WO 01/ 73255 PCT/ US01/ 09350 Internal Gate Valve for Flow Conpl etion 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%n:eL: 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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WO 01/ 73255 PCT/ US01/ 09350 special trip froma surface vessel. Mreover,
al t hough several versions of renpotely operable valves for controlling flow
t hrough ™Weoamed us bore have been patented, these val veBCHaEB& /(9350 t he
nost part been inpractical to inplenent due to the limted radial cross

sectional agpeaial fiptrosa svrticeabbsel.i Motddeert ditiongh bergavefsiunsiedmotalves. 5
Therefore, a need ' e telé r(%geral?le val ve which can reliably

xists for a
control the®RE gzpﬂququmorﬁrﬁplagl PV ey aARHIus PR haye besn RaseRiethent but
whi ch  occupessvavas HavB Nttt pafieen irfreticanalimplefrnodud ens phrenent .
Summary of tg,e | nvention In accqordance with the present invention, these
and ot her dPSRLHYARR SRpeN3! grearipatig,avalablgin thetu FGEF 5 RECTNANGBovi di ng a

cl osure grenber fierdforeOAREEEELIsE Y aEmafRly SepabiEY A RREN camfblidory | ow passage
extendi ng general ly | OntilltUdl nal I%{v\} hrough the body, the flow passage

i ncl udi ng a*AERKRANPY of Bifidinspuania faw enmpletioncypiRBLIPONENEbUt YBiskral |y
| ongl { udi NBdooBBEEBINIANAMG fadial BB8s6 SQAAA R R Re EiRINALS @ gate which ' I

moveabl e general ly |ongitudinally across ranch between an open
posi tion 155WmMmani eftheslnkentioni n the gate is aligned with the first branch

and a cl osed posjt} | [ : A T O | branch, a
conduit whic hpej?g%%détrﬁs (%l\@ Hﬁ%‘ﬂ%@@%@ﬁ)ﬁﬁw@Hq%%%%ﬁ%g{h%?ﬁ?g%&\%@fdggg ang
mechani ¥n pbs iptiprarbareiovetchmedypdaviding a cloaweinmgmbbdrdor ayetrapdneoihaving arl osed

position to i 1d . l.ashng. ' r noving
the gate f r%én*%‘%%o%%g %%gc?sf!ot%ans @?@e ?ﬁ%@&%@% hglgé%ft%ﬁﬁg]m@@hnﬁq? he condui t
20 ext ends hymlyethalflbw passapetinclidiag & getdraltylgterd first iradgh cdnmeeatepiteed er r ed

enmbodi nrent of the, invention the actuati nechani sm co. i ses a.piston
ohion o conelatS lonoidiR SEEn a ' R R Su AR o Re e SRS L
andd means fie hrndweaMe)g:engaﬂWIdn@wEinelrI]y Presshe &rsf,l_ krj]raﬁcl‘f !bétwtaerpaﬂg bb@rﬂp@fntioﬁhe )
condui t i.ch communi cates wi.th t t on. us, it e seen that the
conmponeht s 'Bf"’WCI%ea %@%gﬂﬁ‘égﬁ@ﬁ%‘w“ﬁﬁrﬂ@hw@br ?‘te}%’ ag‘g‘?%dé’roé' 9" Ngned
general I'y |\gtieth thedionsik loffsételont th @rst BrahBi® 208wt Which Bk&ndhRRigh thdie  cl osure
nmenber occupies a mni mum anpunt of the lateral cross sectional area of

t he conponetfRdYdORpRESALS: gn griugindrechanisaLpesitiora® &y tae condulder mo\ing thei nce

hydraulic qitefsmitRe bidsatbshiton (GHeltpbh Pbélﬁ—'org@h@a el ARy RcHEREer May Dbe
operated renotely. In one enbodi nent of the present invention, the closure

nmember is J8RHOYRY thrpaty fromdle prernmpasiiiBn iRythelased Pofiiiem whereinibpsaadtt i n a
tubi ng FpoakeHid JaRblly RAGRIIRAY threlhGhOBERL G a DAY R hBEIRBNES Y uS bore
t hat extends general ly axiall t her'et hrough, the annulus bore conprising a
general | y linyestign tie aoiatipg areshanion sempases a pistan yédicbriaconnesied 4o theeaeind
genorai 1y ol Yeathdf cfipdRiifs SR nk R Yoot A S i Cion im
whi ch a holpressure ieea fiyat poriion ciltheyermduihivhieh chmnfunicateslyvithribé pision. a cl osed 2
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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WO 01/ 73255 PCT/ US01/ 09350 position in which the hole is offset fromthe
first branch, a conduit which extends generally axially through the body
from t he vy@o®7328n actuati ng nechani smpositioned in the BONISI09BIr nOVi ng
the gate fromthe closed position to the open position, and return biasing
mechani sm rmj“sitiﬂsn‘ih \;vbichlﬂ? g B gﬁéaﬁﬁotmmaﬁ?b(an@ls,id{tmﬂuft Wﬂich@;x’@h%_ed 5
position. In a preferr emrho t of t i nvention, the actuatin

nmechani sm %ﬁffﬁy?é@ﬁya%b‘?%[{gw b\‘%ﬁ'rc}f?"? e@@f?m@'af"%tlia g PREIFEPFHINGHI ch

seal i ngly engapgemduitfor nkRindithé gate MdnRa BRséPPosiibAME e thehydEiaoh, ispdpr essur e
to a first ort'b,on_ of tue conduit . which co nicates wth the piston.

Fur t her nor _,etbt”h iasing MRFhARAGLPT Medad ihe gét?rffﬂ”i‘. OPEN PEBitiote taREIBFRA annul ar
seal s pasi tpdanRe. s pRESrddEnBRieBfthkifehiith, e ackitifgaflchadid the closure

menber further conprises a gate cavity in which the galie is at |east

partial |y psTRrisena@isiuvhipn Breoanedsdis thagaie end whishysepingh egegreiet he fir st
and Secondco?lﬁﬂilt,%nd‘f‘ﬁ@ing'f?} d3h rfydwi@yéséd}s IOBTRY BN U the corRi! ned by
s. There that the ¢

the first and second seals ref'ore It nay be see i osure
menber of twWeiChees@nnicales athithampistes. pathermere; theviuking baeger ideellt ubi ng hanger
annul us bor : I ; i ik hout the
ioe ot wi rerogr IEenEbnd bl <of el nobfi i DAL e
mechani ¥ aspeob ane theetbayenmeaibey fugkéradomprisgs dgate tchatytio ihiny thegajeis att he

cl osure ne | ES: .0l radial.cr - ' | _ar e tubing
hanger. 20 I %‘ gﬁ%%b@@@? 818@?% seg%ha%a' \goatﬁggagzﬁ%'b%{aﬁhéeegr@é:@r%{arlwr:venti on
w || be madeecoagpeals nthefein prasharefvothinding pate datityiis echtaiasd by thicifiost ane t h
reference to the acconmpanying draw ngs. In the drawi ngs, the sane
reference n?f’r?B@‘?? e used to denote sinilar conponents in the various

Iemoopli ment Si Br iTerdieredi hapy ?@ﬁee}fthét]ttbe Blosure ngal‘mtié'ﬁofihgtpmeht ingergion
ongi tu nal cross-sectional .view o an X ar , CO etlon system
whi ch cBnpr et T TG DRI ndre AT ESERTe BlrbuniabbConpligh e o 5

| ongi t udi nalenteIBBatRAGIHIThBOEthe MBSV Wifelife PIOBS.| PuttRImbleesihedihe@akadtaats

conponent shown in thu_re 1 taken through the tubin h,anﬁer annul us bore
and the gaRQUa}RE Mechapspase Paenied senerllk sKiglyuithin Hieghiing hapger, the

cross-sect i @bsire MefeP bedupfsGahRintidh YRlial SRR¥BetdNE H84 6f tRe toigure 4 is a
radi al cross-sectional view of a portion of the tubing hanger = conponent

and the ga_t'éar\gﬁT-ve shown in Figure 1; Figure 5 is a |ongitudinal
cross- sget | onal tHieeulaRh oltPolaits o ovifitiges Pne RRRRARRICHIBH wif s Made val ve

of the present invention;
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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WO 01/ 73255 PCT/ US01/ 09350 Figure 6 is a |longitudinal cross-sectional view
of a portion of the tubing hanger conponent shown in Figure 1 taken

t hrough e ot/td2sfhig hanger annul us bore and anot her enbodP@®EEB0IGM3the gat e
val ve of the present invention; Figure 7A is a longitudinal cross-sectional
vi ew of the mal eHgnreb‘l‘lé d&)ngmtﬁﬂabroesﬁ sedliohdleiegadien porioreofdepiubing thahgerFi gure 6

shown in its nor node 0 IS a t udi nal

cr oss- sect | RO NCH "EE \%fé @F(?nggéﬁ%ﬁ)’gﬁpgﬁng?ra”f‘H'@ bﬁ'ﬁe@r\?al ve
depi ct ec81 IrladatlﬁilulémbGdiﬁ’gBBMthhélgétbS/aWB@ﬂmb pﬂ?ﬂéhﬂhd@ntl?ﬁde of Opler at Ib on;
Figure 8Ais a in sectignal view of t annul us bore
pr ot ect or corrpcfor‘%ﬁ?Eg &ng@qoq??proa%,s%cngn@p{mo ithe Mes QysrislsseLpiIBrof 10
Fi gure 8B ithe galeqRBlietdedicha in CIgRESE SRS |ﬁrt§hor\r‘1h£‘v%dé{bo‘fb§erafﬁw| us bore
pr ot ect or corrponent depicted in Figure 6 shown in its hone position;

Figure 8Ais a |l dﬁ\*ﬁ? fBdt ﬁﬁlng@l‘%f’@é%‘ﬁ?‘a'ﬁﬁ@' Vigveql te ”laf?é)Vﬁﬁfﬂ?ICGEP'Bb?fe

prot ect or tﬁ@@ﬁfé%ﬂk I&téatlﬁﬁ éiuﬂa & EIEHHrEIn fis SRANA dv@rrldb?néﬁé%ol@é’r%héﬁ on; and

Figure 9 is a partial fongitu cross-sectional view of another

enbodi ment of  Figuse §Atea M'%§@ﬁ%ﬁ9¢t'@ﬂaltvw ¢fitiees arulysrase pioggetorDet ai | ed

Descri pti Oncdﬁﬁrpdn@ﬁtdaerﬁﬁﬁ&flﬁ%lmgﬁé\mﬂtlé “pﬁ"gﬁ?ﬁ he gate val ve assenbly of
ve

t he present ntion nmay be used to con _ Iowthroughavarlety of
f1 ow cotpl et i on Figwe éB]l%@lﬁm@MnaéCross-Sthbhalb’@VU@‘ém amwdus bose peotector i n

connection Htech Fgﬁﬁg ofelye exemplary flow 20
conpl etion sysébe%n @Mérdﬁﬁn §f§h ur ecﬂ%(%];nef)iJ @er]red enbodi nent of the
gate val ve 10 i FighetA lsalm‘gmldumﬂcnoas-aentlenairvmv\amfyhé armwiwsdgpe protemtorsy st em

12. As expl aine |IC nt endl g U S. Patent

Application O%F%%%eih?é%ge%g Vﬂ'ﬁ'a?f]d%’wn\WF' |a§Hher eby i ncorporated

her ei n by r ef er diiguee Stidie péitiaMomgitogihaitorass-seyidrahvidw oPanaticsranibednent oel | head

housi n near the ugrﬂ of a well bore (not shown), a
e

t ubi ng ooz’? gatg va‘y?@ﬁsqrglﬁygﬁﬁ%g{eéantd@v&n wel | head housing 14 and which

i ncl udes a peaillgEbedeaptionldd thd Rrefemeti Enslsodanerdad | y t her et hrough, and a tubi ng
hanger 20 which 'Eneztggporteg(gl n the c traI baore 18 and which includes a

general ly annul gateya \ﬁsﬁ@d"‘%{)ﬁo ?@Feseeft'@man B PRSP 10 CaRlP) 24,
The tubi ng fanBRjugh@ dRe§WPReW b@n?utet.drﬁ@@ieno(ftﬁnédaﬁh@gn filNiatbséfbeahi ch

extends into the well bore and ines a tubing annulus 28 surrounding the
tubi ng st rifRgeafier ingeanestion wihrke whing mgngi%rrﬁsmpoz@\t of Ak pxRBRIaY leWncent ri ¢
productdmn Qprfetdf spite conmuni cates with the tubing string 26, a |lateral
producti on pass Rgevva 32_whi ch extends between the production bore 30 and
a production outfelerinatq Fgymd, a8 gmferpdenaeadiment ofhegatriyaie HHissh@® whi ch 35
ext ends geqﬁétéﬁédyn%ﬁ'e%ﬁwkflaﬁﬁfomﬁlaﬁntsyﬁérﬂglZa%%&%n%% A8 gy RPr i on of

the central
apphcants 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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WO 01/ 73255 PCT/ US01/ 09350 bore 18 | ocated above the tubing hanger, and a
nunber of service and control conduits 38 which extend generally axially
t hrough ™Weot/td2sfhg hanger. The flow conpletion system mapCRUS@/©830pr i Se

one or nore valves 40 for controlling flow through the production outl et
34, and a cmenellcrcawdiaﬂ;gee#%tuﬁmng bamee@nﬂw\mﬂit%raﬂwwdéaﬁd baitel 36 and the

servi ce and c ond or.res xtern service and
control |in& k"&ﬁ):?g Vé’ﬁ'BUvﬁﬁ( en eqeﬁ yqu &Bﬂiﬂggg‘? M%&?P@?ﬁ %l@e(jlewl cted in
Fi gure 1, tdfwnpnetmnrggstbmmw alg® corppradeatnaldr ynoré s4lvés Ul fadlesntionihg figh t he

i ndustry re uired fir and second barriers . between the well bore and the
envi r onment® ro[ug[]g'neeprp P PH t%zea'}ﬁje?e‘if’“ﬁre‘s@ dge 4 Fo cennesting hednpliug eal i ng

tree cafp Tlftﬁet%B%ﬁéi tHePeei€s andedmtreMdoraditsds \ﬁitﬁédn%fsﬂé!ﬂd'rﬁj &REEIRWePl ug 44
that is disposed in the production bore 30 above the production passageway

32, and a @rierﬁmraH'ﬁ@?éﬂOtS?ﬁV\éT)er ably netal seal 46 which i s positioned
bet ween t he tub'w&eﬁawwp;&@nég&ehw&ééméagnm%1 Hhe ﬂ@ﬂl ahgérﬁoductlon

passageway. Simlarly, sec barrier rovi cond wireline
crown plug referaiit alpa inglodes beth ofthelindusty ogiiedtrsiandssecen bara@@ve the first

crown plug Z*e‘%weé‘r{"fﬂe eﬁ%ﬁﬁéﬂgﬁoatﬂﬁ%\ﬁfonn%@?fﬂﬁ%aemw hati {hﬁlneﬁg%r s%fgﬂlt%h s

posi tioned et ween t et anger Sp 00l? above the
first sHal messureusgailogrtrdanare Wetﬁrsttbwlqmnmewded hweﬁltstwmelmmaOWmuiJgg hanger

20 also i nciégﬂgtsishgﬁ?&g#ig é@mjngn B&% 30I E{BOLQ@ %@%‘Pe Eresrﬁ%ée\k%g& nvention

depicted in Figure al SO "a 'secon 'such as a
sting 20 opaw a:ﬁretannwwr,\mefefabiy metatseal 48 which ISLpasiltlbheﬂ/\betWeemlme tutbieg annul us

bore 36. Referri ur e t he e valve 10 is n that

S obet ont i oy gcet Aadnt B Sachl 1o hovelie SRR PESatRyal SRIBHT. A et i
the body 223em,bnc}i :J@meublprtgndehmg&rec&? wiréhgédﬁbvtn glog 48 t‘r@t gah@unml inehelO i s
oriente ener,a the t.ubln an O to OoCccupy a
o et aal pE B el st g 4R oS he Al piaral <1
order to nombtal sM60 WhitheOpasiidALE bétMesn Vrférttjblﬁ@havﬁgdrﬁofaab ttubihg lspeolgat e

val ve 10, the ,ann bor e 36 preferably includes a | ateral branch which is
connect ed a%PVP:é??gﬁsrﬁﬁﬁah‘éﬁ B egrRrfanceithithe Prpsert inventien. ithe yhi8Bosed acr oss

the |ateral hé?fgéﬂ%‘als&ﬁfcludéé‘@ﬁ@afb vdl\Ra 10ncE HAAE MBIt bffe If¥Ridni ON
depicted in I;ggures - the annulus bore 36 is shown to conprise an

upper branc¥ e@muF&vr@it@ﬁ@@b@@a@aﬁ@gpnaﬂ%uwﬂ@mb@rr%aw aestigdy 22 to
the toppf § M&H&Mv@%?%ﬁtr@l@vgﬂ%nd‘f%%ﬁrdﬁ r@@lu\éﬁwowse extends generally

axial ly through the body t he "bott om of hanger, and an
i nternedi ate br ﬁﬂfwrlastwmgmsam%ﬁm%n@vmwunwttl@nrathayswtan@@uyallhe upper

the i nt er et SeE - 2pon eanBients &Rl Rl IR oo o B 22  and
t hen seal edhdngea2pl lngddomdbheate Galve 0 isnyriepteldegensiaily akialy vmlﬁrmnttme tibing
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.



WO 01/ 73255 PCT/ US01/ 09350 In the enbodi nent of the invention depicted in
Figures 2 - 5, the gate valve 10 is shown to conprise a generally

rect angulve® oganes cavity 62 whi ch extends generally | at ereCTASe9siogh t he
outer wall 24 of the tubing hanger 20 and intersects the internedi ate
branch 58. | n additd embodinentifitiednvendat dgmiciedin Mgurex R ers]itegydie Valvnsyer sel y
into the body, 22 |s preferabl orm Chl rsectign of the gate
cavity 62 W%HOW'P\ -cﬁqupﬁ@(ﬂegéglweg%@ﬁuggg ?ﬁ@v'é}ﬁé’vw Qfge%%ngr@ onpri ses
two ri gg snbmmﬁtmea@*lsth%uteea@nzmbfmgmgimg ﬁar@@ﬁz(b a@@mrs%té@théegt pocket 64,
a gate is sli I, sposed between the seats and an
actuating rf%ﬁ‘i‘@tﬁ\b?@mﬂ% irl)'l ?@fv%@'i‘?f“i‘}ﬂ%rcfe% g4 afteidiich a service and
contr ol 5:omebnswer§&yﬁd1@the@6d9mss préfér&%n@ﬁﬁécﬂ Mt e%hmtérxe&mrofméega@@t e cavity

62. Referring, s ecifically ure each seat 66 is preferably a

floating segvity WGW%H‘&FW%‘@%"%’WWB@@ fThe gatevaiveal0 aspeaieisenivqat e 68, a
rear face 7dhoDgH ?éﬁ%@at&@@ eéoh%mwh&;ﬁ%eposﬁioa@dﬂfﬁr@ééayﬂeaféetMrag%ﬁé eguter wal |

76, and a coaxi a hrough bore 78 aligns wt he I'nt’er medi ate branch

58. The out\@lalclv\élahdatéy@igmaedluepvvez@@rﬂms@%%fS@rang!@n@@tL@tl@medhw é rim 80
adj acent tgﬁr’]éﬁ %giosﬁléﬁéd {ug;g gﬂﬁ% @grv%'e%ﬂﬂtc%trd?gﬁﬁduﬁ’cr%qaa ﬁ%@&e”t the

rear face shou | ocated between the rim r educed
di anmet et0 pogeriemlly akiallnoldir thecgate eaviigloRevi | | e washer 86 or similar neans is

positioned bet ween I to urge
the seat 66 agal nesringﬁ%écrﬁcg @@%%ﬁg éﬁhgﬁ%{ éagsrsea%g%é%'\ééﬁr}éqn&ag a spring
ener gi zed, \hiels sampris28 afméfase f7R dht engaageghhe taie 681 3 mwar faeal74 opposiiedippsed
222?“‘302?3&%13*%%%8'@@%‘%‘" VRiol el b iR o PR 7B et phanced by
pressur e i nalighewiiatie inevrhédiate Drareh$8a Thp@aer wall fg oplimallyahipgsés 4rl ural ity of
radi al | es ext endi n t‘he t hr ou ace en the | and the
shoul de{bo84eql%'gﬁ‘ia'ﬁ i %@%‘feng%gaé% {%C‘?Jgé’lqr gH%fa}f\fe gter 99—,”"?'?)§f he seat.
25 Al so, tfmjé@afthéa@afadb 74 apd @fsababéoem_@w@étﬁsbwv@eﬁ PleMnfakd theul ar seal i ng
lip 92 to prqovide, an additional, seal e({lg{/iﬁ%one nmetalljic, between the seat

66 and t he Sa4gedliapeter portion. iR addiion, 2 B WRShE" S$hor8iMlan@easHe to nove

the gate G%daﬂbne@ae@eéﬁkm;mse@n@%Wém,thé thé\’@é\ﬁ GQt gj&ﬁ@éé&%m e 94 in
t he gatels :{gne with the internediate branch a val ve cl osed

posi tion, e 968 gnd ag annulapseat 88, sugnag ﬁéﬁﬁ"’i%@‘qrgﬁf%’r RER$S@ee branch
(as shoyn . lﬂteﬁblﬁéﬁ ﬁﬁa@ht%ﬁﬁé t?be sédl .@d.@ﬁ@sfeararr&ﬁdq@%e@@&.a%tér bsribRvention,

the actuating nmechani sm 70 conpri'ses a piston whi ¢ supports a
Do

pi ston seal8 S@thet\@e@h@%e@wdél@e w@ @oghﬂﬂ% oﬁlﬂe aﬁal 86 mreteram
| d
el ongat e pé@h%la Jo2b 1488 gﬁqﬂ%@%d mipg%é[]%% B dﬁe gélﬁtg%ﬁt ek %ﬁacbpr% c?t on

head 96, a val ve st I's att tween t end of
t he pi st on hayihgieopuRbty af thdigh boles pxtending theriltrou@smay be placadpeiwegnthea T- sl ot

connection é]e%f'andbﬂhﬁ(%ho@dérlg4tt8%a‘?ntgln 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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WO 01/ 73255 PCT/ US01/ 09350 stem packing 106 is positioned between the val ve
stem 102 and the service and control conduit 38 to seal the gate cavity 62
fromthewoot/7aass of the service and control conduit | ocaPetuatiangasot he
packi ng. The packing is ideally held in place by a gland nut 108 that is

secured to 6@ pté@ﬂb{%%G pro%fﬂénéd%t\ﬂgemﬁé%lﬂ/egf%np’.}’oféﬂdtﬁélsérv%%ﬂé 5 such as
a retainer screw 11 he actuating nmechani sm 70 preferably also includes

a return bi¥irRraRdeihaiosseal tridate qawity %fr@ﬁtﬂ%ﬁj@%&qﬁ ofdipe geyuice ANG pRNIGh
iITustrat edcdn'awt ’5’0%5 %50\% tﬁ@%ag‘mﬁ@) M p%%ﬁlné léTlﬁééllngemh %'C?B B%}Iemaans 112,

such as a stack levi | washers, erative gaged between
t he piston méé@Bg“@tm@cunqad to@ezmdyaapfth@@blnmhan@eb%bﬁﬁw@bammn%f t he

present g nvgpji 8%brefah%rgareﬁ/ 6101?\’"1'5 8ﬁa§e nect nistH prreré‘?aﬁfg%%é'l%lugé%t gﬁ q

t ubi ng hanger etween t |rs annul ar sea
consequent | gretwnipiasing rogahaniso, whwhumthehambmdimermdfthhatvents)npﬂlstraiedﬁmd bet ween

t he seal s. plate 116
which is pgregaea%ace%%ﬁsgé%y %ﬂé%ﬂa%fnﬁ@?%n?%lg s‘t%lﬁﬁgg I%gscopi cally
recei ved ovBellet/lhewlasﬂmrsn,ghéﬁs dmangtezely%@ngag'éwquwemthe@lsmn Hmani Qemndghée cavity
62 is prefer ab%%uﬁﬁﬁt ained by the first and second seals 46, 50 and the
stem packl erefore, no need exists for a separate seal or seals

bet weem@ he coveén opd sinbodiffentolfdhé presaidhyeriior, meogmé eév‘tyﬁhextepdsemtwr e Wi thin

o oat e bl 22 ot B hangs SLER Rt n e s et s e Ao ¢ e

cover 20 p|50@1cﬂdcﬁus@cﬁudn|ﬂ fdiﬂn@%ﬁ%péﬂlﬁg1ﬂ43|nCtﬁélWéIIB4tHé@|smo€ﬁ§|héo%éMvééH n the
gate cavity, 62, eci a 311 when t he opening 114 is not | ocated bet ween t he

seal s 46, 50€ Sﬁﬂsa&i PRI 14n'§f>e%ma'b(qusﬁ€bxé\pr'ﬁpa\feépﬂ%ﬂ BeVRigh Set ai ned
by the sl eeysy ﬂq]fﬁacetﬁiﬁb éynﬁml §644et 188hatH t%lé@&i%lly\’réc’énvé@@vérhﬁe &@KQr plate

sinply bolted onto th n whi ch event seal are preferably provided

bet ween!& hehangeee0. plha ré"eawﬂé wHain ttﬁﬁtgatcz pavity 6Rdg %fﬁf@f@bhécwlm%@é@? drshi t hi n
the gate cayiddecBrd séePs E@%O@n@%@é’téﬁ@a@ﬂﬁ&@é ﬁEé’rFf%Fé f8 n@%d 191 sffdrgxw

conpl etion system 12 gate valv I's norna ose

posi tion. \¥eparate s¢al Od%%als efween tﬁpmverrmataﬁm@an@theﬁmé 22@ ccmt@n esure

suf ficient e f i neans
112 and the’g@r ﬁvgﬁﬂg?é@ |6gugiolth;r%§/%$y1% erésé?-:@ 'ﬁ?ﬁﬁ%&%@ végsstlll is 30
i nt roduced @netm.r nedre sEeY waisaccmlrblbe:mmdecu betwrduite B8y 2Band eith@r the saven head

96. Thi Sti%sll‘l%%r YMel éleévgrﬁg tBQSP nsthcg Ere@&?rg V\?tﬁlnq%vgg@ ggw t hus nove t he

gate 68 1nt position osrtion e tubing
annul us 28 espeallallymm 1he opkwing fi tdimnot Imeatbdhehwebndiméea%d,(s 60r buaghitiohe

e o e 8 B T R B, 1y RGS
PCT/ USO / O%ﬁénsed 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.



As shown in Figure 2, a male coupling 120 of a conventional hydraulic
coupler may be installed in the top of the service and control conduit 38
to facil iwabe73sdnnecti ng a source of high pressure hydraRCT/ESO9B to t he
service and control conduit. The nmale coupling 120 is engaged by a
corresponding f eﬁrsaéhewnmmsigmegz @mdle Boudliogn 20 oﬂd{lbmenmnablwdmuiaba@blerf or

| t ool t brid 42 d
which in v ey be Mot BB e IR S2Rpescain BhubitPeaSE & ediRbespond ng.
exfj er nal sledonhe(ﬁlngladsoumetofhlghlplré?ure%y*dﬁunaﬂmd f&i t|Y1e s]‘;eh&:etahﬂtoagtrdlhe service
and contro nclude a se rofile for a
carried on "E%‘gu'??hlﬁ fmgle ﬁ@' 1@:@%?’?96‘%@131’ g&P”??P@”g'Bﬂtf?rB‘?l@ CB‘HF?"B%Z”CEnd whi ch

inturngs smwnmtfmh rhay bé moliRtel! BF&HNDIS M4 EBing HiRgeRuANMGtdteorkiRe MY al so
conpri ses corrpenégtl on (ﬁ)ort 122 that extends through the body 22 of the

t ubi ng hang‘&”@'@bﬂ & And waich Splugtis carnecteqdp Hip IEFRYES SAKEE BY Portion of the

service ancdRBpdrRin HallseRfaMMdontrd llh@CﬂE@ﬁbtlveﬁltﬁWtéd@ﬂﬁB Sdrpige head 96.
Wil e not shown in the drawings, a male coupling of stab seal profile may

be provi dedangtconfig! qoaﬁwb% mﬁé'r@&lﬁg@@amr@fﬂe grstabpphielyisicagiediondbe t he 15
connecti on @Blnghbﬁgé??uﬁnlﬁg{‘tgs #1 cf} &ﬁ\trBI'e'.lB‘ﬂH%ea RiEh FH0R 18 9ot iRRteddb fhtehe

controls bridg a cor exter service and control [1ne. Wen
it is ddsirpressuse souse Th%;ajevaive/étp ey ao ooﬁ@rl@e%asmm@ensstlormm&/w from the

ser vi oo andnaanidph aRaRGiLE 38y HORRENRRR Gl 5 SLERRE S oRE N o2

bi asi ng re sur annul $%bore 36 acting
on t he val viebip@ hsnganah02 pertidn qﬁtmhser\mie wdstootlolrwadungm whishisdogatel nove t he

gate 68 int e supplying the pressure to
Phe servi ool oGt ead it Moot sbalstiRdRF AR RS e okl &' 7

mechani cal é.maaﬁmﬁig mmebtsprﬂnmaed\atlthe eptdfithe aoatmhsetbh@ortgarzeo f2@ililate thbe cl osed
positiao he, 03|t|ont ed . position.
Thus. 10 ¢ teonBpeieh B bt bistAb i ARG Raeet pni oS cr e S BO6 Briode B | 0"
25 "fa|I clwmspdmmg:@aeﬂngl sovied &rey dbatrbMigeenbodi ment of the gate valve 10,
t he actuating hanism 70 is a pressure b nced devi ce. the return
bi 251 g mechant SIbLEAetHd ©RERICORE Ko I s PreBs e 1S GO 15

| nstead, thfeeerRe @ﬁdfcbﬁtfbl @@mduntla%théreumﬂtﬁ@%r@éifr@m tife ﬁ)@dﬁé?ﬁi:a%na&lh?
pressure hydraullc fluid. In order to return the gate 30 valve 10 to the

cl osed posi TP, 11gcosdined with th%?%ﬂ'ﬂf@éﬂthfeﬁf‘B“'Pﬁﬁor@&%H%?” b vebet 122 to
force tie pitehaoo mﬁﬂjsﬂQhe ﬁl@fé)nth@blé ob bﬁw%ta%d%vettﬁ&@é@ 68lifto Y Gogeigbodi ment,

the gate valve 10 is a as is" device. In accordance with anot her
enbodi nent mltipnelfﬁ?ee@ems swwbmtmpremr@tpﬂwg sevice@sg capisel cPdutidfure 6, the

actuatin ure to
0 EEhensr 9 Balo SRS mE ol P N Sineh o U1

allow the gate va ein
01/ 73255 PCRteSiyibegleeed position or move the gate from the open position 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

8



the event of a failure relating to the pressure source. This nechani cal
override feature is provided by a male override coupling 124 that is
nount ed wWObhes2sdp of the service and control conduit 38PCDUSIWY3FvOr mal
operation, the override coupling 124 conveys high pressure fluid to the

servi ce ancheewntof a EtloduiclatidPtottbe predswralsograt. Yhik atethamicsilogembst on head 96
downwar d.

event of..a fa atln ssure
Gource an BRTE R aro Bt B anSrad o ing A s bRt B e Db oaBF Bbp 1 ng
124 downwedefviceril comgapsmenit 38y Dbr.ﬁdmrmasdperatubﬁaﬂea%m@e pewdnagheal |y force
the piston head downward. Referring.to Fi

d |
124, whi ch §o&V PIRSSUTS i) 5. 10e SORiperApE.oo8 Cﬁgﬁgq%tt(}q)tﬁ% deavlicslly g 1 o I ng

conpri se a 1rePRidnNMEad BAKNNARI. Wdvidvet, $n ﬂﬁ@‘é@&hﬁbfaf’f&ﬁﬁé m T%&dthén the
service and control conduit 38 by a retainer s|eeve e coupling

Sl ceve 126 RBTHT SUESH B EHIATEECHADE SR TR %Merr itesaonga ¥ and  a
number ol T @flirilar®Pid ehgkBlmehliniAl BRI Hed 9816 HecRaNEA] forkh ha pidieh ext erl or

of the stem an upper Téceptacle 1 is connected to the axial
passage, arftead dopwardis receptacle 138 in Whl ch the piston head 96 is

slidably recei V‘?Qe e COU%[P@?AMPS?%HB@ co@éhﬁ?ﬂ%,s\ﬁ%h @% bv%n Eﬁ%l AP

engaged. The overr| al'so ¢ ises a va eeve %40 whi ch
i s sliddbl ymedeefiopecation, maxeb@mtorcempsea@bwpliwslamb 126 w@alh sdnoveblyr ei n by

2119, Seal ebiB Ak EROSEnd bl S ARCHIR (e upsss Aept acl e

bel ow t he va eeve a valv I's supported e keeper
and whi ch Z(tDupmgasrlehyeHQﬁgnmpdsesad $t9mt1|‘&0mtg¢h includasean Mlpagsagéswlaad is

f d i d

posi £ oned 1 e o iief Bl 194 P AR b ARaRfl Ande BN IR ceve 1o
urge the vadtema, ai weereqembm 3agdiiehss corirectedpo tfe aMpamgerarrdemlewbacl e 136.
The vall\ée sl ee 154

e 140 al so i cIu P Vi t orifi
aht o el erBEoRIRRG L hotct Bp o TR e Siee R st S AR Biaeh BBy an 25
annul ar val Nﬁoﬁ@@él 98 Fbsdtly erﬁgabgd ek @ﬁé"rr\i@&ﬁ)ubﬂn@ mmo @oiwprfsﬁs and the
orifice. eglsga{@tlo th cavity 1@1 houses a val g ad 158 which
i s urged |n‘f35’ r‘?ao "‘@"r%‘d@é H‘(y reeaivedim e HpPgreseRiecle 436 g E§Sre€'|efjef
spring 160 th&ain bya SeiPal 142 J N@eb&amww&ﬁs §@¢Uréd/mhue ap;ﬁe@tré’ée?féfcler ing 162.
In order to open the gate valve 10 urlng nor mal operation t he override

30 coupl i ndoeiozmthea/afv@rséﬁeée&vawq Rl 1#GwhicBisupported @dh@k@pef 8"d WhicBt em 130
and  prepsupidfd IJHQ%@Hélltthr%hgﬁ &l idier B8y ME el Bt in isphive Seguel T ng 1 nt 0

the ports 134, throu he aXi al passage 132 and into t upper cavity 152

of the val v‘e40$a@féaéetqm@prmghﬁ%wbucbmsélon@d ipdie lower wntv@ew\re@e\he 140
downwar d a%epnértaﬁdﬁﬁe (@%’&l@e\%&t&'dﬂ@eﬁéﬁ?@w Rdbyd D;S‘\ﬁ'g& g@%nﬁnst eggﬁt R o val ve

prevented fr novi n ownward b e va ve pin
head 158 seqmeate@sptfacler1136h§hwaalwesls@@t14mqainduéesl aweppeh eadty W2 oY 73255

PCT/ US01/ Og&ﬁlge 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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hydraulic fluid to flow through the orifice 154. The hydraulic fluid fl ows
into the lower cavity 148, through an opening in the keeper 144 (not
shown) amdoonti2si he | ower receptacle 138, where it will POT/@S0I8S0piI St on
head 96 downward to open the valve. In order to open the gate valve 10 in
the manual rydeaulic fgid tefiley tlroughehabiifice 164. TBehWadiceflutdﬂWsdeMé loged 24,

whi ch is de i.n Figure 7B 8 eV|ce u S a, st te attached to
a tubi ng ha%dg\‘ %?ql ihgpenmy ip b‘*@gft&tf’w&) 7y 'ntﬂ‘tRFﬁJéNeétem 130 to
push the coepéptage $B&®M@ré2®1lldﬁmﬁ\tmyﬁistoﬁhe@d o9& dowitwartihieoper thewaié. t he
whieh Wil thelBByeblperEs GapenlanaT hee LR G M o cPPRar o 7.
the overs i dfie oostatie BEUPlRG 124, &fHRcHAB b¥pitiea hmrdgﬁreafs bR lde@te SRMNRME SEbt O

prevent pressure from bei nggtra ped i n the [ower receﬁt acle 138. Such

trapped prg¥digadachag! g aitheing hander jinninaiied is Ressed ageinshibe iersefdhe plead 96 and

thereby prevgit phsiet@aolphpy stebvé 426 UeWhwh@S INa%h REQP & botiohlbrithe absence of
pressure in the upper cavity 152 of the valve sleeve 140, any pressure

within the ¢QuRERD Q®wee1?@ml&@¢réaciw RistP heast Yeandhieragdl dawvrieasd Wi wifl f ¢ he

val ve seat haQpa8 g&g relief spring 160. The pressure w ||
consequent |y beyaﬁ? EFIass through the orifice 154 and exit the

overri d® coupl i r@pfemnmgmntmagarﬁﬂéi theeveuigle cosplingrid4preferablydnciideser t s 134.
In the enb i fLeaw

conpl et onol%g%l?%m? B'S'tnhtg p%é?/\éﬁ %%&dé *ré”@%@g.t‘%ge%‘f@ th%’é%'% ] Pe’c #éaﬁaggr branch
54 of the a&unhllt[appbd)peess% cboldmterxﬁ@fawifdemﬂfriemrm pbthre pEtdraetadrdp and t he annul us
bore. Refer F rd t t he br| val ve 164
Phe upper - uPaity bidyehiHE BollVaneto AT hsi\ pRRR AL TR TR sk o Phste P e
expansi on lifighe dipso cavityel Sdebthesalvalsicevd 640, angupsmrsssresmmrhtbbllmmyl i ndri cal
body 17Q. whi ch .i r.eceiv i he .annyl us nnul ar

ool ar 1575 rentrdle S8 BRtTotta e eI o ob T tRL PV S Jo 80 and

| ower eXpan@ne:f@@nngamb artssres@ird Wil caiéeduehtgl mlbwteuwte;basSem@agemebet ween a
shoul der in {he g‘ﬂ nul us, bore agd a r.adi al @2%3@376 ext ﬁgﬁj fromthe
body. In afceilahand pat hggyery %C?%F%d@@u@‘ PRFAIR €an open
bottom end A8 Gote B4, nunber of lateral ports 182 which com‘rum cate with

the interior of the body Wien the annul us bore 36 is_closed, the spring
174 will urge tH'é“l?cﬁWb%ﬁe”trﬂf e ipyeatigpitestiadd ipiFigyre 6.4h ?\ﬂ%ﬁomﬁ'@t'%p end

178 is ZRPS'SE iSRS T Wia %/deJde"é?déHPiblvélK/e 1(_6‘3|n(tﬁé dbpet brﬁ%}\ 54'd?tﬁe"lér§1uf21§fbbFé on,
debris is revente rom passin ast the to into the annulus

b_or e. If f I%ﬁ g nrevest ¢Q}?Klédr%cq||5@twgufp)therﬂn@u'glﬁ%me %ﬁf@fﬂnﬁhg’ fawre 8~ e f1 uid
wll  for C%rﬁ@rﬁo%@%%&@a’thmé’dédﬁg vHIQe RBSHe! e br‘an%}hf)ﬂaeélg@nélu@é%% 176 is

in contact wmth the 35 col the p are positioned at |east
partial | y iyppenexpapgion 168 gad gilaver mpmrcmwﬁsm Pemabss valpe 366

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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166 (Figure 8A). In this position, the fluid is allowed to flow up through
the bottom end 180, out the ports 182, through the upper expansion 166 and
up throughovhe2sannul us bore. If fluid is forced down thrpaylset®3soop of

the annulus bore, the fluid will force the body 170 into the down
posi tion, i{penigels sAe nﬁ{rﬁe{%n{bmhéﬁunaw&@weawv@u@mawmé béttohe i ng and
the ports 182 are positioned | east partiall ["ower expansi on

(Fi gure 8A)end 180 autdheparis 1&?nthr<w9@ the HPRPF%P%]S%@VU@@ ang up|tarpughatie t he | ower
expansi on ]éﬁulds'?)otfé‘rlf)ﬂ{ﬁ@lstf&%e@%\k?th?’%h tﬁ’é’foptd?ﬂ%%ufug%g@tcﬁeﬂoe\nﬂ 180 and

down throu t he annul us bore erring now to Figure anot
enmbodi ment f@fceéh@h(?(b' 8} igte tag dQ\fﬂbpwf@@eIﬁt\Nhld_[Uhe ﬂmm?@ns forgaddowins i ndi cat ed

general lyy rgea?r%t the's {nﬁ@&‘{\ﬁ‘th Héhégg sﬁ‘iﬁné‘d‘&{i&éisgéé’rtnalh}m'tﬂéqO\Dé\“ger 20. In

this enbodl n er 1'S'S ri‘'se an annul us bore
36 havi ng aeXpansion frigune I8AJ.8I41 tlm,hposhtucafb(tmrfhisi ig alimveal tbyloWasaetrtlae lower hr ough t he

t ubi ng han r whi ch

ext ends frompfa hélgﬁéé;’?n{? rglp' Qh%a@&%n@t é% th@ﬂ&h@e%%gﬁrﬁ%nﬁéﬁgégq %g Naddi ti on,
the gate 15thmbhme1@ﬂnumr‘qmre ses a gate cavity 62 that extends laterally
through the wall 24 .of th er Sgnera oa with, the
1ot b anch 18ReaHE gl B ERURY SaORRTReRE Bt e kROl e dhe el T 24
whi chh| ’g) prlew‘/aﬁmablv%hndi sﬁr&ﬁbabad geregaligat 188s tsHita/tg} |h§talldﬁa|ah)exel|r?ﬁm@vgb: y (
attaceto e tubi aer i tabl e neans, such as bolts (not
Shown) 1 n WBEPRRGEr 2y St B bARgs 20 St B Biem i nanger
with at 20 artkis U@F@B@ﬁé\m\g’ié fireeandPB4 Wifich BReisRMerap lat@bitth®ugRvent i on
depicted in Figure 9, the %che valve 10’ is shown to CO{E@I’ISG a gate 68

whi ch is sla4RRg RANgEbEYA thabBing anRdus 2. andigrserene Braach 1eq Weieh a pair of

seats 192, &8éhdsHtn fhbrfﬁét bﬁaﬁ‘@h t&fﬂ@ tcb oﬁhéﬂubﬁl hfaﬁ%érh% s&dfion, B a@B scussed
above. The second seat can enti cal first seat 192 or, as 25

shown P Fi ‘@J\fee1(§00mp"~°(,9§r@ Qﬁﬁ‘rﬁ?‘i'@@zmt Qﬁﬁm%ﬁteﬁilMWrW@%Welm@lléﬂpémed to or
f d |
ormed intggh SEM Wdeheﬂahﬁc&ag}éﬁmgt@ﬁre fﬁl b?éﬁch%4 eYﬁé‘batﬁr a0 Bfms. 88

preferably 1nc port ns wt ores in the
seats 192, arpapeningdeidiinéhezvall Zﬁlwhrplwsm@‘@ra by&lqsndbmgwovqafew@aﬂn@ is/ideally 10

whi ch exte r 6. 30
o s PSR oS, Wt B U B8, ANt s EBORD AP0
68 bet ween showindslachddiionthenover A88usi aptimally ma@cbtb theoliuking hangertwitb ajat e i s

of f set o] 198, to an open position, in which the hole
94 is aéqg%%g%n? “W%P?aﬁ O\W?passage as shown in Figure 9. The actuating
mechani sm (not dhthegmbcimperstiof thenm@ntlmmdemded i igura Adthe gatenalveck®idui t 38

b oA SR B e L e BN B R 3R o
simlar to lestyeai aphieobsHatent92)¢94. 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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mechani snms di scussed above, is connected to the gate 68 via a val ve stem
102. Although not illustrated in Figure 9. it should be understood that
other covdogm2sii ons of the gate valve are within the scPEBUSI/®MIBE present
invention. For 5 exanple, the gate cavity 62 could extend longitudinally

into the tudy. ng aBEIHEHE the s@BthE erdeRhiISH) Wi e be diftilar tolahg oﬂmb%cﬁ@t{rﬂg} y woul d
intersect the first branch 182 and prOV|de a conveni ent neans

instal ling mﬂ@ag@atsﬁlﬁqwsweahow@% ceiinghied to the gk @8 viapyislyesterp Fn@?- cover whi ch

is used to cl OSQxlthB@grerﬁ"lelgaté@?qt 26 0GR UIANE indefB&Sthbtbthéhe bot t om of
t he tubi ng hanger would not include a port 196. Rather, the first branch 10

184 woul d mﬁﬁmﬁaméfmer@& Y%}V%r@h\'l’fhlﬁ\éhf% mﬂpﬁ@fm@mﬁewt pgertionoligh t he wal |
24 of the &uBing tr{éadé@@&avnﬁ'eé%o a'emﬂgmgmﬂﬁnéﬂgmé&&% ubif E%Mﬁrﬁw es, other

configurati ons of the ann ore 3 e con ere in the
scope of t Hbe ppiéaeiher¢aiy éhus, te gate cavity seplddntersepldhe ﬂﬁstbrabﬂah&éhaw t he

annul us. bor 5o o A HEREIA IR Bblof I BUShaddie (LY 1O 15 hanger

and comruni'cate w ortron o e cen ore t he tubi ng spool
that is | oatrgde, ittmawetwmclsesajssd whilede the epening thpbliie tyates@aity makeg inbi ng

hanger to t i hi | e h € r woul d

ext end geneBglbqu %Eﬁqgﬁr\%' %ﬁ\ngﬁﬁgpﬁ ? g{)rt E%éeﬁ%g%ﬁ metifﬁ%[g)é%{‘cﬁhe

t ubi ng 1ANgES4 wauld L‘mfnmublbalg diractlylwith.thé tubinddinhulos 28 threugrgiat evall 24 wétheoul d
preferably b stalled in or near the top of the tubing hanger. 20 It
shoul d be aﬂjﬁf‘%g‘?'&q%d that the gate valve of the present invention provides

an effective anghg, bittdughnot@spided iarthePiglres) dthéTQ;oﬁfQUrﬁt|dnls©Nh‘efalhﬁugﬁ t he
annul us bore 3 The | ve i s recogni he |ndu as belng a

ate v ed in
o bast ang. s S8 Bre s HetHEds DR IBEING SRoPeay BE Prashel BetBNy EoLFRING e be

oper at ed r efptiRt Yranth6f thé BEN@iFbors ¥OR8 8ReAd ?Qférﬁlgﬂﬂewuy hwréwghrthé\mbﬁ@d
retrieving wreline plugs to control fluid rouLg]P t he annul us bore

are el i 1R ndiasger ang qanrpipisaie Wil e pastionypt thegeptrglhoge of the tyinaspoedhglener al | y

axi al 'y in & alcdRioBoe harask whidh é?é@HiBlo?édﬁaéEaPﬂh@%%ﬁ%ﬁ%r@er RItRS Rubirgect i onal
area of the tubing hanger and therefore allows the t ng hanger to

conpri se a $PSPht!n Yis gxaneydhesasane brapsh werld exiead Segealy IO%WF@&}’&@M contr ol
dui h
condui ts. hﬂ&?bﬁ&@ d ﬁmfﬂ% fhé%sdolﬁgﬂﬁén& }é\@' th@u{gh‘*@ %ﬁg@@ Nin édaﬂﬁﬂtﬂwen as

been descri relatton to t erre i ments thereof, those
skill ed in gatevaye waelg paﬁer@bkwbemsta{heam ornepathedep ofithe tubingthanger. and

oper at ignal _det 3 4 s RRcIRAAA O oLQENLRE Rt PlETAORRs.

i nvention. For exa varl ous e rated i n
enbodi nent samefgectve auhdfiicierd maanafqmqmtmﬂmgdrulmﬂowbrtougln & aximolue borefdter ef or e,

e PPNt AL B 1t RolB FORBH LS A Tl Lol S 11 19 0
PCT/ US01/ 09880bskh dfloresvet] simaeettle fate 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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1. In conmbination with a conponent having an el ongated body and a fl ow
passage extending generally longitudinally through the body, the flow
passage weeol/titshig a generally lateral first branch conneRCBES1N09350
general ly | ongitudinal second 5 branch, a closure nmenber conprising: a
gate whi ch ywhateCRakkg |general ly longitudinally across the first branch
bet ween an open position in which a hole in the gate is aligned wth the
first branch add a # e¥eRinggieswith@romporpntdiaving@nteingates! hedy sad affleem t he

first branclissagsansiiing SbHeriy MRl BouaNnE BBapasyadd pRdhe gate; 10
actuating (r:r%asﬁig posi til ogndegdHei nyﬁ@ l(J:ondgi tr tor rmvi)?l)’g t?1e .gagseaﬁ oma first
posi tion t oneludiedagengreky letesal firsh@neeannerted tore gagertily longitudingl sasengat e from
t he secapd i i nasition; wherein one of the first and
second gg(;sit?lg@%rféb%o[brsyeésﬁ'pgﬁaéﬂ{qurlﬁﬁa'open 15 position of the gate and the
ot her position correggatashiclistrheyveablegedenatisiongitudinafly a¢ress taffisst and wherein
the conduit qggﬁ I L pnal r . : ereby the
actuating n%gﬁ(téh 'S %%ﬁ%r?é‘?%dyg Ogit@g%‘e\gﬁg& ? ﬁlo{eyﬁréh{él %a\l/fv@%éalggrgegcg\ﬁﬂ}’t% ﬁ%{? The

cl osur e nentrenchodndd eosedlpositioe irewhich the heatt is affsetdonetha dirst bamph;i ses: a pi st on
which is connected tg the .gat.e and i ch seal.ingl ages the conduit;

and neans for conveygﬁanﬁwﬂ’mﬁf ?%}e'bqggé@ﬂgléﬁ}ecpoggf%%etﬁgSg‘%ti on of the

condui t10 25 whi ch cosvaiireahesnspdsitiohdteinthestanaluit Bor midvingthe gatedrorrearber  of
claim 2, mer ei n.t.t h{e conveﬁi ng.m;ang conprises a fluid coupling nenber

whi ch i s moliffROGTPR A 3808 REFHOR AR whi ch i ncl udes a flow port extending
theret hrough. 4. ThergofigirRedreidanowg bk gatd flom Measeebid pditichas el Ng menber
30 conpri sefs: a _@ou_pl ing sleeve which I1s novable relative to the conduit;
and rmeans TP ning the coupling sleeve within the conduit; wherein

the coupling sleeve iyhergvaR 6 thYfirsarRPdetbMtBboditns Golr&sRREa®Ne bpéh Pi St on
and thereby npove the gate fromthefirst position to the second position.

13 WO 0'8 73msidiopefihesely ashibe other pesition cegasronds il desed pasitienuof tigher ei n at

least a porddi@nngf the flow port extends through the coupling sleeve.

wherein the conduit extends generally longitudinally through the body;
whereby the actuating means is generally align-ed 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.

13



6. The closure nenber of claim5, further conprising a valve positioned in
the coupling sleeve for controlling the flow of hydraulic pressure through
the fl oww@opm2ss 7. The cl osure nmenber of claim 2, whereP@TUR&/98%0Ur ni ng
means conprises a mechanical biasing nmeans. 8. The cl osure nmenber of claim

2, wherein the rgtur ThegodBRMBemSaEPERFES, WRAEA at RSO Sidndvisl aul i c
pressure to a second portion of the conduit 10 which is separated fromthe

p .
first port iRt eftendsdhrebghytiveconpiingipee¥est on. 9. A closure nenber for use in

a tubing hanger gmi Chnbic3USRREASS of Blafn 5}@%&%&@9&% andiveibstorfeanpr i ses
an el ongat ed body having an annul us bore that extends generally axially

t her et hr ougdh the ¢raipincheleers fagastrelinginedipwf Rydjaulisraaessire theaush dte iaw st br anch
connectef tg,a generally axial second branch, the closure nmenber 15
conprising: a gate which is noveable generally axially across the first
branch between 7an ogésa cigseretrnemberef glaing B, wheateindhe reiurniog ieess i s al i gned

wth the f!50?‘%pr@§9%0“%§%?%3§!“§%“%”@05i tion in which the hole is offset

fromthe first branch; a ch extends generally axially through
t he body fromtte 20Thatksuindoberct alain Agyvimeeinshepefiringnmedns n t he condui t

for nmoving th te froma fir osition to. a second position; and

et ur ni ng AR el Gomyeing by A3pic AT ek e better shh Goedil i ¢ o1
posi ti o0 whisickelsrsepaateaf frdni theffirst pbrtian df theconduifinsthé pisted. cor responds to the
open position cbf th éi’ and . t i on cglr esgonds %ﬁﬁt he cl osed

ate hfe ot her ﬁﬁSiB
position of the > gat & GOy FRELEY 195 Hyeain A HiRg hajpoet WG IHsuspRRYSH I & he
3}}9‘? Uﬁti ngl ntaailng sp6&a) BRd m&ﬁt :compﬁ's%dmlmmgagéu bdﬂy&@?iﬁg%ﬁ%ﬂnulgs bbe tgagt e ?'nd
ich sealin engages .the conduit; an ans for conveyin raul i c
pressure t&ge’ﬁsﬁ?ge%ﬁ\‘ ?’F‘%FB(“?ﬁreTthFR%'g%o%@PE‘&E%\E‘PVEWOE‘BH%%?&&E‘%J% th the
pi ston. 14 \Merd) hifst Bréaeh EsaHebied d 8 98Rétallaxial BEcardR AR, theERBlrethembad M 10,

wherein the conveying nmeans conprises a fluid coupling nmenber which is
mount ed'q n $RPrEE|duUi t and whi ch

a gate which is moveable generally axially 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;

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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includes a flow port extending therethrough. 12. The cl osure nenber of
claim1l, wherein the coupling nmenber 5 conprises: a coupling sleeve which
i s novabveopetasi ve to the conduit; and nmneans for retai nP@USH93IUP! | Ng
sl eeve within the conduit; wherein the coupling sleeve is novable by an

external force t1g, engagelostiRendthBdrdn ciains 16, ReHePdy HERAVEYRY @8k from the
first position to the second position. 10 13. The cl osure nenber of claim

12, wher ei reopprisesa fluid ceuplingdneralpertiichris mRUplee in Bircendidt angrwhigh t he

coupl i ng slgaMN&es dbow g&%ﬁ&%hﬁfﬁef@rﬁ@ﬁ’éh.o‘c claim 13, further conprising a
val ve positioned 1n_the coupling sleeve for controlling the flow of

hydraul i ¢ pressuie t Hheglgaunetieernibenof clgiot 11, wiwrein theTouplifioosemeemenber  of
claim 1@ whek fSPS:t he returning neans conprises a mechanical biasing
means. 16. The closure nenber of claim 10, wherein the returning neans
conpri ses neans for ecovelingrsteehy wihiohlis mopalds wiatiwe tatha corduitnangorti on of the

conduit which is se I ¥ (el .conduit by the
pi ston. 20 17. The c Osaﬁl%ggﬁ%té@@pﬁﬁkfc%quﬁéﬁlg&emﬁhﬁ%c%)ﬁcgultt ubi ng hanger
conprises first andwhemimthezonplingrslesgalsanpeable hymareekidrasferea td érgagedy and

t he tubing d h | osure mepber, further. c rises:, a gate cavity

in which th@ggﬁk%‘aapr‘é’ tg%r85%§'§¥ 8 gk?r%"%frﬁ% t‘beo@FEROSW%%gﬁa SWﬁn(‘:jFPOS@Q'E"ends into

t he body0 f r om betBweeiThe bleshriermsémiserdf sieito 2] vireadis at 12ast \atpriinrof fesfoswur e

W t hin then&%[e caviﬂt]% IS, cont ineFI bé the first and second seals. 18. In
f t

conbi nat i orP3 PFELSHVBUIR B SPURING FREYEL em whi ch conprises a component
having an el ongaed HTadyloand rerhbarvuf plams a8 dureher endpitdnde tavapbsitioned

| ongi tudinal ly throu t he body, the flow_passage Including a generally
| ateral fi r'QtﬂYes“é’”Bt’)’%qggﬁeV@dcﬂrn“é’@{r aling @‘eﬁo\ﬂéﬁfu EY@S{P&% W%‘??tlfectﬂmugﬁf‘hegf@%nd
branch, a chgsure nmenber conprising: 35 a gate which is noveable generally

| ongitudinally across the first branch between an open position in which a
hol e i n'% he gatdS s dhegleedrevnermbariecliaing 19, whereimEe ralening @eadd position in

o ongne B SR 2 3001 2, 25101 1oL e enes

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;
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actuating neans positioned in the conduit for noving the gate froma first
position to a second position; and returning nmeans for noving the gate from
the secowdopugizti on to the first position; wherein one of PECH®ESHN3I0 and
second positions corresponds to the open position of the gate and the

ot her position correapadty heardstbAsEH tRosdiduRfor dfovindehe gakfonpdd Wherein
the conduit_extends generally |ongitudinally through the body; whereby the

act uating rEEmOsiian femescent PosifionyABY with the flow 10 passage. 19. The flow

conpl etion system of r&hRingrdans\hran&liny th8 gaRAtdifineRG cHRPRSitioR W Bel S€s: 15
20 a piston which is connected to the gate and which sealingly engages the
condui t; arfiistR98¥8Nf or conveying hydraulic pressure to a first portion of

the congpit  which comg 6‘1113:ﬁsthé’\ﬁrgﬂﬂbﬁdﬁ%cmo%d%ﬂiongQorr%%ngé B‘%(?gg?%l etion

system of claim 19, wherein the conveying nmeans conprises a f coupling
menber whi dipsition gbihatgate ans the ethepperitian carrdspanide ko thi stised pesitiorf dfdve por t
ext endi ng t&ﬁ&%%grough. 16
wherein the conduit extends generally longitudinally through the body;
whereby the actuating means is generally aligned with the flow
10 passage.
19.  The flow completion system of claim 18, wherein the actuating means
comprises:
a piston which 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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