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DOMHOLE TOOL W TH C- RI NG CLOSURE SEAT CROSS REFERENCE
TO RELATED APPLI CATI ONS Thi s application clains

w@eoosnizoy2 from United States Patent Applicati orC1BER2081/007334
No. 60/785,653, filed March 24, 2006 for a DOANHOLE
TOOL W TH CRI NG CLOSURE SEAT, which is incorporated
herein in its entirety for all purposes. FIELD OF THE
I NVENTI ON The pr.esent invention relates to downhol e

t ool s RBINKOLE TARL WITH CaRING CLOSHRESEAdsur e

menber to provide for the increase in f:uidhpregsure
cROSEHEFHRENGRIRA SECATED MpRigatigyoel . thereby

SIS SABHE 9. il Sl aoprtin
serial,foc ROLH 685 anied Farer e Poppyop 2o ONyNHILE EBT vuv o
RINGT G SR bR S oo SRRl Roralh b Sl for

adapted for utilizing an increase in fluid pressure to
PUrpog€uat e conponents of the tool. Packer setting tools,

multi lateral tools and |iner hangers are plus

exenpl ary of downhol e tools which rely upon an

increase in fluid pressure above a seated closure to
FIELR®Q@RIHE INYENDON Sone tools utilize collet fingers as

a ball seat, so that the collet fingers are
The present invention relates to downhole toois adapted for receiving a
ball or other closure member to provide for the increase in fluid pressure above
the. séated ‘closure within the tool, theréby actuating components of the tool.
More particularly, the present invention felates to a liner hanger éssembly for

hanging a liner in a well, and to a relatively simple and highly reliable closure

seat which allows ia ball to reliably pass by the seat after desifed tool operations

are complete.

BACKGROUND OF THE INVENTION

- Various types of downhole tools are adapted for utili'zin'g an increase in
fluid pressure to actuate components of the tool. Packer sefting tools, multi-
Iateral tools and liner hangers are plus exemplary of downhole toocls which rely
upon an increase in fluid pressure above a seated closure to actuate the toob.

Some tools utilize coliet fingers és'a ball seat, so that thg collet fingers are

shifted from the contracted position to an expanded position to allow the ball to
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shifted fromthe contracted position to an expanded
position to allow the ball todrop through the expanded
whalo/1s®at . Various problens with this design PEl/USOUN07334

when the collet fingers fail to properly seal and do

not allow for pressure to build up so that the coll et

fingers can nove downward and |l et the ball drop

through the seat. Another problemwth this type of
dropettpenghlthe dgldndeehballssddtat Veribudreblems dsttpdsis design may

‘the collet fingers, thereby eroding the fingers and

occuravbithd eolist g erd faibtd proprily denlfamid do AoballbwseRbressure to
design with collet fingers nmay also fail to seal

buildUPPES | thaf e N&Blled! flrErE Odart hows s @arldOaRHi et tHR KA drop

that the collets rel ease to pass the ball through the

throd§fthe Seat. RALSHESorbbRad Wit fthié:tgaé of @pgﬁﬂgbré g#ﬁl sB84tHs that
ar e- exanpl es of pat ents di scl osi hg expandabl e ball

o5 st s L 81c 1k ThoRly. Mopgb PRI gl enaing

to cél'hssregfhgrﬁéé\ﬁs%%\: tg f?éxﬁ.' ';,’A(hebaﬁ% %g aﬁbﬁhﬁiﬁi {:BfPét' ﬁﬂ%}s%ﬁﬁ Siso fail to

€ va S as

sl B L A B e

tog rotate the ball,  allo h |1 I r Q.
to p?ﬁ?s&&eg)ﬁanthir%u&ﬁs?i g5t dn‘a/ié'hsﬁ%rﬁsp%r%?b'% 2’9%%’938’ and
couponent s t hat cayse. failure. U. S. Patent : :
5,243 G4 S 6ol Sbbate s Sissiiiiad BkpRndable bail spatey o
coptrol_for e e ndabl e area may be difficult, and
thg"éx é&%%%&%é%éga?bﬁa? anpathel gegignhier sattinggadball on a.
Material control is also inportant since the - B )
seato R fiasign Ealiegursipaataiingbalbvalyensethatdnrans position there is
Expandabl e ball seats thus do not always reliably

a sall Bglein fie Nalve which petesas the ball seads vk smalhbebiends on the

_situations, pressure used to .
small hole, and pressure is applied to the tool. Pressure is applied to rotate the

ball, allowing-the small ball to drop. This design is complicated with many paﬁs '
and components that may cause failure. “

U.S. Patent 6,681,860 discloses a yieldable ball seat. Quality control for
the expandable area may be difficult, and the expandable ball seat may not yield
when intended.. Material control is also important since the expandable areas
expand at a 6eitain pressures. Expandable ball'seats thus do not always reliably
release the ball at a preselected pressure. in some situations, pressure u.sed to
release the ball from the upper seat may generate a fu!l force sufficient tot pass

the ball through the lower seat, which then makes it impractical to further operate
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and enrinRryoye

rel ease the ball fromthe upper seat nmay generate a
full force sufficient to pass the ball through the
wo omen1®ent, which then nakes it inpractical tBCT/US100B007334

operatethe tool. High pressure applied to the bal
rel easi ng system may al so damage the tool or damage
the skin of the downhole formation. U S. Patent
6, 866, 100 di scloses a mechanically expanding ball seat

the tobi.CIHighipregssrePapplicthio fhé diorledsing dystdm Thay Hso damage
after the liner hanger Is set to open the seat and

the 16681 Grag8mbbe thalskin dhire GxwhRBIE Bheates. t he bal |
‘ nmechani cal'lly rather than using fluid pressure. The

dagigipaent 63HRI00 didtiolds aRAbaRnibaI SRPAN ARG B S which .
one has to equalize the pressure across the ball seat :
utilizQ@fpgéé gﬂ?@@ﬁ@g{bﬁ' éé’r?]é'@l !é%ﬁéta%@ Gnd *l‘iﬂfe%hhbe?ié 580td pen the

rel | sadvant ages o e prior ar

T R U e S e
wing 0B beblp b1 B R e T BRBHA cooplted. and
one SRS TE g, WA HreBADS RS IR v oo Secharicaty
5580 e 2510 A i o e oo ane

rel easi'ng:mechani smfor releasing the set |iner hanger
f r bRe SusadvAdages ohdhe pator @t armRYercoMe oy diptRiggentriwention
l'iner hanaer assenbly further conprises an expandabl e
tdgyyahiqle Jaebwib o C-Hng clesuwe sesbfopEggeiving a ball or
the tool for seating the closure nenber. The Gring is -
other glasuge Ijemberisbearsinafigr dipplesedosi tion by a radially
outward retainer. A seal is provided above the Cring
for sealing with the ball or other
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cl osure nenber when seated on the C-ring. A rel ease
menber, such as a shear pin, releases the Cring for
wa@zioali1zemyenment in response to a predeterm nedP€T/usm07/007334
pressure above the ball. An enlarged Cring receiving
cavity is provided for receiving an expanded C-ring
when rel eased by the rel easi ng nenber, thereby
rel easing the closure nenber. fromthe Cring. The
SUMNIARY &F [Tkl INNVENEION per at i ons may be performed with
increasing fluid pressure controlled by the operator
atAccbediagr foaocae dmbodahentra dinkehariges lassembipencludgs a tool
be rel eased upon conpletion of the desired tool
mandreEsapported fromarzotinering ndtridg manslip tdssefbsly nigr sssttingursdips to
the releasi'ng nmenber may be provided in other downhol e

 engab€@ahé casird éﬂd%p@dﬂ HRUR drdiaree faim tﬁe )lghd a releasing

setting tool, a multilateral tool. anot her

mecHHRI 1BF ?élea% iHe"@ét PR BRIngBP HromP lpbﬂ%éjbﬁﬁfés@w returned to
above is provided wth an expandable Cri ng and a seal

the sﬁﬂ%c%eamé‘gn%f BE ggreagéé}ﬁld VErUTRER €0 'e&PQE&QbI%nC .nng

prn re ease nenb nee

seat Hd Yﬁcﬂ%ﬁ I@%&%L Sé{'ﬁ%ngwgﬁlﬁb frﬁoﬁl?{%ofs%re%hﬁﬁé Yhe closure
memgS st SE‘%)ngﬂ S tfdnlg% taV\i’?éﬂh QR | gﬁ:er?)of%ftﬂﬁ %acrg %ﬂg Youtward

C- rlng In axl a

retaify @ 3?%@’?02@%%%%@ V8 Gl Spdlla MR i oer

an enl ower, dj anet er caV|t t her eb el eas|n
clos{arg et e Aeist] RTAEE 5 talSast b Riph B a shear
. downhol ol.s to act ate tool onen nre nse
pin, (EISSRRA TR fooriBg QLK IMBYErSiTkin BoDRESE bo@ PreHerSIaRRgd fluid
one or nore production. packers, a downhole setting
pressyg abgyeatheuppm af\Br gnlay arged C-ring receiving cavity is provided for

receiving an expanded C-ring when released by the releasing member, thereby

releasing the closure member from the C-ring. The desired liner hanger

operations may be performed with increasing fluid pressure controlled by the
operator at the surface. The ball or other closure member rﬁay be released upon
completio.n of the desired tool operations. In another embodiment, the C-ring
seat and the releasing member may be provided in other  downhole tools,
including a-production packer, a downhole setting tool, or a multilateral tool.

| in another embodiment, the liner hanger assembly es discussed above is
provided with an expandable C-ring and a seal for sealing with the cltosure.

member when posi’gioned on the C-ring. A shear pin release member need not-

be provided, and instead the operator may selectively pick up the work string,
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These and further features and advantages of the
present invention will becone apparent fromthe

wo edozowionzy det ai | ed description, wherein referpe/ES1087/007334
made to the figures in.the acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gures 1A through 1G
illustrate sequentially the primry conponents of a
suitabl e liner hanger running tool. Figure 2

therelby! liffihd & @léeVé—éHa%@defetﬁﬁbﬁWhlch h&|s ik %@ﬁuﬁ.&? sbr/d 89 stops

séat subassenbly shown in Figure 1B. Figure 3 is a

to hdlli A0S CHMg ANah sl Rheiic eresaauéﬁatqawaiﬂ&mfxem of the

own in Figure igure 4 sho e-2-ring seat

- retal?ﬁélg%{%llﬁg)@gﬁ - rgl"?'nlgur A e%%shaeto Y DY Yithin an

ows anot er -ri'ng seat

ema@%%amfgé Pl B8R 5 AR Ry ety

R e e

Iessuree ak|J,ov vthe kgﬁ] tg E’HJ'l ustrates a "
aﬁspg. BRESSUTS SVl IR 51 B8hi MEMFIMGVAPE Pb TRefRyRsoguction
t dth I t f f
packefs i AoHahple F@%&V@ﬁ & amaHiEea goel i g & kgsc.ﬁfﬂ’g -
an exp tion to release the ball. Fi

8
i eres & nﬂlf&r%re wres: andhdyaetagses phfapresen Hevention wil

“ball fromth
become apparent from the following detailed description, wherein reference is

made to the figures in.the accompanying drawings.
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Figure 1, which consists of Figures 1A-1G illustrates
woe@7anvezrii nent of a |iner hanger tool 100 w tPCT/NS2007/007334

C-ring seat subassenblies each for seating with a

closure nmenber in a liner hanger application. An upper

C-ring seat subassenbly 110 is shown in Figure 1B and

a lower Cring seat subassenbly 170 is shown in Figure

BRI%’FEPE%@RFPT:W o MR %‘QW' ated with seating and

easing the cl osure ne the primry conponents

of
7 0B MRTBRITE SR An) 182 oFRR ddimoonents of a
. C ' A), a slip release assenbly
su;tagf‘e ﬂ%ﬁﬁﬁi‘/& éﬁb%@ﬁo to the upper C-ring seat
cker setting,lu
TR A glHsr8REhde tann ietBen aton, oo BE bR iG/Eng seat
oth Iovver b n at assenbly (Figure 1D), a
S”bat?é YEEO\HU§HIH@UI%.S%§( Figure 1E), and a ball diverter
and _plug rel ease_assenbly 150é gure 1§ . Figure
'9Pf%§t'§a‘i‘ egoqawﬁeﬁ%k%rv'q\wféhg G %eqtpsubassembly shown
|IIustrates the slip assenbly 120, which are not part
in Figgretde running tool retrieved to the surface, and
remai n downhole with the set liner. The Cring seat
sUbgsEe dbshews dhectringl saet shifter] Jowewerd aalowisgdhienC-ring to.
. the liner hanger running tool to activate the slip
expapskanbrsiease fae ballupper Cring ball seat, and to
separately activate a |liner hanger rel easing assenbly
uskrigyren 8 shews @nathgr €arihg ssest . subassénnity wdthirs ¢he didebhanger
each Cring ball seat will thus vary with the tool
asseinbly tshomsy indriggread.vat ed, and the pressure levels and
sequenci ng of the tool.
Figure 6 illustrates a ball landed on the seat shown in Figure 5, and the

seat shifted downward to -an intermediate posmon in response to fluid pressure

above the ball:

Figure 7 illustrates a portion of the running tool shifted upward to remove

a retainer which prevented the plurality of pins from moving radially outward,

. thereby lowering the C-ring to an expanded position to release the ball.

Figure 8 discloses an alternate technique for releasing the ball from the

ball seat.
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To hang off a liner, the running tool 100 is initially
be attached to the wer end of a work string and
w0 edogasalt y connected to the |iner hanger, froremsmn7/007334
theliner is suspended for |lowering into the bore hole
beneath the previously set casing or liner C. A
ti eback receptacle 102 as shown in Figure 1A is
supported about the running tool 100. The upper end of
DESGﬁﬁPtTI@DEa@E TEEIBLEMSTRATED EMBODHWEWS of the
runni ng tool, provides for a casing tieback (not
sHeiguape ﬂovx&xid:hseqneists pf Eiduaed TA-AG, iilsstrgips rorendntbodiment of
the surface. The tool 100 includes a central mandrel

a lindiOdanyéx ol AP witwo B-rimgl séatl stibzessrtiied et igpating with
with a central bore 106 in the mandrel. The | ower end

a cl@éu@ﬁnéhﬂéﬁc% I §C RN ZhgE}2 ag iE&WIECt &h t @ppdie C-ring seat

packer el ement pusher sleeve 1 as shown in Figure

suba%gerﬁfﬂﬁsﬁ of BNERAOR iMIFiGURE 1Be SR cﬁ quwa‘ Ccﬂﬂgeé%ét%bassembly

e setting of the packér el ement 122 dbou

170 fépﬂ%wg ‘?r:i‘“g v\%@ré 105 q@é (tf;}éré %%Hg%ér}%rg%agg$ﬁélté&)ﬁnt?\zgeatmg and

about cone € runni

s B2y S oA gl b O arae
b e N N R
mecri&giéﬁggb\’@gqur%hﬁ\)gugﬁ é\%’)%ﬂ%%%f‘g dcéégr%gve yerresggﬂ Ve to the
ook LR 16 B . e

the runnln t ool élbe axi ally noved rel ative

han@@d 6%'ﬁeaﬁeﬁ§§e FRETRLVEIY HESRRIIVG thdhe ipweKi Gging seat
t he
assembly (Flgure 1D), a cementing bushing 130 (Figure 1E), and a ball diverter

140 and plug release assémbly 150 (Figure 1G). Figure 1E illustrates the packer

122 and Figure 1F illustrates the slip assembly 120, which are not part of the

. running tool retrieved to the surface, and remain downhole with the set liner.

The C-ring seat subassemblies disclosed more fully below are used in the liner

hanger running tool to activate the slip assembly using an upper C-ring ball seat,

and to separately activate a liner hanger releasing assembly using a lower C-ring

ball seat. The function served by each C-ring ball seat will thus vary with the tool
functions being activated, and the pressure levels and sequencing of the tool,
To hang off a liner, the running tool 100 is initially be attached to theiower

end of a work string and releasably connected to the liner hanger, from which the
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provi ded by the cenenting bushing 130. Figure 1A also
illustrates a tieback | ocking nechanism 80. A split

WO 20vg/180412 ocks the tieback 102 to the runni ng PODIUS2007/007334
mandrel 104. The tieback | ocking nechani sm prevents
premature actuation of the tool as it is run in the
wel | . Thel ocki ng nmechani sm 80 unl ocks the tieback 102
to al'low the slips 126 to be set. Mirre particularly

. linertinesusperpler fomtawarbg intoothepbermthalelbersatihithg previdusly set

tool 100 is run into the well bore by the tieback
casingoklingr @echani sm 80, whi ch grippingly engages the
upper end of the tieback 102 to prevent its upward

ok eliebdckprecaptaciesHi2 iasgshidven shifigureTHA Isoslippotediabout the
subassenbly 110 as shown in Figure 1B is used to

runnire) fos ef00NETHe nppehendaf theitisbackireseptddhy. 102n<dllpon removal of
i ncludes a sleeve 112 disposed within _and axia

the ftﬂ%ﬁﬁ?'t%dl ebablives tfer td cakiHyitk@ack OGlot "ERSIS) té%bsequenuy
The sleeve 112 is held inits upper position by shear :

exteRd fford }& u Zﬁb&éﬁd]ﬁ) B susssd. 'ﬂﬁ@tdo‘i 1%HHEFUH%§ aPEeﬁtEQ mandrel

sl eeve 11 A seal 115 is provided for sealing wt

104 t\bﬁlCﬁ%?Z%&ﬁblllse ﬁ‘n.ﬁ’l%lla chh?e®d %Qgﬁ? f@ﬁ,ﬁ) Q%%fa BBte 106 in

he sur nto the running too

e HERGHE T80 ST LRl PEIE 8, s o e
pac vve!rgﬂ%or{s ?;%’Wsrhetrhs e%ﬁel I1 gg %ts 1(?\%@1?8 ﬁé&%\é %osg fgmctlon will
ve BRU08) WG FEe R0 B9 bR B bigret AR ot
opn (K 35880 BLRG B nd SheEB0tA5a A uone 126 (e

F|gu?é('1ia-'5.l y noveable relative to

Thé running tool 100 also includes a Acementing bushing 130 (see Fig'ure
1E), and a ball diverter 140 (see Figure 1G).ét the lower end of the running tool.
The cementing bushing 130 provides a retrievable and re-stabbable seal
between the running tool 100 and the liner hanger assembly for fluid circulation
purposes. By incorporating an axially movable slick joint 132 (which rhay
functionally be an extension of the mandrel 104), the running tool may be axially
moved relative ;[O componenté to rerﬁ'ain in the well without breaking the seal
provided by the cementing bushing 130.

Figure 1A also illustrates a tieback Ioéking mechanism 80. A split ring 82
locks the tiéback 102 to the running tool mandrel 104. The .tieback‘ locking

mechanism- prévents premature actuation of the tool as it is run in the well. The
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mandrel 104. An upper sealing ring 162 is di sposed
about a smaller O D. of the running tool mandrel than
WO soovheokower sealing ring 164 to form an annuP@r/us2007/007334

pressure chanber between themfor lifting the tieback
receptacle 102 fromthe position shown in Figure 1B to
an upper position for setting the slips or slip
segnents 126. Ports 166 forned in the running too

lockingndeehandiedm 80nunsotks tiee tisback d 0Roil alimw dhwiglipst 186 to be set
surroundi ng pressure chanber once the seat 116

More':\ﬁdﬁtloem fHe2 shp€ 1Revaredbpt Avorh (preARRardIp spifRFES the tool 100
rough the ports 166 will raise the piston sleeve

is ruAGBto HW@IlUB?éQSSEme #bbhbIe I¢KHG MmELRAVIEML 8B, Wgﬂppmgly

Its upper end to raise the tieback receptacle 102

enge@e%othéauﬁﬁert BRd ritRe t;é%éc e sl br@v@fﬁf ﬁgmg(/vélra%éoé}%nt prior

I'n Figure 1F i s nade upo arcuate slip segnents 126
tos E%&% .t hin circunferentially spaced recesses in
i% )}%sl eeve about the lower end of the |iner

hapge rto@[l‘%g?tlﬁ%]t?f esgfbatsggﬂ W‘Bﬁocﬁy e?ﬂg\ﬁn |ﬁa?!bL§é' 1B is used to

segrrent at1ve ong t apered ar cuate
e 08 R g AT BB A VAR e

A A ol ot s

of three recesses g q’@%rﬁ)%‘lso 14‘0@‘ g'g?ps:ltb%‘ﬁ seat 116 is

applieg to the slip. The slips 126 are thus novabl e

ball., &rhalt 1f3ynﬁ>é1ﬂwé~°eheairpeae¢ fraen the sedfasedniq the rummgstqol bore
their outer teeth 127 are spaced fromthe casing

106 and emtolpgesediok!.iAm inGipase i fitiskpegsspise mthnnémamandrel 104
noved vertically

above the seated ball will shear the pins 114 and lower the ball seat 116 and

sleeve 112 o a lower position’in the bore of the running tool, e.g., against the
stop shouider 108. Once fhe$subassembly is lowered, fluid pressure may pass
through ports 166 to stroke a piston and thereby release‘ the §lips for setting.
Piston sleeve 160 is disposed about and is axially moveable relative to
mandrel ;104. An upper seal.ing ring 162 is dispésed about a smaller O.D. of the
running tool. mandrel than is the lower sealing ring 164 to form an énnular
pressure chamber between them for lifting the tieback receptacle 102 from the
position shown i.n Eigu"r'e 1B to an upper position for setting the slips or slip
segments 126. Ports 166 formed in the running tool mandrel 104 connect'the

running tool bore with the surrounding pressure chamber once the seat 116 and
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over the cone 128 and into engagenent with the casing
C. Figures 1E and 1F show the rel ationship of both the
w@aokaroet enent 122 and the circunferential |y BERUSZNOT/007334
slips 126 about the upper 124 and | ower 128 cones,
respectively. The annul ar packer elenent 122 is
di sposed about a downwardl y-enl arged upper cone 124
beneath the pusher sleeve 121 . The packer elenent 122
sleeve 132 grenlowefeds An iprreases iBrpressuienthipugh the poris166 will raise
reduced and thus spaced from'the casing C. However,
the pistopstdave 466 mbipwarzRmaverpenidethe pistom si!ee\gmsilsedcauses its
downwardly over the cone 124 to seal against the
upperasndtp rdisg thetiéBaak secepthclet 102, emdt diso caiventhiergdips 126.
bushi ng 130. The cenenting bushi ng provides a
r eTheestigblaesambly 26 shbahl i Firpire bEE U anatibeup Winamgate slip
tool and the liner hanger for fluid circulation

segABhPI986. rddeivé® RiffiihNGirdiifrestidiR0 spaeeer icessds il slip body
the slick joint 132 to all ow axial novenent w t hout

sueebé eMoURthd MBweeahd RIFaME dﬁ@r 'Pi)éngéﬁaﬁ& 'E’d]&b%}gtl t%qiaw&s cone 128.

he mandrel 104 of the released running t can

Eacﬁ ts@gfr@rﬁ 134160 SIBERA 4 la?i%ff}‘r gtlﬁ%ﬂ%r%dcé té tlcfﬁ‘p having

nmove i.n and un ock I ner hanger.

tetatl:rhl‘“hl SRS cﬂﬁé‘rgﬁﬁg d ﬁn %gg&(gh?v&o% QJH%SH‘% : ﬁﬂ&%eq;bﬁs inner

for-recelving he cenen

side ﬁﬁtﬁldhﬁ eggﬁén{qu'\ﬁﬂtljl Yokt \g@ﬁ? iiéqe\f\lhre%nptgg uﬁrdc%?ﬁfg entlally

anger and a ra nward

- spalBi i a%eeﬁﬁ%ﬁgeéfé sPRduEehe Q\é%%ff'%%”éﬁ%%m%énﬁs&%@ siot i

each" snged Rﬁernmqlvely?vero#ehgteu eIO rshporr]rﬁeay1 Aé useg r}o replace the slip
segments. The teeth 127 are adapted to bite into the casing C as the liner
weight is applied to the slip. The slips 126 are thus movable vertically between a
lower retracted position, wherein their outer teeth 127 are spaced from the
casing C, and an upp.er position,.wherein the slips 126 have moved vertically
over the céne 128 and into engagement with the casing C.

Figures 1E and 1F show the relationship of both the packer element 122
and the circumferentially spaced slips 126 about the upper 124 and lower 128
cones, respectively. The annular packer element 122 is disposed about a
downwardly-enlarged upper coné 124 beneath the pusher sleeve 121. The
packer element 122 is originally of a circumference in which its O.D. is reduced

and thus spaced from the casing C. However, the packer element 122 is

-10 -
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| ocks the packer elenment in its set position. The
packer elenent 122 may be set by using spring-biased
w@oahian2o@ ri ng 180 (see Figure 1C) which, whenp@DUsm07/007334
upwardly out of the tieback receptacle 102, will be
forced to an expanded position to engage the top of
the tieback receptacle. The rel eased running tool nay
be picked up until the packer setting subassenbly is
expandablgvasl it isopvehrd dowrvaidly pusk e copepl 2t te, seal qgaamst the .
the pusher Cring 180 is raised to a position above
casingt he top of the tieback receptacl(c) and expanded
outward. Wen the packer setting assenbly is in this
Figaned 4& ploi Hliustrateseitiydtcaragnting diushingl 10X bihe cementing
engagi ng the pusher Cring 180 to the topof the
bushirig phadded G2retribvalblet &wed reaisbisabibesqr dietwesinetrenturirilg tool
to begin its downward sealing sequence. Wen weight is
and theelingloMamgdmfor dxidiaitediationhsurpGsesg TS cermariting busting 130
downward force through the tieback receptacle 102 to .

 coopetdtes Rugh gie SliGejointl 242 toaNdw bRl HsvapasHenitebenBiiaking the

122 (see Figure 1E). This weight also activates a

seal p?S@l'degby't'F)@ ég%eﬁﬁlﬁg bLSKING. 1PhePphvRfel o W%érreleased
setting assenbly and"the tiéeback receptacle to aid in

‘runmngeltoto'l %QntTl?]@ uRBAKE! rafide ﬁ?é‘%ewérﬁm%nﬂﬁ'él’gﬁ? pfﬁ fchuse ttﬁ% lugs

I ower pOTtIOﬂ o) rel ustrates t

132 thHWe POLAd 2RI ﬁoﬁ Hgéjrhrt\ = Ha a g n?ﬁetlfﬁep I?'n% % itsllfhown

running tool mandre smt torq

i AP e, PRI ST 15 Sl s
130 8%5%2?%5"%% Al °$ﬂv9 PP el AR B B e pancer
and a FER T u¥wérc'd Fﬂh‘h?ﬁg 258 ol rg‘fan(rir%? pol i shed

Ratchet ring 136 is also shown in Figure 1E. This ratchet ring allows the

" packer element 122 to be pushed downward over the upper cone 124, then

locks the packer element in its set position.
The packer element 122 may be set by using spring-biased pusher C-ring
180 (see Figure 1C) which, when moved upwardly out of the tieback receptacle

1()2, will be forced to an expanded position to engage the top of the tieback

‘receptacle. The released running tool may be picked up until the packer setting

subasserhbly is removed from the top of a tieback receptacle, so that the pusher .
C-ring 180 is raised to a position above the top of the tieback receptacle and .
expanded outward. - When the packer setting assembly is in this expanded

position, weight may be slacked off by engaging the pusher C-ring 180 to the top
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bore receptacle running tool, a trip ring may snap to
a radially outward position. Wen the packer setting
w@s®emdoy2 i s subsequently reinserted into the pol/ustvedoo7334
bore receptacle, the trip ring will engage the top of
the polished bore receptacle, and the packer setting
C—ring is positioned within the polished bore
receptacle. When set down-force is applied, and the
of the ftliebapkn@O%‘ whighh\teep seRugasy theumea@!emmamﬁ g begin its
action. The entire packer setting assenbly may thus be
downwarcksealing seguenes. oﬁ‘(h@hwaugm isep dowing the Exparded pusher C-
runni ng adapter prior ‘to initiating the cenenting
ring 18@ draxsinoits this elomenwardi force thyopgbKkbe tieback ngeaptaef®li§2 to the
is raised out of the polished bore receptacle, the
pusherasiealéy12tt waddthainathe paoliec eelofmentet 22 r(seé oFigutd 1E). This
cause the C-ring to engage the top of the tieback.

weighFulsdexctivatet bssesiy Gnggy1 82 gspackigurs ert) BaNASSENRE Ypacker
are disclosed in U S Patent 6,739, 398. The packer

setting ae8BAblY dAdme fshatk Rcephadle 461di@n %%ttﬂﬁfﬁ'{é BS&érrblement‘
.U S Pat. No. 4,757,860, conprising an inner

with dHHDiu$ ObreskiLifd %s%YerThgelo%epéﬁ%naﬁglﬁgﬂ rd '1@9%%’[:%%5 the

ri bs which extend outwardly fromthe to engage

upper! pértieRSeiNg cldich %@gplﬁlf%lskd ?5% segf tﬁg SR ﬂﬁiﬁ@okl)g?a\{nﬁgmm

npunt ed bet ween such ri

to traﬁ@ﬁfﬁe%rgﬁeawﬁ%?lw:n aééh nﬁ:i%?ﬁ&ﬂt b@fweeérﬁzlgéféﬁ[:htgnd the

span ann ner "hanger a

mandE 35 9o et p‘égwggz@%méﬁﬁ@%%m%ﬁg Flf1f, Sha may
move sr%g”i%%foe%“@é?ﬁé)‘?%o' r Flgure 18, The | over

suﬁ gthooé ttl?ﬁo[P%CR¥ﬁ ﬁ Ii_srzé 2||§ %’lloevee\éieo}fz %f trr)]e polished
bore receptacle running tool, a trip ring may snap to a radially outward position.
When the packer setting assembly is subsequently reinserted into the polished.
bore receptacle, the trip ring will engage the top of the polished: bore receptacle,

and the packer setting C-ring is positioned within the polished bore receptacle.

" When set down force is applied, and the trip ring will move radially inward due to

camming action. The entire packer setting assembly may thus be lowered to
bottom out on a lower portion of the running adapter prior to initiating the
cementing operation. The next time the packer setting assembly is raised out of
the polished. bore receptacle, thé radially outward biasing force of the C-ring will
cause tHe C-rihg to engage the top of the tieb;ack. Further details regarding the

packer seaﬁng assembly are disclosed in U.S. Patent 6,739,398.
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rel eased fromthe upper seat will land onto the | ower
seat 176. Once the ball is seated, the predeterm ned
w@e@sdwoe2 may be applied to shear pins 172 andrPemus200fien7334

bal| seat 176 and the sl eeve 174 downward to uncover
the ports 173. Higher fluid pressure may then be
applied to cause the piston sleeve 177 to nove upward
and thereby di sengage the running tool fromthe set
| Thee packeg @lembns d22l snal/7be rofl 2 zoestrubion ersdeseatberf in U.S.
the tool to be retrieved to the surface fromthe set

Pat. Nd. a€757 880N copEisig ah ihmer et rbguysforslidling ovdrehe cone and
runni ng t ool may be raised fromthe set |iner hanger,

annul&uflaﬁge@roﬁ fib§ SlvhichOeRlendNBuRAER) fronhUhe! B6&RTH r@wgé@t the

and permtting circulation of cenent downward

casm%m%@hof E@suﬁ&ﬂ' sEHIfgURAAE SAIYmEh/ Bé b hfteNBEE:N such ribs.

tool and casing. Figure 1D also

The s%!all 6’&5@@%?}/ D%%@Et&té Ml ANTR iRy %hBQta%S%I ERisticity to span

al anci ng pressure across the seal

the adi%use?/%ﬁmé‘érgﬁ'né ﬁh% lltééryaﬂd){hé ?g%,ﬂgmyat i on of sI eeve

re particu be punped
UPHE! &g :9%%@%%%%%@%@?&% YR FR0I Jray be
dispot &%ﬁgé’ﬁt5?%Q&PL%d%%@@if‘%%e?%ﬁs?s%ﬁ?%ﬁ%ﬁgsabitnlr"?igure 18.
The 13742 BERds'B0aR SHRRSEMATnh 5 BELEE WA EABLL R ot pore

o G35 o e AR i s o T o

Seal s 193 above and beI ow port 173 are thus subjecte

| reléasr%’ Fopsthaurrer peehwilsiand ‘P‘Ptﬁ‘i tneplowes seat 3 Gpo ncgltaesba" is

of the seals, thereby enhancing operation of the_ -
seated) the, pregetermined pressure may be applied to shear pins 172 and move

the ball seat 176 and the sleeve 174 downward to uncover the ports 173. Higher
ﬂgid pressure may then be apblied to éause the piston sleeve 177 t;) move
upward and thereby disengage the running tool from the set liner hanger.
Assembly 170 releases the remainder of the tool to be retrieved to the surface
from the set liner. Upon raising. of the inner piston 177, the running tool may be
raised from the set liner hanger, but prior to setting of the packer, thus releasing
the ball énd. permitting circulation of cement downwardly through the tool and
upwardly within the annulus beMéen the tool and casing. |
Fi'gure 1D also illustrates a hydrostatic balance piston 175 for balancing

fluid pressure across the seal 193 to increase high. reliability for the operation of

"sleeve 174. More . particularly, piston 175 may be pumped upward at
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Figure 1D illustrates split ring 178 for gripping the
i ner hanger 70. The split ring may be noved radially
WO 00pasiott on so that it nmay contract radially PewasZNN7/007334

thereby releasing the running tool fromthe |iner

hanger. Figure 1Gillustrates a | ower portion of the

tool, including a ball diverter 140 and a |iner w per

plug rel ease assenbly 150. The assenbly 150 repl aces
substafitinllyeatindspherive pressure pridrdosrenming thee toolnier thel well. As the

plug to the running tool. The plug hol der shown in

tool iilgwersd Gh ithef wedlt and ahydrostatic| prestord ecrphsgs the dsreased

assenbly disclosed in U S. Patent 6,712, 152. Tool

pressGRRMIVE! thelSlsRPEMFE Wils B balticdd & BesabstafEidipadentical
functionally simlar to the conponents and operations

pressgl'es EHWQIS&&) Y73, Jref Bk i8 188 bre@s@ﬁe iRth&cadfty bedle&d piston
 ower C-ring seat subasserrb y 170, the operator

173 éf%s'égv% 4Pt p@sﬁlﬁﬁé |h°sc9ﬁ Qﬁi 'méﬁ%rﬂ&ﬂﬂo?gg#tf)n 173 to

rop in pres urevvl catet

equal[%%s l%%%ﬁf% tégé]g.g‘fbé I%n ogélér{og B%fg\/\{ ?bho’f\’?@%rg'thﬁgls%}bi‘éwed to.

e Tunni ng string nue, and t

are en cir rou awai

e"haﬁfﬁﬁﬁ%%n%%?@%reﬁg% s e o

msnt t I|ner Wi per, Rl to forma.barrier t |
R 0P et s A B0 gt hnBEF eBipghiro. The
r@'&”h% AR 52 ol s R e
atoyr for settin e sli is, shown in greater
therch riEhSel Do Rpbyid oo Hort i BebShimgmm o &1 et e e
or_nore circunferentially spaced
Figure 1G illustrates a lower portion of the tool, including a ball diverter

.SubsthtlQ&hQngggg% W sh%shp% el hg? deds' c.ffr &tgé se@lé‘“ gﬁereby

140 and a liner wiper plug release assembly 150. The assembly 150 replaces

the need for shear screws to secure the liner wiper plug to the running tool. The

plug holder shown in Figure 1G is function'ally' similar to the plug release
assembly disclosed in U.S. Patent 6,712,152. Tool components and operationé
not detailed Herein may be functionally similar to the components and operations
discussed in U.S. Patent 6,68;I ,860.

After activating the lower C-ring seat subassembly 170, ﬂ"\e' operator may

lift up the tool to pass the ball through seat 176. A drop in pressure will indicate

_that the b.all has passed through the ball séat, allowing circulation through the

running string to continue, and the ball to be pumped downwardly into the ball

diverter. Fluids are then circulated through the tool awaiting cement
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slots 113 each for receiving a respective shear pin
114, as shown in Figure 1B. One or nore external seals
wdi®7amothe body 112 are provided for sealing PCT/US2007/007334
engagenment with the interior wall of the mandrel 104.
A seal 117 is provided on the interior of the sleeve
112 for sealing with the ball or other closure nenber
when seated on the Cring 116. A seal alternatively
displacesiehe Campnt iscthemninjdrted thsuwgh theseinhingtoadnaad eings down
conponent. The body 112 nmay be nmade in two parts,
plug folldws thiee ceparichad khe tiiee adipetk1BlugOns eforte b aldmidiso the
| anded on the Cring 116, it is sealed with sleeve 112

previot¥ly $Bspladdd ceflentengy tﬂéjdilsﬁlé\éeH‘Eﬁﬂ fluper ease fluid

pressure in the bore above the seated ball, until the

Rafriry mol 4o 'ELEASSD Bhe QUWWryCIr&g‘T%éSt 'srﬂjbéssembly

manner of a piston until the |ower end of the bod

which %W%st Sosi QPnhQuUEsictethif Clﬁ’thésslfiygg*é’”sﬁéwﬁ E;@%g@eﬁ detail.

When 1 n this position, the rlng whi ¢ een

The slég{/?'ﬂ%qnyﬁ{dnetssaﬁ %mhﬁiﬁ \% o?'?n@ﬁé %ﬂﬁjﬂ'\ﬂﬂgﬁtlally spa.ced.

surface o mandr e
sots {4 BeBff | THET e s;szwevz%@rp%@@ﬁgd 5 B340 e 0.
«ﬁ;ﬁﬁoﬁwi@iﬁaﬁggagﬁﬁ'@égzm%wi R A
engagdient iih P rfﬁef'ﬂﬁvwaﬁ!v@rtﬁﬁr 2R 2?@.‘%?%? ﬁﬁ"‘/d.srnrﬂgded on -
e nfBc T e QBRI Bt 8 A
when EEiEHpaRbR, Caing dfac huseaich 'ié‘r%%tw‘?%isrstaﬁiﬁeifgppwed on the

outer surface -of the projections 119 engage t he i nner
closurggifselfyor; ga another component. The body 112 may be made in two

paris, which are connected by threads 118.
Once the ball has landed on the C-ring 116, it is sealed with sleeve 112 by

seal 117. The operétor may then increase fluid pressure in the bore above the

- . seated ball, until the shear pin 114 releases the subassembly to move in a

20

manner of a piston until the lower end of the body engages the stop shoulderl
108, as shown in Figure 1B. When in this position, the C-ring 116, which had
been retained in its compressed position by the inner surface of the mandrel
which acts as a C-ring retainer, is released to a lower expanded position whén
entering the larger diameter bpré 107 above the stop surface 108. Releasing the

C-ring 116 to its normally relaxed and expanded position thus allows the ball to
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mandrel 104 to retain the Cring in its conpressed
position prior to shearing the pins 114. To nmaintain
w@e@par2oat i gnnent of the C-ring within the boreCDUS1008007334
mandrel, the Cring nmay be split at the |ocation of
one of these projections 119, so that each end of the
Cring, as well as internedi ate portions between these
ends, has a projection to engage the bore of the
drop themdgtethe £-g8ngnifiguenéd shiwes thecsubbhssdrably in thee kewr position
mechani sms as shown in Figures 1B and 1D is-that any
whereftetig €drifid hind baiegsexpanded {p relédsmtireait.al hundred to
several thousand psi, may be used to reliably perform
OTige @-riMg €16 & shp@hain Pifure 2 has 4 glleasityof trhdizllyi digtward
for setting, or releasing the set |liner hanger from

_ projectidfs Y ckehl paés’lh{ﬁ@@?h cheemfel@inibily bphded SRS W 8% body
. 00

are desired for sone operations to Increase their

112. efhE QUt¥ERRFRace0bf R W&iéﬁ%_t il’t’@_térgj’ag%t the SAREF Svall of the
above other tool operation-activation pressures. Once .

- ' .o coRRl | at.i: . '

manch1oR%, ROREH 0P 31 R ChRor <L s kP, Bhtg e

. - I > I ratio

pine PERUB I AROPESRC aAEn! U7 B0 R S8 1 851701 e

mancPYS R ES 350 B EBRo £ BRe ARl 1.
L e e
ot 305 1SR oI B oSRINE HeRoH E Saln L°,

R Rt SIEaBSORL 50 R hSh Aol e o i

.. for releasing,the tool from. . :
Figures 1B and 1D is"that any desired fiuid pressure, e.g., from several hundred

- to several thousand psi, may be used to reliably perform one or more tool

- operations, e.g., releasing. the 'slips for setting, or releasing the set liner hanger

from the running tool. in many casés, high fluid pressures are desired for some.

tool operations to increase their effectiveness, or to ensure activation at

- pressures above other tool operation activation pressures. Once these

operations are complete, a relatively low fluid pressure may be used to pass the
ball through the expanded C-ring seat. Since the ball release operaﬁion is
performed at a low pressure, and optionally a pressure less than, and in many
cases significantly less than, the‘ one or mare tool operation pressures, there.is

less likelihood of damaging the skin of one or more downhole formations during

the ball releasing operation.
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the set liner, as explained above. Sleeve 174 incl udes
a pair of elastoneric seals simlar to the seals .1 15
wa@b@aniiom Fi gure 3. In this application, the sPepUS20027d07334

has an axially extended | ower portion .154, with its
| ower end connected to end piece 158. A radially outer
sl eeve 155 includes an annular radially outward
projection 156 thereon. A plurality of
drigarmfe sbawsahl gresperc detail e Csiinguseatdd®t generally shown in
apertures provided: in the mandrel 104, and are :

Figurg 40 mdunted wiittin whe boresafetbie tumaireg tool\thandiet fi0de The lower
upper position as shown in Figure 5 the shear pins

C-ringlehtBibdsamb a 76rddries aE kst EetuatbNfdriieledaimy ﬂwe tool from

position. Once the ball lands on the seat 176 and
the sét fsSllds 'e&’éfa?ﬁéc?%b’b@%vegl S99uethdiplds At Eﬁlr of elastomeric
Increased flurd pressure w shear the pin

" seals gﬁﬁilé‘rgté e §Hﬁl§s§?§gh V\gi,oapmt\%g_‘gi ﬁPtHI ta?pqﬁgh@ﬁ %he sleeve

tion as shown 1 n |gure wher el

174 h Wﬁ é‘nﬁ |®”éxt§kuggé‘%{>®‘&' %’}uéﬁqfsﬁl, ?ﬂﬂ?n& héwB} '&?\dléc?nnected to

as s 0 ‘prevent downwa

end pk ‘ée'ﬂBQt /9 aalla %W@rssc'lglgp!ay'lﬁ gtcnhc%e\%n ll’cl' ﬁ%%ﬁgad %dél@ outward

othelnterrre ate ifon a

sl S5Shtdn 1 MY A 00, bt 8 g7 e
[ [ 177.
mounfBOF Boehise ARS8 PR BRS8N RAT B 130 2 el mvig wit

sL&tte{j retai ner 159, which is connect ed to the | ower
reSpeEhe P Di st on 177. This allows the CGring 178 to
col | apse radially inward to rel ease the running tool
fV\wen e ther uppek Posion e thown BdtigHrRythdhgashesr pins 172
122. The tool may then be lifted upward to ensure that

' mamtatn the entire subassembly in the upward position. Once the ball lands-on

the seat 176 and pressure increases above the seated ball; the increased fluid
pressure will shear the pins 172, moving the subassembly downward to an
intermediate position as shown in Figure 6, wherein the circumferential projection
156 engage the pins 157', which act as stops to prevent further downward
movement of the subassembly.

With the sleeve shifted to the intermediate position as shown in Figure 6,
apertures 173 in the mandrel 104 adjacent the 'shéar pins 172 allow fluid to ﬂo;/v
radially outward of the mandrel 104, and to an opérating piston 177. Once the
tool is activated, piston 177 is raised, raising slotte;& retainer 159, which is
connected to the lower end of piston 177. This allows the C-ring 178 to collapse

radially inward to release the .running tool from the set liner, and prior to setting
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di sengaged fromthe set |iner hanger. Assum ng the
function served by lifting piston 177 is the |last too
wo eovctiiom t o be perfornmed, the ball may be di sPOOysz07/007334
fromthe tool as follows. The | .D. of top of the
i ner hanger 70 acts as a retainer to hold the pins
157 radially inward in the Figure 6 position. For this
. enbodi ment, the retainer is thus part of the |iner
the phekgeri22lhe Thentoolg niayolthemdbe diflrd aupveards ke esresuté8that it is
: are then pulled upward to a position to allow the pins
disendaded frope tikbeeelinadhangesr. of the retainer, so the pins
can nove out and rel ease the ball sleeve 174, thereby

r AsSlifimy the fuRetidrekened Y litihg pistdn 177 48/tke Tas&h@msfunctlon
lifting the entire tool upward with respect to the set

to be Iﬁewmiqué ball@aly 51 disilagéd frofP¥se i@&lla@{ Folioddt WpRd |.D. of

rel ease the projections 156 to pass be ow t he pins

top of]tﬁé linEhing 'Waﬁﬂssé% é’t%?ncﬁ E}S Hold 17 gﬁs?‘i‘g é%l%ﬂWward in

p03|t|on Wt hin the en arged di anet er
the F@E r6teh°é@%ﬁ SEonﬂ% W|(%'I,é?’gsﬂ1s ré@%e@%@é@?@gﬁ of fhe liner

hang%@rm%?ué@‘*&%*“%ﬁ?&év?%%%%‘F‘% BB UL fier o
positGh 88T Tk 8 T AL 87 GIRAET P pin
o T %sgs#gngr%zy%%e%ﬂa;de@se o

: ion of he i.ner han 70 may thus, act as
the b$igt Biires

igte £ Hmsdlftllp}%ﬂ?ﬁ B tpal al@,vx@rgymﬁmmmactégthe set liner
own in Figure.6, so that the running tool nmay be
hang%ful Tee m%é%& Wi rPave gaqdinlly puanarhand releasedperpreiestions 156

the |iner hanger
to pass below the pins 157. This action also moves the C- -ring 176 to a lower

position within the enfarged diameter bore 166 in the mandrel 104, so that the C-
ring 176 may be expanded to pass the ball by the C-ring, as shown in Figure 7.
Various components other than pins may be used for moving radially
outward and thereby releasing the closure seat to move within the enlarged
diameter bore 166 and thus expand outward to release the ball. Radially
moveable lugs or buttons alternativély could be used, or this function may be
served by a C-ring. A portion of the liner hanger 70 may thus.act as a retainer to
hold the pins 157 radially inward, as shown in Figure 6, so that the running to_ol
may be pulled "upward to raise the p.ins above the upper end of the liner hangér.
Other embodiments of a s’uifable retainer may include slots or windows to allow

the .pins to move radially outward. Also, this axial movement between the pins
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O her enbodi nents of a suitable retainer may include

slots or wwindows to allow the pins to nove radially
wonimaim®s2 Al so, this axial novenent between theCpuUsmana7334

the retainer may be acconplished at the surface by

either raising or lowering the running tool. For other

applications, a downhol e actuator nay be provided,

such as a hydraul ic actuator, to controllably stroke

and the'Yet&iIABP AR be aidcaplishetiaititNe sbﬁa@é%WéﬁhéMa%nh?Wr Id¥ering
pins to nove radially outward. The ax\'a\ novenen

the mhfiﬁgpﬂdaﬁ o dplettdppiichfordd) e HS%h%?é ab{uaoa%%etmswded

oSure seat to release the ball. Figure 8 discloses

such d'a HEd R éc\,‘tﬁ Ebﬁt’f‘bﬁ stbké ol &an%ehpﬁmally relative

arge of t eba fromthe running tool to re

to ano‘fﬁ% Jo 4 c#\@ Bhd 'ng]fo e raP %%@@af@eﬁ%oéxﬁmg%peﬁ t of the

e runnlng I'ner “hanger

pins 1".39r}slragiq§ tﬁghﬁ g%&%ﬁére t{ﬂ% %t%ssfﬂgdﬁgélf%o%eét rgL arsget e&?u

b h |
ﬁgrelgf’s”ﬁﬁ&'%@é Uy e e TneR BRLayl sl for the
d'schaergsaqrdo@““ﬁ%iﬁr geS@% opaotps! S roain s fimeyent that

may .t hen be retrigeved omthe well. The Figure

the ORSTalHE ATy FAEGRS INSIHANES 120] BREY IGoIGesagion HHE running
the pins 157 are prevented fromnmpving radially

tool rejgasmrpechanisax drssenotdepetian e, biguwess ;saggta@@my@llqw the

t he running tool could prevent the pins from noving

ball t°dm fischarged by igcaasing E idpresswst abeve te set bl to shear pins
mechani smfor releasing the ball fromthe seat 176

195 and dl96: daerehy releasing the plegvenbitbia movectowswpidand elischarge
and 196 as shown in Figure 7, which interconnect the

the ba!kmathqoarltim@@xmandsﬁntpnergar@@v@ 1684 Hnel tadieand the liner hanger

may then be retrieved from the well.

The Figure 8 operating mechanism also allows tool operation if the pins

157 are prevented from moving radially outward. For example, debris in various

'passageways in the running tool could prevent the pins from moving outward. In

this case,:ari-a‘lternative ope'r.ating mechanism for releasing the ball from the seat
176 .includes the use of a shear member, such as pins 195.and 196 as shown in
Figure 7, which-interconnect the lower portion' 154 of the sleeve 174 and the
sleeve 155 radialiy outward of sleeve 154. As shown in Figure 8, an increase in .
ﬂuiq pressure above the set ball causes the pins 195 and 196 to shear, dropping

the s|e§ve 154, and allowing the C-ring 176 to expand into the larger diameter

cavity. .
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sl eeve 155 radially outward of sleeve 154. As shown in
Figure 8, an increase in fluid pressure above the set

whador/1causes the pins 195 and 196 to shear, drP@EPURY07/007334
the sl eeve 154, and allowing the Gring 176 to expand

into the larger dianmeter cavity. .In order to reduce
the likelihood of a ball discharged by an upper seat
assenbly will land on and inadvertently pass through a

llowendes dat resiticentiiey likelffwddwéa babtdiscargedybyran upper seat
include two or ‘nore sets of axially spaced shear pins
assemkip will #hdehverehinadvesteatly plags\throligh anowehseat assembly, the
155 with the radially outward projection 156. The
lower besEassénaly piaysintLaTayo @rThore séisobit bMaW%lpfalcéﬂ%hear pins
within a hole provided in the sleeve 174, while the

195, m%etﬁ,asartr@ Real Wedle 1r5235kahu0fr@ sYéé\)'é A58 Witht tﬂ@lrad.auy
slot 197 within the same sleeve. A ball. | anded on th

outwaﬁ?aéro]gtﬁldﬂ”'ﬂsé posiHd Q5®Er ashedi0Wihd n19?5 O g @a’éﬁy be tightly

fTirst cause shearing of the |ower shear pin

posntlc%déa }«\ﬁtﬂ ﬁgmr&o%w{hé%‘e@@@ $1£8)Rild tAe rl%ﬁs arpms.

eeve 155 nay occur until the upper shear

196 awg?dé‘?@@r% o trgﬁ r{néélp%’& M Sliftin ]tﬁ% s%‘él Eféeb?h A ball

gy absor earing the [ower ear

ot 83, PO TR S HI g i cuse
shearf, B0 P BB B S Lkl ﬁ%&%@%@@% o the
sioevZR KGNS Hadli 125, @%X/”ﬁé%csq“é@im G a0H hbpins hitthe
upperlq:.rg(#J Qgg %egggég%% slfot 19d/' pbesést%rt eng%e;g@ugbgorbed by shearing.

the lower shear pins, the upper shear pins are not sheared when the lower pins

are sheared, which prevents the tool from improperly actuating or passing the

ball through the lower seat. The upper shear pins may have substantially the

same pressure rating as the lower shear pins, and will shear at the desired
pressure level.

While in the Figure 6 position, fluid pressure may thus be increased above
the seated ball so that the pins 195, 196 shear, thereby releasing ;che ring 176
and sleeve 174 to move downward relative to sleeve 155 and mandrel 104: This
then allowé the subaséerhbly to drop to its lowest bosition as shown in Figure 8,
so that the ball is released from the seat 176.

Those skilled in the art should appreciate that the uppef C-ring seat

subassembly 110 as shown in Figure 1B may be used in a liner hanger running
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the seated ball so that the pins 195, 196 shear,
thereby releasing the ring 176 and sl eeve 174 to nove
walosrimmod2 rel ati ve to sl eeve 155 and mandrel 1PdT/US190%007334
then allows the subassenbly to drop to its | owest
position as shown in Figure 8, so that the ball is
rel eased fromthe seat 176. Those skilled in the art
shoul d appreciate that the upper Cring seat . .
tool tosgehthemlipg. and that shedawen Geriggr seatpsukgssssmblyeas ishown in
i ner hanger runningtool to set the slips, and that
Figuret Ha naywe Ged tegralease theayying rtuyolafsorsrtgme't hWner banger, with
1D may be used to rel ease the running tool fromthe
both Gaingd i assenlaliege coopetatingtwitlC- a i siggbs deatlbl | bs one alternative
cooperating with a single ball. In one alternative
embodimant] tieatyppdreCulinge seét rassgnsisat alanse bl gnipl theelowsr C-ring
only the I ower Cring subassenbly-al one, may be used

subastOmMBPEralbAe MBay | Ber uSed oy dpephte ahé hifeoemidgee {dof either

slips are otherwi se set or the assenbly is otherw se

becaub8!thasdbsl arRMbiHapwlde S8t HAREEEssEMbREEAYFRRisE R¥&&Esed from
C-ring ball seat subassenbly nay be ‘used to both set

the linkP®adlgePSoPhEc4 e 8alinge (E—Grlrﬁaﬁﬁ!ll 585t é@@ésgérﬁﬁi?ltr@Sy%%t used
[tner” In the fornmer case, the slips may be se y~an
I . hani. . ) .
to botg $&' Y LlSs r@e g%érrégfé 'tr%lgagégrﬁen@bl H‘Fdnh'tﬁ%t %éeicfting%feﬂ\ the

ressure .in the eto to actuate

formeltaﬁgs%,zﬁ'\rﬁcﬁgﬁ? gg‘%ﬁpe%ﬁgg !Yerﬂﬁﬁ%m. St rﬁLc‘rF\a&ges not

rom asse n ano
ot R VAR e P BT e
ing By OBPERGREML VAL BBBRTY Fubdeh U AP in i) B e oo

ond,al ternati ve

asse‘nillﬂi%f j{‘i%ﬂgﬁﬁigﬁ%@aﬁ'gﬁ g{%w%pg t%{{gio %aﬁé i'elggtsgd from fhe set
liner hanger by a mechanism that.does not involve an increaée Ain'ﬂuid pressure
in the tool, and thus the C-ring seat subassembly may be used to only set slips.
In a second alternative embodiment, both operations may be performed by the
same C-ring seat subassembly. A wide. range of fiuid pressures are thus

available to safely and reliably perform different operations at different fluid

pressures. A single mechanism may be provided since relatively low pressures

may be used to set the slips and then reliably move the C-ring to a position
where it may expand within the running tool mandrel and thereby release the
ball. For example, a fluid pressure of 1000 psi may be used to set the,slips,
while a fluid pressure of 2000 psi may be used to release the running tool from

the set liner hanger then release the ball. Two or more piston may .thus be
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same C-ring seat subassenbly. A wi de range of fluid
pressures are thus available to safely and reliably
w@edo7otaeuzli f f erent operations at different fl uPdI/US2007/007334
pressures. A single nmechanismmy be provided since
relatively | ow pressures may be used to set the slips
and then reliably nove the Gring to a position where
it may expand within the running tool nandrel and
actuatedhdioelpgriosiredbe desirash| operationexanpihe, teolf |ardi different fluid
pressure of 1000 psi may be used to set -theislips,
pressuwhilé\ela andupdrtipgetosthecdiferertqosiosis mmay beeussa do perform dual
rel ease the running tool fromthe set |iner hanger
or multiplenopetatmms Witk daddl. Rrayiding rocenmpartabivelgdygwt ixaik releasing
beactuated to performthe desired operations on the
pressur®ebdusssl ek likelitroud 6f high forestionepreegates damhgity thengkin of
. to the different pistons may be used to perform dual
the forRfatitw, thélebyifizricir) ydvocharsort Asdoveryovi ding a
conparatively |ow ball rel easi ng pressure reduces the,

INBLGROR s Hatl Wt 9@ DpEES ¢-And e ibasBEmbly and

skin of the formation, thereby enhancing hydrocarbon

the loWEF LAhY- st Ll}gbmemyi érébéﬁ‘mkzﬁlciﬁt FRArE Of, thiestii&lemblies

C-ring Seat subassenbly and the | ower C-ring seat

may b3 RRSHEL Y AE ) g gl A BHRESATE Mg one
with pAHER, BBt BFh 0808 Y LRGBS SORADRALS Ry s

gle &ring seat sugasse

uset {55 B o AR SR e GBI e

"differehggalés‘étPS? gygngérﬁgaégeggq%ﬁféﬁln%és e?nPslHé &fnd Eﬁe?ﬁlglgrb@rﬁw the

. may_ be sitioned at. any catian _in the too! i.ch
liner lb?%gﬁrd gg%gsmt?%ﬁe%%'ye tkﬁgu&%npﬂeseap - subasse\r/\n/qﬂy may be
positioned at any location in the tool which provides a central bore through the

tool and porting to the pistons.

In other' applications, the C-ring seat subassembly may be used for

performing downhole operations other than those involving a liner hanger,

including tools involved in packer setting. operations or multilateral operations,

tubing/casing hanger' running tools, subsea disconnect tools, downhole surge
valves, ball releasing subs, hydraulic disconnect tools, and various types of
downhole setting tools. In each of these applications, the tool may be reliably
opéraféd at relatively low pressures to release the ball or other closure compared

to prior art tools 'due to the use of the C-ring seat mechanism.
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tool and porting to the pistons. In other
applications, the Gring seat subassenbly may be used
wo oro7p&0iDr m ng downhol e operati ons ot her t hanP€hoSm®o7/007334
involving a liner hanger, including tools involved in
packer setting operations or nultilateral operations,
t ubi ng/ casi ng hanger running tools, subsea di sconnect
tool s, downhol e surge valves, ball releasing subs, .
h%’ﬁ%?b@%i@@%‘#ﬁ%@'ﬂ: ¥%P@§U%@%P?6U@'ﬁvﬁ%§3@ﬂ to seat with
downhol e setting tools. In each of these applications,
the Cyring seatl meabanism anddbesebypactaase fitid prpasureds\diseugsed as a
pressures to release the ball or other closure
ball, wihinhas esbrhmanty exsedrfor ttois| purposetio taroussapplicdtions. In other
C-ring seat nmechanismlIn the above discussion, the
applicztiossy etheeriyees ohelosures mesebetsomaydie uséd fohsedling with the C-
seat nechani sm and thereby increase fluid pressure is
ring adseniidy eddaeliablasealingwith the seitabdve theed-fing. DHrss, plugs,
pur pose in various applications. In other .
and cthpt idledurensernbbey rapaludfbe | pid fomeniBepsrptRye. beThe tools
used for seating with the Cring assenbly and reliably

disclosed|Hdtginaid rdihBvaip @impleo yarfidifaly Withdrespatt fo the! dponents
and ot her cl osure nenbers may thus be used for this

whichP 4BBPSFith THE bAIPIahdlistipseqeehthe r8lcRsal thed Halt ¥Rl Yhe seating
sinple, particularly with respect to the conponents

surfa%@e‘l,: H‘Fm%}{él?@br bitithg Ry Alltabify a%‘db%%e%étg 60%5831%% fohﬁrior art

romthe seating surtace,. thereby providing hig
toolsf €l iability and | ower costs conpared to prior art
tools. A Cring closure seat is shown in the draw ngs

f 2ot | j . L1 . . Cl -
(G HRt Sk SR A B ShERY S R T b or
other @& te. In other embodimenté, multiple dogs, lugs, pins or buttons could

be used to form the closure seat. Each of these components could then move

radially outward to release the ball when positioned within a large diameter bore

of the tool.. Also, a dog, lug, pin or button may move radially outward into the slot

or groove provided in the tool body, in which case there may be no change in the
diameter of the bore in the tool when the closure seat moves from a retaining
position to a releasing position.

While preferred embodiments of the  present invention have been
illu;trafed in detail, it is apparent that modifications and adaptations of the
prefefred embodiments will occur to those skilled in the art. However, it is,to be
expressly understood that such modifications aﬁd adaptations are within the

spirit and scope of the present invention as set forth in the following claims.
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be used to formthe closure seat. Each of these
conponents could then nove radially outward to rel ease
wo b@7hadok2 when positioned within a | arge di anePer/ubmoe007334
of the tool. Al so, a dog, lug, pin or button may nove
radially outward into the slot or groove provided n
the tool body, in which case there nay be no change in
A the dianmeter of the bore in the tool when the closure
WHATISCLABMED S:om a retaining position to a rel easing
position. While preferred enbodi nents of the present
iMnventA adovimshvelebéeol indludingatedeah fdetraickiving a sclosure and
apparent that nodifications and adaptations of the
therebprinfrensitd Ruitqoiessats abblé the eat to penfasm akidgezdtion on the
the art. However, it is to be expressly understood
downhbheitocs laﬁhlé‘mwth@ﬁtibwmow%dd@nhptlsmgs are within the
spirit and scope of the present invention as set forth

latddM®odg! hnhg s ebatrab thibidhbsteFeN fddainPind c;o%ure through

downhol e"t ool T ncluding a seat for rece|V|ng a closure.

the toa%aweé esUr8dLashiran o&as@kh&?{egg o Y&fﬂ (y/sgc?tseatlng

to per orm an operation

i 54, A A ol B PN e

seat: d tool body, a closure seat initially positioned
r%tGhln the tool body for seating with the closure

\qlbl)ﬁ 508y cfSPttéﬁlpotrQF @“%Rﬁ’{ ea%%?%%ferfﬁgﬁ% g}mtﬁ zaosure seat

osure Sea a con

win o R o g

releasi g pOSI'&Oh Withird )t(h ¥ cl>gl body to allow expansion of the closure seat and

release the closure.

2. A downhole tool as defined in Claim 1, further comprising:

an annular seal for sealing with the closure while seated on the closure

_seat.

3. A downhole tool as defined in Claim 2, further comprising:

a seal body having an external seal for sealing-with the throughbore in the

downhole tool.

4, A downhole tool as defined in Claim 1, wherein the connector

.comprises one or more shear pins.
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rel easing position wthin the tool body to allow
expansi on of the closure seat and rel ease the closure.
wQ200/1t¥nhol e t ool as defined in Caiml, furp¢EUS2007/007334

conprising: an annular seal for sealing with the

closure while seated on the closure seat. 3. A

downhol e tool as defined in Caim2, further

conprising: a seal body having an external seal for

sealing with the throughbore in the downhole tool. 4.

A downhol e tool as defined in Caim1l, wherein the

donnedhoowehele ieal ancdefinehria Glainr 1piwhkensin ghe tool body

downhol e tool as defined in Claim1l, .wherein the tool
includés dn iactuatives part ot passing fpﬂdtfrdomralpra‘e% ithg gealed dlosure to

above the seated closure to operate the tool and/or
operatehthedoot ard/od dhne kolotheroddwnBoleAodbwnhol e t ool as

defined in Caim1, wherein the closure seat includes

a plurality of radially outward extendi ng tabs for

engaging a wall of the central throughbore in the tool

pdy whedbwhigole! @l defindd iihSClaitht 1 2lvheesiht iNclodurd\seat

downhol e tool as.defined in Claim1l, wherein the

mcludé@@ﬂ erﬁﬁ r&¥ RRAsaN é@ﬁ/&ﬁ%&éﬁdﬁ@%b&%r %béblﬁ@ﬁ%ﬂbf the
relative o the tool body, and a 'stop |imts downward

centrdWrYl%GEﬂboFg mt@% t'b%h Séﬁﬁ%ﬁé@m QoS i is lﬁ |tsAnﬁnD‘(\@B§4tl‘8n.

as defin daimy7 rein the stop
rad| ally outward to al l ow for downward novenent of the
cl osure seat.

7. A downhole tool as defined in Claim 1, wherein the connector
releases the closure seat for axial movement relative to the tool body, and a stop

limits downward movement of the released closure seat.

8. A downhole tool as defined in Claim 7, wherein the stop moves

radially outward to allow for downward movement of the closure seat.

9. A downhole tool as defined in Claim 7, wherein the stop limits
downward movement of the seated closure when the closure is in the releasing

position within the tool body.
10. A downhole tool as defined in Claim 1, further comprising:

one or more safety connectors for limiting axial movement of the closure

seat with respect to the tool body after the closure seat has disengaged from its
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9. A downhole tool as defined in Aaim7, wherein the

stop limts downward novenent of the seated closure
wob@r/1130¢2 cl osure is in the rel easi ng positi onP@i/UkIN7/007334

the tool body. 10. A downhole tool as defined in Caim

1, further conprising: one or nore safety connectors

for limting axial novenent of the closure seat with

respect to the tool body after the closure seat has .

initial pdistngapefety anowing fortdabvnwasl moveméritesfetne alosare sgat to
for downward npvenent of the closure seat to rel ease

releasetﬂ‘\% absstg.e. 11. A downhole tool as defined in Caim
1, wherein the tool body has a plurality of closure
seats which sequentially operate the downhol e t ool
and/ or anot her downhole tool. 12. A downhol e tool

ypcl ug Hawﬁhéﬁalgoﬁ ak dé?ﬁw@dvnhrlgla?moi QFERirp b icﬂﬁrb@%y has a

I NCr easl ng pressure above the seat to per orm-an

plurahtf’ﬁﬁr absafe %@aw@vrﬁl&w&%'u% Elgﬁy o?é‘i’él%r tr@ﬁbuﬁ{ho@%gl‘)bﬁdlor

, conpr|3|ng a ng a central
for paSS|ng t he closure t hrough the too
anoﬂm%%g a por |on of the central throughbore having a
restrlcted dianeter; a closure seat initially
positioned within the restricted dianeter portion of
Qsur.e. whi

body f i h t
h85t 1 P evilatholod Rt itad 1'sbaf 6t ﬂ??gv'%rao@%wea"d

thereby] in\s;qt:rﬁaglg}sé ﬁwﬁ?ﬁ%‘ggﬂgegfgpgp% rtlglg %%léi :E%S 2 aﬂé %%eratno# on the

hrou hbore in Lhe dovvn | e tool;
downhole too and/or another downhole tool, comprising:

a tool body having a central throughbore for passing the ciosure through
the tool body, a .portion'cf the central throughbore having a restricted diameter; -

a closure seat initially .positioned within the restricted diameter portion of
the tool body fof seating with the closure v;hile the restricted diameter portion of
the central throughbore restricts expansion of the closure seat;.

a seal body having an external seal for sealing with the throughbore in the
downhole tool;

an annular seal for sealing with the closure while seated on the closure
seat; and

- a connector for temporarily limiting axial movement of the closure seat

with rclas‘pect to the tc_JoI body, and releasing the closure seat to move axially to a
releasing position wfth a tool body to allow expansion of the closure seat and

release the closure.
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an annul ar seal for sealing with the closure while

seated on the closure seat; and a connector for
woeowparmnt |y |imting axial novenment of the clBSIUS2007/007334

seat with respect to the tool body, and rel easing the

closure seat to nove axially to a releasing position

wth a tool body to allow expansion of the closure

seat and rel ease the closure.13. A downhol e tool as

defined in Caim12, wherein the tool body includes an

actuation port for passing fluid fromabove the seated

cldesur® dewaReleatcolt e definedaind Okint M2, awheRsh the tool body

downhol e tool. 14. A downhole tool as defined in Claim

includde ,aﬁﬂlaef@tmri Berciaspassing duid FEdrHdgSove Phersddtby dl’(ﬁsure to
radi al |y outward extending tabs for engaging a wall of

operattenﬁer@étéh&}o%@hé 'a%ﬁs@rrd&mmeriosf the central

hroughbore in the tool body when the closure is in
|ts initial position. 15. A nethod of operating a
downhol e tool including a seat for receiving a closure

g e VRIS B3F gdéﬂﬁécfﬁb‘gaﬁ%% g\ﬂ%‘ég‘nt{h% ﬁl%@bre seat

to performan opera on on wnhol and

a8 BT SR AP R il 3 or e
BTl YA Bl A B 0 B e

eStﬂor(\:.t' ng portion of the central

closur? H? Hb Eﬁ mjﬁg{ posi

15. . A method of operating a downhole tool including a seat for
receiving a closure and thefeby increasing fluid pressure above the seat to
perform an operation on the downhole tool énd/or another downhole’ tool,
comprising:

providing 2 tool body with a central throughbore for passiﬁg the closure
through the tool bédy;

" providing a closure seat within the tool body for seating with the closure
while in a restricting portion of the central throughbore;: |

temporarily limiting axial movement of the closure seat; and

releasing the clos;ure seat to move axially within the tool body such that
the closure seat is positioned within a releasing portion of the tool body totallow

expansion of the closure seat to release the closure.
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tenporarily limting axial novenent of the closure
seat; and releasing the closure seat to nove axially
wowvdaoiineothe t ool body such that the cl osure semtT/S2007/007334

positioned within a releasing portion of the tool body

to' al |l ow expansi on of the closure seat to rel ease the

closure.16. A nethod as defined in Caim15, further

conprising: providing an annul ar seal for sealing with

t16 clAsnethodws definat dol Chaint 18, furibeucongnging:17. A

met hod as defined in Caim15, further conprising: a

gealidirad anenniulgr seabforaigating sMth tHe tlosemé vtlle/sddteli i the

central throughbore in the downhole tool. 18. A nethod
closurésedefined in Claim15, wherein the tool body includes

an actuation port for passing fluid from above the

seated closure to operate the tool and/or the another

downhol e tool. 19. A nethod as defined in daim 15,

Wier ei A thdfoef &&a abﬁnésgiﬁ CIARd wé%raae?'wngé.iagix of

radi al l'y outward extendi ng tabs for engagi ng L val | of

Eﬁ‘ eséﬁntﬂozay. tHH\ﬁH@ h Bﬂr @) . é}ngh .e?élag g I.forkzJ 8’@%&%3\?\%% letge central

osure Is’in itsTinitial posi

throuiq\%\%%gf{hé)%m%@%\%(ﬂgdovvnhoI e operation with a

e device a retainer, the downhole too
conprising: a tool body having a central throughbore
for passing a closure through the tool body; a closure

:@g: i :_é'rhj'eﬁ#cil ﬂ%%’ﬁ%ggqg %l?\ill\fn"i %?wkg?ei%otﬂle tggfjlgoc]ltyolrncludeé an
actuation port for passing fluid from above the seated closure to opérate the tool

and/or the another downhole tool.

19. A method as defined in Claim 15, wherein the closure seat includes
a plurality of radially outward extending tabs for engaging a wall of the central

throughbore in the tool body when the closure is in its initial position.

20. A downhole tool for performing a downhole operation with a
downhole device having a retainer, the downhole tool comprisihg: |
a tool body having a central throughbore for passing a closure through the
tool body;
K é closure seat initially positioned within the tool body for seating with the

closure while the central throughbore restricts expansion of the closure seat; and
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closure while the central throughbore restricts
expansi on of the closure seat; anda connector

WO poozitedoky |imting axial novenment of the cl oseeBUSHA/007334
with respect to the tool body when held in an initial
position by the retainer, and when noved out of
engagenent with the retainer, releasing the closure
seat to nove axially with respect to the tool body to
aa redreestarg imitially ilionitinge axiahanolemene cfetiie nelessre seat with
radially outward to an expanded position and rel eases

respedtt® HEasyl sodﬁ wherfhdMnhan fitidl PositiordBY ithe detan&d, ahth when
20, wherein the toool body includes an actuation port

moved &t RAE GG chhehitdwith QR akeNRet, NBIERME the lcfsdilré deit to move
operate the tool and/or the another downhole tool. 22.

axially’"WHRWEE9L & thapk 188! B84y ‘F@‘éuljré;l?%i@é gp@ggg@ﬁﬁﬁitﬁe{cﬁ@s%‘e seat

cl osure seat includes a pl y outwar

.mo.ve? ﬁér(ga%h EQM&BStofﬂg et‘ig%ﬁﬂ%% gyygi;t\%{gll éqcﬁée_l%?&§ 8 ERlsure.

ore int n osure I'siIn
its initial position. 23. A downhole tool as defined
in Caim20, wherein the tool body has a plurality of

A58 SRR NG SECHMTIA 595,20 SRRSO AT o8 ooy

a.downhal e

nctcEL 8 B0 S 60 BB B RTA RO o t

onpri sing.,,pr.pvidi a,too ody having a central
Operaf%%l{ﬁ%Bﬂg/‘ﬁotgeﬁk‘ﬂﬂﬁbdgwe Bgutioé’"thr ough the t ool
body;initially positioning a closure seat within the

tool body for seating with the closure while the
central throughbore restricts expansion of the closure
se4t ;- é\n%OWthleatq%l as detined inGlaim A evpprein the ipdosure seat
. closure seat with respect to the tool
includes a plurality of radially outward extending tabs for engaging a wall of the

central throughbore in the tool body when'the closure is in its initial positiori.

23. A downhole tool as defined in Claim 20, wherein the tool body has

a plurality’ of closure seats which sequentially operate the downhole tool and/or

another downhole tool.

24. . A method of using a downhole tool to perform an operation on a

downhole device having a retainer, the method comprising:

providing a tool body having a central throughbore for passing a closure

through the tool body;
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body when the closure seat is held in an initial
position by the retainer, and when noved out of
wengagement with the retainer, rel easing the cPOFUSE07/007334

seat to nove axially with respect to the tool body to

a rel easing position when the closure seat noves

radially outward to an expanded position and rel eases

the closure. 25. A nethod as defined in O aim 24,

\whitially postiioningh dosiyrel seatudithinahedoblibody rfopseatiig with the

passing fluid from above the seated closure to operate
closuré bhileaple aardfalthidughboesd hestridisvenparsidroof the2€losdre seat; and

nmet hod as defined in Caim24, wherein the closure

GGkl NEitE axidl Phaverhébyobthe ddsald YestulitRrEspect to the tool
extendi ng tabs for engaging a wall of the central

body WGP U BRIsBiIré RehbR h@8!inkafinitdpositm 5 85 F&airferl And when
Its initial position.

moved out of engagement with the retainer, releasing the closure seat to move

axially with respect to the tool body to a releasing position when the closure seat

moves radially outward to an expanded position and releases the closure.

25. A method as defined in Claim 24, wherein the tool body includes an

actuation port for passing fluid from above the seated closure to opérate the tool

and/or the another downhole tool.

26. A method as defined in Claim 24, wherein the closure seat includes
a plurality of radially outward exiending tabs for engaging a wall of the central

throughbore in the tool body when the closure is in its initial position.
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