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WO 2004/ 048748 PCT/ US2002/ 037395 Downhol e Saf ety
Val ve for Central Circulation Conpletion System

w@aokgisownd of the Invention The present i nvenP@DNS2002/037395

relates to a downhole safety valve for a central

circulation conpletion system Nbre partl cularly, the
i nvenBoyimholg Sately Vgl trak Cirguiladion Lampletioh System

FBhd Sand i fionPr oduct i on bore bet ween the inner

%b‘ﬁg‘?t‘n‘ng‘anﬂﬂrge outer tubing string in a central

ci rcCﬂr@tpresenbinpéletiommlmsttemddwnl*tcﬂadatetpnalvesfubaemntral
Ietlon stens, a tybing stri I S .suspende from

oGO GO raten. MO PRDaU Y ol Y SIIAR TelRlep g valve

o sél@ctﬁ/e‘ﬂﬁgéé etdrﬁ%lar té?@?éiuc‘:tt“on' BseBdiReen 8 qu# tubmg string

wel | head “housi The tubing string extends into
and theg dwderatubing stss@nmaucentratjcutmﬂatmscmnpie@duaystam bor e

th h [l fluids,. b d d.

o 1 Batichd #isen cthPRtigT &b §BEELstihg inguspended
fiink Bit0biag H@@e‘ﬂgvrﬁéﬁ isEnddd P‘rha weelh¥Bd faubhgssrsReneiftstmas tree
fromthe vvel head housi n%\ousmgd casing string al so

thadttis frdalient everibe meallbeadi Th%ttt!immstn@gt@tt@mmto the

YRR B Bt B TRRES PR BTy e dlEH MRk e fuias

may belprddated. dh ichtign, ehedtubmi@strm@tlQlulsalail)OposifloyﬁéUEWIthm a
onpl etiion system Subsea conpl eti on systens nornal 'é'l
akhe

C@§W|Sr€it§@9 a\th%@stvp@a@' desiansies fraprtae yve\uafe@@ hoggig-

wﬁﬁ]g’ gtﬂﬁ@r?ct | oﬁghég%t?ose of ?% ﬁ?hgytgéuct I(J!)U%%?We)en the tubing
stiirey anettie odsing s&irey defines. a fenviqe bare thpoughr which floEESviay be

conpri ses a bal al ve ich is.disposed.in a

SNl Tonexaranle: i ngneaUE o O e aPialioh systgr.

bet i i i

ol | ShsBACEARALNG SPREHR OrRlalReniHReNR 18adt M dcifnole
sa&ty valvepseels as@ surfadescantmtied subseasdfethwalyeds®@SSV”), which

Raalened8 hiselor Bid Al Rotd Foneisied! & Aetierbpnd. A pica

planoel AU CS SV eshpiised & baRNaRéashich W@ls?bls@d\/irﬂﬁ c?/ﬁrliwrical housing
valve to close. 25 In central circulation co etion

thgids anpuntest arifhieer betwasncsiceeesive seetigraiof the tubmg string. The
o LR A BRSNS P BTGBl g eseo

tofatchheprioska positiormbyl esspririccer therlike. Avcerdiaglgeifa need to close
reversed. Thus, in,such systens the inner tubin

N @Emﬁﬁoﬁ%‘f’tf%‘)rﬁ arigesy iheN b el IGRieSAUTRR r@@e‘(ﬁodeghlﬂ%a”owmg

15 UsNbab&iddeui ds during installation and 30 workover
operations. In addition, the annulus between the inner
t ubi rhigy centriahgrcmfuilona:cmplehdn spsiears, exbmpessofr whigh are described

n&ff I ﬁ}aglgugglégglyc% io ubn%gr \5\;5 8%% 7%'&“ w ||cl!1 isf Lglle%i
incorporated herein by reference, the roles of the production and service bores
are largely reversed. Thus, in such systems the inner tubing string defines a
service bore which may be used to circulate fluids during installation and
workover operations. In addition, the annulus between the inner tubing string and
a second, outer tubing string defines a production bore through which well fluids
are produced.

As with traditional subsea completion systems, central circulation
completion systems must also be provided with means to shut off the production

bore in the event of an emergency. However, since most downhole safety valves
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As with traditional subsea conpletion systens, central
circulation conpletion systens nust al so be provided
wowrah/omsans to shut of f the production 35 borBCT/HS1008037395
arevdasigridd be weed avithyconMentéereal commmmms}astedmwwmr@'n well
safety val ves WO 2004/ gﬁﬁMS PgréUSZ 02/ 7395
ﬂta@%a semiyirieatad oy PG 1RPEERRRATAIY cannot be
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e I nner tubing string, they generally cannot be
Suxsmrmbrwaﬂhhe:manabnm rcul ation conpl eti on systens.
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Cisanghiarscorgplation myeten g@mwglsmgram@nmtwn@ﬁtrmwwhlch extends

oSN Ry L2 RO b8P s e
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tot ren east one sea
bbay tcs&ml inngr tubingositingt ancﬂ Iaéleaeuoee seabfongesling tig bady to the

outer Rutiag Spuia.i nenoRaSh ioribely BRTisS orsssis baris aieen a
fntg(tt; gﬁﬁﬂ%at g% pﬁ‘%é@&%dod?@%ééwd %%Id?/f/ tHé“EocW Qﬂél%téé?;%nd portion

ove the body. The downhol € safety val ve
ofalmacprodootmn bere latatedzatovertbe flody Jaesdunhwie satety valve also

t end he b d
o PEEeS AL 8L O B4 SHEC i S Ba Do e e
c@ﬁlnﬁtﬁﬁééte@'b@t@é%ﬂfeeﬂﬂﬁeﬁh@%ewh@ oftondi FRRS peodutionore, and
he fl ow E)Sssage Thus, fluid flow between the first

ataie@st:,@n@ﬁ pee tesmkerorhichés dispased pefpssdhe flow passage. Thus,

TG B P e e AP GRLAENGE e
ceniPllddsIeg the datereviabibenhi ch i ncl udes a gate that is
novabl e across the fl ow

gat elVasqIdRRes w&ésowraégqﬂﬁearﬁ@ HI%-% HS(%?‘ e qieﬁnrﬁgnember
{)ﬁ\g)rlg@% & é)agé‘g?&%e\?hlgh %cﬁﬁl?]é’é’g ga erofhdt”s Wv%BI@aé]‘%@ thflow

rom-t OW passage and
papmgepolsn addition, thedgatvalie imoldes sn actuptiad rwechamﬁe for moving

th GelePaleel 4 SORGhABELER 1T ETHa OIS B (BR QAR RCRTSRY from the
ﬂbﬂé&%‘& gé%n‘doanﬂoﬁéﬁB@&ﬁbmnﬁl%.c’a\mwol@ﬁs BigHeRIitE the flow

to nove gate fromthe closed position to
pahmgme'ﬁh@astuatlog matianisrotaemprisgsraepistanl whichlis gonnected to

rrg eI asneds wﬁlcrhelts l#cragpobr{s"flvsé {9 BE J]eefgrﬁlﬁ]ewgn‘f&r{t%f ‘Fl?/araullc

pressure to move the gate from the closed position to the open position. The

actuating mechanism also comprises a return biasing mechanism which forces
the gate from the open position to the closed position in the absence of the
predetermined amount of hydraulic pressure.

Thus, the downhole safety valve of the present invention forms an
effective pressure barrier for the annulus-shaped production bore of the central
circulation completion system. In addition, the safety valve permits well fluids to

flow through the production bore only when a predetermined amount of hydraulic
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30 the gate fromthe open position to the cl osed
position in the absence of the predeterm ned anount
w@boohpeR7ail i ¢ pressure. Thus, the downhol e saf PEUSRDYE37395

Bl 5y BT AR B, L ESAfpRer it oroic
préssureaihe returawiaging mechapiseh wilhciogs tteensafety adiietananthereby

the safety valve permts well fluids to 35 flow
clese SfliEhe piedustioakefe-on bore only when a predet er ni ned

e st HRbEb e alltpdWHalER Cf fho preseptinvention will be
mad¢ apparegt frechtr eitowiny ddteileddesarption, withgeferdneaita the
pressure, éfhe,ret urn biasing mechanismw | close the
aceaMAY Q) Y@WIMIP-t hereby close of f the production
BRI HeschiBfss ok PEBRgEP) ects and advantages of the
present 1tnventton Wil be 5 nmade apparent fromthe
f ol IFiginey! Alds aireprdsdetation f it topwpertion &ff @ncexsenplaryt eentral

.ac anyi .drawi,ngs.  Brief SCripti f, 1h .
citpEiRgeg e SYEHE shobir a LB Bhy S pRpel 1 gohristmes
trdtoWhicBns fstalleE¥g BRV@NeagieiBusilg; circul ation

conpl etion system show ng a tubing hanger |anded in a

chr ifSguies1B iDareprespiatinniof theseHpMaRPrian & e cori

. i ng;  Fligu ' sentation of the bottom
m%@ﬁpﬁ%o&{bl?ﬂéﬁgéﬁ?p{aﬁf ﬁgpfeg{ifﬁati on conpletion system

of Ff*igl]lilllfei‘% i Ieff't palf erddsi sectiohalfiewalf the: safesy salgeiodtiz present
_view of the safety valve of the present invention, . .
inverfign shesrminsilieddsiwesn a0 inARRIBINGLFHIANG %OH‘%& thing
stF?H%‘eJnot ubing 15 string; and Figure 3 is an enl arged

cross sectional view of the gate and seat portions of

t he Riglet § isvah eelavfedrcopaseseztioneitiewed e gatd pnd seatgdortions

the Preferred odigrents Referring to Figures | A and
Ofin%,safiﬁva&ﬁm%u@ﬁty val ve of the present 20
DABYER DeRRripBST 6F flel Pretélred Enfittitichist al l ed in an

exenplrary central circulation conpletion system 12.
As deeferiingtd Figurere1AfandetRibe slomnhota safehi valMalof the present

. Publicati . , .

ik Sengre el bre el By o o R B couiatior

cdriglefom egsterint 2 s revdedchibEd gutrsaibferastidndd Infternational
exarri)_l e, the central circulation conpletion system 12

Pyldiegrips diraberdih§ 148 derA L5 aentiglickRUlAE0R GapBYe QN system
cdh BREHARMorisSan e BiModimeht S fHFRfurés YR drefs! for

example, the central circulation completion system 12 comprises a tubing hanger

14 which is supported in a christmas tree 16 that is installed on a wellhead
housing 18. The wellhead housing 18 in turn is mounted to the top of a casing
string 20 which extends into the hydrocarbon reservoir. The casing string 20 may
comprise a number of sections of expandable casing 20a, each of which is
succeésively installed using conventional methods. In addition, a liner section 22
comprising a liner top isolation valve'24 may be installed below the lowermost
section of expandable casing 22.

The exemplary central circulation completion system 12 also comprises an
inner tubing string 26, which is suspended from the tubing hanger 14 and extends
approximately to the bottom of the casing string 20, and an outer tubing string 28,

which is run in through the wellhead housing 18 and expanded into sealing
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housi ng 18. The wel | head housing 18 in turn is nounted
to the top of a casing string 20 which extends into

W b@4lystucar bon reservoir. The casing string POI/IS3002/037395
conprise a nunmber of sections of expandabl e casing

ergpgemat Wit theHines spstions ¢4 ¢85 SRG 144 ?%th@sWﬁ@wead
hcg%fwgmé RAGWn TRALIALS -In &ms% 1Sat . rcﬁjdc'tlﬂﬁrbg?égb'lg%r%?ed

rising a liner top is n val ve
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fofgRbIiTo e PEeEPIa ardg- daiaiosbetighbote s vsed o,
co?ﬁh'uﬂg:a?@wemiu% frémHE PESEIOHir ftd BB EMEstiraRitRsh he@fihg the

extends approxinately to the bottom of the

‘produttian stoderaf p@rationd aad tbatserviea boreg3%u3 useq ecircugate fluids

t hr h .t [ | h 8
o355 1o s 2 4ot 8EH) SR B0 RO ARt 80 e
se?%mgﬁ%@aﬁ&?ps? 3A%eq@raGRgERMtely ddiudthBld $at0icessslbtion valve 34
the casi nﬂ| string 20 and the wel| head housin

may Ih@dmﬁtaﬂﬁﬁﬂfé e b@ttqrmoi theaiswies Hibirg gtrrmﬁfi t%arqy@ngwgd fluids

g LT RS % A0 AR lor MR S
I nneAs HOWAGN ﬁgUnglA The christehis tres 16 @oenpbesa cerithltbore 36
communi cate well fluids fromthe reserv0|r to

welﬁh.o@mmgn@a&s wigh i PrRGUCHRN PRFbERc fi'%h the tbig Eqan@ler 14is
sé)cﬁ@(ﬁ %thﬁ'ﬂthfela({l}ﬁgltah Bgﬁfﬁg & 'F’orﬁPé ?u%s%u'ré 438 Bdween the

Ircula et ween t anger 14 and the
pmelaemamboredm and theengiroraneoh larmqumldl or damineide arirge cap 38

mef Bedre sy s Saniatipre Joihavaind iTin FeBOsbtone

cdrﬂﬁnlé BQ;? BOldHPhPYELiRd BIMIBNEE dfReRioRY R/at- nYﬁle'cofublé@&Z]iﬁay be

fromentering the Service bore 32 during t
remmmh)d,y smuradd@ tht trep eaat3toto. prAgldemnmwrfaqa eimeengn external

the c mas _tree. 16 co en 3
e AT A O RO AR 3P BB RSl R 3Ge an ot st
ofd16f theBkreriiasaat cbhtrioblingesd Roprafdrably ddrtecestt with a

bore 36 to forma pressure barrier between the

cyFeseRdinghseyice W epiiral kenadwiy A8 i thantubing haeger 1eMias
|
5 oo SRR A TR B AR 30 e blow

cont 1|'I®é ehﬂgtma@tre@rrﬁral@o Im@LleieBLHrbLembef of eomdgtsvieteffoat the
couplers_42 ma r emova secured, to t tre
togUbiom b edBe AU R B aO At S B S cisa f s el Eabr
d [
ofhBREtR s ies RS HdifedHibnP it Auciontiprifiin 42 phin
cd>mnnﬂ;1|o%e$ withrtbé @radiﬂlqtlood)meﬁ()ea prodbctiprolgypass conduit 54 which

B e e T S s
lo@Qtedeébdv%atﬁ@riﬁbW@'lfefhg‘@r hb, Becfass Ebh@dt 58 MM communicates
with a service outlet 58 in the tubing hanger 14 that in turn is connected with the
service bore 32, a workover conduit 60 which extends between the service
conduit and a portion of the central bore located above the tubing hanger or the
tree cap 38, and a crossover conduit 62 which is connected between the
production conduit and the service conduit. The christmas tree 16 typically also
includes a number of valves to control the flow of fluids through these conduits.
Thus, the christmas tree 16 may comprise a production master valve 64 and a
production wing valve 66 in the production conduit 52, a production bypass valve
4
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The christmas tree 16 al so includes a nunber of
conduits to effect the production of the well fluids
wanw4nes7isaci [ itate the servicing of the well. POF/US2002/037395
exanple, the christmas tree 16 nay conprise a _
6% inotiectrPEHCihBYRASSTONGLCH, 2sSenviRminaTiar ¥alvei Adanda service
. [ [
wiighVeRe 12 U Sergfte GorRl 6 BNOYBRRE FaH the fbriover
caraiuit 60) avid 4 bessenemedlvdd@ben Bte clossaverdcaruté 2. h€hese valves
t ubi ng hanger 14, a service conduit 56 which .
areoRRATRY Anaaualbi dninaTeuicay ecoma e 92 VAVERer ti e
hangﬁ'lrazéc%r&élﬂfe With the E%éd%lnf ﬁfg’%ﬁ%ﬁ‘?{hé"sﬁéty%lvé% 14 §6sitioned

bore 32, a workover c i ch extends between
bé¢tveesdheiinmer3mdcouten tubing dirings &6, 28rio sontrobtheeitow af well fluids

3o, BroBH6RbHB SoraLPraaR ey sre " (gveek Efor BBre in the
RS\ AR dridrgePicpd ifbRMgaeFiglire B AFe BARtP 9BMECE) comprises a
conduit. The christnmas tree 16 typically also

gemeraliy eylindricahbedy 88 Wwhitky bas edop suffree 80ha batigwn serface 82, an

ol 58065 B AT B35 BB o TP Y SRR e o
afid Bbttemosliifidean THe @akltsreofihe ioutdristirfaced4cisisired to be slightly
conduit 52, a production bypass val ve

4 WO
spgler hap tae danTeleseb e eutrBYHIng8iring 2t anst batiemeter of the
DY ERRERE I oo SAee T BESH ol T 3o o
disardtorvef thedhner fabirignstting 260rlk divismarmmerdthet bédy 7amdll a

crossopver_valve 76 in. the crossover conduit .. These
suiiaoR VLR R erwlar it Reade BB At plder fgpind Higs 26,
ogctuatable gate valves or the like. 5 In accordance

Wth the present invention, the safety valve 10 is

posi tn @pezferrodtaneipoditrient oh ther inventiaruthe safeby Mglvet1Q isgisployed

R 3o 1 15 Be sing 26 spods e tiFe peoli g pERY%6 tidfaner
UMIRISFYPHIP 26 Beiry blARre@URH thOpradiicEORHIRNER. For example,
Referring to Figure 2, the safety valve 10 conprises a

SYRaeSsiEl 3eCHPNS O ]Eha:ianebbdgvngrstrmﬁiZﬁwnﬁadoeathrwg,dﬂnﬁ%eper and
R R eheb e R Ao A e R e o0

AgBehaiotlyp thesbindaz8 snayTbe secavesette thenridheulting estrirsyi26 asing one
84 is sized to be slightly smaller than the di aneter

opmore E0BVRRioNAl BIashasical figteners dnet shewni derediding op fae mode
of %Q&Wﬂerﬂ%ﬁh@@gfeﬁg %R/feefcf"@ ﬂﬁesiﬁﬁ&‘:thﬁ%lgté%%m? 26, one or more
approxi mately the sanme as the dianeter o e I nner
comentionst sealg (126 sHowrt)may bapnevided e sealdire t®dyi 18 tolthe inner
ybstantially fill the annular void between the inner
t 8Ugr t ubing strings 26, 28. In a preferred

e ggfg*bggsﬁtetgﬁvat\iéem AMRNhEIRAes shRatsiahedans/@) %l #e bsdy 78 to
the outer tubing string 28. In the illustrative embodiment of the invention shown
in Figure 2, a number of annular seals 92 are mounted on the outer surface 84
and sealingly engage the outer tubing string 28 when the safety valve 10 is
positioned as desired in the well bore 30. The seals 92 each may comprise any
conventional face-type seal which is made from any suitable metallic, elastomeric
or non-metallic material, depending on the expected pressures and fluids in the
production bore 30. Alternatively, one or more of the seals 92 may comprise a
radially energized seal which is expanded into sealing engagement by the
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with the inner tubing string 26 and is therefore
secured and sealed to the inner tubing string prior

WO mob/mtngs | onered into the production bore 30.PEDDS2002/037395
exanp 20 successive_sections of the |nnﬁr tubin

prgqs,qrﬁ@q ﬁ@ profuBEon RPEAR AT PHES slispernghmechaiism ( (nO shown).
%tﬂro%% @9%@%&%@?{@@ a2Uha ?teVHHdRBff‘% ch ;H ﬁﬁ%gall'eﬁ Beﬂ\ﬁeen

roug ore ernatirve t he
thebody 8 dml theeoutantbirtgistiing %tmnoegthé&aﬁeﬂyn@al\mwéo mposntloned

S ABEAFRRoRE EE Sd ER ER BLRLRY ot
tutyﬁ \Erind28 othbrlfodynnﬂwlltﬂéhh@p@séhféﬂc@rﬁamﬂ@b@ﬁne‘?{%m@&w the

ventl onal seal's %not shown) may be provided to seal
re$¢refoh1@d|¢ tne postiarhef @rwoductm b@fes?z(} loggtedraleonther safety valve
1 val ve 10 al so includes suitable neans to seal the body
078 to the outer tubi ng string 28. In the illustrative

embqrlifaR(Hg il tbIFgirevE thé eafe uive 1ma|Eogumrzsesaat least one
nunmber of annul ar seals 92 are nmpunted on the oute

floyupassegesdt Bhichnexteeds DAy ayiady tl@ﬂ@égbdh%m@w &q@nd a

o P S P U ool et o

paseape feangfenearsrabbdiarelt 01f ﬂwmwgp’fbom,dbé okzhaw:da rmesmber 96 is
made from any swtable ne | ast oneri c,
oriegtedrongitudisatiywihirine wﬁy @Sgﬂ OFﬁ\éF’)é%BHfBHm of the radial

cr%{%&fo%%l Q\Q% &t tHbqﬁ)d'yn Ad¥%r IHQQdﬂféﬂcﬁﬁ p%@éﬁ%e?’% ideally

ernative one or "nore o? e sea
lndodess bbeast 8be tradbetrsy trarclybemds yguch tie clnsuee member 96 can

3213&7' n%ﬁ?%gbggfz%gq\%g%nﬁ%m%lwr% for example, the

ﬂo?{lsgé’fédeogu BRI BanBYerad b@émggglémﬁs@mﬂamheﬁn 00
one seal 92 could conprise a separate

wipiels Ieoxtefnd&fbeiWeee tm@aasver@emﬁmand thrtaposyfaee @hand a lower

AR Erantih a2 WHO7 rRIphShetle 81 B hafaBtoEhlartd 4y £ hottom
sifacers2. engage@eatdl el pabsaguio4 cobldt hdbiengasy differelB,

the body 78 wi Il forma pressure containing, barrier
candigueationshas langsas eomnawicates Q%W?%ﬁh%fw%t?é‘s of the

f | 10.
T
Comhlflﬁﬁef@dredi lemﬁol tdgr’nen’c cbﬂtbﬁllrweﬁb dlag%rMCImbmr@rmemm% isa
ener a axi a rou e
Sy heRERpT SR NFYR Sushasds Sspeoes B0 & Ratent Application
Ng.mg?ﬁgﬁ%l glflﬁ: lg%ofnllrﬁ%llygﬁﬁ%?ﬁﬁeremhaarﬂf RidreBy lncorporated

nent”’ e I nvent e cl osure nenber
hereireloy E&]‘etemgl tAsisimawh yn Riguné 2, theegateialveso @omprlscs a gate

oty i Wl SRt ertrgey SRR nBHS S BR AfHnisy

transverse branch 98, a pair of ring-shaped seats 106 which are positioned on

opposite sides of the gate cavity, and a gate 108 which is disposed between the
seats. The gate valve 96 also includes an actuating mechanism 110 which is
positioned in a bore 112 that extends axially through the body 78 above the gate
cavity 104. The actuating mechanism 110 is connected to the gate 108 by a
valve stem 114, which is ideally sealed to the body 78 by a conventional stem
packing 116 that is retained within the bore 112 by a gland nut 118.

Referring to Figure 3, each seat 106 is preferably a floating-type seat
which is positioned in a seat pocket 120 that is formed at the intersection of the
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i ncludes at | east one transverse branch across which
the closure menber 96 can 15 operate. In the
weredisTesmit of the invention shown in Figure 2pCT/082002/037395

gaie SAuty 584 AK e SATBH AT BG O ERST Sat dRous 1dRlY sealed to
ltsbsadv&ﬁaobnrg ééé%rb%\éﬁéﬁ?z@b?%ﬁfhrﬁwaﬁié%l HOP il iE s RPagainst

axi al ranch” 102 whi ch extends between
thelyate A8 dyea Bellévidemwiashead124erhaddition, eantf seal csfznpr(a‘es a

t fl 94 ld. h ff
ooz dnengliars JRe e Foatpned Tk SR e e red
the \WoehitREYa8S valke QGHQWHfé tl@@e@?b@tlaﬁ s\hbl/\ﬁﬁhna?lgure 3 a hole
| ocat ed above and bel ow t he In a preferred

125wbithrediends transvaraglyibiosigh the @a& 398 isoligehieamdige thyough

bc%fgg %% 3 thl%agglsélo?l g{e g?t ‘Bﬁlg%%gaégmikbﬁ% @@\y@%&e%éﬁeat 106
anvdiriebys p e yid drne doWwergeivr by Hathe ﬂr@némﬁ)branch 98. When
i ncorporated 25 herein by, reference.

theigpiie yalve his igdhe opan \p@s@l@ndamh%@ HﬂegE\@l@ g 1250 gligned with
th%ﬁg&(’é‘@gibr?%t@@dﬁng A0kl |§|th% e%ﬁ*eaéllé)\é/vetd%oﬂdﬁ\ptﬁr?ﬁgl@%jé’

transverse branc
tramsvgrsdbrthseat s 106 which are positi oned on

d f . [
ot cReleEring Sgaida gtwanhe retatba BSChaSGLE Bargterably
@& BleSisy h?@r’aﬂﬁ@ﬁré&%u?&?&ﬁ‘bv@%@@ﬁf@ﬂ‘@@ ﬁ“oHﬂwé"&]b%@ bBsition to

positioned 1h a bore 112 thaf” extends axially
thetopmingpoditien sodyo nelddbegate inethgaeren pwtlw umblmheméiraullc

oRSS U GIBTEL 3 AR S PR b IR o
FIROFY 2 7thebactBaririehhrigal 150 @mnpﬁ@@g aNgstbh61 30hwhichss
retained within the bore 112 by gl and nut 118.

cowtasted tytheovatygaies 314 aaelis sedled1oghe bofp dft dloyryaanular seal

5 SR8 R 20RO P g
alfovdh2081S1on 48048y E@%USQWAMW isgrinmectad betwbdh a suitable

and the transverse branch 98. Eac at 106 is .ide
fitiag 188 indhe farsoliveRspangs IRy RX&@aP %,otgﬁaer\il 66 apgl GO ?roh €onduit

4%‘3{1?%@@@{1?% ﬁgﬁé@f?ﬁsﬁﬁ tﬁggxﬁﬂ le [th8 %@\'h@e %% control

each seat
candygir 48 Esscannectatkicad cbrres:pxg’rdnh@ser\dﬁﬁam loohtrolsilrwl 4@ iretthe
t he transverse branch 9 val ve

cé%?cﬂ% chR 40 BT B b sathgE et Bugbaine IGuEr 348 4 Spyoe of

8 hbWA.S TRE St tvlarv@uwn{ 88comPReics
o Lsﬂg? [f;%kgm&% ﬁmtsshrouwh boresy12 In tdr??% posr]t]pl(poﬁ

preissuRc@MPOBsatianl ;Borad 38 metich hemauitieates aviths Rertinpeof the bore
175 SRR 05D T4 I s 05 bUFHYit Betne e
(r’\(ﬂ’ﬂ?ﬁ@ﬁmm VIR0 fittingM 40n@itd alvonrpl lindé4hol e 128 is aligned

In accordance with the present invention, the actuating mechanism 110
also comprises a return biasing mechanism to force the gate 108 into the closed
position in the absence of a predetermined amount of hydraulic pressure above
the piston 132. In the illustrative embodiment of the invention shown in Figure 2,
the return biasing mechanism comprises a compression spring 144 which is
operatively engaged between the gland nut 118 and the piston 132. The spring
144 is designed to exert a desired upward force on the piston 132. Thus, when

the hydraulic pressure above the piston 132 is insufficient to overcome the
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10 the through bores 126, and fluid is therefore
allowed to flow through the transverse branch 98.
woRedoe0487mg) again to Figure 2, the actuating neR¢EHOBRNM/037395

110 i.s_preferably . nahl e j r i
et B ARt Al AR hb o FEREEM Gk Poosiion
toQRE @ldeedi gositibnarhdrefdre) thetdagetgaiatve 10 e “fafieiose” device.

position until the hydraulic 15 _pressure is relieved.

I n tIReoperation ebihesatehityghienthtSUHICIe M AREIR PTETSYifokin

: . ; . . i i A
oy AT Cpelie 1 e RIER D S K spaes
dowtivars ageahsidhe oetuhe fdroe ef fsyngah4anibealovgwedrd rmegement

ot ST SR ATh SBeb Ut B Wi mov
tthé?e ECE {%&éﬁ e {:I%gé(?%@@igifbﬁ% ied WBER pdsitivht aktigis Hdsition, well

ting in the bore and, for exanple, _
fluideaseire teflawdhoughrtoe flovnprssagesBt and updhiaughrige production

h 4 (Fi 1A),.. | hi le, th i
ofRatE P Sregbnaire B NahE sRRELE Mo 5rigHS 15 €tk Wi the
proBLERSPBOR 3 tHEhytERIliB MHessUIEDovithe pioh N30herelieved. This

controls cap 40, which in turn is connected throug

wi.llhteélowﬁrpe&prim 4 te fotner the RistonHiad upwarg, whiasiny et pv&lt pull the
t 1 “ | ﬂ? .
V%Yeg%%? QTQQ@@@% P\éﬁé}ég)ly t g%yﬁé%ﬁ Wmélnl cgfb e%e% V\i/ID (%Shmon to

tha dkesdd pasitidn.t rethixopesitid, 2véibihat s drd prenentdtefronsli@ming
130 and is connected to a ballast ta

nk or the |like .
thyogh tediany Passace 94.anchihersaieliive &ém%forpifﬂ@naaﬂ.effect've
B 0GB e R RPARB1vidonton bore 30
lobatesli algpveetbbamiven t o force the gate 108 into the

| 3 ition in the ab of d i ned
oo uRheyoh i ciea e rabetoB TS ARva e B L 85 DewB 4 | o
h;gg}gldlgéed||¥%p*e@étba%a@@ba%r@mergypés@f VAN nag hesablé for use in

the return bi asing nmechani sm conprises a
thecsgfetysaihan1@pFongxamplesfihe Blosyre Byeankar Sfcquld ggatpsise any

oG PRl R AP SRl R0 s o vive o

fldppeteafie. t ABopinet @dsurd 4nerhides 96 \Woall &dmphse byigofithe kKnow
pressure above the piston 132 is insufficient to

vayialy o6 storemehoke W%oﬁh%@?f@stm@ﬁwbowr@m@@uld not be
irUBIE RO PERIL IS RRe SRE B, 844, Lhe gate 108 will

€ open position 0 the cl osed position.
Ther afsor elthdlgh thef sdfgtywadlve 10 Gas Deen describet as ée context of the

oSS chtr o SalatEn o S YA e bR yep qanbe usec
el A ZERfRR R, LA e AP B RrEp RS oo
tHENan rilous batvebarotwenearicentric tubular members. For example, the safety
valve 10 can be used in a more traditional type completion system in which a
production tubing string is suspended within a production casing string and the
well fluids are produced through the annulus between the production tubing and
production casing strings. Therefore, the present invention should not be limited
by the particular completion system in which the safety valve 10 is employed.

It should be recognized that, while the present invention has been
described in relation to the preferred embodiments thereof, those skilled in the art

may develop a wide variation of structural and operational details without
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of the piston 130 will push the valve stem 114

downward, which in turn will nove the gate 108 from
wo b@4ohsrged position to the open position. | n poi/ES2002/037395
position, well fluids are free to flow through the

flom1passa%§%94 and up through the production bore 3
departing fisn ke perciplesof tiae an@ntlﬂ@ J\h@rﬁfoee ﬁl@@@paen%@clalms

{) t&éﬁ?éh&ﬁ%evogﬁt VRr %@ g o%ff\'&%ﬂs *?é%ﬁ ﬁ@\f)gﬁﬁ%{ﬁyéjé@%e} ?nd spirit

ofdhledwvéitorspri ng 144 to force the pi ston 130 upward,
which in turn will pull the valve stem 114 upward and
t hereby nove the gate 108 fromthe open position to
the closed position. In this position, well fluids are
prevented fromflow ng through the flow passage 94,
and the safety valve 10 therefore forns an effective
15 pressure barrier between the reservoir and the
portion of the production bore 30 |ocated above the
val ve. Al though the closure nenber 96 is descri bed
herein as being a hydraulically operated gate val ve,
ot her types of valves may be suitable for use in the
safety val ve 10. For exanple, the closure nenber 96
coul d conprise any 20 suitable hydraulically or
electrically operated gate valve, ball valve, plug

val ve or flapper valve. Al so, the closure nenber 96
coul d conprise any of the know variety of storm choke
val ves. Therefore, the present invention should not be
limted to any particul ar cl osure nenber 96. Al so,

al t hough the safety valve 10 has been described in the
context of the 25 exenplary central circulation

conpl etion system 12, the safety valve can be used in
virtually any conpletion systemin which the well
fluids are produced through the annul us between two
concentric tubul ar nmenbers. For exanple, the safety
valve 10 can be used in a nore traditional type

conpl etion systemin which a production tubing string
is suspended within a production casing string and the
30 well fluids are produced through the annul us

bet ween the production tubing and production casing
strings. Therefore, the present invention should not
be limted by the particular conpletion systemin

whi ch the safety valve 10 is enployed. It should be
recogni zed that, while the present invention has been
described in relation to the preferred enbodi nents
thereof, those skilled in the art 35 may develop a

wi de variation of structural and operational details
wi t hout 8 WO 2004/ 048748 PCT/ US2002/ 037395 departing
fromthe principles of the invention. Therefore, the
appended cl ai s
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are to be construed to cover all equivalents falling
wWithin the true scope and spirit of the invention. 9
wOD208749048748 PCT/ US2002/ 037395 \What i s C apaetis1082/037395

Wh e ﬂﬂgaﬂsatlon with a central circulation

‘CSTIJ&_G%V—OTITYSI em whi ch conprises an inner tubul ar
menber t Natcomdinatitn with @uegnte cvadletion ubmmtlom:wetenn which
and _ a productlon bore which is defined bhetween t

COMpFSeSATHINGGE &sbutak member thatfde S%\@%ﬁm%ﬂ%@#&i&ar
m%ﬂlb\éﬁ al ncﬁcﬁ FSRERE BER wﬁlc‘ﬂﬁ Slfhby g%MééTﬁfHecff\ EQHM outer

des “an ' outer sur ace an rough bore
tubblar neethberds agimﬂ'rmﬂé yaw(y adlvg wmmh)ugmnptllaes body nmeans

for securing th h nn ular
means for@ an?reﬁ}j b 5}5 @st%%ﬁetgr Sliface and a
thF@J&@%@re]tﬁat"Qﬁ%d@ gbﬁéréﬂ?%&la‘llgﬁ%@hﬁhéwyg barrier

bet'ween a first portlon Emej)uctlon ore
| ocat ed bBEans f(bfeSG@@ldSlQ el bady ée hedinper tubsaronenther;

Pl ow pas<a B g aaBONT b B SRR Bl HRRocP®

comuni cayRsrefetheeiesdy foembid plesane s&eiendetinsdn amisstqfortion of
the production bore; and 15 at |east one clgsure

thm@uctm weul@caisgwé@ut% bedyand@ sacond Rastergethe
prwaﬁ t%r{]bg ul'o? tfeldoé(y)cp% he first and second
por EheO'St R |on bore is controlled by the

cl osur e narbest.oriz fldiheadeagmwhe:m@ﬁews thabugh ttie bbdy and
wherein the i

cqlr@%mqut%k)e%?ns Qﬁétu@i%%%dveo gte)%e EBﬁge"E” pction bore; and
oo o ¢ TP SRR REReh i i SAG 30t 45080 A o

whi ch are bor'e, and
pddsagk; and second sections are connected to

correspondj ng.o ..and second .

r ecept acl\@é '%}I”H Hef%%%ﬂ\fﬁ fE?RF@F%%O% poitignqof the
pma&ﬁémbbﬁéelsldbﬁ%ué@lbyltﬁé clodBrdRigpgserconpri ses at

| east first and second successive sections, the

secu?i ng Thedawnbolesafelvalve et claing 1suherrin the &wnasdubular

R TRcl 55 BB o SEEGHAD B5cunng

means eohgdisks ﬂrsf,tcerrrdeeewmdl regeptackesafhithard argrhe(ﬁwﬂh the through
second receptacles. 4. The downhol e safety val ve of

bereaghsl the f,\ﬁéﬁ@ﬁﬁsepﬁ@d §@§1|q>rp§gar,ee%g{§1ected to Corresponding ones of
the first and second receptacles. :

3. The downhole safety valve of claim 1, wherein the inner tubular
member comprises at least first and second successive sections, the securing
means comprises first and second threaded receptacles which are aligned with
the through bore, and the first and second sections are threadedly connected to
corresponding ones of the first and second receptacles.

4. The downhole safety valve of claim 1, wherein the sealing means
comprises at least one annular face seal which is mounted on the outer surface.

5. The downhole safety valve of claim 1, wherein the closure member
comprises a gate valve which includes a gate that is movable across the flow
passage.

6. The downhole safety valve of claim 5, wherein the flow passage

comprises a transverse branch which is connected to an axial branch, the gate
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30 conprises at | east one annular face seal which is
mounted on the outer surface. 5. The downhol e safety

woadm4sThs cl ai m 1, wherein the closure nenber POWVPS20H2837395
a gate valve which includes a gate that is novabl e

VBIeCTIBAES BRI IS HTPD GKTHE BN e iRy 4TRSS 16
S i al
R R A e BB T e e BB 057305
val v&. confithiestimvizhalatsafatpvalve offdaim 2xwieerdin ther gaighis disposed
e el SA ek it LRSS M an e P 8B Boyn e
5 i p&sRfgecl @i m 5, wherein the gate is disposed

between~a pair of seats which each conprise a through
bor e & hat Tiei dpwenhwle Isafaiy valerafslpipas.cugereigthergate valve

AL 1508l L4 e R B bRion n i
PIeIwae theig sleds @fsBOF b B flow phéstiye ahdah epien pdsttiogeinavhich

is offset fromthe flow passage and an open position
the hete istplignae Wit BeiflovaPagiAge - wi th the flow passage.

10 10 99 The 4niliph ol SbRIY ViRledt Binfb Al fin WiehRhihg means
the novi ng means conprises a piston Ichis

ooniprzesepiktornt Whichds eoanectedito the gateeambwhicheistresponsive to a
prgdet erm ned anp
e

QTR B0 Gty T s dohave fenoaBTam dhe Sosed
" | t | f claim9, wh inth
P R Vi oo condui ¢ that extends
generid.| y Tha ddowghaolarsafeth vahve dfaligim 21whaiein dwmwpistareis
af et Lve of .claim?9 ' he .myvi
15 raratig g cdoalt Hiexeididaly RaPRLFEHFRRRE pooy.

f or ceg t hergagwhhaB daléty VAR o0&t DORhEmih e AloviRfmeans
position in the absence of the predeterm ned anount

fortherycoraprises prefssubiasirgomegharise WbighHeraesdhe gaje from the
val ve of cl] aim 20 n. t iL.asi .
RSN e BSSBH rL08 RLER AR Pctermined amount
sTrgdeddicgrgsaurgaged  between the piston and the body.
u

20 12.  The downhole safety valve of claim 11, wherein the return biasing
mechanism comprises a compression spring which is operatively engaged

between the piston and the body.
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