WD 2009/ 048939PCT/ US2008/ 079187 5 Cl RCULATI ON CONTROL VALVE AND
ASSOCI ATED METHOD TECHNI CAL FI ELD 10The present invention rel ates
general | y WO 248@#3%%nt utilized and operations perfor n@§T{42008/079187
conjunction with a subterranean well and, in an enbodi nent descri bed
herein, nore particularly provides a circul ation control valve and
associ ated net hod. 15BACKGROUND It is frequently beneficial to
be able to selectively permt and prevent circulation flow through a
sidewal | of a tubular string in a well. For exanple, at the
conclusion of a cenmenting operation, in which the tubular string has
been 20 cenmented in the well, it is sonmetines desirable to circul ate
cenent out of a portion of an annulus exterior to the tubular string.
As anot her exanple, in staged cenenting operations it nay be
desirable to fl ow cenent through sidewall openings in a tubular
string. Nunerous other 25 exanples exist, as well. Al though
circulation control valves for these purposes have been used in the
past, they have not been entirely satisfactory in their perfornmance.
Therefore, it may be

CIRCULATION CONTROL VALVE AND ASSOCIATED METHOD

TECHNICAL FIELD

10 The present invention relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides a circulation control valve and

associated method.
15 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
20 cemented in the well, it is sometimes desirable to circulate
cement out of a portion of an annulus exXterior 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

25 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



WO 2009/ 048939PCT/ US2008/ 079187 - 2 - seen that inprovenents are
needed in the art of circulation control valves and associ at ed

met hods. SUNRBRY489%9 t he present specification, a circulparruspoosornisiol
5 valve is provided which solves at | east one problemin the art. One
exanpl e is described below in which valwve devices are used to contro
opening and cl osing of a valve. Another exanple is described belowin
whi ch pressure differentials between a pressurized internal chanber
of a val vesasd thet l0nprdwimentsandeonhcadberinrid dihe ofakviecalgtused

to control openi d closjng of .the valve. In one aspect, a
circuIatioﬁoggﬁ?rngg%ﬁ%éﬂ¥ F%ﬁgglﬁﬁeg LgbRe’f anean wel | is provided

whi ch includes at | east one opening for providing fluid comrunication
bet ween an 15 exterior of the valve interior |ongitudinal flow

passage extendi hr ough the valve,. a closure device for selectively
et ng. and BYcbBRTIRP4T o R AR SIGAE LS obert ATt A e e FOB L
devi ce bei nglpesisipnedided erhiath tolaebossi NgaHis samdiprobiiethénvehye,

at | east one,val ye device 20 injtial, preyentjng flow through the
openi g aAGtAn PRE SIS Lh b eI S LTt B isTie e FeEbosse
to appli catirenusédatd i deitfylespenendi hhar ends g het weenlvbe | RhEEhOF
fIOM/passage anﬂ?the gxterjor %% the,valve to thereb cﬁgrnit fluid

i

communi cat FOATPAT ot HE FFéh PRgOVand Y8 ehePs dypEgntials

di spl aces bBtweEROASErddk iRV AGALtREASS UsRakibdf ef e vallveebwaennsé he
| . chanber to thereby prevent

interi fl,ow passage. and the interna

f1 uid @@mraﬁitegf%n%wf%ﬁtt%%peﬁi hBS Yol Enatersgshéer cogtrol
circul ati obpeanhy chnd ad Mssimiclofsdesne30Qadtel east one opening for

provi ding fluid conmuni cati on between an interior |ongitudinal flow

passage and an extefié Gispdct,he vakeelaonenfisstrdindaaeeordrvab¥ein a
devi ces, !E%Egggéﬁéﬁ?%ﬁﬂ_ GgS%g%%%ggglégich includes at least one
opening for providing fluid communication between an
15 exterior of the valve and an interior longitudinal flow
passage extending through the valve, a closure device for
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
20 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
25 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
30 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,



- 3 - fluid conmunication being provided through each of the first
and second val ve devices in response to application of a respective

one of fir ad . second pressure differentials applied
correspond?ﬁéaggﬁégpdevice. Fluid 5 comuni cati on throggﬁhﬁﬁgwgggﬂing

is permtted in response to application of the first pressure
differential to the first val ve device,” thereby unbal ancing a first
pi ston, and fluid comruni cation through the opening is prevented in

response tq.application of. the second pressure differential 10 {op the
Cocond val §LEHE P OB A i BB aREP RUCSS TSt CeEBnORab Mg BFS
greater pigha@nses®ad thelvd hievfilcest ipi 8&@Ponse to dgplMekhtanat bera
aspect, a nethod of controIILn%ﬁcirculation fl ow between an interior

f1 ow passag&SBFCEYQRNSCE TR 2R SRCIRA RIS G Fldffergnthals

tubul ar stBppYid® AdkdssuiieeidoareaponBlihgi vaPFo\ddlade . The1grghod
i ncludes the stefs of . interconnectin valve in the tubular string,

a
the valbe PHEFGULH: LA™ |HSISn & PEpERFAGNS ofS ReRiditeg £PuF BSPOnSe

conmmuni cat kenappl veeti dhed AR E0kst! prepPassage and-dnte aanes! vse
applying a first increased pressure to the interior 20 flow passag

e
whi l e fl ui §*EBMmYREatdOn-Aehr SBGRePHe BPRIAB Mo tdnddi SthelFheRy i #d

f1 ow passageuaddcéhuiiidibh thrbughephe8dopdMBIELDE QRRFERE At iheast
one val ve device and permtting fluid conmunication through the first
&

val ve devi EBSBRAS? He® GEBHiifg terneénthfeseernd iRfess® padsagenkirll 25

the anpyl ugo BRE @ BRRINANGe® 188G 0RR+A6Y QasRi 4N-a%sUReskOohle
interior flow passage and the annulus while fluid conmini cation

t hrough t hBigpehibay Bt iesiFacieri RESEPDra¥edWF s $dge Takatt RESEAMUI us
is permtted, thereby causing fluid conmmrunication throu%h t he openi ng
bet ween t he i ntBRi%Ft fARREIES 55p855e anBetirRd Hih AW 04 1BBIpr event ed.

These and gihen1depdnr Oy MdMRLATES, iReaRidt Sr1aRd RRIsBEESoM 4|
becone apparent to one of dinary skill in the art upon careful

[ or ,

consi der at FBRUGHT t He st ainded deserlpei ektewyl to the tubular string

2009/ 0AB939RCT/ M008B Ge11415 Blot EREES SN kR nBEPedE ﬁ!’&mgééhﬂ{e
n I C

the invention hereinbel ow and the acconpanyi ng drawi ngs, in v
simlar el 8BRS sOhT N IRICOANES LRIt ReVIAYT ols Fheybslasi Arine. sHire

reference PHIPEr Sncluding at least one opening for providing fluid

communication between the interior flow passage and the
annulus; applying a first increased pressure to the interior

20 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

25 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

30 passage and the annulus to be prevented.

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

art upon careful consideration of the detailed description



5BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic
partially cross-sectional view of a well system and associ ated net hod

enbodyi ng ‘99:29&6%9% of the present invention; FIGS. Zg;é%alﬁrz@g[gﬁi%s

enl arged scal’e croSs-sectional views of 10 successive

of a circulation control valve which may be used in the well system
and nethod of FIG 1, the valve being depicted in a run-in cl osed
configuration; FIGS. 3A-D are cross-sectional views of

successi ve %xial sections oflégf_valve of FIGS, 2A-D, the val ve_being
15 depi ct e@%i REBRREBPRIATHC AAHGeRER PHuF e i thvention hegpgabelowp

are cross- gagt tR8abcydRyEnPind WEEREALYE 2% Whi S intiNSrok1bheny¥al ¥ee
of FIGS. 2A-D, the _val ve belng depi cted in a, subsequent cl gsed

confi gur at F8ALCEFeR, 15 AL he S s S1GUEET o3l Vi VR SFMmesGecessnee 20
axi al secthgmnpe®E.t he valve of FIGS. 2A-D, the val ve bei ng depicted
i n anot her cl osed configuration; FIG 6 is a further enlarged

scal e efevational view grrardbagtreertd drF MHE DaadeMgse of the val ve
of FIGS. 2A-D; FIGS. 7A-D are cross-sectional views of successive 25

axi al sections picanpthera cymdmatdll pareial e €tdlsidtddnadniiey of
val ve which nay.be used in_the well systen1$nd met hod of FIG .1, the
val ve bein§ H@%Fc?&ﬂt?WI%quﬁﬁﬁQ?%gFﬁgeﬁeEBﬂ i JURCHY g pringiples of

FI GS. 8A- Dtakepebgsst sBekdiain;vi ews of successive axial sections of

the valve of FIGS. 7A-D, the valve being depicted in an open

circul ating configsr ata-an ald @nla2bel 868161 OBSsSAEItARMa 1Y VWS 0bE

successj ve
16 successive axial sections of a 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;

FIGS. 3A-D are cross-sectional views of successive
axial sections of the valve of FIGS. 2A-D, the valve being

15 depicted in an open circulating configuration;

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

depicted in a subseguent closed configuration:

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

depicted in another closed confiquration:

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

25 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;



5 axial sections of the valve of FIGS. 7A-D, the val ve being depicted
in a subsequent closed configuration; FIGS. 10A-C are
Cross-sect| Vi of successive axial sections of another
constructf%ﬁq@¥ﬂ¥%§¥iirculation control valve whi ch may “BeSGUER71$
the well systemand 10 nethod of FIG 1, the valve being depicted in
a run-in closed configuration; FIGS. 11A-C are cross-sectional
vi ews of successive axial sections of the valve of FIGS. 10A-C, the
val ve being depicted in an open circul ating configuration; 15FIGS.
12A-C are crossEd8eti Shnl AW OsF-§aEEE3R Y 67 eS0T SUCLEAS1BE t he

val ve of Fh$a1188etiotdwalnee vaeiBdodepi€s edrAh a $ehsaayenbe Ehgsed
configuration; FIGS. 13A-C are cross-sectional views of

successi ve98RLEFeS et i YhLRIN £ASEHERLEBASEPREITWHIRGHOM he circul ati on
20 control valve_which may be used in the well system and nethod of
FIG 1, the val ¥&%Bei Wyliddicce@ssnsgctinndh CykePic GREC§ERAYRON;

FIG 1450 saaiglosscefoid Wlcnd ew19k bherved verofp FhES vh3feCocladen
along line 14-14 of FIG 13B; 25FIGS. 15A-C are cross-sectional views

of successAERIGkPAI 1R 2 tTHFCWCNENELOEPY CAL TR LIPBA- C, the val ve
bei ng depicted in an open circulating configuration; WO _
2009/ 048939PCT/ FJ‘S%OSWEW&WG- cgoss-sectlondl views of successive

axial sections of another construction of the circulation
control valve which may be used in the well system and
10 method of FIG. 1, the valve being depicted in a run-in

closed configuration:

FIGS. 11A~C are cross-sectional views of successive
axial sections of the valve of FIGS. 10A-C, the valve being

depicted in an open circulating configuration;

15 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
20 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:

25 FIGS. 15A-C are cross-sectional wviews 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



FIGS. 17A-C are cross-sectional views of successive axial sections of
the valve of FIGS. 13A-C, the valve being depicted in a subsequent
cl osed confi%uration. DETAI LED DESCRI PTION 51t is to be understood
that the VEPPEBEL*¥dbodi nents of the present invention J&IEISEYEYT9187

herein may be utilized in various orientations, such as inclined,
inverted, horizontal, vertical, etc.,~dd in various configurations,
W t hout departing fromthe principles of the present 10 invention.
The enbodi ments are described nerely as exanpl es of useful )

appl i cations ofFFﬁ%-p%?&nﬁ;ﬂnﬁsQ§Psﬁhéepﬁv@@éTZNﬂeWﬁﬂQﬁ1ﬁq§0ﬁéﬁlVﬁnited
to any spegifib¢ detatdss Afs thiRsQaqRodEmPREs. 14nide died kWA B0peing

description of the representative 15 enbodinents of the invention,
di rect i onaKepérhgd tuch wsemend clogeflonpntigippmdrion."| oner", etc.,
are used for convenience in referring to the acconmpanyi ng draw ngs.
In general, "above", "upper", DETAAED" DEROREPEIPMr terns refer to a
direction toward the earth's surface along a wel |l bore, 20 and

"bel ow'3 "| ower It igobmviee dmdardtors thatt Bhesvaeirs ©gbeddimeeEsi h

away from the gaEtiné SWFdMcelRRG iBEaVWEELDO GrayReRY @8ALBELVELY .
illustrated in"FIG 1 is a well system and associ ated net hod 10 whi ch

enbody pri NEEpPBES oFlepeatimdngestigh pfvEeRElored ) ninvaetrel/l system 10,

a tubular sbihBgnda) | Sydsid@lll eddn a.nel §R0FLr1dhs el m&e&ahgg an
annul us 16 exierior to the tubular string. The wellbore T4 could be
i ned wi t hwéabPnlg deraiticrg fnemaibehpEaseiphes anhuihes PE8seay be

f or med; pet %@a}lwsn! ubpll @remilddif@nte 30d G8ScLASDGhFe130 ki BRAmp1 M0
2009/ 048939PCT/ US2008/ 079187 - 7 -
of useful applications cof the principles of the invention,
which is not limited to any specific details of these

embodiments.

In the following description of the representative
15 embodiments of the invention, directional terms, such as
“above”, “below”, “upper”, “lower”, etc., are used for
convenience in referring to the accompanying drawings. 1In
general, “above”, *“upper”, "upward” and similar terms refer
to a direction toward the earth’s surface along a wellbore,
20 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
25 present invention. 1In 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

30 liner.

The tubular string 12 could be a production tubing

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



known to those skilled in the art as a "cenented conpletion.” This
term describes a well conpletion in which production tubing is
cenented in _an ot herw se uncased wel | bore. However, it shoul d be

clearly un¥P¥¥yd&d3% hat the 5 present invention is not PEFHSERE OB 7any

way to use in cenented conpletions, or to any other details of the
wel | system 10 or nethod described heréim. | f the tubul ar
string 12 is cenented in the wellbore 14, it may be desirable to
circulate cenent out of an upper 10 portion of the annulus 16. For

t hi s pur pokaowa & richess isdiildedt Aol thal aet 18 ia ‘wepended in the wel |

system 10, gomo1or Mol € figys fg.oeewsaegcﬁbégea GRTNUA1RERAL b Bynicn

openi ngs 2 e valve 18 are opened to permt l'at 1 on
bet ween thereﬂmutmn ek di8 cemented ihoan prgwayd se2unsasedt he

t ubul ar Stgbln ofe. ng 1§ECHE3E 881§'E¥Véfb£%£%g§g§& @8§gr€ﬂatt

openi ngs 2 are c 0S€ ng addi tiona
now t o ¥l G8re2#nD, lmmtﬂam/esmmtslmpte@em atniwelay ithl user abed at an

entarged seahgnfld g 8alEs detath. adbeoualy Gk iy diecigedol D the

wel | system aSSOCIate mEt hd above,

val ve may aYEEemai®ve¢yMﬁemmEdaspnlbeﬂehesqsmens and nethods |n
keeping with the principles of the invention. As depicted in

FI GS. 2A-D, thelfathe tgular staingnl?nis| egrezhizohfingghet wehlborahi ch

Lo L oush, e GRS ATBTDEb BRI ] AR SA0C0E2aR I

annulus 167§ pr en use in a cenent l'etron
conf|QU?atponto¢ntmé'uuivennﬂuwomﬁd beonsthh$WRnrnd$e t aboiacuistiony

12 i's inst ébéggo nvéﬂ?e \é% ?oqudegngnv\@ﬁ? wet ey sltﬁmf IlBWEd into

t he annul us en us stage cenent i ng opération, 30 th

valve 18 may b nl 8¢f 16.
2000/ Mggsgpa?fé%%&ﬁ%%&f%?@% B LAUSHRAIE Fe 2Ll 16, W
devi ce 24 pperhegs$o?iniof thesivedve iL§ frei prowsblbe giesplidceabtel awidn n

an outer havig)ngeASSANIL 26,0h Lheevalyea 18 diLarder b seleglively

permt and preven oWt h roug e openings 2 osure
15 of the tubular string 12. After circulation flow is no

longer desired, the openings 20 in the valve 18 are closed.

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

20 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
25 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,
30 the valve 18 may be open when cement is flowed into the

annulus 1¢.



5 device 24 carries flexible or resilient seals 28 thereon for

seal ing across the openings 20, but in an inportant feature of the
enbodi nent of FIGS. 2A-D, a netal-to-netal seal 30 is also frow ded
to ensure Y4QaH8t39%akage in the event that the ot her BEHUS2HZIHIHT|
10Furthernore, another internal sleeve 36 and additional seals 32 are
provi ded, so that the openings 20 can I¥e-seal ed of f positively. The
sl eeve 36 can be displaced fromwithin the fl ow passage 22, for
exanpl e, using a conventional shifting tool engaged with an internal
shifting profilZ &henlily thbudbeevtosThe ddwere 236 ihstiepferrdof m

Its closed ngéé'cg]fé% fgéab§§lgﬁs laceg'ibqﬁhléﬁtgnnﬁﬁg rsﬁéésﬁgﬁ's

enhanced by oper ation g Sea BelT e I'nc es an
arr angenenassémlp)lzstlﬁlsafs&hMZaand d8bimstmniprew celédtivalanpermit

i mpor t ant f re of I 4 eaggt o o) PE
pi stons 38] g‘gzlyapp tegtqél @ggﬁgkgg?ggﬂ ?ho%erzrlgttngjs- ?g-' g ésle%
whet her5 prédssice 324 datrecﬁdsoWlpasb&geoﬁZresiJg'xm erealiad8ptegserr for

t he annul us, %ﬁn O%?%rh% :pga%‘ 8gn?bul US4 S a%aHS‘E’OEQQREp%ggé%%

mtheflowpass hi's t he'seal in vice 40°Ts

to a uni quefc’chném;mbcaimnmtofofdwﬁf;suemﬂal q:)lmtzari-a;loealstah shal p3&tions
38, 42. As gn be. appr ci at eglrby ths si(e ]I(aede i.n ttge grt r 2
consi der at FoR° of ?‘F‘I arran&er?e £ 8ot pl Stons 38 47 3¢ 3ep ed in
FIG 2B, whka gptlesswenlin Ashe€ald.f | ow passage 22 |s greater than
pressure in the annulus 16, the pistons will be biased downwardly as
vi enedi n the MO 2009404893ABCHEUS2008104D 18Ikeve 36 and additional

seals 32 are provided, so that the openings 20 can be sealed

off positively. The sleeve 36 can be displaced from within

the flow passage 22, for example, using a conventional

shifting tool engaged with an internal shifting profile 34
15 in the sleeve. The sleeve 36 is depicted in its closed

position in FIGS. 5A-D.

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. In an important feature of
20 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.

25 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

30 flow passage 22 is greater than pressure in the annulus 16,

the pistons will be biased downwardly as viewed in the



- 9 - drawing, thereby applying a downwardly biasing force to the
netal -to-netal seal 30. When pressure in the annulus 16 is
greater than pressure in the flow passage 22, the piston 38 wll be 5
bi ased upWa® a¥09/04883% i ewed in the drawi ng, but the pist SRTAZ2RPPIYe
bi ased downwardly, thereby again applying a dowmwardly biasing force
to the netal -to-nmetal seal 30. Thus, n® matter the direction of the
pressure differential between the flow passage 22 and the annul us 16,
the netal- 10 to-netal seal 30 between the piston 42 and the cl osure
devi ce 24 dsawingystlentencegrlyinbeasdavnwvardleyildesdi®g forceThe the
bi asi ng device. 44 is .used t ert an initial biasing force to the
E?l_to m 15351 %es“%ag)&r'i ng 46 installed in the housing

met al -t o- n%‘ta‘a. seal : . i
assenbl y 26 | i mh g, b 59 SRLAGRARNS Of¢ Lo dlagie gyl ce 24

and |imts downward displacement of gﬁﬁg pi s
cl osure depressde i dn bites éd copwasdhyeby2 peams wifs tmpds vulilzed

intern chanber, 48._ The cha 8.co , . exa e ont al
nit rogg‘% oglgﬁ%?hu Waiert a%arsm%'s"eé 6§e§é%r%ﬁ%n§ce@£&“l r’%%aﬁ%gjcgn 42
hydr ost at i @ipl ebs Uriasxpeivedrardlye ekprebernegtimtagiiyingl ae 18 in

t he wel | bor,e 14, her. conpr ible fluid ch i,l i e,netc.,
coul d be ugg‘ﬁnwﬁrﬁﬁée%%aasr%br%’ eff?gc %i % Odlég?rlg%i?g "hteo_g%ﬁ%& %?&350(% t he
| ower end whukhenc|mstirer ddd c8.r2bt24ncodsecheffremswppei féndentishe

chanber 48, The upper d of the clgsur evice 24 |s exposed
pressure i REFRESF| ‘ghv? p@%‘%é’?sff.g%%us?nl oY e%rélhlfleusi ?\ist’hggfal rgt\?v%gl"
passageo 22 tbsmebal essell Buffdtvicent ke pdstdat42 tand tgreeatflesurhan t he

pressure in the \(/:\g nber 48, the.closure device 24. wil] he 30 biased

o at spl acBeibver ars alvave Shugnazd: B Be “Fodl i derdaodo e 29

relativetoth\?@go si ng. assenhl ég i.s Limted b ans .of.

i spl acenent  BIS008] DAk SEHCFPUSS0GE) B961g7 SHert 4 hital
biasing force to the metal-to-metal seal 30. A snap ring 46
installed in the housing assembly 26 limits upward

15 displacement of the closure device 24 and limits downward

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

20 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
25 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

30 biased to displace downwardly.

Displacement of the closure device 24 relative to the

housing assembly 26 is limited by means of a displacement



- 10 - limting device 54. The device 54 includes one or nore pin or

l ug(s) 50 secured to the housing assenbly 26, and a sl eeve 56
rotationally attached to the cl osure device 24, with the sl eeve
havi ng onév@eouRd#8e3drofil e(s) 52 forned 5 thereon for EBAHAGIHENWPIRGY

t he | ug. Referring additionally now to FIGS. 3A-D, the valve 18
is representatively illustrated in a-cbthf+guration in which pressure
in the flow passage 22 has been increased to a |level greater than the
pressure in the chanber 48. As a 10 result, the closure device 24 has
di spl aced Homiwbidglldewieleattidve rhet devihwesihgiradselrisl pyn26or ancrd |piird

fl ow through the, o ings . 20 s n permited. Subsequent _rel ease of
the i ner eaSbdl Py Gob e v urRd FrotienieliiiS FesdBiS YRe o €0°r

t he housi nglassemnyd yrotatlibnhllegngagecked ecessed qlosuirendsacef24 he
profile 52..TQi€Hfu ctionz to_secure the closugg dgvics 2? in its
open posit Yoh? WE RRCEh&aYeBd PBenBT AT R 45 rFdagéd Pt eedure in
the fl ®v parsagen 2br Ahgeilcaegedbgcahe Vugw of the sl eeve 56 and
profile 52 20 thereon is representatively illustrated in FIG 6. In
this view it nayetesiaen ddddtivhellygn&d warFdisspl3ace,r ehat vakvd ol he

e R
in a generpléysstd airghihd angit pespabey22xXtiendiawg metrebheefotdion 52b.
Vihen pressfé&éirbgég%JQ(ﬁﬁan the pressure in the chamber 48. As a
10 result, the closure device 24 has displaced downwardly
relative to the housing assembly 26, and fluid flow through

the openings 20 is now permitted.

Subsequent release of the increased pressure in the
flow passage 22 allows the lug 50 in the housing assembly 26
15 to engage a recessed portion 52a of the profile 52. This
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
20 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 porticns 52a-f of the

profile.

Initially, in the run-in configuration of FIGS. 2A-D,
25 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}.
30 Subsequent release of the increased pressure in the flow

passage 22 will cause the lug 50 to engage profile portion



passage 22 has been increased so that it is greater than pressure in
the chanber 48, the lug 50 will be engaged in profile portion 52d
(with the valve 18 being open). 30 Subsequent rel ease of the

i ncreased WPSLWHEIW3Y n the fl ow passage 22 will cause tRETIUFPIBO7HY
engage profile portion WD 2009/ 048939PCT/ US2008/ 079187 52a, thereby
mai ntai ning the valve 18 in its open-canf+guration. Another
application of increased pressure to the flow passage 22 greater than
pressure in the chanber 48 will 5 cause the lug 50 to engage profile
portion 5262@mﬁthetéhy\mﬁiniamhimgihhebehhgeoﬁ@nhziSubS@ement rel ease
of the increa ressure in the flow passage 22 will cause the |ug
50 to engad8&"” %?8? *e'Prtion 52c, with the closure device 24

correspondi ngly.displacing to.i.ts cl.osed_posi ion 1Q depicted in
s harDy o YaRbERe f I R oh, BT RO RRRR ] b s 2oSERE F Y o
fl ow passagesgagwi 22 gméaﬁeﬁnﬂﬂam @rbasuherlmpEMErqpamhércmeswmglof t he

I 18. I nst
brof 1 o poPELbRe B9 & 1501 £108 aREPFOr &I PP 8 AoVl Che
conpl eti onsgalive Wi shillridiarg cipeayl.at sobsédquanighrdleasealbfeth8 i s not

desired. However, further openin d closings

bo_br ovi dediorarees e TR, R RS ATe £ i FRYSEs thp bt
t he sl eeve556tbnehfegannredilef p@r&@bmeﬂttpn@itNXHﬁe RUQssrd- Skoicei 24
desired. 20Referrin to FI the valve 18 is
opt esent aPPOEPRPP U P UFEIAFLr o HE SR ORI SIS oR. 975
increased geessvee iw Eiusjlqn#tpassage 22, and then rel ease of the

i ncreased pressure as descri bed above. The valve 18 is nowin a

cl osed confi guratrdher | movdades lanidd d2breassawnlc aitamsdret Weenhéhelow

ILgmgngzﬁ eaé%gge 4W{&q ﬁgéu%égu tthe 98?@he9§o§§££ﬁ% %E%Yngggng of

the valve 18. Instead, the lug 50 will move back and forth
between profile portions 52c & f£. This is beneficial in

15 cemented completions, in which further circulation through
the valve 18 is not desired. However, further openings and
closings of the valve 18 could be provided, for example, by
making the profile 52 continuocus about the sleeve 56 in the

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

20 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

25 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

30 cause the valve 18 to open, since the device 54 limits

further downward displacement of the closure device 24.



Note that the lug 50 is now engaged with the profile portion 52f as
depicted in FIG 4B. This denonstrates that further increases in
pressure in the flow passage 22 do not 30 cause the valve 18 to open,
since the Wev#E®48a | imts further downward di spl aceneRETHB2U08/79187

cl osure device 24. WD 2009/ 048939PCT/ US2008/ 079187 - 12 -

However, it wll be readily appreci atetl2that the profile 52 could be
ot herwi se configured, for exanple, as a continuous J-slot type
profile, to allow nultiple openings and cl osi ngs of the valve 18.
Thus, the cl osutewelex ceit24i3lchr beadeppadmpiioridited &bed tlpward and

downward tg_c e the yvalve 18 in_r ons

appl i ont i OREOENTE 1ot Sl s B Fad o TS BokoglEnbLe: (35 e
profile 52cbstﬁmmmrJ—a]&ity t(y@ef pgufe‘siﬂe Red exYlawy maddiipil enapeyimgsy t o
FIGS. 5A-D, the. valve 18 ent tively illustrated in

cl osed con?Péu?%??%ﬁgﬁr? EhVF érn ug e SIESHAS ggghce

di spl aced uamabdlyepéatddkﬁ dﬂSpnamebl@pwardlawutduwmwghdthe epﬁﬁmrwnﬁ
20 between the nul and flow assg Zf# spl aﬁé qi

sl eeve 36 F?B?nbgg%lc% & BySRR S‘8f Vi Jéﬂ? SPPmesR lo’Bﬁta‘l
pref erabl yralecasyensi qsx&lssurteehnneher fLODI s oy eyped ighihei pgot Dot

is used. . _The sl eeve be dlaplaced as a contingency

oper at i on, °Fnif hePRYAM &5 Y Sﬁ £5PURBfe of the seals 28, 32 leak, or
the closure device 24.is o not ope t prevent.flu
conmmuni cat i on b%?&%%ﬁ”ﬁh@' %WOBE $8gRO%2°Q ﬁ%h%%e%ﬁhgﬁ EE S1E2YR i%
openi ngs 28s Septemimﬁz&l@nd1aulsatcahedagmra)fdchfs«.:ﬁ)cmylghs@ti@m in
alternative be provi ded for. installation of nventi onal .packof f
Sl eeve | 1 ohithr B Sy BreeTRaRE: BRI P oty SPGB TALEEY s
al ternate enati guredw ALtk e ok ltﬁubaghmh@amdrﬁlng\salzmebéeweén the

annulus 16 and flow passage 22. Displacement of the sleeve

36 may be accomplished by any of a variety of means, but

15 preferably a conventional wireline or tubing conveyed

shifting tool is used.

The sleeve 36 may be displaced 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

20 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.

25 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 configquration
described above, most notably in that both configurations

30 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.



representatively illustrated. The configuration of FIGS. 7A-Dis
simlar in many respects to the configuration described above, nost
notably in that both configurations 30 open in response to

appl i cat i oWO@P9R4gIBssure i ncrease to the fl ow passage PEX/USHHSOTMRIIN
close follow ng application of a subsequent pressure increase to the
fl ow passage. WD 2009/ 048939PCT/ US2860858049187 - 13 - However,
the configuration of FIGS. 7A-D utilizes val ve devices 62, 64 to
control displacenent of the closure device 24. The val ve devices 62,
64 coul d be, foHowxaep) e;he @onEitjuoaaion upf UFEGSL Sks-D sitdad zps nuetive

shuttl e valyves or any, ot her t f val ve devic whi ch open.in.
Eabonce. L EORAGEP o fotd o SorsrRY; finp LedSrati I SHEn ElaratSaetiF s e
devi ces 622464 ahe s&lectddritces sal,abe cespedie verdmtezampllechanber s
66, 68 fromwell pressure until, .correspondin r edet erni ned

di tforenti SPAEPBELORSE HHRF RS, HEN5ac P BERE (HEPIRS HINH: LBV RLEES oF
V\ﬂi ch E@i nbniyhetRevi €fse apevaaneg [derhités f ¥l ch cpanidincakspbnse to

t heret hrou

h. .. A radially enlarged piston. 70 on the closure
Hovl oo 20 BEPLIGRELAN 1OF 1h e TEBo PLas e BRE | Tl ferit il Ge  TBR v a Y ower
sige ?r theepﬁaéﬁnais @Mpﬁ&ﬁ@eﬂ@c&?dtBeri@ﬁaﬂhehé@bigkgvﬁthhﬁfnal
radially enlarged piston 74 on a eeve 78 positione el ow.t he
P osar ¢ doghanags Ph8 ol e oo BEREAIE? ORk b AT PeReR B de. and
an upper spgedetethtndd SAiFdren@iR0Spdesupddtdy dpankar adbosAl thef

the chapbers_66, 68, 72, 76 initially preferably 20 contain a |
conpr es8i bFal¥euiavisen afs diiep QPlétrE?%I@%¥ﬂ%%q(ﬂﬁeﬁrégguP@rT%Ech

as at nosphenhedpsesset fat idieneiet8kBegnf | ui ds (such as inert gases,
silicone fluid, etc.) and other pressures may be used, if desired.

The cl osure devhcea@#alBy idlldrajeldy piBtohaimesh ithd t osure device 24
is exposed to the chamber 66 on its upper side, and a lower
side of the piston is exposed to another chamber 72.
15 Another radially enlarged piston 74 on a sleeve 78
positioned below the closure device 24 is exposed to the
chamber 68 on its lower side, and an upper side of the

piston is exposed to another chamber 76.

A1l of the chambers 66, 68, 72, 76 initially preferably

20 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

25 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

30 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



25 cl osed position by one or nore shear pins 80. However, when
pressure in the flow passage 22 is increased to achieve a
predeterm ned pressure differential (fromthe flow passage to the
chanber 66%W0 2048483f ve device 62 will open and admit t REHSRIs/1079187
pressure into the chanber 66. The resulting 30 pressure differential
across the piston 70 (between the chanBérs 66, 72) will cause a
downwardly directed biasing force to be exerted on the closure device
24, thereby WO 2009/ 048939PCT/ US2008/ 079187 - 14 - shearing the
shear pi nss8@axndgdoivelety wirspl8dciang dbenedvdly elidpliaceng the

Referring ilign owto FIGS. 8A-D, the valve 18 is
representa?ﬁ§SF§8i$+%% %éted after the closure device 24 5 has

di spl aced down | OV 4 i,ng . of | ve, devi | uid
comuni cati on ﬁ%%ﬁ%%ﬁiﬁéméaﬁéﬁ%ﬁﬁﬁzg gg0§2t%2%1q%bi§%§ﬁl5%glgg%yg F%e
openi ngs 20si sepvesperativeldy Miastirated débér eche aolgisoge theival Y€
18, pressu (e P RASS u 6 I ased
to a 10§pr%§gtg%%?%%%é%ﬁ%ssuf%ggﬁfﬁgiggyﬁgg %#éé%?qggyéﬁ%ukggggo t he
chanber 68Yetadcepéh.t helwial wwrdewiicetédn beteed¢mathd Hd owalpresderi 22

64 is physieal L. cxposed, L0, tie anaubys, 16,788 her than tg the,f| ow

passage 22, and So thé val've device I'S no i ni-catron

with the flow p ge, ung i H 1 cl e Vi js. di e
downwardly to oggﬁgt 1_é %galcsleegl%géq%g g?r&%géu‘;?? ‘?%le‘f%ﬁnddt p%lee%g’gggr gnf or
t he predet ¢hei fiddwppessage 28 fanegt emhidhisudedndprbepenimegseldetvadve

e e SRR TEAENH A AUSURLRETATCFRRLE UL Syl £t

opens, wel khpmbssuf®) wid logen the valve device 64. Note that the
valve device 64 is physically exposed to the annulus 16,
rather than to the flow passage 22, and so the valve device
is not in fluid communication with the flow passage until

15 the closure device 24 is displaced downwardly to open the

valve 18. As a result, it is not necessary for the
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.

20 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

25 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

30 differential across the piston 70, and the closure device 24

will displace upwardly as a result.



admtted into the chanber 68, and the resulting pressure differential
(between the chanbers 68, 76) across the piston 74 will cause an
upwardly directed biasing force to be exerted on the sleeve 78. The
sl eeve 78w R40v/dis8P ace 25 upwardly and contact the cl 8BETUB208UYPIEE
24. Since the piston 74 has a greater differential piston area than
that of the piston 70, the upwardly dirt®cted biasing force due to the
pressure differential across the piston 74 will exceed the downwardly
directed biasing force due to the pressure 30 differential across the
pi ston 70, and rdwercdiogurdddevbnal P¥ now | talira@sac @Aupwatbéyvakva 18
result. WD 2009/ 048939RCT/US2008/ 079187 -_.15 - Referrin
addi ti onal 5 FRY G YeéX-bggPﬁgr% §Y S TET §hPe5}8§3ﬁ?a??Yéh?/24

i 'l ustrat edaafdespldieedh@sdirdl gefblioRéndaspatiispl acedhapwaled ydevice
fol |l owi ng of  the val ve de e 64. The closgégégevice 24 again

enin i C
prevents fggrd %ﬁ%ﬂﬁﬁﬂﬁﬁq?a Bﬁcﬁegﬁeﬁﬁa{quﬁqqﬁﬁtﬁa 22 and the
annul uss 16¢¥iuauh 1tea tRANIHRENe28. tRAeSRBEW Ipakik Car engdtha dheubleene
78 now engages, an internal profile 84 formed in the housing assenbly
26 to prevint E%%é@ﬁﬂﬂﬁﬁﬁﬂg&nmard di spl acement of the closure 10

device 24. Note_ that an inbgrnal sl eeve 36 a d/ or H%tchin ﬁrofile 60
and seal bores BSEHE W&oy FEG FOr ORnStt i hy FTat tHSWo%% 7998 Db

S\zn be Seahﬁ‘deﬂzﬁil Qﬁ:cﬂii(l.;azn@itlngelﬁﬁtyd@?stﬁ@,hdl'rsiaﬁg asgetbey Bf tourse

en operation of the valve 18 is n pnger needed. However, in the

al ternat e BBRYPYurHRIHAUG CFAGENWS 89@)}3&%“%?%10& %gﬁi \é\goﬁ'ﬁf?s

idt sel f1gr ogédggevmizih a&ﬂc&:@ fthiaraglalar @gi—_ém&ﬁ si]Qee?ﬂel oW Ehﬂ/ekomrtcehir;g
evice to be displaced to its, closed position framt interior o

the 11 ow pAEGRYLE 2 (i5kFead. PREPRGOE BORRMBTGHACCENEPE] RESERORS . i n

the event 2Zfathake tdirclmResune davi 68 seaned d¥er ofsher woseidgspénced
upwardly (such as, due to seal | eakage or v%{ve devi ce nalfugction
etc.). measure, or as a matter of Course when operation of the

valve 18 is no longer needed.

15 However, in the alternate configuration of FIGS. 7A-9D,
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

20 that the closure device cannot be otherwise displaced
upwardly (such as, due to seal leakage or valve device

malfunction, etc.).

Referring additionally now tc FIGS. 10A-B, another
construction of the circulation control valve 18 is
25 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

30 the valve 18.

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

relatively large diameter valve devices 62 are opened, which



Referring additionally now to FIGS. 10A-B, another construction of
the circulation control valve 18 is 25 representatively illustrated
inits run-in closed configuration. This exanple of the valve 18 is
somewhat sSwWEI2@v048939t he val ve of FIGS. 7A-90, in that @crdlse@stdevsice
62 is opened in order to open the valve 18, and another val ve device
64 (see FIG 12B) is opened in order -tagclose 30 the valve 18. WO
2009/ 048939PCT/ US2008/ 079187 - 16 - thensel ves provide fluid

comuni cati on between the fl ow passage 22 and the annulus 16, w thout
di spl aci ng tthbﬁns@ﬂﬁéslr}_ercdﬁdélafﬁﬂd kosihaadcat ben ied tectethees16w are

opened in response 5 pr.edet er m ne dlfte ent i J ressure fromb5
the flow p&E§5§6©22 t%n‘i‘ h@%rﬂﬂﬁ’l 5168 alyTRAeY Fing ¢he

comuni cat icaBsugepeeiidd exh 1 hrms&baﬁhetmal velﬂ@Vdms:é@etewea@et bpehb@W
passage and the annul us. the valve 18 is

r epr esent atfv EPFPPRFGSE? ot &RF %@FWH@%QF@@’&%‘%@S REESRAvE bHEeh

opened. 510 that €1bRapatfdfe TP TBGt BAAUDEST DE, Va'i{dlezhk&e'aﬁté@t 21edaq90
degrees about the longitudinal axis of the valve so that varlous

ot her feat GPEEUBLORRECY at% PIttreds ThRaugh| Ve it deXyicray PEEWeen

clearly seene }mgwcbgggagbcgﬁa(aﬁeZQHhalﬂgLntalned in the sane 15
position as it was 1n FIGS. 10A-C by shear pins 80. Note al so, that

the open val ve daviees. 61211:prcpvitd@ Fanebal pves yrépraaddaawvanga for
flomnng flyid between th assa e 22 and.,the annulus 16. In FIGS.
12A-C, the l&&P?*ériéeﬁisa% é‘llvﬁr ge¥ifgs 62 have been opened.

10 Note that this cross-section of the valve 18 is rotated 90
degrees about the longitudinal axis of the valve, so that
various other features of the valve (such as the valve

device 64) may be clearly seen.

The closure device 24 is maintained in the same
15 position as it was in FIGS. 10A-C by shear pins 80. Note
also, that the open wvalve devices 62 provide a relatively
large flow area for flowing fluid between the passage 22 and

the annulus 16.

In FIGS. 12A-C, the wvalve 18 is shown after pressure

20 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

25 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
30 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



20 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

pi ns 80, awd :2aivepi9aci ng the cl osure device 24 upward t @CTIUSBWS/GTUA8Tt he
openi ngs 20. Al so, since 25 the valve device 64 is exposed to the
annulus 16 and not to the passage 22-pLvo+ to the opening of the

val ve devices 62, the valve device 64 is unaffected by pressure in

t he passage 22 until after the valve devices 62 are opened. A
slip-type tatchesilbekigrdevipeard8fontat eharsedhapp ielosor ehdeyi €

24 in its closed posi 'gggﬁs.de icted. in FIG 1%#..At %gy tine it is
desired to"tfdEePthie Val P4 5PI2EENVBRL F oM S SRy 2€oBPYRR3t
shown) can be en ed with . 2009/ 048939P 2 /079187, - 17 -
The oot 1 1'e. 56 BRI FaAHOE eNEY oBo ap T 1P 1 o orbar SPHENSHear
pi ns 80 andoflssph@ecron hef aheswigcdeyt ten 2dontwal dzalve 18R&kerring
additiopnally now to FIGS. 13A-C, another constructjon of the

i reul o ORCBERTPUraGaTaly 1d Stsa 8 s ehtardUtAS FRFUShr ated in its
closed r Uncbﬂfﬁ@@f&’@iﬂ;‘rﬁli mhisrb&S?@XéW@f etipd \Ié]lﬁ]be/aJSV@.slgliinilai: mih ar
in many respects to the exa e o | GS,. 7A:9C, t the closur

devi ce 24 PAMY hESRREHT br-He B8aMR3R_@F of jé(fﬁg'agep‘s"%l?pwg‘ﬂdal {rg‘?oci%%‘hre
the val ve Guticeyeza non tile eReRpNeso20Ficandiite: iisplieewe dhwardly

di spl aces domnmardl%%to shift the closure device back downwardly to

close the V8l VBSRGH¥Rr¥GSE (RECYBEL AT BRE STPFHE GFalAPd 180 sthe

f undanemt akh et €7 sadBspldrdsl Gowhtarting e rsmpeimate efi ovakyeddevises
62 about the closure device 24 nay be seen in mpre detail, The 15

chanbers 682CR2HPYRYALALY, tQQPR AiPeVal T9el WA PIrEsstPE (such as

at mospheri gppt&6ssHh 3 MNEERARRSIYI €si Pubdendassiage tdé exmeeds a
predeterm ned val ue, the val ve devices 62 open, thereby exposing the

chanber 66 to the F1esepsedhy agsdhGement of valve devices 62 about
the closure device 24 may be seen in more detail. The
15 chambers 66, 72 initially contain a relatively low pressure
(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.

20 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.

25 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
30 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



20ln FIGS. 15A-C, the valve 18 is representatively illustrated inits
open configuration, after the valve devices 62 have opened. The
resulting pressure differential across the piston 70 causes the

cl osure dewocwvBsboto di spl ace upwardly, thereby uncoverCmgstdug079187
openings 20. 25In FIG 16, it may be seen that the chanber 76 extends
to a fill/pressure relief port 90. Pressure in the chanber 76 is
initially relatively | ow (such as atnospheric pressure). In FIGS.
17A-C, the valve is shown in its closed 30 configuration after the
val ve devi gesaédefriitedgaikseperediffbeevelye den aee G4nalesopengik by
I ncreasing pressure in the annulus 16 tpo a predeterm_ned | evel (i.e.

to achi eveCBamRgy Xobly GAdISIPEY/ PEOBBAY HF RS Fhe PRNUIYBQEL ERi ned
pressure dphfesgatial ﬁsfirrﬁ:@ ttheyagedl U8 ESmhbie Ramkek 168  heebpdieindyy
pressur|2|n8 t he annul us or the passage 22 (since they are in
comuni cat #Bh-vi a the openi ngs 20). 5The sl eeve 78 has displ aced
downward due to the pressure differential fromthe chanber 68 to the

chanber® 76, she&r¢ rifedvear’ Sohds 92SPFared RIS E AYSpitRcERBNt of the
sl eeve 78 Bt88sgPelSest Ad1eidUERORIEYhE EcRAmibey (igS ploaeBedonambsd 76,

(since the differential piston_area on the piston 1Q 74 is greater
than the dPRERFERTisheqsi RGP dlea 3H1§h‘é°‘1bt?‘g‘?liﬁ1 dmpgacement of “thie

sleeve 78 also causes the closure device 24 to displace

downward (since the differential piston area on the piston
10 74 is greater than the differential piston area on the

piston 70).

It may now be fully appreciated that the above
description of the circulation control valve 18
configurations provides significant improvements in the art.

15 The valve 18 is capable of reliably and conveniently
providing 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.

20 In particular, the above description provides a
circulation control valve 18 for use in a subterransan 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

25 (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

30 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



It may now be fully appreciated that the above description of the
circulation control valve 18 configurations provides significant

| nprovenents in the art. 15 The valve 18 is capable of reliably and
conveni entWO 2P8¥%H ng a | arge flow area for circul ati SATHSRAEEYIYhe
fl ow passage 22 and the annulus 16, and is further capable of
reliably and conveniently preventing-flL#i€ conmuni cati on between the
fl ow passage and annul us when desired. 20In particular, the above
description provides a circulation control valve 18 for use in a
subt err aneappletdtian tdf the walcvedi pcessiing ditf feezsttiadetopeheng 20

for providing flui oqpqqica l,on between an interior |ongitudinal
flom/passaasgaﬁdéh%h%% é&té%ﬁ%#'of the valve 25 (annulus 16). Fluid

gO”Tm“i cation irﬁhQrPi"f'sdcegartet@rs%%%hp?t%% rgltltI%f %&arya%% %%%%Snvéié’gsum
evices 62, 64 in response to application of a respective one 0
first and secthd jpriessiore fdickf preptal 82 appd iEeseressnt hefirst

correspondi.ng _val ve .devi ce._Fl ui 0 L cation,.through .the opening
50 1 o por mPreiith Y sec ot GrE TG PR Ol AN, BESORERE S
differenti differ¢ieidl mety el betdeencpré@sumadif |thed exdaruorcaf i ome

t hrough th enjng. 20 is prevented in response t
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pressure dwhfeeential to the second val ve device 64. The first
pressure differential nmay be between pressure in the interior flow
passage 22 and Phessairand vadviel device 64 may be exposed to pressure

10 in the interior flow passage 22 only when fluid

communication is permitted through the opening 20.

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
15 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

20 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 206 for
providing fluid communication between an exterior of the
valve (annulus 16) and an interior longitudinal flow passage

25 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

30 between the interior flow passage 22 and the internal
chamber 48 to thereby permit fluid communication through the

copening 20, and the closure device displaces in a second



5 internal chanber 66 of the valve 18. The second pressure
differential may be between pressure on the exterior of the valve 18
and pressure in a second internal chanber 68 of the val ve.

The secondvwaliyessdivi ce 64 may be exposed to pressure ROTHURPHEIST
interior flow passage 22 only when fluid comunication is permtted

t hrough the openi ng 20. A cl ostared 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 15
cl osure deditec@fommppes itiespbackd first sﬁofmd:i@binr eLnt i:eﬂpomz)@sme to

the first diyection in res nse to p t seco pressure
differentiﬁfif?ﬁ? S &Y aP€85585$ é ég%ren @b e?ﬂegg osure
devi ce 24 ﬂﬁﬂeﬁiﬁﬁﬂﬂkﬁwiyagsaberaalaﬁﬁeewe ﬁKtaMnaahchambeﬂsesrbﬁs t he
interior flom1 assa rovi de
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20 fluid t t
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pressure differentj 30 bet the interior flow passage and the
i nternal cRBABERY t%?ﬂ%%?@%% EErnF?ef %ﬁ%ﬂ%ﬁﬂ%ﬁﬁl@ gg ?h BUYF" t he

openi ngy 2054 agly t herml 0 slisp 1devmeat dbsptias esldgure seednod 2¥W0in the

2009/ 048939PCT/ US20081079187 - 20 - directiao osite to the fjrst
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bet ween t hgsi phersddodd dwpassagai22easftide. i nternal chanber 48 to
t hereby prevent fluid comrunication through the opening 20.

The valve 18 may also include a sealing device 40 which

prevents fluid communication through the opening 20 in

15 cooperation with the closure device 24, the sealing device
including a piston arrangement 38, 42 which 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

20 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
25 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.

30 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



5The valve 18 may al so include a displacenent limting device 54

whi ch, in response to displacenent of the closure device 24 in the
first direction, secures the closure device in a position in which
fluid conrdifrize®onssss t hr ough the opening 20 is perm ttedCI/Ts008/079187

di spl acenent limting device 10 54 may permt displacenent of the

cl osure device 24 in the second direet2on-in response to application
and then rel ease of the second pressure differential. The val ve
18 may al so include a sealing device 40 which prevents fluid
connunicatm@mlthso&g&ntﬁfbﬁuﬁﬁa.ngTB@ inatAod choplrdds ahewstbpshef :

cl osure device 24, the. sealing devi.ce inpgcludin |ston r ement
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netal to-netal seal 30 |q3 es i gressurglln the int r|or 20, f1 ow
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interior oknkhepyalye 1® wedwen kY ipeeribr aflbwEsnlgel butdthe

conmuni cati on t hrough, the openi 20 between the interiaqr, fl ow
passage 22°2RRH PRel x%%r?%ﬁ&%ﬁx¥ﬁet9§F9BY RAERFHRY KdStfuni cati on

t hrough t hecaRERiBEtisn NAHrJURY eheedpbii hie2 ol BstwderietieCen2érighA
met hod_of controlling circul ation fl ow between an interiqr flow
passagkl 22 T8PVaPEEBRFAr 25130 e SRR LHA AAhuRRR BT PPRLKARTL B t he

t ubul ar st EkBEnHNi AcSekdd &1 IARSRAINre\WOo20R8/ @ﬂ@&ﬁﬂﬁCTﬂle&%Z%%&%el@i
21 - well is also_provided. The nethod includes the step

i nt er conne®Ping ﬁlVéﬁv%P@ﬁFq%?qq%QRtGBEPthsF??r@P%EFnQ:ﬁ@ PSFW@GH the

including ahtkeast PNSy OPRIHAE: 20idf @hePEANLTLET1 4 | 1H Ga@TRBHGAt | ON
between the interior flow passage 22 and the 5 annul us 16; applying a

first incr&BSEEPPr EE%W%tJEréﬁ t%%%?@WBPlFFBW%a%%%@hZ?%PP@HWQM d

conmuni gat i@RyEBHOUEE {hEORANI NG BababYBEAnd Nend M1 .1 | ow
passage and the annulus 16 is prevented, thereby permtting fluid

communi cati on threughed hef CINIYIG 2@ hBEEVRED 1RErddH& iessure 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

20 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

25 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.

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

device 24 of the valve 18.



10 fl ow passage 22 and the annulus 16; and then applying a second

i ncreased pressure to the interior flow passage 22 while fluid
communi cation through the opening 20 between the interior flow
passage arMOgWHE/6#8%ul us 16 is permtted, thereby preveRETHGPIERT
comuni cation through the opening 15 between the interior flow
passage and the annul us. The step2ot applying the first

i ncreased pressure may al so include selectively admtting the first

i ncreased pressure to a first internal chanber 66 of the valve 18,

t her eby causi ngTlee ahetsurcke mégviedec2dnoluddethalstent ofddippbhsei?d am a
first direction tp é)lerm't fl wid communj cation f hcrh%u%glt he gp,gni ng 20.

The step o%na%ﬁ??/l ng The s3e6cor]1: ™ Er%%s%xdloprr eSsur 6 yvglé rfcl ude

sel ecti vel yebeotiteyg dermmiseanddpraceraseiipt essumue itetdosethbnaugh

i nternal chanber 68 of e.valve, 18, .thereb ausi ng the osur e
dovi co- 24 BocHEgTiRg 20k KorvRebor Bl BFEER SR sirrd®, 82 R0 e
directi®n aonpleyverd. fl uid comuni cation through the opening 20.

The step of applying the second increased pressure may al so incl ude
appl yi ng t he seTimdnetiicykasgd apsessncbud® the strepulods apblyBdfFaxh of

the increased pressure | ving. SIS | so i [ u di.spl aci an
i nt er nal g%ﬁ%?g?gfy ?rucneuffgg’%ﬁo ﬁr%—ig e%?%enge eoanC t%é 312' \95 8?’8&%9
2009/ 048938CT¢&JSADOR Q7 AR A1-tR2metal seallhix) ndtilhd sedgcaligelyncl ude

the step ofrdi s}gl acgn n in%e&na%isl egve ‘96'} ftrom an_i.nte '{)or oé t he
val ve 18 t B 8EFRLY| v]elﬂsﬁ ﬁé)fnﬁli PR B?ev et U|hc13 E&aftPcatt o

t hr ougto t hehepein nch G ilione arrbhgematerapsl fdsowheaddagengd2fance t4e 5
SRS 16the metal-to-metal seal in response to pressure in the
interior flow passage 22 being greater than pressure in the
annulus 16, and in response to pressure in the interior flow

passage being less than pressure in the annulus.

15 The step of applying the first increased pressure may
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

20 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)

25 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 18B; at least one first valve device

30 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



The nethod may al so include the step of applying a biasing force from
a piston arrangenent 38, 42 of a sealing device 40 to a

netal -to-netal seal 30 which selectively prevents fluid comrunication
t hr ough t EOGHERHHE® 20, and 10 wherein the piston arraR§EASHS/ATIRET es
the biasing force to the nmetal-to-netal seal in response to pressure
in the interior flow passage 22 being gBeater than pressure in the
annulus 16, and in response to pressure in the interior flow passage
being I ess than pressure in the annulus. 15The step of applying the
first increasedepressuirardyralfiowi pabadge X3 pratitig axtkosureoflevhee
24 of the valve 18 in a.first directign, and the .step,of applying the
second i oy BVE4TR HiehY mries STk oM st S BeE rgBRh ¥ edond
i ncreased ppessnge?0 ! herteby ldisswleadendce h24 ol splreee20 idevespoRde i to a
second direction opposite to.the first.djirection. . Al so

doscr | bed SpoveorS BERITRR SHIeRzeBRErbI POETCET DuAnERTARE ) GURE ar
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assenbly 26pehst he madpoeskB toatthkeastondepféssire aliffedevicdal 30 62
initially preventing flow through the opening 20; an internal chanber
68. The first vah¥eclemime B¥icpeRd mayrlespiimel dceadiiel ifeami an of a
first piessute qu]f:fe ergi al 1 V\DléogQI 042939_ECT{ U829:9n81/1:079 87 -.23 -
bet ween' t h& FREF&PT oft 4 Vﬁ‘asvs?ag 9 SR he Bk G o ERBTFETVR to
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cl osure device 24 dj | aces in response. to second pressur
differenti éPESJé%%e%ﬂF‘hepﬁsrﬁaé’ﬁ 8? ?‘Pgwghe eXtSfior of the valve.
The valve 18 may be free of any highly pressurized

internal chamber.

15 The second pressure differential may be applied by
increasing pressure via at least one of the interior passage

22 and the exterior of the wvalve 18.

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

20 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 £luid
communication between an interior longitudinal flow passage
22 and an exterior of the valve 18:; and first and second

25 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

30 opening 20 is permitted in response to application of the

first pressure differential to the first valve device 62,



5 passage 22 and the internal chanber 68 to thereby prevent fluid
comuni cation through the opening 20. The valve 18 may include a
second val ve device 64 which opens in response to the second pressure
di f f er ent i WP.200PH4898Y osur e devi ce 24 may be di spl aceabl #CTABAEHTIIEY
interior of the valve 18 to selectively permt and prevent fluid
comuni cati on through the opening 20-bétween the interior flow
passage 22 and the exterior of the valve. The val ve 18 may be
free of any highly pressurized internal chanber. 15The second
pressure dithkbeebpt isbabaycig apflired bystooredsiamgl frlessiure via at

| east one qf | | or a 2 he, e i f the valve
18. goThggéég%ﬁ%ﬁ3%F§§ﬁ%%3$€e%8§ﬂgﬁ§ % éig%%%%nggdp%gssure on
t he exteri oespbnsbhetwadme! ik tiloan oifhéhéi sstonvd | e sderriecdiZ@eb@ntial

prevents fl ui o] ni iQn. thrqugh t he enin 0. . Also
feser | bed £BoyaSH SEUOT Maith (<A et - 0800 St indcrugesond
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interior Ig@gitudinal fl ow passage 22 and an exterior of the valve
18; and first and second 25 val ve devices 62, 64. Fluid comrunication

s provi ded thrgygh. eacn af Lhe.Jf i st.and. secand, val ye.deuiogs 02, 64
in response to applrcaii on of & r eSpectrrve one i st and Secon
pressure diihf eheninedsiappiliced racsege EReardrpespond rig walfiestevi ce.

Fl uid comunicati on throulhéj1 openi ng %0 [ ermtted in
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first val veidéerestH62] may be between pressure on the exterior of the
valve 18 and pressure in a second internal chamber 68 of the

valve.

The second valve device 64 may be exposed to pressure
in the interior flow passage 22 only when fluid

15 communication is permitted through the opening 20.

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
20 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.

25 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

30 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



WO 2009/ 048939PCT/ US20081079187 - 24 - thereby unbal ancing a first
pi ston 70, and fluid comrunication through the opening 20 is
prevented in response to application of the second pressure
di f f er ent V8P 2003/0¢898? second val ve devi ce 64, thereby unB&FARIOHY7IEE7
second 5 piston 74 having a greater piston area than the first piston
70. The first pressure differential mag5be between pressure in the
interior flow passage 22 and pressure in a first internal chanber 66
of the valve 18. The second pressure 10 differential may be between
pressure oprébsuexties itdre dhtichdovaktlewlBassuberasssaridel ilaidecond

d valye device 64

i nternal chanber. 68, of the valv . The can I
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di fferenti ahntibug hes senahd-heal wepdgvhgea bdecond inchizaseldopuessaeyite
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communication through the opening 20 between the interior
10 flow passage and the annulus is permitted, thereby causing

fluid communication through the opening 20 between the

interior flow passage 22 and the annulus 16 to be prevented.

The step of applying the second increased pressure may
include selectively admitting the second increased pressure
15 to an internal chamber 68 of the valve 18, thereby causing a
closure device 24 of the valve 18 to displace and prevent

fluid communication through the opening 20.

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

20 comprises opening at least one second valve device 64.

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

28 annulus 1l6.

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

30 via the interior flow passage 22.

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

careful consideration of the above description of



circulation flow between an interior flow passage 22 of a tubul ar
string 12 and an annulus 16 external to the tubular string in a
subterranean well. The nethod includes the steps of: interconnecting
a val ve 18WDRUWwRESMUbul ar string 30 12, the val ve 18 i RENFRHEVEEST

| east one opening 20 for providing fluid comunication between the
interior flow passage 22 and the annul @é 16; applying a first

i ncreased WO 2009/ 048939PCT/ US2008/ 079187 - 25 - pressure to the
interior flow passage 22 while fluid comunication through the
openi ng 20rbetresentiticve rdréradimehitawopasbagend@ntainth t hreadidyl us 16 is
prevent ed, _t hereby, openi.ng at | e .one.first |.ve device 62 and
Derm 111 ng EoF P omiin Kt SRR/ Shobhe IITE IR ve devi co 62
and t he openbagiRetbetseeateidid ongt, eandr ot hew qlesspge md? depdmhlie to
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pressure 15%EBPLR PRLRr ndte 288 BFOPReCV TR PSS e8GR ELON
causi ng a ekasyreideved escdb1af dyhehwabpypedBed 0 THiaR ac andiprevent
fluid c§nnunicat'on t hrough the opening 20. The step of selectively
admi tt thg CABLYRLBRESt ncr eased pressure to the internal chamber

68 of the valve further 20 conprises opening at |east one second
val ve device 64.



The nethod may include the step of displacing the closure device 24
froman interior of the valve 18 to selectively permt and prevent
fluid conmuni cati on through the opening 20 between the interior flow
passage 22 and the 25 annul us 16. The step of applying the
second increased pressure may include applying the second increased
pressure via the annulus 16. The step2f applying the second
I ncreased pressure may include applying the second increased pressure
30 via the interior flow passage 22. O course, a person
skilled in the art would, upon a caf@#ims consi deration of the above
description of WD 2009/ 048939PCT/ US20081079187 - 26 - representative
enmbodi mendbatas cleimediinivent i on, readily appreciate that many
nodi fications, additions, substitutions, deletions, and ot her changes
may be neldd divultieseosipeeilid for ashiadisnbmirsieannadll st haleheoigaiings &
Wi t hi n t Heasborappaingin 4 fidewdll 6fd hohsiag afseibly ditiesanle, whdeRithOspening,
Accor di ngkhen unbissthioee3RbvgestRli @tdr@eusieaivhibBiveen ah SxtbSborde il @il Md
under st 0Qd iAeriabiddindBlowYaade dfentink WabhdH O V1889 FARIRSic0 Whioh
the spirigieeid]B5oRes Hd $BGR E56 oA RSl DRL PG slrk TbYiEA S €l Y by
the appendgfofdddhithafRdnt Belsing s B YtletdbRe firstdalve device which,
independent of the closure device, initially prevents flow in any direction through the
opening; 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 flnid 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 2, wherein the second valve device is exposed to pressure on the
exterior of the valve when the first valve device prevents fluid communication through
the opening,

4. The valve of claim 1, wherein the closure device is displaceable within 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.

5. The valve of claim 1, wherein the second pressure differential is applied by increasing
pressure via at least one of the interior passage and the exterior of the valve.

6. A circulation control valve for use in a subterranean well, the valve comprising: at
least one opening in a sidewall of a housing assembly of the valve, wherein the opening,
when unobstructed, provides fluid communication between an interior longitudinal flow
passage and an 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 in any direction through
the opening is permitted in response to application of the first pressure differential to the
first valve device by increasing pressure in the interior longitudinal flow passage, thereby
unbalancing a first piston, and fluid communication in any direction 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.



Clains What is claimed is: 1. Acirculation control valve for use in
a subterranean well, the valve conprising: at |east one opening in a
sidewal | of a housing assenbly of the valve, wherein the opening,
when unobstructed, provides fluid comunicati on between an exterior
of the valve and an interior |ongitudinal flow passage extendi ng

t hrough the valve; a closure device wht ch sel ectively pernits and
prevents flow through the opening, the closure device being

positioned internal .t.o the housi assenbl.y. at. Jeast one first valve
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further comprises applying the second increased pressure via the annulus.




12. A nmethod of controlling circulation flow between an interior flow
passage of a tubular string and an annul us external to the tubular
string in a subterranean well, the nethod conprising the steps of:

i nterconnecting a valve in the tubular string, the valve including at
| east one opening in a sidewall of ajgfusing assenbly of the valve,

t he openi ng, when unobstructed, proving fluid conmuni cati on between
the interior flow passage and the annul us; applying a first increased
pressure to the interior flow passage while fluid commnication

t hrough t eni n he. i terlo fl ow passage.and the annul us
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fl ow passage and the annulus through the first val ve device and the
openi ng; and then applying a second increased pressure to the
interior flow passage and the annulus while fluid comunication

t hrough the opening between the interior flow passage and the annul us
is peimtted, thereby causing fluid conmunication in any direction

t hrough the opening between the interior flow passage and the annul us
to be prevented, wherein the step of applying the second increased
pressure further conprises selectively admtting the second increased
pressure to an internal chanber of the valve, thereby causing a

cl osure device of the valve to displace and prevent fluid

comuni cation through the opening. 13. The nethod of claim 12,
wherein the step of selectively admtting the second increased
pressure to the internal chanber of the valve further conprises
opening at | east one second val ve device. 14. The nmethod of claim
12, further conprising the step of displacing the closure device
within an interior of the valve to selectively pennit and prevent
fluid conmunication through the opening between the interior flow
passage and the annulus. 15. The nethod of claim 12, wherein the
step of applying the second increased pressure further conprises

appl ying the second increased pressure via the annulus. 29 16. The
met hod of claim 12, wherein the step of applying the second increased
pressure further conprises applying the second increased pressure via
the interior flow passage.



