5 Cl RCULATI ON CONTROL VALVE AND ASSOCI ATED METHOD TECHNI CAL FI ELD
10The present invention relates generally to equipnment utilized and
operations perforned in conjunction with a subterranean well and, in
an enbodi nWR20WEYER? bed herein, nore particul arly proviRfedUR008/079158
circulation control valve and associ ated net hod. 15BACKGROUND

It is frequently beneficial to be able to selectively permt and
prevent circulation flow through a sidewall of a tubular string in a
wel | . For exanple, at the conclusion of a cenenting operation, in
whi ch the tubular string has been 20 cenented in the well, it is
sonetinmes desirable to circulate cenent out of a portion of an
annul us exterior to the tubular string. As another exanple, in staged
cenmenting operations it may be desirable to fl ow cenment through
sidewal | openings in a tubular string. Nunerous other 25 exanples
exist, @as well. Although circulation control valves for these

pur poses have been used in the past, they have not been entirely
sati sfact ory CDRCHEAT PONf QONTROL RALVERaRNDe ASSOCIATED aMETHOD
control valve includes nmultiple rupture disks - 2 -

TECHNICAL FIELD

i0 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 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

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. For example, one

circulation contrel valve includes multiple rupture disks



whi ch are ruptured by internal pressure in order to provide fluid
comuni cation through the rupture di sks between the annul us and the
interior of the valve. However, if all of the rupture disks do
rupture (WYOHO#P922 r equentiy be 5 the case if rupturl?@]‘fﬁm?%@ﬁs
first disks relieves the internal pressure), then the flow area

bet ween the annulus and the interior of2the valve will be
substantially reduced. Therefore, it nay be seen that inprovenents
are needed in the art of circulation control valves and

associ at ed WhdchepKedsuPSuMi\Ry interned prespHESeht @%ﬁﬁﬁfﬁQxﬂHQﬁidea
circul ati 016Gt E8lmYAL ¥t isn Pl vifa enpﬁahrv_eéléﬁs ed'&he
problemin the art. One exanple iIs described below in which valve
devi ces 15 a@Pélu§eGntﬂotb©n¥1P*€ﬂr36?ﬁ’emfnGh@nHaéVés| ngowgver v al iy @l lp gif

fl ow betwe t r I %ﬁgl

t hr ough thggﬁaPﬁgkggglggikégﬁ%t er 1§ﬁm9%ekgglggé%$}€Q§§% ﬁﬁﬁﬁ%e
whi ch pPessheecdpef &f enepdsingetafediea fpﬁ-’§§sdit$hédr¢lﬂ@remlthﬂ1anber
of a valve jand, Lhe %Pé@éx?:?é) 2 e?[ et %&b@r af8a Oﬁe{vfé‘eﬁ’ alje a%%l%%ed
to control opening 0sl1'ng e val v one aspect
circul ati onndohbeoint/arwr faf hlsaewadva yuﬂ»ﬂebeaﬁ@mitamuahlg medmpeéd.
The val ve includes at | east one opening for providing fluid

conmmuni cat i on b&hersefore, 25t imftehienSeedn fhebdinprovensn i sy degtgdan
exterior ofi.t % T u r val ve
devi ces. F|lUI ﬁ%o%rﬁm %aﬁ%aﬁqﬁo?’&l&gg?hggﬁ‘é%é eéa%%aa[%c’%ﬁ'%% ?ﬂr st
and set®ndmeghodsedevi ces in response to application of a respective
one of first and second pressure 30 differentials applied across the
corresponding val ve device. Fluid cod®R%tion through the opening

is permtted in response to application of the first pressure
differential -In the present specification, a circulation control

valve is provided which solves at least one problem in the
art. One example is described below in which valve devices
15 are used to control opening and closing of a valve, but flow
between the interior and exterior of the valve does not pass
through the valve devices. Another example is described
below in which pressure differentials between a pressurized
internal chamber of a valve and the interior and/or exterior
20 of the valve are used to control opening and closing of the

valve.

In one aspect, a circulation control valve for use in a
subterranean well is provided. The valve includes at least
one opening for providing fluid communication between an

25 interior longitudinal flow passage and an exterior of the
valve. The valve also includes first and second valve
devices. Fluid communication is provided through each of
the first and second valve devices in response to
application of a respective one of first and second pressure

30 differentials applied across the corresponding valve device.
Fluid communication through the opening is permitted in

respeonse to application of the first pressure differential



to the first valve device, and fluid comunication through the
opening is prevented in response to application of the second
pressure differential to the second valve device. In another ect,
a circul at "OP¥EHEPE valve is 5 provi ded which i ncl udeBCHPS O @?lsﬁne
opening for providing fluid communi cati on between an exterior of the
val ve and an interior |ongitudinal flowpassage extending through the
val ve, a generally tubular closure device circunscribing the interior
fl ow passage, and an internal chanber for 10 contai ning pressurized
fluid. The%éﬁGéﬁr@lH§V|E%1YﬁsﬂﬁY%ﬂﬁy|ﬁ¥dafﬂu#§tCemm%%%¢%##941ﬁhﬁﬂ&@WSe
to applicath@noBbndnb! LSt pPERSHEL 9] &%%b%ﬂ%bakob§§¥ﬁﬁﬁhﬁfgh'dﬁ‘%ﬂeor
fl ow passage and the |nternal chanber to thereby permt fluid

communi cat iS6FOoRHr BgASERe dpkinnrntipde tel 536r segend cealisplades-in a
15 second direction OE£03|te to the first direction in response to
rel ease of a seé&BndNPFBSEATPMT A & sHcHlasdoReeantrel ¥Rlsrg ds f1 ow

passages ang theqbAt fhidh LAARER!s R ﬁ@%%%bﬁngrsﬁéﬂinilfﬂfjprov1d1n
communi cati on through the opening. In yet another aspect, "a method of

control | i ng1pddcrpENNAi¢RRIIN dptweanean gXterieriof th%wq@a@@@@ éh a
tubul ar St&hQQrQBQ anéE%ﬁ&iﬁhr”@ﬂ%h“%hs%%gbh§x£éﬁﬁﬁﬁ§]éﬁfdd&i'ﬂﬁea
subt erranean wel provided. The nmethod~i ncl udes the steps of

inter conne@tanlﬁg,aavawerahlx rrelktql@m glosturengevige %Hwaqwmgnghat
| east_one qReaiagyf PloRl MLl dud dn23nERRAUII CRLuAL Defeen the
interior flow passage and t annul us; applying an I ncreased pressure
to thel®nt ephbpining m%e%lgelm B uidui dThenflnsene i davide cligtvr lekves
openi ng be n i iy dy

o evented. Fhar sby berrt 11T Frur Poge PP Rn A 30 (=t
openi ng bepwesauraedififerendyial mtyeeeagéeahdt@heoerﬁﬂmvu@ase@aet had
applying a h qgﬁgh%g u h r | QR

while fl U|38%o%%5%?§%flon t fgﬁghE%ﬁEgb ﬁ?%gige%ﬁéi§1d%he |§%§%ﬁ8?
f1ow passagbrandhthleeaw&nw i s The glospeenflevede dirplanesprhaventing
fluid f@"“g@bﬁﬁ&'&frﬁ% PCH‘%Q)&J‘SI%) an eRibngnReEYeen fNGd Jﬁo‘?{ 'l‘?{ els%’nse

passage an e annu ot her features,
benefits ahg release of a second pressure differential between the

interior flow passage and the internal chamber to thereby

prevent fluid communication through the opening.

In yet another aspect, a method of controlling

20 circulation flow between an interior flow passage of a
tubular string and an annulus external to the tubular string
in a subterranean well is provided. The method includes the
steps of: interconnecting a valve in the tubular string, the
valve including at least one opening for providing fluid

25 communication between the interior flow passage and the
annulus; applying an increased pressure to the interior flow
passage while fluid communication through the opening
between the interior flow passage and the annulus is
prevented, thereby permitting fluid communication through

30 the opening between the interior flow passage and the
annulus; and then applying another increased pressure to the
interior flow passage while fluid communication through the

opening between the interior flow passage and the annulus is



5 objects will becone apparent to one of ordinary skill in the art
upon careful consideration of the detail ed description of
representative enbodi nents of the invention herei nbel ow and the

h
acconpanyi NG %P Rgs, in which sinilar elements are intfERBEIHE he
various figures using the sane reference 10 nunbers. BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG41-is a schematic partially
cross-sectional view of a well system and associ ated net hod enbodyi ng
principles of the present invention; 15FIGS. 2A-D are enl arged scal e
cross- sect PEFALtEPAwstheraRic dezasiant g 4L uddc ePBRYNHRaElal rtawodighon

control valiye WabARngoYeDRodis @hd 1 e 198 Elé%%&%%?ég%ra[’fﬁi hgg of FIG

1, the valve being depicted in a run-in closed co ation; FIGS.
3A-D are creddylyeetional views of successive 20 axial sections of the
valve of FIGS. 2A-D, the valve being depicted in an open circul ating
configuration; These amqghep fgajuaegr ogddvantagenal benafigsomnd

successive psbaksSEEil oS He H}patante +8f ke SAfhadihersalve behag
depicted in a subsequent closed configuration; 25FIGS. 5A-D are
cross- sect irgkalPonedgroful reessiaratagnapfstbei desabied Mesgalips ion

FISS. 2 Dog! bepYBL¥fc PRIV SRRIARRALS" 08N RhBCInFeRERSh GRAYiMEALLON
and the accompanying drawings, in which similar elements are
indicated in the variocus figures using the same reference

10 numbers.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of
a well system and associated method embodying principles of

the present invention;

15 FIGS. 2A-D are enlarged scale cross-sectional views of
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
20 axial sections of the valve of FIGS. 2A-D, the valve being

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 subsequent closed configuration;

25 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
an alternate circulation control valve which may be used in the mell

system and_nethod of FIG 1, the valve being depicted in a
cl osed conMOAIWHPBA; S5FIGS. 8A-D are cross-sectional Vy%szggasmcmss

successi ve axial sections of the valve of FIGS. 7A-D, the val ve being
depicted in an open circul ating configu?ation; and FI GS
9A-D are cross-sectional views of successive axial sections of the
valve of FIGS. 7A-D, the valve being 10 depicted in a subsequent

cl osed confi gur ELF8n. 7HER AIEFTESCREPFLERAL viewstof ssygraasive

under st 00d 5tH3h EBStYéﬁJs Oé'f SMOdidRAkS eh rbl8a Pl 6868 hn FYE 192

descri bed herein may be utilized in various orientations, such as
inclined, WiniehtBay ke weed Zohttdie weddt syghemeprd, mgﬁtépd P& &hCousd /

confi gurat iyg@s va%&heainge@@ﬁatgﬁscr O LG 95' 0eh,0L85- K £ia-Jieent

I nvention. The enbodi nenis are | bed nerely as exanp es of uséf ul
applicagions of pffg, PEADS! PlET P ReHAVRAL! GEewMP%décé};‘&del m ted

to any specific details of these 20 enbodinents. In the fol I ow ng
descri pti oaxéplt Recképresehtthe walowbedi FERbs dh-Phetheaiicompeing

di rectionalye,@EHBg $HChn aéper?‘l?;ci‘!c%ulat?ﬁbolé/onfl BPeLion; |QWLT", etc.

are used for conveni ence i referring to the atcompanyi ng draMAngs

In 25 general, raggvega_p %rcrossu@%&@onamdviéﬂy@f d RSB difker to
a direction tomard the earth's surface along a well bore, and "bel ow',

"l oner”, " @¥iAhapectieRs fithe adives Of eFERSH 7B Ri rihe e vandeingom
the eajgh’ gepyrtage: gl NGl RAb8ed configuration.

DETAILED DESCRIPTION

It is to be understood that the various embodiments of
the present invention described herein may be utilized in
various orientations, such as inclined, inverted,

15 horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present
invention. The embodiments are described merely as examples
of useful applications of the principles of the invention,
which is not limited to any specific details of these

20 embodiments.

In the following description of the representative
embodiments of the invention, directional terms, such as
“above”, “below”, “upper”, “lower”, etc., are used for —
convenience in referring to the accompanying drawings. In
25 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.

30 Representatively illustrated in FIG. 1 is a well system

and associated method 10 which embody principles of the



- 6 - present invention. In the well system 10, a tubular string 12
Is installed in a well bore 14, thereby form ng an annulus 16 exterior
to the tuby) ar ng. The well bore 14 could be Iined V\%\éﬂﬂcasi ng. _or

Stri
liner, in W@W’%‘ﬁ%@ the annulus 16 may 5 be formed bet SPPFL79158
tubul ar string 12 and the casing or liner. The tubular string 12

coul d be a production tubing string whi €h-is cenented in the well bore
14 to formwhat is known to those skilled in the art as a "cenented

10 conpletion.”™ This termdescribes a well conpletion in which
product i on PEE5PRG L3VeRhEPR ed 1h HIF stedr RivsEclintlsed HEIYIBT &tring

However, itjoshaulidsbgl eb&alh Ya Underireod 4t hahelBBy PESSRIMg 141 @A
is not limted in z_iny way to use I n cerrented corrp},etlons, or to ani
ot her det aillbs egtetherwep|the wikitlan EGréndmet Bbe Wekthorrd hacsild be

| f the tubyligeaSiitR9cding SEMBHAD iR WRecHeLLBOr End 4nddl JBY Ofay
desirable to circul ate cenent out of an upper portion of the annul us
16. For3t hibe Ferpedebebvesn cihatiwvwleanstsingalyeand the mraniinge @i n
the well syst.gm 10. 20Near the conclusion of the cenenting operation,
openings 20 I1n the valve 18 are opened to permt circulation flow

between the annihusedf, A Skidy afd QouthoBePaspAsudRLa ddirgubul ar

string 12. After circulation flowis no er desired, the opénings
20 in the ?&rkegiBhagk % oxsepntEmRdnethpnyeadBere ohdlty fram thak| cs.

2A-D, the yabyg 18 {.:ﬁoé@pél@ﬂ@cﬁtijnvﬁ:lhlé nguéérﬁt‘?ﬁeﬁén@& enl ar ged

scale and in greater detail. The valve 18 nmay be used in the well
systemlQ0 grapistsenaf ed'mea Hrrmdlegerabebed WbV ecOmpietinn val whinhy

al ternat | verabey u5R Ul M NO! corehtl 2A0aELERES. 140 Hhdeaeli ng Wi th
the principles of the invention.
wellbore. However, it should be clearly understood that the

present invention is not limited in any way to use in
cemented completions, or to any other details of the well

15 system 10 or method described herein.

If the tubular string 12 is cemented in the wellbore
14, it may be desirable to circulate cement out of an upper
portion of the annulus 16. For this purpose, a circulation

control valve 18 is provided in the well system 10.

20 Near the conclusion of the cementing operation,
openings 20 in the valve 18 are opened to permit circulation
flow between the annulus 16 and an interior flow passage 22
of the tubular string 12. After circulation flow is no

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

25 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

30 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



- 7 - between the flow passage 22 and the annulus 16 is prevented.
When used in a cenented conpletion, this configuration of the valve
18 woul d be used when the tubular string 12 is installed in_ t

wel | bore 1¥WOHNP4HEn cement is flowed into 5 the annu|{ng/%200W31r§8

used in a staged cenenting operation, the valve 18 nay be open when
cenent is flowed into the annulus 16.~ 7 = A generally tubul ar
closure device 24 in the formof a sleeve is reciprocably

di spl aceable within an outer housing 10 assenbly 26 of the valve 18
in order t6E§@?@§thélﬁlﬁﬁrﬁ¢$s%mﬁ3%%é¥§h¢hﬁlGpﬁuipémﬁ@r#%ugﬁ?WQﬂied

openi ngs 2@meiNGseliosH! & dEMdcEadtiildta®n!,! eXib! Soﬂfl@?ﬁaﬂlcﬁﬁtof

seal s 28 thereon for sealing across the openi ngs , I n an
i nportant ftégt ypévef 18 hwoehihoer mgrd gfhem GBe 2AbDlap #ering tl2 dst al

seal 30 'Sﬂ%t@h&@dpiﬂvkﬂédwéﬂ%?é”ﬂ a%%&i”%heheééﬁg 'I'stf‘f‘o ‘{frltnto

that the other seals her more, anot I nt er na
sl eeve 36 &he audutlu@naﬁ se‘iélll%n 325@ etrqoraowtdgad g@m@h’mnq hepey@driiongs

20 can be %El%l ?ﬁl@fafl§ofﬁ£ '1%!% é? o' Wbt GeMENE0; 53R Bgdi SPl A from
the or

within 20 OW passa exanpl e, using a conventlona
shifting teanuéngageed with an internal shifting profile 34 in the
sl eeve. The sleeve 36 is depicted in its closed position in FIGS.
5A-D. The net al At geperallyctnbEmy §1Q$Na‘ﬁcéévbyeo%riam i e dforxpof a

sealing de '1%Evé0 %’f]if%gl éﬁ’l‘éﬁt c%%?geﬂ%tf?% n PAst gxou‘é%n%”d

a biasing eV|ce 4 eature 0 e seal1ng device
40, atl0eagssenblyf26hef ptm drﬁsl\@B 1&12-nappideesta ¢ bed gy lor geerimg £t he

gfte g{ -e§ - ”%ha' p288Ln S0 YHES NET P8R et BFfl QYL PAFSAG8 L2 1S ure
dev1ce 24 carries flexible or resilient seals 28 thereon for

sealing across the openings 20, but in an important feature
of the embodiment of FIGS. 2A-D, a metal-to-metal seal 30 is

15 also provided to ensure against leakage in the event that
the other seals 28 fail.

Furthermore, another internal sleeve 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

20 the flow passage 22, for example, using a conventional
shifting tool engaged with an interpal shifting profile 34
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
25 a sealing device 40 which includes an arrangement of pistons
38, 42 and a biasing device 44. In 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
30 pressure in the annulus 16, or pressure in the annulus is

greater than pressure in the flow passage.



30 pressure in the annulus 16, or pressure in the annulus is greater
than pressure in the flow passage. - 8 - This feature of the
sealing device 40 is due to a unique configuration of differential

pi st on ar e¥® BWHFB2pi stons 38, 42. As will be appreci aFeHURIYHISE
skilled in the art froma consideration of the arrangenent of the 5
pi stons 38, 42 as depicted in FIG 2B; @hen pressure in the flow
passage 22 is greater than pressure in the annulus 16, the pistons
will be biased downwardly as viewed in the draw ng, thereby applying
a downwardly bi FhiiAgieetare tof tthe meadlingoderiar 4@als due towWeen

pressure i : a : | : QR e [

passage 22@“? gep?9?5%3%%§5}€Tgggqﬁﬁgz%%%ﬁéa%rgﬁg£§2 %?%aidﬁiﬁﬁﬁ e
drawi ng, buwisthespB8toh242 A% IWilje bsi appadedonhedr by yrthedee radvyl lagaiin
applying a r bi asi ng. 0 tch -1 0- I 30. 15
Thus, no né:?‘%\gr@éf@hgk%ﬁnr%g?é%%%%at é)tnprotefsSﬁgggg%?%g?rg%%?aqégﬁemen
the fl o padsgges238and?tde depiduesl 1@ Fille ABt avher rptedsuwmalin3@he

between th | S Vi | s: al ) C by
t he sealinglggv ggsgééagﬁei%i é§%€§%é§§%%eb%§5$§r%s%%-¥%¥é§er %gh%%'
initial 20theapiagohsreell doa Helamstdaldowowaetdy searidfed Arsride ring

(o, LaL! gk 1o ABUBLP AN, S L8y LI S BRI U !
38, 40. Theethdstoemdeadl ceedd 3& bi ased upwardly by neans of a
10 When pressure in the annulus 16 is greater than
pressure in the flow passage 22, the piston 38 will be
biased upwardly as viewed in the drawing, but the piston 42
will be biased downwardly, thereby again applying a
downwardly biasing force to the metal-to-metal seal 30.
15 Thus, no matter the direction of the pressure differential
between the flow passage 22 and the annulus 16, the metal-
to-metal seal 30 between the piston 42 and the closure

device 24 is always enhanced by the sealing device 40.

The biasing device 44 is used to exert an initial
20 Dbiasing force to the metal-to-metal seal 30. A snap ring 46
installed in the housing assembly 26 limits upward
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
25 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
30 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



25 pressurized internal chanber 48. The chanmber 48 could, for
exanpl e, contain nitrogen or another inert gas at a pressure

exceedi ng gstatic pressure expected to be exper] t the
val ve 18 iﬁQﬁwg%%gP?bore 14. Other conpressible quids,ﬁéﬂﬁﬁgg@WMss

silicone, etc., could be used 30 in the chanber 48, if desired. - 9
- of the closure device 24 is exposed‘t% pressure in the flow passage
22. Thus, if pressure in the flow passage 22 is increased
suff|C|entIy, so that it is greater. than the gressure i n the chanber
48, the cl &fuitdedelPreuresdayige # 5hicsdedetotai BHE BB R Aovhvidiad ftow

Di spl acenenfasahgkbhg2¢l 08KEL, dew iR elial khg Efol NSadildd B is
assenbly 26 is lI'imted by neans of a di splacenent |imting device 54.

The devi ce Wgreagpddedfbhelentbr SQithadr itudgesyreatalchad the t he

housi ng asseEllkyré6i naﬂﬁie acﬂ&nb%xeﬂlvae e 1 B5LLAALYI A t?@ﬁﬁ@lt @t he
cl osure device 24, wth the sl eeve having one or nore profile(s) 52

f or med 5he#é@ﬁeﬂoFOeﬁﬁ%@%@@#ﬂdQﬂﬂﬁqﬁ§1WUQ Referring
additionally now to FIGS. 3A-D, the valve 18 is representatively

il lustrated i n BleBhRrFemeRE ioh the WHicsRresdpréssuit Felatiye [tewthe
passage 22 hBﬁélﬁgg‘Eséé‘&ﬁFﬁ?W it 16_‘er1%\é%| gr fehRL tPad dNGIVRSIME 10

t he chanber a resu the cl osure device 24 has di'spl aced
downwar di y 1isi 56 ngedewiendhoufihey devdernpPy 2BCludes fong X mage pin

through t h%roﬂﬁa'(ggssgosééuflam"’h‘&ﬁrﬂﬂet h8tsi3gSHDsEmbEPt2d elaREG Of the
I ncr eased pressure 1 n
10 sleeve 56 rotatlonally attached to the closure device 24,
with the sleeve having one or more profile(s) 52 formed

thereon for engagement by the lug.

Referring additionally now to FIGS. 3A-D, the valve 18
is representatively illustrated in a configuration in which
15 pressure in the flow passage 22 has been increased to a
level greater than the pressure in the chamber 48. As a
result, the closure device 24 has displaced downwardly
relative to the housing assembly 26, and fluid flow through

the openings 20 is now permitted.

20 Subsequent release of the increased pressure in the
flow passage 22 allows the lug 50 in the housing assembly 26
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

25 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

30 profile.

Initially, in the run-in configuration of FIGS. 2A-D,

the lug 50 is engaged in a generally straight longitudinally



fl ow passage 22 allows the lug 50 in the housing assenbly 26 to
engage a recessed portion 52a of the profile 52. This functions to

secure the_cl device 24 in its open position, wthout the need
to naintaiﬂﬁyﬁéﬂpﬁ??eased 25 pressure in the flow1pa3528§”§%mmmngwsAn

enl arged scale view of the sleeve 56 and profile 52 thereon is
representatively illustrated in FIG 610 mthis viewit may be seen
that the lug 50 can displace relative to the profile 52 between
several portions 52a-f of_the 30 profile. - 10 - extending profile
portion 52@¥tﬁﬁ€ﬁnﬁrE§§ﬁ%%ﬁi?9¥#ﬁ9qI@%ﬁ‘pa§§§@ep295ﬁ%§eb@bﬁgﬁhéﬂé&%ed

so that it gsgs8G8208r nhhabedd SSRiFR I Khetahanber i 48 rdied ka0
w Il be engagedin profile portion 52d (with the val ve 18 bei ng

open). 5 SiFeE§YERt 1petbasehagibehd§ ndheadud pPe¥sli g rendnged dw

passage 22 gidei1eadsecibg s 39 q:\%.t}ho tHe039evRr 961 bei QT 524,
t hereby maintaining the valve 18 in its open configuration. Another

appl i cabi ofubrepHertaseteppessurtde g rereaprwpIospase ae te frleat er
than pressyheshBet bg Ghamhel, 48 td hy B%?t%h%nb&@e%cgﬂleé‘%ﬁﬁ:‘%ion

profile portion™52e (wth the valve 18 stil ei ng_open). Subsequent
rel ease of 52Ae therehycmprexiqumg ithet Walveoh8piBsh® emi | | cause

the lug 50, gfg ?gggigﬁofile portion 52c, with the closure device 24
15 correspon |ng y displacing to its closed position (as depicted in

FIGS. 4A-D).  anoFHEE h%pii@aftﬁ%ﬁle%ffaﬂﬁcgéﬁééésﬁfeé£’u1F¥£ QW igfighhe

flow passage 22 will not"result in further opening and closing of the
val ve 18. Ppassags, 22 hgrealges0-han PresearsacR bhe ¢1©¢mhﬁ12(3190é{l\%éen

profil e porti,Qps c feg T Sard e icCh al i Siresy : i ons,
in which fﬁ%kﬁgrtggr%ﬁ?aiqgﬁi?ﬁ#%ﬁ%h%?%ggggl%gfﬁg I's ﬁ%ﬁ“@%@??@%_
However, furidker 18pehihhsPaiiy @pesiings Subsetdvenh| velassac @il dhge

glrg\e/i/gegé ::i.ﬁ.[:%- éé&@'ﬁre@é/uf@‘?ﬂd“&hteh%l%%klsgaéé SO QLS 2P uE t0§
50 to engage profile portion 52¢, with the closure device 24

15 correspondingly displacing to its closed position (as
depicted in FIGS. 4A-D).

Further increases and decreases in pressure in the flow
passage 22 will not result in further opening and closing of
the valve 18. Instead, the lug 50 will move back and forth

20 between profile portions 52c & £. This is beneficial in
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 continuous about the sleeve 56 in the

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

Referring additionally now to FIGS. 4A-D, the wvalve 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

30 wvalve 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.



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

Referring additionally nowto FIGS. 4A-D, the valve 18 is
representatlvel illustrated after the second application o

i ncreased %0 the flow passage 22, and then rel%%s%?S/q7?ﬂé8
i ncreased pressure as descri bed above. The 30 valve 18 is nowin a
cl osed configuration, in which fluid-=Tddmmication between the flow
passage 22 and annulus 16 via the openings 20 is prevented by the

cl osure device 24. Note that the lug 50 is now engaged with
the profile porP&f bbatathelebitt3 iisn nprwGengggedhy 5ty cih tnofiide

that furthep nehe8sesak Nadp ARSI & d wriGhe 48|, Owrﬂﬁésé&ﬁ‘ox?s?tﬂcte’},%hat
cause the valve 18 to open, since the device 54 limts 5 further

downwar d d|fs15|taeeneﬁt:re¢se$melrcmmﬁser@evmeh%flow pas3geeigr dog mot
will be readils¥ %Hgf%ziaéeﬁst{@toﬁéﬁe RL QLR %é%&@ﬂé@ @48 ﬂtntlecrw' se

configured, for exanple, as a continuous J- type profile, to
allom/nﬁltﬁﬁméhQFeﬁpﬁg%atﬁuﬂkﬁR%ﬁQQm§n@f0€h§h9a¢$@54§ﬁ dEuise 24e

cl osure device 24 10 can_be repeatedly displaced upward and downward
to close and opBAveWervalyaiald ihe resgdrgearpraalated echadpltheat i ons

and rel easeeo@tllgr%saém rbé Qﬁcﬂéﬁ)ﬁ.’s@aééﬂgﬁggged' ffsﬁee%@e' e §2 i's

appropriately configured. Referring additionally how to FlI
t he val ve P@n$5nP§u$e@r%%ﬂ#ﬂ%ﬁHQMﬂhpf#ﬂBustﬁa@ébowrm%#?ﬁRkﬁNPPenlngS

Conflguratso tﬁ@o&@h&@ 6fmﬁﬂé“¢afy@ 18,0 o4fu %6 Eﬂéo eni ng s%g%@%%d24

upwar dl y, It now bl ocks flow throug et ween
t he anh@l u§a£6banuep4=®wcpbssshg@lzzedmeyaaéeMtd@zrnwamd dlceaesB6 andy

be acconpl b?gﬁdtﬁ¥ | Y01 @ MARIRL%AQE aﬂﬁ%t te f%ﬂlga%rl%g Y afld

conventional wireline or tubing conveye IS use
The sl eeverséepays bef dprgs sl 1as t@ecéhangeﬁeggep%? atiforkhe profiéle

event that 9n§505?§?5§?fgté%¥3ésﬁ?ﬁéugéd 32 leak, or the closure
per abl

device 24 is othe not to 25 prevent fluid conmunication

getween the Tl onepassane £k abohe afBy U8 Ahoy! a4l %Pemv’%,g_%eZQS

Seal bores 58 and a latching profi may al so (or alternatively
be pro¥? dedsf seprasertatively dfl lastsatedt nenelcm«bfcrorﬁle@vetlpﬁ 1n

desired. which the internal sleeve 36 has been displaced upwardly, so

that it now blocks flow through the openings 20 between the
annulus 16 and flow passage 22. Displacement of the sleeve
36 may be accomplished by any of a variety of means, but

20 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

25 prevent fluid communication between the flow passage 22 and
the annulus 16 via the openings 20. 8Seal bores 58 and a
latching profile 60 may also (or alternatively} be provided
for installation of a conventional packoff sleeve, if

desired.

30 Referring additionally now to FIGS. 7A-D, an alternate
configuration of the circulation contreol valve 18 is

representatively illustrated. The configuration of FIGS.



30Referring additionally nowto FIGS. 7A-D, an alternate
configuration of the circulation control valve 18 is representatlvely
illustrated. The configuration of FIGS. - 12 - 7A-Dis_simlar

many respewpslo?%o“ﬁ’ré configuration described above, nostC ’Hggzg@((ymlsig

that both configurations open in response to application of a
pressure increase to the flow passage 22 -and then close foll ow ng
application of 5 a subsequent pressure increase to the fl ow passage.
However, the configuration of FIGS. 7A-D utilizes val ve devices 62,
64 to contﬁédeF§pﬁa@éh%ﬁtlQﬁmqqﬁaRﬂﬁ@§€¢é gevitee eanfigieratdape

devices 624eR4+¢8HH0aREve f HhofXaBYB1yC RV ERLL OPSEL M &b £ RurdiSihis

shear pinned shuttle val ves or 10 any other type of valve devices
whi ch openoPeDr éBpsaseonse dppldrmdticerion afcerphesspresinpuease to

differentiqhe F_ESwVﬁél%&ﬁg@Vifesar@z’th@% @ﬁSs?Fkai&glﬁ& é&ﬁ_ﬂﬁ@aﬁ%lon of

respective i nternal ers 68 fromwell pressure

cor r espondiengupredaert nbyeepule figcaerisgl tor eheuf bew pasgygsl- ed across
the 15 val ve devi ces, at whic oint the devices open and permt
fluid connunicaﬂpﬁﬁv@ﬁer%h¢wqgnﬁiguratlon PAAFEFF y irydd iviest galye

on the ol ofbecdevise o4 {s 9% diBoh hechbARDSE G U ddielBREt oo

si de, and | ower side of the piston |s exposed to anot her chanb
72. 20 Ano?Her Thﬁl%@lveeﬂﬂQﬂQﬁﬁjqausﬁénc¢ulénb%;sz%ﬂﬁﬁamPM@05|t|oned

Del,ow the £AIUAE:HEY] Chuulo ﬁmseghggrtgfn&@%t& Y1k bower

side, and an upper sid iston1s exposed to anot cha
76. Al10of anfeothanbeyre 655 g, ver2evigepnwhich | gpen elfrerJ%aﬂppnse to

application of a certain pressure differential. The valve
devices 62, 64 are selected to isolate respective internal
chambers 66, 68 from well pressure until corresponding
predetermined differential pressures are applied across the
15 valve devices, at which point the devices open and permit

fluid communication therethrough.

A radially enlarged piston 70 on the closure 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.

20 Another radially enlarged piston 74 on a sleeve 78
positioned below the closure device 24 is exposed to the
chamber 68 con 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

25 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
30 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



25 contain a conpressible fluid (such as air) at a relatively | ow
pressure (such as atnospheric pressure). However, other fluids (such

as inert gase silicone fluid, etc.) and other pressure be
used, if d%ﬁ’%@k#ﬁe closure device 24 is initially na?i‘f’ﬁ?zﬁ%m?ﬁs
its 30 closed position by one or nore shear pins 80. However, when
pressure in the flow passage 22 is i meridased to achieve a

predeterm ned pressure differential (fromthe flow passage - 13 - to
t he chanber 66), the valve device 62 will open and admt the well

pressure i o thReCEARRBEr 66b: Y WIE cleNgCpr 83stii bl dPReR At jeginit

across the (pest@R178rEbstreemida HhaHeherb6e6. 72tmdi Fos CRUSER; @
downwardly directed biasing 5 force to be exerted on the cl osure

devi ce 24, rrrep8le diRéarenglahasinss thenpiggoandl doveiwaan ythe

di spl aci ng chhebel-@SHES 92YiEer1 cause Bel@ihiAganddilionald YbRAWnlo
FIGS. 8A-D, the valve 18 1s representatively i1llustrated after the

cl osur e deiogee2501behaserted| At dhel Gdmaarel Jevdre ol nd-hraiing of
the val ve @%\éaeeng%hgl 4 & £ QPHRNI AN BERWEEA1 § h&isf,e%ﬁ(& RS Sage 22

and the annulus 16 via the openings 20 is now permtt en it is
desired tocdbsyset Hevieeve 18, pressure in

Referring additionally now to FIGS. 8A-D, the valve 18
is representatively illustrated after the closure device 24

10 has displaced downwardly following opening of the valve
device 62. Fluid communication between the flow passage 22

and the annulus 16 via the openings 20 is now permitted.

When it is desired to close the valve 18, pressure in

the flow passage 22 and annulus 16 may be increased to a

15 predetermined pressure differential (from the annulus to the
chamber 68) to open 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

20 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.

25 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

30 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 fl ow passage 22 and annulus 16 may be increased to a 15
predeterm ned pressure differential (fromthe annulus to the chanber
68) to open the valve device 64. Note that the valve device 64 is
physically“@&@gggﬁn?o the annulus 16, rather than to th%CPP%WP%%ggﬁge
22, and so the valve device is not in fluid conmmunication with the

fl ow passage until 20 the closure devicdé 24 is displaced downwardly
to open the valve 18. As a result, it is not necessary for the
predeterm ned pressure differential used for opening the val ve device
64 to be grtdf PrecRAnet AL BRERRE B niata PSS £88uPESHPR{ & antllalexpned

for openi ng:hfeh%pl\(rlﬁ&%fdﬁgvéifﬁe@@ed e Ber¥al HGe deYi Ofe Gr-ORRNS

wel | pressure w oe_admtted into the chanber 68, and the resulting
pressure didféesantapl  serorenthheidfamals 689 By akewaze tdavisiest2dn

74 will cawgglaaiggwgéglyp&gf&¥?eggtgzygsggttorce to be exerted on the
sl eeve 78. The sleeve 78 w | displace 30 upwardly and contact the

cl osuregdevice ﬁéfeﬁ:ﬂﬁ? é&@it@i&’iéﬂy; hAEArIESAL ¢4l 16 &R1Al 18

pi ston area than that of the piston~70, the upwardly directed biasing

force due 6 reprgsentaplyelysiklasfirmatedentiar teeoskosure plastise 24
Wl exceedalhe;dgyauas dhpwdtd B L&A 1R4ABGNBpERT AE SHEHS Jeﬂ%o_rdrel%%%e

differential across the piston 70, and the closure device 24 w
di spl ace upfar dfheaslasves deviadRAeadond agavenbmaflyidow to FIGS

9A-D, th nl8ai ' '
the valug, %Q?‘cﬁoﬁ %%{é&f fyﬂéﬂfegﬁéllm! hhggsg@_t £4l &tec%heé %ﬁﬁ%@

device 24 has displaced up g opéning o ve
devi cel®4. viRetbkooperingsid® 24 again prevents fluid comunication

bet ween the fl ow passage 22 and the annulus 16 10 via the openings
20. A snap ring 82 carried on the sleeve 78 now engages an

internal profile 84 formed in the housing assembly 26 to
prevent subsequent downward displacement of the closure
device 24. Note that an internal sleeve 36 and/or latching
15 profile 60 and seal bores 58 may be provided for ensuring
that the openings 20 can be sealed off as a contingency
measure, or as a matter of course when operation of the

valve 18 is no longer needed.

However, in the alternate cconfiguration of FIGS. 7A-9D,
20 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 tecol), in the event
that the closure device cannot be otherwise displaced
25 upwardly (such as, due to seal leakage or valve device

malfunction, etc.).

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

30 The valve 18 is capable of reliably and conveniently
providing a large flow area for circulation between the £low

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



A snap ring 82 carried on the sl eeve 78 now engages an i nternal
profile 84 forned in the housing assenbly 26 to prevent subsequent
downwar d dlﬁplacenent of the closure device 24. Note that an bntern

sl eeve 36 ANSPEYY Pé@chlng 15 profile 60 and seal bores %%Uﬁﬁ@’%gfﬁs

provi ded for ensuring that the openln%ébZO can be sealed off as a
contingency neasure, or as a matter ur se when operation of the
valve 18 is no | onger needed. However, in the alternate configuration
of FIGS. 7A-9D, 20 the closure device 24 is itself provided with a
shifting pﬁ@#@ﬁ@ISGaﬂé ﬁPFY@F%?ﬂ?%ﬂ(ﬁﬁﬁ“@nﬁévﬂcélﬂbdb@PQW%RﬂQﬁRRPQ()

i ts cl osed RAghORhEr 8T NSaddU RS 18 @nnlilesf R¥LH PASSAAL; 22 (such
as, using a conventional shifting tool), in the event that the

cl osure device fiﬁ“BQEtk?@uPéPerﬁ'Hé%Bﬁv%ob%%%glﬁélaﬂ@f&&ﬂdéssthh as,
due to seal Ieakage or val ve device mal function, etc ). It may

now be ful IByr&ypREEPRL eamEFRE W4k¥QaH@v§°§e§§P|b?l@ﬂS%PtQ?ﬁﬁnean well,

circul asi o ;¢gntHal v?i@b&elﬂ@ltfd{*}fd QaH:r Qtela%fﬂsoﬂéoéftséﬁﬁnf'ﬂﬁ'fdrcam
i nprovenents in the art The valve 18 is ca reliably and

conveni ent PYOFigngi Auid| %erg@-lrﬂcmwueéertwee. pRULRESBIPet ween t he
flow passa%n%%taaﬁnabefféw%&g% 2@”‘31165 ahUELPEFi SARP @ Plvalveld -

reliably and conveni entl reventlng fluid comunicati on between the
flom/passadénaﬁéuénhﬁbus degimuadcation is provided through each

of first and second valve devices 62, 64 in response to

10 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

15 through the opening 20 is prevented in response to
application of the second pressure differential to the

second valve device 64.

The first pressure differential may be between pressure
in the interior flow passage 22 and pressure in a first
20 internal chamber 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 chamber 68 of the

valve.

The second valve device 64 may be exposed to pressure
25 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
30 c¢losure device 24 may be displaced in a second direction

opposite to the first direction in response to application



In particular, the above description provides a circulation control
valve 18 for use in a subterranean well, 5 with the val ve including
at |l east one o enlng 20 for providing f|UId conmuni cati_on bet&;e

I

interior IW YMPHAl f1ow passage 22 and an exterior HCH R0 éﬂ?/’és

(annul us 16). FIU|d conmmuni cation i s provided through each of first
and second val ve devices 62, 64 in respgénse to 10 application of a
respective one of first and second pressure differentials applied
across the correspondi ng val ve device. Fluid conmuni cation through
t he openi n@f2lhpsspepndt PERESUT e edfdesentdadpppi Bl | HFrwid 3d Ve r st
pressure digfergnghal to the first valve device 62, and fluid
comuni cation 15 through the opening 20 is prevented I n response to

application of the éf&éﬁ%%FHé¥¥88“24th?eEéﬂbkﬁéet&htiﬁ%éﬁﬁ&ﬂ“&f@%bﬁe
device 64. The first pressure differen be between pressure in

the interi ¥hifhofipauBegelizes ¢ pndesirs ﬂao‘a Pa¥%2992F4-nt er nal
chanber 66 of the valve 18. The second pressure differential may be
bet weenS pr essur 818@ PReVidedhiYorther abpyeydpgeriptien it &s fireulation

second i nt epRRkothagbes BB idhenkahMes at least & SeNdgvabveor
device 64 may be exposed to pressure 25 in the interior fIOM/passage

22 only wheROVLGLRg cBHwiMi QRIS Cod LoBr REEVEEN t MR RIFIETIRE ey 20.
A closure dayige2n@iud hes )V ane ok imR¥r R di SR LE&RE A F 10 Phssage

direction in response to appllcatlon of the first pressure
di fferenti 8P estending rshroughy dhgevpdues2a gauerablBd-wivdsyr 61lgevree

2, Mot fhspbdced LI aaBRaom i LaG!haporeeci oy it 13 e

an internal chamber 48 for contalnlng 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

15 chamber 48 to thereby permit fluid communication through the

opening 20, and the closure device displaces in a second
direction opposite to the first direction in response to
release of a second pressure differential between the

interior flow passage 22 and the internal chamber 48 to

20 thereby prevent fluid communication through the opening 20.

The valve 18 may also include a displacement limiting
device 54 which, in response to displacement of the closure
device 24 in the first direction, secures the closure device
in a position in which fluid communication through the

25 opening 20 is permitted. The displacement limiting device
54 may permit displacement of the closure device 24 in the
second direction in response to application and then release

of the second pressure differential.

The valve 18 may also include a sealing device 40 which
30 prevents fluid communication through the opening 20 in
cooperation with the closure device 24, the sealing device

including a piston arrangement 38, 42 which applies a



of the second pressure differential to the second val ve device 64.
The cl osure device 24 may conprise an internal sleeve which

circunscrifes e lnterior flow passage 22. 5Al so provi the
above desc@?’pztﬂf’gzqﬁ}sézg a circulation control valve 18 V\hi%ﬁﬂp%?s{@%@sat
| east one opening 20 for providing fluid comunicati on between an
exterior of the valve (annulus 16) amd dn-interior | ongi tudi nal fl ow

passage 22 extending through the valve, a generally tubular closure
10 device 24 circunscribing the interior fIOM/Eassage 22, and an

i nternal cKhaRBERI4BOFEE EONt Mg tor-aedadi seals i d. Thheid ur e

devi ce 24 disphaeRsntn3g, f4J ShaylifRAl @Rel BiRESRGNESrdO AP RINL #elt@n
of a first pressure differential between the interior flow passage 22
and the i nttérpgtaisseabnd@rimgraspanser &py Ppepaire f 1 the diAeYiO&t i on

through theigpephagags. z@n@efrhf AL tUBUI FRoLLSPb AP Hd A 28qeRd
direction opposite t0 the first direction in response to release of a

second presutbedvaleeehti AnbeWEEFPORES APePToPSHTO I pddvadater iand
the inter n@'lo%hﬁ_ﬁg%%%%éfng?QLéé?ﬁ:%% PreXellel bl Che UUMICHRL L@ the

t hrough t he openi ng The valve 18 may al so i1 nclude a

di spl acenme®&1Vemi ting device 54 which, in response to displacement of
the closure device 24 in the first direction, secures the closure
device in a posFheoralvewt ARY [alis@ déopkufpcari brtemaudi asye 3§

openi ng 20yhgcRCEH &1 861 addih il SHACERERhtbL b1 88 QY IA R4 LERY
permt displacenment of the closure device 24 in the second direction
in respdnsEelechppely apeEhl taind parveateduidf compIRRIHP tEFOULh

di fferentiahe JPEnYRYVEY HbiRERISR RELVIS, ar 8GRI Vizge o4d which
30 prevents ?Iu?dncﬁﬁnunication fh%ou%ggthgropéﬁﬁﬁgﬂgﬁﬂﬁ% cogpgrat%on
u

with the cP85aFécHenf cehesaliee sbeni Aduddveemnimitaldiony thrgughoihe
arrangenentpafing2i WMH & SRR @by the closure device 24.

A method of controlling circulation flow between an

15 interior flow passage 22 of a tubular string 12 and an
annulus 16 external to the tubular string in a subterranean
well is also provided. The method includes the steps of:
interconnecting a valve 18 in the tubular string 12, the
valve including at least one opening 20 for providing f£luid

20 communication between the interior flow passage 22 and the
annulus 16; applying a first increased pressure to the
interior flow passage 22 while fluid communication through
the opening 20 between the interior flow passage and the
annulus 16 is prevented, thereby permitting f£fluid

25 communication through the opening 20 between the interior
flow passage 22 and the annulus 16; and then applying a
second increased pressure to the interior flow passage 22
while fluid communication through the opening 20 between the
interior flow passage and the annulus 16 is permitted,

30 thereby preventing fluid communication through the opening

between the interior flow passage and the annulus.



- 17 - biasing force to a netal-to-nmetal seal 30. The piston
arrangenment 38, 42 may apply the biasing force to the netalto-netal
seal 30 in_re nse to pressure in the interior flow pas e 2
greater th‘éﬂ?%ﬁ)zﬁi‘%?e on the exterior 5 of the valve 18 3%0?%79138
response to pressure in the interior flow passage being | ess than
pressure on the exterior of the valve 18 = The valve 18 may al so
include an internal sleeve 36 which is displaceable froman interior
of the valve to 10 selectively permt and prevent fluid conmunication
t hrough the opeRBgSPePbef VR YN ithee filgptf LBW PRSIA J& 5 Udifd MEle
exterior ofyibheinahvge MOEL-£ivdid, GRMTURIGS! LR FhFOUGHdRR sRRENI NG
is not prevented by the closure device 24. "A nethod of controlling
ci rcul at i oPTEEEWTBet Qe nf et sinteraalo ehpmbar phg safetly wlve tibul ar
string 12 %@@r@BFaBQH£ﬂ§9155é?géﬂf@aﬁebgcbh§4t89u£ﬁé AT d Hidplace
subterranean well is alsdo provided. The nethod includes the steps of:
i nt er cohnedni Aagfaryhl deragtion thee pegypditaf lyid| aeruyniqafeapgthgough

i ncluding gl ggéﬁlﬁﬁ'e.? pentng s%:%rpf %rf BLRYL8he9ehd Uééi:cf%{?;k increa ed
conmuni cati on t ween t einterio | ow passage 22 and the annu

16; appl yi Bgegsaresvay n@llc%aslewlmd@sg;@ﬁect@vehfe admitiong fihewspaendge
22 while ;:J_Hbgeﬁg LE&L ﬁ(ﬁrmé@p:o'h? iRPEPLAY &Qar@t?é::w%%n Jdf€he

interior ow passage and the annul us I's prevented, thereby
permtti ngVﬁﬂ-U&dlaﬁ therebl causdma fheughoshee ofeniory 220 tYsedisphathe
interi fl 20, S 165, angd. aj%g_] g
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passage and the annulus 16 is permtted,
The step of applying the second increased pressure may

also include applying the second increased pressure to the

annulus 16.

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

device 24 of the valve 18.

The method may also include the step of displacing an

internal sleeve 36 from an interior of the valve 18 to
20 selectively permit and prevent fluid communication through
the opening 20 between the interior flow passage 22 and the

annulus 16.

The method may also include the step of applying a
biasing force from a piston arrangement 38, 42 of a sealing
25 device 40 to a metal-to-metal seal 30 which selectively
prevents fluid communication through the opening 20, and
wherein the piston arrangement applies the biasing force to
the metal-to-metal seal in response to pressure in the
interior flow passage 22 being greater than pressure in the
30 annulus 16, and in response to pressure in the interior flow

passage being less than pressure in the annulus.



30 thereby preventing fluid conmunication through the opening between

the interior flow passage and the annulus. - 18 - The step of

applying the first increased pressure may al so include selectiveﬁg8
66

adm tting PRLPYHER2) 1her eased pressure to a first i nt er Fal/ VA%

of the valve 18, thereby causing a closure device 24 of the valve to
displace 5in a first direction to peri* —flui d comunication through
t he opening 20. The step of applying the second increased pressure

may al so include selectively admtting the second increased pressure
to a second i nt #PRaFteRafbeRPBY BIY tthe FareE iBCreaee@resfisicndathe

closure dewie® 44ciQadl §PELE: Ak 1 ARGaNdedi EECA OB OPROSHAISd Q8
the first direction to prevent fluid comunication through th

t he
opening 20in a firghedireptinnamidithg siiepsefonaplyine FRcePsur e
nmay al so | %lc%@ssaep#i‘éélguw%éﬁ%%% IiRCh gasednBh epe it & iy Wi

annul us_16. 15Each of the increased pressure applying steps may al so
i ncl udeddi $gcasdngnahedpe@rpizgsyifor ahleyebybdiaplas Rurthal@licsaire4 of

the valve 18yice 24 THeaBLOA B éﬂETBniBEFUQEtéhE Séég)fﬁ st
| e

displacing an internal sleeve 36 from an erior of t valve 18 to
20 sel ecti ¥akgcpaenit and prevent fluid communication through the

opening 20 between the interior flow passage 22 and the annulus 16.
Of course, a person skilled in the art would, upon a

careful consideration of the above description of

10 representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
these specific embodiments, and such changes are within the
scope of the principles of the present invention.

15 Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the present invention
being limited solely by the appended claims and their

equivalents.

20



The nethod may al so include the step of applying a biasing force from
a piston arrangenent 38, 42 of a sealing 25 device 40 to a

netal -to-netal seal 30 which selectively prevents fluid comrunication
t hrough t he openi ng 20, and wherein the piston arrangenent applies
the biasing force to the netal -to-netapgseal in response to pressure
inthe interior flow passage 22 being greater than pressure in the 30
annulus 16, and in response to pressure in the interior flow passage
being |l ess than pressure in the annulus. - 19 - The step of
applying the first increased pressure nmay al so include displacing a
cl osure device 24 of the valve 18 in a first direction, and the step
of applying the second increased preggpype may also include then

rel easing the 5 second increased pressure, thereby displacing the
closure device 24 in a second direction opposite to the first
direction. O course, a person skilled in the art would, upon a
careful consideration of the above description of 10 representative
enbodi ments of the invention, readily appreciate that nany

nodi fications, additions, substitutions, deletions, and ot her changes
may be made to these specific enbodi nents, and such changes are
within the scope of the principles of the present invention.

L. 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 wvalve

including at least one opening;

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 and while
the interior flow passage through the valve is unobstructed,
thereby permitfing fluid communication through the opening
between the interior flow passage and the annulus prior to -

release of the first increased pressure;

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

annulus.



15 Accordingly, the foregoing detailed descriptionis to be clearly
under st ood as bei ng given by way of illustration and exanple only,
the spirit and scope of the present invention being limted solely by
t he appended clains and their equivalents. 20 -20- Cains 1. A nethod
of controlling circulation flow betweegy an interior flow passage of a
tubul ar string and an annulus 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; applying a first increased pressure to the
interior flow passage while fluid ¢ i.cation thr h t.ne. _openin
between the interior flom/pasé%%gmaﬁgﬁf g g%ﬁﬁ?uégﬁgﬂg?gﬁgang 3%
whi | e t hefiagmeyiiong thewipass apec tdwsmdyprebsurval ftxrtierunobgtrisesed,

t her eby .t L Wi, i catiaon.thr h,the nin e en
the int e%e%e[g vgv%%pgggl%ggfgmieﬁarﬁ%uIlhgr%%ig%? R§5% 5’a§§ gf %f\i\ﬁsét
first inoreased phesberepf the vane:,t hénrapplsaun)ng sechndutracdeasssd
pressure the int.erjor. sage.wWaiLl e; i.d. c I i .

Phr ough Thasdats oy St e T AIR LR FLlochiDu ST HAARE Phic
i s per mcaamagindedtihi| thidwgh rither iopenfingw passage t hrough the val ve
remai ns unobstructed, thereby preventing fluid comruni cation through
t he openi ng between the interior flow passage and the annulus. - 21-
2. The nmethod of claim 1, wherein the step of applying the first

i ncreased predsure further c8#grmggbodePetliaid W adherehy thre Stepst
i ncreased RREESURE {1 Asdddndl ihBLERBEH ShARGEL 2hriRer Valnsiddwer eby
causing a_closure device of the valve to displace in a first

di rect i 681E6tHERHY 29l td "o FRENFRAPPINMIIHCSESH PRRSHPEMitfy. 2 second

internal chamber of the valve, thereby causing the closure
device to displace in a second direction opposite to the first

direction to prevent fluid communication through the opening.

-

4. The method of claim 1, wherein the step
of applying the second increased pressure further comprises

applying the second increased pressure to the annulus.

5. The method of claim . 1., wherein each of
the increased pressure applying steps further comprises
displacing an internal generally tubular closure device of the

valve.

6. . The method of claim 1|,
further comprising the step of displacing an internal sleeve
from within an interior of the valve to selectively permit and
prevent fluid communication through the opening between the

interior flow passage and the annulus.



3. The method of claim2, wherein the step of applying the second
i ncreased pressure further conprises selectively admtting the second
i ncreased pressure to a second internal chanber of the valve, thereby
causing the closure device to displace in a second direction opposite
to the first direction to prevent fluigbk comunication through the

openi ng. 4. The nmethod of claim1l, wherein the step of
appl yi ng the second increased pressure further conprises applying the
second i ncreased pressure to the annulus. 5. The met hod of

claim1,, wherein each of the increased pressure applying steps
further conpr|§es di spl aci ng an internal gn§59+$a<&yQHT alciosure
0

devi ce of the val ve. 6. The method aim1, further
conpri si Aerther stamprdsigigsphacsrp of iappévaay 8| kiasdina deraet freman

interiory, Pétamf@n\f;%mfeqtsskegtééfaeﬂlxlgp%%&ﬁa@&' PrRMenL. tfo' Hefal seal

comuni cat i on through the opening between the interior flow passage
and t he @hirh gelectiyely prevenftchddudfl epmmwricatifan tthapugbnphe sithg

the st ep Ofs1aRRleY REnank! aéxhd‘gvﬂé}re% fcﬁ@ %%étmaﬁﬁéﬁeﬂﬁnﬁﬁlﬁs
sealing device to a net af -t o- metal seal Ich sel ecti"vely prevents

fluid comfufiesingniprrreuld it metalebormefrrl cipadi g, rafBoNRI& n t he

pi ston glanaeEeRh 2Ral ifsthg tme%l Pas{ L Hdidd ReTrbR! £h 05 et al
seal in'response to gressure in the Interfor flow passage bel ng

gr eat er RUGHFUEPe3BUFRS| AP HESanARUSD BREPTFS dOpBKSESEES ptesifr e in

the int ghitRkibkow BRSSAEE RLIHRA nheSs$ hakad f;%%%@_el Dnt Bfe HHHH 1SS
8. The nethod of claiml1, erein the step of applying the first

i ncreased pressure further conprises displacing a closure device of

the valve in a first direction, and wherein the step of applying the
second i ncreaged pressure fumhbemetmﬁpnﬂseﬂahhenfxehﬁ@@éng1ﬂh£s&epond
|ncreaseg gregzure th%% dis IaC|€q$the clo rg device i.n a second
directi Si HS i FEFTERTEL TG SIS CATRET RS TMREGTEPol | i ng
C|rculadnapla¢xwgtﬁﬂmknaunmﬁdémieelmﬁ ﬁhammaﬂaesageaoflfsﬁlﬂmﬁbatlshrlng
and an GRAUHS, & SIliRlatkd bR LI B (3" 5080hd Paidld 30R20.YE! !

conprising th eps
further comprises then releasing the second increased pressure,
thereby displacing the closure device in a second direction

opposite to the first direction.

0, . 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 which provides fluid
communication between the interior flow passage and the annulus,
and the valve including an internal generally tubular closure
member which selectively permits and prevents f£luid

communication through the opening;

applying a first increased pressure to the interior flow

passage, while fluid communication between the interior flow



i nterconnecting a valve in the tubular string, the valve including at
| east one openi ng which provides fluid comunication between the
interior flow passage and the annulus, and the val ve including an
internal generally tubular closure nmenber which selectively permts
and prevents fluid conmunication through-the opening; appl yi ng
a first increased pressure to the interior flow passage, while fluid
communi cation between the interior flow -23 - passage and the
annulus is prevented, thereby permtting fluid conmunication through
the opening prior torelease of the first increased pressure; and
then apppysBgga £6§ 0Kk idHh@ageds PhesAaI e d, 0 thBeeb P! St fin@Weinig
passage, - while fluid communication between the interior flow ™passage
and the SARMUPRECRFELGRARHCONgH, thAPRIANG &AL B f | uidPledwsumitchbeon
through thesopeitidhsel0 pkR8siBEhothof claim 9, wherein the step of
applying the first increased pressure further conprises selectively
adm tting thechdd Hpp1Rahgasesedas St chted piéSdutd i)y RAL ¢hBEDES Of
t he vaIVﬁlqthereb causi the, cl osure nenber to displace,in a_ first

i, h
di recti oh'?% ge W?}ilﬁgcw&ﬁn@mueﬁcaémgewwq fher FBECFioty
passage gl tgassaRieubud the ougtu ke igPpBIrAgited, therkby phevaptiag of

claim 10, wherein the ste f applying the, second increased pressure
further %BﬁﬁfF%@?mgéFéEf?géﬁvxﬁgﬁi%Pﬁnﬁp?ﬂén%ECond i ncreased pressure
to a second internal chanber of the valve, thereby causing the

cl osure nenber to displace in a second direction opposite to the
first directi and preventing fluid co ni cati on het ween the
interior flo Ce)Bassage and the annul us tﬁg%ﬁgig%ﬁb 8peﬁ¥%ﬁ?‘%h
The net hbérefincthenstep aherpgilyingethe efiuit dmpirpangdt beesaoond
| nCT S e RHERSULALL UL DL 100MRGE G S ARRL YT £hde s3RGRNEh LG R ed
pressure to the annul us. ,

pressure to a first internal chamber of the valve, thereby

12.

causing the closure member to displace in a first direction to
permit fluid communication between the interior flow passage and

the annulus through the opening.

11. The method of claim 10/,
wherein the step of applying the second increased pressure
further comprises selectively admitting the second increased
pressure to a second internal chamber of the valve, thereby
causing the closure member to displace in a second direction
opposite to the first direction and preventing fluid
‘communication between the interior flow passage and the annulus

through the opening.

12. The method of claim .9,
wherein the step of applying the second increased pressure
further comprises applying the second increased pressure to the

annulus.



- 24- 13. The method of claim9, further conprising the step of
rotationally displacing an internal sleeve within an interior of the
val ve, thereby selectively permtting and preventing fluid

comuni cati on between the interior flow passage and the annul us

t hrough t he openi ng. 14. The nmetpod of claimsS, further

conprising the step of applying a biasing force froma piston
arrangenent of a sealing device to a netal -to-netal seal which

sel ectively prevents fluid comuni cation through the opening, and
wherein the piston arrangenent applies the biasing force to the
nmetal -to-netal seal in response to pressure in the interior flow
passage being greater than pressure in the annulus, and in response

to pressure ip,the interior flom/passageTleﬂgtﬁ@§§I5Qgg;ﬁrQ§sure in
t he annul us The nmethod of claim9, wherein the step of appl yi ng
the firsfurReeLBPTIredgutheHremat corpticeal by Hispdiasgnohancl osure

nmenber ofnididrasaliecke @ithistadliiRehiieR, o2NchdNR18d) ttﬁl%réBﬁp of
appl ying the second increased pressure further conprlses t hen

rel easi n“gelt%%%f@&é’naerﬁ&*ﬁ%%%cﬁrtﬁ PLeyPRtingcfBhid FEpradragione
cl osur e yERRN ithedifieEONOr Of TRE taRBagBPASE tnd Gl ubi ERFoslK aatd on.

opening.

14, The method of claim g,
further comprising the step of applying a biasing force from a
piston arrangement of a sealing device to a metal-to-metal seal
which selectively prevents fluid communication through the
opening, and wherein the piston arrangement applies the biasing
force to the metal-to-metal seal in response to pressure in the
interior flow passage being greater than pressure in the
annulus, and in response to pressure in the interior flow

passage being less than pressure in the annulus.

15. - The method of claim 9,
wherein the step of applying the first increased preésure
further comprises displacing the closure member of the valve in
a first direction, and wherein the step of applying the second
increased pressure further comprises then releasing the second
increased pressure, thereby displacing the closure member in a

second direction opposite to the first direction.



