a conduit which extends generally axially through the body from the

20 gate;

actuating means positioned in the conduit for moving the gate from a
first position to a second position; and

returning means for moving the gate from the second position to the
first position;

25 wherein one of the first and second positions corresponds to the open
position of the gate and the other position corresponds to the closed position of the
gate.

10.  The closure member of claim 9, wherein the actuating means
comprises:

30 a piston which is connected to the gate and which sealingly engages
the conduit; and

means for conveying hydraulic pressure to a first portion of the conduit
which communicates with the piston.
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position of the gate and the other position corresponds to the cl osed
position of the gate. 10. The closure nenber of claim9, wherein the

act uat i ngvoeamR2ss conpri ses: 30 a piston which is connect eBCT/@S®3%at e and
whi ch sealingly engages the conduit; and neans for conveying hydraulic

pressure to a fifst nﬂéuo@n»eqﬁem&df@@wm whekdis theC@RURYMFRbSS Wi th the
pi ston. 14 WO 01/ 73255 PCT/US01/09350 11. The cl osure ‘nénber of claim 10,

wher ei n t heCERAIPES A ALIdFRHANIdRRFpPer yéuchds moypigd dbilipicradpitansbmiichwhi ch i s

mount ed i n hABJSONE bo@@ﬁeﬁﬁ%&fﬁerétmﬁb#ﬂies a flow port extending
t her et hrough. 12. The cl osure Trenb claim11l, wherein the coupling

menber 5 conpril@es: The cloayrimemisgraéolainmhi otherein thevasuplingraeraberve to t he
condui t ;5 anghm s for retaining the coupling sleeve within the conduit;
wherein the coupling sleeve is novable by an external force to engage t he
pi ston and thereby neweuplg steeve whichris mhwatfle rmtivwsmeicomduﬁoamme second

position. 10 13. Thﬁ"le% Qextgtﬁ'g[sﬁg?ﬁé c&j&ﬁg{ ﬁééoe]v%thll 8LdLiRt | east a

portion of the flow por I ng s#’eeve 14. The
cl osure nmenber of cl whme]ﬁthefcuumlhngrsle@merpsrms\:ab@l:zyamémnaldsmtaltmeyhgel n the

coupling sl fo |1ing th | ow of h drau ressure. through t he
flow port. tﬁ%é%ﬁ? J"F(‘*ﬁe@f’gglﬁ’kf%gﬁe‘%?g%fm%%ecﬁraﬁ STB" %ﬁ%ggﬁ{‘ 993' PRt ur ni ng
means 1onpri sesi3a nﬁ'hhatmsaralmé)hlaaidﬂglaimeammhei@n afllbast @l postivheof thenflosr  of
claim 10, wherein the rq}@rn n ns conprises means for conveying

hydraul i ¢ o s dyoudty e sy 8 G€Y%H of the conduit which is separated

fromthe first parti Gﬁe@fosﬂr’@&n@ﬁb‘é}wfblahyw higrtreir 8braprisirtPa dalve gouitighe@sur e
menber of cl rein the t mprises first and second

annul ar seafpg‘ep%f’{"?%ﬁ%‘ﬂ’ QE?HQEHF @glﬂe %Yﬂia"ﬂlﬁé’r?ﬁi‘!dfeﬁamé’%gle% t he
closure menggy further corrprises a gate cavity in which the gate is at
| east partially positioned and which extends into the body from between

the firSt and sé®ond T8esglosureraemprrctrlaingi @ dgrein tietBiUMiR@edat e cavity is
cont ai ned byophdiRes b hidchaReal bRRFQMeARal S-

16.  The closure member of claim 10, wherein the returning means
comprises means for conveying hydraulic pressure to a second portion of the conduit
which is separated from the first portion of the conduit by the piston.

20 17.  The closure member of claim 9, wherein the tubing hanger comprises
first and second annular seals positioned between the body and the tubing spool and
the closure member further comprises:

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;

25 wherein pressure within the gate cavity is contained by the first and
second seals.

18.  In combination with a flow completion system which comprises a
component having an elongated body and a flow passage extending generally
longitudinally through the body, the flow passage including a generally lateral first

30  branch connected to a generally longitudinal second branch, a closure member
comprising:

a gate which is moveable generally longitudinally across the first
branch between an open position in which a hole in the gate is aligned with the first
branch and a closed position in which the hole is offset from the first branch;

35 a conduit which extends through the body from the gate;

15



18. In conbination with a flow conpletion system which conprises a
conponent having an el ongated body and a fl ow passage extendi ng generally
| ongi t udiw@bi/9326%r ough t he body, the fl ow passage i ncl udi rgr/@Sgessoal |y

| ateral first 30 branch connected to a generally |ongitudinal second

branch, a cl osure negab@atingREENS FosfiBhedin @ Condlit ft mMovindaNe ahksroaeaer al Iy
longitudinally across the first branch between an open position in which a

hol e in thdTEfRO8TPR 10A $R98E PRFHPN:@A® first branch and a closed position in

whi ch the hole is of feghinbrsBrkihgr vl hDGaRGHm B8 Bosilidonubireh ext ends
t hrough the body fromthe gate; 15 01773255 PCT/ US01/ 09350 actuati ng

means posi tireiRogitioH t he conduit for nmoving the gate froma first position

to a seepnd positionynapsh 6&d éfrtﬁﬂﬁ}gtama%éo@ﬁosﬁﬁﬁg E&réé@?nﬁf&hé bR t he

second position to the first position; erein one e first and
second posiRasitien ot hegetpatdbe pier pesitippeaerreprnsids tathe sloset pogjéaneofdmal t he
ot her posi tda(Pél Sgrresponds to the closed position of the gate; and wherein
t he condui teXtends generally longitudinally through the body; whereby the
actuating neans is gwhered thg cahdujrextends ghnerbley 16hgidibaliythesghéhe H@ly; The fl ow

b1 ston whi ch i s connSPRIVYE ssita sk i o st e iR ges the
condui t10 anghstégereans for conveying hydraulic pressure to a first portion
R A Rt T TR e
menber whi cdongisemunted in the conduit and which includes a flow port
extending therethr Ougr;])istc?nowﬁ'lgh is connected to the gate and which sealingly engages
the conduit; and
15 means for conveying hydraulic pressure to a first portion of the conduit
which communicates with the piston.
20.  The flow completion system of claim 19, wherein the conveying means
comprises a fluid coupling member which is mounted in the conduit and which
includes a flow port extending therethrough.

20
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