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Cl RCULATI ON CONTRCOL VALVE AND ASSOCI ATED METHOD
TECHNI CAL FI ELD The present invention rel ates
W@emensoBy t o equi prent utilized and operati onBCT/US2008/079187
performed in conjunction with a subterranean well and,
in an enbodi nent described herein, nore particularly
provides a circulation control valve and associ at ed
nmet hod. BACKGROUND It is frequently beneficial to be
able to selectively permt and prevent circul ation
flow through a sidewall of a tubular string in a well.
For exanple, at the conclusion of a cenenting
operation, in which the tubular string has been
cenented in the well, it is sonetines desirable to
circulate cenent out of a portion of an annul us
exterior to the tubular string. As another exanple, in
staged cenenting operations it may be desirable to
fl ow cenent through sidewall openings in a tubular
string. Nunerous ot her exanples exist, as well.

Al t hough C|r ntrol valves fo ese oses
nSAEREELALGY BoNRebl RLE, X, s bRSIRAY B0
entirely satlsfactory in their performance. Therefore,
it may beseen that inprovenents are needed in the art
of circulation control valves and associ ated net hods.
SUMVARY I n the present specification, a circulation
control valve is provided which solves at |east one
problemin the art. OTECHNIGALe FIELdescri bed bel ow in
whi ch val ve devices are used to control opening and
cIoSTMg pieaewalymveme®Merebaam$I@emsrwbkyrt©e@qWEpmmmt
essure differential s. between.a ressurl e
uTJn}Je?‘Ffil Ig ANBRT A HHOS RTUECHMR tHe TR &Y ROr AhdT o
sExt&rt e WHEL Vahd L B CanlS@fbddimomt r@scribed herein,

more particularly provides a circulation control valve and

associated method.
BACKGROUND

It is frequently beneficial to be able to selectively
permit and prevent circulation flow through a sidewall of a
tubular string in a well. For example, at the conclusion of
a cementing operation, in which the tubular string has been
cemented in the well, it is sometimes desirable to circulate
cement out of a portion of an annulus exterior to the
tubular string. As another example, in staged cementing
operations it may be desirable to flow cement through
sidewall openings in a tubular string. Numerous other

examples exist, as well.

Although circulation control valves for these purposes
have been used in the past, they have not been entirely

satisfactory in their performance. Therefore, it may be
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openi ng and cl osing of the valve. In one aspect, a
circulation control valve for use in a subterranean

wawedob/osg93pr ovi ded whi ch includes at | east one PEENEING8/079187

for providing fluid conmuni cati on between an exterior
of the valve and an interiar 7l angi tudi nal fl ow passage
extendi ng through the valve, a closure device for

sel ectively permtting and preventing flow through the

sé’&?”&l‘i‘&t HRSr SLARMEEs devd Cﬁe@@éc{i‘%ﬂ?"@l‘lé | opedof ”c'jffé@iatlon

housi ng assenbly of the va | east one val ve
CQMWT@b valvéal dyd prevenidned fnevheods ough t he opening,
and an internal chanber. The val ve device opens in
response to application ofSUMMARYSt pressure
differential between the interior flow passage and the
exteImoth@fptaﬁewalype¢bfi®@tb@w p@rmitcmla&ibn control

nmuni cati on .t enln and t he cl
V&R OB arepried Thith Honees 1 o edth tre e HET in the
aflt f f ev et éRdmPEsE WeeNdéHEr 1 e @I bHOT ol | Div WRbSROEa Bél ddeices
i nternal chanber to thereby prevent fluid
a%%h%%%@c%?|QﬁP?ﬁ?%u@He@h%go%%ﬁl%bos}%gd%%t%é?a%g%ectAHOther

eﬁbﬁﬁiéuiétdéﬁbﬁfﬁgﬁOﬁeﬂ@&vfh'Wﬁi@ﬁeﬁr@%sﬁﬁgsﬁlffgkentlals
openi ng for providing fluid communication between an

betireen o2 Popys b edl inteunphsehapbendo fina exa k¢ orndfthe

Y d.se V, u
e S AP S BB L R R LR £ o
opaemlisgcamd vbhbyenglevf celseivalesponse to application of

a respective one of first and second pressure

di f f i ecntié aaSp@cpt)J iaadchmm]sa;tidme @@mtmbomllxn@ fiat vese in a

%§V|ce Fl ui gﬁnnunlcatl h% gen ng

F‘?ﬂi‘%‘ﬂa‘i‘nw‘? pjtﬁ‘ls%r‘?%l YeHtS ann% ‘?‘?r]s?aSt one

op& Byl fodli prev eaingl £1@id r@oﬁmmﬁica/aidxe BeMm&En an
thereby unbal ancing a first piston, and fluid

e’é‘é‘?ﬁ&ﬁ?ﬁ cf | %@@tvﬁ%@@@%ea%p%?%lqﬂé brrythidtngh flow
p£§§@@@3@xﬁéhéﬁﬁﬁ'Eﬁ%é@@hoﬁhéh@afﬁéong P1ESEHE Cdevice for

differenti al
selectively permitting and preventing flow through the
opening, the closure device being positioned internal to a
housing assembly of the valve, at least one valve device
initially preventing flow through the opening, and an
internal chamber. The valve device opens in response to
application of a first pressure differential between the
interior flow passage and the exterior of the valve to
thereby permit fluid communication through the opening, and
the closure device displaces in response to a second
pressure differential between the interior flow passage and

the internal chamber to thereby prevent fluid communication

through the opening.

In another aspect, a circulation control valve includes
at least one opening for providing fluid communication
between an interior longitudinal flow passage and an

exterior of the valve, and first and second valve devices,
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to the second val ve device, thereby unbal ancing a
second piston having a greater piston area than the

WO 2009048985t on. I n yet another aspect, a net hodP@F/US2008/079187
controlling circulation flow between an interior flow
passage of a tubular string ad an annulus external to
the tubular string in a subterranean well is provided.
The nethod includes the steps of: interconnecting a

f?’@i&'tecérﬁnﬁﬁfciiyp&ll e 544 | PoyviiEa VEh ¥SudRCL U NGr athe first

east one opening for providing fluid comunication
amdt seernd healve ed¢vicés oln posspersando t depphhvat ien of a

BPBLYLIG Sl 5k LIGHEOSRS BLESRY S L0alle BRI Gheine
appEhed gaded s ethé heot ré epdd i fid ova pas sdgei@nd tihkeuid

annul us i s prevented, thereby.opening at.|east. one
QTR GRIT O CRECYER BT | CRER IR0 o B ol E58G ol Tesponse
td hapohcd beoh | 6 8t Nal FEr e VbESs Siltee t NEF PPLSH 10a Det yeere

the interior flow passage and the annul us; and then
fuppl yYahva deeerrlr | Hee durp%%%ra%n%at%br%tm$wnr and

: i . i
IR, SasaRsR s ey asiuh teptibd e Ly AR oo
regponse tmmnppbid¢at pen ndf tehe sécordypressung differential

0 nj ' u 0 ' b interi
eF R e e, ESRLOR, ISl W fe St
phsmcont ievifigad ugesatearvains aoesardenefiah stlaadf dbgecpsston.
wi || becone apparent to one of ordinary skill in the
art Impoye€ asawdthe € oaspaiet ata anetiiod hef dedmttell ing
descL%ption- - of resentative eppodi nents of {he

A re
CHRORHR T AR hEF QY ipeFEerandl t hitekt DY e off 29 e

P W Chie 51 Mg | 2 €48 NBIA $1 @8 Cek Pe8A1 e€b | ¥hd NeuM@T 4 PUString
figures using the sane reference nunbers . BRI EF
1 DESCGRIPTR O TR THES DRAVE NBH @®d 4 | Bhey Betkedtikcludes the

sﬁ@ﬁéié%lyiﬁfé?ééﬁﬁ@%%fﬁ@'avégfbgfin the tubular string, the
valve including at least one opening for providing fluid
communication between the interior flow passage and the
annulus; applying a first increased pressure to the interior
flow passage while fluid communication through the opening
between the interior flow passage and the annulus is
prevented, thereby opening at least one valve device and
permitting fluid communication through the first valve
device and the opening between the interior flow passage and
the annulus; and then applying a second increased pressure
to the interior flow passage and the annulus while fluid
communication through the opening between the interior flow
passage and the annulus is permitted, thereby causing fluid
communication through the opening between the interior flow

passage and the annulus to be prevented.

These and other features, advantages, benefits and
objects will become apparent to one of ordinary skill in the

art upon careful consideration of the detailed description
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a well system and associ ated net hod enbodyi ng

principles of the present invention; FIGS. 2A-D are
w@p00a/04p989 scal e cross-sectional views of succeRGI/US2008/079187

axi al sections of a circulation control valve which

may be used in the well system_and nethod of FIG 1 ,

the val ve being depicted in a run-in cl osed

configuration; FIGS. 3A-D are cross-sectional views of
oﬁ%&&_s?égﬁt@ﬁ(i@é SRS A ORSnOE Lheryal fﬁv@ﬂtf&ﬁqe%&elow

he valve being depicted in an open circulating
andntheguretomprnyiGs diawings e th ogsickcsinhbar v loments are
C ve a I ec n

I?(?ie&%a (j‘i e e%(ﬂﬁ% p}((g: %dﬁ‘%‘grég seq%enlﬁ)‘£ %)ﬁdrg&l%nce
na@oid tgur atl on; FIGS. 5A-D are cross-sectional views of

successi ve axi al sections of the valve of FIGS. 2A-D,

t he val ve beiBRJBE¥eDESIORE PTI 0NN OF @HEC DRI NGS

configuration; FIG 6 is a further enlarged scale

el evetd onel iyi £vedthera €t sppacen®nty | ¢ roés NgedlevdLLl OFiew of

the valve of FIGS. 2A-D; FIGS. 7A-D are

a ekl 3B nand \3 $9RC b teq CRRERPY cemedY iRe RT bReiRtes of

t@@%@@geﬁgnﬁ‘;mi&m of the circulation control valve
which may be used in the well system and method of

FI Grigs. the_yalve &?15‘1%9&%&5?9 EFods rélélcu‘o&&PS@Pews of
confi gur ation: FI GS. are cross-sectional views of
SECeessSEVY canid bl sg@‘cmmsobfa therqal yeiof @S 07 v ve

d
A8 MY BT onr o B8 G o T B PBSR M led e Erg, 1,
t]selcw:aeB\se Viee Bixg adlegictednsn od  tine- inal awkoodéd Fd:éEflg'wri);lon;
the val ve being depicted in a subsequent closed
confFOes at 3RFD ﬂ@&réﬁ\-@@tﬂox@absﬁ@mtéﬁr@mcwwﬁve
uccessi ve axi SGC}(_I ons_of anot%gr cor struc

of :
a}&afh%e%ﬂ.w 2T o oA e B KSR % R Yje c1ng
dépecved | i SYSh epdRdeirculating conflguratlon,

FIGS. 4A-D are cross-sectional views of successive
axial sections of the valve of FIGS. 2A-D, the valve being

depicted in a subsequent closed configuration;

FIGS. 5A-D are cross-sectional views of successive
axial sections of the valve of FIGS. 2A-D, the valve being

depicted in another closed configuration;

FIG. 6 is a further enlarged scale elevational view of

a displacement limiting device of the valve of FIGS. 2A-D;

FIGS. 7A-D are cross-sectional views of successive
axial sections of another construction of the circulation
control valve which may be used in the well system and
method of FIG. 1, the valve being depicted in a run-in

closed configuration;
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method of FIG 1 , the valve being depicted in a
run-in closed configuration; FIGS. 11A-C are

W@ e@em4898rt i onal views of successive axi al secPC€DNS200$/079187
the valve of FIGS. 10A-C, the valve being depicted in
an open circul ating configuration, FIGS. 12A-C are
cross-sectional views of successive axial sections of
the valve of FIGS. 10A-C, the valve being depicted in

a SuPpE§UesA _ ﬁ'&ﬁ@%f&é‘%'%@ié%‘l H &R 3—§A51§c@é§s1ve

Cross-sectional views successi ve axl al sections of

axhot heecthors rcmtttlam vilvéeoti FEGS at TArD coble ovalaé vieeing
j ch b S hod of

d%gtim? h%nvaﬁ? %el ngl%l\gip]!l% é%ﬁf%&%rn?%%@éh cl osed

conf]%lg('% §$_n?: FIG 14 CI 0SS7 sectiona vu i

t he e Of FITS ‘i’é‘i\s S‘?%‘kle% At oFESYF @t 124 c‘1‘z‘1e% ve
aH &l slé&;l&h&‘of 151e Gf@l‘ﬁe COPSBIGECI TR Wvhe&wsaDfe being

succe (ﬁ,lve axi sections, of the valve of . FI GS. 13A-C,

depkcted viR KR # %%%‘f‘%%ocjr?ms% opR %‘H%H%‘%«ng

configuration: FIG 16 is a cross-sectional view of

t he ¥VEF¥e JOQAT-CF G5 e 155~ %%‘R%%P%‘?%n@l‘?‘?’%eoﬁ@‘i%c%?rs”e

akls s;écBl:l@l‘I‘éjFé@négléelC Bb8s CFRSST SR OhiRd é/ifc\i’_@l&élon

successi ve axial sections of the valve of FIGS
comr9hl val vei wylde phay dee i wsed stibsepiene L k| eisfem and

R S PRt TR R THR R 8 i
clm@@to:cmmfﬂ@!smtixm herein may be utilized in various

orientations, such as inclined, inverted, horizontal,
vertrras, eiz-¢ and ¢royvssseoisicwanl i giwwes i ofissuaddedoine

AL SO P bR VRS SF o Koty AT rerep yabve being
@%ﬁtf@é@sl@faﬂﬂs@éélﬂl appdiu Tat i g Scohf iderpeisej pl es of

e i nvention
FIGS. 12A-C are cross-sectional views of successive

axial sections of the valve of FIGS. 10A-C, the valve being

depicted in a subsequent closed configuration;

FIGS. 13A-C are cross-sectional views of successive
axial sections of another construction of the circulation
control valve which may be used in the well system and
method of FIG. 1, the valve being depicted in a run-in

closed configuration;

FIG. 14 is a cross-sectional view of the valve of FIGS.

13A-C, taken along line 14-14 of FIG. 13B;

FIGS. 15A-C are cross-sectional views of successive
axial sections of the valve of FIGS. 13A-C, the valve being

depicted in an open circulating configuration;

FIG. 16 is a cross-sectional view of the valve of FIGS.

15A-C, taken along line 16-16 of FIG. 15B; and
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which is not limted to any specific details of these
enbodi nents . In the foll ow ng description of the

WO 290048984 at i ve enbodi nents of the invention, PCT/US2008/079187
directional ternms, such as "above", "below', "upper"
“lower", etc., are used for. gonvenience in referring
to the acconpanyi ng drawi ngs. In general, "above",
"upper"”, "upward" and simlar terns refer to a

o .
a:ﬂgeﬁbdé 2 V\/Iﬁz!{\@;omr f@ééhsécéﬂsﬂ@fevfé@@%@ IGLLDOL Bye

_ downward” and simlar terns
axibdbrseot ton reft e vanbye fe D TGS elaMth she fagkve being

0 8084 Ngn 81 Lbor &0, BT SREILA Luehyo Lyt ated 11

eém and associ a od 10 whi ch

&”F?diyi’{ em 10, 3 %%%?i%ﬁéeﬁﬁﬁél*@féﬁl ﬁQi a Peéhien 2
the %Lfﬁi?%}f%’?re@é{ HESTRI TRl G Yot Al b T rbends of

tN\étﬂﬂr@@éﬂlﬂgll@sFeﬂltI@ﬂi déﬁbﬁ\ﬂb@dﬂ &6t hﬁajﬂﬂlﬁéﬂwﬁlﬂ-ﬁzé@)&n
be forned, between the tubular string_ 12 and the casing

VRFLPUHePT gt LORF ars‘é‘flh"h%] inc bredr bR duct i on

héf‘PﬁcS‘xgtéi [i @&rﬂ%&i‘ i ét&eneﬁ@dlﬂl nvéf‘fon‘i‘@' é&?ffg&ﬂaﬁi’ons ,
formwhat' i sknown to those skillTed in the art as a

wichemht dePaohihet foem "t Br ire e Hes co f beke soye$ent
on t [
L e A
oﬁl lesaeflyl uapiel s¢@otonhad £ t tiwe ppleslwiplewe@f i ome i snvmutlon,
ted in ouseln ceng nt e | e

RIS Rk e DRIHAE Tkt hert e e
efilesdimdees herein. If the tubular string 12 is cenented

in the wellbore 14, it may be desirable to circulate

CEMErth ©hk ﬂélp@wm@edemﬂp@ib@fof heh & nkeib tiss 4t a £D¥e

this purpose, a circulation
embodiments of the invention, directional terms, such as
“above”, "“below”, *“upper”, “lower”, etc., are used for
convenience in referring to the accompanying drawings. In
general, *“above”, “upper”, “upward” and similar terms refer
to a direction toward the earth’s surface along a wellbore,
and “below”, “lower”, “downward” and similar terms refer to

a direction away from the earth’s surface along the

wellbore.

Representatively illustrated in FIG. 1 is a well system
and associated method 10 which embody principles of the
present invention. In the well system 10, a tubular string
12 is installed in a wellbore 14, thereby forming an annulus
16 exterior to the tubular string. The wellbore 14 could be
lined with casing or liner, in which case the annulus 16 may
be formed between the tubular string 12 and the casing or

liner.

The tubular string 12 could be a production tubing

string which is cemented in the wellbore 14 to form what is



10

15

20

25

30

control valve 18 is provided in the well system 10.

Near the conclusion of the cenenting operation,
wWop@niose39 20 in the valve 18 are opened to perPET/US2008/079187

circulation fl ow between the annulus 16 and an

interior flow passage 22 of- t/he tubular string 12.

After circulation flowis no | onger desired, the

openings 20 in the valve 18 are closed. Referring

KRG L Onahd e oM § Pod BB cRé-Brethe yahyendBeds
representatively i1llustrated at an enl arged scal e and

compleebory” deflal$ . taire deserildss naywdEl usemgpletide in which

e 0_and_a ' d. 0 escCr |

e REae Rl R G ot SRR S e T T e TS pR e SE el ea

wol liesrsy st ibomewer, Nt heoldsuld e epl egr Iy tinddrestood that the
rinci ples of.the.invention. ei depicted in FIGS. .

Pgﬁé%}tt%"%ﬂ@n 185 i ROF nt HMH RS i 1P 3B P E P i i at? on

célerbed hedh®re t eRsighot heo openi Btise 2 Cades 1eerot hend | v 1

passage 22 and the annulus 16 is prevented. \Wen used
sysitem ckPrep Jaeehrpd deseoniPedhi Reedhr i gurati on of the

val ve 18 woul d be used when the tubular string 12 is

i nstBf 1'elee i b wbanes tbore 14, iareenerted ehknthe swellbore

111 0%%%%%t&@sff‘é‘b‘ié‘st@cjré’}!‘ﬁ{%t*ée&‘eﬂg&@ é&@ﬁfejnan upper

cenent | operation, the valve may be open
peehion ¢§ theowernuivs ihe afhoml tisidepwrpeser adlgirculation

t ubul ar ¢l osu device 24 in.the for f a slee is
ooitftof rglre U F mESrfded A M VL L R EHE L

| 6 of th | 8, . der, t | ectjvel
o R oA EoT Forf T I E0F T OO TheSBREAT MO 20.
op &Ll 84S0 eiflevhE evaBvear g i £6e fbsehdd etOrpeasit i €tculation

seal s 28 thereon for_sealing across the openings 20,
Ehoi Petuerh nihe tamruteat 1f 20 AmelrpotPhehtowiPaigage 22

ofAk: fubBlA -d0r B al2 seakrd0r 181 ASPaPIOYI #8805 no

ensure agai nst | eakage in the event that the other
lerggs ¢osited. e toReMORES Hhotherhe nt@lval 18| @esechesed.

and addi ti onal
Referring additionally now to FIGS. 2A-D, the valve 18

is representatively illustrated at an enlarged scale and in
greater detail. The valve 18 may be used in the well system
10 and associated method as described above, but the valve
may alternatively be used in other systems and methods in

keeping with the principles of the invention.

As depicted in FIGS. 2A-D, the valve 18 is in a run-in
closed configuration in which flow through the openings 20
between the flow passage 22 and the annulus 16 is prevented.
When used in a cemented completion, this configuration of
the valve 18 would be used when the tubular string 12 is
installed in the wellbore 14, and when cement is flowed into
the annulus 16. When used in a staged cementing operation,
the valve 18 may be open when cement is flowed into the

annulus 16.
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seal s 32 are provided, so that the openings 20 can be
seal ed off positively. The sleeve 36 can be displ aced

W0 e@aiovioshi n t he fl ow passage 22, for exanpl e, PUBUSZP0&079187
conventional shifting tool engaged with an interna
shifting profile 34 in the slgceve. The sleeve 36 is
depicted in its closed position in FIGS. 5A-D. The
netal -to-netal seal 30 is enhanced by operation of a

SealAnQeﬂgféf§y4QuM@1% éﬂ&é&ggsd@@léér@ﬁgfﬂegﬁeoform of a

pi stons 38 and a biasing device 44. In an
Sl¢¢M¢tamtréQ%@IWQﬁbﬁYtdm6$b®¢¢®@l©ewlt@lmoanE@ut@aShOUSlng

29REnSLy D8 BESLOUS, $yc 425 PRI b 652 D) ASLIGLLERY (Germie

Sea pressurée’ in
aﬁdcprawsmagﬁlﬂﬂdlsl@weamﬁmu¢Mamh@r@§emwmgsrmmhe The closure
annul sure.in the annpul us |§%§ %er t han

us 16, or
dSPESR 7 GArtRd t FLorHaLe dob. Tam LLenb T8 ghereon for

sSER hJadleys e hd biSefitigd 02 @, URh€UEn cmfiw@ﬁa@@ Pdature
differential piston areas on t he pi stons 38, 42

ofj the (rmbedinenat @H BICT hodk-Bki ¢ | Beitd h-termnekal f$%% a30 is
af&h P&Ff&é&’%Qfeﬁé‘@%ééréc\f;ﬁﬂﬁé@nie&lﬁaé@el@'@ﬁé”?vé’ﬁ?t at

as depicted in FIG en pressure in the f
thasstiger 22ea ks g2@afailt han pressure in the annul us 16,

the pistons will be biased downwardly as viewed in

thedF@mWh@mm¢h@re@woam@tyimgennmbmmhaew¢y3©i@mﬁr@ﬁditional

o.the neta o- [ret se 30, V%en ssur

SRS GHRUFLS T L050 £t CRRAnCls Qe Hih { hath o ealed

ophispegtt 221y he Thet®neSBe VB b | cdne e ad s Lgwed of yoraiSwithin
viewed in the dr 'nﬁ%¥but the piston 42 will be,

the 2SR PRI S cDSPTRRLE n ST AT AP HRAIRE R y
sl gl mg EéEPeeﬁ§b§@@ WEtR! ah Ot B Pha Besthi B0ind NeSof e 34

matter the direction of the pressure differentia
incthpenl edee f | cTpashagiee 226 ahel dericked| is 1% ¢hesed

5%4@459 et phs seal 30 between the piston 42 and the

osure
The metal-to-metal seal 30 is enhanced by operation of

a sealing device 40 which includes an arrangement of pistons
38, 42 and a biasing device 44. 1In an important feature of
the sealing device 40, at least one of the pistons 38, 42
applies a biasing force to the metal-to-metal seal 30
whether pressure in the flow passage 22 is greater than
pressure in the annulus 16, or pressure in the annulus is

greater than pressure in the flow passage.

This feature of the sealing device 40 is due to a
unique configuration of differential piston areas on the
pistons 38, 42. As will be appreciated by those skilled in
the art from a consideration of the arrangement of the
pistons 38, 42 as depicted in FIG. 2B, when pressure in the
flow passage 22 is greater than pressure in the annulus 16,

the pistons will be biased downwardly as viewed in the
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device 24 is always enhanced by the sealing device 40.

The biasing device 44 is used to exert an initia
wWher@siesy3d orce to the netal -to-netal seal 30. PCEHN&H08/079187

ring 46 installed in the housing assenbly 26 limts

upwar d di spl acenment of the _clgosure device 24 and

limts downward di splacenent of the pistons 38, 40.

The cl osure device 24 is biased upwardly by nmeans of a

ri Lo e C 4 I

e e ool Y B ooty DOPIDELg (oL fo the
met pt esstmet @k ceeal nd0 any hydrostatic pressure expected

to be experienced at the valve 18 in the well bore 14.

O heéfhewnpressube el | vhelsanswkhs ak6 sis i goaetertithan

could be.used ip the chamber, 48, .if desjired,, The al s
PEREsU5S (i1t i | Bl RAREETC 1 Fe cHoB P Ty 18 Va1 Bke
bi)iée@lnupk@@ﬁdlﬁnﬂs o&izédr@d chanies ddlﬁawjrﬂn@, Lll@tﬁ)lertl%ld]%i)éton 42

the closure deyice 24 js exposed to pressure jn the
WHJovx‘P%a‘%-‘saa@%g 2ovRREALY f hekehy ea‘?%l? PRI B PR sage

S Sr A NG I8PSEOn§ U bF &b 6hd | the SRetABLtdIméSa DI S84 ET30.
than the pressure in the chanber 48, the closure _
Thiesi co 28a4EeT blee i hseet 1on de S ptke ePeRSwNEe dilyf ferential

b%ﬁ@éﬁcﬁ@n{@ yﬁéz‘«%s& OS5 e flevige gﬁ"nlﬁf&%tié/,e {0 theal -
ousi ng assenbl IS ItTmted by neans of a
tohmptat epent | 30n betgearviie Bistdhed Zeandetrd ¢hesudes
one_or re pjn or | S secured tp.the,housin
a0EefiziLE APl eifiiledtor ShbE oA PiHd TR I,
the cl osure device 24 ith the sl eeve having one, or
or 6187 P 1PRHYY 957558 nTh ThetRed 1Oroihagt et boAL
bideihgigfoRes et s i tige aflslt 41 -ovalhetaDVWsEHL FBES. BAshdptheng 46
.valve 18 |s representatively illustrated in a

iRt HRA at P ofh$ QT LY (RESTRLY | 40 t hEMFFHWRIRERge 22

d 151 HeSRehOCE LaSRE & Dodut &V HECES £TakdaNikEs downward
pressure in the chanber 48. As a
displacement of the pistons 38, 40.

The closure device 24 is biased upwardly by means of a
pressurized internal chamber 48. The chamber 48 could, for
example, contain nitrogen or another inert gas at a pressure
exceeding any hydrostatic pressure expected to be
experienced at the valve 18 in the wellbore 14. Other
compressible fluids, such as silicone, etc., could be used

in the chamber 48, if desired.

The seals 28, 32 on the lower end of the closure device
24 close off an upper end of the chamber 48. The upper end
of the closure device 24 is exposed to pressure in the flow
passage 22. Thus, if pressure in the flow passage 22 is
increased sufficiently, so that it is greater than the
pressure in the chamber 48, the closure device 24 will be

biased to displace downwardly.

Displacement of the closure device 24 relative to the

housing assembly 26 is limited by means of a displacement
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result, the closure device 24 has displaced downwardly
relative to the housing assenbly 26, and fluid fl ow

W@ boolg93e he openings 20 is now pernmitted. SubRErjUS29D8/079187

rel ease of the increased pressure in the fl ow passage
22 allows the lug 50 in the hgusing assenbly 26 to

engage a recessed portion 52a of the profile 52. This
functions to secure the closure device 24 in its open

1ARSLEAY e dD0KE T NEnDegd; O MBd N AL NudLE LRCT8ASRGre pin
pressure I n the flow passage 22. An enlarged scale
owi kg 6$) t he stéeerwed 560 aphle phofislirg S2ss¢émbbpn26 s and a

: . : | 5 hi :
TR T Gl NS e R R A R M L 2
withttiee ps Déeve D2viedveresn cseviesed podflbacs p2%2 f f@fmed

the profile. Initially, in the run-in configuration of
ERTERSn 50 CRIRIPPEEY sthngheed | n a general |y

straight |ongitudinally extendin rofile portion 52p.

WhenRpt @E5HR ?#g%%o?%/w pad¥éal IgIzG%as”b‘e%n the valve 18

i$ NEEEPSEEn SR iPEly i 1118 LBEET ik NN PR £ESWF L1 L€ which
chanber 48, the l'ug 50 will be engaged in profile
P¥RPSUER BRdthev fhow neassrge 438 es neeeopehpcreased to a

e [ e r i ot he
1eYeE e of LEATELIRE DECSLIRE OBl CREE: f6!N%s o
resolt) ethorclosdla, dehiceby4 nsg st @i sp hacededoehward By
i its open .configuration . other appl pcatiop, of
r¢fatife BSOS RS | flsqmaly D€L SR LEE P through
tips espeti endd 2 heishaowepeddi wtéd. cause the lug 50 to

engage profile portion 52e (with the valve 18 stil

bei nguibpedilent IOBERENG T r ehe€abtcPdadd® preseasedin the
essure In the flow passage 22 wll cause the lug 5

r 0
ff%wem@%%%r%?i%l%?ﬁ% B¢, 5%i 1h e RPGIIRG MEvARRly 26
tc%ieﬁ@&é@sé’of@éé‘&éé/d dbSPL BGh N 4 0ot tEh&! 9SEEi NOSE3 | ONrhis

S
functions to secure the closure device 24 in its open
position, without the need to maintain the increased

pressure in the flow passage 22.

An enlarged scale view of the sleeve 56 and profile 52
thereon is representatively illustrated in FIG. 6. In this
view it may be seen that the lug 50 can displace relative to
the profile 52 between several portions 52a-f of the

profile.

Initially, in the run-in configuration of FIGS. 2A-D,
the lug 50 is engaged in a generally straight longitudinally
extending profile portion 52b. When pressure in the flow
passage 22 has been increased so that it is greater than
pressure in the chamber 48, the lug 50 will be engaged in
profile portion 52d (with the valve 18 being open).
Subsequent release of the increased pressure in the flow

passage 22 will cause the lug 50 to engage profile portion
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depicted in FIGS. 4A-D ) . Further increases and
decreases in pressure in the flow passage 22 will not

WO e®alo#89sn further opening and cl osing of the PGI/US2008079187
Instead, the lug 50 will nove back and forth between
profile portions 52c & f ._This-is beneficial in
cenented conpletions, in which further circulation
through the valve 18 is not desired. However, further

5@&6%1{1&%@?%&19@&{1&&@%% mgelglf&&oy&g @;gezn

prOV|ded or exanple,” by making the profi
cephijwratsombout the sleeve 56 in the manner of a
conventional continuous J-slot, if desired. Referring
addiAﬁ@th&tyapp&i¢@t$bﬁ§bf4$ndxea$@dvpteﬁsu£bitD the flow
rese %at ve| gﬁlllustrated after the

nd .
p%% F9Catf of OF T et AL o pradktrt 1Y TSy SECTY LR

cadZse atige t h@@ 5@l easengdgé hprd>ﬂi:1@a§@ﬂtmlessw e(wbth the
The valve 18 is now i cl osed

d bed
VAETR | Lo st Be gy phen )1 ul Sk Se R AT LA SR S crhe
lﬁ@ﬁeéé@a\/ }Ep?é§§lgﬁe 27n abigle PTGk U}_§a§-§a(¥4322 hei PPEeM hEs 20 lug

is prevented by the closure device Note that the
50 ugP WQ%Q%W%QQ@W%WQ%CWW‘W ethprelovuneidesice 24

t t h
c?ﬁ%ér ses IF%f%r eSSure J|:lljrl1&tﬁg H ové%%%%%g%@%#%%ﬂ ng‘%s
depisiecd hen VAT @@. 18A+D) open, since the device 54 limts

further downward di spl acenment of the closure device

24. Hwevieer imcmme@eamcéanﬂé@yewetﬂlapleeissslhm imethe flow

rofile be ot herw se_co ured for_exanpl e
JCSETRr R asab ol MR T S TEEEE i EE
tioperangs B9d ciostegs, ofhé hEu(}]’GL‘BWGWJlBl ndwis , bddle and forth
cl osure device 24 can be_repeat edlr}( di spl aced upward
%me%m%l%op%%%n%ﬁ%p%n t helRaF ves 1epgficial in

cERSPOSS EcdRp TR 1o PL & APRIH LAk | ORSL RO & £LE@BLSiON through
pressure in the flow passage 22, if the profile 52 is

tla%)p‘f@b‘m at @ i ot | e bed Ref BOWE YR adBi ¥t il Pembhgs and
ci&%fﬂé@soéﬁiﬁé 6§fvgaiy &@ld be provided, for example, by

making the profile 52 continuous about the sleeve 56 in the

manner of a conventional continuous J-slot, if desired.

Referring additionally now to FIGS. 4A-D, the valve 18
is representatively illustrated after the second application
of increased pressure to the flow passage 22, and then
release of the increased pressure as described above. The
valve 18 is now in a closed configuration, in which fluid
communication between the flow passage 22 and annulus 16 via

the openings 20 is prevented by the closure device 24.

Note that the lug 50 is now engaged with the profile
portion 52f as depicted in FIG. 4B. This demonstrates that
further increases in pressure in the flow passage 22 do not
cause the valve 18 to open, since the device 54 limits

further downward displacement of the closure device 24.
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Is representatively illustrated in a cl osed

configuration in which the internal sleeve 36 has been
waele@plossoed upwardly, so that it now bl ocks fl| ORCT/K82908/679187

t he openi ngs 20 between the annulus 16 and fl ow

passage 22. Displacenent of iphe_sleeve 36 may be

acconpli shed by any of a variety of neans, but

preferably a conventional wreline or tubing conveyed

shi f RSy &0l i { SyBEdne TP@a&iffvﬁpg’peé@é(t&E i $p! @ged
as a contingency operation, Tm the event that one or
rrofelef52 heowkd| ke 28thgowlsakconf igieed) ofor cexiple, as a
4] erw nog.. op to_pr i ,
Sk atbd Ti o P [V EPRLAP £ Bl SHEQY itk bie openings
amdinel osiddgs Vo tihe wpkne NS. 20Thi&eal theoreboddrandeaice 24

| atchin rofi] e 60 al so (or  alternatively) be
CHR oo (PP e hE S PRESGAE PR A SO kg g ose and
ot Vg Vd1¢esisetn f@%ﬁ%ﬁé@gt@dﬂﬁiiﬂﬁﬂé|apﬁpﬂbé£&ons and
e

FIGS. 7A-D, an alternpate configuration of t )
relesfatPhrPEdTt et VI tvke 181e%¥ paprasentsat i velhe profile

5311 4sigpt o0 i 01 Fonbh L @tdign of FIGS 7A-Dis

simlar in many respects to the configuration

desQﬁéP@Prf@%véﬁdfpféngfigbﬁgwi{btﬁﬁésbQﬁQ—D, the valve 18

configurations open in response to application of a

ipressreseningt tasky t Dl 1 et fdoed pas sagel @2ed acwnf hgwration in
cl ose follown pplicati of subseguent essure

i d e 18RI FPElp Bk E fhp ety "B AC A S ey, so

tieonf lguial i dTocks FH 1w THrdugl | the eSpaal Ngs 0BV i sesSwédn the

64 to control djsplacenment of the. closure device 24.
a ‘é{'\‘z%ljv %@i’gJe%WGQ?S%%g%o%éd pelspiicemenp| @t the sleeve

36 ORYP b ORSEompPE s & dbpkeny SBEad P PNEEy SbEithdSns, but
val ves or any other type of val ve devices which open

pPreferapbnse ¢onwepptient] onlweline «o¥ af W@ saeneeyed
sﬁif%ﬁ{g%é@i'igh@sé@l ve devices 62, 64 are selected to
r

I sol at espective 1 nternal chanbers 66, 68 from well

presfﬁéesiggéé §@r$§§pggqﬁf§placed as a contingency

operation, in the event that one or more of the seals 28, 32
leak, or the closure device 24 is otherwise not operable to
prevent fluid communication between the flow passage 22 and
the annulus 16 via the openings 20. Seal bores 58 and a
latching profile 60 may also (or alternatively) be provided
for installation of a conventional packoff sleeve, if

desired.

Referring additionally now to FIGS. 7A-D, an alternate
configuration of the circulation control valve 18 is
representatively illustrated. The configuration of FIGS.
7A-D is similar in many respects to the configuration
described above, most notably in that both configurations
open in response to application of a pressure increase to
the flow passage 22, and then close following application of

a subsequent pressure increase to the flow passage.
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predeterm ned differential pressures are applied

across the val ve devices, at which point the devices
W@p@p/0#a9a permit fluid comuni cati on ther et hr oRgUSA08/079187

radially enlarged piston 70 on the closure device 24

is exposed to the chanber 6619n_its upper side, and a

| oner side of the piston is exposed to anot her chanber

72. Another radially enlarged piston 74 on a sl eeve 78

pOSiﬁ% Qrpeé9¥’é$ﬁE£¢&§%%fbﬁ Nf Cer .i$A§5p9§fPié@%fvalve

e
the chanper 68 on its Tower side, and an upper sid _
deneces séon 64 exposedreb ansphecenepbef Tite Aldswife device

he 6 6 7 76,1 nityal prefe
24 o 8 e T tecten 621 (P Qo nd DEG GRtie,
covent vehyl | ouppues sdit €k susheas pimbsphetivtctle valves or
a&;essure). Howeyver,_ other fluids (such as jnert gases,

1P CRPe FYRE OF ef21YC afitV b TR rpt S8 soPeR Hayr PR, to

appliestiesl. ofhe sépsaie sS@r@ddi sféréht8dly The valve
mai ntained in its close €OSIt[0n by one or nore shear
deYHeB 002 Hobkva¥Fe SRERCHR@sE@r S e ¢3R0F bhse abetopnal

b Sl egsed [ r :
chap2EL S0ciod DeAch 1A} o EEhel BOEY, PR Ging
pe&jetermived vai fiterert 621 wiésspees ande aapplietheamedss the

S . .0t o the . 66.,.The i re e .

VoS SR AT LT ISt PR R PP R R i rmie
f Thidrbessméit] c Z2j) oni the catiseowgidownwar dl y di rect ed

bi asing force to be exerted on the closure device 24,

gherzleb:ya;@ealihﬁgexltbaar@m?i@tm B@f@mdtld@vmléwxdtg d<|ex|rice 24
. displacing the cl osure device. Referring addition y
IR0 RS G B¢ Fhamelaf 4P st 3 TR kS %ti%‘?ya Lower
sidé ust f@ﬁ@d;?ﬁéﬁ&'i 1deaghOsed ecdleyhsengd Mdsmskspraced

downwar dl ol  owi ng openi ng of the val ve device 62.

ARPEhEF comiml Eateobrbeeders tor T4 00 passhrrve 2’ énd
pd L PO USe 16 Vife L EFoORPE 895120 28 TOWLRSSLRE 1LY the

chamber 68 on its lower side, and an upper side of the

piston is exposed to another chamber 76.

All of the chambers 66, 68, 72, 76 initially preferably
contain a compressible fluid (such as air) at a relatively
low pressure (such as atmospheric pressure). However, other
fluids (such as inert gases, silicone fluid, etc.) and other

pressures may be used, if desired.

The closure device 24 is initially maintained in its
closed position by one or more shear pins 80. However, when
pressure in the flow passage 22 is increased to achieve a
predetermined pressure differential (from the flow passage
to the chamber 66), the valve device 62 will open and admit
the well pressure into the chamber 66. The resulting
pressure differential across the piston 70 (between the
chambers 66, 72) will cause a downwardly directed biasing

force to be exerted on the closure device 24, thereby
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When it is desired to close the valve 18, pressure in

the fl ow passage 22 and annulus 16 nay be increased to
w@2@pedser m ned pressure differential (from tP&r/US2008/079187

annul us to the chanber 68) to open the val ve device

64. Note that the valve devicg 64 is physically

exposed to the annulus 16, rather than to the fl ow

passage 22, and so the valve device is not in fluid

KOIFLRY, Cahd Ofh A £ Ny 1 he é(‘)oé{‘hcﬁ’aé@%% Haty | aidier £ PSYT€n
Sdevi ce 24 (lés d%\%plh%ced downwar dl y t% op%n tﬂglval v% ©
clIgsupe deveselt, it is not necessary for the

predeterm ned pressure differential used for opening

t he Refeer deyi add 5dioma by greatev THGH. t8&-D, the valve 18
. predet ermi ned. pressu differential used for opening.
1€ ek hrveh bl Vet 8o Hihr e PR vaf fer dilie ceftaifpdietice 24
ha\ﬁljdiii@smm lﬁdWﬂlWab@lﬁdf@l%@?}ﬁ@t@péﬂﬂ;Fn@ bh@cfrbteme Gﬁ?]lve

and t resulting pressure differentia et ween the
d%‘ﬁla‘r‘r%eg%- 6_8]? lod & _ ‘%‘_%l‘f"’h’%l%‘?s‘?%’ﬁweﬂnvﬂg? é]a%ep%sage 22
an@VeRdl ynsh1est 86 P Ast g éﬁ@éﬁﬁ;é@ be exehdedo®fniheed.

sl eeve 78. The sleeve 78 will displace upwardly and

contygdn tHe £4 038 Lra@VES & Pdse XRE v e Pi §] ggfﬁket?ﬁseﬁﬁé in

a greater differential piston area than that
thye st bew 708 s $dge uphvad el yaripy Bes elo bhasi e forreaskl to a

' t hec pi st 74\
LIS LTINS SLELSGRO APl creRpi L LR O Tl o e
chireber e68reo dopérrent i whleerdseicdes pi stotd Othandthe
t ' 24 wil]. displ dl
v D PSR S Tt e oy SR B cete Gl s, 16
ryehee difah Sté egiesENdAt paeage | 225t s18d eso afi€rvahee device

.closure device 24 has, di spl aced upwar d%g fol |l ow ng _
1SHRAF i of L i HE SN Het @0 el tirhiehe | HER PeRaee watil

tiegatToPi LY e vidd p 4 £ b LAt & @Nabieherd § heo fd the
passage 22 and the annulus 16 via the openings 20. A

vaha F3ng BD @areselt onlt his shelevRedss sany ebeagele an

predetermined pressure differential used for opening the
valve device 64 to be greater than the predetermined

pressure differential used for opening the valve device 62.

When the valve device 64 opens, well pressure will be
admitted into the chamber 68, and the resulting pressure
differential (between the chambers 68, 76) across the piston
74 will cause an upwardly directed biasing force to be
exerted on the sleeve 78. The sleeve 78 will displace
upwardly and contact the closure device 24. Since the
piston 74 has a greater differential piston area than that
of the piston 70, the upwardly directed biasing force due to
the pressure differential across the piston 74 will exceed
the downwardly directed biasing force due to the pressure
differential across the piston 70, and the closure device 24

will displace upwardly as a result.
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internal profile 84 forned in the housing assenbly 26
to prevent subsequent downward displ acenent of the

W@ b@sss3devi ce 24. Note that an internal sl eeRer/882008/079187
and/or latching profile 60 and seal bores 58 may be
provided for ensuring that_tfwe openings 20 can be
sealed off as a contingency neasure, or as a matter of
course when operation of the valve 18 is no | onger

nee e 0 |t | o4k B i f
1R R o LR et REHL O] Gl vt 1

i réprestntathgeby ofl lesBBated avfoor thiee cf besmee ddaviee 24
hég gfééﬂ&%%éfﬁé&éf@%&ngiﬂ%ﬁﬂ%QQ%%%%qm%;§93%$%gv%}ve device

interior passage
6£onvem | ehesusdi dévige t DOl dgaim phevenventfiwbd t he

cl osure devi ce cannot be herw se di spl ace war dl
o Cuieh St ST (TaEs| RS ARLgE. B S9a0% o foan cohe anndius 16

vigl freciponingsca), Referring additionally nowto
FI GS. 10A-B, another construction of the circul ation

contk on¥@! ¥end 832 ScALPI &S ehh At he/ &5 Yed¥d UBE rl@é#deﬂnfﬂages an
its run-in closed configuration. This exanple of the

ineerral goref Sheetihafosned | b e theuyhtyeavienks 26 to
préy it é%é{@ﬁeeq% AN EEy 'ﬁf“s;@fa SmORENGH 1&1@@40{9&%&8

open the va and anot her” val ve devi ce see
dé¥Ze 128) iNoopepralt | an ormieernal cd bseve hd6 vahdéorn 8latching

Ho er..in the e le of JFIGS.. | QA-C, . tiple )
oY EIF V0 A G ERe S0 IST e Pt B A8 Conmaing
thdnt ctihdr edpeh 18gs P2 OVi sk Hé ussla Tadmahif Cas | & ncdet ivbgdncy

the fl ow assgge 22 and éhe annul us 16, wi t hout
e Bt Qi e POLEee AbVFRRESR WheR Rerat R f Ve

vaEYd CES B2 86 c1oReaedhéddé@sponse to a predeterm ned
differential pressure fromthe flow passage 22 to the

annuigifeddr , e {her £PEEBRaté Ubsh EPGUHAE £34 1 9P FBGs. 7A-9D,

permtted through the valve devices’ between .
the closure device 24 is itself provided with a shifting
profile 86 to allow the closure device to be displaced to
its closed position from the interior of the flow passage 22
(such as, using a conventional shifting tool), in the event
that the closure device cannot be otherwise displaced
upwardly (such as, due to seal leakage or valve device

malfunction, etc.).

Referring additionally now to FIGS. 10A-B, another
construction of the circulation control valve 18 is
representatively illustrated in its run-in closed
configuration. This example of the valve 18 is somewhat
similar to the valve of FIGS. 7A-9D, in that a valve device
62 is opened in order to open the valve 18, and another
valve device 64 (see FIG. 12B) is opened in order to close

the valve 18.

However, in the example of FIGS. 10A-C, multiple

relatively large diameter valve devices 62 are opened, which
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the fl ow passage and the annulus. In FIGS. 11A-C, the
valve 18 is representatively illustrated after the
W@ 200904898%i ces 62 have been opened. Note that PEI/8S2008/079187
cross-section of the valve 18 is rotated 90 degrees
about the longitudinal axis p§ Lthe valve, so that
various other features of the valve (such as the valve
device 64) may be clearly seen. The cl osure device 24
tﬁémé'@i%@é“ }E‘P(Sivicﬁ‘e UAEy 5@ E-RASL 1201 &% B tWlsn | thé! How
| OA- C by shear pins 80. Note also, that the open val ve
paeviges2Bapd ovielcarnnybiait 1 vel withoye diswlaebag fope

choft Joulbd B8 Rl i0GaPIERE P DY AR s 21448 openea
ipr esspoesdaso be epr ¢ det @aseted od 1 fifs ediyt DPE np it des wisd vErom

device 64. As w the valve 18 of  FIGS. 9A-C, this .
th e#] A RISTHEE v%] VvE® el c%n%‘bf‘é%u%gs e é?ee]’e%&?%rt%mld
c&hﬁ@ﬂlﬁ@@ti@ﬂ\ﬁig,%éﬁﬁi@@é’d stigebhdy tHhe wAERE dMeWBcdd, between

and_di spl aci ng the_cl osure device 24 upward to cl ose
the L1 RPEPRIRYSADD. the stnn&l¥ge the val ve device 64

is exposed to the annulus 16 and not to the passage 22

pri ofntBI¢he bRt ngthee YakvealYeldciereeseptathecly
ii’f‘ﬁé’@r&i@% C§f@e4]f : @?ém@zﬂﬁé:t§ Pé’e@r@issljﬁ@%' ]5‘eéllﬂeopened .

passage until after the valve devices 62 are
Nopengdat Atlsls pstype-satthen dDckhagvalbwe ck8 88s rotated 90

maintains the closure.device 24 in its, close osj tian
afBH L8 Dol Tl BERGLARNER, | 7 o ey T ot Ba
val bses tbiehaal FeatlBred chmieatvanad chudh iag tiool vd od

shpown) can be engaged withthe profile 86 and upward
device $hbrBy ]%%pq?f%@rﬂb ¥FEhr the shear pins 80 and

di spl ace the closure device 24 upward. Referring

addi TRt PSUFRVHRBLER G5! 43 AN NEMBRPR LR oS r $RTES on

p&fithen chscul afdoni cortEd! VEAVE B dBear pins 80. Note
representatively illustrated in its closed run-in

also, that the open valve devices 62 provide a relatively

large flow area for flowing fluid between the passage 22 and

the annulus 16.

In FIGS. 12A-C, the valve 18 is shown after pressure
has been increased to thereby open the valve device 64. As
with the valve 18 of FIGS. 9A-C, this opening of the valve
device 64 causes the sleeve 78 to displace upward, thereby
shearing the shear pins 80, and displacing the closure
device 24 upward to close off the openings 20. Also, since
the valve device 64 is exposed to the annulus 16 and not to
the passage 22 prior to the opening of the valve devices 62,
the valve device 64 is unaffected by pressure in the passage

22 until after the valve devices 62 are opened.

A slip-type ratchet locking device 88 maintains the
closure device 24 in its closed position as depicted in FIG.
12A. At any time it is desired to close the valve 18, a

conventional shifting tool (not shown) can be engaged with
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configuration. This exanple of the valve 18 is simlar
in many respects to the exanple of FIGS. 7A-9C, but
W@ b@904¥893ur e device 24 in the exanple of FI GS.PABASIT08/079187
di spl aces upwardly to open the val ve (uncovering the
openi ngs 20), and the sl eeve;74_di spl aces downwardly
to shift the cl osure device back downwardly to cl ose
the valve. Otherw se, the operation of the valve 18 is

chdNdASEN @l 3y 4de éﬁxﬂ%d'f‘oﬂ:@tﬂ&e]&?%ﬁi%@%&h@ér the

val've devices 62 about the closure device 24 may
shean pMs@ aed adisptee chizeheles®se deviee tihlwgward.
contain a relatively | ow pressure (such as atnospheric
pr esRef ey riVhemdgiessnmEly nmnohet paBEage PPAeXcezustlzer
redet erm ned_val ue, . the. val ve devices 62 ope .
CONErERT EXDORf T e BRI OB TR PR YT akb S
répf§§¢mfatifbf?Cfi}?éﬁrﬁtedganﬂ¢Necﬂﬁsé6 run-in
representatively jllustrated in its open _ . _
C%ﬁ%%{ﬁ%%%n, 12reX iRl Ok Heei Vel hat? PRkl 1in

mdiP FESHEEL NPT €8S UsRarfibid es N1 @S . ALK 0SS, tHE PLSE WPlosure
70 causes the closure device 24 to displace upwardly,

dewbe@bi4 uhe ovies | erpmIPEe BT HS- 2D3A+¢ g eplases | ypwaydly
7 fhhl/

EO P Ao bR FIRIREr TR BAE WBentnde 20| PARTSHEE

sleevé al4 ydisphad¢es| govmwmardly htasslat fiospher¢osure device

ressure) . n Fl 17A-C. the valve js shown jn its
brE A Haraly G0 Shodd fhe VAfTE LOuSriiee e ikt e
opeeit bpenefl. t Hdevabye el gleis con ddmets €a DPe nelde byame .

i ncreasing pressure in the annulus 16 to a

pr edeh eF G Netld ) evied 4ir&£ngehdnQChf evyLl vor@shei € s e dabout

pressure differential fromthe anpulus to_the chanber
t]@s%)c,l‘_é?"fﬁ%rd%‘{/l%‘? e%‘é Ry i by %‘Pﬁen ah‘i‘ldl‘“_&%e ofedmil pas%lé\%e
c%%%ﬂ@f@C@EFhﬁy B £t 1 81 COMENUE £8% | §Nr & 2 181 PPES NPSessure

(such'as atmospheric pressure). When pressure in the
passage 22 exceeds a predetermined value, the valve devices
62 open, thereby exposing the chamber 66 to the increased

pressure.

In FIGS. 15A-C, the valve 18 is representatively
illustrated in its open configuration, after the valve
devices 62 have opened. The resulting pressure differential
across the piston 70 causes the closure device 24 to

displace upwardly, thereby uncovering the openings 20.

In FIG. 16, it may be seen that the chamber 76 extends
to a fill/pressure relief port 90. Pressure in the chamber
76 is initially relatively low (such as atmospheric

pressure).

In FIGS. 17A-C, the valve is shown in its closed
configuration after the valve devices 64 have been opened.
The valve devices 64 are opened by increasing pressure in

the annulus 16 to a predetermined level (i.e., to achieve a



10

15

20

25

30

The sl eeve 78 has di spl aced downward due to the
pressure differential fromthe chanber 68 to the
W@ b@aoe93y6, shearing shear pins 92. This downR&r/tS2008/079187
di spl acenent of the sleeve 78 al so causes the closure
device 24 to displace dowwarg (since the differentia
pi ston area on the piston 74 is greater than the
differential piston area on the piston 70 ). It may
pﬂﬁc‘j\é@&xﬁiﬁ‘léd _ﬁP@é@&f@Hﬁf‘ff nt €1 2PPYR ORSCLARLIQE € the
the circulati'on control valve 18 configurations
chamiveress 5i gai fhenanty i ppeovenening i phe hanrwlus The the
pa\@éa\{ e .]§2 ! gs Cr%)gbil:l% gfall_;gl ir?bégmrﬁ\ﬂglg VSR \?gatl l Yhe openings
proovi di ng +arge Towared for circut ation between
20 he fl ow passage 22 and the annulus 16, and is further
capabl e of reliably and conveniently preventing fluid

\clz\zmmmd' CEl éOVe DES ViEeH dilfpiéw%p@@sbmg@r@rwu@nwltme
en desired. In rticular, the ove_description
P]b‘?%%‘f”a%sdlag ‘F]F%%’Tg‘”t?]r p%r%n’f%lc@%ﬂ‘a\?/%r 1%‘91"6? @ Ghemper 76,
sBeDE PR e Welhs 921 h thes Vabwewd AE | It e ddmd®@SEE the
one openlng 20 for providing fluid conmunication
Sb%@%e%a@ FRLRRNDRS | Ui ¢ LepwEe ¢¢W%a%%a"g@ Ppspkrrce
A GXEET é’in@éit.}lﬂg aﬁf&éﬁﬂféji ;ilé‘@g g#é‘é don the 0piston
comuni cation is provided through each of first an
T4secongreatee dean celse 621 f Bdrémt &k pohseon caxgpl drathen
ff ar &Fective one of first and second pressure
PH Y 2r EMt T al s appl i ed across the correspondi ng val ve

devige. Fluid i cat th th i 20 i
por i £ {0y BB ORAL Y PRBE T AT e Fae 1R
dpsEsbpit Eoli bf efigdtd Bt cliDat hén fesstrynl Vel Gevige 62,

and, fl ui d, comuni cation through the opening 20 is
CORBLERHE REHLPRS rREPBHIRS t Dt F R bl BT e MRt the art.

TR 65819 & 08 f{ £ enbdg] o LOr LhE1 SAEOPTaN@! ¥onHoY] & B
The first pressure differential nay be between

P¥eekding a large flow area for circulation between the flow

passage 22 and the annulus 16, and is further capable of

reliably and conveniently preventing fluid communication

between the flow passage and annulus when desired.

In particular, the above description provides a
circulation control valve 18 for use in a subterranean well,
with the valve including at least one opening 20 for
providing fluid communication between an interior
longitudinal flow passage 22 and an exterior of the valve
(annulus 16). Fluid communication is provided through each
of first and second valve devices 62, 64 in response to
application of a respective one of first and second pressure
differentials applied across the corresponding valve device.
Fluid communication through the opening 20 is permitted in
response to application of the first pressure differential
to the first valve device 62, and fluid communication

through the opening 20 is prevented in response to
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in the interior flow passage 22 and pressure in a

first internal chanber 66 of the valve 18. The second
WQe@ssundy di fferential may be between pressur ePCHUS1968/079187

exterior of the valve 18 and pressure in a second

i nternal chanber 68 of the_vajve. The second val ve

devi ce 64 nmay be exposed to pressure in the interior

fl ow passage 22 only when fluid comunication is

a;ggi{%éﬁfén tog ough é&%ﬁ@%&%‘&@e | &fkﬁ&ﬁ@iéifvé& e 1

e valve 18 may be displaced in a first direction

s¢eon@spahiee deviopplé4ation of the first pressure

differential to the first valve device 62, and the

cl osThe flewstepPdssmye badi fif epemiceadl imay Isecomdveen pressure
idi,gection Of(gosgg toathe fidﬁ t dérecgi on_in.resp NSe.

P oDt eatt3h otoY iR eeddh %rae% WS drtferehtiat 1%
ihbers£T ofighned v e6 fleyf cehddvalie TS 0SUTiee deadcrd 2érd@yure

c rise, an internal sleeve which circunscribes fhe
dH%f FRY13} P PR APREEN PESPILVi Rty FHeeHHv LT the
vABPET 1 PtaRa #ﬁe@s@té Cith a4 | HEc 50t 1 9t e MBd V EcHEmMEY CE8 of the

i ncl udes at 1east one opening 20 for providing fluid
veb¥®runi cati on between an exterior of the valve

(annulus 16) and an interior |ongitudinal flow passage
22 ekrenskeend hvaligh deeleal ¥t May gedeexPPsed ubRl pFessure

O B OSHLEE Pol REUIREE B Doy S Sl PN g
cpnregisikatzieon f1si permhet ed oshreuglevilte Qdenlispl 2&es in

a first direction in response to application of a
firsh pressoe edevider2htofil thetwekve t h@ may évé odidpbaced in

passage. 22 and the internal chanber 48 tp there .
2 B A Ep A E ot FSTPOIES HouBRPHHen b o e Tieet
pt&Es € OSA £f ey €EaTi 6P| EE€SFiAs@ FELROIEvBEd | ®N, and the
opposite to the first direction in response to_rel ease

CHPSUre AONCPres SRR e fdbsrhred betdherecemd direction

opposite to the first direction in response to application
of the second pressure differential to the second valve

device 64.

The closure device 24 may comprise an internal sleeve

which circumscribes the interior flow passage 22.

Also provided by the above description is a circulation
control valve 18 which includes at least one opening 20 for
providing fluid communication between an exterior of the
valve (annulus 16) and an interior longitudinal flow passage
22 extending through the valve, a generally tubular closure
device 24 circumscribing the interior flow passage 22, and
an internal chamber 48 for containing pressurized fluid.

The closure device 24 displaces in a first direction in
response to application of a first pressure differential
between the interior flow passage 22 and the internal
chamber 48 to thereby permit fluid communication through the

opening 20, and the closure device displaces in a second
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interior flow passage 22 and the internal chanber 48
to thereby prevent fluid communication through the
WO p@ni#sy320. The val ve 18 nmay al so i nclude a PCT/US2008/079187
di spl acenent limting device 54 which, in response to
di spl acenent of the closure ggvice 24 in the first
direction, secures the closure device in a position in
whi ch fluid comuni cation through the opening 20 is
: [
O R Lt oT T ha &1 bour & eur e 24 Tk &
rekeasel of recséornd rprespons edibf eppht tal | beteerh t Hlae
. [ e d, pr ure dj ff [ T lve
G ERE Lot War S 2 BT kit itt e AL
théniloly conewen € af 1 wid t domghi ¢ dvei opethngud® tie opening 20.
cooperation with the closure device 24, the sealing
deviTite i Vgl wedli NG MaPi S160 Hiid Blde N ndli S8l ademait Chimiting
applies a bjasing force to a netal -to-netal seal 30.
d9HECHi 31 P LT antenERRPRBSE 490 A SREPFSeRe %’Ea"s‘?%gdosure
déPi&e 19 1Nechetal tor ARttt 56R] SebFfed ESRONSEod@re device
_pressure in the interior flow passage 22 being greater
1R hAnPP? ES5eR el Brivh heh efd ek d oromruR hea Py et higough at hey
Sent En t [ i ! :
ORETRESTE Py PREATLELA D D | LSl et PARRERy, davice
5 heay apeemii8 degpbdcemémic| afietlae ¢hosunal deveeye286in the
sdBieh hp displaceabl e froman,inter] of, of, the, valye L0 eage
Serdtts ve‘?y perml? and pr event TR~ Eontint tat T on
of htlvelgheddred opeds figr 2 0d befseemt 1dhe. i nterior fl ow
passage 22 and the exterior of the valve, when fluid
conmriné cedied tHrmaghalise DRPENIAY & Ss&WLifg edenies Hy which
the closure device 24. A method of controlling )
PEFYRRFSt f UL | SOPBR YRRl FRERMTRthe CPPRERAgE) obn

cObp&rd Ui ani ok ring d2oaiFe afe @MW 318, 1h&Xd &8l g t@evice
the tubular string in a subterraneanwel| is also

ingbyd Hed . a Tives hel hoer apgeners 3he 42 apich:applies a

biasing force to a metal-to-metal seal 30. The piston

arrangement 38, 42 may apply the biasing force to the metal-
to-metal seal 30 in response to pressure in the interior
flow passage 22 being greater than pressure on the exterior
of the valve 18, and in response to pressure in the interior
flow passage being less than pressure on the exterior of the

valve.

The valve 18 may also include an internal sleeve 36
which is displaceable from an interior of the valve to
selectively permit and prevent fluid communication through
the opening 20 between the interior flow passage 22 and the
exterior of the valve, when fluid communication through the

opening is not prevented by the closure device 24.

A method of controlling circulation flow between an
interior flow passage 22 of a tubular string 12 and an

annulus 16 external to the tubular string in a subterranean
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i nterconnecting a valve 18 in the tubular string 12,

the valve including at | east one opening 20 for
w@e@vioghosy fl uid comuni cati on between the i ntRCT/U82008/079187

fl ow passage 22 and the annulus 16; applying a first

i ncreased pressure to the Lngerior flow passage 22

while fluid communi cati on through the openi ng 20

between the interior flow passage and the annulus 16

wét%lpi§‘|4§ §horLNEEERY PERET hLiNGg f 4t GO Lcatdon of .

rough the opening 20 between the interior flow
i pesegrnet tngl 2 heabveul 8isin 6thandubibar aplpt ingigl2, the
nd_j eased, p ur 0 nteri f S .
BB SR ERG L LESP Srd AP LLELE B0 RN PRGRIPras
chetuedrat hen i bdeveen thow passhge Bhokw tbhessagel 28 dfd the

IS ernl%ted, Lgfreb reventing fluid conmunication
a%‘i‘ﬁ‘ﬂ@h hel b g DetWeth tRSTTHT T i RFCT U pel st
igberide anowl pessdde 52 eph e apphyd Ngort@nfddSion through

i ncreased pressure may al so include_selectively

t@%n@?@?h@gt%% ??F%@emn%h%a%%@eﬁ#%%s%¥%wtEﬁ%§4g¢s@?d the
aﬂémfwaieci@r@fév&@t@é t@ﬁey@wepéﬁniwfﬁgbﬂ&f&?! ng a

|'osure device 24 of the valve to displace in a first
cohmeri¢apion Perewgh fthe dopemingi ¢t borwedn oty tieerior

I e e f Lng.th e ' d

50T dolifdda, 74t f i BRELYA oF { oy SERE S FRES
s seod di hecs @ses@ do ps £S5 et ¢ ot lse sEwoardi dont T oal padsaxdper2 2

68 of the valve 18, th ing the cl devi
w312 o b 61 i e CLEhr O BT PRt FBn OppONTd 20 cen the

iht&Biodl £ BSH | 9ds s &GP EN@NENE | 4hishy COEMUIGI LAt pormibES@Gh
t he opening 20, The step of applying the second )
therelnsRErHRRESRY of Hald f B MEF }ERORPPRYPHEP t e opening

bSEFOS LRET ERASEF: B eHBM epefé’sécﬁ‘@ AEUNS dEnufgeh of

the 1 ncreased pressure applylng steps may al so I ncl ude

di SPPRCT De@Not NS I nJCORE 2 | ¥s & UPIL AL ELOSH Essure may

also include selectively admitting the first increased
pressure to a first internal chamber 66 of the valve 18,
thereby causing a closure device 24 of the valve to displace
in a first direction to permit fluid communication through
the opening 20. The step of applying the second increased
pressure may also include selectively admitting the second
increased pressure to a second internal chamber 68 of the
valve 18, thereby causing the closure device 24 to displace
in a second direction opposite to the first direction to

prevent fluid communication through the opening 20.

The step of applying the second increased pressure may
also include applying the second increased pressure to the

annulus 16.

Each of the increased pressure applying steps may also
include displacing an internal generally tubular closure

device 24 of the valve 18.



10

15

20

25

30

device 24 of the valve 18. The nethod may al so i ncl ude
the step of displacing an internal sleeve 36 from an
WO ni0e0#8989 of the valve 18 to sel ectively perm RPCEO2008/079187
prevent fluid communication through the opening 20
between the interior flow pagssage 22 and the annul us
16. The nmethod nmay al so include the step of applying a
bi asing force froma piston arrangenent 38, 42 of a
seal g HEVhGE Al 12180 TAE] adO- L A5 abe 301 91 £0)
_seleg??ve y prevg%ts %?uid_c%nnynicati%ﬁ throtg t{ﬁpg an
inpernal 20cewnddahbrennan henpesion of remgeneive appl tes
séi@%%&&gifgpéfﬁfg éﬁﬁt§?%ﬂgﬁ€|%f&ﬁém%§$méﬁf%aé{bn Eﬁfough
FesSponse pressure i e interror oW passage
thei openivqat 20 bdianedgm esiselr enteridre Bhowl pssdége a2l amd the
response to pressure in the interior flow passage
aHYS | Es than pressure in the annulus. The step of
applying the first increased pressure nay al so jnclude
di spi(%%gIﬁ@t%?%ﬂs@orael%%vm%l%ie of P? HRL SR 98 agpiving a
bids Shg MfbLEL | PRomadlpiHEoSt £Pr HlgaRPhy i 0ig, the SeCOPNSkaling
i ncreased pressure nmay al so include then rel easing the
deetemdi § nee easeRit plesauretal heeeby3 Yidhlaki srlewlively
o e . ti . o
LI5S RS b cp S50 LA 08" 00, 5RREAS 20 anc
witerelh at herp tondm chr vah gendi8t wiprehiémnctheldsiasihgaborce to
one o efl{gL§O gfrsgéfvidiqgsfluid conuuni ¢cat i on

ERRHRER A ext et or bt e VYRS annuf U186 any BN

intéetoorflongpdsshdaal 22 | lowd passeget@? exdensitegsure in the
throggh éhe val ve 18; a closure device 24 for . i
aRRPBEF i ot AR HR tEF PP 1Y RERTFHES F v fr bt te flow

p &P A beDng t Nes | 094 Ep FeYs &L DEL NEh P O$h kb DS
internal to a housing assenbly 26 of the valve 18; at

| eastnonecdp rot yghVeifeVike P2rd i {htéysdd QYL BB may
fl ow through the ‘opening 20; an _

also include displacing a closure device 24 of the valve 18

in a first direction, and the step of applying the second

increased pressure may also include then releasing the

second increased pressure, thereby displacing the closure

device 24 in a second direction opposite to the first

direction.

Also described above is a circulation control valve 18
which includes at least one opening 20 for providing fluid
communication between an exterior of the valve (annulus 16)
and an interior longitudinal flow passage 22 extending
through the valve 18; a closure device 24 for selectively
permitting and preventing flow through the opening 20, the
closure device being positioned internal to a housing
assembly 26 of the valve 18; at least one first valve device
62 initially preventing flow through the opening 20; an
internal chamber 68. The first valve device 62 opens in

response to application of a first pressure differential
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i nternal chanber 68. The first valve device 62 opens

in response to application of a first pressure
walrGope#898e | al bet ween the interior flow passageP@RUS2908/079187

the exterior of the valve to thereby permt fluid

conmuni cation through the opgging 20. The cl osure

devi ce 24 displaces in response to a second pressure

differential between the interior flow passage 22 and

bd P AL £ 03] n COATDET £ £8y 924 S185EDY7 péﬁé{et?ﬂef%;%é’rlor of the

comuni cation through the opening 20. The va
valiee ude theeehndesenie Hbwidecermumnicat bpenshieugh the

obERDRSSL0. 1 SPOONd PRESRUL S ST AT SLEDIIA! 1 Thecponce to

osuf e devi ce Be di spl acea fom an in
aoéeéﬁmdvptyssdfbtduﬁﬁéf@mty&lybéﬁwa@m anel pieyendr flow

fluid c cation throu h the opeping 20 between the
DITRLIT oF 2 [F0%, 6 SHyee B o e RS by P L -G Brevent
£ V@l & Econlihen Ve vV Eord St iBYudle h&eoén iy o ghly

pressuri zed internal chanber. The second pressure

di ffeRenyd Bbe MBY REy aPRE1 @Gk bY $865LRASTADVET &SPLEE ¥4 Byhich
at | east one of the interior passage 22 and the

ops@er iBrre¥IremEe P vieha gse skl dbf frie Rl Y.
may be exposed to pressure on the exterior of the
val vBhg gc ehdevieet24danae kevitepbacerklentson|and

h
S PETOL 5% 1O, LOF RO NEo 0RENL0; 201y Ao FESlA ebven
fhmlde@smmmmmnammmmr@bﬁﬁb@brtmeowpdmn@gf2®|bbtween the

onmini cg%cl)on bet ween | Or

t udj
Rt B S a2 1 1 oo h%xeé?ﬁé ot "B Y4 T
d d I 62, 64. t
o0 BECRLLNVE Ve e SEoc 2, 88 L W S LpuOL catlony
ileyt 885 SRamiSdr| N response to application of a
respective one of first and second pressure

di f ferendddsd apbs &g ACH PEBet &8t £HT NRSPOSE Ao VAdd oy
devi ce, Fluid conmunication through the
increasing pressure via at least one of the interior passage

22 and the exterior of the valve 18.

The second valve device 64 may be exposed to pressure
on the exterior of the valve 18 when the first valve device

62 prevents fluid communication through the opening 20.

Also described above is a circulation control valve 18
which includes at least one opening 20 for providing fluid
communication between an interior longitudinal flow passage
22 and an exterior of the valve 18; and first and second
valve devices 62, 64. Fluid communication is provided
through each of the first and second valve devices 62, 64 in
response to application of a respective one of first and
second pressure differentials applied across the
corresponding valve device. Fluid communication through the
opening 20 is permitted in response to application of the

first pressure differential to the first valve device 62,
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opening 20 is permtted in response to application of

the first pressure differential to the first valve
W@l200006898%, t her eby unbal ancing a first piston FOI/U82908/079187

fluid conmuni cation through the opening 20 is

prevented in response to apppication of the second

pressure differential to the second val ve devi ce 64,

t her eby unbal anci ng a second piston 74 having a
cHEESLPrupb 81 O BLE% HARLL i is sty 0l sdpa fDuidhe

Tirst” pressure differential” nay be between pressure in
commrpuniterion thowpassheeopenimy 0 essupeevented i it
r gﬁggltgh ffcﬁgi$£ 5Pe%yglgéégé% TPSgé&ﬁQW?if% rential

pressure di rential may be beiween %ressure on- 1 e
texties | ©scoid t el val devilde afdl, ptiesselbe umbal swemgl a second

intern9 chanpber 68 of the val ve. The secon va£¥e .
PHEVTR e/ B MY He? KPR tRIPTRR T 82 i A he Mt bt ToF piston
76| ow passage 22 only when fluid conmunication is

permtted through the opening 20. A closure device 24

of tiige VA] Vot 1Sradyuhe @i FpbASREidD Maf i BStbiwEst | PFessure
in response to application of the first pressure
1Rl ther pieehiox of 19lé PR93R9IGat ¥ 2 RR\VPERSTHPLE all @ hplrst

%@?Héf gﬁyﬁﬁngéGn@f ?ﬁ%déépégcfg.inTﬁeS§£Egﬁh ressure

Harfectton opposite to irst direction in response
ditf epphi tal i nay dbe t et veennor s 2eseren dili¢ ez adr tof the
vi e SPEON VRl uE  devi £e 0o The, of osure, fevl 66, 20 Y e the
coﬁ%rl 3N PrreThal ST eV WA T ErTciiecridesTt he
vanterior flow passage 22. Al so descri bed above is a
nmet hod of controlling circulation flow between an
I Nt eThOrsédond pesbagedevi o 4 tmdylioe SkpdsHgd 120 apite dure
.annulus 16 external to the tubular string in a
13 ybheriareato el 1oV MRS $RI% 0t | PRI VIdERCR hEletdps of :

coRhEh LOMESH | 1Y Se MRl Veed BthFoldie tMbUbSEn Bhg i 2@,

A closure device 24 of the valve 18 may be displaced in
a first direction in response to application of the first
pressure differential to the first valve device 62, and the
closure device 24 may be displaced in a second direction
opposite to the first direction in response to application
of the second pressure differential to the second valve

device 64.

The closure device 24 may comprise an internal sleeve

which circumscribes the interior flow passage 22.

Also described above is a method of controlling
circulation flow between an interior flow passage 22 of a
tubular string 12 and an annulus 16 external to the tubular
string in a subterranean well. The method includes the
steps of: interconnecting a valve 18 in the tubular string
12, the valve 18 including at least one opening 20 for
providing fluid communication between the interior flow

passage 22 and the annulus 16; applying a first increased
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12, the valve 18 including at | east one opening 20 for
providing fluid conmuni cati on between the interior

WO b@woggassage 22 and the annul us 16; appl yi ng BCT/US2D8/079187
i ncreasedpressure to the interior flow passage 22
while fluid communi cation thygugh the openi ng 20
between the interior flow passage 22 and the annul us
16 is prevented, thereby opening at |east one first

pgﬁ%ﬁgﬁeﬁc@hé 1 RO PSF M &y %éééﬂ@@dﬁmﬂgaﬂ@% 0

e first valve device 62 and the opening

chamyerrat hen i theouahr thevwpearstage2 @ 2batrideehet anintgrior

0; n i a i nc essur
e16i FRSSAOEL PR Do S SEONE ORI BLESGL Chd feny
opénd g cormwasatowe fihrstighalhe @penddge20ahet peani tihieng
jnterior flow passage and the apnul us i ermtted
] LS i S e R P S e o ert rre DS FdHsE %2 ana
tRPeNhaEi 2§ PetyeeRcdhechdt it &F idt O PRSSAGSagd 2NUand the

the annulus 16 to be prevented. The step of applying
appeldachbhy F7EreaRR PP EE5T @ NS PRE| Hifer a2 thXRFure to

tﬁ%“iﬁﬁéﬁﬂofhﬁléﬁcﬁ dHET LRSS PERS S ful@s 8l I BT D3t 1uig
chanmber 68 of the valve 18, thereby causing a closure
comvittc@digf tiheowglh viehd Sopen tig p? Gicketweeprieveninterior

[ jcat.i ' 20., T t .
eLoY BaEETTR b T TS L REPEI O LoendP e Elsing
f1wid heommiei aat i chatiesudid e tdenvahy e2 6 Lsétwesen the
. conpri ses. openi ng at ast .one secon al ve, devi ce 64.
Pl o PRl SRR h st b e i SRR ud PLE e Be e Ventea.

cloqﬂée device 24 froman jnterior _of the valve 18 to

sel ethf veFP pef kP PrERRNTCFPRL dL ROTTRAFL R T FEUre may

iR @8 Ns & NE--OPRA] 11 0a AR DEL N@ehd NSed PR @ i 9Erdd SME pressure
passage 22 and the annulus 16. The steﬁ%of appl yi ng

te hen sbrlopina helamler pp@setirehemyalvel Léle HipFshncaweing a
c%§§@ﬂ9 SO ASEH DE ESRUTGa i@ Ié&%@”&‘i&ﬁfaéé-a@epfé@@nt

appl yi ng the second increase
fluid communication through the opening 20.

The step of selectively admitting the second increased
pressure to the internal chamber 68 of the valve further

comprises opening at least one second valve device 64.

The method may include the step of displacing the
closure device 24 from an interior of the valve 18 to
selectively permit and prevent fluid communication through
the opening 20 between the interior flow passage 22 and the

annulus 16.

The step of applying the second increased pressure may
include applying the second increased pressure via the
annulus 16. The step of applying the second increased
pressure may include applying the second increased pressure

via the interior flow passage 22.

Of course, a person skilled in the art would, upon a

careful consideration of the above description of
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pressure may include applying the second increased
pressure via the interior flow passage 22. O course,
W@ 2048989 skilled in the art woul d, upon a carkETIUS2008/079187
consi deration of the above description
of representati ve enbodi nentsygf_the invention, readily
appreci ate that many nodifications, additions,
substitutions, deletions, and other changes may be
é@g%% B [ t . SMC S
e m%?%%ﬁf? éégggigm%?ggﬁggb??%c?%Y%@g% iﬂggg?gggnt
appwenidon. thet onainghgdifheat borgoi add teiens ed
Criptij i's be ea S ej IV
SEFSELEPLROS 1 dte Pl e d L S Ss il e Ml o
tlaesle ssppei Hic tdmbgd Asemt s j navedt $weh behaggdes Bte€dvithin the
sol ely_by the appended clajns and their .
SR VAT RS REMICTRICE A REDHS STa5Cnts LRYRRH iR on
AESHER Dhg V) VEhE Of oSG0 1 g adSERNL BEdl adeddr It lon t e to be
val ve conprising: at |east one opening for providing.
clearty c‘b&g%ﬁ*e%@qlo@ﬁ bR iRendhyeRxbervey of thkusarakelon and
i ri I L 1udi nal [ ;
R e ThE Vol TP R Gl ol P S fE clrentdon
bebngi 1 inhgednsobe by eby | tlae feppendedugheihe apénihelr
e @fvgiggyée devi ce being positioned internal to a
ousing assenbly of the valve; at |east one first
val ve device initially preventing flow through the
openi ng; an internal chanber; and wherein the first
val ve device opens in response to application of a
first pressure differential between the interior flow
passage and the exterior of the valve to thereby
permt fluid comuni cation through the opening, and
the cl osure device displaces in response to a second



pressure differential between the interior flow
passage and the internal chanber to thereby prevent

WO basog4s93nmruni cati on t hrough the opening. 2 . HCBUS2DY/E79187
of claiml1l , further conprising a second val ve device
whi ch opens in response to-the second pressure
differential. 3 . The valve of claim1 , wherein the
cl osure device is displaceable froman interior of the

val viggAP P& @CAtnEpYrHermt and prevent fluid
communi cat1 on through the opening between the interior

fl ow passage and the exterior of the valve.4 . The
valve of claiml , wherein the valve is free of any

highly prgs ' | af e val ye of
clai%il ,ﬁmigﬁégﬁg?%gﬁ§%§%%ﬂgg?£%§%?e§%$fg£§e% i%l is
salppéredandyn i wel kasting pakss wemprasabgt east one of the
interior passage and the exterior of the valve. 6 .
The atal Veaot chai opdningheori prdhid sreg ofitlu dl vemmevi et ion
[ osed to pres e on th extqﬁior of the valve
b

bGHESER R0 [ SXERTLAT vRE deli CEP LY SvaRd s2F | trterior

1SRG L34 1 O S I Pakgibla dd e PPN Ny tthrodgki €164l w4 1w8);
control valve for use 1n a subterranean well, the

val vg sDopi+S| devidé $E8ASEe DEC DRETY NG FR1 t 1Y &hdg
fluid conmuni cation between an interior |ongitudinal
PTeOoR phRg afkodnth rougixt ehe PP iRdie Ve velosyuretdeyice

bSEf Vi £6 UG £oRTt £4t L Oke ] th

%ro@?@%%f%%§%%gh eé%%n%1 tﬁe&flrst a dégg%on 8% ve o

vakwéres in response to application of a respective one
of first and second pressure differentials applied

acr oss ldémstooneshonsit mgalred véedave cenianal ihepeeventing
£1 691 G LQTpRnL 881 {98, 1 g pugh the opening s

an internal chamber; and

wherein the first valve device opens in response to
application of a first pressure differential between the
interior flow passage and the exterior of the valve to
thereby permit fluid communication through the opening, and
the closure device displaces in response to a second
pressure differential between the interior flow passage and
the internal chamber to thereby prevent fluid communication

through the opening.

2. The valve of claim 1, further comprising a second
valve device which opens in response to the second pressure

differential.

3. The valve of claim 1, wherein the closure device
is displaceable from an interior of the valve to selectively
permit and prevent fluid communication through the opening
between the interior flow passage and the exterior of the

valve.
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permtted in response to application of the first
pressure differential to the first val ve devi ce,

w0 b@peisp3unbal ancing a first piston, and fl ui dPCT/US2008/079187

conmuni cation through the opening is prevented in
response to application of_tig second pressure
differential to the second val ve devi ce, thereby
unbal anci ng a second piston having a greater piston

areay t hanpft e f{¢StoPi S19Mm P 'wﬂ_gfefﬁ:yl?e afv@i 1B "free of

wherein the first pressure differential is between

amy essah by i preswurhzedi ontétoal palsamiger and pressure in
a first internal chanber of the valve.9 . The val ve of
claim 8 ,Thvhevalve tdie ckazimdl pressoe en dili¢ esermdndl pressure

dbf%meen pressure og.t#e?exteréor of the galwg_gnd at least
breETheldh B° ST mBr hATT SRS rPoTS T He® VATV el
odd.offhehyal veepioe! Pasdsdge AMEre€hd éheeBBEONSE vieha/evalve.
device is exposed to pressure in the interior flow
pass@ge orhy whkwve fbEi dl&DAMUNIwliadt©n | ShPesdddhi@dvalve
t hyough the opening. 11. The valve of clajm?7
dGRETRi +5 LEPAEH et A RTRESWFC t PR hg XTI Pk p?%c’%tbe iyplve

wleh 1 €88 £ FECII QN NaERSPONSLT O BPPE 1 ¢Ad | Qotinidetion
first pressure differential to the first val ve device,

threughetled osperin@vi ce i s displaced in a second
direction opposite to the first direction in response
to appl i cAt¢orcwiatien seenrdobreskbue efofi fiiseemial to

s@ﬁéeﬁe&r?%‘%n"v? YE, deyd C&alx}g-cc}rﬂé&i’ﬂﬁ’ . of claim11,
ereln e C osUre device coO | Ses n i nternal
sl eeve ich circunscribes the interior.flo assage. .
15 % L0REh ShE SRRt WraTi SN e ok B8RREHeation
bétwéedn esimn ofnfdoivpabsaget wlival ublbwdrpsésadg amd aam

annu| us
exterior of the valve;

first and second valve devices, fluid communication
being provided through each of the first and second valve
devices in response to application of a respective one of
first and second pressure differentials applied across the

corresponding valve device; and

wherein fluid communication through the opening is
permitted in response to application of the first pressure
differential to the first valve device, thereby unbalancing
a first piston, and fluid communication through the opening
is prevented in response to application of the second
pressure differential to the second valve device, thereby
unbalancing a second piston having a greater piston area

than the first piston.

8. The valve of claim 7, wherein the first pressure
differential is between pressure in the interior flow
passage and pressure in a first internal chamber of the

valve.
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external to the tubular string in a subterranean well,
the method conprising the steps of: interconnecting a

W 2009048989 t he tubul ar string, the val ve incl udpPeyUs1008/079187
| east one opening for providing fluid conmunication
between the interior flow pasgage and the annul us;
applying a first increased pressure to the interior
fl ow passage while fluid comunication through the

open?ng bl weem $de, fnéféiﬂr8fl@Néﬂ@fﬁaQ@?aggcéﬁg pressure

annul us is prevented her eby opening at | east one
differenalak Jd@vb@’ewaem peessarée non f e dexoemimi caf | oipe

u t ' val ve 0 be
viPES R RS e Eh, HELEEE PRt LRLIREhEe P e
vappeyi ng a second increased pressure to the interior
fl ow passage and the annulus while fluid comunication
t hrough ttige opeIvagobet et 1 hewhdtein othé | M@mmme
and the annulus_is permtted,.thereby causing_fl ui

dRBhFRINT & R FRASEhr bR EFEEPeh? nghBet HeRhl Phef 1R eﬁ’?%?age

oﬁifvwmsm@l@r@om@nmwﬁ 19 Permieveat efroddn dhe
hod of claim 13, wherein the step of applying the

ore®’bMd- i ncreased pressure further conprises
sel ectively adnitting t he second increased pressure to
an iht er e chahberobfclabnval viehex¢bn epycasigregdevice of

d I
 SPUIGo SR SEpTo00r et £ 9Bk SIS PLEYARInce 1o
applh@dtnéncéﬁlMhd4£lmmErpI®S$MEeSdiiﬁeieBEi@bttwetbe first

th d t
VT ael tedais oS LT B o Ti R o Caidplded in &
sé&ﬁﬁdFdhﬁéctfﬁ@toppﬁsﬁﬁ@oﬂ@ g VEi eV i @eredbiod hen response

met hod, of claim 14, further conpr|3|ﬁg the step of
t%.%wla%%*gl%eo%m%%r%e%wc%r%%%% Jr%?%?‘?‘b‘fl%* to the

second valve device.

12. The valve of claim 11, wherein the closure device
comprises an internal sleeve which circumscribes the

interior flow passage.

13. A method of controlling circulation flow between
an interior flow passage of a tubular string and an annulus
external to the tubular string in a subterranean well, the

method comprising the steps of:

interconnecting a valve in the tubular string, the
valve including at least one opening for providing fluid
communication between the interior flow passage and the

annulus;

applying a first increased pressure to the interior
flow passage while fluid communication through the opening
between the interior flow passage and the annulus is
prevented, thereby opening at least one first valve device

and permitting fluid communication through the first valve
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the valve to selectively permit and prevent fluid
comruni cati on through the opening between the interior

wo b@woggassage and the annulus. 17. The net hod PET/TEZ0$r079187
13, wherein the step of applying the second increased
pressure further conprises_apgplying the second
i ncreased pressure via the annulus. 18. The net hod of
claim 13, wherein the step of applying the second

dé@f&@aéﬁg PhES éﬁiﬁ rﬁ&%%e&ﬁ ésfﬁt@PféfifF%&PEassage and

second i ncreased pressure via the interior
tipassrgelus; and

then applying a second increased pressure to the
interior flow passage and the annulus while fluid
communication through the opening between the interior flow
passage and the annulus is permitted, thereby causing fluid
communication through the opening between the interior flow

passage and the annulus to be prevented.

14. The method of claim 13, wherein the step of
applying the second increased pressure further comprises
selectively admitting the second increased pressure to an
internal chamber of the valve, thereby causing a closure
device of the valve to displace and prevent fluid

communication through the opening.

15. The method of claim 14, wherein the step of
selectively admitting the second increased pressure to the
internal chamber of the valve further comprises opening at

least one second valve device.

16. The method of claim 14, further comprising the
step of displacing the closure device from an interior of
the valve to selectively permit and prevent fluid
communication through the opening between the interior flow

passage and the annulus.

17. The method of claim 13, wherein the step of
applying the second increased pressure further comprises

applying the second increased pressure via the annulus.

18. The method of claim 13, wherein the step of
applying the second increased pressure further comprises
applying the second increased pressure via the interior flow

passage.



