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WO 2004/ 048748 PCT/ US2002/ 037395 Downhol e Saf ety

Val ve for Central Circulation Conpletion System

Background of the Invention The present invention
el ates to a downhol e safety valve for a central
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the vmee ftéloges. I n addition, the annulus between the inner

t uﬁ'ni ge%tra} éilrcﬂ%tlon completion systems, examples of which are described
in International Publication Number WO 01/81710 A1, which is hereby
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 additi'on 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




a second, outer tubing string defines a production
bore through which well fluids are produced. As with

traditional subsea conpletion systens, centra
circulation conpletion systens must al so be provided
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bore is controlled by the closure member; and

" wherein the inner tubular member comprises at least first and second |
successive sections, the securing means comprises first and second receptacles
which are aligned with the through bore, and the first and second sections are
.connected to corresponding ones of the first and second receptacles.




2 I n accordance with enbodi nents of the present
i nvention, these and other l[imtations in the prior
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fromthe follow ng detail ed description, with
reference to the acconpanyi ng drawi ngs. Bri ef
Description of the Drawings Figure Ais a
representation of the top portion of an exenplary
central circulation conpletion system show ng a
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completiop Rysiep, ghy %‘??Pgef%@fl%*rw Sﬂ%haafmsm@ iginstalled on ap,
wellhead ltRsig@wnhol e safety val ve of the present i nventi on,
Igenerally 10, is shown installed in an exenplary
CBNR s 2gspresetaion ghthe batemetortion of s cealicroulation
Canﬂg§§ﬁ&hh§#%h&1%pe af orementi oned | nternational
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Figanegis @@slame{i oiobssgetional giew of the guh wtseatposioppafitheasfeiyn a
wmmofﬁ%&;ﬁtnas tree 16 that is installed on a well head
i'hg 18. The wellhead housing 18 in turn is
Detailed IDpperiptietlofithe Briferrédifmladdinaengasi ng string 20 which extends

int.o W VO The_casing string 20
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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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between the inner and outer tubing strings 26, 28, and
a service bore 32 is fornmed within the inner tubing
string. The production bore 30 is used to 5
comuni cate well fluids fromthe reservoir to the

WO I HPas tree 16 during the production REBSWH2/037395
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COwglshbHn4r FigiYe WA, the %W%%Xre%%&ﬁpﬁéés%nﬁr’é?fodrﬁm %@r

.38 to provide an interface between an externa
whiehucomaupicatesivéih tbe presiueliebersdlc ohise,dhe kubirgsharger A4 ise

A, f ' d trol
coablSfe Chy T 0 MISET Y sl 7
proc:mgplebprﬁﬂ and tlt?ren:vtrmraewt. ¢h‘t9qmﬁédb010dh§hiﬂeEi, aglﬁeé Rap Ble

ubi n r via a..remote subsea natabl e coupl er
mayLfe S IPE LR SoRifF 0aiaP DS tedubing Banga Hand e
contedls cah @B TokipPSing® @irisbrioR Férh'&@%éi-rﬁlg’?:l%g?lgfs 4‘2"1‘?\9? i(l:))ES

to effect the production of the we s and
remeyaily seqred e diee\napidfdo providecaminterfacedretwesmapedemal

L AT
one gf)these @e?rﬁsemmﬂmmmloblinelsmaﬁ pre;fenadlyi donﬁéctfb{_j et é} eﬂ] ends
etween the production c it an ortion,of the
comgRRR setiied a8 oyl Par b e o iangen angena 14, a
remolelsvbssa fRRMIE Eolpfer¥ll f6hrea8aMaRhicA VAP be Wesdibdd BRlow.Ce

outlet 58 in the tubing hanger 14 that in turn is
coHteerisimar e (A @lsoderludesea punberaf, canduits tosfiect the

prodBERAOAnER LG T PR VERT bAB F3BE 20,
exaniiepMbe ichestmasitrep 16amgyp comprisere praduetios apndift 5228kick
comh RS B Ml B, SIS E e e o Wi
exlibauss e pedlficrybngpl o flapir kS ooy o
located @@gve the tubing hanger 14, a service conduit 56 which communicates
with & 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 86 in the production conduit 52, a production bypass valve
4
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Thus, the christmas tree 16 may conprise a production
mast er valve 64 and a 35 production wing valve 66 in
the production conduit 52, a production bypass val ve
4 \WD 2004/ 048748 PCT/ US2002/ 037395 68 in the

WO 2WEMF48 on bypass conduit 54, a service mRETES2003030:5
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onclrbhe O3S DAL B Bliedd s 408 81Uy
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t ubi i the body 78 wil
throgégb{q %ﬁéé i@: qréfe(qaqu Sé]ﬁ %?ﬂ]ﬁg QSS{%W@[&&?@G ?I@\g theiner
diaraétdr @mq@nnrtemum@g §frihf PES |fhis mAfner, hetbddyeigenmied

enbodi ment of the invention, the safety valve 10 is
subgfapiiallyddl theaemutanoid befween tie ingesand agiep Bibingostiings 26,

therefore secured and sealed to the inner tubing

"string prior to being lowered into the production bore

30|n @preferxedrpﬂrbodlﬂ&n!suﬁ:theSrwiem&om,&hé safety vilvd heis depiiyed
| ower

h ded d
wit s Rt S 28 B RO g ok At SSaias e iAot e
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secur ed I nner tubing string 26 using one "or
sucgegpive §@ﬁmqu|nnﬁ@f@hm.s¢rmg zﬁmm@rtbre(aded indd oppgr. and

v WREIRARADRE R sclth SRR B el B i .
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of B g e 1 eonr Ao bl Boeadise S5 e
of ati&@hbnt of the safety valve 10 to the inner tubing string 26, one or more
conventional seals {not shown) may be provided to seal the body 78 to the inner
tubing string.

The safety valve 10 also includes suitable means to seal the body 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-metaliic material, depending on the expected pressures and fluids in the
production bore 30. Alternatively, one or more of the seals 92 may comprise a
radiatly energized seal which is expanded into sealing engagement by the
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the outer tubing string 28. In the illustrative
enbodi nrent of the invention shown in Figure 2, a
nunber of annular seals 92 are nounted on the outer
surface 84 30 and sealingly engage the outer tubing
WOHHPO#RI4DS when the safety valve 10 is poQCENSN@mBaQS
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exanpl e, the fl.ow passage 94 includes a transverse

configlE{ons oas lopg aﬁﬁp‘ém"wﬂ' Gatesbeiwenn tporiane af 82t ends
prodgln dd(fg etﬂﬁ@vﬁléﬁlﬁéw %w \ﬁ'?ﬁe bogy par f ace 80

ower axli al anc exte ds bet ween
t He a praf&rmdremacm"aemimf ﬁmjnvmduotheouimsma rfemteer ©8.is af

h 9, . d ff
ryar§iaRT pporde s T8 SR8 B deRpnied 1T o BR e b el
No. 097815486, viish @fcotﬂaﬁompbwd@wher@w.th%e isS Retedbly GitoRsRated

| ocat ed above and bel ow t he bod

78.
“herein by reference. As shown in Figure 2, the gg{te valve 96 comprises a gate

cavity 104 which extends generally axially through the body 78 across the
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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In a preferred enbodi nent of the invention, the
closure menber 96 is a hydraulically operated gate
val ve such as is described in U S. Patent Application
No. 09/815, 436, - which is commonly owned herew th and
WO pM4/M8748py | ncor porated 25 herein by ref er BATES2082037395

o8 SOV e e P BRHE o7 oy Saal BT e BBt e

its dwdspa@iddiag sestpocket 120Mmnmvairatarseantin & is@idb%ﬂrag@fnst

I ng- h ' d
thegaRei R 67§ el Sl washer 2o naidig, eanh Sasiarprisesa
coakll #oligh 1sbrs RO QfidkEE WRGHEd With th%qaér%vefgg%r&ﬂfh%&’ al ve

96 al so includes an actlating nechanism 110 which is
30 VWary easéaivalye 86 ison dheglesedpesiiion shavn infigure s, a hole

126 IR Beb aerstl, SRR I BRRZICR s Bt ort i /B

borés/126. Lnathrsepositlem tﬂ]égatem&@afsagdﬂalth@dswmtmm oedthe6

and 8K e By T 0 B thioy GG Fehafideeyeng Bb. Wher

the Befearalvie @ son E‘ie&hﬁe@ gsat@ﬁqmt%ﬁ@wnmﬁe hélePr28fie bRdted ith

floatlngtyg is positioned in a seat
the Kseugtt bares 1 ﬁaﬂndufkulc# Erthergfase aflowed ia flavsbeeuginther t he

tran@véj@e P Q48748 PCT/ US2002/ 037395 gate cavity 104
ﬁe transverse branch 98. Each seat 106 is ideally

seRetatringagain fo Eigureez, e ditugtirpaecpardsrat] Tﬁmpmjerahly
| 122 i S bl t, t te.l10
ooe b el e e B e Sl Bl

the ommmm &nd o0l thk daby BUBE open 90613&1 Whe! @ik hydraliliconed
h the transverse branch 98. 5 Wen the gate val ve

Pfesg‘éf% is relipvee Inthe dilstrativg embedimestnl the invegtiershowmimol e

Flgu?)%?set %‘ciﬂ" éhe th Itr"%ﬁg %’?@ée%%éﬂé{?n 1%’??‘%&%@%' tl'ognl )

Contl&téect]mtbe Yvoe stemh §1hgad ras&ealdfdetodbwbete thbweasntdar seal

ts flujd f t h
1327 PR fc BRPosare FoRmarisd torebriar o O eot SE el
abO\temheq:lmm N8 by a@antréldinesSIBaWhich Ishfénh@ét@d béfivden Abuigbrd
0 the_through bores 126, and fluid is therefore

ftting Fiémstbettep £f thz hore audor exanmpiethe spaicensheamtgiconduit
48 Irﬁfgei?lgrh %a '1'1 Qj%u'r:é YA, elln%hlgte&ﬁmgx m’é ééi‘glcg%‘ﬁﬁ%h?&]

_ . abI operable I C pressure
conduwivis is Io;en@pnt@?l toeBcdrraspondiag sbnfmohmbmrltnobhnet 46 intthe
n the o

~ contBReLe P i iningS Rotifectrd Bradi e ilupd 4B s qucnel

hydrermct préssurk Gsdtshbivive EHEDSALERAIVeOTD hBf alsB\@Rpriga ashown
pressure compensation port 138 which communicates with a portion of the bore
112 located below the piston 130 and is connected to a ballast tank or the like -
(not shown) via a fitting 140 and a control line 142.

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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Figure 2, the actuating nechanism 110 conprises a
pi ston 130 which is connected to the valve stem 114
and is sealed to the bore 112 by an annul ar seal 132.

draulic pressure is comunicated to a portion of the
WORHRESI4 | ocated above the piston 130 byPETHSHIHGI395

upwar@dorbd 4ronhihelsptifg 40nNRE Yafd 1UE WReRovd ffdth HabbRerdsbsition
136 in_the top of the bore and, for exanple,

fittin
to th gloseq ppaiions nEharaiore, ahe seRBalve Hbisian Taik@ose! isieMige.
ha ¥olily t Qjeni ; r:yi ce
and” opatifion b i ichaiys fo" it Hfrfiic bR
corgmniegled el theghae 112 abownthequsion dBO ke foecetbeipistome

l.S- : tch 4 ' ted th h
dowfitid JuBins ety Yol fle AL ) 24, SO S Rzt bt
of thipistun. 130l pabiete. veAle/stor0l t=dousiveRd CARTEH IrsamrwRmove

res conpensat i on. port i ch communi cates w
thel3aii, 144 Bom 41 SiRescheauionsiesné Geen BRI, o IR @OBRISR ol
ﬂuié@é}e%‘éﬁ tb HlowaRfagh @b i gaé%?gb@ﬁtaﬁd hifu hh.ﬁ? hléd%%clgon

not shown) via a fittin and a contr 0l

borg R04e therdhuintrensireent8.nka the eventra neadbarises o cloge off the
LAt r i e .

profcddLeReadifo A Hdssde Ao IRIGER 130 felifiba. Tis
will allave dd: spf’mﬁ plgditm faroe the pisten 488 glpmrdqmrﬂcmnemat\ﬁig guthlﬂfé

anpunt aul jc pressure abov e st on .
va B 118 o] S8 bbrd v it 108 Rowlibd Roa hasion fo
the bloged Bostion. LIRSS Pbsiion RiaiURE: AR Pharintdd FRTRLWARP 2

npression spring 144 which is operatively engaged

throgg viecow passguaSd. anrd therefely uélvﬁéopth@“e_fme fams arrifective
pro3fife Béirier Betuidn §1e805Eir S RIED Gt SER e/ ibauti e 20
locgtecbslzvedhabalve. t he piston 132 is insufficient to
he, 7 WD 2004/ 048748 PCT| US2002/ 037395
0 B SER e Slos e e RBSLas e 0ued hefanas b iog v | |
hydeRligally lopBtdtegfBSaIVROStHEF Bes bEvANES BbPBE upaft tdrQide in

Therefore, the safety valve 10 is a "fail close"
the srfiyvalve; 10. diasexemple, Hie elosure mambengs apsldigomprise any

sutd R OB NI Bl L BI85
flapprwalver sy Hiendosurb enemsber@t doufdeorprigeranysyfithen gndwi 4.

. The, downwar d ve t f the pistan 130 will pu t he
verichy 3 S840 Ehoke BEnterefore,eChrBssntatynian Showg Pt Be e
limit@d tearhOSartic4n didktirs hepstféripgsi tion to the open

position. In this position, well fluids are free to

f | Dlp+ aihough thersafety yalvedOhmgdenn desaribgsl intheoemextnd the
x5 B8 Kbl 05 £ AR e o U
in virtually any completion system in which the well fiuids are produced through
the annulus between two concentric 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

8




10 production bore 30, the hydraulic pressure above
the piston 130 is relieved. This wll allow the
spring 144 to force the piston 130 upward, which in
turn will pull the valve stem 114 upward and thereby
WO 2i0¢/048745e gate 108 from the open position PEI/UBINE2/037395
cl osed position. In this position, well fluids are

deirfRbidhe bARRT L OS o hBBAT shERrasebeBRRERREL e
areltb hereemstmie foagoverall bntivatents fling \wisten Yl frudssbpahnd spirit
Oftgortlo of the production bore 30 |ocated above the

GIRYENIAL-t hough the closure nenber 96 is described
herein as being a hydraulically operated gate val ve,
ot her types of valves may be suitable for use in the
safety valve 10. For exanple, the closure nmenber 96
coul d conprise any 20 suitable hydraulically or
el ectrically operated gate valve, ball valve, plug
val ve or flapper valve. A 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 particular closure 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 annulus between two
concentric tubular nenbers. For exanple, the safety
valve 10 can be used in a nore traditional type
conpl etion systemin which a production tubing string
I's suspended wthin 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
which 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 nmay develop a
w de variation of structural and operational details
wi t hout 8 WD 2004/ 048748 PCTI US2002/ 037395 departing
fromthe principles of the invention. Therefore, the
appended clains are to be construed to cover al
equivalents falling within the true scope and spirit
of the invention.




9 What is Clainmed is: 1. In conbination with a centra

circulation conpletion systemwhich conprises an

i nner tubul ar nmenber that extends through an outer

tubul ar nenber and a production bore which is defined
Wiett iee€hairnbd is:nner and outer tubul ar nenbers, a

downhol e safety val ve which conprises: a generally

cylindrical body which includes an outer surface and a

qthr OI%%leﬁ!aﬁoﬂ fath £xd404l %ur%ﬁl'é%ﬁ'cbm;ﬁ%‘ﬁcﬁi %ystém\f?ﬁ'igﬂ

the body; means for securing the nner
cqropuses ammr@émbulmem@mherrthamﬁemys threudio dn dubertthbular

B ot TR Bt R PP B B e and ovter
tupuRe nedrhbarsbardovriioé sefddelane Wifictedmpriadsa second

portion of t he production bore | ocated above the
bodya ganenady sylinghical pady péichigeludesan ewter sudacaand grthrough

ol oIt ge et BB ol BRBbYE. na ot 1 cast
one rotassifor seeoking thdbobly tethd innesebuamembehe f1ow
passa fl ow between the first and

g : V\/nerﬁln fIw&I
secdREAMIArisgaiIng the he bt%tﬂ\mm@ht%ﬁ@ memgefit r ol | ed

by t r : .

o LS APERR o St UG M B e
preéumtlmmretfmatedMva therbady andmpsdcons gortion ofitte production

se eptgcles, which are aligned with the through
bo[%? %‘5168 ﬁ?‘?'?%‘l’ Y;and second sections are connected

to

recgi'%a?’” RRETINOpRER B AES G EROMty and |
comvueicatesthetiveas the fitalland sesobd rportiampof ﬂ;nespredud:tmstbore and

fir cond succe SIV ectjons, ,the se

o o 0 o L2 SRR KRR CirtRed ess Beule prssage:
V\/ﬂl wherein flid G6athativeBntthe flrétrﬁn@%bohﬁ rpﬁ)rhé%jowt the CProductlon

first and second sections are threadedl'y connecte

bog fs earpeiied by thesdosretrnember; eindand second
whesHeeifie imherIBuRE LS GapPldes' 8| ¥stlirst 3 Sodond

suamsﬁl\w sécﬁmssm seduritg rhean®utinpHses fitst@ndWeRbnd receptacles
rface, 4. The downhol e safety valve of claima1,

as @,Ifgr}qeg withy the thrawglnbere, and the first and second sections are
connected to corresponding ones of the first and second receptacles.

2. 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.

3. 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.
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conprises a gate valve which includes a gate that is
novabl e across the flow passage. 5. The downhol e
safety valve of claim4, wherein the fl ow passage
conprises a transverse branch which is connected to
4an a‘RhaHobmholmsafet)evag‘aé of vialmd, whenginitee siosug@h®ember

t h tends thro hthe body across the
Cé:ma\éh %Se? gate yalp o lg%mﬁlﬁ% 3agte hhgtéwsagwa aGRogsibe flow

ecavity. 6. The downhol e saf ety valve of claim4,
wherein the gate is disposed between a pair of seats
whi ch each conprise a through bore that aligns with

5.c1'ai T SSWRBPE Ko ety B IS0 8" whefalnihe agiidssaue comprises

~ a treasverbebramoh Waidhhe c@ﬁh@c@attw%ﬁnaﬁamraﬁsﬁ tﬁegafté QaIvEN
which a hole in the gate is offset fromt

C%ﬁ@@%ﬁjea gﬁtp eaviypalrich @gtandsdhrougmherquyeecrosmhe sansverse

he downhol e safety

br%h éxbtg?gd Sﬁﬁg?gﬂiﬁl%atwvﬁ means conprises

a p| ston V\,hl ch is connected to the gate and which is
responsi ve to predet erm ned ampunt of hydraulic

6. pr es %OWBh%\F@f?THé’a@{ﬁ of glaight woerain dagigatsdsidisrasedo
X
€e m |F\;ﬁ€$éeét§'ﬂ\t1 %Sgﬁgﬁ&:ﬁggﬁo ethé(ﬁﬁegq'f B?t‘éaljhyi?al‘?éns with the
flm'opdssaget hat extends generally axially through the
body. 10. The downhol e safety val ve of claim 8,
wherein the noving neans further conprises a return

7.bi aSFH&déWﬁl'i@@'s%‘f‘?tWa% 5%&%4%&% {,Qg‘?&% Per

position to th osed position In
- coprprisesaneaneforanoving the gate/btwmeena plosed wositioh in whieh a hole

n S8 BBl e nE b e S o

is higredt With oRe Flaivi pilsugengaged  between the piston and

the body. 11
8. The downhole safety valve of claim 7, wherein the moving means
comprises a piston which is connected to the gate and which is responsive to a
predetermined amount of hydraulic pressure to move the gate from the closed

position to the open position.

- 9. The downhole safety valve of claim 8, wherein the piston is movable within
a conduit that extends generally axially through the body.

- 10.  The downhole safety valve of claim 8, wherein the moving means further -
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.

11.  The downhole safety valve of claim 10, wherein the return biasing
mechanism comprises.a compression spring which is operatively engaged
between the piston and the body.
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