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Background of the Invention

When drilling a well, a borehole is typically drilled from the earth’s surface to

a selected depth and a string of casing is suspended and then cemented in place
within the borehole. A drill bit is then passed through the initial cased borehole and

20 is used to drill a smaller diameter borehole to an even greater depth. A smaller
diameter casing is then suspended and cemented in place within the new borehole.
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This is conventionally repeated until a plurality of concentric casings are
suspended and cenented within the well to a depth which causes the well to
ext end t wowglh972ehe or nore hydrocarbon produci ng fornati @og/USRai$IeF t han
suspendi ng a concentric casing fromthe bottomof the borehole 5 to the
surface, a liner is often suspended adjacent to the |ower end of the
previously suspended casing, or froma previously suspended and cenented
liner, so as to extend the liner fromthe previously set casing or |iner
to the bottomof the new borehole. Aliner is defined as casing that is
not run to the surface. A liner hanger 1is used to suspend the liner wthin
the | ower erdi®is aaweptienaltyuspgatediuntiba plgaliy of coreentrioeasitgcare syspengded

| i ner hanger has the ability to receive a tie back tool for connecting the
liner wth arstcemgntdd witkinrthetwell toex deptiswhichneduseslthe erellitareytend throbgh
surface. A running and setting tool disposed on the |ower end of a work

string may Rge i@hﬁﬁgpmc%@heﬁﬁggmfﬁgﬁﬁ{‘b&er hanger, which is attached

to the top of t owers the |iner hanger and |iner

into the open bor le,so that the 15 |iner extengds | ow, t he r_end of
Lhe previ ously sGRBBEEHT SEDEMHEE @ ARseRGIFAS 5w e BOUGM R YRS PPISTRIe
such as a selected drilling nmud, which flows around the liner and |iner
hanger a8 t Hethe swiface alinerisnftensuspeoded adiacenhi the dewr gnd &f the previedsly he
well until the liner hanger is adjacent the | ower end of the previously

set casing @®&uspenéed casirigh ot frem avgeeviendlydusipeaded zrid darpéstal!lines) sqht lty
above the bottom of the open 20 borehole. Wien the |iner reaches the

desired | ocahkoiy fah ﬁﬁél"ﬁ?ﬁpthte'}?repﬁ%%&fcésﬁﬁ%(b?eﬁﬂer Rpft?]%ﬁor‘ﬁ% thBehew

previously set casing or l[iner, a setting nechanismis

borehole. Aliner is defined as casing that is not run to the surface. A liner hanger
is used to suspend the liner within the lower end of the previously set casing or liner.
10  Typically, the liner hanger has the ability to receive a tie back tool for connecting the
liner with a string of casing that extends from the liner hanger to the surface.
A running and setting tool disposed on the lower end of a work string may be
releasably connected to the liner hanger, which is attached to the top of the liner.
The work string lowers the liner hanger and liner into the open borehole so that the
15 liner extends below the lower end of the previously set casing or liner. The borehole
is filled with fluid, such as a selected drilling mud, which flows around the liner and
liner hanger as the liner is run into the borehole. The assembly is run into the well
until the liner hanger is adjacent the lower end of the previously set casing or liner,
with the lower end of the liner typically slightly above the bottom of the open
20 borehole.
When the liner reaches the desired location relative to the bottom of the open
borehole and the previously set casing or liner, a setting mechanism is
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WD 02/ 097234 PCT/ US02/ 15445 conventionally actuated to nove slips on the
| iner hanger froma retracted position to an expanded position and into
engagenmerwowRiodr2Bhe previously set casing or |iner. Ther@afftuso/13uen set
down weight is applied to the hanger slips, the slips are set to support
the liner. 5 The typical |iner hanger may be actuated either hydraulically
or nmechanically. The Iiner hanger may have a hydraulically operated
setting nechanismfor setting the hanger- slips or a mechanically operated
setting nechanismfor setting the slips. A hydraulically operated setting
mechani smtypically enploys a hydraulic cylinder which is actuated b
fluid presswoaventionallybnateatet! toeove slips oniiiediner banoear tames ratiactedipositi
bore of the work string. Wen nechanically setting the Iiner hanger, it is
usual Iy necaessaxpah@edpbsitiva anglinio srRagemaneivithiiod ptevisushy s¢taatinglbelineen
the setting tool and liner hanger to rel ease the hanger slips. The hanger
slips are typl - I i ]

rai sed or I?ﬁ#%géﬁ%ﬁg&]r@gygggﬁgwggﬁ$@g%%ﬁé%%¥ﬁbn 0 {ﬁgagﬁhgsﬁ%%@%qFﬁgj
slips to suefort tBe hanger and liner within the well. 15 To rel ease the
runni ng t ool SUPPSFHINRANEEL |iner hanger, the setting tool may be | owered
with respect to the liner hanger and rotated to release a running nut on
the set6ing t ool THatypicahlindrihaagehenaybe actatedeither hydeaulipalipermedvanicaily.
bore of the work string and |iner and up the annulus formed by the liner

and open borghiifer habRiep hayt Rave 8TRAraliehly op&@itsEebeiting rhefharidiel foddtting

string are renoved fromthe 20 borehole. I'n the event of a bad cenent job,

i e 2R e 5 AREKBNO A H g RN RERE B B s ©
utilizing a ,&’ %glclj(r%ruligaeﬁyt 68 ragteo Léttiﬁgcnl%géhsanfisora t)llpi)igael[yser%{oﬁ)y%fé ﬁydréglic cylinder
which is actuated by fluid pressure in the bore of the liner, which communicates with

10  the bore of the work string. When mechanically setting the liner hanger, it is usually
necessary to achieve relative downhole rotation of parts between the setting tool
and liner hanger to release the hanger slips. The hanger slips are typically one-way
acting in that the hanger and liner can be raised or lifted upwardly, but a downward
motion of the liner sets the slips to support the hanger and liner within the well.

15 To release the running tool from the set liner hanger, the setting tool may be
lowered with respect to the liner hanger and rotated to release a running nut on the
settingv tool from the liner hanger. Cement is then pumped down the bore of the
work string and liner and up the annulus formed by the liner and épen borehole.
Before the cement sets, the setting tool and work string are removed from the

20  borehole. Inthe event of a bad cement job, a liner packer and a liner packer setting
tool may need to be attached to the work string and lowered back into the borehole.

The packer is set utilizing a packer setting tool. Packers for liners are often
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WO 02/ 097234 PCT/ US02/ 15445 called "liner isolation" packers. A typical
liner isolation packer systemincludes a packer elenment nounted on a
mandr el awo 02/0s2ad ni ppl e di sposed bel ow the packer. ThepsgaiSoniyap e
stings into the tie back receptacle on top of or below the previously set
and cenented liner hanger. A liner isolation packer may be used, as 5

expl ai ned above, to seal the liner in the event of a bad cenent job. The
liner isolation packer is typically set down on top of the hanger after
the hanger is secured to the outer tubular, and the packer is set by the
setting tool to seal the annulus between the |iner and the previously set
casi ng or | iosded “rerdsaletion” packatee petypicaldingr issladion|pasker siistem yishrdasha
tenperature and 10 pressure which is encountered. Thus, it is desirable to

have |iner prker slemeshmbunted @RsHafdl idnd &esgNthiplle Aispdad bBRIw 39 as
to provide a high safety factor in preventing gas fromthe formation from

mgrating u a{ctik%r.a"?'ﬂiéﬁéa ﬁ%@h@;ﬁﬁh&&@ﬁ Hbefie bap re?chétpﬁclg%ﬂ f&?ﬁog%f%ﬁkg/éttﬁg

cenmenti ng operation, I ng mu € annu tween

the liner and outer c?si n% i S ?éﬁ)l aced b g?rren,t the cenent is pa ed
down the fl RIPHEHEVSE! BRE CRIYERTY el hanger i INPHISORIPD PAGECHIAY RRYSEHeRS t he
cenent flows around the |ower end of the liner and up the annulus. If

there i sSa sxgphained abover detgaat thedineoirf thervevent: dfea Hdadutersent job. f Thevliokr t he
cenent slows and a good cenenting job is not achieved. Any slow ng of the

cenenting i nsdifBopaickess isatyp@atly 24btt dd®n fe tddef 836 haRgbh @ftePti@tHapiget Gs
mgrate up the annulus and through the cenent to prevent a good cenenting

job. Runni ng Iaply BriRASGeMRANALY, My the packer is set by the setting tool to seal the

annulus between the liner and the previously set casing or liner.
Generally, the deeper a well is drilled, the higher the temperature and
10 pressure which is encountered. Thus, itis desirable to have liner packers which will
ensure quality cem‘enting of the liner so as to provide a high safety factor in
preventing gas from the formation from migrating up the annulus between the liner
and outer casing.
During the cementing operation, fluid such as drilling mud in the annulus
15  between the liner and outer casing is displaced by cement as the cement is pumped
down the flow bore of the work string. First, the drilling mud and then the cement
flows around the lower end of the liner and up the annulus. If there is a significant
restriction to flow in the annulus, the flow of the cement slows and a good
cementing job is not achieved. Any slowing of the cementing in the annulus allows
20 time for the gas in the formation to migrate up the annulus and through the cement
- to prevent a good cementing job.

Running Tool Release Mechanism




WO 02/ 097234 PCT/ US02/ 15445 As a practical matter, the liner hanging
running tool nust include a release nechanismso that, once the liner is
reliably wetozngr2she | ower end of the casing, the runni ngPCoaiSova4bhe

rel eased fromthe |iner hanger and retrieved to the surface. Conventi onal
| i ner hanger running tool releasing nmechanisns include hydraulically 5
actuat ed nechani sns, and rel ease nechani sns that are mani pul ated by

| eft-hand rotation of the running string. The left-hand rotation of the
running string is, however, generally considered undesirable since it may
result in an unintended disconnection of one of the joints of the running
string, thereby dsugipngcticabamattarothe lier haagingmuinningstool myshinglualef & sélease
operation to retrieve the running tool, which may 10 have been damaged by

t he uni nt endrecKErfisAYREREL, BhceHBE IMéf is%ﬁatﬁl?%é@ﬁﬁthe |GWEF S bﬁmbldesmgertﬁé ed
runni ng tool rel ease rrechanlsms may fail to operate, or may prematurely

[ rot case FRHRREEel o2 £l ATka<k el HEP Hangr SRRy 8“3%"%%

tool fromthe set |iner only when intended, particul arI 15
retrieving iRt lpyauwmnagﬁ@wmw&# leeting n&ﬁ@@nmmwfiemdfwca"y

running tool fromthe liner is highly unlikely. Packoff Bushing A |liner
hanger péckaictudiad mechausmerdndredddse meahanibeiskenaretmanhipokste iy efi-hameh d
the running tool, and thus between the liner and the running string or work

20 string, %!a‘%n%ﬂ’tf@%@ﬁiﬁb'é‘tnﬁ@y PRe d&ft!Handl Ratidh raqhef:funhw@hsmgl %,
particularly required during cenenting operations so that fluid punped

through the hé&&éyerpbgﬁ?l;ﬁ@gg 'pﬁgj%?%rﬁ UnbBS- AL RSt r%gy &1 1P U888

up into the

disconnection of one of the joints of the running string, thereby causing separation
of the running string and a fishing operation to retrieve the running tool, which may
10 have been damaged by the unintended disconnection. For various reasons,
hydraulically operated running tool release mechanisms may fail to operate, or may
prematurely release the running tool from the liner hanger.
Accordingly, improvements in release mechanisms are desired which will
reliably release the running tool from the set liner only when intended, particularly
15 when retrieving is easily accomplished and premature disengagement of the
running tool from the liner is highly unlikely.

Packoff Bushing

Aliner hanger packoff bushing conventionally seals between the liner hanger

and the running tool, and thus between the liner and the running string or work

20  string, which conventionally may be drill pipe. A packoff bushing is particularly
required during cementing operations so that fluid pumped through the drill pipe
continues to the bottom of the well and then back up into the annulus between the
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WO 02/ 097234 PCT/ US02/ 15445 well bore and the liner to cenent the liner in
pl ace. During cenenting operations, the seal body of the packoff bushing
is fittedwomodmdannul us between the |iner hanger and thecCrarso2/ng43 ool ,
and includes OD seals for sealingly engaging the Iiner hanger and ID seals
for sealingly engaging the running tool. Packoff bushings are 5 preferably
retrievable with the running tool to prevent having to drill out the
bushings after the cenenting operation is conplete. Also, a packoff
bushing is preferably |ockable to the liner hanger by locking within a
profile to prevent the bushing from noving axially with respect to the

| i ner hangerwell borerandbiheriiter @ gemany the lingst inipdageabDering eementipg sieratiass, t he
| i ner hanger, the bushing nay get "punped out"” through the top 10 of the

receptacl e, thbegsﬁmbobgzﬂfnmea?@@@ﬂbhmngqb-fittédcmnmné:hmmaé BetivebavBabl iReand
| ockabl e packoff bushing includes netal dogs or |lugs which are | ocked into

engagenent w i 230 d ; i

novi ng axi ama;%ghrgﬁﬂgﬁ?ﬁ@r@z@rgﬁ’l%@ .ﬁ%@}ﬁgg iboél.ggﬂlﬁz&gac “E‘Pwﬁ?%‘%ms“ er
retrievable with th unning tool, .and thus elimnates the pe to drill
bt 15, the HIAHHGRAAD SRR HoRIIDID Ba9BO NG Se BTG e FeckaE URRINGS 2o
the manufacturer, retrievabl e packoff bushings are also referred to as
retri evabl e wetgrablyreidewbe avithrtbe rimniag keol teprenenihptiog to dgboutteghnshings of
the term nology, the retrievable and | ockabl e packoff bushing seals the

annul us bet it th@ @efréMtingbpdibtibm s 8oplcts. b, phbikoff bOShingd8 (hramyatie
| ocked in a profile of the |'iner hanger by 20 the slick joint to prevent

L1, U006 e N b OLobig R gEBNEREproHRRES BL4fp o

tool, and the seal body . of the packoff bushin i al i nterconnect t -6
moving axna?lyzvlt% respecth)o ’fhe liner hanger. (‘?f tﬁélpacl(gff IbUShII"Ich)S not Iockar!)?e

to the profile of the liner hanger, the bushing may get “pumped out” through the top
10  of the receptacle, thereby losing a cementing job.

A conventional retrievable and lockable packoff bushing includes metal dogs
or lugs which are locked into engagement with the liner hanger to prevent the
packoff bushing from moving axially during the cementing operation. The packoff
bushing is retrievable with the running tool, and thus eliminates the need to drill out

15 the bushing after cementing operations are complete. Depending on the
manufacturer, retrievable packoff bushings are also referred to as retrievable seal
mandrels or retrievable cementing bushings. Regardless of the terminology, the
retrievable and lockable packoff bushing seals the annulus between the running
string and the top of the liner, and may be locked in a profile of the liner hanger by

20  the slick joint to prevent the bushing from being pumped out of the liner hanger.

Cooperating surfaces on the liner running adapter, the slick joint on the
running tool, and the seal body of the packoff bushing axially interconnect the
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WO 02/ 097234 PCT/ US02/ 15445 bushing to the Iiner hanger while running the
| iner hanger into the well. These cooperating surfaces may be unl ocked to
rel ease twe oeiymsfng tool fromthe liner hanger and al | owPaXIEsh2/15445

mani pul ati on of the running tool and slick joint relative to the packoff
bushing. The slick joint thus seals wth the packoff bushing during axial 5
novenment of the running tool. Once the cooperating surfaces are unl ocked
from each other, shoulders on the packoff bushing and the running tool
engage after a predeterm ned anmount of axial novenent between the running
tool and the seal body, so that the packoff bushing may be retrieved to
the surfacebushing fethe hm#rnl@,angefowh@ﬁ fning dhe dinehhangerolode ae avall. i Shese
conpl ete. A conventional packoff bushing is 10 disclosed in U S. Patent

4,281, 711. pospgratfigcaunfaddsninagtbed onloeked ito relebbe fiee kaiding usdii fngs therliger ns
their desired retrievability with the running tool, when coupled with the

desire to p'h%hg!épaha%lloﬁv‘é{k“él%ﬁnﬂﬁl’atﬁﬁbﬁﬁe"ﬁnh&g tpﬁl é?ﬂ:céﬁ@{;o:m‘r.%hitﬂ% 1B3h8"

the cenenti peration operator w y wan up the
runni ng tool

tools are diP ?Ekﬂﬁé’é{s leas Bel Y?‘@E‘the‘b e W ,{getwﬁoﬁ&sq%bwq Qﬁﬁ@é 1SR

determ nes the nmaxi me I engt_h t hat the runni ng tool should be picked up
af t er ref easrovgrnant dktheirnaningdagkr Onve éne coeperating stirfacssiang unocsad fredn out
of the |liner hanger, the dogs or lugs conventionally carried by the

packof f busleasl dihér, shbuRigesohdhapeeksfBushing dnavaeduniifgrieblemiayeafiéng
the retrievable packoff bushi ng 20 from bei ng stabbed back into and | ocked

I g e e R S
thereby re- %%Ejgb IscIJ %hat%g Spsalcjzl;off bﬂgﬁl rg'|‘rt1gy Bgtrgﬁ%%é tclg trle; snl?rrfachea\?vﬂh the runnlng
tool after the cementing operations is complete. A conventional packoff bushing is
10 disclosed in U.S. Patent 4,281,711.

A significant limitation on prior art packoff bushings concerns their desired
retrievability with the running tool, when coupled with the desire to pick up the
running tool relative to the packoff bushing before the cementing operation. An
operator will typically want to pick up the running tool after release from the liner

15  hanger to ensure that these tools are disconnected. The length of the running tool
slick joint determines the maximum length that the running tool should be picked up
after release from the liner hanger. When the packoff bushing is pulled out of the
liner hanger, the dogs or lugs conventionally carried by the packoff bushing are
allowed to move radially inward, thereby preventing the retrievable packoff bushing

20 from being stabbed back into and locked into the liner hanger. Conventional liner
hanger running tools do not allow the packoff bushing to be “re-stabbed” into the

liner hanger and thereby re-establish pressure integrity between the liner hanger

-7-



and the running tool. In many applications, it is difficult for the
operator to determ ne the exact anmount the running tool has been picked
up, partiwoloandm3mhen operating in deep or highly devi at @edTwesht/s3443 f t he
operator picks up the running tool an axial distance not permtted by the
| ength of a slick joint, the packoff bushing will be 5 pulled up with the
running tool and wll disengage fromthe |Iiner hanger, which may cause a
cenmenting failure costing the operator mllions of dollars in lost tine and
noney. The consequences of unintentionally unseating the packoff bushing
from the liner hanger and not being able to re-stab and lock into the

| i ner hanger@ngdiie runnisgieols Bv@eay applicaiions) it isdiffishis for lieapeiater to letermiee
hanger running tool has a polished OD surface which seals against the ID

seal s on t hehsexbcbasypunt thehranpingkodf haniséempickedup, particldayipiwien@peratihgce
can becone scratched or danmaged during handling, thereby causing a

cenenting | rd J { I i RS
dosi gned 1 o e el e Tagh BELRIEE NS, PORERchBtor Pk B8 b 081 pERrd 5
bushi ng, the,inner seals o e .seal body. may wear, Qut dufi t he cepenting
b ocess due FHRPRE TEEGsmaied PG Teneld o Aank R6, e prckof ushnorAIcEe
problemis exacerbated when the quality of the polished surface on the
slick jobnt pdied wewith the awnsing tagl amd wilE/diagn@agQ:Eopﬁhﬁﬂl@e@h@gﬁfpwhmmnay 0
manuf acture and maintain. Another problemwth prior art packoff bushing

concer ns t heausaid edmkndfg faifure apating Ynedbpéfor mdloriet dblRek in lust tiankaihd
bushing to the Iiner hanger. Conventional packoff bushings utilize

T Bty SRS THE AR A RAfHe AR uRling it PGP ELETRE e
the liner hanger and not being able to re-stab and lock into the liner hanger may
thus be severe.

10 The slick joint used with the liner hanger running tool has a polished OD
surface which seals against the ID seals on the seal body of the packoff bushing.

The slick joint OD surface can become scratched or damaged during handling,
thereby causing a cementing leak during the cementing operation. Since the
running tool is designed to move axially substantial distances relative to the packoff

15  bushing, the inner seals on the seal body may wear out during the cementing
process due to the reciprocation of the running tool slick joint. This problem is
exacerbated when the quality of the polished surface on the slick joint has
deteriorated. Axially long slick joints are expensive to manufacture and maintain.
Another problem with prior art packoff bushing concerns the limited load

20  capacity of the lugs that lock the packoff bushing to the liner hanger. Conventional
packoff bushings utilize multiple lugs protruding from the packoff seal body, which
increases the complexity and the cost of the packoff bushing. The limited size of

-8-



these lugs nevertheless restricts or limts the cenenting pressure capacity
of the packoff bushing. Packer Setting Assenbly A conventional I|iner
hanger ruwoiR@I2enl includes a packer setting assenbly, PCEUSol1zls ows t he
activation and packoff of the linertop packer. Conventional packer setting
assenblies incorporate nultiple spring-loaded dogs or |lugs which may be
conpressed to a reduced dianeter position by insertion into the packer
setting sleeve when running the liner hanger in the well and when
cementing the liner wthin the casing. Wen the packer setting assenbly is
rai sed out of the packer 10 setting sleeve, the dogs or |ugs expand to a

di anet er gr daess lugsaieveaidelgssatestrimds onfigits thaeptenting ressiiegcanasty of thehi ch
is also the tie back receptacle of the liner hanger. Wen the dogs engage
the top of tdaeksfbushihgs! eeve, a setting force may be transferred fromthe
running string through the dogs and to the packer setting sleeve as

running stri KWPEERind AsSd@pked of f to set the packer element. 15 Some
prior art p%‘m‘iﬂ%—mﬁl ies include an axial bearing to facilitate
rotation of the rk string, while setting the packer elenent..CQher ker
Cetting assentl ieconiong MihrinendBbiinhy GRURERERE aP-cKar sty S5eeBREu S ce
a visual confirmation that the proper setting |oad was applied to the

packer, &andMhichallowsitherdtivgtion andpackefaef thelibastoptpackeat Kepnveationalgpacker
assenbly to be pulled out of the 20 packer setting sleeve one tinme wthout

exposi ng t heesiftld askbrAbigss inkbigoraid traltiptedopringildaelasl daysstialalgs mhicthmayasker
setting assenbly into the packer setting sleeve one tinme, thereby arm ng

the setting dagsesOed 6% AldldeR?GbnicteBBaHIch HYGng8HBRAGNd ¥R pdcker setting

sleeve when running the liner hanger in the well and when cementing the liner
within the casing. When the packer setting assembly is raised out of the packer

10  setting sleeve, the dogs or lugs expand to a diameter greater than the ID at the
upper end of the setting sleeve, which is also the tie back receptacle of the liner
hanger. When the dogs engage the top of the setting sleeve, a setting force may
be transferred from the running string through the dogs and to the packer setting
sleeve as running string weight is slacked off to set the packer element.

15 | Some prior art packer setting assemblies include an axial bearing to facilitate
rotation of the work string while setting the packer element. Other packer setting
assemblies include both a bearing and a shear indicator to provide a visual
confirmation that the proper setting load was applied to the packer, and/or an
unlocking feature that allows the packer setting assembly to be pulled out of the

20  packer setting sleeve one time without exposing the setting dogs. This latter tool
allows re-stabbing the packer setting assembly into the packer setting sleeve one
time, thereby arming the setting dogs so they are ready to expand the second time

-9-



WO 02/ 097234 PCT/ US02/ 15445 the dogs are pulled out of the setting sleeve.
A primary problem concerning prior art packer setting assenblies is poor
reliabiliwg.02lsr2some wel | environnents, the packer setti n®@Cuarpe2/of445
conventional packer setting assenblies collapse and re-enter the setting
sl eeve without setting 5 the packer elenent. Mnufacturers have provided
nore dogs or lugs to alleviate this problem and/or have provided heavier
springs to bias the dogs radially outward. These changes have had little
if any affect on achieving higher reliability. The di sadvantages of the
prior art are overcone by the present invention, and an inproved |iner
hanger runnithg dogslare puled euhaf thersalling Blesya. whi ch i ncl udes 10

i nprovenents to a running tool release nmechanism a retrievabl e packoff
bushi ng, and a paglpem=AiprollennsstBrhing prioregdigaicker séttiagi agsemitids iaploer
setting assenbly may be used in operations not involving a |iner hanger

runni g t 00l SRR 1y St Roll BYGASAMBNA. RhE TEICkEN sERRBUIGRIbY Bbndelidief

hanger running e presen Ivention in nprovenents to
one or nore of the runnin ol release ,nechanism the retrieyable ckof f
bushi ng and RARkepSeliEn 2saprbies sl gnd Thent dhnerynostpevRy Heutadfing or
positioning a liner within a casing in a well bore and subsequently

cement i n§ t Hbelpacker elamsnic dlanuiaciurensrhavg prgvided maremdegs potigstio allewiate
surface with the packoff bushing and the packer setting assenbly. The

packer 20 sehisi @Jbﬁ’é@?@hkﬁ){brnﬁé(vé)?)r@ﬁ@ddiﬁbé_\ﬁ&e%ﬂiﬁq@T@Mﬁa@&ﬁ&%o%&édi@ﬂy
appl i cations. nni ng Tool Rel ease Mechani sm The |iner hanger running tool

rel ease mechapi,sm PYRESS AnGds RIS iRtie iRy affect on achieving higher reliability.

The disadvantages of the prior art are overcome by the present invention,
and an improved liner hanger running tool is hereinafter disclosed which includes
10  improvements to a running tool release mechanism, a retrievable packoff bushing,
and a packer setting assembly. In addition, the improved packer setting assembly
may be used in operations not involving a liner hanger running tool.

Summary of the Invention

A preferred embodiment of a liner hanger running tool of the present
15 invention includes improvements to one or more of the running tool release
mechanism, the retrievable packoff bushing and the packer setting assembly. The
running tool may be used for positioning a liner within a casing in a wellbore and
subsequently cementing the liner in place, then retrieving the running tool to the
surface with the packoff bushing and the packer setting assembly. The packer

20  setting assembly may be used in other downhole packer setting applications.

Running Tool Release Mechanism

The liner hanger running tool release mechanism preferably includes a
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hydraulically actuated nechanismfor releasing the running tool fromthe
set liner hanger in response to fluid pressure within the running tool,
and al so wormeodasi cal right-hand rel ease mechani sm whi chpcCirfusnecassary,
allows the running tool to be mechanically released fromthe |Iiner hanger
by right-hand rotation of the work 5 string. The conbination of the
hydraul i ¢ rel ease nechani smand the right-hand release nechani sm
significantly inproves reliability of the running tool. It is an object of
the present invention to provide an inproved running tool release

mechani smfor releasing a running tool froma set |liner hange The runni ng
tool may be hydraudichlly actuatec nechedisbiar ralaa@mm’ghebwnnmget@gégowhﬂ&ﬁ’qﬂmﬁand
rotation 10 of the running string. A first piston is used for hydraulic

rel ease. A %@ﬁgemrn@éb@ﬁsetcsﬂuna@@'eés@réimﬁngmeuanmbttbmhana@wo@meuabnmng a
nut to nove downward along the 'right-hand threads on the running tool

moved e al T9VDRAIPIER TRET AR Shich RodbPRangalons e it il e 70

di sengage the runni ngl tool fromthe |iner hanger. iS Yet a i her {eature of
the inventi éreghani¢ally, reieasad fE theutingr h‘é‘%g‘?fe@h Tigh Q@H@JS iopofyhepiyork

ri ght-hand rel ease of the running tool, fluid pressure may be wused to

r eengagest hetriigit Thetaomabination aif dihé dgdiulic reldasaenechanism and theerightigand
operation. Yet another feature of the invention is that fluid within the

runni ng t00'revéfalsé*?ne@r@amérwbﬁ@ﬂuhéar{tiyuh@rw@ssl@uésmtwoﬁth@ rRh&ihgRodlor hydraulic
rel ease of the running tool bé isolated by a sleeve, such that the

?leleg\égesmfet ?uﬁ(l’)li ’évaeirgggfojec?xﬁ&seepl%sgﬁtr thvalfbn & br%‘%&y gh Mbksvel! hHingool

release mechanism for releasing a running tool from a set liner hanger. The running
tool may be hydrautically released, but also may be released by right-hand rotation

10  of the running string. A first piston is used for hydraulic release. A second piston
is used to disengage a clutch, thereby allowing a nut to move downward along the
right-hand threads on the running tool mandrel due to right-hand rotation of the
running string. Once the nut has moved axially downward on the mandrel, the work
string may be picked up to disengage the running tool from the liner hanger.

15 Yet another feature of the invention is that, after the clutch has been
disengaged to allow right-hand release of the running tool, fluid pressure may be
used to reengage the clutch to allow rotation of the liner during a cementing
operation.

Yet another feature of the invention is that fluid within the running tool which

20 transmits fluid pressure to the piston for hydraulic release of the running tool may
be isolated by a sleeve, such that the sleeve shifts downward to expose a port and
allow hydraulic fluid to release the running tool.
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WO 02/ 097234 PCT/ US02/ 15445 A significant feature of the running tool

rel ease nmechanismis that the rel ease nechanism my be actuated both

hydr aul i cablog/ogmeed by ri ght-hand rotation of the running ®CTIUSg2/0H44W0r K
string. Arelated feature of the running tool release nechanismis that
reliability of 5 the release operation is significantly inproved with
little if any cost increases. Packoff Bushing During the cenenting
operation, the packoff bushing serves its function of providing a seal
between the |iner hanger and the running string. The packoff bushing may
be axially fixed to the Iiner hanger during the cenenting operatjon by 10 a
C-shaped | ock ri dysiguiirant featuse pftheguraingiteolselgase meshanisie isthadherelrged by
a fluid pressure responsive piston. The packoff bushing is designed such
that it may rhechardsmanay &é actuatedhieothi meirahlarady andhiey righthpad kotfatiob wd tiheng
is raised with the running string relative to the set |iner hanger.
Accordingly, ik joint may be avoided. The |iner hanger
packof f busﬁyhgmﬁgﬁﬁé%gim%ﬁﬁﬁgk%ged fromthe liner 15 hanger when the
operat or picks up,the running tool to.check for release.of .the. runnin

tool fromthe Ii rﬁfé]ﬂ?ﬁiég?‘{"g%@f&%‘? i"f"y“f‘%g?&trﬁ’gaﬁ? MeFC @'Wdﬁg}qtie@%'my%ft he
casing. When the running tool is slacked back off into the |iner hanger
before punpghadeleereoperation issigrificanilysmnigvedyith dittleeil any99stingrRASESs eal ed
to the liner hanger. When pressure is subsequently applied to the running
string duri rRackoBuegHimnt i ng operation, the packoff bushing will be | ocked
to the liner hanger by the fluid pressure to prevent novenent out of the

[iner hanger . F1 yhdiipf BRUS RehliMg opkRaRh, e pRAGPhESIHg elved RS iR of he

| i ner hanger, e absence pressure

providing a seal between the liner hanger and the running string. The packoff
bushing may be axially fixed to the liner hanger during the cementing operation by
10  a C-shaped lock ring, which is held locked in a groove in the liner hanger by a fluid
pressure responsive piston. The packoff bushing is designed such that it may be
reinserted into the liner hanger when the packoff bushing is raised with the running
string relative to the set liner hanger. Accordingly, the cost of the slick joint may be
avoided. The liner hanger packoff bushing may thus be removed from the liner
15  hanger when the operator picks up the running tool to check for release of the
running tool from the liner hanger and verify that the liner is properly set in the
casing. When the running tool is slacked back off into the liner hanger before
pumping cement, the packoff bushing can be re-stabbed and resealed to the liner
hanger. When pressure is subsequently applied to the running string during a
20  cementing operation, the packoff bushing will be locked to the liner hanger by the
fluid pressure to prevent movement out of the liner hanger. Fluid pressure thus
keeps the packoff bushing locked to the liner hanger, while the absence of pressure
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in the running string allows the packoff bushing to be picked up out of the
| iner hanger and subsequently reinserted into the |iner hanger. The |iner
hanger ruwoiorg972800l thus includes a packoff bushing whi cirRCFEISODE445
repeatedly "re-stabbed"” back into the liner hanger, as desired by the
operator, to re-establish pressure integrity 5 between the running tool
and the |liner hanger. By providing a re-stabbabl e packoff bushing, the
operator has nmuch nore flexibility when picking up to check for rel ease of
the running tool. By providing a packoff bushing which may be repeatedly
reinserted into the liner hanger so that a seal nay be repeatedly

est abl i shed ib¢hewsenninpestriog milays she ipagkafidbushing tnbe pielrgerp oLl afibe liner
operat or avoi ds nmuch of the risk of a bad cenmenting job, and the

si gni fi cant Hapger apd stbs&y@rdlyveinegriba iothehterddpger.cCENEIéntangebrunitieg
re- st abbabl e packoff bushing may be used on a running tool with or w thout

e g RS Bludeda p el e RER nl Y RBRAR AP LI BackfOC

The packoff "bushing 1's preterably igned w't ring to 15

i ncrease the cenmenting pressyure capability of the packof.f bushing.. ared
to prior arﬂf'eg'ﬁ'@kd"fﬁ“”gﬁ'jsﬁ? }regjﬁgy 3?‘1%-0&3&4‘8”%0?&9? I'Saf\’/(ﬂr%%sqr%én%m}ﬁf
multiple lugs and springs which add | ength and conplexity to the packoff

bushi ng §i t thetwees itiga rdniagtdgl anddhedimenhanger.cenenti ng pressure capability
of the packoff bushing when |ocked to the liner hanger. 20 It is an object

packof £ bushi ng. v o a0 e s ana oy o Apped Mo ortnet op” of Tha e
liner. -13 flexibility when picking up to check for release of the running tool. By providing a
packoff bushing which may be repeatedly reinserted into the liner hanger so that a
seal may be repeatedly established between the running string and the liner hanger,
10  the operator avoids much of the risk of a bad cementing job, and the significant loss
of time and money to correct a bad cementing job. The re-stabbable packoff
bushing may be used on a running tool with or without a liner hanger packer for
sealing between the casing and the liner hanger.
The packoff bushing is preferably designed with a C-shaped lock ring to
15 increase the cementing pressure capability of the packoff bushing. Compared to
prior art packoff bushings, the one-piece lock ring avoids the use of multiple lugs
and springs which add length and complexity to the packoff bushing without
significantly increasing the cementing pressure capability of the packoff bushing
when locked to the liner hanger.
20 It is an object of the present invention to provide a liner hanger running tool
with the packoff bushing which may be repeatedly restabbed into the top of the
liner.
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WO 02/ 097234 PCT/ US02/ 15445 A feature of this invention is that the packoff
bushi ng i ncorporates a G shaped one-piece |lock ring, which effectively

| ocks t hewpaekwofzB4 bushing to the |iner hanger in respons@Crawsbl/uides
pressure, which acts on a piston to retain the lock ring in the |ocked
position. The absence of fluid pressure allows the lock ring to be 5

col | apsed, thereby permtting the restabbing of the packoff bushing into
the top of the liner hanger. The C-shaped lock ring may include radially
external or internal slots for facilitating expansion and contraction of
the lock ring. The packoff bushing includes a radially outer shoul derfor
engagi ng a radi al fgatuignet tty'hdnwgtonolﬁ thakthe peckefimyshinghinsorprratasca ¢i ng
is aligned with the groove in 10 the |iner hanger, so that set down wei ght

may be appl 'saépé@ohbgaiééewckhm@gWhichTéreeqmae?qbékéaw@meﬁ mshingctouble siner
radi ally inner shoul der, so that the packoff bushing is retrieved with the

| h : i i ' ' RS idgPo!
tool to thepsy é@&g}es g?fr?ﬁ%ﬁﬂé@gber%g?l}rgewﬂféﬁgﬂté oRYs fsg’t%etotllé? lnrth‘é'[eq%%{eﬁ Oto

may include a pa y for activatin packer

seal between the casin nd t liner hanger, 15 It is a feature .of .the
vent s ont Muine KERBATIEN. odheripenAe I db ch PRes e Alghs RRERGTR SR ng
whi ch may be reinserted or "restabbed" into the |iner hanger nunerous

times. ASrelkallagsedethareby plermitting thee rastabbing of Hee patkoftbgshiog infodhe tap pbi nt
may be avoided. It is a further feature of the present invention to provide

an i npr oved thd Mesr hatydhanaey Crehapeddotioghg Reskiabiudeuskiiay eshenel or htarnel

pressure keeps the packoff bushing |ocked to the |liner hanger, while the

shence, oL HULIRETEES e il HOERAE R npaly o be picked up
The packoff bushing includes a radially outer shoulder for engaging a radially
inner shoulder on the liner hanger when the lock ring is aligned with the groove in
10 the liner hanger, so that set down weight may be applied to the liner hanger. The
packoff bushing also includes a radially inner shoulder, so that the packoff bushing
is retrieved with the tool to the surface. In addition to the packoff bushing, the
running tool may include a packer setting assembly for activating the packer

element to seal between the casing and the liner hanger.
15 itis a feature of the invention that the running tool may include a retrievable
_packoff bushing which may be reinserted or “restabbed” into the liner hanger
numerous times. A related feature of the invention is that the cost of a slick joint

may be avoided.

It is a further feature of the present invention to provide an improved liner
20  hanger running tool packoff bushing wherein fluid pressure keeps the packoff
bushing locked to the liner hanger, while the absence of fluid pressure may allow
the packoff bushing to be picked up out of the liner and subsequently reinserted into
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WO 02/ 097234 PCT/ US02/ 15445 the liner. A related feature of the running
tool with the inproved packoff bushing is the reduced risk of a bad
cenment i ngwpab/09Racker Setting Assenbly The packer setti ngPasasntissimy be
used with the Iiner hanger running tool 5 to set the liner top packer
after the liner hanger has been set, and after the running tool has been
rel eased fromthe |iner hanger. The packer setting assenbly nay be
positioned on the running tool at a desired | ocation, which nay be axially
between the |iner hanger releasing assenbly and the slip setting assenbl y
at the lower end of the running string or work strj Vg n ﬁ runnin
tool is assdiliaer A relatediigatiie Chthe rumming ook wit die 'i“'l*Rj'O% &R k?/ pushipgd
contained within the tie back receptacle or setting sleeve of the |iner
hanger asserthé yedUdesl psicéea badtcenmantinggidbi s preferably transferred to the
packer setting sleeve through a one piece C shaped setting ring. The C

ring design @Q}g@tmgsg@hgg to be set down on the setting sleeve than
with the plaraltty o 0gs useéd in the prlor 15 art. A lock out feature
keeps the settln rln ht-tr nsf

sl eeve so that th %J(f‘ﬁeﬁémﬁ'ingg”\%em ’W&t y&r W{he\’"ﬁ‘fg h%gg tnt"* glé)rld
toward the packer settl ng housing before the packer is set. Seals on bot h
the 1D &nd teset e listertorpacksataites éie lingy %‘@@ﬁbﬁ? bges sehiamdiaites éhe uinge

packer. Once the initial |oad has been set down on the |iner hanger, the

| D seal whi ¢bolses isedroreldiseddrartine gertremigenatiok packersettinteasdensiegimayhbe h
seals to the setting sl eeve, act as a piston responsive to pressure

o . IR PRl ool B A BLLA KR 0ken ) SRl Bredh v
the liner hanger releasing assembly and the slip setting assembly at the lower end
of the running string or work string. When the running tool is assembled at the

10  surface, the packer setting assembly is thus contained within the tie back receptacle
or setting sleeve of the liner hanger assembly.

The packer setting load is preferably transferred to the packer setting sleeve
through a one piece C-shaped setting ring. The C ring design enables more weight
to be set down on the setting sleeve than with the plurality of dogs used in the prior

15 art. Alock outfeature keeps the setting ring in weight-transfer engagement with the
setting sleeve so that the setting ring will not prematurely snap radially inward
toward the packer setting housing before the packer is set. Seals on both the ID
and the OD of the packer setting assembly also aid in setting the packer. Once the
initial load has been set down on the liner hanger, the ID seal which seals to the

20  running tool mandrel, and the OD seal which seals to the setting sleeve, act as a
piston responsive to pressure applied to the annulus to assist in setting the packer
element. This fluid pressure assist along with the set down weight achieves the
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WO 02/ 097234 PCT/ US02/ 15445 proper setting force to the liner top packer

el enent. By

using annul us pressure to aid in setting the packer el enent,

si gni fi cawD oadeli2B4 ve hydraulic force conplenents the set Pdovusomeisght to
reliably set the liner hanger packer element. A preferred packer setting
assenbly includes an unlocking feature that allows 5 the assenbly to be
pul | ed out of the packer setting sleeve one tine without releasing a

setting ring. Upon re-stabbing the assenbly into the setting sleeve, the
packer setting ring beconmes activated and is ready to expand the second

tinme the

packer setting assenbly is pulled out of the setting sleeve. An

adj ust abl e sPreRer sefidpdatasrtorthg liper foppacked etenento\BwesingrapdLlis pressuralto
confirmation, when the 10 running tool is retrieved to the surface, that

adequat e setaidigséiting ¢he\psclappidraant, 8 sighifiant a¢ditiv e Bydatkeforcdcd@pldniénts

assenbly in

t he packer setting tool allows rotation and slack oft of the

I on betwe

a

running stripg é@tb@%ﬁ\ﬁg@m‘% P&iaﬂ]ﬁssﬁﬂﬁgﬁ{}eﬁﬁé% : SUBF URrlnt SELLIng ring.

Rot ati on al so breaks t

t he casing,
setting 15

estatic fric e running string and

t here redugi ng, buckling and insuring maxi numtransfer of
f or ¢ AP TEES PRH S BT AE LR AnSmieeRoY] teatura hatagows

present invention to lgerVi de a packer setting assenbly which uses an
|

expandablse dh& assemp

el enent. The packer setting assenbly also includes OD. seals and |.D.

seal s, so thaledsing d spftR@aiHE UPIn REstabBd tReiadSERBHEINt ISRt Wb RS, GRe

applied to the 20 packer elenent. It is a feature of the packer setting

assenbly ac
in a collap

10

15

20

gﬂ P Qeﬁﬁgﬁna@%&ﬁﬁgi ﬁﬁféié‘@%ha T FMy thMkpsnti'thY s B Pmb Q& ed

ed posi

packer setting assembly is pulled out of the setting sleeve. An adjustable shear
indicator may be included to provide immediate visual confirmation, when the
running tool is retrieved to the surface, that adequate setting force was applied to
the liner top packer. A bearing assembly in the packer setting tool allows rotation
and slack off of the running string without damaging the packer setting sleeve or
setting ring. Rotation also breaks the static friction between the running string and
the casing, thereby reducing buckling and insuring maximum transfer of setting
force to the liner packer element.

It is an object of the present invention to provide a packer setting assembly
which uses an expandable and collapsible one-piece C-ring to set weight down to
a packer element. The packer setting assembly also includes O.D. seals and I.D.
seals, so that fluid pressure may be used to increase the setting force applied to the
packer element.

It is a feature of the packer setting assembly according to the present
invention that the C-ring may be locked in a collapsed position by a locking
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WO 02/ 097234 PCT/ US02/ 15445 nmechanismto prevent the CGring fromnoving to
its expanded position. This allows the packer setting assenbly to be

pul | ed ouwoOmbk/ioohesti e back receptacle one tinme wthout recCeasong4she
Cring, and allows the | ockout nechanismto engage the top of the tie back
receptacle for weight set down. The next tinme the packer assenbly 5 is
pul l ed out of the tie back receptacle, the Cring is allowed to expand
radially outward for engagenment with the top of the tie back receptacle.
It is a further feature of the present invention that the packer setting

assenbly h L pl L olh [ settinga nb .be d,as
part of a1 et eGPt e CBRT ol BRuhe R SR el PRt S u8e
may al so be used for 10 other applications wherein an operator desires to
radi al |y setthg Raskeh&PEINgR888MDIY e hespylledeaiitinfdnetiot brCk rapsRtachs onedime he
packer setting assenbly transfers the packer setting load to the packer

setting sl eevithdutreleabing the Xaipgdandaliows thie gkodt mekhawidnt tadngae thettbat
seals on both the 1.D. and O D. of the packer setting assenbly may assi st

in setting tdgn@as"RIck r%stéle%%B@§E%aMﬁ._ ‘?ﬁeh@%tﬁﬁ%kﬁﬁ%lp%%f(élj ombl

assenbly is that the setting ring easily and relia ocked out to

prevent premature actuatjon. Yet another feature of the ker setti
Pecenbl y5i o B e thedie, BEt AOCRIRDe iy e I eSS e EpRBY sedihy:
may be pulled out of the packer setting sleeve one tinme wthout releasing
the setting Qutwgrd fay engagementadgid be topofithetie enkreeentacleach of the
running tool release nechanism the retrievable packoff bushing, and the

T, 20 LU s g o s
has multiple uses. The packer setting assembly may be used as part of a liner
hanger running tool, although the packer setting assembly may also be used for

10 other applications wherein an operator desires to radially set a downhole packer.

It is a feature of the invention that the packer setting assembly transfers the
packer setting load to the packer setting sleeve through a C-shaped setting ring.

A related feature is that seals on both the 1.D. and O.D. of the packer setting
assembly may assist in setting the packer.

15 Yet another feature of the packer setting assembly is that the setting ring
may be easily and reliably locked out to prevent premature actuation.

Yet another feature of the packer setting assembly is that it may include an
unlocking feature so that the assembly may be pulled out of the packer setting
sleeve one time without releasing the setting ring.

20 An advantage of the improvements to each of the running tool release
mechanism, the retrievable packoff bushing, and the packer setting assembly is that

these mechanisms rely upon components which have been found highly reliable in
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the oilfield services industry. The conplexity of the running tool with one
or nore of these features is not significantly increased and, in many
cases, |iswoadeedsipler. Tool reliability has been increa®ed/usoz/pand ormthe
desired downhol e operations. Brief Description of the Drawi ngs Fi gures

| A-1J illustrate sequentially |ower portions of a |iner hanger setting

tool run into a well. Figure IAillustrates the interconnection of the tool
to a wrk string. Figure 1 Billustrates the liner hanger slip setting
assenbly. Figure 1C 5 illustrates the packer setting assenbly. Figure 1 D
illustrates the |iner hanger releasing assenbly. Figure 1 Eillustrates
the retrievdle Qilieldsarviegs udistng. The eemplexity pf the uytning teol with ereekemore
elenment. Figure 1 Gillustrates the hanger slip assenbly. Figure 1 H

i I'l'ustrat es dftieededieaturesis wdt sidreficantiiimgebosd aney1dhedny ddsee! i6 rdade simpler.
illustrates the ball diverter. Figure 1 J illustrates the [i ner W per

plug. 10 Fi I r : J raj he
Gl i'ps. " Fi qur SRt SR e phisRsbl To PR ARG ERRELE dolhBk beBbal
shows the upper seat after release of the ball. Figure 3B shows the bal

| anded on the lower seat. Figure 3Cillustrates the | ower seat noved
downward to open ports and allowed the lock ring of the rel easing assenbly
to 15 contract. Figure 4A illustrates the ball released fromthe | ower
seat and dropped into the diverter. Figure 4B is a crossed section through
Figure 4A. Figure S5A illustrates the punp down plug | anded on the w per
plug. Figure 5B illustrates the liner w per plug and punp down plug

rel eased. Figure 5C
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20 illustrates the plug set landed within a |anding collar. Figure 6A
illustrates the tool positioned to weight set the packer elenent. Figure
6B il | ustwate®dtbe packer el enent in the set position. -1PCWDS02119Y234
PCT/ USO02/ 15445 Figure 7A illustrates the running tool packoff bushing

unl ocked fromthe liner hanger. Figures 8A and 8B show the | ower end of
the running tool released fromand pulled upward fromthe set |iner
hanger, with the upper portion of the set liner 5 hanger being shown in
Figures 8C and 8D. Figure 8E shows one enbodi nent of a slip elenment raised
into engagerrent wth the casi ng; Fi gure 9A shows the packer elenents and
anot her enbdaligfddgsaniption ofthenDagwingsl y in the run in position. Figure 9B
shows the conponents noved to set slip assenbly. Figure 9C shows the slip

assenbl y engaged Migltest te-1gafisitaté Requdtidlifgonackeitions @ﬁraﬂmeﬁwﬁgertébtﬁﬁ@l
with the casing. Figures 10A and 10B illustrates running tool conponents

for a hydra r t
conponent s ;{hlgfe?rutnhgu?%ﬁggm%@qrgWI/:&]QP%Q@G Et]%mstg}of%“hg ﬁfe}g'%g *Heu@é f %ﬁ'@&gby
rel easing th run and ., disen a clutch. Figure 10D
illustrates SST"’L‘Q d §sg§e'”%&tﬁ‘tﬁ§ tg 'gﬁg r?(%‘@@ﬁé lip setiing esre®bM: hEigirat
can reengage the | | ner hanger. Figures 1 |A and 11 B show sequenti al
conponents dlustiates timnipagkeosktiihg asgemblyme Elgune cHD ilfedtedse the dimet hanigiener
hanger. Figure 11 C shows the conponents wth the ball seat shifted to

rel ease the relgaRinyhssefblNEigdis ¢RURGE atdiehE tdtfiEYable Eemerrmnébu%hbl PRjurét es
the second piston activated to engage the clutch with t

1F illustrates the packer element. Figure 1G illustrates the hanger slip assembly.

Figure 1H illustrates the lower end of the running tool mandrel. Figure 1l illustrates
the ball diverter. Figure 1J illustrates the liner wiper plug.

10 Figure 2A illustrates the tie back receptacle raised to set the slips. Figure 2B
illustrates the slips in the set position.

Figure 3A shows the upper seat after release of the ball. Figure 3B shows
the ball landed on the lower seat. Figure 3C illustrates the lower seat moved
downward to open ports and allowed the lock ring of the releasing assembly to

15 contract.

Figure 4A illustrates the ball released from the lower seat and dropped into
the diverter. Figure 4B is a crossed section through Figure 4A.

Figure 5A illustrates the pump down plug landed on the wiper plug. Figure
5B illustrates the liner wiper plug and pump down plug released. Figure 5C

20 illustrates the plug set landed within a landing collar.

Figure 6A illustrates the tool positioned to weight set the packer element.

Figure 6B illustrates the packer element in the set position.
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20 running tool released. Figure 12A is a cross-sectional view of a
preferred retrievabl e packoff bushing according to the present invention,
whi ch maywbe2pems4 i oned bel ow a liner -20 hanger packer PEgtUSIngs4assenbl y
and above the ball diverter. Figure 12B is a cross-sectional view of the
retrievabl e packoff bushing showmn in Figure 12A. Figure 13 is a
cross-sectional view of a preferred enbodi nent of a packer 5 setting
assenbly on a |iner hanger running tool according to the present invention.
Figure Al is a vertical cross-sectional view of the head itself; FIGS. AlA

and 1 B are a topgyi . [ -sectional vje Fi.g. i,S a hottom
vi ew of the head I#}SF%“EQﬁ'afeﬁoté% W”'Bgﬁgae\’a&kaﬁlbyﬁ@aﬂ uﬁ#o«%egiqqm g}e TN
head; and 10 Figure A2 is another, enlarged vertical sectional view of the
head i nst al I"8Ng%et ween a cenenting swivel and a | ower indication sub
connecting to the work string, and showing the balls and plugs in the

passages in posi tiFignrdss8Aheand BBrghesy theilgwer Bnd oAthednRing tBoleRaseddemh bMe! v
an el evational view, broken away in part, and an end view of the c-ring

al ong in itsyfildd ¥pwapd Feei Bk Qétsiiﬁér‘)ﬁ%r‘gq@g; %\%iﬁeiﬁesuﬁﬁéi'e%or%ignecqgtﬂé ?egtginer

engaged wi th one another; the outer si C-ring having verti

slots to facilitate.the passage of ui d tween the liner and outer well
casi ng \Aﬁen%qr}geermlrbg Fgg‘@ﬂbﬁ@é’(ﬁes Ebg%ndg A and B2B are sinilar views of

the c-ring in fully expanded position. Figs. B3A and B3B are vertical
sectional views dfigtredkishpwassnerinbodimansiona slip element raised into engagement

with the casing; Figure 9A shows the packer elements and another embodiment of

a slip assembly in the run in position. Figure 9B shows the components moved to

set slip assembly. Figure 9C shows the slip assembly engaged with the casing and
10  the packer element moved to seal with the casing.

Figures 10A and 10B illustrates running tool components for a hydraulic
release when run in the well. Figure 10C illustrates the components once the
pressure is increased to shift fhe ball seat, thereby releasing the running tool and
disengaging a clutch. Figure 10D illustrates fluid pressure acting on the second

15  piston so the clutch can reengage the liner hanger.

Figures 11A and 11B show sequential components of the running tool during
a mechanical release from the liner hanger. Figure 11C shows the components
with the ball seat shifted to release the running tool and disengage the clutch.
Figure 11D illustrates the second piston activated to engage the clutch with the

20 running tool released.

Figure 12A is a cross-sectional view of a preferred retrievable packoff |

bushing according to the present invention, which may be positioned below a liner
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20 the collapsed c-ring is shown in Fig. B3A disposed about the liner with
its lower end received within the recess of the liner, and in Fig. B3B,

rai sed frwmoeher2secess and expanded to a position in whi @aTiuse2/kjsmer nay
be raised to nove its outer side -21 WD 02/097234 PCT/ US02/ 15445 upwardly
over the frusto conical surface of the liner so as to cause its teeth to
engage the well casing; and Fig. B3Cis an enlarged detailed view of a
portion of Fig. 3Bto illustrate the <controlled friction teeth on the
inner slide of the c-ring. 5 Figs. B4, B5, and B6 are enlarged verti cal
sectional views of the assenbly showing the c-ring as it noved by the

| i ner from thangespaskeesgettingtassembhunaadabope the bakh divenierc-ri ng bei ng shown
inretracted position in Fig. 4, raised out of the recess by the tie bar

in Fig. 5 to rel eigard 128 @ a EroR8RRCHGN A VIeWROThY réticealdagaickbfebusting BBowand,
in Fig. 6, the tie bar has raised frusto conical surface of the liner over

10 the inner-P%Lf“%cplef the c-ring to cause the c-slip to be noved
0

outwardly i nl engagenment with the well casing. Figs. B3AA and B3BB are

detail ed sectional. views .as indicated on, Figs. B3 nd B3B, Figure C is a
Verti cal secti ondTIOVIEAAE B HBSBEREIONEYIaNS O] Bimkelonas) spDPaLnen o Ragker
configured to cooperate with a hanger nounted on an inner casing or |iner

as it is3 | sedlirglagseroblyhen aliner haagémynniRgdaoleaac@rding do thepresentineentiover
wi th the hanger nounted thereon for landing wthin the profiles in the

IO:J; g ;ﬁz i Ing . E;gzigrarémi& oA eHiGAY FbgB-bédtional HledlbRthehedllitsefiow ng t he
FIGS. A1A and 1B are a top view and a cross-sectional view,
Fig. A1C is a bottom view of the head Fig. A1, and Fig. A1D is a side view
of a part of the head; and
10 Figure A2 is another, enlarged vertical sectional view of the head installed
between a cementing swivel and a lower indication sub connecting to the work
string, and showing the balls and plugs in the passages in position to be dropped.
Figs. B1A and B1B are respectively an elevational view, broken away in part,
and an end view of the c-ring along in its fully contracted position wherein its side
15 edges are engaged with one another; the outer side of the c-ring having vertical
slots to facilitate the passage of fluid between the liner and outer well casing when
the slip is expanded.
Figs. B2A and B2B are similar views of the c-ring in fully expanded position.
Figs. B3A and B3B are vertical sectional views of the slip assembly wherein
20 the collapsed c-ring is shown in Fig. B3A disposed about the liner with its lower end
received within the recess of the liner, and in Fig. B3B, raised from the recess and
expanded to a position in which the liner may be raised to move its outer side
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20 being lowered into the outer casing; and Figure C4 is another simlar
view, but with the liner Iowred further to cause its hanger to engage

wi th the woobiope34 n the outer casing, and then | owered toPaT/GSER13MB

02/ 097234 PCT/ US02/ 15445 position to | ock the hanger in position. Figure D1
is a half-sectional view of the seal elenent according to the present

i nvention positioned at the lower end of a tie back receptacle for noving
down along a cone and sealing with a casing. 5 Figure D2 is an enl arged
view of a seal elenment shown in Figure 1 positioned when the seal eI enent

el o enentHEaY &?%fﬁ@? Ao SRt sirapd, R TG R0 Tante B8, et ¥ e

cone and the casi ng gure E1 is a vertical sectl onal view of the diverter
i ncl udi ng t KA98GE ?M‘fﬁ %'%@é‘ﬁ* the cementing assembly is suspended.

Figure E2 is a viewsimlar to Figure El, with a ball landed in the
di verter pocket .FidriBRC és EBeindergedrdte@ledeMWoﬁaqboﬂicawoﬁFig 138 tdiilesttate theas
seen along broken lines 3-3 of Figure E2, but on a larger scale to

illustrate tdaptrohbd fitEBR%esihodn fﬁéiﬁ?\@r sice bf‘thbhberlﬁ mp _to one side of the
diverted ball to permt passage of a punp down plu Fi gure E4 i s anot her

vertical .section i i.n ne ve and, show ng,t he
punp dOWI5] plug f ﬁ%ﬁa@&%é atrﬁreg%dgeﬁ rt@cg& tH)rkaL fdthﬁrﬂf Fﬂfb
| anded posi t| on i n the |iner w per &lﬁOf t he cenmenting equi pnent; and

Fi gure E5 i $hawing theee-ringr ap dtamoé!@éth’}b lingrefipmidiie ieragtad ko e cxpandad i on

of
pasition, the c-ring being shown in retracted position in Fig. 4, raised out of the

recess by the tie bar in Fig. 5 to release it for expanding outwardly to engage the
casing, and, in Fig. 6, the tie bar has raised frusto conical surface of the liner over
10 the inner surface of the c-ring to cause the c-slip to be moved outwardly into
engagement with the well casing.
Figs. B3AA and B3BB are detailed sectional views as indicated on Figs. B3A
and B3B.
Figure C1 is a vertical sectional view of the outer casing joint having its bore
15  configured to cooperate with a hanger mounted on an inner casing or liner as it is
lowered into the outer casing.
Figure C2 is a view of the liner with the hanger mounted thereon for landing
within the profiles in the outer casing;
Figure C3 is a view similar to Figure C2, but showing the liner and its hanger
20  being lowered into the outer casing; and
Figure C4 is another similar view, but with the liner lowered further to cause
its hanger to engage with the profile in the outer casing, and then lowered to a
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20 the wi per plug has been sheared fromthe |ower end of the tubular nenber
beneath the ball diverter. Figure F1 is a cross-sectional view of a plug
hol der swvoaew®9nei ng to the -23 WO 02/097234 PCT/ US02/ 152¢3/(ysoEsans
invention, illustrating the position of conponents for attachment to the
liner wper plug on the left side of the centerline and positioned for

rel ease of the liner wper plug fromthe plug holder sub on the right side
of the centerline. Figure F2 is a cross-sectional view of a | ower portion
of plug holder sub 5 shown in Figure f1, illustrating the upper portion of
a liner wiper plug attached to the plug holder sub on the left side of the
centerline, RAfdtiotelpskdhehanger nipgsitiati.de of the centerline. Detailed
Description of Preferred Enbodi nents Figures 1-9 Running Tool To hang off

the liner, the rufigurg DD alRaf-s8stional view |of the ddlasibeednt actbrling e¥weheend
of a work string W5 and rel easably connected to the |iner hanger, from 5

which the li L s X ) _ )
brevi ousty SEsehPindbRASRPERioRE BEHE Iifer ol 2iedock feBp BRI Hoving
rate that do(gi%noiqﬂg(gdverselr_ytj affect the well formations or the running
tool. Atie xa ACRP AMPRPURT Wiy CARING: gure 1B is supported about

the running tool 120, with its upper end having the |iner hanger slip
setting a&ssenbl y FigoreB@.is anenlapges viewdf afsephelemant shown ireCigpteat pesitidded
upon renoval of the running tool, provides a neans by which a casing tie
back (not sheomen thegeslldlserne Hitially engages the casing.
Figure D3 is a cross-sectional view of the seal element in its final set position
for sealing engagement between the cone and the casing.
Figure E1 is a vertical sectional view of the diverter including the sub from
10 which the cementing assembly is suspended.
Figure E2 is a view similar to Figure E1, with a ball landed in the diverter
pocket.
Figure E3 is a cross sectioned view of the diverter, as seen along broken
lineg 3-3 of Figure E2, but on a larger scale to illustrate the “U” shaped slot formed
15 inthe ramp to one side of the diverted ball to permit passage of a pump down plug.
Figure E4 is another vertical sectional view of the liner beneath the diverter
and showing the pump down plug following passage through the slot in the ramp
and into a landed position in the liner wiper plug of the cementing equipment; and
Figure E5 is a further vertical sectional view, but in which the connection of
20 the wiper plug has been sheared from the lower end of the tubular member beneath
the ball diverter.

Figure F1 is a cross-sectional view of a plug holder sub according to the
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extend fromits upper end to the surface. As shown in Figures 1A-11, the
tool 120 includes a central nmandrel 132, which may conprise nmultiple
connect edweaeidds. The | ower end of the tie back recept a®lCe/uk8D15485
connected to the packer 15 el enment pusher sleeve 148 as shown in Figure 1
F, whose function will be described in connection with the setting of the
packer el enent 150 about an upper cone 152, as well as setting of one
alternative enbodi nent of slip 142A about a |ower cone 144A (see Figure |
G bel ow t he packer el enent 150. The running tool 120 includes a cenenting

bushi ng 160 lgure 1. fromwhich.a tubul ar body 20,6162 is syspended
for supporti é%%?ﬂgn %ﬁ]tforhi'l@?:ﬁaélpgé%p%@%n pf]%qmgoqqrjtsiﬂroatqu?@e@t%ﬂ}e%rﬁrug
180 (see Figure I J) at the |ower end of the running tool. The retrievable
cenent i ng budifeh§lugeon thelaftisideftbe cestailineared posiionsddar r¢leasainhihedinesol
120 -25 and the liner hanger assenbly for fluid circul ation purposes. By
i ncor por at i ngipen pluaxirain therpivg bloklesIsublon Bienight st dlthel dehtédiag, can be
noved w t hout breaking the seal provided by the packoff bushing. The |iner

hanger S11P el IARATERTE  cld s SRl e BRI e o out
f th i toaql, | 132. Th i ston, sl 212 i held in jt
o ne LD R TBIH Bl 03 TS Rt on el Set 238, 1 e oL 5

seat 232 is supported at the |ower end of sleeve 212. The |ower end of the
bal | seat halug helssik spbren the z8sidevof the ¢entedidecend reledsedrondhe aight side of
thi nner, for the purpose described below A 10 ball 240 is dropped fromthe

surface i nt ohtlwentariéng tool bore 126 and onto the seat 232. An increase
in fluid pressure within the mandrel 132 will shear the pins
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222 and lower the ball seat to a | anded position in the bore of the running
tool, e.g., against the stop shoulder 236. Ball Dropping Head 15 This
i nventi orwalogo9ned ates to i nproved apparatus for droppi ngpraThsb?/1:85 above
menti oned which includes a head suspended froma top drive for use in
sequentially dropping balls and plugs into a |iner suspended fromthe head.
More particularly, it relates to the use of such equipnment in cenenting
the liner within the outer casing, wherein the one or nore balls are to be
dropped onto a seat within the 20 liner to actuate certain parts for the
pur pose of hanglno the liner in the outer casing, followed by the dropping
alallag acpiption ofBreferre bogdinmgriteag cement  -26 beneath them
into the annul us betmeen the liner and outer casing. In previous heads of

this type, tHigubisl 1-9 RoghingI®ol pl ugs were mounted in individual manifolds
with each having an opening onto a bore leading to the equipnment to be

actuated. As wil lT(p‘anﬂ ﬁ‘feai;rﬂé?t H]ief' @nﬁlﬁg 5[85\%%?%&%%%% é‘tﬁlcth[e(aatb tﬁ

hei ght of the eqU|pnen enea ive

nore inaccessible, not only during Ioa |ng nd rel easin the balls and
punp down SPYY&E?nBlﬂqaa‘{V@g(%“Hn%lW%l% i\f %’?@ﬁ%‘f M@qrrﬂaé\gﬁbr fregp
each manifold in which the plugs and baI |s were | ocated. U. S. Patent Nos.
6, 182, 752 amdhieh 2i061i095s abisperededfos tdwerinchitp thebbena hofle béfeathdbspradogély by
means of heads of such construction as to permt the balls and plugs to be

nmount ed and gt QRRBRIY HF FHBrasSs el addembi ens P BBsHEDE inGdlin b@@%t@ﬂaat%@@%d‘t
the top drive. Nevertheless, their conStruction is conplicated and requires

adversely affect the well formations or the running tool.

A tie back receptacle 130 as shown in Figure 1B is supported about the

running tool 120, with its upper end having the liner hanger slip setting assembly

10 140. The upper end of the tie back receptacle 130, upon removal of the running
tool, provides a means by which a casing tie back (not shown) may subsequently
extend from its upper end to the surface. As shown in Figures 1A-1l, the tool 120
includes a central mandrel 132, which may comprise multiple connected sections.

The lower end of the tie back receptacle 130 is connected to the packer

15 element pusher sleeve 148 as shown in Figure 1F, whose function will be
described in connection with the setting of the packer element 150 about an upper
cone 1562, as well as setting of one alternative embodiment of slip 142A about a
lower cone 144A (see Figure 1G) below the packer element 150. The running tool

120 includes a cementing bushing 160 (see Figure 1E) from which a tubular body

20 162 is suspended for supporting the ball diverter 280 (see Figure 11) and liner wiper
plug 180 (see Figure 1J) at the lower end of the running tool. The retrievable
cementing bushing 160 provides a retrievable seal between the running tool 120
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| arge internal rotating parts which increased the possibility of |eakage
and other need for repair. 15 It is therefore another object of this

i nventi orwD®2971284 de such a head in which the balls and pcugsozra4srount ed
on generally the sanme |evel, but which does not include the large rotating
parts and ot her nechanisns increasing the risk of repair and replacenent.
This and ot her objects are acconplished, in accordance with the illustrated
20 enbodi nents of this invention, by a housing having an inlet adapted to
be fluidly connected inline with the |lower end of a top drive, an outlet
general ly ali dwth the inle n ssages extendi ng gJownwardly w thin
Phe hous! ng it e NebapsRt gsaambival (RDT RataHN BirDTRT oFrDEIPP/PshRRq

| ocations. Each passage has an upper end opening to the side of the inlet
and a | ower axiallydoavi@deistigk idinththeneinoing teel camie mavedavithoid dsepking the sead
housi ng each connect the inlet wwth a passage. A closure nenber is

renovably rrovitied bgﬂhtaftﬁadkbﬁﬂ)"usﬁh .of each passage to permt a ball or
plug to be installed 5 therein, and plug valves are nounted in the housing

each for openi ng g i ﬁ'@;gé's t ;
connecting thereto s%r%a@%rg%g&g %r%f[ he S%wgqu éﬁeﬁﬂé&*’ﬁ@ﬁ'@fﬁggﬁc'gﬁﬁs
permt it to pass therethrough, when open. Crcyl ati fluid.m a
ownviar dby AHYBRYR 218 GrebebutabeE-enely maveable Tl eite aparion21Bid the
passage. 10 Wth reference now to the details of Figures Al and A2, the
head A10 couphingdsohmandseintBAl Thapistag steane 12 a$ helskini itgyupper pasitiars by
upper end and a vertical opening A13 in its opposite |ower end, the
openi ngs beighgag ey 282 b mandrel portion 210. A tubular ball seat 232 is supported at the
lower end of sleeve 212. The lower end of the ball seat has a neck portion 234
which is reduced in diameter and is thinner, for the purpose described below. A
10 ball 240 is dropped from the surface into the running tool bore 126 and onto the
seat 232. An increase in fluid pressure within the mandrel 132 will shear the pins

222 and lower the ball seat to a landed position in the bore of the running tool, e.g.,

against the stop shoulder 236.

Ball Dropping Head

15 This invention also relates to improved apparatus for dropping a ball as
above mentioned which includes a head suspended from a top drive for use in
sequentially dropping balls and plugs into a liner suspended from the head. More
particularly, it relates to the use of such equipment in cementing the liner within the
outer casing, wherein the one or more balls are to be dropped onto a seat within the

20 liner to actuate certain parts for the purpose of hanging the liner in the outer casing,
followed by the dropping of pump down plugs through the liner for pumping cement
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vertically aligned. The upper opening is threadedly connected to a tubular
menber Al4 whose upper end is threaded for connection with a top drive. 15
| nt er nediwo@pr3upper and | ower ends of the nenber Al4 i eca/uset/issval ve
Al6 installed for opening or closing its bore A15. Wen closed, the valve
allows cenent to be supplied to the bore A15 through one or nore side
openi ngs Al6 in nenber Al4 beneath the Kelley valve. The nenber Al4 is
installed on a swivel A20 which has openings therethrough aligned with
openings Al6 in fittings Al7 20 |leading to the bore Al5 of the nenber. As
wel | known in the art, this permts relative rotation between the sw vel
and tubul ar bemgath teemtinte therannulg baiweasntberineaaad esit@neasing.t ruck are
fluidly connected during relative rotation. -28 WO 02/ 097234 PCT/ US02/ 15445

The | ower end opem pevidLd headdef istypes thid bailahd wipenpresadereombbgtedriner
end of a sub A21 having a bore A22 therethrough adapted to be connected

wth e o LBl ShBREqbY W e 3 A SRURfG BREPY BBt fhaditgdo 23

is nounted on rotata In e Ssu at | ng assage

of a ball or pl.u t her et hr ough. shown,. the housing is of a generally
Pt ust oconi caPuRdsaT e Auateshots wihE R Cpatots 43S i radke Fardaty tikerica

downwardly and inwardly therethrough to connect at their |ower ends with
t he openidng hdight nbihke pquipnentabengath Hbe dop phiveadeumysaking ifethah mychs paared
apart about the center |line of the housing, and 10 thus to opening Al2, to

connect at tijhatéedste! néndslyVdinhgiodeiRiPan@pelebsiaigAAthe bdllst Hd poRfRY deRwd of
the sub A21. The upper end of each passage is adapted to receive a closure

member 25, hy,gs, but also in obtaining visual access to the interior of each manifold in which

the plugs and balls were located.
U.S. Patent Nos. 6,182,752 and 6,206,095 allege to solve the problem of

10 excess height by means of heads of such construction as to permit the balls and
plugs to be mounted and dropped from essentially the same vertical location
beneath the top drive. Nevertheless, their construction is complicated and requires
large internal rotating parts which increased the possibility of leakage and other
need for repair.

15 It is therefore another object of this invention to provide such a head in which
the balls and plugs are mounted on generally the same level, but which does not
include the large rotating parts and other mechanisms increasing the risk of repair
and replacement.

This and other objects are accomplished, in accordance with the illustrated

20  embodiments of this invention, by a housing having an inlet adapted to be fluidly
connected in line with the lower end of a top drive, an outlet generally aligned with
the inlet, and passages extending downwardly within the housing at
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t he threaded connection between each cl osure nmenber and its passage
enabling the closure nenber to be selectively renoved or installed. The
housi ng aWvem2ierm345 a | ateral openi ng A26 connecting the IPORASIENY4Df its
upper opening Al2 with one of the passages P,, P2, P3 and P4 beneath the
cl osure nenber therefor. Each passage P1, P2, P3 and P4 is in turn open and
cl osed by neans of through bore plug valves PV,, PV21 PV3, and PV4
installed in the housing beneath the |ateral openings A26, and vertically
staggered to accompdate the val ves. 20 These val ves of course control the

517300 R TR e i 6

controlled in the manner to be described, circulation of the fluid ma
-29 WD 02/ osidesafl themnlgsang adawsr em]@mrmg’gtwiw@m@t @E%'?t%ﬁ'eoewé@gsé

even though the individual passages are closed to contain balls or w per
plugs. As shlmshousiagleachupnnatitbe idepwitls apassbgelyA lckosureymembey éniemgpvadly
t her et hrough adapted, upon rotation of the body between its alternate

posi tions, iRsunteddh teE UBPEr Whé bf eécﬁgé SSgtPPEFAID - bantﬁ‘Zﬂudg’Pé ¥ .man@@

may of course be rotated Iin any suitable nanner and are h in place by a

E‘.DSB? |eng pI %regﬂ EPT%Q[%IHQ therﬁdﬁgtﬁrégg IQ@{%EEQ@FB%%BEQM @eﬁnﬁ&gﬁﬁt&?&lﬁﬁ

cl osure nenber and val ve, mhlle anot her passage nmay receive a punp
pl ug PDP. OfcPassagrdeneath twgﬁywﬁges@nugwgt@e@%p@@ tg Sﬁapprténe aa"
pl ug, depending on the use of the balls and plugs in the systemin which
the head i riphsd,abthed cloBed, andpemitéisiogamssitagrdierdught whparopeor @Ginaldbiimy
fluid to be freely
fluid may pass downwardly through an open passage when a ball or plug is not in
the passage.

10 With reference now to the details of Figures A1 and A2, the head A10
comprises a housing A11 having a vertical opening A12 in its upper end and a
vertical opening A13 in its opposite lower end, the openings being generaily
vertically aligned. The upper opening is threadedly connected to a tubular member
A14 whose upper end is threaded for connection with a top drive.

15 Intermediate the upper and lower ends of the member A14 is a Kelly valve
A16 installed for opening or closing its bore A15. When closed, the valve allows
cement to be supplied to the bore A15 through one or more side openings A16 in
member A14 beneath the Kelley valve. The member A14 is installed on a swivel
A20 which has openings therethrough aligned with openings A16 in fittings A17

20 leading to the bore A15 of the member. As well known in the art, this permits
relative rotation between the swivel and tubular member so that the tubular member

and cementing truck are fluidly connected during relative rotation.
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circul ated downwardly therethrough on a continuous basis. A plug or a ball
may be installed in a passage by renoval of the closure 15 nenber A25,

whi ch provodesIrasy visual access to the passage to deterechasoi/1ie bal |
or plug in place or has been dropped downwardly. Each ball drops freely by
virtue of its own weight when the plug valve in its passage is opened. The
punp down plug, however, has w per blades on it which are flexibly engaged
with the passage, so that the downward novenent of the w per blade into
the liner may be 20 assisted by the passage of fluid through the ports
connecting wth the passage. The fourth passage may receive either a plug
or a ball, dependimlowerend apemityg Af3 it the hepdtiethréadatily connécied éatheiupper
installed or left open for free downward flow of the -30 «circulating

fluid. As wéddd b= sUHRRSHeQRg 3 B@r&@iytrﬁ@éﬂw%ﬁh M@té@w bé%@Hhéd:t@Q W|th the

novenent, and thus bearings and seals, are the plug valves PV for

v 8B s 08 o Bl VLol é“@%%’%%ﬁfﬂ??@%?ﬁﬁ@y

val ve i s open, thus forci ng the ball or plug  downwardly into the Ilner
shown, each PEOYAZ4 (Rtatabledinthey subr fqroméhqe@ngvm%pﬁswge pisa Rl By PHﬁans
of a nounting plate MP bolted to a recessed portion of the outer side of
the head antiemsthgighg an annul ar shoul der about the plug val ve nmenber. 10
Runni ng Tool Continuing with a description of the running tool 120

g{) \%QBFZ ! ?ef’szc{e"’f%hggv‘ﬁ% ?j)é;noéérﬁ@wg o #gérierdiy ROSRRoARGYEhARS! aindl IRas RIUrY
passages P,, P,, P; and P, extending downwardly and inwardly therethrough to
connect at their lower ends with the opening A13. More particularly, these
passageways are equally spaced apart about the center line of the housing, and

10  thus to opening A12, to connect at their lower ends with a common opening A21A
in the upper end of the sub A21.

The upper end of each passage is adapted to receive a closure member 25,
the threaded connection between each closure member and its passage enabling
the closure member to be selectively removed or installed. The housing also has

15 alateral opening A26 connecting the lower end of its upper opening A12 with one
of the passages P,, P,, P; and P, beneath the closure member therefor.

Each passage P,, P,, P, and P* is in turn open and closed by means of
through bore plug valves PV,, PV,, PV,, and PV, installed in the housing beneath
the lateral openings A26, and vertically staggered to accommodate the valves.

20 These valves of course control the passage of a plug or a ball as well as circulating
fluid through the top drive, the head and into the liner below it. Thus, with the

valves controlled in the manner to be described, circulation of the fluid may be
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An upper sealing ring 214 is disposed about a smaller O D. of the running
tool mandrel than is the |ower sealing ring 216 to form an annul ar
pressur e whanben3d5 218 between themfor lifting the tie PaTRISOECHEp: acl e
130 fromthe position shown in Figure 1 B to an upper position, as will be
described in connection with setting the slips 142A. Ports 242 formed in
the running tool mandrel 132 connect the running tool bore with the
surroundi ng pressure chanber 218 once the sleeve 212 is |owered. An
increase in pressure through the ports 242 will raise the piston sleeve 20
220. Upward nD¥enent of the sl eeve 220 causes h?egﬁﬁgen(?nd 312 of the
piston sl edPBtiDYBUS Hirgygh ablgastone pasgage, suen droydhene individuafppssagegare
shown in Figure A -31 WO 02/097234 PCT/US02/ 15445 in order to raise the
ti e back recigaescioecarsain kallssitoviper plugsgure 2A, and thereby raise the
slips 142A, as shown in Figure 2B. Sl eeve 245 as shown in Figure 1 D nmay
nove downward to RXReSFNYYdch B0, vél@ésédlﬁ?ﬁé@s B Bb@p Rivthd @nr 6p&sing ABe
ring 244 which was connected to the top of the tie back receptacle 130. A

f h [ ' i £ - Kk
of the seat BAFHRCR REBRL pafirblagol g B AuinekliR SR pLSRBEE oD 28
(see Figure 1 D), which is simlar to the upper seat 232. One probl fﬁrpeé“hteh

a convendi orfdignEIaN; WARLANIGSS 3 PRREAGR clNeRP YaUe BPHIBSaNR 8T CapeibggO

i ndi vidual slips so that teeth thereof engage the outer casing 10

subst ant i al liy asiyrauitehieemashgr and ag held in plagfe yoa nseintingtplgtet MPrivdtedrie the
mul tiple wedge surfaces about the liner, as well as to provide nultiple
slip el ementgyisiaBbfithe hdubilg. Principle object of this invention to provide
a slip assenbly for this purpose which requires only a single slip el enent

cooperabl e wi th o0l L% Mg, Y §3h€ p8lsages may receive a ball B between

the top closure member and valve, while another passage may receive a pump

10 down plug PDP. One of the other passages may be used to receive a ball or a

plug, depending on the use of the balls and plugs in the system in which the head

is installed. The fourth passage may be left open for enabling fluid to be freely
circulated downwardly therethrough on a continuous basis.

A plug or a ball may be installed in a passage by removal of the closure

15 member A25, which provides easy visual access to the passage to determine if the

ball or plug in place or has been dropped downwardly. Each ball drops freely by

virtue of its own weight when the plug valve in its passage is opened. The pump

down plug, however, has wiper blades on it which are flexibly engaged with the

passage, so that the downward movement of the wiper blade into the liner may be

20 assisted by the passage of fluid through the ports connecting with the passage.

The fourth passage may receive either a plug or a ball, depending on the needs of

the system in which the head is installed or left open for free downward flow of the
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the liner or other elongate nmenber. 15 Thus, in the enbodi nent of Fig.
9A-9C, and as al so shown and described in the aforenentioned provisional
appl i cat iwp 0809232, 099, the slip assenbly include slip segwarsty1s44d whi ch
are raised by a tie bar over the outer conical surface of a cone 143 to
cause teeth 142 about the slips to grip the casing C. In a preferred
enbodi nent of the invention, the frusto conical surfaces of the nenber and
slip 20 extend downwardly and inwardly, the lower end of the slipis
received in an upwardly facing recess in the nmenber, and the teeth of the
c-ring face downwardly in position to engage the wellbore, as the c-ring
i s rai sed océeulatiegdiyid.ace of the -32 nenber whereby the nenber nay be
suspended within the well bore. The means for raising the | ower end of the
c-ring fromthe pPeC@Rishd Qnderdsdd,ithe ohiy patd of the ldarh cequitiey mavenmntsamd ace
of the menber conprises at |east one tie bar extending vertically through
t he nmenber for I recl t i r :

tﬁu%%t%ﬁfejiﬂgs arfd %[egfe\s?oa*rg,[‘tﬁg Eélng FEvES P\ Wﬁ"é’ﬂgﬁg?ﬁ?lhgassa es.

particul arly, nner- si ing and | ower en ti e bar
have interfittin ts which .enable the | ower end af, the c-ring to be
ol sed ot cHioRHE e S ke in e tnioe Paes StAnmguder Liali Ba S aRbpicsLie
raised to permt the ring to expand into en?ag_ement with the well bore.
Pref er abby dnughb the fasth passhgewieen iisplugivalist is openi thus fergingithe hall aripug
c-ring has 10 relatively blunt teeth about its frusto conical surface for

engagement \owhwdiahfintstHe ligni cal surface of the nenber so as to control
the friction between them and thus control the force applied to the

fﬁzi Pgée'sbi T ustyatpdyANda865itd RERe it MoGhiRA9BE FotXBBR&NitHIA iR padtElge?hy
means of a mounting plate MP bolted to a recessed portion of the outer side of the

head and engaging an annular shoulder about the plug valve member.

10  Running Tool

Continuing with a description of the running too!l 120 previously described,

piston sleeve 220 is disposed about and is axially moveable relative to portion 210.

An upper sealing ring 214 is disposed about a smaller O.D. of the running tool
mandrel than is the lower sealing ring 216 to form an annular pressure chamber

15 218 between them for lifting the tie back receptacle 130 from the position shown in
Figure 1B to an upper position, as will be described in connection with setting the

slips 142A. Ports 242 formed in the running tool mandrel 132 connect the running

tool bore with the surrounding pressure chamber 218 once the sleeve 212 is
lowered. An increase in pressure through the ports 242 will raise the piston sleeve

20 220. Upward movement of the sleeve 220 causes the upper end 312 of the piston
sleeve 220 to overcome the resistance of the split ring 244 as shown in Figure 1A
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to receive the end of the slip is of annular shape. 15 CGCRing Slip Wth
reference to the above described drawi ngs, and as best shown in Figs. B3A
and B3B, wbe2idnetsr B20 has a downwardly and i nwardly extemdirngot/r14gs o
conical surface B22 thereabout above an upwardly facing annul ar recess
B23. The liner has been |lowered on a suitable running tool (not shown) to
a position in the outer 20 well casing in which the liner is to be hung
off. As will be described in nore detail to follow, c-ring Cis initially
expanded to -33 WO 02/097234 PCT/ US02/ 15445 permit it to be di sposed about
the coni cal wedge surface of the liner. It may then be contracted and

forced downaodigr togaisaube tietkagkoyreeptatie £38, avshowe in Figure A, ard theyepya.

When so installed, the c-ring slipis held in retracted position in a

shape somewhaisel taeggips t1A2A, iasssHowr in Eigore 28 eSleghra @@t 5ohs Bhgwn iBIFgwedi[131
B. 5 Wen the c-ring has been pulled upwardly to renove its |lower end from

the recess | rﬁ%@ﬂ@%ﬁ } I : i il i

132A and 13 1§?mdm\/;heere y ovt\n&l%/a&?g%p?ggf?ﬁg {%ﬂf@ﬂ%@%ﬁ?ﬁ thrgléggtégfé Eﬁ%e
engage the quter |1 casin hown i ig. B3 i n 0 at, |l ess
Than rul 1y CAEHI pos rtted o 6 the ot the tie Geck recbrad@ bt s utuiiie,
surface of the c-ring will slide over wedge 10 surface B22 to urge it

out war dl § t dnergase in peessees Wilkfords the balk tbraugh ibetreduord neelaef thg, seahgd2tbus
permt the weight of the liner and its associated parts to be hung off on
the casi ng.puifip SheBall itd aFdedted BaéitioncbrBad Bowseséat 248 @ide FiguFd ¢B), \B3iBA iand

1331313, the
similar to the upper seat 232.
One problem with a conventional slip assembly is the need to coordinate the
setting of the individual slips so that teeth thereof engage the outer casing
10  substantially simultaneously. Also, it is of course costly to machine multiple wedge
surfaces about the liner, as well as to provide multiple slip elements, and it is the
principle object of this invention to provide a slip assembly for this purpose which
requires only a single slip element cooperable with only a single wedge surface of
the liner or other elongate member.
15 Thus, in the embodiment of Fig. 9A-9C, and as also shown and described in
the aforementioned provisional application 60/292,099, the slip assembly include
slip segments 141 which are raised by a tie bar over the outer conical surface of a
cone 143 to cause teeth 142 about the slips to grip the casing C. In a preferred
embodiment of the invention, the frusto conical surfaces of the member and slip
20 extend downwardly and inwardly, the lower end of the slip is received in an
upwardly facing recess in the member, and the teeth of the c-ring face downwardly

in position to engage the wellbore, as the c-ring is raised over the surface of the
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inner frusto conical surface of the c-ring slip has blunt teeth CF thereon
which, as 15 well known in the slip art, control the frictional engagenent
wi th the womendmad t hus the outward force applied to the eaziusg2i1sikus, as
the teeth take on initial bite into the casing, the blunt teeth on the
inner side of the slip will begin to gall the wedge surface of the liner
so as to control the extent to which the teeth bite into the casing. The
force thus applied to the casing and |iner nmay be controlled by the

relati onship 20 of the inner and outer teeth to one another. Although the
teeth CF are preferred, the inner surface of the c-ring may be_snooth.
Wth refer eme@mbgr whgsebydherrpember miay ke sysnendedavitin thepyell eﬁie means
downwardly through a slot B40 in the liner for guided reciprocation with
respect thdomiaising tiee lowererghof thé cainghfrdiehbaecess toenpesitiemifar slitlimg alqppgr
end of the slip for raising its |lower end out of the recess. Thus, as

shown in Fi > ds I ; L : i 50
which is reg@? Sgﬁcﬁlnﬁgfagr oo&ﬂéé)@g’ bafgggﬁ{nﬁg?égle{aﬁﬁ%ﬁ@%? %ﬂg@%&?g E/Egi&gﬁy
c-ring, as the c-rjng is, initially nounted in.the recess. th i IS
ai sed to 1 trougiehg therinedat oBned iitBeata Wsh PsrsE B Ssige Mgk Balc it

| oner end noves out of the groove B36 to rel ease the c-ring therefrom as
shown i n5Fi ghe Bmeraide af thetG-ring and laweirend ot the tisdvajHiaverintenitting parts yjcihe

sl acked off on to the outer frusto conical surface of the c-ring to force

the teeth oferigte ¢the I0VgerlOnd W Wee diring tot be gaispdiong ofrtbageoesy, but Whitthare
outer casing as shown in Fig. B6. As an alternative to slip assenblies, as

Previ ously SRSSHddEde b hERIROBEAL iisod B pbIMBIRHIRORRpahd g BARALBMH

i nner casing an outer casing, have ts adap to be
expanded intq n’ﬁ]tchi | ocki ng grooves formed in the
with the wellbore.

Preferably and as illustrated, the inner frusto conical surface of the c-ring has

10 relatively blunt teeth about its frusto conical surface for engagement with the frusto

conical surface of the member so as to control the friction between them, and thus
control the force applied to the casing.

As illustrated and described, the elongate member is a liner and the recess

to receive the end of the slip is of annular shape.

15 C-Ring Slip
With reference to the above described drawings, and as best shown in Figs.
B3A and B3B, the liner B20 has a downwardly and inwardly extending frusto conical
surface B22 thereabout above an upwardly facing annular recess B23. The liner
has been lowered on a suitable running tool (not shown) to a position in the outer
20 well casing in which the liner is to be hung off.
As will be described in more detail to follow, c-ring C is initially expanded to
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outer casing. In sone cases, the locking elenents are adapted to be spring
bi ased 15 into matching grooves forned in the outer casing. However, these
springs awe 02eureepti bl e to breaking or other mal functi on®CTNSOY 15485
especially true since the hanger often conprises a | arge nunber of
intricate parts which are expensive to replace, and which require a del ay
in the overall well operations. In still other cases, the hangers having
only a single latching part for fitting within a single groove, thus 20
limting its |load carrying capacity. Another object of this inventionis to
provi de a casing hanger system whi ch overconmes these and ot her probl ens

i nher ent i n perinint tohzndispeséd mbsut thesgenieatsvedgissurfaresef tedingrhérmayihan s
are acconplished, in accordance with the illustrated enbodinent of this

invention, I értideesd Had Bsrced YoWBTWAE DI c3iuBe its [pweneneB2Basimagve idafied
to be connected as part of an outer casing installed within a wellborn, and

a liner ada t e red. Lt R i i re
of the 5 catbrery B WRERSOURA EE Mo gh it RRIEHT Fteaded Bosiclin )
facing landing surfaces forned therein, and, the liner_jnc es bul ar
body havi ng Shapesegewhailataer i itsfylly %ﬁ'&?‘,d%fﬂ%h%\oqﬁﬁﬂ@@ls- EHMB%
conprising a circunferentially expandible and contractible Cring di sposed

wi thin the recesdVhamthe c-nigghtes hesrt pullashupwardiyutoenentbiveniés lower @nd|trondithey on
the | anding surfaces of the casing joint when in 10 its expanded portion,

and upon relatédeBYS it bﬁ?énd@t(ﬁ/m@l% it fully epasgdd pesitibe dfifigs B2Ai sncBRBNded
outwardly agai nst the polished bore. Upon continued relative novenent of

e e EoEh P ARG, el P o2 00 B B 400 SRl 0 il
permt the casing, as shown in Fig. B3B, in a somewhat less than fully expanded position.
Then, when the c-slip is raised, the inner surface of the c-ring will slide over wedge
10 surface B22 to urge it outwardly to cause its teeth to bite into the outer well casing,
and thus permit the weight of the liner and its associated parts to be hung off on the
casing.
As shown in Figs. B3A and B3B and in detail in Figs. B3AA and B3BB, the
inner frusto conical surface of the c-ring slip has blunt teeth CF thereon which, as
15  well known in the slip art, control the frictional engagement with the liner and thus
the outward force applied to the casing. Thus, as the teeth take on initial bite into
the casing, the blunt teeth on the inner side of the slip will begin to gall the wedge
surface of the liner so as to control the extent to which the teeth bite into the casing.
The force thus applied to the casing and liner may be controlled by the relationship
20  of the inner and outer teeth to one another. Although the teeth CF are preferred,
the inner surface of the c-ring may be smooth.

With reference to Figs. B4 to B6, one or more tie bars B30 extend
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liner to be suspended therefrom 15 Liner Hanger Wth reference now to
Figure Cl, the joint Cl0 of the outer casing sectionis threaded at its
upper andwbeaes72ends to permit it to be connected as part Pofi/uShm154¢ut er
casing installed in the well bore, as in the |iner hanger systens referred
to above. The polished bore of the casing section has an annul ar recess
Cll inits 20 lower portion, and a series of vertically spaced, upwardly
facing | anding shoul ders Cl2 above the recess Cl1 and separated therefrom
by annul ar restriction Cl4. -36 There is another annul ar recess Cl15
formed in the bore above and separated from the |anding surfaces Cl2 by
means of an doypwevandisthroogh ansiGilB4@kiobe dineaforuguided recpexativ8. wittheespect
restrictions and | andi ng shoul der are of essentially the sane dianeter of

the polishedhbeins. FheV6wbhend obeddHgE bafib drmestaitd the upperesd 6tHesIREfor
carried within a recessed portion 18 about the liner L. The hanger Cl7 is

a Cring spl Lt.: i | i oSt t, e
ci rcunf erentr?gffgtﬁ%tqw%af%fdyéﬁmﬁégg%éée Shgr q'“%h%%’ts ?glﬁéﬁg?&d;g A?-hgﬁ tchaesllmr’lvg(;a r
when expanded, but held in its contracted position, as shown, as the |ijner
i s run into ansofqachtiedaiBry hasa iange é%m%lﬁ,rewgeq’a BVRIraoNg beut the
adapted to be 10 received within a groove Cl9 in the upper end of an

enl ar ged5outienerddiameter ofthetd-imy, a82head-rindés initiatly mdurded rpthe woessf t he
hanger has teeth C22 forned thereabout in vertically spaced relation

correspondi ng to Adghd @ehing raide 36 A t@é’-rf?ubdd’@%fﬂﬁe@@s@BQSf {Hel fidihe @O hi N
recess C18 about the liner. The toothed section and |ower end of the ring

are on its lower end moves out of the groove B36 to release the c-ring therefrom, as

shown in Fig. B5. At this time, of course, the weight of the liner may be slacked off
on to the outer frusto conical surface of the c-ring to force the teeth of the c-ring
10  outwardly into gripping engagement with the outer casing as shown in Fig. B6.
As an alternative to slip assemblies, as previously described, other apparatus
for this purpose - i.e. hanging an inner casing within an outer casing, have locking
elements adapted to be expanded into matching locking grooves formed in the
outer casing. In some cases, the locking elements are adapted to be spring biased
15 into matching grooves formed in the outer casing. However, these springs are
susceptible to breaking or other malfunctions. This is especially true since the
hanger often comprises a large number of intricate parts which are expensive to
replace, and which require a delay in the overall well operations. In still other cases,
the hangers having only a single latching part for fitting within a single groove, thus
20 limiting its load carrying capacity. Another object of this invention is to provide a
casing hanger system which overcomes these and other problems inherent in prior
hangers for such systems.
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15 connected by an outwardly enlarged cylindrical portion C35 whose inner
surface engages the outer surface of enlargenent C25 about the liner. As
will be oweariofess and shown in Fig. C3, the hanger is adapredSowiizesrai sed
relative to the liner to release it for expansion outwardly into engagenent
with the polished bore of the outer casing. Thus, |iner hanger system

i ncludes a suitable 20 nmechanismto raise the hanger out of its retained
position, to free its |ower end from groove Cl19. This nmay be acconpli shed
by raising the hanger by neans of tie bars C30 connected at their upper
ends to a cone C cover which a packing element is -37 adapted to be

| onered to set i tThegaiamstothérohjactsare astcamplishted, in accoadanaswighihe ilustraterh
vertical slots in the recessed portion of the liner, and have an outer
flange C31 gih&hsbl Mfﬁ@‘i@%hﬁ%,'b}/}c a'uirgém\ﬁge%?s,tahp@ampriéiﬁ@@qoiamma@i@ of

the cone C. Thus, it w e seen, froma conparison of Figure C2 an

Fi C3, t i s il - f
the hanger FRERIeFISTEY RaMedbd ihaRGSl o f8PGathy nd ASAVIAR d éftlorfidhd
t d outwardly to. th it f Fi . This th its_rib
51 oh ¢ he. 17" ashates 1q e Idperos.ant: Gndesi NARTAEE oiBhearoeydNeBam of fee

| ower end of the hanger and release the tie bars fromthe hanger as it
noves i no idasingpjoatt had atpolishedsharecandiwetticaliy spaced,oupwerdly fesing Emditg s
relative vertical novenent between the liner and packer el enent cone has

resul ted fropsearbRdedihPich Gl s aASARMLCERNA2GHIIBE boB9Mavind B&ecess
position of Figure C2. This of course can be acconplished by raising of
e

t he packer rel atiye, taq t | in rj f.
into a posi ﬁsﬁﬁe%pag)(fﬁtt%s tbﬁ)gy &%goeeﬁér?%%mé%b"‘%ngn%@ﬁgﬁés'ﬂgf%ccents?nﬁ]rﬁ%ﬁggg%r e
of the outer casi _ml;). . ) ) L .

expandible and contractible C-ring disposed within the recess. The ring has teeth

on its outer diameter for landing on the landing surfaces of the casing joint when in

10 its expanded portion, and upon relative vertical movement with respect to the liner,
is expanded outwardly against the polished bore. Upon continued relative
movement of the liner and ring, the teeth will move into a position in which they

expand further outwardly into landed positions on the landing surfaces to permit the

liner to be suspended therefrom.

15 Liner Hanger

With reference now to Figure C1, the joint C10 of the outer casing section is
threaded at its upper and lower ends to permit it to be connected as part of the
outer casing installed in the well bore, as in the liner hanger systems referred to
above. The polished bore of the casing section has an annular recess C11 in its

20  lower portion, and a series of vertically spaced, upwardly facing landing shoulders
C12 above the recess C11 and separated therefrom by annular restriction C14.
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15 Upon |l owering of the hanger with the liner fromthe Figure C2 to the
Figure C3 position, the lower radially enlarged section C35 of the hanger,
whi ch extwodg/9nser the outer enlargenment 25 of the |iner PCTashr/ed4i o nove
outwardly into the recess Cl1 in the outer casing. Thus, when lowered to a
position opposite the landing surfaces Cl2 within the outer casing, the
teeth C22 about the upper end of the 20 hanger nove outwardly onto the

| andi ng surfaces, thus formng nultiple shoulders on which to support the
| oad of the liner within the outer casing. This outward expansion of the
hanger el ement has occurred after it has been | owered beneath -38 WO

02/ 097234 tTerend angtheeannular tdoesd &1 fofmed in thet ore ahovag@rdsepasatedrfeomi s
| owered fromits Fig. C3 to its Fig. C4 position. Wen the hanger has

sprung out wardliandifg isiffaBes CBY Rleahs B dpher restttion edl d seid a8 afhuldre
liner wll nove the enlargenent 'C25 thereabout into the 5 [ower end of the

nangi ng postPEass (e cnpierfionshe s RS R0aR2e! R P B Epe,

formed on the outer dianmeter of the |iner above the outward enl argenment C50
so as to | &hamsterafdhepelishachbors ahoue heRyer, as shown in Figure C4. The
outward enlargenent is noved into the inner dianeter of the hanger, as
shown i n5Fi gure 1Hader W7 isishowe i Figure &xiodib cdrdad eithinCa 0& dssengubribion 18 s
upper end slidable over an inwardly and downwardly tapered shoul der C50A

surface on tyukitREMinefs.. t TR IR OPY S d B find %Pﬁl?ﬁ'b&ﬁ’tsité lcRBunPeteRESqHEN!

:
C35 thereabout beneath its teeth fits closely Wthin the recess Cl6 in the

outer cas n%oglotlroen t%ooeat?rgte8 circumferentially outwardly to engage the inner diameter of the

casing when expanded, but held in its contracted position, as shown, as the liner
is run into the outer casing. In this position, its lower end C20 is adapted to be

10  received within a groove C19 in the upper end of an enlarged outer diameter portion
C21 of the liner.

The upper end of the hanger has teeth C22 formed thereabout in vertically
spaced relation corresponding to the landing surfaces C12 of the casing and fitting
within recess C18 about the liner. The toothed section and lower end of the ring are

15 connected by an outwardly enlarged cylindrical portion C35 whose inner surface
engages the outer surface of enlargement C25 about the liner.

As will be described and shown in Fig. C3, the hanger is adapted to be raised
relative to the liner to release it for expansion outwardly into engagement with the
polished bore of the outer casing. Thus, liner hanger system includes a suitable

20 mechanism to raise the hanger out of its retained position, to free its lower end from
groove C19. This may be accomplished by raising the hanger by means of tie bars
C30 connected at their upper ends to a cone C cover which a packing element is
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limt outward expansi on of the hanger elenment once it is noved into hanging
15 position. An inwardly enlarged portion C60 on the | ower end of the
hanger, bwoeandr234ts outwardly enl arged porti on C35 npves POTASOY/4Hut er

di anmeter of the lower end of the liner, thereby cooperating with the

enl argement C50 to nmaintain the hanger elenent in its outer hanging
position. 20 Running Tool Referring back again to the running procedure,

t he annul ar packer elenment -39 WO 02/097234 PCT/ US02/ 15445 150 (see Figure
1 F) is disposed about a downwardl y-enl arged upper cone 152 beneath the
pusher sl eeve 148. The packer element 150 is originally of a circunference
i n which itsadapizd ite beckhwrdd dndsathtiagaipst e fouben casingasT img ti€. barbloxderd |

t he packer elenment 150 is expandable so that it may be noved 5 downwardly

over the Cort‘ﬁ’roﬁgﬁ Jﬁtlﬁ%‘lotéﬁﬁtﬁﬁec@ag%&ﬁéhm of thé liRaE Ak @@@%ut&ﬂah@e

adapted to be sét means whi ch i ncludes spring-preéssed lugs 328 wh

QﬂeEXSSXSSd‘HS%*a%eﬁ’é%?@?DMgo soaihaarate.CaRBpRE afugrSralibio sp s Eof ef.tg

back receptacle. \Wen wei is set down, the exPanded | ugs 328 10 transmt
this downward forldwis; ﬁrvzesugoe 50Eh, HEOTp @ eRINPaisy 6T Figyira el and Higweers, th

el ement 150. A body lock ring 270 (see Figure 1 F) is disposed between the
tie backs coasief of tHe3Pagker thwre pilk haisesthedowet 4hdaottieehanger frée fimme kiee

el enent 150 to be forced downwardly over the upper cone 154 by | owering of
the tie backetgining groove C19, and thus permit the hanger to expand outwardly to the
position of Figure C3. This then permits rib C61 on the lower end of the tie bar to
disengage from groove 62 in the lower end of the hanger and release the tie bars
from the hanger as it moves into its upper relative position with respect to the liner.
10  This relative vertical movement between the liner and packer element cone has
resulted from shearing of pin C33 releasably connecting them in the position of
Figure C2. This of course can be accomplished by raising of the packer cone
relative to the liner, prior to lowering of the hanger into a position opposite the
grooves forming landing surfaces in the bore of thé outer casing.
15 Upon lowering of the hanger with the liner from the Figure C2 to the Figure
C3 position, the lower radially enlarged section C35 of the hanger, which extends
over the outer enlargement 25 of the liner, is free to move outwardly into the recess
C11 in the outer casing. Thus, when lowered to a position opposite the landing
surfaces C12 within the outer casing, the teeth C22 about the upper end of the
20 hanger move outwardly onto the landing surfaces, thus forming multiple shoulders
on which to support the load of the liner within the outer casing. This outward

expansion of the hanger element has occurred after it has been lowered beneath
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connector. Upward nmovenent of the set packer elenent is prevented. 15 The
packer elenent 150 nay be of a construction as described in U S. Patent

No. 4, 75AWweeR/9renpri sing an i nner netal body for slidi ngPo¥arsor/g4tone and
annul ar flanges or ribs which extend outwardly fromthe body to engage the
casing. Rings of resilient sealing material nmay be nounted between such
ribs. The seal bodies may be forned of a material having substanti al

el asticity to span the annulus 20 between the |iner hanger and the casing
C. -40 WD 02/097234 PCT/ US02/ 15445 Radi al Set Packer The present invention
also relates to an inproved radial set packer for sealing wth a casing or

ot her downhahe epydryemiential thewdra@ce théboter casingrds therlieer Wi Iblvered fromis igseal
and a backup seal, and nay be part of a downhole tool including a 5

conveyance té‘f?)% AL F Qﬂb al wedge ring, and thus may be used for
reliable I ng e?Fgage etween a |iner hanger and a casing string.

Packer el enents acker V\/m ch are radi al axi al. t he
packer el enent rgf\lggpvtget@a%g%ro i%%ISp\A@ﬂgé)uW%rg 5%5“5&9’?'@?@&&& " ng
in subterranean well bores. A conveyance tubular is conventionally

provi ded forcontinpedilaweringel ﬂw@dimwimc&/ﬁéh@mnlagemwt@@& hh@aeqhwtmf@ﬁhe
within the well bore, and an actuator causes the packer elenent to nove

axi al l'y wi t howes padtofithe dabgei ealwhieHdiee tedthgararfdrbe thuy eapdaidingnit in its
seal i ng engagenent with the cylindrical surface to be sealed. U S. Patents

e B0 AR it ESHRA" BN R EORSARERA Sl Shouler o84
subsea formed on the outer diameter of the liner above the outward enlargement C50 so
as to land on the upper end of the hanger, as shown in Figure C4. The outward
enlargement is moved into the inner diameter of the hanger, as shown in Figure
10  C4, by virtue of a tapered shoulder C50B formed on its upper end slidable over an

inwardly and downwardly tapered shoulder C50A surface on the liner.

/}s the hanger moves into landed position, enlargement C35 thereabout
beneath its teeth fits closely within the recess C16 in the outer casing bore so as to
limit outward expansion of the hanger element once it is moved into hanging

15  position.

An inwardly enlarged portion C60 on the lower end of the hanger, beneath

its outwardly enlarged portion C35 moves over the outer diameter of the lower end

of the liner, thereby cooperating with the enlargement C50 to maintain the hanger

element in its outer hanging position.

20 Running Tool

Referring back again to the running procedure, the annular packer element
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wel | head. In a typical wellhead application, the packer elenent may need to
expand in dianeter approximtely 0.030 inches in orderto obtain a reliable
seal wi thwotokeped i shed bore. U S. Patents 5,511,620 and PCIABIEEBA48i scl ose
packerel enents intended for sealing between a |iner hanger and a casing.
More specifically, a 20 conical nenber is noved axially with respect to the
packer elenent to expand the packer elenent into engagenent with a casing.
That expansion may be significantly greater than the expansi on of a packer
elenment in a wellhead -41 WD 02/097234 PCT/ US02/ 15445 application due to
the difference in dianeter of the casing fromthe drift ID (smallest

al | owabl e | D50o(ses bigiure dif)ds disposed atiavg)a dewnmardhamarger ivRear sRsg H3<2 AP
for that size casing. The difference between this drift ID and the maxi num

ID for a paydnieceth ahespashaasicage m48.t Hise macheBempahdS00is griginblly .of 5a
Several problens exist with the packer el enent disclosed in the “620

P . B : RS ; i i |
Patent SESBRIRCRCH TR0 Lo I BRN It sRefin ReSpis
o e Ty koGP S50k ke, S8 RS ReE] ST 6L rove

engagenment. Al so, the packer element does not always forma 10 reliable
met al - t o5metdoiwrsealdlywovér theecanen 52aio sead ggainstée aaringhe coni cal wedge ring
simlarly does not forma reliable nmetal-to-netal seal with the too(

mandrel . Also, t11f @la@REPBRIMENSES iNBdapicd ©be Kettdienreak ehiendntiudes
not allowed to thermally expand in response to high tenperature downhol e

cond 11 one, g8 R A RER A APk RAETATRL fngBapas Apapladet
coneern poor1 350(?%{\ B% f[)recgdat%i alur: (ta?(lpanded position, as shown in Figure 6A, to engage the
top of the tie back receptacle. When weight is set down, the expanded lugs 328
10  transmit this downward force through to the pusher sleeve 148 and the packer
element 150. A body lock ring 270 (see Figure 1F) is disposed between the tie back
connector 130 and the pusher sleeve 148 and permits the pack_er element 150 to
be forced downwardly over the upper cone 154 by lowering of the tie back
connector. Upward movement of the set packer element is prevented.
15 The packer element 150 may be of a construction as described in U.S.
Patent No. 4,757,860, comprising an inner metal body for sliding over the cone and
annular flanges or ribs which extend outwardly from the body to engage the casing.
Rings of resilient sealing material may be mounted between such ribs. The seal

bodies may be formed of a material having substantial elasticity to span the annulus

20  between the liner hanger and the casing C.
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under high pressure conditions. The netal ribs may not reliably seal with
the cylindrical surface, and the el astoneric portion of the seal assenbly
may not rwbioalhie34 seal over extended tinme periods. Sone pacrdarsoziaaent s
function reasonably well when high pressure is applied to one side of the
packer elenment, but do not perform20 well when high fluid pressure is
applied to the other side of the packer elenent. The di sadvantages of the
prior art are overcone by the present invention, and an inproved packer

el ement and a too( including the inproved packer elenent -42 WD 02/097234
PCT/ US02/ 15445 is hereinafter disclosed for reliably sealing between the
packer nmandri@adighdetPagksinhol e cylindrical surface. The radial set annul ar
packer element according to the present invention is positioned downhol e
by a conveyance tTHesupsaserthaverttdrealsel miaes toegn hmpnoreed radialbgetapaeteri fiog
tool froma reduced dianeter run-in position to a set and expanded di aneter

position, s %nh?%th@@a%@l&%ﬂ%@s@mhowgﬂmﬁca éaﬁtﬁdcegvmah midnsr@aﬁédmw

receptacl e, or other downhdle cylindrical surface in a wel

Chaped,  t ne SHIAN sodauft & 826G Bpel b AT BRBocA Wﬁéi’%ﬁ o '“?'%‘&%’éy

coni cal wedge ring or cone during the 10 setting operation. The packer

el ement Ps Ranveranes tupulan and giqasical gredos! fings [@pdsiass gy bgdasadks riplipble
pressure either from above or below the elenent, and includes a primary
el ast oner i ¢ sw@tihg @ndagesent bdbwyerebdimieo enger aehh ,cagimgj stripgi mary netal lic
seal and a secondary netallic seal. The netal ribs of the packer el enent

e ovar & 18 ARSI AR Ere el Srand o s o
simlarly prpeasc?(er ofthen relatlve to a conical wedge ring have been used for sealing in
subterranean well bores. A conveyance tubular is conventionally provided for
10  positioning the packer element at the desired position within the well bore, and an
actuator causes the packer element to move axially with respect to a conical wedge
ring and thereby expand into sealing engagement with the cylindrical surface to be
sealed.
U.S. Patents 4,757,860 (previously mentioned) and 5,076,356 disclose radial
15  set packer elements which may be used in various applications, including a subsea
wellhead. In a typical wellhead application, the packer element may need to
expand in diameter approximately 0.030 inches in order to obtain a reliable seal with
the polished bore. U.S. Patents 5,511,620 and 5,333,692 disclose packer elements
intended for sealing between a liner hanger and a casing. More specifically, a
20  conical member is moved axially with respect to the packer element to expand the
packer element into engagement with a casing. That expansion may be

significantly greater than the expansion of a packer element in a wellhead
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arib angled toward the high pressure. The secondary el astoneric seal body
acts on the primary rib to prevent the primary rib from becom ng

per pendi cwbDar/ogizBh respect to the sealing surface, and tReraisy2/enaktnces
the reliability of the seal. It is an object of the present invention to
provi de an inproved packer elenent 20 which may be used in downhol e
applications for reliably sealing wwth a cylindrical surface. It is a
feature of the present invention that the packer elenent is particularly
wel | suited for sealing between a |iner hanger and a casing under -43 WD

021097234 PCIIIEAROIINAT, BRIWILIGARS IABRALLDEr RERLaaTRY HouERIPaiaR! v

in response er ma ressure expansi on

operations. It is. a | at ed ,obj ect of the invention tq_provide a downhole
tool incl udi ﬂ@“@sbl%b!fﬁ%ry%ﬁe@cy 5§12§r9335‘936ﬂi“&%m5\?6€85@ P a&@%ﬁ%byaw’%maér
seal assenbly or packer 5 elenent according to the present invention. It

is a featuresiod adsingor eJbatdiffaremoei betwdeat triachifiofD tand tvei maximamd|R Her a
backup netallic ribs of the sealing element are angled at |east 15 with

respect to gafibaiae sper el fidyahus Bed.360 HHesr grefert he seal ing el ement.
Anot her feature of the invention is that axially spaced netal protrusions

the cone- . and al So SPLpiePSoREl flin FFhadr el el i S hafpe

interior of the cone. Still another feature of the invention is that the

el ast oner i ¢ BetAaussiessabelonpnt isslatiena \witk rrsnest fae 810ygble serigd!|glement,

desi gned volunetric voids so that, after the seal bodies engage the

surf ace, t hdhelradiabyrexieadsedianged ioesibsif thebseal elgmert seal nottaXdpantd @sdestrads

of the ribs engage the sealing surface. At this stage, the now snaller

voi ds into portions of the non-uniform diameter casing string to obtain reliable metal-to-
metal sealing engagement. Also, the packer element does not always form a

10  reliable metal-to-metal seal with the conical wedge ring, and the conical wedge ring
similarly does not form a reliable metal-to-metal seal with the toof mandref. Aiso,
the elastomeric sealing portions of the seal element are not allowed to thermally
expand in response to high temperature downhole conditions, and thus exert
uncontrollable forces on the spaced apart metal radial flanges or ribs.

15 Other problems with prior art packer elements concern poor sealing reliability
under high pressure conditions. The metal ribs may not reliably seal with the
cylindrical surface, and the elastomeric portion of the seal assembly may not reliably
seal over extended time periods. Some packer elements function reasonably well
when high pressure is applied to one side of the packer element, but do not perform

20  well when high fluid pressure is applied to the other side of the packer element.

The disadvantages of the prior art are overcome by the present invention,

and an improved packer element and a fool including the improved packer element
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in the seal bodies allow for thermal expansion of each seal body between
the netal ribs to mnimze undesirable stress force on the ribs. Seal

El ement PWOQWe@®IDB4 depi cts an annul ar packer el enment D10 a®coruong4sd t he
present 20 invention positioned at the | ower end of a pusher sleeve D12 at
the lower end of a tie back receptacle prior to sealing engagenent with a
casing C. Conventional -44 WD 02/097234 PCT/ US02/ 15445 grooves or threads
D28 or simlar connectors nmay be used to interconnect the packer el enent
to the tie back receptacle. Axial novenent of the packer sleeve D12 and

t hus the packe t | . 1 cker, setting operatio
pushes the p'&c'ﬁ%’?k e emdﬂ%)&ggggjéfg&%gﬁg%@g‘q]§e&ﬁeeekq iibeerpggkgrgmgngiej qqﬁ"a
expand 5 the seaé el enent, into_sealing engagenent with the casing. The cone
D14 is in tufAWnBIgsingce)Sutfacener hanger body D16. In an environment
where the packer elenment is not the top liner hanger seal, the packer

el ement D10 may béhsupgial setchnmutart raxkendleodert soeatdiag totieopresbhcinvesidraiges
t he pusher sleeve D12, and the liner hanger body D16 nay be a packer

Tandr ol ot | ObOeoRAUGHANGI thhiliRioyEALe RbuRaS THC GG LU BATHS) b bR

in the well. In the Figure DI enmbodinent, the bo DI6 1st of the
conveyan t I whi itions th acker el ement a a selected
posi t i on%\?vi tw% ﬁté%ﬁ] fgcgﬁeé. relcﬂgcegu@ﬁ&e?%rl LAV Qﬂs'tf%gq ?éezaq@% expanded
receptacle shown in Figure Dl represents a |ower portion of an actuator
sl eeve whi cHameiRiPes{ion suebihal thapackenalament enurgss arasivgea polishedrbore
position to an 15 expanded di aneter activated or seal ed position. The
act uat or sl erceptagie, idnatherafimnhaie sglireticatsuafdoa!intaokele If thd HindAcHSurface
el ement to set the packer. The actuator
is a casing or other member which may be irregularly shaped, the packer element
is preferably moved axially relative to a conical wedge ring or cone during the
10 setting operation. The packer element is particularly well suited for reliably sealing
against high pressure either from above or below the element, and includes a
primary elastomeric seal and a secondary elastomeric seal, and a primary metallic
seal and a secondary metallic seal. The metal ribs of the packer element are
angled so that the primary elastomeric seal is pressed against a rib angled toward
15  the high pressure, and the secondary elastomeric seal is similarly pressed against
a rib angled toward the high pressure. The secondary elastomeric seal body acts
on the primary rib to prevent the primary rib from becoming perpendicular with
respect to the sealing surface, and thereby enhances the reliability of the seal.
Itis an object of the present invention to provide an improved packer element
20 which may be used in downhole applications for reliably sealing with a cylindrical
surface. It is a feature of the present invention that the packer element is

particularly well suited for sealing between a liner hanger and a casing under
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may be sel ectively activated by various nechani sns, including set down

wei ght or other mani pul ati on of the conveyance tubul ar, and may i ncl ude
axi al novwomIB4 a piston in response to fluid pressurepcCaiusazisasth or
wi t hout dropping plugs or balls 20 to increase fluid pressure. Further
details with respect to the use of the packer elenent in a |iner hanger
application are disclosed in U S. Provisional Application Serial No.

60/ 292,049 filed 18 May 2001. -45 WD 02/097234 PCT/ US02/ 15445 The packer
el ement as shown in Figure D1 is in its original configuration in which
the OD is reduc (E{ riqr tg being sealed with the casing. Packer elenment D10
i s expandabl é?oe@' 'Pﬁﬁﬂ” ere ﬁ??ﬁﬁ} d MR ePnsiderablyvin sespensededhgrraalandioy
to seal against the casing, as discussed bel ow and as shown in Figure D3.
It is a featoressbireexparsiomdanngaowrttate bhergtimoker el enent D10 be noved
into reliable sealing engagenent with the casing by a setting operation

whi ch includes moyiigg felfed %fé%ﬁbfﬁ%@{lﬁ/@hﬁ@%% Brdvide ¥4 d@ﬁﬁhﬂ@ﬁ%ﬁ%ﬁ%b%

packer cone D14, rather than noving e cone Wwth respect to

eal i tn’ e EveRBITBar St iSinie 0 BRER8Y o il Real ettt Br pgoker

operation, to flex or deforminto the_sha%)_e of the casing. Referring to

Fi gur es DL aflgnent 397erding ke thespeasent invedtiednpri ses an i nner netal body or
base D18 for sliding over the conical wedge ring or cone D14 and annul ar
flanges or ribs DHGisvnifediusx béride madsant! nventioatidtyedohoof thee phiasey RHY tHe
engage the casing. The base D18 is relatively thin to facilitate radi al

expansi on. 1lpadiie Rre4IIGHSs 8nthd %Iﬂ%@gﬁ%ﬂt bR Eh%\gﬁ?att g%asft MRV SE%FI[ to

support the rubber or other resilieft prefer astonmeric s
bodies. Ringg of,d ng‘ple'n%lpctulasrecgla 294t &%xis of the sealing element.

Another feature of the invention is that axially spaced metal protrusions

10 provide a reliable metal-to-metal seal between the packer element and the cone,
and also preferably between the cone and the mandrel or body interior of the cone.

Still another feature of the invention is that the elastomeric seal bodies of the

packer element include specifically designed volumetric voids so that, after the seal
bodies engage the surface, the elastomeric seal bodies will be compressed until the

15 ends of the ribs engage the sealing surface. At this stage, the now smaller voids
in the seal bodies allow for thermal expansion of each seal body between the metal

ribs to minimize undesirable stress force on the ribs.

Seal Element

Figure D1 depicts an annular packer element D10 according to the present
20 invention positioned at the fower end of a pusher sleeve D12 at the lower end of a
tie back receptacle prior to sealing engagement with a casing C. Conventional

A4



D22, D24 and D26 are provided between the ribs D20, and preferably the
upper and | ower sides of each seal body are in engagenent with a
respect i Wweoret09723he body D18 and the ribs D20 are fornmedPCrarsozneiesi al
havi ng sufficient ductility to 20 expand into the annul us between the
casing and the liner hanger. The netal portion of the packer élenent,
nanely the base D18 and the radially projecting ribs D20, is thus forned
frommaterial which is relatively soft conpared to netals -46 WD 02/ 097234
PCT/ US02/ 15445 commonly associated with downhole tools. This allows the

packer ele oVes drethkéiy P?esoélngin'lll Q:oﬁﬁ@l:’ﬂo?? n'?ég}grﬁggd%gz@wn é}{sﬁnﬁe& | ng

at a reduce ett| ng | oad. radla y projec e pac

| t b t Wi t h Tt
o ement ar S5 SHBLATL T fo 00 SrlAL, Bt 2P fipackor seeve

specifically, the centerline of each rib is angled in excess of 15, and
preferably aBda@ngdbus tee serker elementDA04dn cesmRiseetopbe piackemsetting pheration
central axis of the packer element. Although the ribs may be slightly

tapered to beeshes thbipaeker emem@dmﬂmalrwa@uéwwb ggd@eea tbRe PAaf 8 ipland

have a substantially uniform axial thickness. IS shown in Figure

Featur o a1 | g SCaLR ogreifiorsBpUAe 8pddaciiRhEih ¥ %9%4“%? BREDg TR
pr essure andPAre 3 degtanser HadhoR1e of ?ﬁéeéﬁrq%?ms%’n?giﬁqrﬁé%gééée”a'
ribs D20 to flex, reliable netal-to-netal contact is nmaintained between the
ends of t heslement ismptithe teplinerdianger séalwne padkieg eleendd.D bmAy parsuippoltad
feature of the invention isthatthe packer elenent D10 inherently
on the end of a seal actuator which replaces the pusher sleeve D12, and the liner
hanger body D16 may be a packer mandrel or other conveyance tubular for
10 positioning the packer element in the well. In the Figure D1 embodiment, the body
D16 is thus part of the conveyance tubular which positions the packer element at
a selected position within the well bore. The pusher sleeve of the tie back
receptacle shown in Figure D1 represents‘ a lower portion of an actuator sleeve
which urges the packer element from a reduced diameter run-in position to an
15 expanded diameter activated or sealed position. The actuator sleeve may thus
apply a selected axial force to the packer element to set the packer. The actuator
may be selectively activated by various mechanisms, including set down weight or
other manipulation of the conveyance tubular, and may include axial movement of
a piston in response to fluid pressure, either with or without dropping plugs or balls
20 to increase fluid pressure. Further details with respect to the use of the packer
element in a liner hanger application are disclosed in U.S. Provisional Application

Serial No. 60/292,049 filed 18 May 2001.
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forms both a primary seal with the casing and a secondary seal with the
casing, with the secondary seal depending upon the direction of pressure.
Al so, thewpaeken34 el ement may i nclude both a primary and &Craskps44s

el astoneric seal, and a primary and a backup netallic seal. Referring to
Figure D3, it should be understood that the 20 downward inclination of the
ribs D30 and D32 is such that relatively high fluid pressure above the
packer el ement may pass by these ribs and the annul ar el astoneric upper
seal body D22, so that the interior seal body D24, which -47 WO 02/ 097234
PCT/ US02/ 15445 COEF}@I tu es a majority of the el aﬁtomerl o seal area, forns
the prinmary el ast ersglgrn Asrehown (i gurel! isHbits ariging; snifiguration e g
herein includes gas, liquids and conbinations of gas and liquid. Seal body
D24 pr ef er abivhichrihads is feducet) pribBR beim3 gealad withéhb aseinpgl Hackadelement D10
substantially fills the annular void between these 5 surfaces. Wen fluid

pressure is %@if%nﬁb@léﬁiha@ﬁtwﬁﬁve@%wﬁ\b@rdl}%ﬁr tﬁ@@tanbﬁaw c&@DM% be@med

bet ween ribs D34 and forms a backup secondary el astoneric seal t he

e, .2 A Al Rl P

likely flow past the ribs D36 and so that seal body D24 is the
primary seal OElﬂé@réﬂ‘t’ent@@th%o‘iH@ @@CWZG'GQI%E[H @ he m%%ﬂﬁoarﬁﬂa@@ﬁ@%@g

beconmes the secondary el astoneric seal elenent. The primary el astoneric
seal el enent engagémenpnihstbe casing xbadetting eperaiion Whaheiraludesamoningt the
central axis of either the conveyance tubular body or the <casing) in

response to pag&seldriast mouaﬁamﬁ@ﬁh R&dpefitd tﬂ@lplae@ér Edrfe M GBtHeT tRdloneding
toward the high pressure, e secondary elastoneric seal element is

captured o cone with respect to the stationary packer element. This setting operation forms

a more reliable seal with the casing by allowing the ribs D20, during the setting
10  operation, to flex or deform into the shape of the casing.

Referring to Figures D1 and D2, the packer element D10 comprises an inner
metal body or base D18 for sliding over the conical wedge ring or cone D14 and
annular flanges or ribs D20 which extend radially outwardly from the base D18 to
engage the casing. The base D18 is relatively thin to facilitate radial expansion.

15 The base D18 and the ribs D20 form a metal framework to support the rubber or
other resilient and preferably elastomeric seal bodies. Rings of resilient seal bodies
D22, D24 and D26 are provided between the ribs D20, and preferably the upper
and lower sides of each seal body are in engagement with a respective rib. The
body D18 and the ribs D20 are formed from material having sufficient ductility to
20 expand into the annulus between the casing and the liner hanger. The metal
portion of the packer element, namely the base D18 and the radially projecting ribs

D20, is thus formed from material which is relatively soft compared to metals
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15 between two ribs each angled toward the high pressure side, so that the
secondary seal elenent is also pressed in an axial direction against arib
angl ed i rwohe/ogizeecti on of the high pressure. Mst i npor Pamtusy/14ke backup
seal, whether that be seal body D22 or D26, is captured between two ribs
and thus mnimzes the |likelihood that the axially innernost rib D32 or
D34 will flex outward to cone in line with the plane D38, 20 i.e.,

perpendi cular to the wall of the casing. The material of the seal body D22
or D26 thus acts as a biasing force which tends to retain the rib D32 or

D34 at a desired angle,.which then su rts t MLJTRIY .S nd
prevents th&omrﬁon|y4%s%'%g?jd@'%ggwﬁ%?;)%%tﬂ?'wﬂﬁ%%@e(}%eﬁ%kﬁ?%@%gﬁ? ng
perpendicular to the wall of the casing C. Should the ribs flex past the
poi nt of beirelighleeppand inip sealing engagamentyvifihine casig akr kAngedsatingload.
likely will lose its sealing integrity wth the casing. The radial ribs D20
are thus verti C&THa/raﬁmgdofebﬂrﬁg dive D20 ties pacicraiemenicirpeadbrsubgtasitiahy
respect to 5 upward and downward directed pressure forces. Packer el enent

D10 al so i ngly @WgH'{ééﬁé&ta@f)%be@g@ﬁwcmw Ssntrdl8RRI0f the packei Sferféneach

of the ribs D20 orm annu -to-netal seals with the casing.
More particylarly, thes ngled . ribs are configqured tp.ke cQnstan

met al - t 02 et ?res\éBPCW?lﬁ/'?Wg E%{g?ﬂ'&e&éﬁaf:ﬁorﬂ%ﬁs tW'%ﬁéﬁkieﬁ(ﬁegf éﬁeﬁ né?/d be
10 subjected to variable fluid pressure and tenperature cycles. Under high
pressure, toreferallyrabssit 367 aetaivetnshe plgned? 38 parrendigulan texhe sratral @xe dhase
D18 and thus not namintain sealing integrity. A primary netal seal is

never t hel esghé paeRer Blenestt. Hithoubk teiridkIniay beelighty tapebsd R8BecomB3Hinmert he
downstream si de of el astoneric packer

moving radially outward, the ribs preferably have a substantially uniform axial

thickness. Rib D32 is shown in Figure D2 at an angle D33 between the rib

10  centerline and the plane D38. This feature allows each of the ribs D20 to expand
substantially as the diameter of the casing varies or “grows”, whether in response
to internal pressure and/or thermal expansion. Because of the ability of the angled
ribs D20 to flex, reliable metal-to-metal contact is maintained between the ends of
the ribs and the casing, as shown in Figure D3.

15 A particular feature of the invention is that the packer element D10 inherently
forms both a primary seal with the casing and a secondary seal with the casing, with
the secondary seal depending upon the direction of pressure. Also, the packer
element may include both a primary and a backup elastomeric seal, and a primary
and a backup metallic seal. Referring to Figure D3, it should be understood that the

20 downward inclination of the ribs D30 and D32 is such that relatively high fluid
pressure above the packer element may pass by these ribs and the annular
elastomeric upper seal body D22, so that the interior seal body D24, which
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body D24, and a backup netal -to-netal seal is fornmed by the axially
outernost rib 15 D30 or D36 spaced axially farthest fromthe high pressure.
Hi gh fluiwopeesees e forces both the primry and secondar yChamskups4us bs to
reduce the angle D33, thereby formng a tighter seal ed engagenent with the
casing. The redundant or backup el astoneric seal D22 or D26 exerts a

bi asing force which tends to prevent the primary netal seal D32 or D34
from novi ng past the position where it is 20 perpendicular to the wall of
the casing. Referring again to Figure D2, each of the elastoneric seal

bodi es D22 or D24 and D26 is_provided wth subst ant L,al _vOi ®
D25 and/ or PRsfitites pANRICHlY of ke glprienysLos aﬁﬁ;ﬁ%@%}ﬁ%ﬁﬂg"a&%g@gﬁ% of
the el astoneric body and for thermal expansion so that, during both the
final setti npabpgaibnst fnidafiavdiifientgrosdlubiashisesl hetein inghudas 9asdigkigserndy
I's not squeezed outwardly past the ends of the ribs, or squeezed to exert

substanti al cdrbia8ordlof §8s BhBSidikd.cBeml bddyaD24 hréfeealily exgagesthd files DRRS.
Preferably the void area 5 between the ends of the ribs and the base of the

sealing ele i C t 108 0 ; ' of
el ast oneri cnﬁg% e%n?jaﬁj%n%g%@gu@. aﬁ%?%?%?&??w T%@%iabqﬁééﬁlgﬁdset\gfgleg&gé%r

t hermal expansion of each el astoneric resilient  seal, e avoi dj t he
creati onSof ScesoN¥nen Buiddyessurgds agRve iﬂf’ $53) slgmepnt %L(gﬁﬁe E@(/vcefr}?ga%ggy

el astoneric seal bodies thus preferably includes voids that allow each 10
resilient se@P6bodijiohed betwees sibb&3deand DRE fomnnk hacksp secoriary elastomeric

over-stressing or buckling the ribs. These voids will thus be
substanti al | yodiiih ifeduia the iR esasBMmerRlsdalwere 36 ldant Sieirynyhenttdgh al |
and will becone substantially fil'led, as showmn in Figure 3, due to

conpression ghy bpe%saFeails RS Bive SRk RRIEN, AYRPRELQIe AlidWISuld likely flow past
the ribs D36 and D34, so that seal body D24 is the primary seal element. Seal body

10 D22 between the ribs D30 and D32 thus becomes the secondary elastomeric seal
element. The primary elastomeric seal element is thus pressed in an axial direction
(generally along the central axis of gither the conveyance tubular body or the
casing) in response to pressurized fluid, against an inclined rib which is angled
toward the high pressure, and the secondary elastomeric seal element is captured

15  between two ribs each angled toward the high pressure side, so that the secondary
seal element is also pressed in an axial direction against a rib angled in the direction

of the high pressure. Most importantly, the backup seal, whether that be seal body

D22 or D26, is captured between two ribs and thus minimizes the likelihood that the
axially innermost rib D32 or D34 will flex outward to come in line with the plane D38,

20 ie., perpendicular to the wall of the casing. The material of the seal body D22 or
D26 thus acts as a biasing force which tends to retain the rib D32 or D34 at a
desired angle, which then supports the primary seal body D24 and prevents the rib
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resilient seal bodies. The stress |level on each of the elastoneric seals
may 15 therefore remain substantially constant wth varying thermal cycles
in the weWwb obosm34 As shown in Figure D3, the el astoneri cpsgalsobosds®s have
been conpressed to reduce the void area, leaving only a small void vol une
for additional thermal expansion. The void area is preferably designed to
be from5 to 10% of the volune of the resilient seal bodies once each sea
body is in its conpressed position with 20 the ends of the ribs engagi ng
the casing, but prior to thermal expansion. Figure D3 depicts the packer

el ement D10 according to the present invention -50 WO 02/097234

PCT/ US02/ 154282 phD3ddrem hergamjesestpendiculants gsvalhoidhefasing Ca Sappidihe ure

wherein the elastonmeric material has already expanded to fill nost of the
voi d area dirkguisepasaliby eoifti glbeing3pelpemdiduanstd tiee tasingngalhrtheepachking of
these ribs fromthe run in position as shown in dashed lines to the

seal i ng posigiiQ nP@%ej{)Wlo'ha it%*é%aﬁ@]&;iirﬁeg}i%ﬁitr} @e}%&éﬂq?cfﬁé‘?édié‘lrﬁﬁg Dbb&re

ribs, i.e., angle as shown 1n gur ncreased during the

packer o emdhts SRS el AR ANR ARt et qre BRR L T LHsrett the

| oner end of the packer elenent are angled upwardly. As explained above,
t he cent &r| iupsvardfansadownyverd diregigtl desgurederees150 with respect to the
pl ane D38 perpendicular to the 10 central axis of elenent 10 prior to

setting, i.e. whepaskeraléragnicB0 distmptRidesIngltiplenmetal sBaling sulfdces] maniely e
D18 of the packer seal includes a plurality of inwardly projecting

protrusions ;D4Q. [Ehese, ANBHIHRY s BP0V T 95n Caniiadmetdl-tbliReRReksls ®lite RSt
casing. More particularly, these angled ribs are configured to keep a constant
metal-to-metal seal with the casing even though the packing element may be
10  subjected to variable fluid pressure and temperature cycles. Under high pressure,
the two ribs adjacent the high pressure may flex toward the base D18 and thus not
maintain sealing integrity. A primary metal seal is nevertheless formed by one of
the axially innermost ribs D32 or D34 on the downstream side of elastomeric packer
body D24, and a backup metal-to-metal seal is formed by the axially outermost rib
15 D30 or D36 spaced axially farthest from the high pressure. High fluid pressure
forces both the primary and secondary backup ribs to reduce the angle D33,
thereby forming a tighter sealed engagement with the casing. The redundant or
backup elastomeric seal D22 or D26 exerts a biasing force which tends to prevent
the primary metal seal D32 or D34 from moving past the position where it is
20  perpendicular to the wall of the casing.
Referring again to Figure D2, each of the elastomeric seal bodies D22 or D24
and D26 is provided with a substantial void area D23, D25 and/or D27 to allow for
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provide a reliable netal -to-netal sealing engagenment with the packer cone
D14. 15 These protrusions provide high stress points to forma reliable

nmet al -t o-wetoalodmeal . Simlar protrusions D42 on the packecTrmsazitzahs D16
provi de netal -to-netal sealing engagenent between the packer nmandrel D16
and the packer cone D14. Accordingly, the seal of the present invention
operates in conjunction with the packer cone to obtain a conplete

netal -to-netal seal between the packer mandrel 20 and the packer cone,

bet ween t he packer cone and the seal elenent, and between the seal el enent

and the casi n The, mul eal or beads D40 far axi al |
o e o e DL Bl B O S0 O D05 80 i T
-51 WO 02/097234 PCT/ US02/ 15445 D10 and the tapered cone D14, while

prot rusi ons thedingbaéttibgtoperatiothand duen@use dovwnhdhe, thegkebenlikgymeterial isgrot
conveyance tubul ar D16. These netal -to-netal seals are energized as the

packer seal é(f.le‘éﬁbd cﬂﬁ@apcﬂ@f;ﬁs@tfhé én@@'dfdtﬁefﬁﬂst 0P| SyueReBaddNSXerBAEtaNtial
net al -t o- net seals. Alternately, one or. h of the radlally i nner and 5

the. packer B 1 BB BniSe W“ﬁa@%%r@%ﬁgﬁéfﬁ%ﬁ%s oElfrep I e 20 "

D18 and t he acker mandrel D16. The resjlient el astorrerl c seals %?h on the
D of the st wgsh&herndef the risaand fhesbase of the,sealingelepirids syeh thatatal

protrusions D40 formthe netal-to-netal 10 seal between the packing
el ement and lehst atone 556 te 10 UetheamkbexpeEnsimof élgstboidric reateriabmaytoscur. This
el astoneric seal, such as a V packing D15, provides an elastoneric backup

seal bet weensd, g 1090¢oiRfeatitlid ARvRGEYHERAal SiRFRidTRsfHach cMstmiro fesilient
seal, thereby avoiding the creation of additional forces to act on the ribs D20. Each

of the elastomeric seal bodies thus preferably includes voids that allow each

10 resilient seal body to compress between the metal ribs without over-stressing or
buckling the ribs. These voids will thus be substantially filled due to compression

of the resilient sealing material, and will become substantially filled, as shown in
Figure 3, due to compression of the seal bodies and thermal expansion of the
resilient seal bodies. The stress level on each of the elastomeric seals may

15 therefore remain substantially constant with varying thermal cycles in the well bore.
As shown in Figure D3, the elastomeric seal bodies have been compressed

to reduce the void area, leaving only a small void volume for additional thermal
expansion. The void area is preferably designed to be from 5 to 10% of the volume

of the resilient seal bodies once each seal body is in its compressed position with

20 the ends of the ribs engaging the casing, but prior to thermal expansion.

Figure D3 depicts the packer element D10 according to the present invention
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D40 on the ID of the element D10 are axially in line with (laterally
substantially opposite) the area where the ribs D20 seal against the

casi ng. TWe of9msf ace 15 between the casing and the netal pcrhsoDEd4df t he
packi ng el ement D10 thus force the netal seal protrusions D40 into tight
metal -to-netal sealing contact with the cone D14. The protrusions D42 on
the body D16 are simlarly axially inline wwth the elenent D10. The

netal -to-netal seals between the packer elenment and the cone are
preferably provided on the packer el enment, since its axial position

rel ative 20tothe cone when in the set ition may, var W|th h
condi ti ons. i §ea ?ﬁee‘@ﬂi'ﬁefwts%thl‘iﬁ@ £asipg éppﬂ“ﬂe@t fot SR §TeéPret 14
D10, the packer elenent will be pushed down the ranp of a cone D 14 so

t hat the ri bslaB@nerinmateriab has FreddyExpaadaas o MCTiasso? theyal arepaliscussedt al
engagenent with the casing. Metal seal protrusions D40 and D42 between the

packing el e”@éﬁv@lﬁlgﬁf’@D@@s&%ﬂ@w@]tﬁemu@eér"\l?&mlh @flﬂ%e fBS fropnthd fim ione

D14 are in contact, but have not been energl zed en the setting pressure

o Lo o £ B RO SR 4 ST B 2,

the seal bodies between the ribs and cause the outer dianeter of each seal
body intd ti §he inchraliomef thaghsehenandla B33 Be sbawindy FigwedRiig thusdneraaged
force will also cause the netal protrusions D40 along the ID of the seal
el enent D10 dunthd the paekel setfingtapesatiors THeribs 039 arteD8Pabtha tipperserdt ef thB16
to forma reliable netal-to-nmetal 10 seal with the cone D14. Underthis

e . B4 SELAUTIOBR S0 A 95 8o 0TS a4 ORI Thi
end of the packer element are angled upwardly. As explained above, the centerline
of each rib is angled at least 15° with respect to the plane D38 perpendicular to the

10  central axis of element 10 prior to setting, i.e. when of a reduced diameter as shown
in Figure D1.

The base D18 of the packer seal includes a plurality of inwardly projecting
protrusions D40. These annular protrusions or beads on the packer element
providé a reliable metal-to-metal sealing engagement with the packer cone D14.

15  These protrusions provide high stress points to form a reliable metal-to-metal seal.
Similar protrusions D42 on the packer mandrel D16 provide metal-to-metal sealing
engagement between the packer mandrel D16 and the packer cone D14.
Accordingly, the seal of the present invention operates in conjunction with the
packer cone to obtain a complete metal-to-metal seal between the packer mandrel

20  and the packer cone, between the packer cone and the seal element, and between
the seal element and the casing. The multiple seal protrusions or beads D40 form
axially spaced metal-to-metal seals between the base D18 of the sealing element
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nmetal seal. The netal protrusions which provide the desired netal -to-netal
seals between the body or mandrel D16 and the cone D14 coul d be provided
on eitherwotok@nsat er generally cylindrical surface of bodpChaGovis4hie i nner
generally cylindrical 15 surface of cone D14. Areliable fluid pressure
tight barrier, which may be both a liquid barrier and a gas barrier, is
thus formed with high reliability under various tenperatures, pressures
and sealing |longevity conditions, due to the conbination of the

el astoneric and netal seals. After the sealing el enent cones i nto contact

wi th the casing, the BOP even bec ndt il i pe
(or 20 ot hepﬁgﬂ%%@é’e{r GP’&?bﬁénWﬁi%S E’f br%’é %&F?&g’%ﬁé ﬁ:
annulus to pressure assist the setting of the packer el ement The sealing

el ement of tdne thegaeker bodheot vtber canveybhos tluber DH5. Tkese metalto-naetal seads wo
02/ 097234 PCT/ US02/ 15445 hanger for sealing between the packer mandrel of

the liner hapgen e?grﬁ}ﬂea%%tﬁéiﬂaeaerseﬁn% 6t bhalpreferalslpwmcivds giuttiphs rédmdsed|
el enrent D10 w || force the seal elenent down the cone D14 and into

contact vt fa SRR o et sEhR | Xiterifeld 8he B 53th s th&"}‘aaﬁllzﬁnﬁé}%ﬁ&'y

outward of tHEY conpressed to occupy 5 nuch
the void area in the seal bodies. Once t asto ric bodi es have

def or ned5so integmnedifde dnetal-t-metal Srﬁ%%c%‘rh'ga&fe qrinedcRy pRgUleF RE F@ﬂ?%?'ﬁgh%oi d

area my be from5%to 10% of the volunme of each seal body, assum ng t here
has been ngawkencbhedot sexlipansitonitbér ohiothehe fectbeeletanttbasedatdand the
expansion. If the seal bodies experience high thermal expansion prior to a

setting operpfxﬁtgJ Pmérﬂﬁ T"[9i1§. area 10 will be reduced by conpression of the
seal bodies ring vve operations, the pressure nay cause the casing to
expand in The resilient elastomeric seals D48 on the ID of the seal bore D18 may be
backup seals, since the spaced apa.rt metal protrusions D40 form the metal-to-metal
10 seal between the packing element and the cone once the packer element is fully
set. Another elastomeric seal, such as a V packing D15, provides an elastometric
backup seal between the cone D14 and the body D16. These metal protrusions
D40 on the 1D of the element D10 are axially in line with (laterally substantially
opposite) the area where the ribs D20 seal against the casing. The interface
15 between the casing and the metal ribs D20 of the packing element D10 thus force
the metal seal protrusions D40 into tight metal-to-metal sealing contact with the
cone D14. The protrusions D42 on the body D16 are similarly axially in line with
the element D10. The metal-to-metai seals between the packer element and the
cone are preferably provided on the packer element, since its axial position relative
20 to the cone when in the set position may vary with the well conditions.
With the desired setting force applied to the packer element D10, the packer
element will be pushed down the ramp of a cone D14 so that the ribs D20 come into
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di aneter and, this expansion will cause the ribs to expand wth the casing,
so that the position of the ribs with respect to the expanded casi ng may
return towvohe/ndrenfi gurati on as shown in dashed |ines in PCyOrse2/B33d45 The
ability of the ribs to "grow' 15 in dianmeterwith the expandi ng casi ng keeps
the ends of the ribs in reliable netal-to- netal contact with the casing as
the well goes through pressure and tenperature cycles. Wen pressure is
rel eased and the casing shrinks, the ribs may return to the solid line
configuration as shown in Figure 3. The seal elenment DI O of the present
invention is thus ideally suited for 20 app Ilcatlonﬁ In whic

i.gh
pressure mW&@'é@ﬂ@@H@mgaﬁﬁ@eﬂH@Fh the easingn Medak $ga @géqrumgp% Pgh?andsﬁ)ﬁ% e

the seal elenent inherently provides both a primary seal and a secondary
seal, with esstveghabteaeking slealerttd® 10yasd fipocors Ditd andibetreedrothet odyeld1 6t
-54 WO 02/ 097234 PCT/ US02/ 15445 axi al novenment in response to the high

pressure by and iR WHED 148 MESHtaCE Hu*ﬂﬁav@hb?&éérpen@ifglzé@e hNﬁénlﬂﬁe%@tuﬁg

and which allows fﬁ%Hm ng to con?ormto t he casi ng. he rib on each side of

bi ases (ne rPEoPURR g RESHIgReg T Y 'ihsgaﬁﬁé??ﬁ%ﬁ%fy 8 pelfiés i éd#goe?

the |iner hanger runnlgg tooI conventlonally I ncl udes the actuator mhlﬁh
provi des 5t hepesitign #ssolicklines ind-igere RS- pﬂwérgf@eémtforcgwﬂmwm a
packer. In other applications where the seal elenment is used, an actuator

may be used Hodiespetwéargtidgbs anprcaase dee bwﬂecdiametenméedaMeseelabodyriomﬁaghtrun
in or radially reduced position to a sealing or radially expanded position.

The 10 act uag lir g%ger?’é(&'iﬁ}éﬁﬁ GiRd 'céﬁlﬂgps tﬁh@dh %ﬁm %ré@%ﬁél%@%au%@tthéng

oper ati ons. a retainer e seal errent in sealing

contact with ttélal fotrusBins D40 along the ID of the seal element D10 and the metal

protrusions D42 along the OD of the mandrel D16 to form a reliable metal-to-metal

10  seal with the cone D14. Under this load, these metal protrusions form high localized

stress at the point the protrusions engage the cone to achieve a reliable metal-to-

metal seal. The metal protrusions which provide the desired metal-to-metal seals

between the body or mandrel D16 and the cone D14 could be provided on either

the outer generally cylindrical surface of body D16 or the inner generally cylindrical

15 surface of cone D14. A reliable fluid pressure tight barrier, which may be both a

liquid barrier and a gas barrier, is thus formed with high reliability under various

temperatures, pressures and sealing longevity conditions, due to the combination

of the elastomeric and metal seals. After the sealing element comes into contact

with the casing, the BOP preventer rams may be closed around the drill pipe (or

20 other conveyance tubular) and fluid pressure may be applied to the annulus to
pressure assist the setting of the packer element.

The sealing element of the present invention is well suited for use in a liner
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after the running tool is returned to the surface, by preventing or
limting axial novenent of the packer elenent when fluid pressure is

appl i ed. Whe2serBi ng el enent of the present invention nayPo@/UsSBE4itHh
various 15 applications in a well bore having a tubul ar di sposed therein,
wherein a packer mandrel or other conveyance tubular is positioned within
the well bore to position the packer elenent at a selected |ocation. The
packer elenment is disposed about the conveyance tubular and includes a
plurality of elastoneric seal bodies for sealing engagenent with the well
bore tubular, and a plurality of metal ribs which 20 separate the .

el ast omer i ¢ heager faydieading WetwWeemiher packen ssandiekeidbe linerhangesianddhaepging.
seal i ng engagenent with the tubular. The packer elenent nay be run into the

wel I in a curfingial 8¢ dowisiweighabntive sbaitelsimentDH 0 will thusdoidk the sebl elbrtené
sealing elenment -55 WD 02/097234 PCT/ US02/ 15445 has a reduced di aneter,

and t he pac f i I At @it i t
wth the weli oot e FAY AL EBRtEEt WindHb Y5 G Ry e dednaansar”
until the packer . el epent reaches the fi et ition,  a ho in
A A e e
be 5 used for various types of downhole tools. Additional back-up secondary

nmetal ribs roech df the widarern theseabbodigs. Lntia therelastpaekiclipdigskavarees
bodi es engagi ng these additional ribs. Various types of conveyance

tubul ars naydiermis®do g4t theEnds dTithe ribBenigagkeahe cabipigbtie ®mainigl it edea
| ocati on bel ow the surface of the well. The substantially 10 conical wedge

Surface confraupadeisral &% P AR ENRI @ skl Fodf peETning RlihasBu el
no significant expansion of the seal bodies due to thermal expansion. If the seal
bodies experience high thermal expansion prior to a setting operation, the void area

10 will be reduced by compression of the seal bodies.

During well operations, the pressure may cause the casing to expand in
diameter and, this expansion will cause the ribs to expand with the casing, so that
the position of the ribs with respect to the expanded casing may return to the
configuration as shown in dashed lines in Figure D3. The ability of the ribs to “grow”

15  indiameter with the expanding casing keeps the ends of the ribs in reliable metal-to-
metal contact with the casing as the well goes through pressure and temperature
cycles. When pressure is released and the casing shrinks, the ribs may return to
the solid line configuration as shown in Figure 3.

The seal element D10 of the present invention is thus ideally suited for

20  applications in which high pressure may be applied from either direction to the seal
element, since the seal element inherently provides both a primary seal and a

secondary seal, with each elastomeric seal being supported in a direction to resist
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upon axi al novenent of the packer elenment relative to the wedge ring, due
either to axial novenent of the packer elenent relative to the stationary
wedge ri ngoar/09a34 al novenent of the wedge ring relative POTIUSe2/$34a i onary
packer elenent. In a 15 preferred enbodi ment, the seal assenbly includes an
upper el astoneric seal body, a primary elastoneric seal body, and a | ower
el astoneric seal body. Wile each of the upper and | ower seal bodies
ideally provide the backup elastoneric seal in the event the primry

el astonmeric seal were,to leak, it is an inportant function of the upper
seal body D22 apd the |ower seal body D26 to provide a desired biasing
force 20 aga?ﬁ'@?W@”ﬁﬁﬁééﬁ%ﬁﬁ@ Aigh pressurgrysa ris) whichns angleskial the

bodi es thus function as biasing nembers between the axially outernmost rib
and the adj adigectionnofetherhiigh toessaxer and whictcalloves @bxipyetwaonornhin thenedsirid.b
fromflexing beyond a predeterm ned -56 WO 02/097234 PCT/ US02/ 15445 st age.

For exanpl e, ThEgiblsEAcH Shle ST JiffarR8ROBSIPR Quddiftdd P tnd L diidnAad)

the outer rib D36, and exerts an upwa bl asi'ng ce to prevent

from noving past pesition' . where it is perpendicular to the wall
of the casi naggy&vﬁ{:lﬁg'%gﬁetﬁﬁrﬁ)et?“ﬁﬁgt'TeoﬁJQF‘ RI&3PY'Sody D26 exerts a downward
bi asing force which 5 tends to increase the dowward flexing to the outer
rib D36 when the e casepobadiner ihapgsr, dbarinar Banger aypomg ¢oal onivghtionally
pressure above the packer elenent. In addition to the primary

net al - t o- et imklusealthe Bbtuatecwhidhrprovidealhd compiedsivesforte td the pudkerelement
el astoneric seal and the secondary el astoneric seal, additional sets of

met al - t o- met ahoqa@eekreégagﬁgémngﬁﬁbﬁ aE@I(?)Hna?ioHE vmdé}gittﬂggéta eté?ﬁ%m& ‘ﬁgédlgn

el enent. El astoneric bodi are Igure an shown herérn

ey actuator may be used for applying the compressive force to move the seal from a

run in or radially reduced position to a sealing or radially expanded position. The

10 actuator may be hydraulically powered or may use mechanical setting operations.

Thereafter, a retainer keeps the seal element in sealing contact with the casing,

after the running tool is returned to the surface, by preventing or limiting axial
movement of the packer element when fluid pressure is applied.

The sealing element of the present invention may be used in various

15  applications in a well bore having a tubular disposed therein, wherein a packer

mandrel or other conveyance tubular is positioned within the well bore to position

the packer element at a selected location. The packer element is disposed about

the conveyance tubular and includes a plurality of elastomeric seal bodies for

sealing engagement with the well bore tubular, and a plurality of metal ribs which

20 separate the elastomeric seal bodies, with the rib ends intended for metal-to-metal

sealing engagement with the tubular. The packer element may be run into the well

in a configuration similar to that shown in Figure D1 in which the sealing element
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thus be used for this purpose. Various types of plastic materials in
various configurations may provide the desired biasing force, and ideally
al so a seworndasy34resilient seal. Alternatively, a wave sPpCTAHODI540% her
nmetallic material biasing nenber nmay be used instead of or in cooperation
with the elastoneric bodies D22 15 and D26. Preferably each of the netal
ri bs of the packer el enent as disclosed herein are annular nenbers with

t he outernost surface of each rib,. when in the run-in position, being
substantially the same radial spacing froma central axis of the tooI for
reliable selln a nt wth the surface to be seal ed. | n other

enbodi ment s rﬁggﬁ%ﬁ?gj‘a etercand e pagker ¢lamanddefames r%‘h’h@ét\'\é%d t"lﬁ@t
the rib vvould not forma conplete annular netal -to-netal .seal, which then
coul d be preealihgdengagenert with dhenvall besd fubaildrmhas i moved rélbtives toral edrdcal
annul ar netal seal -57 WD 02/097234 PCT/ US02/ 15445 woul d not be obt ai ned.

Preferably aw@agé a:in'gt Yin@if thdxpadey e‘}m@ﬁﬂ ré)arc%%ttﬁé Tiial 8E€poBicH, ' é?@Qhé\% in

netal -to-nmetal Sealing engagenent et ween t he packer ement and e cone
and bet ween ce t ub .. In other | ications
si ngl e annul%gﬁ ?@e i‘ﬂ%r{gﬁj&bgg’p %Ie ogttp%pﬁqs[e\%i gﬁlﬁgdnay 508 be 2
net al -t o- rretal %éseal ing function. Ball Seats Continuing further with a
descri pt iSon Yted 1 vauewaivpes pédewnheledoplsneAdditional bask-upzesopdas mistalrigs 1D)
is mounted within the running tool bore by shear pins 248 10 opposite the
pressure chaohid bapovidbeasavalds addiforsalbpokip eastom4i bodies drgsginginesef
the ball seat has reduced thinner section or neck 258. Furthernore,
additional ribs.
Various types of conveyance tubulars may be used for positioning the packer
element at a selected location below the surface of the well. The substantially
10 conical wedge ring or cone may have various constructions with a generally outer
conical surface configured to radially expand the annular seal assembly or packer
upon axial movement of the packer element relative to the wedge ring, due either
to axial movement of the packer element relative to the stationary wedge ring or
axial movement of the wedge ring relative to the stationary packer element. In a
15 preferred embodiment, the seal assembly includes an upper elastomeric seal body,
a primary elastomeric seal body, and a lower elastomeric seal body. While each of
the upper and lower seal bodies ideally provide the backup elastomeric seal in the
event the primary elastomeric seal were, to leak, it is an important function of the
upper seal body D22 and the lower seal body D26 to provide a desired biasing force
20  against the respective rib D32 or D34. These elastomeric seal bodies thus function
as biasing members between the axially outermost rib and the adjacent inner rib to

exert a force which prevents the inner rib from flexing beyond a predetermined
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one or nore ports 260 forned in the running tool are positioned to be
uncovered to permt fluid pressure in the running tool to be admtted to

t he presswo@obmaber 256 upon |owering of the seat 246. TPoa/usat/i542510 when
rel eased fromthe upper seat 232 15 will land onto the second seat 246,
wher eby pressure within the running tool above the ball wll nove the seat
246 downward upon shearing the pins 248 to open the ports 260 leading to
the pressure chanmber 256. The ball 240 nmay thus pass through the first seat
232 for seating on the reduced dianeter 258 of the second seat 246 so that
addi tional pressure may be 20 supplied through the ports 260 fqr I Si ng
the outer pistagm Epeexampls, therlpwerisgat bedy Q@ﬁrﬁr@@%ﬁ&%h ?h%@n%ﬂbﬁ%ﬁ

outer teeth gripping the |iner hanger 110 to nove into position opposite a
reduced di arthé eyutéoyvierD8s\dadd xettstdreupary bidsiy dordettbusregant rib I334\fom
02/ 097234 PCT/ US02/ 15445 of grippi ng engagenment with the |iner hanger,

wher eby the rﬁb’\ﬂﬁ#; %v@n%rdig%&% §|tp%§ﬁi89‘wﬁerr8 Mid Piérdeinﬂﬁfulé}%ﬂ% walfbf thBicaisFgage,

t he operator w pressur 0 pass the ball "through seat 246, so that

the drop in pressure will indicate tha bal.l 2 t he
5 bal | seat éﬁf%‘? saM&tiinggthe lPWtﬂrﬁ??lol??c{ykﬁgﬁﬁﬁe?ﬂg cﬁ&ﬂﬂ?%@@%ﬁﬁgé&{(%%%h
continue, and the ball to be punped downwardly into the ball diverter 280
(see Fi gdr e tengs teringrepsedhe davenwvardifieximgdodtbe oxtasutnD8h avhendhe pgariiaigs
cenent di splacenent. The cenent is then injected into the running tool and

punped downvigkak ovatwhrdlia resmensioterhigh peesslise abol/é dhes pabkercsdement.and i nt o
the liner wper plug 180 (see Figures 1 J, 5A and 10 5B). This then forns a

barrier to the prnavauslVicthsRR%s) nraaRR-n2esl el the secondary metal-to-metal
seal, the primary elastomeric seal and the secondary elastomeric seal, additional
sets of metal-to-metal and elastomeric seals could be provided in the packer
10 element. Elastomeric bodies which are configured other than shown herein may
thus be used for this purpose. Various types of plastic materials in various
configurations may provide the desired biasing force, and ideally also a secondary
resilient seal.  Alternatively, a wave spring or other metallic material biasing
member may be used instead of or in cooperation with the elastomeric bodies D22
15 and D26.

Preferably each of the metal ribs of the packer element as disclosed herein
are annular members with the outermost surface of each rib, when in the run-in
position, being substantially the same radial spacing from a central axis of the tool
for reliable sealing engagement with the surface to be sealed. In other

20 embodiments, one or more of the ribs could include radial notches so that the rib
would not form a complete annular metal-to-metal seal, which then could be
provided by the elastomeric seal, although then the complete annular metal seal
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di spl acenent fluid. The |l ower end of the running tool mandrel 132 extends
downwardly below the slip assenbly and has an enl arged body 145 (see
Figure 1lWwoadapted to reciprocate within the |iner 146. Phirasemiangyed body
145 has an upwardly facing 15 shoul der 147 which may be raised into
engagenent wth a downwardly facing shoulder to permt the running tool to
be raised out of the set |liner hanger, as will be described. As previously
described generally in connection with Figs. 1, 4A and 4B, to inprovenents
in apparatus of this type in which the cementing operation requires 20 t he
sequential |owering of balls and down plugs within the inner pip

wherei n i n avguldfratrheiobiained.| @‘EFQISBW %l’ﬂdidf@il‘i’}‘efPftaX‘@“‘béSPﬁ@%d Pﬁ‘?"ﬂés'@%s gre

| i ner having an upper end installed within an outer casing by a colum of

cement punpeggfogidedtibemetaies-metaP s¥Rlint2é0ga e MOEWEBA 1S pabkemalemient bed
liner into the annulus between it and the outer casing. As above descri bed,

in a systemyf bRk Sy (%’h?&we%nt}ﬁékghé aﬂgcfﬁé’ﬁgnﬁvea@cétlﬂﬁﬂér Ih'@)tﬁé}%mbﬁldﬂs the

liner to permt C|’rc ating f e dir |ntoaport|onthereo
for hydraulically actuatin art in e Xl e i ne
bore, and arf 5NSfRANAY aBIﬁ’r&;ﬁlﬂ%Entrﬁ@y% putt gleﬁﬁéq g;&"'h&&? @ 'E?Cfe‘lﬁli?letroerﬁ? aé\l ly
yi el dabl e, upon application of higher circulating pressure, to cause the
bal | to passedtiogdumetiomgh and out the lower end of the liner. The ball may
then be followed by a punp down plug to force the cenment downwardly
t hrough the lower end of the liner and into the annulus between it and the
outer casing. 10 In the system shown and described in the aforenentioned
provi si onal Ball Seats
Continuing further with a description of the overall system, the lower ball seat
246 (see Figure 1D) is mounted within the running tool bore by shear pins 248
10  opposite the pressure chamber 256. Sleeve 245 thus supports seat 246. The
lower end of the ball seat has reduced thinner section or neck 258. Furthermore,
one or more ports 260 formed in the running tool are positioned to be uncovered to
permit fluid pressure in the running tool to be admitted to the pressure chamber 256
upon lowering of the seat 246. The ball 240 when released from the upper seat 232
15 will land onto the second seat 246, whereby pressure within the running tool above
the ball will move the seat 246 downward upon shearing the pins 248 to open the
ports 260 leading to the pressure chamber 256.
The ball 240 may thus pass through the first seat 232 for seating on the
reduced diameter 258 of the second seat 246 so that additional pressure may be
20  supplied through the ports 260 for raising the outer piston sleeve 252. This in tumn
permits split ring 264 having outer teeth gripping the liner hanger 110 to move into

position opposite a reduced diameter lower end 268 of the sleeve 252 and thus out
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application, the ball is relatively large, and, in any case |arger than the
bore of the Iliner wper plugs (LWP) into which the punp down plugs (PDP)
are to beworgweai2Bed. Unless, the bore through the w per pCE@sozi1:ags snal l
as possible, the inner dianmeter of the liner to be cenented in the outer
hanger is necessarily enlarged to 15 accommodate the w per plugs which are
carried about it. Consequently, it is the object of this invention to
provi de apparatus for such a systemin which the balls my be
substantially larger than the punp down plugs, and thus larger than the
bore through the wi per plugs in which the punp down pl ugs ar? tQ b

This and ot |o>égrlpbmecﬂrwame@wemwhﬁheé'ﬁ@aharngprawbar%h Jge\mm'&lﬁg oRlig, %

20 previously described diverter 280 conprising a tubular nenber such as a

sub havi ng f@m Hpkhechghg@nnected to a well pipe for lowering into a
casing in the well to permt it to be cenented therein, and having a bore

wWith a relativel %t'tﬁ"s%:%ges Sg? pgeﬁﬁfrgﬁngﬁ%sﬁgbb’@%ég?ﬂ@béﬂtﬁw SeHIPEB,

portion and a relativ |'ower portion | ar ger

n the SmaPPaRatii ton suersdsh il Biiate WELER AICHA] HeS HiPsed Hirpldf e

permtting passage of the mp down plugs into the |iner wper plug. 5 For
this purposdallsesidi, méloamnga@lrm@@tthrqu@g therganing skrinoda caatnue, ﬁaélﬂé%b il
one side of its bore into which the ball, or at |east a portion of it,

di verted to tb berriypedabWhivakdlg intdthe Iskldivette2 8 00(seadRigiret Wk eflutdsarbdhén and
the side of the sub opposite the pocket, whereby the punp down plug may

continue doviuRlALy thRudh iRl 1oblBwkihy céBRE dRipisberTéiR. SPRe bhferitns liNees

ranp extendlng across
injected into the running tool and pumped downwardly, and the pump down plug
182 follows the cement and into the liner wiper plug 180 (see Figures 1J, 5A and
10 5B). This then forms a barrier to the previously displaced cement and the
displacement fluid.

The lower end of the running tool mandrel 132 extends downwardly below
the slip assembly and has an enlarged body 145 (see Figure 11) adapted to
reciprocate within the liner 146. This enlarged body 145 has an upwardly facing

15 shoulder 147 which may be raised into engagement with a downwardly facing
shoulder to permit the running tool to be raised out of the set liner hanger, as will
be described.

As previously described generally in connection with Figs. 1, 4A and 4B, to
improvements in apparatus of this type in which the cementing operation requires

20 the sequential lowering of balls and pump down plugs within the inner pipe, wherein
in a preferred and illustrated embodiment, the inner pipe is a liner having an upper
end installed within an outer casing by a column of cement pumped out the lower
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10 of the sub and slanting dowwardly toward the pocket so that, when the
ball is dropped, it will land on the ranp and thus be guided into the

sl ot. Morwopaswpizeul arly, the ranp has a U shaped sl ot whip€h/tise2/453e5 nar r ow
to pass a ball but is wide enough to pass a plug down between its cl osed
end and the inner side of the diverted ball. 15 Ball D verter Wth
reference now to the details of the above descri bed draw ngs, each of

Figs. EIl, E2 and E4 shows, in vertical cross section, a tubular menber DO
0 suspended within a liner L installed within an outer casing Cwithin a

wel | bore, it se hej to circul ate cenent downwardl y through the
| ower portio%n%gy{?%ceﬁmefdmp[}gﬁlaé'ln%éshﬁ%&vegﬁ‘d%m ﬁqq ﬂ&éﬁﬁﬁﬁrés bet ween the
| iner and the casing to cenment the liner within the casing. As al so shown
in Figs E4 and E5As gbprasiesaribed, iplaigystempfitbisdyppen ball ig fenpedeontataseat
menber with a punp down plug is installed -61 WO 02/097234 PCT/ US02/ 15445

therei n.  Thia thalbbralofibetipier Bpeaniptirawatieg fuill tobeidifectesd ints b plokish thetawfen
t he upper and | ower portions of the tubular nmenber, and has a pocket P

fornmed in si ﬁ)r? Cgﬁlg[]éd?l%allf%Et%aiipb%%%ﬁﬁgéh@%&%ﬂeﬂ?eﬁ?%rﬁal%l thgair%?%?@,dar%cpﬁgass

downwardl y t gh the u r. ranp nounted on the 'su S
end Fo 1 e m PRFENG L3R HhE G RoPoRed’ mal| B} clSHieRat ALy Ao HE: Brer
than the ball, so that when the ball is dropped through the running tool
and into theappjsetiornthigher dieculaling presauiehtercapise tinebalttornassitheretiyough and
w Il be guided into the pocket.
out the lower end of the liner. The ball may then be followed by a pump down plug
to force the cement downwardly through the lower end of the liner and into the
annulus between it and the outer casing.

10 In the system shown and described in the aforementioned provisional
application, the ball is relatively large, and, in any case larger than the bore of the
liner wiper plugs (LWP) into which the pump down plugs (PDP) are to be installed.
Unless, the bore through the wiper plug is as small as possible, the inner diameter
of the liner to be cemented in the outer hanger is necessarily enlarged to

15  accommodate the wiper plugs which are carried about it. Consequently, it is the
object of this invention to provide apparatus for such a system in which the balls
may be substantially larger than the pump down plugs, and thus larger than the
bore through the wiper plugs in which the pump down plugs are to be landed.

This and other objects are accomplished, by apparatus which includes the

20  previously described diverter 280 comprising a tubular member such as a sub

having an upper end connected to a well pipe for lowering into a casing in the well

to permit it to be cemented therein, and having a bore with a relatively large
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10 As shown in Fig. A3, the opening between the inner end of the slot
permts the |lips of the punp down plug to flex inwardly so that the punp
down pl ugwp92feees to conti nue downwardly to a seated posiPCirarsor/ms4she |iner
wi per plug LWP, as shown in Fig. A4. That is, follow ng dropping of the
ball into the pocket, the punp down plug will, under the influence of
downwardly directed circulating fluid, pass between 15 the ball and cl osed
end of the slot in the ranp. The punp down plug continues to be |owered
until it lands in the liner wi per plug, as shown in Fig. A4, thus closing

the Ilower end of the bore,.throygh e tubul ar nber, all in a matter well
noun 1 n 1 hedaretel (pdition PBY S Teleel o fér dETERriofet npfolndReustost
pin P holding the liner 20 wiper plug in place to permt |iner wper plug
to be noved REliARE@Nes ane pemoredals &3 be hewardditherefhroagh, Potithe E\WE in the
rel eased plug assenbly will continue to force the -62 WO 02/ 097234

PCT/ US02/ 154dthaltemtiametavpprtiol pievehispasagbeafithe Ballondild permitingepadsage dfhi n
t he annul us between the liner and into the outer casing, whereby the liner

may be cem%g%?@?&gHggsmﬁkﬂg“ng}\k@eﬁpﬁﬁtﬁ manner well known in the

art. 5 Running n, “continuing w overall rights, Figure 2-8
illustrate novenept of conponents. of the tool O,in the prqcess of
setting the |1 nerk OTNSPRESE: haub istalhBpasetdfi Hdabeprln s ROCKetIP s
are circulated through the well bore "bottonms wup". After conditioning the
wel | bore, tone sidelof #3boreinge whjshdhertaih bnatieasis portiequif findiverted totleereby
surface and allowed either to free fall or be punped at a desired
permit the pump down plug to pass between the ball and the side of the sub
opposite the pocket, whereby the pump down plug may continue downwardly to
enter the liner wiper plug. The sub also includes a ramp extending across the bore
10  of the sub and slanting downwardly toward the pocket so that, when the ball is
dropped, it will land on the ramp and thus be guided into the slot. More particularly,

the ramp has a U-shaped slot which is too narrow to pass a ball but is wide enough

to pass a plug down between its closed end and the inner side of the diverted ball.

15 Ball Diverter
With reference now to the details of the above described drawings, each of
Figs. E1, E2 and E4 shows, in vertical cross section, a tubular member E10
suspended within a liner L installed within an outer casing C within a wellbore, its
purpose being to circulate cement downwardly through the lower portion of the
20  tubular member and into the annulus between the liner and the casing to cement
the liner within the casing. As also shown in Figs E4 and E5, a liner wiper plug
LWP is suspended from the tubular member with a pump down plug is installed
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rate onto the upper seat 232. Upon application of pressure to the seated
ball, pins 222 between the seat and the |iner hanger setting assenbly are
sheared twOpeftwi2g4 the ball and seat to nove downwardly t@Ca/ysoy14idn
uncovering ports 242 in the body of the slip setting assenbly 140. The
further application of fluid pressure will cause 15 the surroundi ng piston
sl eeve 220 to travel upwardly. As a result, the tie back receptacle 130,
the actuator slip slat 149 and slips 142 are pulled upward until the
circunferentially spaced slips engage with the casing C. Thus, as shown in
Fi gure %}g Blston sl eeve 220 of the slip setting assenbly 140
surroundlng frLS! unning tool mandrel 132 has been noved upwardly by the
increase in pressure above the 20 ball 240. The piston sleeve 220 is noved

upwardly until thEhepgddiererdiD comprises apsih wiliah isdnstalied betweayetheaunper
rel eases the split lock ring 244. This enables the -63 WD 02/ 097234

PCT/ US02/ 1544i%d loweeripattoneoftpeagh@aldéniercand hasa goekBEP TOMESH MR 8f the On
the other hand, raising of the tie back receptacle 130 raises the cone

1a4A, S11P 5 180808 SMAEA I H AGaREl PRIL LORRWRRYS Mok BB

2B. At this tine on the |I1ner can
wher eby the wei to 5th i ner |nthe casin VWil e holdlng
he

pressur e “con$f trﬁén‘%l Immﬂ?tﬁg oqi}v gHB Ras.ag) upper; I%CEOW'E"éEBt‘Svﬁ'@‘F\te
casing, the liner han er thus may be slacked off onto the slips. To be
certain thatdewawaigy g’@m itshepperosnt] lodtsdbwek edd ¢ ferorinatet dppdsitadine poakid?.
assenbly 110, additional pipe weight nmay be applied to check for hanger

movenent. OnaeléttSiin thetranip resardwér tHap HBki ksl @6Vtﬁabmnhtﬁé%aﬁ Bedrobpid
pressure 10 can be reapplied to the seated bal I 240 to a hi gher

P:]e?ﬁ:aelr Imng‘racﬂ#d:;‘;‘fﬁhe ?H?r(\arﬁi E ttotohgndﬁmclytﬂgaﬁpg& BHIRS %Ot blifar Ahe? $31th*0
cementing tool, it will be guided into the pocket.

10 As shown in Fig. A3, the opening between the inner end of the slot permits
the lips of the pump down plug to flex inwardly so that the pump down plug is free
to continue downwardly to a seated position in the liner wiper plug LWP, as shown
in Fig. A4. That is, following dropping of the ball into the pocket, the pump down
plug will, under the influence of downwardly directed circulating fluid, pass between

15  the ball and closed end of the slot in the ramp. The pump down plug continues to
be lowered until it lands in the liner wiper plug, as shown in Fig. A4, thus closing the
lower end of the bore through the tubular member, all in a matter well known in the
art.

Increased pressure of the circulating fluid shears the pin P holding the liner

20 wiper plug in place to permit liner wiper plug to be moved downwardly in the liner,

as shown in Fig. A5. Thus, the released plug assembly will continue to force the
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250. Wth the ball so seated, a predeterm ned pressure nmay be applied to
nove the ball seat 246 and sl eeve 245 downward to uncover the ports 260 in
t he | i nerwbangens34 rel easi ng assenbly. Hi gher fluid pressuPeTnsy2/13eh be
applied to cause the piston 15 sleeve 252 to nove upwardly, thereby
allowing the |liner hanger releasing ring 264 to collapse within the
reduced di aneter | ower end 268 of the sleeve 252, thereby disengaging the
running tool fromthe liner hanger. |If the hydraulic rel ease is not
operable to nove the ring 264 to di sengage the running tool, the operator
may resort to a mechanical rel ease node. The fun%%%on of the ball in

rei easing t semerddpwaward)y thseugh therinasanddhen upwardhawiain the aapglgﬁggb&een
bel ow. The further increase in pressure on the ball 240 and the | ower seat
246 Wi ll - 64nd\hERARD TS I PETTSABINLS Avtiereley tHeslindrimeay bkl cemented vathio e
seat so that circulation through the running string may continue while the
ball 240 is e Wﬁw% i i i verter 280. Fluids may then
be circulatgggﬁﬁfgﬂgﬁ t ebﬁh%ﬁhgﬂgp??ﬁghggﬁéﬁg di spl acenent. The cenent
and the displacenent fluid are then injected into the running tool and 5
punped downwardly. When the cenent has been punped, the punp down plug
which seals with the drill pipe is released fromthe surface handling

equi prenf t Ruinim@ Teal a seat in the liner w per plug, thereby formng a
barrier between the previously displaced cenment and the di spl acenent
fluid. A cal cul ateshianesminubig with $ipé averainigtits UFidures 2+& fjustrate ovpognt ofie
drill pipe plug dowmn to the ower liner 10 wi per plug. The operator

ChecT e SIS LB SR1°PRE oBt ot pemotheanet sl e
fol lows the Igv(\a/rerr?en toi trllrteodetsri]r%dlc;enpe(ﬁ, f‘MiBE ard lcprguléga%' th%ug}hhﬁweo\')\'/gﬁbore “bottoms
up”. After conditioning the well bore, the ball 240 is dropped from handling

10  equipment at the surface and allowed either to free fall or be pumped at a desired

rate onto the upper seat 232. Upon application of pressure to the seated ball, pins

222 between the seat and the liner hanger setting assembly are sheared to permit

the ball and seat to move downwardly to a position uncovering ports 242 in the body

of the slip setting assembly 140. The further application of fiuid pressure will cause

15 the surrounding piston sleeve 220 to travel upwardly. As a result, the tie back
receptacle 130, the actuator slip slat 149 and slips 142 are pulled upward until the
circumferentially spaced slips engage with the casing C. Thus, as shown in Figure

2A, the piston sleeve 220 of the slip setting assembly 140 surrounding the running

tool mandrel 132 has been moved upwardly by the increase in pressure above the

20  ball 240. The piston sleeve 220 is moved upwardly until the upper end 312 of the

piston sleeve 220 engages and releases the split lock ring 244. This enables the
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down plug gets close to the running tool, the punp rate nmay be | owered so
as to reduce the risk of malfunction between the |atching and sealing of

t he | owerwaiopmp7236 pl ug and the punp-down plug. This all oweTaise®risas i on of
the punp pressure increase when the punp-down plug 182 has | anded in the

| oner Wi per plug 180, as shown in Figure 5A. It takes a cal cul ated anount
of displacenent fluid to force the cenent to the desired height in the
annul us between the liner and casing. The drill string may be 20 pressured
to the predeterm ned level to shear the pins 186 (see Figure 5A) connecting
the plug set to the runnlng tool. Wth the Iln%{ er plug released as -65
WO 02/ 097234iepeasissepianie 3 301 e wenfinueiq be eneys %Iﬁ"gg dg)&ement flui ds nove
the plug set down the liner 146 to the Iandlng collar 370. The plug set
thus forns a bar rOerthbeitheehanteraising of thantiettaek réceplasteh@hraisesiths cane
keeps the displacenent fluid fromcontam nating the cement fluids. A

cal cul at ed afmﬂmtshﬁfarr‘\’\'ﬁ@a"rﬁ‘cﬁﬁlﬁﬂ42fAté'tﬁer§BYp@§ltlé'ﬁeé% érﬂbvmrnqagw@@@emm.s 5

to desired height |n t he annul us between t l'iner and the casing.

pump doun’ pitesgp 04 BiTBe thef oaF B RHHese ' ”'ffj%"*ﬁtfb%‘f@? (&'éé‘%éﬁé? @es%?%f

located in a |lower portion of the casing. V\hen so | anded, seals 372 about
the pl ugSsetthgdiapr isv'hung inrfbeyasEg. rWhike bgldieg eressure songant inghedilpire 7o,
and slips 374 with toothed 10 surfaces engage the opening in the | anding
collar to prievesp thevelipd inmoatastiwithf thetdasing e tinet bandsr thay ntyvid slacked

pressure. At this tinme, pressure in the running tool may be increased to a
substanti al dieygio tRBRYs CTh B Hrldl9ihRE §R5etiBelifePRadUs Slacked off onto the liner
hanger assembly 110, additional pipe weight may be applied to check for hanger
movement. Once it is determined that the slips have been hung, the fluid pressure
10  can be reapplied to the seated ball 240 to a higher predetermined level, so that the
ball may be pumped to the lower seat 246 in the liner hanger releasing assembly
250. With the ball so seated, a predetermined pressure may be applied to move the
ball seat 246 and sleeve 245 downward to uncover the ports 260 in the liner hanger
releasing assembly. Higher fluid pressure may then be applied to cause the piston
15 sleeve 252 to move upwardly, thereby allowing the liner hanger releasing ring 264
to collapse within the reduced diameter lower end 268 of the sleeve 252, thereby
disengaging the running tool from the liner hanger. If the hydraulic release is not
operable to move the ring 264 to disengage the running tool, the operator may
resort to a mechanical release mode. The function of the ball in releasing the

20 running tool from the set liner hanger is discussed below.

The further increase in pressure on the ball 240 and the lower seat 246 will
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that the wiper plug is properly | anded and held down, and that the seals
between the plug set and the landing collar are effected. The plug may

t hen be twetoemdtzg4 15 bl eed-of f pressure to insure that thecTlusbzaiisen

equi pnent bel ow the landing collar 370 is holding. Plug Hol der Sub As
above nentioned, conventional |iner hanger running tools include a plug

hol der sub adapted to support a liner w per plug on the running tool during
a 20 cenenting operation. The plug holder sub is conventionally latched to
the running -66 WD 02/097234 PCT/ US02/ 15445 string, and the liner w per

plug is attached to theéplug hol der sub by a shear. connectjon. )
Unf or t unat elfgleasgedbe balidemdbadewer saat $9 élﬁié’ﬁ@!"@tlﬁﬂ dhyaugialhgrenping i@ ned

or are sheared either by running tool manipulation or by the nmonentum of

t he punp downaplosatih@adihilg thehati et is pupmpdchdownwardlyinterthelbal dier8o@s0.
manuf acturers have included a plug holder sub that has a latching lug and
a shifting iriaRet Hth83saGuiifind céMenPyipladement! Te
shifts thei‘ﬁ?eé\e;gagg%gﬂégg\}rt e ;aap%d;lg l'ugs to req gx arrlld It ereby al |l ows
the plug set to eparate,.fromthe running, tool. U S. Patents 4 and
4, 500, 452" aieRtaRg g Yinpagrmenh JUhpE Mt niegR ol e duingiiogradd

| atching lug. U S. Patent 5,036,922 10 discloses a running tool which

enpl oys & piRuroped dawnwardlyi f\Whenithe semant hap begs Mimped sBe RuNpEowa|RldG ed.
Wil e the above systens may prevent premature el ease of the plug set due
to runni ng twhichneetWwith the dnpipe istcleased fray the sadacehewelibg poaipaaent éo

rel ease of the plug set due to the nonmentum of the punp down plug and the
col um of fluhg on a seat in the liner wiper plug, thereby forming a barrier between the
previously displaced cement and the displacement fluid. A calculated amount of
displacement fluid is required to pump the drill pipe plug down to the lower liner
10  wiper plug. The operator observes the pressure increase when the pump down
plug 182 latches into the liner wiper plug 180. The pump-down plug 182 (see
Figure 5A) thus follows the cement into the liner wiper plug 180.  As the pump-
down plug gets close to the running tool, the pump rate may be lowered so as to
reduce the risk of malfunction between the latching and sealing of the lower wiper
15  plug and the pump-down plug. This allows observation of the pump pressure
increase when the pump-down plug 182 has landed in the lower wiper plug 180, as
shown in Figure SA.
It takes a calculated amount of displacement fluid to force the cement to the
desired height in the annulus between the liner and casing. The drill string may be

20 pressured to the predetermined level to shear the pins 186 (see Figure 5A)

connecting the plug set to the running tool. With the liner wiper plug released as
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15 behind that plug when it |ands and seats on the liner wper plug. In
many applications, this landing or "hanmering" force will cause the plug
set to rewearmIres fast that the operator cannot detect tRETESIBESES and

t herefore cannot properly calculate the fluid displacenments. This
"hanmering" effect of the punp down plug hitting the |iner w per plug and
the effect of prematurely releasing the plug set may 20 ruin a cenenting
job. The prior art has not addressed the problem of prematurely releasing
the plug set due to this hamrering effect of the punp down plug hitting -67

oper at or - maySHaN BT G OPocispGeemeat BikRE e i estaiie et 446 ke

punp down pI ug has sealed and |latched into the liner w per plug. The
di sadvant agel@nging e@llas376x Ahe pligsesbus forestay baitiier pebresart thenamentemd tHe
and an i nproved downhol e pl ug-hol der and nethod for supporting a |iner

wi per plug ansplarmemamamdeandké@m@@.m@némruﬂfﬁ&nfceﬁtdrﬁhb Q{Héderﬁén
cementing operations. The plug holder sub of the present invention nay

used for posfiyen 0, n
hanger runni ngI t0501%15]cl)(r“5ﬂta %Bﬁtgﬂ mlg%rﬁg%{t @.ﬁ%fﬁy %“ @%?(H?fglécec@ﬁe‘fﬁmﬁ'&
operatio The, pl.ug, hal ub ma rel easably positioned on the | ower
end of t%e for s S'rl‘?%n Hﬁﬁ‘rﬁ?rﬁj‘“ﬁ’ﬁ{ﬁ be%nltge liget apd the pagisga punp down
pl ug, which I ands in the liner w per plug supported on the running tool by
the plug hol der sube opesator pentinvesdo minuy displacenmend tfled! dwtil thé dnet wipehainder
sub in a manner which prevents premature rel ease of the plug
pump down plug set latches into the landing collar 370 (see Figure 5C) located in
a lower portion of the casing. When so landed, seals 372 about the plug set seal
within the upper reduced bore of the landing collar 370, and slips 374 with toothed
10 surfaces engage the opening in the landing collar to prevent upward movement of
the landed plug by any downhole pressure. At this time, pressure in the running
tool may be increased to a substantial level above circulating pressure to be sure
that the wiper plug is properly landed and held down, and that the seals between
the plug set and the landing collar are effected. The plug may then be tested by

15 bleed-off pressure to insure that the flotation equipment below the landing collar 370

is holding.

Plug Holder Sub

As above mentioned, conventional liner hanger running tools include a plug
holder sub adapted to support a liner wiper plug on the running tool during a

20 cementing operation. The plug holder sub is conventionally latched to the running
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15 set fromthe running tool, either upon manipul ation of the running tool

or due to the hammering effect of the punp down plug entering and | atching
i nto the Wonef97284 per plug. Once the punp down plug is se&Crnghyi1zent ed and
| at ched within the bore of the liner wi per plug, fluid pressure acts on a
pi ston which is noved to wunlock the plug set fromthe running tool so that
the plug set is released and 20 allowed to be punped to the landing collar.
The piston that unl ocks the plug set fromthe running tool acts on a fluid
filled chanber which is vented to the annulus through an orifice. Wen the

Phe’1imer i BRSO Renin o e S PheBoll 6 T BuEnder st 86 o Sher”

type and volune of fluid vented, as well as the size of the orifice,
det er ni ne t heorngationt Yafesnateothesenshasr opnections freayently lase peeipatiirelyon.
This tinme is inportant to allow the operator to determne the 5 correct

di spl acenent wehkemetot arecdhomed kithecleyrmningtdoh mdnigleatiom o bg theebmeRiem
pl ug hol der sub allows the running tool to be mani pul ated wi t hout any

detri ment al gf%ggi%@gomeplgb?%ﬁ?iﬁ%%ﬁ srgatﬁap o-ﬁht?\eﬂhﬂgpmﬁﬁé\“plB ug may be

punped at any spee I ner per plug and seafFed and

| at ched. The ha ring effect of |anding the pu down, pl on the liner
i per pi b il 1 roemegaRRRT e A EinelBed Al RBieE st ththed & Hhing
down plug has been seated and |atched, the operator may increase pressure
to the runni ABd 8&6ifting slecwdy Thednag canme) beeldasedpmtibther purhadonmeplypg abiftsas
been seated in the liner wiper plug. The operator may cal cul ate the exact
amount of di thel sleeveetd aflbwitie latchind ludsaleerdlax angtheiebyhglidvi e plagtd to

well. The fluid pressure nmay then be increased, causing
separate from the running tool. U.S. Patents 4,624,312 and 4,934,452 disciose
plug holder subs which use a collet instead of a latching lug. U.S. Patent 5,036,922
10  discloses a running tool which employs a piston that is shifted in order for the plug
set to be released.

While the above systems may prevent premature release of the plug set due
to ruﬁning tool movement or manipulation, they do not prevent premature release
of the plug set due to the momentum of the pump down plug and the column of fluid

15 behind that plug when it lands and seats on the liner wiper plug. In many
applications, this landing or “hammering” force will cause the plug set to release so
fast that the operator cannot detect the release and therefore cannot properly
calculate the fluid displacements. This “hammering” effect of the pump down plug
hitting the liner wiper plug and the effect of prematurely releasing the plug set may

20  ruin a cementing job. The prior art has not addressed the problem of prematurely

releasing the plug set due to this hammering effect of the pump down plug hitting

-67-



15 the piston to start to nove to the plug rel ease position. The punp down
plug and the liner wiper plug as a set will thus be rel eased after a

pr edet er fvoad/09a2abunt of tine, which again is inportant t®Crhsoypasator
being able to determne the correct displacenent volunes for cenenting the
liner in the well. It is an object of the present invention to provide a

pl ug hol der sub for 20 releasing a liner wiper plug in response to high
fluid pressure acting against a piston, which in turn expels fluid froma
chanber through a nmetering jet. It is a further object of the invention to
provi de an i nproved nmet hod of 69 WO 02/ 097234 PCT/ US02/ 15445 _r.el.easing a

| i ner wi per ﬂa?ﬂaeli W'W?B&Qwsgs fFINSEAHERF RS groaer%t%ﬁ"lqyﬁbqﬁdhq %t?lg WBressure
noves a piston froma retaining position to a réelease position. The tine it
takes for Icafulaedbediui displecpaient aftedthenpongtdovmetighiasgsgated padnoni t or ed
to increase the reliability of properly releasing the liner w per plug

during the ¢RERBHIIMS the BREF RlpePPplud.t is a feature of the present invention
that a C shaped retainer nb nmay be used for attaching the liner w per

Vel Qases i he G ripodopaliaded of /B Ale SRR} DbribrRTgRiN, )

rel eases the C sh _ _ r'el'ease ner w per is a
or ot her 5| B IGPTaNER PR P RIEE P RN I GURERTIRA § HERWPeF, nor
wi per plug. A netering jet may al so.have external threads for threaded
engagenent \pilud atdbetaibafterrdisgmbosed which increase the reliability of cementing
operations.
The plug holder sub of the present invention may be used for positioning
a wiper plug which may be released from a liner hanger running tool or the end
10  of a tubular string during a cementing operation. The plug holder sub may be
releasably positioned on the lower end of the liner hanger running tool, and is
sized to pass a pump down plug, which lands in the liner wiper plug supported
on the running tool by the plug holder sub. The liner wiper plug is connected to
the plug holder sub in a manner which prevents premature release of the plug
15  set from the running tool, either upon manipulation of the running tool or due to
the hammering effect of the pump down plug entering and latching into the liner
wiper plug. Once the pump down plug is sealingly seated and latched within the
bore of the Iin.er wiper plug, fluid pressure acts on a piston which is moved to
unlock the plug set from the running tool so that the plug set is released and
20 allowed to be pumped to the landing collar.
The piston that unlocks the plug set from the running tool acts on a fluid

filled chamber which is vented to the annulus through an orifice. When the pump
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It is an advantage of the present invention that the plug holder sub is 15
highly reliable and is relatively inexpensive. These and further objects,

f eat ur es,ward/ogmtseant ages of the present invention wll becemsoappaasent
fromthe follow ng detail ed description, wherein reference is nmade to the
figures in the acconpanying drawings. Figure | depicts a plug holder sub F1
10 for supporting a conventional 20 |linerw perplug. The sub WO i ncl udes
the body fl 12 secured to the |lower end of the running tool nmandrel.
Before the running tool and liner is lowered in the well, the |iner w per

pl ug engages ,locking.ring F1 .14, which is s orted hetween 70 WO 02/ 097234
bCT US02/ 15498V & rﬁlﬁszaqﬁﬂav'mtheob@re FHZB?“B@W'R?;? 'i‘%vt'Bﬁreﬁﬁgq}l‘\glE’ocki ng
ring F114 includes grooves or threads F115 or other suitable nenbers for
gri ppi ngly eR@sgHiyactiseon theneistad. pBre ppegndseeilmeloiiuid vehted, assrellbasither116
seals the plug holder sub to the liner w per plug. Threads F128 connect

the body F118izéof tiaswrifibedietEddie thé tigmdit &ads (biadvs & piskat t@&ﬁl@ese
connect ed bodi es. The body F112 includes a passageway F128 which I's open to

onnect e | “passa “which Ts open
Si zea ori 11 crare podfofl TS nbempd b IOE S ortdPekh boiti it "'
th ds f t wth h ded t' F126. Fluid t ai ni hanmb

F135 15 ot esSUTedArRIges enkpLeemon aiies forpamentiod thscinarn s Welli 7136

and an I D seal F138. \Wen the punp down plug |ands within the [iner w per
pl ug, the increastde phrabeldee subtaipws tine running tepittodle maniputated héthpusaoy
F134, which in turnis forced upward to expel fluid fromthe chanber F132.
The rate fl udetrimerital dffects BAREiner wiper plug. The pump down plug may be pumped
at any desired speed to the liner wiper plug and sealed and latched. The
hammering effect of landing the pump down plug on the liner wiper plug will not
10 prematurely release the plug set. After the pump down plug has been seated
and latched, the operator may increase pressure to the running tool, thereby
confirming to the operator that the plug has been seated in the liner wiper plug.
The operator may calculate the exact amount of displacement fluids it will take to
cement the liner in the well. The fluid pressure may then be increased, causing
15 the piston to start to move to the plug release position. The pump down plug
and the liner wiper plug as a set will thus be released after a predetermined
amount of time, which again is important to the operator being able to determine
the correct displacement volumes for cementing the liner in the well.
It is an object of the present invention to provide a plug holder sub for
20 releasing a liner wiper plug in response to high fluid pressure acting against a
piston, which in turn expels fluid from a chamber through a metering jet.

It is a further object of the invention to provide an improved method of
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will be determ ned by the characteristics of the fluid within the chanber
F132, 15 and the size of a selected orifice in the jet F130 positioned
downst r eawofrom28he chanber. The |eft side view of Fi gur ®CFIUSShogs a pi n
F131 sealing off a weep port to the chanber F132. The pin F131 has a small
port therein for slowy releasing pressurized fluid to the annulus. The
pin F131 may be secured within the weep port by a swagi ng operation, and
is another formof a nmetering jet. The 20 right side illustrates a jet F130
for threading to the body F112. A significant advantage of the plug hol der
sub according to the present _invention i hat the increase. in. fluid
pressure is rAGasHgA fRemuiper PG B TesRanse o Mﬁ?%’fﬁsﬁ“‘%&%@ﬁﬂ Hisz78re
determ nes the rel ease of the plug set. The rate at which the piston noves
up to expelmébves d pistomfroheacktaitieg pasition toea rdlgase pesiion.odhertinge gdakecul ar
jet size and the type of fluid in the chanber. Accordingly, the operator

will see an fbﬁﬁigﬂagﬁ—@sw_e t9TeRPRIIGIAWRRSUGHE niteinglReRs mlongtored foaindrzhsen t he
liner wiper plug, and will 5 then know, within selected limts, that a

Unti 1 the. pits by BF ohdsEiEr G st R LbErbLATriolE ik CE00T S,

elimnate the volune wthin the chanber F132, the C shaped | ocking ring
F114 is Hreopesati@ve radially outward, thereby releasing the liner w per
plug and the punp down plug. The C-shaped | ocking 10 ring F114 may be
bi ased out but ndt isea featinel of thedirabént inverttiont that piGsbaped sataingr mempebe
biased in and noved outward to rel ease by the downward force on the [iner
Wi per plug. may be used for attaching the liner wiper plug to a tubular body, wherein
movement of a piston to a release position releases the C-shaped retainer to
release the liner wiper plug.
10 It is a further feature of the invention that the C-shaped ring may have
threads or other internal gripping members for gripping engagement with the
liner wiper plug. A metering jet may also have external threads for threaded
engagement with the tubular body.
It is an advantage of the present invention that the plug holder sub is
15 highly reliable and is relatively inexpensive.

These and further objects, features, and advantages of the present
invention will become apparent from the following detailed description, wherein
reference is made to the figures in the accompanying drawings.

Figure 1 depicts a plug holder sub F110 for supporting a conventional

20  liner wiper plug. The sub f110 includes the body 112 secured to the lower end
of the running tool mandrel. Before the running tool and liner is lowered in the

well, the liner wiper plug engages locking ring F114, which is supported between
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Plugs are conventionally runin a well in pairs, and the plug hol der sub as
shown in Figure F1 is suited for supporting one pair of |iner w per plugs.
In some WO oppi2sL£ati ons, one pair of plugs are preferabl pycugsd2/bafidre t he
cenent fluid, and another set of w per plugs are used after the cenent
fluid and before the displacing fluid. For this latter application, each
of the plug sets may be separately released in response to an increase in
fluid pressure, which noves a respective piston to expel fluid fromthe
chanber and thereby rel ease the plug 20 set. One piston responsive to a | ow
pressure fluid could thus be provided on the su%port sub, with that piston
rel easi ng t edyirkt2 andghe lawerkody fiiighly pisten & 136 dosking ring kEtHR¥IYAes on
may nove in response to fluid pressure to release the 72 WO 02/ 097234

PCT/ US02/ 154stbosesonthrebdig F465 or bitwr iitablznmismbére foregrippingly ehgaging the
selective orifice in ajet. |If desired, the second piston and/or both

first and serapd;lsinn us Bq060ANe IBRERBAAT f1HBAeaERRTABIAL SEBlE

until a selected pr i's obtal ne desired, the first plug

oressur e codls HBEatar R HBrusnt i daihe PR Fld 2 BaBerhdf) E1Fo v

rel eased. Figure F2 depicts the piston F134 in its retaining position, with
the C shapad sraliffi2igsenisbetweantheselapnngatesl bgdiedwar d so that its
t hreads engage the mating threads F152 on the liner w per plug F154. The

t hr ough passagewaphelBody FHiRaRclwi@es prissagéway F128pwisich dedpan tdithe smauius156
for sealing with a conventional punp down plug, as discussed above. The
liner w per g tl%:é'ﬁf]hning tool. An orifice jet F130 with a relatively sized orifice is
positioned along this port, and preferably includes threads for engagement with
threaded port F126. Fluid containing chamber F132 is pressurized by the piston

10  F134, which includes an OD seal F136 and an ID seal F138.

When the pump down plug lands within the liner wiper plug, the increased
pressure within the running tool acts on the piston F134, which in turn is forced
upward to expel fluid from the chamber F132. The rate fluid exits the chamber
will be determined by the characteristics of the fluid within the chamber F132,

15  and the size of a selected orifice in the jet F130 positioned downstream from the
chamber. The left side view of Figure F1 shows a pin F131 sealing off a weep
port to the chamber F132. The pin F131 has a small port therein for slowly
releasing pressurized fluid to the annulus. The pin F131 may be secured within
the weep port by a swaging operation, and is another form of a metering jet. The

20 right side illustrates a jet F130 for threading to the body F112.

A significant advantage of the plug holder sub according to the present

invention is that the increase in fluid pressure is not the primary factor that
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conventionally includes at | east one and preferably two cup shaped

el astoneric sealing nenbers F158 on an exterior thereof so that high fluid
pressur e Wehmwoe23t he |iner wi per plug forces the |iner w perasoutsads d i nto
seal i ng engagenent with 15 the liner. An annul ar body F159 with o-rings
F160 and latch ring F161 may be provided for sealing and |atching the plug
set wwth the landing collar. The spacer and cenent fluids may b"p. m xed
while circulating fluids for cenent displacenent. Wen the cenent has been
punped, the punp down plug may be rel eased fromthe surface, formng a

barrier bet n the previousl 0 displ ac cenent and.the.displ ace t
fluid. A cal Pﬁ?'@@sﬁ?ﬁ)ﬁﬁ’l?aﬁ? b ﬁl%B‘PQcﬁ@ﬁeﬁﬂef?ﬁ%"P‘r@‘f/ﬁtﬂﬂﬁg'sg%n S';Ig’nt[?urrp
the punp down plug to the liner wper plug. As the pu down pl ug get

cl ose to thexpehfluidgrarodhe chhniberjis paswarily & Bingtion of @mfgaulauﬁt Eizdzaly e oy
may be reduced, e.g. to about 500 psi, and this pressure will increase when

the punp daypeRf Hdid iAREE chBnides. |AdeeFdiNgIpethepegatorwillice6 upsincreabewe. Once
the punp down plug is latched into the I1her wiper plug, the work string

can P BT e SHE N A Ao BELEIARIR e TP By e P S
B ST RGN RN E R AN

the plug holder sub preferably acts on a fluid with a known viscosity at
t he downhol eslapseéroat inaé indrease impregshd whtil thaiplugrsaliisirgleased. 10ncathrigh a
predeterm ned size orifice will take a predeterm ned period of tinme to

F)gls??? el De PisRAF YEPRIoVBE UG tolfdidsict oReliffatd thaiseinky within ReIhaintert 0
F132, the C-shaped locking ring F114 is free to move radially outward, thereby
releasing the liner wiper plug and the pump down plug. The C-shaped locking

10  ring F114 may be biased out but normally held radially in by the piston F134, or
may be biased in and moved outward to release by the downward force on the
liner wiper plug.

Plugs are conventionally run in a well in pairs, and the plug holder sub as
shown in Figure F1 is suited for supporting one pair of liner wiper piugs. In some

15  applications, one pair of plugs are preferably used before the cement fiuid, and
another set of wiper plugs are used after the cement fluid and before the
displacing fluid. For this latter application, each of the plug sets may be
separately released in response to an increase in fluid pressure, which moves a
respective piston to expel fluid from the chamber and thereby release the plug

20 set. One piston responsive to a low pressure fluid could thus be provided on the
support sub, with that piston releasing the first plug set. At a higher fluid

pressure, a second piston may move in response to fluid pressure to release the
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cal cul ate displacenent fluid volunmes. A cal cul ated anount of displacenent
fluud wll thus force the cenent to the desired height in the annul us
bet ween twe okiopeB4 and the casing. Fluid will thus be punmped/usa/ii44s he

| iner wiper plug and the punp 15 down plug set latches into the |anding
collar, at which tine pressure may be increased to, e.g. 1000 psi, over
circulating pressure to conplete latching of plugs and check that the
seal s between the plugs and the | anding collar are holding. Pressure may
t hen be bl eed off and checked for bleed back to ensure that the float

equi prent is holdin ressure.. 20 Vari.ous ' ' ; .he
used for sel%@?ﬁ‘&@"&g g%tt ?‘?‘%p']s A ’Ei‘ayff&c?% ﬁlﬁgﬁﬁﬁg%g‘fé%é}g@ (gmé%l 'H?%é‘%t
restrictions can be formed within the passageway F128 to effectivel
constitute 4 desiend, e peeond-pistan amd/onkotinfiishand seceows pisierymeyPe shear
PCT/ US02/ 15445 F132 w Il be at a known viscosity for the downhol e

condi ti ons, pbds hat nselosemenebycwisamtiratselected pedssubelevebisaatdaingdl | If
know wi th reasonabl e accuracy the tinme it will take for the piston F134 to

move from t hefehall fd B@ghstég %ﬁefr%tﬁ/@@ cdUill R&RReRAE pbftFDr the $3dipid plagms of

retai ner nenbers hay be I nterconnecting the tubular body F116

with the_|iner wper plug. referred retainer ne F - ed
confi gurat | (ﬁ?tﬁptpﬁe??’ﬁ@r‘%éﬂ'dA@&(ﬂﬁ;é? © $eSon Fﬁ%‘} Sgwgt@ﬁit}ﬁgt ‘?‘89'[% ﬁgul%lgner
wi per plug. The internal surface of the piston F134 thus prevents the
retai ner neeteasefirom noving to the rel eased position until the piston
noves axially to its 10 rel ease position, as shown on the right side of
Figure FI. Figure F2 depicts the piston F134 in its retaining position, with the C-

shaped retaining member F114 held radially inward so that its threads engage
the mating threads F152 on the liner wiper plug F154. The through passageway

10 in liner wiper plug F154 is provided with a seat F156 for sealing with a
conventional pump down plug, as discussed above. The liner wiper plug F154
conventionally includes at least one and preferably two cup shaped elastomeric
sealing members F158 on an exterior thereof so that high fluid pressure behind
the liner wiper plug forces the liner wipers outward into sealing engagement with

15  the liner. An annular body F159 with o-rings F160 and latch ring F161 may be
provided for sealing and latching the plug set with the landing collar.

The spacer and cement fluids may be. mixed while circulating fluids for
cement displacement. When the cement has been pumped, the pump down
plug may be released from the surface, forming a barrier between the previously

20 displaced cement and the displacement fluid. A calculated amount of
displacement fluid may thus be used to pump the pump down plug to the liner
wiper plug. As the pump down plug get close to the running tool, fluid pressure
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As di scussed above, the liner w per plug nmay be used at the | ower end of
the liner hanger running tool. The plug holder sub of the present invention
may be uwod2nwnret generally at the | ower end of any convepamasor/uiaus ar ,
such as conveyance tubul ar F140 as generally shown in Figure FI. The
conveyance 15 tubul ar F140 may thus be used to both transmt fluid pressure
to the interior of the plug hol der sub, and also to position the plug

hol der sub at a selected location within the well. The plug hol der sub of
the present invention may thus be used at the | ower end of various types

of tools, including a liner nger running tool, or at the | ower end of
the tubul ar Bey begedyeadi #da t@@%@#ﬁ PAg P Q@Eéh@tﬁ’r@ﬁsuﬁ%wtyr‘ﬂgteaﬁ%W*'@ni thsl v
rel ease the wi per plug fromthe plug hoI der sub during the cenenting

oper ati on. Thempidesm plugdands é thel lews edpereplugeas discubsedhabové.ner or with
anot her downhol e tubular. 75 WD 02/097234 PCT/ US02/ 15445 Runni ng Tool

Conti nui ng agai n @htd tife gaﬁfgsg@hggwa‘s Iét*&ﬁee\{%athb IR Wi 04 a8 ldRal

cenmenting equi prent nay th the diverter, incl udlng t he above
descri bed pl ugs ich forns, a barrier to different fluid n own
the 11 ner. "= UARE Gl Bectisant i 430 ARG AGhISTRY Befitp " g TPALN et
upwardly facing s 183 for cleaning the drill strin so that increased
pressured n RlHg anddﬁer:gimmdpwlu@ewl gﬁéel@aﬁgd from %D@lgmcelﬂertw li ner

wi per plug 120 rel eases both plugs (the set) fromthe | ower end of the

| i ner hangerincigagelifiudd prégetire thugmbies basistositoirel@ase wplock 8ihg, whithl ands on

the collar 186 to be sealingly | ocked in place and
releases the liner wiper plug from the plug holder sub.
The piston within the plug holder sub preferably acts on a fluid with a

known viscosity at the downhole temperature of the plug holder sub. Fluid flow

10  through a predetermined size orifice will take a predetermined period of time to
release the liner wiper plug. This time may be used by the operator to positively
calculate displacement fluid volumes. A calculated amount of displacement fluid
will thus force the cement to the desired height in the annulus between the liner
and the casing. Fluid will thus be pumped until the liner wiper plug and the pump

15 down plug set latches into the landing collar, at which time pressure may be
increased to, e.g. 1000 psi, over circulating pressure to complete latching of
plugs and check that the seals between the plugs and the landing collar are
holding. Pressure may then be bleed off and checked for bleed back to ensure
that the float equipment is holding pressure.

20 Various types of metering jets may be used for selectively metering fluid
from the chamber F132. Significant restrictions can be formed within the

passageway F128 to effectively constitute a metering jet. Fluid in the chamber
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10 close off the I ower end of the casing. The rel eased running tool 120 may
be picked up until the packer setting assenbly 380 (see Figure 1 C is
renoved fwomibe3ds op of the tie back receptaclel 30, wher @oy/uSam13psi ng
pressed lugs 328 are raised to a position above the top of the tie back
receptacle, at which tine they expand outwardly. 15 Wth the packer setting
assenbly 380 in its expanded position, weight can be slacked off by

engagi ng the lugs 328 with the top of the tie back receptacle to cause the
packer element 150 to begin its downward seali ng sequence. This weight

al so activates a sealing ring 384 pe n the packer .settin nbly 380
and the ti e%é"@l&”'ﬂ@@e@t%@@v‘g(‘!'s‘&%% %Pv}ﬁﬁ?ldﬁ’é\fnh?gq g@l}fbﬁ?rﬁ% c\&@%el enent
wi th 20 annul us pressure assist. Wth the packer el ement 150 in engagenent

with the casletfivelysize meterirddet the operaton Wildmomayith seaseiade 86EWaCkanQiri | |
pipe to forma pressure vessel between the rans and the expanded packer.

The cross 7l@ipé"@mﬂﬁié]@f%%ﬂu&ﬁ&c&ﬁp2345&%\@ere¢mqnalretatmg petitiearotthe casi ng

and the dri pipe is known and the load required to fully set the packer
el enent 150 iF knomnt.so that the operator may apply pre-determ ned fluid
pressure to BRESERATOD t 0 cause the tie back receptacle to move down

applying a predeterm ned additional axial |oad to e . acker,. el enent .
Downwar d5 movenentOiber farasridrigingl membera 133,08 é‘?e?t’ EQJ‘ lB%‘gEg?“%?"@,Qéﬁ? 150

wi || disengage the internal threads 386 (see Figure 6B) of the pusher
sl eeve fronubdiar body FddB witcthet lindravip8oplughdA prefersed s¢ladnas mambenrhas foves
radially outwardly as the pusher sleeve noves down the cone 152. The
pusher sl ee\eghaped configuration with internal grooves or teeth for attaching to the liner
wiper plug. The internal surface of the piston F134 thus prevents the retainer
member from moving to the released position until the piston moves axially to its
10  release position, as shown on the right side of Figure F1.

As discussed above, the liner wiper plug may be used at the lower end of
the liner hanger running tool. The plug holder sub of the present invention may
be used more generally at the lower end of any conveyance tubular, such as
conveyance tubular F140 as generally shown in Figure F1. The conveyance

15  tubular F140 may thus be used to both transmit fluid pressure to the interior of
the plug holder sub, and also to position the plug holder sub at a selected
location within the well. The plug holder sub of the present invention may thus
be used at the lower end of various types of tools, including a liner hanger
running tool, or at the lower end of the tubular string used in a cementing

20  operation, in order to reliably release the wiper plug from the plug holder sub
during the cementing operation. The wiper plug once released may seal with the

liner or with another downhole tubular.
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10 148 may be split along its circunference in such a manner that inits
normal contracted position, its internal threads 386 woul d engage the

ext ernal wbroease34 131 on the tie back receptacle 130. O h@cTtusprss4ad pusher
sl eeves may be used. The nmandrel 132 of the released running tool 120 may
then be raised to raise the cenenting bushing 160 to cause the lugs 392 on
the bushing to nove 15 in and unlock fromthe |iner hanger 110. After
pulling the lower end of the running tool to a predeterm ned position at

t he upper end of the liner, the operator may circulate fluid through the

runni ng too'RJﬁqiRg%oﬁny excess cenment to the surface. Crcul ation

effectively e anount of cenent that will need to be drilled out

before reentering the top of the |iper. and abl es e o]
check for fluid fEORNR Bain Wity o diseritigh 8fpﬂ%%v‘?rﬁh%V%%R?’%@ﬁ(’?‘é%p?ééked up
to a pre-determ ned position above the liner top, the operator cjrcul ates
t hr ough t he adnidnitingt edquigment pmb@uye@beaggtwe\ﬁ%/wr@mn@&'ﬁ 8epe 15445
cenment to the surface, thus reducing the amount of cenment that will need to

be drilled qucribel Peydetantist fotend Abatriep toifferent fluids flowirgdews thalioes t he
rel eased running tool 120 raised fromthe liner. Upon checking for fluid

<18k g NS A48 B oy ooy

hol e. Onée t e surface, e operator may check for
damage to the running tool

17D, “bet or e e i dgbads fl ehioos A ghetingaretske Ss i
remains in the casing C, nanely the set packer 150 and set sl jips 142. The
| i ner hangerstried edsmtpegsng fid2yscztowil the bner Wiperiplig 624 relegsrs poth plugs

(the set) from the lower end of the liner hanger. The liner wiper plug 180 has

.similar cups 181, and lands on the collar 186 to be sealingly locked in place and

10  close off the lower end of the casing.

The released running tool 120 may be picked up until the packer setting
assembly 380 (see Figure 1C) is removed from the top of the tie back
receptacle130, whereby the spring pressed lugs 328 are raised to a position
above the top of the tie back receptacle, at which time they expand outwardly.

15  With the packer setting assembly 380 in its expanded position, weight can be
slacked off by engaging the lugs 328 with the top of the tie back receptacle to
cause the packer element 150 to begin its downward sealing sequence. This
weight also activates a sealing ring 384 between the packer setting assembly
380 and the tie back receptacle to aid in further setting the packer element with

20 annulus pressure assist. With the packer element 150 in engagement with the
casing, rams on a BOP at the surface may be closed onto the drill pipe to form a

pressure vessel between the rams and the expanded packer. The cross
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10 may be replaced with the rel easing assenbly shown in Figures 10 and 11.
The |iner hanger rel easing assenbly as shown in Figures 10 and 11 may
still be woirpored beneath the packer setting assenbly 38®cCagisdysiani bed
above or the packer setting assenbly 52 described bel ow, and includes an
i nner piston sleeve 340 seal ably di sposed about the running tool nmandrel
132, and anot her piston 15 sleeve 342 di sposed about the inner piston

sl eeve. The piston sleeve 340 fornms a pressure chanber simlar to the

sl eeve 252 shown in Figure | D for releasing the liner hanger. The liner

hanger rel eagj s.shown i.n Figures.10. and 11 rel egses the | ock
e 526" why SRS henEprofBsthuirty apd ghs B RiperiRknoumsanb e Rad:

di aneter of the liner hanger 110 of the upper end of the liner 146. 20 The
| ock ring 32quiraddpdulihsetdbrinaskpnslament 150 istkaowm), apdeat thppmerator enay

di ameter of the piston sleeve 340 which, as shown in the Figure 10A, is in

its |ower papplyigre-defrntihed fluidpressbfe & eCAhiilfs BScal e tie Fhgure 1 Dis
pressed 78 WD 02/ 097234 PCT/ US02/ 15445 downwardly by springs 318 to engage

the |i h ' ' f g L0 | - ded
i eads 524 P SIS Yt SRRRAER pQletcRRRR Mot ol | 180555

whi ch ar & pres ed utma{dly by springs 327 into vertical slots fornmed in
the liner haﬂa et %n@B'prevent relative rotation between 5 the nandre
132 and the |iner hanger. Upon raising of the inner piston 340, the |ock
ring 326 is free Pownward seevemenioithe puisbeat skebee 1é8do sebthe paclartedement
di aneter 268 of the piston sleeve 340 and thereby free the running tool to
be raised af 180 wiletiisengagé thiditsinapthresls BBBQEed Pigure 6B) of the pusher sleeve
from the tie back receptacle 130. The pusher sleeve 148 thus moves radially
outwardly as the pusher sleeve moves down the cone 152. The pusher sleeve
10 148 may be split along its circumference in such a manner that in its normal
contracted position, its internal threads 386 would engage the external threads
131 on the tie back receptacle 130. Other types of pusher sleeves may be used.
The mandrel 132 of the released running tool 120 may then be raised to
raise the cementing bushing 160 to cause the lugs 392 on the bushing to move
15 in and unlock from the liner hanger 110. After pulling the lower end of the
running tool to a predetermined position at the upper end of the liner, the
operator may circulate fluid through the running tool to pump any excess cement
to the surface. Circulation effectively reduces the amount of cement that will
need to be drilled out before reentering the top of the liner, and enables the
20  operator to check for fluid flow and/or fluid loss.
After the running tool is picked up to a pre-determined position above the

liner top, the operator circulates through the drill string to pump any excess
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setting of the packer, thus permtting circulation of cenent downwardly

t hrough 10 the tool and upwardly wi thin the annulus between the tool and
casi ng. Iwotokersent the lock ring 326 is not rel eased foPCamsorersdn, such
as frictional engagenment between the |.D. of the lock ring 326 and the

O D. of piston 340 (see Figure 11A), the operator has the option of

rel easing the running tool nechanically, as shown in Figure 11. As shown
in Figure 11 C, lowering of 15 the ball 240 to open the port 260 in the
running tool mandrel will permt pressure fluid to pass through the port

262 in the inner piston 340 tpo act upon,the outer i Ston 34 n ause the
outer pi st or‘?e{’@'ﬁgoilb?/éti HB@\&EH?W Q%QWOH&?B’? CgmﬁapWﬁﬁW§%@e€%§0e3§i gure
11A) between the inner and outer pistons. This permts the outer piston
342, which idgilledmn@be&uetreenteéincltﬁe@p ef theplines. Stigure 8 shaas the feloasedi se
the clutch 316 and to de-clutch it fromthe Iiner hanger. Once the clutch

316 is di sengagiad tobhe2@psiséd GonTig Inir alUpdnhéhdoking fop filifdeflow pttordlaid hat
with the right-hand threads between the threaded nut 322 and the 79 WO

oL i DU Y e s 6 et et

mandrel 132,73s 'sho : nreade 21s
donn, t hr offge SUMBRS; (g aRREIos dha P iciss Qamipbe UGS APEaRGdap nyashatihni ng
tool fromthe liner hanger. As shown in the Figure 5 11 D, the |ocking ring
326 has col ladbihedooh andeflusidtheddold . before seturnisgithadeol tpithe shop4bigurge
running tool 120 may thus be |l owered to engage its clutch with that of
9C also shows what remains in the casing C, namely the set packer 150 and set
slips 142.
The liner hanger releasing assembly 250 as shown in Figure 1D and 1E
10  may be replaced with the releasing assembly shown in Figures 10 and 11. The
liner hanger releasing assembly as shown in Figures 10 and 11 may still be
disposed beneath the packer setting assembly 380 as described above or the
packer setting assembly 52 described below, and includes an inner piston sleeve
340 sealably disposed about the running tool mandrel 132, and another piston
15  sleeve 342 disposed about the inner piston sleeve. The piston sieeve 340 forms
a pressure chamber similar to the sleeve 252 shown in Figure 1D for releasing
the liner hanger.  The liner hanger releasing assembly as shown in Figures 10
and 11 releases the lock ring 326 which is externally grooved for engaging the
grooved inner diameter of the liner hanger 110 of the upper end of the liner 146.
20 The lock ring 326 is held in locking position by the enlarged upper outer diameter
of the piston sleeve 340 which, as shown in the Figure 10A, is in its lower

position. At this time, the clutch 316 as shown in Figure 1D is pressed
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the Iiner hanger. The clutch 316 is pressed dowwardly by the spring 318,
so that the lower teeth 317 (see Figure 8C) at the upper end of |iner
hanger 11MWoOar®9I7284 engaged with simlar teeth at the | ower pemasot/1shut ch 316
to maintain rotary engagenent between the running tool and the liner
hanger. As shown in Figure 1 D, the upper end 332 of the clutch 316 may be
splined to the O D. of the running tool mandrel 132 so as to permt

rel ative axial novenment with respect thereto under the urging of the
spring 318. Wen the clutch 316 is engaged, 15 rotation of the work string

rotaes the hRlaRRgekorfhenBis egbe fné inadiuIA0RI wHi ARG fohe

work string rotate unni ng t ool nove nut 322 wt

respect to thread 324, gs .described bel ow  Fi es 11A-C accordin

i |1 ustrates $N9395eHIN F'Q*ﬂféﬁ‘%'ﬁ%gﬁgé%‘ﬁ%%foaﬁf‘%ﬁU%WQEEBQ mﬁgg%g%t or to
rel ease mechanically by right-hand rotation, in the 20 event he is unable
to rel ease hVhe aut 322chgriesAsgs Be@rwiinh prepressed muiwardly bg springs Bddinteg t ool
mandrel 132 is surrounded by the pair of inner and outer sleeve pistons

340 and 342. ydhigalisists Folthsd MthdAtherainge howké prevei2 rélative natatiomelieatD
02/ 097234 PCT/ US02/ 15445 shoul der 274 of the running tool mandrel 132.

Intermedi&} e&“%g'ﬂ%gﬁi'{e‘]g%aﬂgﬁv"ﬁﬁ?ﬁggf‘?ﬁéw ports 260 are uncovered upon

| oweri ng "of ~Seat 246 to the lower position, as
340 and, while | TOPPR SO aRe RN MR s e IOR, 326 s to€ B frMtett on
the i nner piston 340 by engagi ng an outer shoul der 348 on the inner piston
wi th the genienardly abppbtia lovwsisatdesd outer diaroetee 268iaf the pision siesve 340
particularly, this shoulder 348 is generally aligned with the port 262 in
the inner and thereby free the running tool to be raised after setting of the slips but prior to
setting of the packer, thus permitting circulation of cement downwardly through
10  the tool and upwardly within the annulus between the tool and casing.
In the event the lock ring 326 is not released for any reason, such as
frictional engagement between the I.D. of the lock ring 326 and the O.D. of
piston 340 (see Figure 11A), the operator has the option of releasing the running
tool mechanically, as shown in Figure 11. As shown in Figure 11C, lowering of
15  the ball 240 to open the port 260 in the running tool mandrel will permit pressure
fluid to pass through the port 262 in the inner piston 340 to act upon the outer
piston 342 and cause the outer piston to be moved upwardly upon shearing of
the pin 358 (see Figure 11A) between the inner and outer pistons. This permits
the outer piston 342, which is connected to the clutch 316 by a shear pin 360, to
20 raise the clutch 316 and to de-clutch it from the liner hanger.
Once the clutch 316 is disengaged, the operator may rotate the tool to the

right so that with the right-hand threads between the threaded nut 322 and the
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sl eeve 340 and intermedi ate the upper and | ower seal rings 346 between the
i nner and outer sleeves. Aring 350 fornms a stop shoul der at the upper end
of 10 t hewDr@972pi ston 340 to limt upward novenent of th@coaiser1ist on 342
wWith respect to the inner piston. The inner piston 340 is stopped in a
upward direction by a downwardly facing shoul der 344 on the running tool.
In the initial position of the assenbly as shown in Figure 11A prior to

| owering of the |lower ball seat 246 and opening of the port 260 fromthe
bore of 15 the running tool, the lock ring 326 is held in a | ocked

g b i . : : . q
Phe. i nner drnangroafn T TALREL fiodRRidr e sRantisf 13508 SROFRR Rl o
11 B is positioned bel ow reduced diangter Bo_rtion 341 of the inner piston
340, with tHdG.nOaeadhe thieadad nugda2 i pnrrgdnithe "ing fRAl LRy b PSSO ¢ e

running tool nmandrel 132. As in the 20 case of the previously described
enbodi nent , thédidgthneatrednuil22322ved domay éheretly releasingoths losk ringI 346 gedt o
the liner hanger assenbly by spring pressed lugs 326 in vertical slots in

the liner h ' RBtBEI fr&Rlthe SinBPhalyst Al sis@lvh h e Migure
02/ 097234 P%@%ﬁ%gg'zﬁg tﬁqgﬁgg‘?e by openi ngmof ?ﬂ;\ge ports 260 to rgi@se t he

i nner pisto 4Q, and r.el eas the j . { : be
mechani cél I 3@%383&%‘6‘"&@ g9 ?@96}?& écﬂ@'g Féh ﬁg'ctﬁrégfe(eiéébgd Q@'&??Sﬁ@a‘? HeY
di scussed above. |If the operator wishes to rotate the liner while
cementing, HigfRBr340.uid 5 pressure is then applied to the outer piston 342
to shear pins 360 between the outer piston 342 and clutch 316, at which
time the spring 3M& ninding tookrngageay s loé ldvedred Thengpee dsmlutalhyvithibat of
rotate the running tool mandrel 132, thereby

the liner hanger. The clutch 316 is pressed downwardly by the spring 318, so

that the lower teeth 317 (see Figure 8C) at the upper end of liner hanger 110 are

10  engaged with similar teeth at the lower end of clutch 316 to maintain rotary
engagement between the running tool and the liner hanger. As shown in Figure
1D, the upper end 332 of the clutch 316 may be splined to the O.D. of the
running tool mandrel 132 so as to permit relative axial movement with respect
thereto under the urging of the spring 318. When the clutch 316 is engaged,

15  rotation of the work string rotates the liner hanger. When the clutch is
disengaged, rotation of the work string rotates the running tool mandrel 132 to
move nut 322 with respect to thread 324, as described below.

Figures 11A-C accordingly illustrates a liner hanger release assembly
which enables the operator to release mechanically by right-hand rotation, in the

20 event he is unable to release hydraulically. As shown in Figure 11A and 11B,
the running tool mandrel 132 is surrounded by the pair of inner and outer sleeve

pistons 340 and 342. The inner piston 340 has a shoulder 272 for engaging
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rotating the liner hanger. Additional fluid pressure may then be applied to
the ball 240 to force it through the reduced thinner dianeter of the seat
246. 10 RvQuem®9e24 Packof f Bushing Referring now to Fi gurePtZASoz1anef erred
enbodi ment of a packoff bushing 10 is depicted for sealing between a
radially outward liner running adapter of the liner hanger and a radially
I nward running tool mandrel. The packoff bushing 10 is axially captured on
the running tool nmandrel or tubular 15 body 12. The conpact design of the
packoff bushing and its limted axial novement on the running tool body 12

facilitatesg 8ul§b$??h@tﬁé‘?ur9@ﬁ§i& rﬁ%ﬁd&bf‘?‘:’?' ﬂ%?rrﬁ@@' iatd 584 rﬂ@@%ove?@sdeal

expl ai ned be e upper I nc reads 16 an

assenbl y- of BPI PaRIE) BUNEoTRERd Bigh 'oﬁf%%'r%éoféthq'Mi&dgﬁﬁﬁ%' s

simlar threads 22 for interconnection with a sleeve which extends
downwar d t o tathsalowedipasiticsy, asEhewvigyFiguresUilC.1 Duter slrave pigten 842t he nandr el
of the running tool, and a slick joint is not required. 82 WO 02/097234

PCT/ US02/ 1544Rod6ads feMhricR préten 13801k, whileiinties pasitisrals shbvania Riguext eanal
seal 28 are provided on the | ocking piston 26. Seal 24, which may be a

and seal S25 % aRRch atLot B BtE Y60 340y ety BnSRE S Y o
Chr "’e‘QSaLP?- %b&eﬁ%& Sefiereln opROT Gy SN oy T SE Ao 42n M8 |
place. particularly, this shoulder 348 is generally aligned with the port 262 in the inner
sleeve 340 and intermediate the upper and lower seal rings 346 between the
inner and outer sleeves. A ring 350 forms a stop shoulder at the upper end of
10  the inner piston 340 to limit upward movement of the outer piston 342 with
respect to the inner piston. The inner piston 340 is stopped in a upward direction
~ by a downwardly facing shoulder 344 on the running tool.
In the initial position of the assembly as shown in Figure 11A, prior to
lowering of the lower ball seat 246 and opening of the port 260 from the bore of
15 the running tool, the lock ring 326 is held in a locked position between an
enlarged diameter portion of the inner piston 340 and the inner diameter of the
liner hanger 110. The nut 322 as shown in Figure 11B is positioned below
reduced diameter portion 341 of the inner piston 340, with the internal threads
352 engaged with the threads 324 about the running tool mandrel 132. As in the
20 case of the previously described embodiment, the threaded nut 322 is prevented
from rotation relative to the liner hanger assembly by spring pressed lugs 326 in

vertical slots in the liner hanger 110. [f the running tool is not hydraulically
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Ret ai ni ng nmenber 32 is threadably connected to top cap 34 so that the
one-piece Cring 36 is positioned between the top cap 34 and the piston 26.
Ret ai ni ngwoeie382 i ncl udes a shoul der 38 for engagi ng sircmuber?/1346@ on t he
10 body 12. The lower flange portion 33 of the retaining nenber 32 and the
upper end 27 of the piston 26 are each splined, so that the spline fingers
are circunferentially interlaced about the packoff bushing. Flange
portions 33 thus capture the lock ring 36 axially when the piston 26 is
forced upward. The lock ring 36 is a unitary C-shaped ring having a

circunference in cess of 200, an normal Ly | ess than out, 350, and is
i nt ended foﬁe@lﬁﬁgﬁgo%ﬁW%Q?&Iq Qor?%égpﬁ%ralt%gﬂ%/eh@nﬁn O%Q%Qear”.d 5@?%%3(9‘ erred
l ock ring 36 may have a circunference of from 300 to 340, thereby

provi di ng sdbeiaeok iing BY6thelrushinguebemaytheamesbanigally (aleasachby ajseeendhanger
while allowing for radial expansion and contraction of the lock ring. The

rel axed di amgideaulif reldiel GisdfatibRas3Biscssaddabavy.i al |y as shown in Figure
12A. 20 The packing retainer 30 is normally spaced axially a slight

di stance above t S rf 4 i ;
unl ocki ng the burs]ﬁ][hnegé&%ﬁgdrt V{”?ﬁ?%ﬂ? g&%hetn%%dp%gmwn@érég%%dt@%h@hegqﬁdner
hanger running tool, the 83, 02/ 097234, PCT/ US0D2/ 15445 | r end of the

pi ston 28 i PrEHHES then aprfiedicthe puier Rlﬁ?%é#%&%h?q{é)'ﬂ? g’ﬁ@rpe%ﬁ’@ea\m% from
stop surface 44, as shown in Figure 12A, so that the | ock surface 46 on
the end of tdeeppistam34Bandtchitnk 3tlBe abvhichdirae theaapring 318 willse-engageitine o

| ocki ng engagenent with the liner hanger to axially |ock the packoff

Eusﬂi ng ]Eo IGteR. MHeespdratdehay T tRste thentdngifgitbolsmanersenie, tHigeppckof f
usni ng rom

rotating the liner hanger. Additional fluid pressure may then be applied to the

ball 240 to force it through the reduced thinner diameter of the seat 246.

10 Figqure 12 Packoff Bushing

Referring now to Figure 12A, a preferred embodiment of a packoff
bushing 10 is depicted for sealing between a radially outward liner running
adapter of the liner hanger and a radially inward running tool mandrel. The
packoff bushing 10 is axially captured on the running tool mandrel or tubutar

15  body 12. The compact design of the packoff bushing and its limited axial
movement on the running tool body 12 facilitates re-stabbing the packoff bushing
into the liner hanger, as explained below. The upper end 14 of body 12 includes
threads 16 and seal 18 for sealed engagement with the lower end of the liner
hanger releasing assembly of the running tool. The lower end 20 of the body 12

20 includes similar threads 22 for interconnection with a sleeve which extends
downward to a ball diverter. The body or sub 12 is thus part of the mandrel of
the running tool, and a slick joint is not required.
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nmovi ng axi ally when pressure is increased during the cenenting operation,
while the seals 24 and 28 maintain fluid integrity between the running
tool and wbe2ipmes hanger. Since the top cap 34 is axial lpgTaSoutaads to t he
body 12, the | oad shoulder 10 44 on the top cap 34 provides a neans for
transmtting forces downward to the I|iner hanger during the running-in and
cenenti ng operation. Shoulder 44 would thus engage shoul der 45 on the
runni ng adapter 48 of the |iner hanger when a set down weight is applied
to the liner hanger so that the |iner hanger is "hung off". A bearing 46
may be provided to allow.the running tool hod to rotat Lye to
a set packoff buﬁ‘ﬁ KLU E@Uéﬁq%@e%@é’ﬁ@"@eﬁ%&é%@@do%%%g&e?%%ée%ﬁggtak%ckoff
bushing may thus be reliably maintained in the | ocked position, with the

pi ston 26 upravidedion toerlpeling pisiap2hd&igal 24, whisthmay bg gireading seplenus ui d
pressure is applied to the packoff bushing. Those skilled in the art should

appreci at e tspals bsgrResMPRtIoskiag lpittos 28 armnthedsbdy 12entiveap28 kethithoahi ng 20
assenbly 10 to be retrieved with the running tool to the surface after the

B o L r g T

t hus repl ac g 'showh in 97234 PCT/USD2/ 15445
Use of the C.ring 36 rather thap.circunferentialdy spac ogs. all hi gh
coment i ng prEEESr Bree 4 BERH SL8 G paRER e R AR OSAN o
"punping out" the packoff bushing. As shown. in Figure 12A, an annul ar

groove 47 i moaldiag theisaals2hdngi2éringdaast. the |iner hanger receives the |ock
ring 36 to securely lock 5 the packoff bushing to the |iner hanger when

fluid pressure i RapmihgdrabeNs? is threadably connected to top cap 34 so that the
one-piece C-ring 36 is positioned between the top cap 34 and the piston 26.
Retaining member 32 includes a shoulder 38 for engaging shoulder 40 on the
10  body 12. The lower flange portion 33 of the retaining member 32 and the upper
end 27 of the piston 26 are each splined, so that the spline fingers are
circumferentially interlaced about the packoff bushing. Flange portions 33 thus
capture the lock ring 36 axially when the piston 26 is forced upward. The lock
ring 36 is a unitary C-shaped ring having a circumference in excess of 200°, and
15 normally less than about 350°, and is intended for engaging and axially locking
to the liner hanger. A preferred lock ring 36 may have a circumference of from
300° to 340°, thereby providing substantially full circumferential contact with the
liner hanger while allowing for radial expansion and contraction of the lock ring.
The relaxed diameter of the lock ring 36 is substantially as shown in Figure 12A.
20 The packing retainer 30 is normally spaced axially a slight distance above the
stop surface 44 on the body 12 for locking and unlocking the bushing.
When fiuid is pumped downward through the liner hanger running tool, the
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pi ston 26. Wthout fluid pressure, the CGring 36 thus retracts radially
inmard toward the retaining nmenber 32 when the | ock ring 36 engages the
top surfawe 0209728hhe groove 47 as the bushing is pulled outrCofusbhesss ner
hanger. Wen the bushing is re-stabbed into the |liner hanger, the Cring
36 is retracted radially 10 inward, e.g., when the lock ring 36 engages

| oad shoul der 45 on the liner hanger. During upward novenent of the
running tool relative to the liner hanger, the Cring 36 thus nmay nove
radi ally i nward when engaged, and may al so nove radially inward when the

packof f bushower ead oétied pishet26 ds kxpodeanl foltdgh pressunengleich maves therpisign
design significantly increases reliability of the tool according to the 15

present i nv ey %ﬁa& fms{ogﬁéplﬁﬁebm,%é élg:ovgjrg _moﬂggmé ¥2ANgH !‘nﬁt th8%dck QlrfdRel OF

art tools se nu ugs or gure 12B illustrates the

splined nenpers, 27 of e piston.26, and t spljned.nmenmbers 33 qgf. the
retaini ng Bthezend QH}‘? E@%Qf‘ gﬁés@"?ﬁfhﬁp@f'ﬁgégﬁf‘r@@wﬁwﬁféﬁéﬁms| ots
37 circunferentially spaced about the C-ring 36 facilitate expansion and
cont ract i on logkingenghgeident with tmadiner hangerdageiallydaek tg paekofilpushingto
packof f bushing di scl osed herein my be used on various types of I|iner

hanger oper ahiqingr hdhgem art® fdck i 36 thibprddM2/the padkoPGUSLINGAFArn445 may
be used with or without a packer setting assenbly and a packer el enent for

sec 10 PR e PBL  l f ABR  e
e o M eq heSeals 3'ant S8 Malrtaih i Wledit BEtuden 1S rnhfig ol 2nath8dngeH!
hanger.
Since the top cap 34 is axially secured to the body 12, the load shoulder
10 44 on the top cap 34 provides a means for transmitting forces downward to the
liner hanger during the running-in and cementing operation. Shoulder 44 would
thus engage shoulder 45 on the running adapter 48 of the liner hanger when a
set down weight is applied to the liner hanger so that the liner hanger is “hung
off”. A bearing 46 may be provided to allow the running tool body 12 to rotate
15 relative to a set packoff bushing during an emergency releasing operation. The
packoff bushing may thus be reliably maintained in the locked position, with the
piston 26 up and the C-ring 36 expanded, as shown in Figure 12A, when fluid
pressure is applied to the packoff bushing. Those skilled in the art should
appreciate that engagement shoulders 38 and 40 allow the packoff bushing
20 assembly 10 to be retrieved with the running tool to the surface after the
cementing operation. Retrievable packoff bushing 10 as shown in Figure 12A

thus replaces the bushing shown in Figure 1.
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5 at other locations in the liner hanger running tool. Figure 13 Packer
Setting Assenbly Figure 13 illustrates a preferred enbodi nent of a packer
setting aweenodx34 52, which will allow activation and pacleefrfuset/14e | i ner
top packer. The packer setting assenbly is provided on the sleeve shaped
body or sub 54 which is part 10 of the mandrel of the running tool, and

i ncludes | ower threads 55 for engagenent wth a | ower sub of the mandrel.
The packer setting assenbly 52 includes a housing 56 carrying a V packing
seal 58. Qther conventional elastoneric seals may replace the V packi ng

58. Aflowslot 53 in_the body 54 ensyres fluid ¢o ni cati,on
splines or ribs 5‘35%9 f theeCil %Q@thgﬁlﬁaﬁaqquulqge%ﬁ@ﬂngpg%e go% ﬁi‘?@ I y
al ong these splines without trapping fluid pressure. Packing ret a| ner

and snap ri rgnihting preskerefopeaskiorize applidatoethepgekolfdusbing Withpuwr” pumwrtga
transmtting Gring 64 is positioned on the housing 56, and includes an

internal sl egietROPALIA @@shnﬁg Q*-\§ RABRG ih rF'l@uﬁe' T2A, % AReHaLgrdovadt 77 the
positioned between the [ock sleeve 68 and retainer cap 72. Lock sl eeve 68

poor t1on a "ORBNY FarPBr B L heherhf P Sheivs fielbBenfd A ts{é?HSe‘*gﬁd&ésed

snap out. A housing extension 74 is threadably secured to hP ‘i 56, and
beari ng 80 éh@&%k@ﬁ@ugb”\%odw@9?'2'13@“91@!‘0"@@@55‘"952{@53%8@ applie@ e Mgyt e
relative to housing 56. Bearing sleeve 78 is connected to the sub 54 by
shear nenberpi€dn 28. eWlithopdfitidgpressuref theh@-rbepd6 tiysietracts ra@iallyrigeiges t he
body 54 as shown in Figure 13, although sealing between the body
toward the retaining member 32 when the lock ring 36 engages the top surface
of the groove 47 as the bushing is pulled out of the liner hanger. When the
bushing is re-stabbed into the liner hanger, the C-ring 36 is retracted radially
10 inward, e.g., when the lock ring 36 engages load shoulder 45 on the liner
hanger. During upward movement of the running tool relative to the liner hanger,
the C-ring 36 thus may move radially inward when engaged, and may also move
radially inward when the packoff bushing is re-stabbed back into the liner hanger.
The C-ring design significantly increases reliability of the tool according to the
15 present invention, and reduces both the complexity and the costs of prior art
tools which use multiple lugs or dogs. Figure 12B illustrates the splined
members 27 of the piston 26 and the splined members 33 of the retaining
member 32, and the C shape of the lock ring 36. External slots 37
circumferentially spaced about the C-ring 36 facilitate expansion and contraction
20 of the C-ring.
The liner hanger running tool with the packoff bushing disclosed herein

may be used on various types of liner hanger operations. The packoff bushing
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54 and the bearing sleeve 78 is not required. Packing nenbers 86 on the
body 5 54 are discussed below. The first tinme the packer setting assenbly
i s noved woto2o$728he poli shed bore receptacle 90 (which i #CrhsSoyases as t he
receptacle 130 discussed in the Fig. 1-9 running tool), trip ring 70,

whi ch was positioned within the polished bore receptacle, will snap to a
radially outward position, as shown in Figure 13, due to 10 the natural

bi asing of the C-shaped trip ring. Wien the packer setting assenbly is
subsequently reinserted into the polished bore receptacle, the trip ring 70
will  engagendyibe Lead aiitt drewithbitsh pelcikerrsettingragsenably gl agaskyMemanFiQiur e
13, and the packer setting Gring 64 is positioned within the polished

b t ' ingd, jhrthe Phckoff busio
ore I ecen! aghfing hElilbrd file BRMhdef BntitheRabingd Althaughrige yacklf busimg

downward r el eve 68, and the trip ring 70 will nove
radi al Iy inwar ue canmm ng .action.. i ! ssenbl
may thus be qsd\ﬂé‘g‘é%e‘i 5%%%%98%‘@?“% aé'a"qgﬁvfé%doﬁ%l lgﬁeq of hgh%“aﬁpgg Y

adapter prior to initiating the cementing operation.  The n ti e
packer sett iasgembheand yhe siip setisg ansenddly ithe PﬁSF‘Pfg Eééh'ﬁ’gr(‘é’“ﬁ(b‘é @ﬁ@%@ t he
radially outward biasing force of the CGring 64 will cause the C 20 ring to

engage the tQptdr 166StAR inghedinephengecephmgl teobf the |iner hanger. Mre
particularly, the shoulder 65 will engage the top of the polished bore

receptacl e ’ga,reswgggk&es Bindr Adshpiyel eased diameter of the Cring 64
ST VWO 027

appr oxi mat e 97234 PCI/TUS02/ 15445 outer dianeter of the

receptacle 90. The fla rface 65 the G-ri- bivop
surface of the tiFgg%ré‘cﬁ@ﬁ@'@%ﬁf%ﬁ:?@@n.rrear?rﬁédsln%ggﬁ %gb%%k?ﬁg&ﬂﬁgﬁ‘g%@ ¥
surface 73 at the |ower end of retainer CafP 72 e_ngag%es t he ma]ti ng

52, which will allow activation and packoft of the linertop packer. The packer

setting assembly is provided on the sleeve shaped body or sub 54 which is part
10  of the mandrel of the running tool, and includes lower threads 55 for engagement
with a lower sub of the mandrel. The packer setting assembly 52 includes a
housing 56 carrying a V packing seal 58. Other conventional elastomeric seals
may replace the V packing 58. A flow slot 53 in the body 54 ensures fluid
communication with the splines or ribs 57 on the body 54, so that the housing 56
15  moves axially along these splines without trapping fluid pressure. Packing
retainer 60 and snap ring 62 hold the V packing in place. A packer setting or
force transmitting C-ring 64 is positioned on the housing 56, and includes an
internal sleeve portion 66. A C-shaped trip ring or lockout ring 70 is positioned
between the lock sleeve 68 and retainer cap 72. Lock sleeve 68 engages the
20 sleeve portion 66 to retain the C-ring 64 in the compressed position as shown in
Figure 13, so that when released the C-ring 64 will snap out. A housing
extension 74 is threadably secured to housing 56, and bearing 80 allows the
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tapered surface 63 of the upper end of C-ring 64, and the setting wei ght
thus 5 results in aradially outward force applied to the Gring 64 to

ef fecti veWpokogk3the C-ring in the weight-transfer positiPpemUSsmidat the
Cring will not prematurely snap radially inward before the packer is set.
Once the Cring 64 is set against the liner hanger, the body 54 may be
noved downward relative to the housing 56, thereby shearing nenbers 82. 10
The packer setting assenbly 52 has high reliability since a substanti al
downward set weight may be transmtted through the Cring 64 to the tie

back receptac| nd,since.th chani cal setti essl i i by
flurd pr esiﬁ?ldel(%o‘ieﬁ/\@é%etrﬁ%t'}’%?%%f"ﬁ'@gc i r?;eaﬁ?gr@%éyeg)g (H)g@?r?]rﬁeﬁ%ﬁ{nrgedt ool
or drill pipe. After nmenbers 82 shear and body 54 nobves dovvnvvar% relative
to housi ng BEbSB! by sbeanmiembey 82 vlegve portianeddof fraberingalegseds t he
housing 56 is then -supported on the | arger dianeter surface 90 of the sub
54, with pacfigagesirehety 5dGssstdwmin Rigune tiBeakivasgimseditg eteeehdhe wody
simlar stop on the body 54 engages the top of bearing sleeve 78 to limt

downward tr %ﬁ%%cg’{qe%]g&%rgﬁqz%sbe 78§§%£g§uadiﬁémi ﬁckgrgg?hféi'nﬁé’rstéﬂaoﬁ tife BaGY

recept acl e. er setting ssenb I's set, the increase in
pressure_i n%lhe annul us btgtheen the casing and the running tool allows the
housi ng 86 ¥ @& dIgcUssSSi Q!N which is forced downward in response to the
annul us pressure, thereby providing increased 88 WO 02/ 097234 .

PCT/ US02/ 15445 dokreneirsiitimertbe paskeesetibpyassembinis mpyed orhabbe prlisked when
the packer is forced radially outward as it is pushed down the packer
setting coneore receptacle 90 (which is the same as the receptacle 130 discussed in the

Fig. 1-9 running tool), trip ring 70, which was positioned within the polished bore
receptacle, will snap to a radially outward position, as shown in Figure 13, due to

10  the natural biasing of the C-shaped trip ring. When the packer setting assembly
is subsequently reinserted into the polished bore receptacle, the trip ring 70 will
engage the top of the polished bore receptacle 90 as shown in Figure 13, and
the packer setting C-ring 64 is positioned within the polished bore receptacle.
When set down force is applied, housing 56 will move downward relative to lock

15  sleeve 68, and the trip ring 70 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, the radially outward biasing force of the C-ring 64 will cause the C-

20  ring to engage the top of the polished bore receptacle of the liner hanger. More
particularly, the shoulder 65 will engage the top of the polished bore receptacle
90, since the natural or released diameter of the C-ring 64 approximates the
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A conpl ete running procedure for running, setting, and releasing the Iiner

hanger system according to the present invention will now be discussed. The
5 setti ngwD®elo9i234 conventional |y attached to the | ower enecCofusaz/viauk
string, typically a drill pipe, and is rel easably connected to a liner

hanger, which is attached to the top of the liner. The work string | owers
the liner into the borehole into a position above the Iower end of the
previously set casing or liner. Wth the liner at a desired depth, well
bore fluids are circulated "bottons up” to clean the hole. 10 A setting

bal | may i niguted disinfetedsiopeadcéptanen: eTiva flahgurfaee 65lot the Cting S4rthase.
The ball may either free fall or may be punped to the liner hanger slip

setting as%‘ﬁgﬁbég ;N\?Edéﬁsghgcéjﬁ% {hetd ﬁaél@r%cegfhec{l:é{'gg.eﬁﬁft‘ﬂg%%ﬁ?gﬁ?‘me seat .

Fl ui d pressur e Increased to a s val ue, e.g. 500 psi,
whi ch exerts a force_on he shear scre actin ween the bal] seat and
t he mandr el ?@;perleges@ch éjéﬁfth?gowf gg@gﬁ%@t?!n%ﬁgﬁbﬁ]?gg@%% el ses the
design limts, the screws will shear to release the ball and seat to a
posi ti on t hdapenedseface§dohiia uppesrand ofrC-ring 64emdrtbe. setiing waighd thiimpi ng
of fluid will then force the ball through the seat, and allow the ball to

be punped t geédits mes pitflaippblitviRatforek dpplied 6 tHee Cemnd B89 td @fectidiyiotkithessur e
is then increased to shear screws between the piston and 20 the mandrel of

the Ii h . ' i [
pr gssluP gr Wi ?ﬂ‘ﬁﬁéﬂﬁgﬁ‘% uwr%rﬁat?éé{gr?%%os-l— er’lgk) ﬁéggtgle\l@%}\ﬂ/aﬁ@ W%S%t%f%ﬁéggglg%r}ag
o B9 VIO 02r0dPNBIERI) RRibEs YiaetHeBlcite OREP DisnE TIN B dorRAEataRe t he

casing. The liner load may then be slacked off onto the set slips. Once
the slips afieesbpapget, iting bodg Sdeinghbeahovéedownward relative to the housing 56,

thereby shearing members 82 .

10 The packer setting assembly 52 has high reliability since a substantial
downward set weight may be transmitted through the C-ring 64 to the tie back
receptacle, and since the mechanical setting pressure is assisted by fluid
pressure between the ID of the casing and the OD of the running tool or drill
pipe. After members 82 shear and body 54 moves downward relative to housing

15 586, the radially inward surface of projection 88 on the housing 56 is then
supported on the larger diameter surface 90 of the sub 54, with packing
members 86 sealing with the housing 56. A collar or similar stop on the body 54
engages the top of bearing sleeve 78 to limit downward travel of the mandrel.
Seal 58 remains sealed to the tie back receptacle. After the packer setting

20 assembly 52 is set, the increase in pressure in the annulus between the casing
and the running tool allows the housing 56 to act as a piston which is forced
downward in response to the annulus pressure, thereby providing increased
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liner, the liner is "hung off'. Wth the liner |oad slacked off onto the
hanger slips, additional slack off or 5 "set down weight" may be applied
to the hawgar/¢n3check for any hanger novenent. The set @GomUSOBEIME W | |
be transmitted through the running tool to the liner hanger, which is
supported by the liner hanger slips. This set down weight may, for

exanpl e, be transmtted through the running tool nmandrel to the packoff
bushi ng and then fromthe | oad shoul der on the packoff bushing to the 10
i ner hanger. A ball may then be | anded, and the ball seat nobved to expose

fluid ports. Pressure may thep be increased to a selecteq, value, .e.9. 1200
bsi it h IOV ARLRIGE DRy R eite Tandet saekRIEEn dné Brtker S itorlnger
rel easing assenbly. This increased pressure shears screws on the prinary
pi ston, theadiailyrmbwarg ahié ippusioed dowal thewacker settiag chafger rel ease ring
to coll apse and 15 di sengage the running ring fromthe |Iiner hanger. At

this stage, the |ARsmptBIBANINGYYBCBEUteORY rirmifd,ertfing ardeeldéasiey tHelirgser .
Since the clutch that keys the running tool to the liner hanger is shear

pi nned 10 Nt STRIHR LS 1d thelBHUSSn{InOEMIdPioly BRIs RSBl Ofné 0 an

uncl ut ched posi Ves up tO rel ease runni ng ring.

The runni_ng togl is preferab) el eased the increase in fluid 20,

pr essur e 2act$4ting FPAl F%C%Y%P\é‘a[ﬁi’ aftgghed ?gEh?DOWGHﬁPﬁ&?@o‘ﬁP”ﬁ gring; ypicglyaged
to the |iner hanger after pressuring up on the primary rel easing piston,

t he oper at ora drithpipeo andris eeleasablyconnectedetods inar hatnigey, whichtie atiaghedta

al l owabl e pressure 90 WO 02/ 097234 PCT/ US02/ 15445 checking for rel ease in

TS o 1YR SPPITAS, T foltoiminouch g int hacorsenion,
position above the lower end of the previously set casing or liner. With the liner
at a desired depth, well bore fluids are circulated “bottoms up” to clean the hole.

10 A setting ball may initially be dropped from a cementing manifold at the surface.
The ball may either free fall or may be pumped to the liner hanger slip setting
assembly, where the ball will rest on the expandable ball seat. Fluid pressure
may then be increased to a selected value, e.g. 500 psi, which exerts a force on
the shear screws acting between the ball seat and the mandrel of the slip setting

15 assembly. When this force surpasses the design limits, the screws will shear to
release the ball and seat to a position that uncovers hydraulic ports in the
mandrel. Continued pumping of fluid will then force the ball through the seat,
and allow the ball to be pumped to the second ball seat within the releasing tool.

Fluid pressure is then increased to shear screws between the piston and

20 the mandrel of the liner hanger setting assembly. The piston, which was

exposed to pressure within the running string when the ball was first released, is

responsive to fluid pressure and travels upward, thereby forcing the slips to
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the Iiner hanger, continued pressure will shear the secondary piston from
the primary piston and the secondary piston will nove axially up to

di sengagewOhe/0%7264 ut ch of the running tool fromthe cl utclrCorusoties4us ner
hanger. Wth the clutch disengaged, the running tool nmay be rotated 5-6
turns to the right to disengage the running tool fromthe |iner hanger.
The operator at this stage may pick up the running string and note the

| oss of liner weight on a rig weight indicator, thereby indicating that the
running 10 tool is released fromthe |iner hanger. This pick up operation

will al so dirgrgagmd bempeasicddntdstsiiiinthel dawind.hTheiliner Idaanasy tHambé ng
adapter or tie back receptacle. As previously indicated, the packoff

bushing is LLane re=st.abbahl : ¢ t he
Funni ng ¢ oo SAHL B et fotSlBR SR 108 sibaEre HiGoARAEME el e 1 e
running tool is released fromthe [iner hanger. After it is 15 confirned
that the rufRBhdhedigeris huagefted, the packoff bushing will be re- stabbed
when the running tool is slacked back off into the |liner hanger. Wen
there is pressuréVithltbevlinbeloaddtadikedofs bhtogthet ianden ships pdditicnat slaek ofl acked
to the liner hanger. A selected fluid pressure, e.g. 2500 psi, may then be

used to sheaged diswn Ibighe RAAGY aBbRth fetfBridis t6 onbek fdrard| amgerhe ol ut ch

to re-engage the |liner  hanger. ce the liner hanger running tool is

Coat- a o hatelfiebls The o5l 8GHHEiaRF Y BReRTaBRRg Bt ek HiaBhtedE 5000

psi, the ball will pass through the port isolation ball seat, expanding the

di amet er of thadngehangehavhieh is supposeddy therlneshanger siipse t1ys set faWent Iy

weight may, for example, be transmitted through the running tool mandrel to the
packoff bushing and then from the load shoulder on the packoff bushing to the

10 liner hanger. A ball may then be landed, and the ball seat moved to expose
fluid ports. Pressure may then be increased to a selected value, e.g. 1200 psi,
which is transmitted through ports in the mandrel of the liner hanger releasing
assembly. This increased pressure shears screws on the primary piston,
thereby moving the piston to allow the liner hanger release ring to collapse and

15  disengage the running ring from the liner hanger. At this stage, the liner hanger
running tool is free from the liner hanger. Since the clutch that keys the running
tool to the liner hanger is shear pinned to the releasing piston, it moves from the
clutched position to an unclutched position as the piston moves up to release the
running ring. The running tool is preferably released by the increase in fluid

20  pressure acting on the primary piston. If the running tool is still engaged to the
liner hanger after pressuring up on the primary releasing piston, the operator
may continue to pressure the drill sting to the maximum allowable pressure
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deform ng the ball seat. The drop in pressure and re-gaining fluid
circulation will then indicate that the ball has successfully passed

t hrough twe obabi23seat. The 5 ball is then allowed to freePCaluSowissbe punped
to the ball diverter. The spacer and cenment fluids nmay be m xed while
circulating fluids for cenent displacenent. Wien the cement has been
punped, the punp down plug nmay be rel eased fromthe surface, formng a
barrier between the previously displaced cenent and the di spl acenent

fluid. A calculated anbunt of 10 displacenent fluid nmay thus be used to

Cl'ove 1o {nelh i it BieeSe it S ibesioRtrebietls upauie shear gledilrdotife™™

500 psi, and this, pre ure wi |l jncrease when the punp down plug | atches
in the |i ner SGFPEia %PL?EP“ offdBe PRENFY RistaB Weep INed relsase Hhe REMInG Q! e | i ner
w per plug, the work string can be pressured up and after a 15 sel ected
peri od of tithe linendahpeercontipaedpressiasdvill Bhearutine sboondphupisten frodaehe

rel eased fromthe plug holder sub. Increased fluid pressure thus noves a

piston to rghmawepr@tdd 88d tw@sé&)ﬁ&d %n &Q?ﬁiowgf‘dx@m tcpbrgenégétﬂﬁehe

pl ug hol der sub he piston W|th| n er s acts on

ori 1 co w11 ol Coc’fsfh%ﬂ'aﬂlpg Ay b?.c R385 HEhEhGo | BB e b e

wi per plug. This tine may be used by the operator to positively calcul ate
di spl acenent d'ﬁPDQ%Q%Itbﬁéﬁnn'ﬂgda%mﬁmb@doéﬁ’f@@n|5r6 s4rns de dhe debhierdisengsaad wi | |
thus force the cenent to the desired height in the annulus 92 WO 02/ 097234
PCT/ US02/ 154#e ruaningetoot frem thedineamangbe casing. Fluid will thus be punped
until the liner wiper plug and the punp down plug set |atches into the
l'anding col lar, athapehatbt BBthis stage may pick up the running string and note the
loss of liner weight on a rig weight indicator, thereby indicating that the running
10  tool is released from the liner hanger. This pick up operation will also disengage
the packoff bushing from the liner hanger running adapter or tie back receptacle.
As previously indicated, the packoff bushing is designed to be re-stabbable so
that the operator may pull the running tool and the packoff bushing upward as
desired to check that the running tool is released from the liner hanger. After it is
15 confirmed that the running tool is released, the packoff bushing will be re-
stabbed when the running tool is slacked back off into the liner hanger. When
there is pressure below the packoff bushing, the bushing is securely locked to
the liner hanger.
A selected fluid pressure, e.g. 2500 psi, may then be used to shear the
20  secondary piston from the clutch to allow the clutch to re-engage the liner
hanger. Once the liner hanger running tool is released from the liner, pressure

may then be applied to the ball and seat. At a predetermined pressure, e.g.
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pressure may be increased to, e.g. 1000 psi, over circulating pressure to
conplete latching of plugs and check that the seals between the plugs and
the 5 | amaiorigognaBd ar are hol ding. Pressure may then be bl @eda/usbt/15ns
checked for bleed back to ensure that the float equipnment is hol ding
pressure. It should be renenbered that the packer setting assenbly

I ncorporates an unlocking feature that allows the packer setting assenbly
to be pulled out of the liner hanger tie back receptacle one tinme wthout
unl ocki ng the packer setting 10 ring. Upon re-stabbing the assenbly into
the tie bac k30(§1:995t tha kall willkpgssdheoughstiet parg isolatigndetloresd, expandingithe s
ready to expand the second tine the packer setting assenbly is pulled out

of the tie bdiameteceithadieat. fhe®alii®@rred teugh WRasast toqdrmimently pi cked up
until the packer setting assenbly is renoved from the tie back receptacle,

whi ch al | ows | T ﬁg : | €. kack
recept acl e. fgﬁpwﬁlgtﬂgfl#dhgsﬁ%?'hgﬁrgﬁ%ﬁggg r ﬂ%g‘éé{aﬁ?t&gﬁ%&tﬁ Hg?lﬁ]ugaﬁdrq ng o)
that it nmay reenter the tie back receptacle, and ves a | gcki ng sl eeve

out of cont @8N 'ﬁa??a@@éthesféﬁf '?%SP?‘?@S léﬁyrﬂ?ésﬁﬁgﬁr@%héb%%aséé%ér Y& ting
ring is conpressed but is now released fromthe | ocking sleeve, the packer
setting Sasdetbisythes atleady to drebdabior begqiurdped o thextaltdivertéet. i s pul l ed from
the tie back 20 receptacle. Accordingly, the running tool may be picked up

sufficiently to erpospacéihdésient faHS inisy BS HARGD Whilé REBuREhg dIoMs feRi ght
used to set the packer elenent. 93 WD 02//097234 PCT/ US02/ 15445 Once the
packer setting,LhifshBcbmeht SWREPARLSLRET HdsBeerfblimbed! & Y&h8Yown
plug may be released from the surface, forming a barrier between the previously
displaced cement and the displacement fluid. A calculated amount of
10  displacement fluid may thus be used to pump the pump down plug to the liner
wiper plug. As the pump down plug get close to the running tool, fluid pressure
may be reduced, e.g. to about 500 psi, and this pressure will increase when the
pump down plug latches in the liner wiper plug. Once the pump down plug is
latched into the liner wiper plug, the work string can be pressured up and after a
15  selected period of time, the liner wipef plug and the pump down plug will be
released from the plug holder sub. Increased fluid pressure thus moves a piston
to release a ring, which releases the liner wiper plug from the plug holder sub.
The piston within the plug holder sub acts on a fluid with a known viscosity, and
fluid flow through a predetermined size orifice will take a predetermined period of
20 time to release the liner wiper plug. This time may be used by the operator to
positively calculate displacement fluid volumes. A calculated amount of

displacement fluid will thus force the cement to the desired height in the annulus

92



may be sl acked off on top of the tie back receptacle. This downward force

t hrough the packer setting assenbly and to the tie back receptacle

i ni ti at eswpDhe/Ipacker setting sequence. This action w || foFarsoyciens and
allow the setting 5 1oad to be transmtted to the packing elenent. As a

| oad increases, the packer element will expand in OD as it noves down the
cone, thereby pushing the expanding packer el enent out into engagenent
with the casing. Wth the packer el enment in engagenent with the casing, the
rig rans may be closed around the drill pipe, so that a pressure vessel is

el cment and 1 éé‘iah% ot 2 it FA T s Vo @iPet UrbE R T BB

required to proper % set the packer elenent, a known fluid pressure can be
appl i ed to tAkg anddhesump dawselug pet latchesdeie thedapding cellan afwhic
t hereby applying a greater and known |oad to the packer elenment. A desired

setting | oagpréssurbenppbkdncrelessiid, a1gy 1060 psiysvoeciepiatiredptdssonegb a
conbi nati on of set dovvn wei ght and fluid pressure. After pulling the

. I - ' fluid
setting 1 00lcohfhiarePaRdf ggﬁaﬁhm@gﬁﬁ%ﬁé&%é@&\é%éé&%%%é?ﬁhet gd bAGthe | Ui

may be ci rc string to circulate any exctess cenent
to the s gce t here

coment nis DG CPUET SeCRORIG. drreSRW R SR e B Qlerd Pl ant eshPd e

setting tool 20 fromthe well. Once at the surface, the tool may be checked
for damage dweed baekixedsuretbat the Roaiequineride holding Oressite on as an
assenbly for a specific 94 WO 02/097234 PCT/ US02/ 15445 application, i.e.,

for the running angns@t ersiengerdbetdtethbt they pé@@@éﬁiﬂd‘@mylﬁd@more\tes

an unlocking feature that allows the packer setting assembly to be pulled out of
the liner hanger tie back receptacle one time without unlocking the packer setting

10  ring. Upon re-stabbing the assembly into the tie back receptacle, the packer
setting ring becomes armed and is ready to expand the second time the packer
setting assembly is pulled out of the tie back receptacle. Accordingly, the
running tool may be picked up until the packer setting assembly is removed from
the tie back receptacle, which allows the trip ring to expand and engage the top

15  of the tie back receptacle. Slacking off on the running string collapses the trip
ring so that it may reenter the tie back receptacle, and moves a locking sieeve
out of contact with packer setting ring. Since the C-shaped packer setting ring is
compressed but is now released from the locking sleeve, the packer setting
assembly is ready to be activated the next time it is pulled from the tie back

20 receptacle. Accordingly, the running tool may be picked up sufficiently to expose
the packer setting assembly, then set down weight used to set the packer

element.
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of the liner into the wellbore and the setting of the packer elenent. One
could run a liner hanger w thout a packer elenent and therefore the

runni ng twolozxwouB4d not require the packer setting assenblPgT/N0¥0j448 packer
el ement could be run 5 into a wellbore without a |iner hanger slip

mechani sm and therefore the slip releasing assenbly would not be required
in the running tool. Various conbinations of the disclosed tools could be
put together to run a variety of downhole tools. Wile preferred

enbodi nents of the present invention have been 10 illustrated in detail,
it is apparent tQhcerthdi packer isettimgaing sdaiisaipandediposhion, grikpipe aeight
enbodi nents will occur to those skilled in the art. However, it is to be

expressl|y uwﬁg%gb%g?%ﬁéﬁ%b Bt i BhEIPRSCopRSE A0 TRIAILWARART foreé t hin t he

spirit and sc e present 1 nvention as set forth in the foll ow ng

clainms. 95 02/ 097234, PCT/ LS02/ 154 LS. £l ai [.S: AL | £ Or
suspendi ng fPEHER theRAcks g(?tﬁpggasts%nﬁ%é%ﬁ%%'k@a 'I?% ﬁégﬁp%%%%éeilﬁng%gég%ng
wi thin a wel | bore, suspending a_liner fromthe |iner hanger and retrieving
portions of pasker seltingseapeneendhissagtion Wil Gheshaerews %@Fb%@?‘ﬁ'éhe PEBIG he
running string; a slip setting assenbly about the mandrel for setting slips

to engags thead edbengmndtied sptdpadiend elemnerttarfgea Idadinctdasesathenpackend a
rel easi ng assenbly for releasing fromthe set |iner hanger portions of the

Commest1 e (AP SR OO AR S Y ot et paniigaions o 10
piston expanding packer element out into engagement with the casing.
With the packer element in engagement with the casing, the rig rams may
be closed around the drill pipe, so that a pressure vessel is formed between the
10  casing and the running tool and between the packer element and the seals of the
ram at the surface. Knowing how much load is required to properly set the
packer element, a known fluid pressure can be applied to the annulus to cause
the tie back receptacle to move down, thereby applying a greater and known
load to the packer element. A desired setting load to the packer element may
15 thus be applied through a combination of set down weight and fluid pressure.
After pulling the setting tool to a predetermined position above the top of
the liner, fluid may be circulated through the drill string to circulate any excess
cement to the surface, thereby reducing the need for drill out. Once the excess
cement has been circulated out of the well, the operator may pull the setting tool
20 from the well. Once at the surface, the tool may be checked for damage and
serviced.

The tools as discussed above function as an assembly for a specific
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hydraulically noveable in response to fluid pressure within the tool

mandrel from a lock position to a release position for releasing the
connecti rgoreeipes4 a clutch for rotationally connecting tPhe/usovis4nandr el
with the liner hanger, and a second piston noveable in response to fluid
pressure within the tool mandrel for 15 di sengaging the clutch, such that

ri ght-hand rotation of the running string noves the nut downward al ong the
mandrel so that the running string nay then be picked up to di sengage the
tool fromthe liner hanger. 2. The tool as defined in Claim1, further

i sing: 20, ' h mbher { LD ' fi j
and the secshCafut 48 BLER iR hed BeaRbE T aE Hinu ihdd aneldsThel ™"
fromthe first piston in response to fluid pressure within the tool
mandr el . 96 ofihe ingrgntsthepeelivge antshesettingrabtheorackes elgmente e coyldi m 1,

further conprising: a clutch shear nenber for interconnecting the second

pi ston and trime a liHenthaimges withoubapagsherslengrt Badahstefbrestheaunnimgiieol would
reengages the clutch with the liner hanger to permt rotation of the set

| i ner hanger, : i i . j ! im1l,
further comgro F“gc%cﬂg%‘ﬁn%%%l{él?%eﬁ erg' %%gln%r!g'n@ﬁgﬁ %g?él}eﬁlﬁellﬂﬁ%!a%rlldﬂ ?gtqih gn W th
t he firs]s. piistton' n bl ocrin t.he.port

X d a.sleeve far .such that the
i ncrease®i n''iPA ¥e %rseswpéouf\,@]grﬁer}%qr SR Cl}ﬁﬁ" saggttﬁgfﬁt}?qegﬁp@lpg eeve
downward to open the port. 10 . _ _
releasing assembly would not be required in the running tool. Various
combinations of the disclosed tools could be put together to run a variety of
downhole tools.
While preferred embodiments of the present invention have been
10 illustrated in detall, it is apparent that modifications and adaptations of the
preferred embodiments will occur to those skilled in the art. However, it is to be

expressly understood that such modifications and adaptations are within the

spirit and scope of the present invention as set forth in the following claims.
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5. The tool as defined in Claim1l, wherein the engaging nenber is a
radially collapsible CGring. 6. The tool as defined in daimb5, wherein the
C-ring i /mbwdes2ext ernal 15 threads for engagenent w th porarsezis4ihr eads
on the liner hanger to secure the tool to the liner hanger. 7. The tool as
defined in CQaim1, further conprising: a plurality of dogs carried by the
nut for fitting within slots in the liner 20 hanger to rotationally | ock
the nut to the liner hanger. 97 WD 02/ 097234 PCT/ US02/ 15445 8. The tool as
defined in Caim1l, further conprising: a flowthrough port in the first

pi ston, suclykiek ddithed g7 essure within the mandrel passes through the

fl owthrough port to act upon the second piston. 5 9. The tool as defined

in Cdaiml, further c riising: a t | o] for |.Lmting
travel of the seQOnd %F&O(])i&n %Pe'ﬁﬁﬁ‘%tpf&cg'ﬂ aa@%(?w%tbggitﬁtpé%gk&ﬁ!'h erein
the first pistonis aradially inner piston for sealing wth the tool
mandr el , andanger ¥ee 6asingi within g welpgragsisnepdinga neefrony thediner hangesl i ng
with the inner piston. 11. A tool for suspending froma running string to
position a landertridvimgpportionsaf ¢ias tow, ormprising: wel | bore-, suspending a |iner
fromthe liner hanger in place and retrieving portions of the tool,

conprisigg: 15 atﬁ%%ol’r‘ﬁﬂd@ Swéﬁgmfthe%ﬁmﬁg{éssl i-ng string; a slip

setting assenbly about mandrel for setting s 0 engage the

a slip setting assembly about the mandrel for setting slips to engage the
casing and suspend the liner hanger from the casing; and
a releasing assembly for releasing from the set liner hanger portions of
the tool to be retrieved to the surface, the releasing assembly including a
10  connecting member for engaging the tool with the liner hanger, a first piston
hydraulically moveable in response to fluid pressure within the tool mandrel from
a lock position to a release position for releasing the connecting member, a
clutch for rotationally connecting the tool mandrel with the liner hanger, and a
second piston moveable in response to fluid pressure within the tool mandrel for
15 disengaging the clutch, such that right-hand rotation of the running string moves
the nut downward along the mandrel so that the running string may then be

picked up to disengage the tool from the liner hanger.

2. The tool as defined in Claim 1, further comprising:
20 a piston shear member for interconnecting the first piston and the second
piston, such that the second piston may be disconnected from the first piston in
response to fluid pressure within the tool mandrel.
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casing and suspend the |Iiner hanger fromthe casing; a releasing assenbly
about the tool mandrel for releasing the liner hanger fromthe portions of
the tool wooeInetrieved to the surface; and 20 a packof f Powaisongs4iior

seal ing between the liner hanger and the tool nmandrel, including a
radi al |y noveabl e | ocki ng nmenber and a fluid pressure responsive piston
noveabl e in response to fluid pressure within the tool mandrel 98 WO

02/ 097234 PCT/ US02/ 15445 between a rel ease position whereby the packoff
bushi ng may be renoved from the liner hanger and reinserted into the liner

hanger, and a | ogk posfHd ol hedefined i Clain 1 Hertheckomprisingber in a groove
in the liner hanger to |l ock the packoff bushing to the liner hanger. 5 12.

L T e,

menber conprises a as defined in Caim 12,
wherein the C- shaped | ock rin 10 ,ipcl ydes radjally external ts.for
facilitati n&“gﬁlﬂraﬁé‘i?bwagﬁtleﬁwgﬁ ﬂ‘&c‘flpﬁzﬁ‘ & pempgl e,npﬁg_&‘:ﬂ)ﬁ CE}'LC @8& as
defined in Gaim12, wherein the C shaped | ock ring has a circunference
from 200- 35ke linér hangdttie peyolit ratativer ofrtbe iset bher manoer withetheiranniRg $tBR% ri ng
retracts when engaging a shoulder on the Iiner hanger, thereby allow ng

the lockgring to be reinserted into the Iiner hanger after being raised
above the |iner hanger.

4. The tool as defined in Claim 1, further comprising:

a port in the tool mandrel for fluid communication with the first piston; and

a sleeve for blocking the port, such that the increase in fluid pressure
when a ball lands on a seat shifts the sleeve downward to open the port.

10

5. The tool as defined in Claim 1, wherein the engaging member is a

radially collapsible C-ring.

. The tool as defined in Claim 5, wherein the C-ring includes external
15  threads for engagement with internal threads on the liner hanger to secure the

tool to the liner hanger.

7. The tool as defined in Claim 1, further comprising:

a plurality of dogs carried by the nut for fitting within slots in the liner

20  hanger to rotationally lock the nut to the liner hanger.
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20 16. The tool as defined as Claim1l, wherein the piston is axially
noveable with respect to the tool mandrel to nove the | ocking nenber to the
| ock posiwDeR/091234 esponse to fluid pressure within the toeCTrmozitahs 99 WO
02/ 097234 PCT/ US02/ 15445 17. The tool as defined in Caim1ll, wherein the
packof f bushing conprises: a radially internal seal for sealing between
the piston and the mandrel; 5 and a radially external seal for sealing

bet ween the piston and the |iner hanger. 18. The tool as defined in Caim
11, wherein the packoff bushing 10 includes a radially outer shoul der for

engaging a radialdy inner, shaul o [ dar applying set
down weight to the lin eWz%égra%?i[fs.arﬂjl'?gﬁrtnoiﬂfugéegg%ﬁéaﬁ‘@h Caim 11,
wherein the packoff bushin i ncl udes a radi al I% i Qr}er. shoul der ar}g t he
tool nandrel i nclaiRy-thr et i st pistony suetythat Taid Rressyfe wigin the
engagenent of the inner shoul der and outer shoulder allow the packoff
bushi ng to bmandret passss throlgh e flewthoughgparbio adnponf thersecopdipistan. The
tool as defined in Claim1l, further conprising: a packer setting assenbly
about the tool mandrel for setting a packer to 20 seal between the casing
and the liner hanger. 21. A packer setting assenbly for setting a radial

set pack%r el emerbt', mﬂme\:/\%oqzalso ezr’%?é ir|1D E[AiHSP,z(u?‘tﬁéﬁéomprising:

a stop on the first piston for limiting travel of the second piston.

10.  The tool as defined in Claim 1, wherein the first piston is a radially
inner piston for sealing with the tool mandrel, and the second piston is a radially

10  outer piston for sealing with the inner piston.

11.  Atool for suspending from a running string to position a liner
hanger is a casing within a wellbore, suspending a liner from the liner hanger in
place and retrieving portions of the tool, comprising:

15 a tool mandrel supported from the running string;

a slip setting assembly about the mandrel for setting slips to engage the
casing and suspend the liner hanger from the casing;

a releasing assembly about the tool mandrel for releasing the liner hanger
from the portions of the tool to be retrieved to the surface; and

20 a packoff bushing for sealing between the liner hanger and the tool
mandrel, including a radially moveable locking member and a fluid pressure
responsive piston moveable in response to fluid pressure within the tool mandrel
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t he packer setting assenbly applying a force on one of the packer el enment
and a cone to nove the packer elenent relative to the cone, the packer
setting wegenpi2g4 conprising: a radially expandabl e forcePCrarssmisti ng
Cring, the force transmtting C 5 ring when expanded acting to engage a
setting sleeve for applying a set-down weight through the setting sleeve
to set the radial set packer elenent. 22. The packer setting assenbly as
defined in Caim?2l1, further conprising: 10 a | ockout mechani sm for
preventing the force transmtting Gring from noving to the expanded

posi tion. 2detwren gaeleaseseasiionywhstainting packelithusaing magibg removedfienei n
the | ockout mechanismincludes a | ockout Cring for radially expanding to

engage 15 tihe lihephahgérhend rehesertattintd thechnerdisgegagel & heck padition for
mechani sm 24. The packer setting assenbly as defined in Caim22, further

compri si ng: rkhinhaakeVSaTRPRRRIST TR Gl EMTYROIRIARGEH PREKhe RO

retracted 20 position due to a canm surface on a housing of the packer

setting assenbl thereby, rel easing the force transmtting Cring. 101 WO
02/ 097234 p%%ﬁlﬂzﬂ@&d@%ﬁ?“%fe packer setting assenbly as defined in

Claim 22, wherein the | ockout nmechani smnoves axially to rel ease the force
transmt®ing C-ring. 26. The packer setting assenbly as defined in daim
21, further 5 conprising:

‘ 12.  The tool as defined in Claim 11, wherein the radially moveable

locking member comprises a C-shaped lock ring.

13.  The tool as defined in Claim 12, wherein the C-shaped lock ring
10 includes radially external slots for facilitating expansion and contraction of the

lock ring.

14.  The tool as defined in Claim 12, wherein the C-shaped lock ring
has a circumference from 200°- 350°.
15
15.  The tool as define in Claim 12, wherein the lock ring retracts when
engaging a shoulder on the liner hanger, thereby allowing the lock ring to be

reinserted into the liner hanger after being raised above the liner hanger.

20 16.  The tool as defined as Claim 11, wherein the piston is axially
moveable with respect to the tool mandre! to move the locking member to the
lock position in response to fluid pressure within the tool mandrel.
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a |l ock-out mechanismfor allowng the force transmtting Gring to be

rai sed out of the top of a |iner hanger one tinme w thout noving the force
transm t twog2@mnB8Hag to the expanded position, such that tREeTRES2/134i5e t he
force transmtting CGring is noved out of the liner hanger, the force
transmtting Gring 10 expands to its expanded position for engagenent with
the liner hanger. 27. The packer setting assenbly as defined in Caim 21,
further conprising: a packer setting housing; 15 an |I. D. seal for sealing
bet ween a packer mandrel and the packer setting housing; and an O D. seal
for sealing with between the setting sleeve and the packer setting

housi ng, such that_fluid pressure may be used to assist in applying a
setting force thrblgh Theipe ascdefingg isGaive 16 owhgeeip da epcko ing20 28.
The packer setting assenbly as defined in Claim?2l1, further conprising: 102
WD 02/ 097234cdaprisek)2/ 15445 a packer setting housing about a mandrel; and a
bearing for facilitating rotation of the mandrel relative to the housing.

29. Th k | Lipgchd | ' 2
e backer sehbhagiprRar gﬁgjopgééumgfbétg@%ﬁpgﬁ%%ﬁg@br?né el

radi al set packer el enent a met i al se and dne or
nor e racjji al Iﬁ/ outer seal bodies.
and

a radially external seal for sealing between the piston and the liner

hanger.

18.  The tool as defined in Claim 11, wherein the packoff bushing
10  includes a radially outer shoulder for engaging a radially inner shoulder on the

liner hanger for applying set down weight to the liner hanger.

19. Thetool as defiﬁed in Claim 11, wherein the packoff bushing
includes a radially inner shoulder, and the tool mandrel includes a radially outer
15 shoulder, such that the engagement of the inner shoulder and outer shoulder

allow the packoff bushing to be retrieved with the retrieving portions of the tool.

20. The tool as defined in Claim 11, further comprising:
a packer setting assembly about the tool mandrel for setting a packer to

20 seal between the casing and the liner hanger.

21. A packer setting assembly for setting a radial set packer element,

100



30. The packer setting assenbly as defined in Caim?2l1l, wherein the

setting sleeve acts on the packer elenent of a |liner hanger to seal between
the 10 |woer/obmager and a casing. 31. A nethod of rel easiPeg/Eoz/usamé ng t ool
whi | e supported on a running string froma liner hanger in a casing within
a well bore, the liner hanger being secured to a casing by a slip assenbly
to suspend the liner hanger fromthe 15 casing, the nethod conpri sing:

provi ding a rel easi ng assenbly about a tool nmandrel, the rel easing

assenbly including a connecting nmenber for engaging the running string with

he i f | |
i d | pr esalPeakErPRIDR LRI AHEREIS # Kok R Opbe Ak EBTE Al Bt e

position for 20 rel easing the connecting nenber, a clutch for rotationally
connecti ng téne womoveniiel packer elamend relaties tmf@ﬁg@me theipackrrssiiingi st on
noveable in response to fluid pressure within the tool mandrel for

di sengagl ng éé&rﬁtblyfc@h\pri%n@ 103 WO 02/ 097234 PCT/ US02/ 15445 pressuri zi ng
the running string to nmove the first piston to the rel ease position for

rel easing the T UndFAga hithaalfe 1oHe 1HRARAET ARG fttorck Ehliy C.

further conprising e sur|2|ng the Tunnin hgto ane cond

pi ston t di sen t he cl ut rotatin e runnln stri.n a nut
Glownvar d5al GHEP PR E3BPRIRR Aafah 10 Zaapner elie FIeprERorpRIs e SR
string to di sen%age t he running tool from

weight through the setting sleeve to set the radial set packer element.

22.  The packer setting assembly as defined in Claim 21, further
comprising:
10 a lockout mechanism for preventing the force transmitting C-ring from

moving to the expanded position.

23.  The packer setting assembly as defined in Claim 22, wherein the
lockout mechanism includes a lockout C-ring for radially expanding to engage

15 the top of the liner and thereby disengage the lockout mechanism.

24.  The packer setting assembly as defined in Claim 22, further
comprising:
the lockout mechanism moves from an expanded position to a retracted
20  position due to a camming surface on a housing of the packer setting assembly,

thereby releasing the force transmitting C-ring.
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10 the liner hanger. 33. The nethod as defined in Caim31, further
conprising: shearably interconnecting the first piston and the second

pi ston, swol2opmss the second piston may be di sconnect ed PComsSohesshs r st
piston in response to fluid 15 pressure within the tool mandrel. 34. The
met hod as defined in Caim31, further conprising: shearably

i nterconnecting the second piston and the clutch, such that shearing the
clutch shear menber re-engages the clutch to permt rotation of the 20

The et hod as defithed 116 EPARHS rif'!ﬂ”@ﬁ?%%@?'\?%ﬂ%éf?iéﬁé”c'gﬁgéf%%ﬁééﬁ‘*@ort i

the tool mandrel for fluid commnlcatlon with the first piston; and

bl ocki ng t hdogatt meehanisiy reeves axdalbnta rigagathe fﬁ&%ﬁ@%smﬁt'ﬁg GrinGr essur e

5 when a ball |ands on a seat shifts the sl eeve dowward to open the port.
36. The nethod as defined in Caim31, wherein the engagi ng nenber is
formed to be a radially collapsible Cring. 10 37. The nmethod as defined in

Glai m 31, furt heroONPrhe L AgkedieifiladteroR! di dbiidd RICIHRAD1CANrerd by the

nut for fitting W|th|ns tsm hanger to rotationally |ock the
nut to the liner. hanger. 38. The met hod as defined in Caim31, further
conpri si Ag: WWI‘%Wdl ng a flowthrough port in the first piston, such that

fluid pressure wthin the tool mandrel passes through the flowthrough
port to act upon & lagk-out mechanism for allowing the force transmitting C-ring to be

raised out of the top of a liner hanger one time without moving the force
transmitting C-ring to the expanded position, such that the next time the force
transmitting C-ring is moved out of the liner hanger, the force transmitting C-ring

10  expands to its expanded position for engagement with the liner hanger.

27. The packer setting assembly as defined in Claim 21, further
comprising:
a packer setting housing;
15 an 1.D. seal for sealing between a packer mandrel and the packer setting
housing; and
an O.D. seal for sealing with between the setting sleeve and the packer
setting housing, such that fluid pressure may be used to assist in applying a
setting force through to the setting sleeve to the packer element.
20
28.  The packer setting assembly as defined in Claim 21, further
comprising:
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second piston. 39. The nethod as defined in Caim31, further conprising:
20 providing a stop on the first piston for limting travel of the second
pi ston. 480 0Thegr2eet hod as defined in O aim 31, wherein theciussy1pisston is
a 105 WD 02/097234 PCT/ US02/ 15445 radially inner piston for sealing with
the tool mandrel, and the second piston is a radially outer piston for
sealing with the inner piston. 41. A nmethod of sealing between a |iner
hanger suspended in a casing 5 within a wellbore and supporting a tool
mandrel froma running string, the method conprising: providing a packoff

bushing for seal iaﬁ%cﬁ%?%@ﬁiﬂgta Is&g{‘%oﬁ@é‘ﬁ%ﬁd?&?aﬁ@e tool mandrel, the

packof f bushing I Ing a°r y noveabl e | ocking nenber and a fluid

pressure responsive piston; Vi .t he_pi stan i t A1 d
pressure within pﬁ)@etng&fgﬁgar{é&@{l}r?g Bégmm er'@f"@gteret r%'%ﬁ???%ﬁ]ev\ﬁ%drée' i the
packof f bushing may be renoved from the liner hanger and reinserted into

the liner hanger, and a |lock position for retaining the |ocking nenber in
a groove in the liner hanger to |lock the packoff bushing to the Iiner

hanger. 15 42. Theg netfhethaket etitingtadsentBlpasdéfined in Claim 2bmeérsimihe
formng the radially noveabl e | ocking nmenber to have a C shaped | ock ring

conf i gurati ohy PO 43ckd PEITRMIAcIATS & oG FuistyinWatd bad8 Bl dhd embRSK

ring retracts

radially outer seal bodies.

30. The packer setting assembly as defined in Claim 21, wherein the
setting sleeve acts on the packer element of a liner hanger to seal between the

10  liner hanger and a casing.

31. A method of releasing a running tool while supported on a running
string from a liner hanger in a casing within a wellbore, the liner hanger being
secured to a casing by a slip assembly to suspend the liner hanger from the

15 casing, the method comprising:

providing a releasing assembly about a tool mandrel, the releasing
assembly including a connecting member for engaging the running string with
the liner hanger, a first piston hydraulically moveable in response to fluid
pressure within the tool mandrel from a lock position to a release position for

20 releasing the connecting member, a clutch for rotationally connecting the tool
mandrel with the liner hanger, and a second piston moveable in response to fluid
pressure within the tool mandrel for disengaging the clutch; and
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when engagi ng a shoul der on the liner hanger, thereby allow ng the | ock
ring to be reinserted into the liner hanger after being raised above the
| i ner harmgero2/04084 WO 02/ 097234 PCT/ US02/ 15445 44. The net kod/@e2/dafi ned as
Claim4l, wherein the piston is axially noveable with respect to the tool
mandrel to nove the | ocking nmenber to the 1ock position in response to
fluid pressure within the tool mandrel. 5 45. The nethod as defined in
Claim4l, further conprising: providing a radially internal seal for

seal i ng between tBFes@}:ﬁExﬂB tﬁé"ijurlirﬂﬁ? ﬁgﬁ'&d{oerjnbv@[ﬂﬂe F]Lsgwis%ﬁ‘ﬁl) ﬁ"nee{ giald y

external seal for sealing~between ston an anger. 46.
The nethod as defined in Clajm4l, . further conprising: providing a radially
outer shoul d&?s! %“?Q{Jelf?ém%eﬂugm%sff'ag- engaging a radially inner

shoul der on the |Iiner hanger when the | ocking nenber is aligned 15 with
the groove in the Iiner hanger for applying set down weight through the
radially outer shoulder to the liner hanger. 47. The nmethod as defined in

Gl aim 41, further320npThsinfgthod REEfietidn TlaiAdBe| furthen BeMmpsidMgt der on the
packof f bushing; 20 providing a radially outer shoul der on the tool

drel; d j : ' ; '
TRt oLk ST EudpstdReyfibinh iie g S B9h008 the Y&t aibEngsgd ' °Ve
the clutch;
rotating the running string to move a nut downward along the tool
mandrel; and

thereafter picking up the running string to disengage the running tool from

10  the liner hanger.

33.  The method as defined in Claim 31, further comprising:
shearably interconnecting the first piston and the second piston, such that
the second piston may be disconnected from the first piston in response to fluid

15 pressure within the tool mandrel.

34.  The method as defined in Claim 31, further comprising:
shearably interconnecting the second piston and the clutch, such that
shearing the clutch shear member re-engages the clutch to permit rotation of the

20  liner hanger with the running string.
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WO 02/ 097234 PCT/ US02/ 15445 48. The nmethod as defined in Caim4l, further
conprising: providing a packer setting assenbly about the tool mandrel for
setting awopaokesst o seal between the casing and the |inePCharsgris44d 49. A
met hod of setting a radial set packer elenent by applying a force on one
of the packer elenent and a cone to nove the packer elenent relative to

the cone, the nethod conprising: providing a radially expandable force
transmtting Cring; 10 expanding the force transmtting C-ring to engage a
setting sleeve; and applying a set-down weight through the setting sl eeve

to set the radi al35s_et Th%i@égﬁooeggi@%gﬁ%d F’g%l?l’&%ﬂn%nﬂ& @Cﬁ“?@érih%e‘j in Caim

49, further conprising: ovi rrechani sm reventing the
force transmtting Gring fromnmpving to the _expanded positiqnp., 51, The
met hod as def i ned®PYdNdA pPEIN the faq) a‘ldéﬁlpglgfgpkﬁ’g‘?om%g@%ﬁa V‘f‘ﬁbthfatli‘ﬁ’ﬁt out
mechanismw th the top of the liner hanger to 20 release the force

transm tti ngisonjagd 52. The packer setting assenbly as defined in Claim
51, further 108 WD 02/ 097234 PCT/ US02/ 15445 conprising: providi-ng a Cring

! OC.kf!Jt mec hani siBlodmYg B bBR WRH & RREVECkRH tHER GhaNcseady iIpmurnprssarsied
positlon 0 a

5 when a ball lands on a seat shifts the sleeve downward to open the port.

36. The method as defined in Claim 31, wherein the engaging member

is formed to be a radially collapsible C-ring.

10 37. The method as defined in Claim 31, further comprising:
providing a plurality of dogs carried by the nut for fitting within slots in the

liner hanger to rotationally lock the nut to the liner hanger.

38. The method as defined in Claim 31, further comprising:
15 providing a flow-through port in the first piston, such that fluid pressure
within the tool mandrel passes through the flow-through port to act upon the

second piston.

39. The method as defined in Claim 31, further comprising:

20 providing a stop on the first piston for limiting travel of the second piston.

40. The method as defined in Claim 31, wherein the first piston is a
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retracted position by applying set dowm weight to the Cring | ockout
mechani sm 5 due to a canm ng surface on a housing of the packer setting
assenbl y,woheneghygs rel easing the force transmtting C ri n@CTA®02/TH¢5 et hod
as defined in Caimb50, wherein the | ockout nmechani sm noves axially to

rel ease the force transmtting Cring. 10 54. The nethod as defined in
Claim49, further conprising: allowng the force transmtting Gring to be
rai sed out of the top of a liner hanger one time w thout noving the force
transmtting Cring to the expanded _position, such that the next .tipme the
force transredialydinenpisignifer serlng Wit tlgﬁtqqig\amirqali, ABd thaggernd pion iz e
transmtting Gring expands to its expanded position for engagenent with
the |iner haadwlly dler gislonrfet bealirmpswitkthegmherpigbbai m 50, furt her
conprising: providing a packer setting housing; 20 providing an |I.D. seal
for sealing between a packer mandrel and the packer setting housing; and
providing an O D. seal for sealing with between the setting sl eeve and the

et ting force 108 1o (oriad st Sbaidbeulie thF iR sbspBadéf ik daly
The nethod as defined in Caim49, wherein the radial set packer, elenent
i ncl udesba mithin a wellkoreyandrsnrering @ tapldnandreh frofba URRIAY AUIRY.d0e er
method comprising:
providing a packoff bushing for sealing between the liner hanger and the
tool mandrel, the packoff bushing including a radially moveable locking member
and a fluid pressure responsive piston;

10 moving the piston in response to fluid pressure within the tool mandrel
between a release position whereby the packoff bushing may be removed from
the liner hanger and reinserted into the liner hanger, and a lock position for
retaining the locking member in a groove in the liner hanger to lock the packoff
bushing to the liner hanger.

15

42. The method as defined in Claim 41, further comprising:

forming the radially moveable locking member to have a C-shaped lock

ring configuration.

20 43. The method as define in Claim 41, wherein the lock ring retracts
when engaging a shoulder on the liner hanger, thereby allowing the lock ring to
be reinserted into the liner hanger after being raised above the liner hanger.

106



5 seal bodies. 57. Aretrievable hydraulically operated tool for running in
a wellbore to performa downhole tool activation, the tool conprising: a
runni ng twolo2ne2ed ar body for suspending in the wellbore fPCcorasa21sehveyance
tubul ar, such that fluid may be circul ated through a bore in the 10
conveyance tubul ar and in the tubul ar body, the tubular body including a
fluid inlet port fromthe bore in the tubular body; a fluid pressure
responsi ve nenber in fluid commnication with the fluid inlet port and
noveabl e relative to the tubular body froman initial position to an
activated position in response to fluid pressure within the tubul ar body;
15 a port closure nenber noveable with respect to the tubular body froma

port isolation posjti n I i.tian, . I re. .nmenmber
o the port 1 solaki on o gt BEsBRE SR e X Wi B3be s K A oo o
in the tubular body, and permtting fluid communication fromthe bore in
t he tubul ar MeEAbIe NribuasPerklcr thaitedl masdrebr mamedheilpcking masebererthe
position; 20 a seat supported on the port closure nmenber, such that an

i ncrease i nlodk positipn ds sesporise toiaid praisdurewithinpbetioshveandrghl ug | ands on
the seat shifts the port closure menber fromthe port isolation position
to the ogen port position in response to fluid pressure above the | anded
pl ug; and 110 WO 02/ 097234 PCT/ US02/ 15445 a pl ug rel ease nmechani sm for

rel easing the plug aftgr th rt closuyre nb moved .to the open port
position. 58. The™ret r'ﬁé%mefg&?@gld%gge§§?l rlPéW ‘l?fv @ﬁ?ﬁ?‘%’??“ﬁmgrei n the port
providing a radially internal seal for sealing between the piston and the
mandrel; and

providing a radially external seal for sealing between the piston and the

10  liner hanger.

46. The method as defined in Claim 41, further comprising:
providing a radially outer shoulder on the packoff bushing for engaging a
radially inner shoulder on the liner hanger when the locking member is aligned
15 with the groove in the liner hanger for applying set down weight through the

radially outer shoulder to the liner hanger.

47.  The method as defined in Claim 41, further comprising:
providing a radially inner shoulder on the packoff bushing;
20 providing a radially outer shoulder on the tool mandrel; and
engaging of the inner shoulder and outer shoulder to retrieve the packoff
bushing to the surface.
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5 cl osure nenber conprises a sleeve axially noveable within the bore of the
tubul ar body. 59. The retrievable tool as defined in Caimb57, wherein the
fluid prwegnigr2sesponsi ve nenber includes a piston noveaCa/dSorm4she
initial position 10 to the activated position in response to fluid
pressure. 60. The retrievable tool as defined in Caim59, wherein the

pi ston noves axially upward fromthe initial position to the actuated
position in response to fluid pressure. 15 61. The retrievable tool as
defined in Caimb53, wherein the plug is a ball. 62. The retrievabl e tool
as defined in Caim6l, wherein the ball lands 20 on the seat to
substantially seal off the bore through the tubular body. 63. The

retrievabl e tool defy i LI 57, . i ort cl.osure nmenber
is retained in thggbor?hggﬂ?@{ap%sa%%?é%q @\é@%{}ﬁgqsh@&ﬁ@%@mgﬂl WO
02/ 097234 PCT/ US02/ 15445 64. The retrievable tool as defined in Caim57,

wherein the seat PRYYIRG@Rackedsetingassemily gbaytthedtorhmeasskseldor setting a

pressure to pass the plug through the seat. 5 65. Aretrievable |iner
hanger runni pgckerdb skat betweemihe casingwahd hee Enérchangerf or m a downhol e t ool
actuation on a liner hanger, the running tool conprising: a running tool
tubul ar bpdy for suspending in the wellbore froma conveyance tubul ar,
such that fluid nay be circulated through a bore in the

49. A method of setting a radial set packer element by applying a force
on one of the packer element and a cone to move the packer element relative to
the cone, the method comprising:

providing a radially expandable force transmitting C-ring;

10 expanding the force transmitting C-ring to engage a setting sleeve; and
applying a set-down weight through the setting sleeve to set the radial set

packer element.

50.  The method as defined in Claim 49, further comprising:
15 providing a lockout mechanism for preventing the force transmitting C-ring

from moving to the expanded position.

51.  The method as defined in Claim 50, further comprising:
engaging the lock out mechanism with the top of the liner hanger to

20  release the force transmitting C-ring.

52.  The packer setting assembly as defined in Claim 51, further
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conveyance tubular and in the tubul ar body, the tubular body including a
fluid 10 inlet port fromthe bore in the tubular body; a piston axially
noveabl e wbtob/o9yR3spect to the tubular body and in fluid cecFUsITaUEdN Wt h
the fluid inlet port, the piston being noveable froman initial position
to an activated position in response to fluid pressure within the tubul ar
body, axial novenent of the piston to the activated position causing one of
(a) 15 axial novenent of a slip to set the liner hanger, (b) novenent of a
rel ease nechanismto release the liner hanger fromthe running tool, and
(c) rel ati véOMRIIRAENt bet ween a cone and a seal to seal between the |iner
hanger and surrounding casing; a sleeve axially novenent with respect to
t he tubul ar body froviding pdéi-tingtoakeot mechanisog;i ti on to an open port
position, the sleeve in the port isolation position blocking fluid

comuni cation frafbyifg therrihg Iddkeut Hudhahidhefvm aneéxpanded pobsigon ttd ai d
communi cation fromthe bore in the tubular through the fluid inlet port

Suppor tod onctREeor By RERing e SRRt IS Tne BN REkOR e afiE |

the fluid inlet port pressure when ball | ands on the, seat shifts the port
cl osure mentbie {ordRPMMRINGSUTare oA NBHSIPENT NS Rapker t'%@ﬁs%ﬂw %@ww on
in response to fluid pressure above the |anded ball; and 5 a plug rel ease
mechani sm f oeleasingathienfgredhransthitting Cening.he port closure nmenber has noved
to the open port position; 66. The running tool as defined in C aim 65,
wherei n the piston noves

53. The method as defined in Claim 50, wherein the lockout
mechanism moves axially to release the force transmitting C-ring.
10
54. The method as defined in Claim 49, further comprising:
allowing the force transmitting C-ring to be raised out of the top of a liner
hanger one time without moving the force transmitting C-ring to the expanded
position, such that the next time the force transmitting C-ring is moved out of the
15 liner hanger, the force transmitting C-ring expands to its expanded position for

engagement with the liner hanger.

55. The method as defined in Claim 50, further comprising:
providing a packer setting housing;
20 providing an 1.D. seal for sealing between a packer mandrel and the
packer setting housing; and
providing an O.D. seal for sealing with between the setting sleeve and the
packer setting housing, such that fluid pressure assists in applying a setting force
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axially upward fromthe initial position to the actuated piston in response
to fluid 10 pressure. 67. The running tool as defined in Caim®65, wherein
the ball werds®nss t he seat to substantially seal off the eraSotizauyh t he
tubul ar body. 15 68. The running tool as defined in C aim®65, wherein the
sleeve is retained in the port isolation position by a shear nenber. 69.
The relative tool as defined in Caim65, wherein the seat permanently
deforns in response to increased fluid pressure to pass the ball 20

t hrough the seat. 70. A nethod of hydraulically operating a tool for

running in I erforma downhol e tool activation, the nethod
Toffie 580 96945

conpri si ng: 4 PCT/ US02/ 15445 suspendi ng a runni ng t ool

tubul ar body in the well bore froma conveyance tubular; providing a fluid
inlet port fromthe bore in the tubular body; providing a fluid pressure
responsive nenber in fluid comunication with 5 the fluid inlet port and
noveabl e rel ati véba.o tTee mataddias cefiped irn@laim 4Rhiwhernein thesiadiab set packer
activated position in response to fluid pressure; providing a port closure

nenber novealib@eht h@ldo%%p&metéﬂaﬂwytihwwd%as@w ohe@Nraoeoradidlly @ugdri on
position to an open port position, fhe port closure nenber in the port

i sol atiog poseiai"ho . bl ocking fluid comunication fromthe bore 10 in the
t ubul ar odys, g lﬁérmtting fluid conmunication fromthe bore in the

tubul ar through the fluid inlet port when in the open por sitiqn;
J 57.  Avretrievable I'Pydraulically operateg togl for unntln %aweﬂgore to

perform a downhole tool activation, the tool comprising:

a running tool tubular body for suspending in the wellbore from a
conveyance tubular, such that fluid may be circulated through a bore in the

10  conveyance tubular and in the tubular body, the tubular body including a fluid
inlet port from the bore in the tubular body;

a fluid pressure responsive member in fluid communication with the fluid
inlet port and moveable relative to the tubular body from an initial position to an
activated position in response to fluid pressure within the tubular body;

15 a port closure member moveable with respect to the tubular body from a
port isolation position to an open port position, the port closure member in the
port isolation position blocking fluid communication from the bore in the tubular
body, and permitting fluid communication from the bore in the tubular body
through the fluid inlet port when in the open port position;

20 a seat supported on the port closure member, such that an increase in
fluid pressure to the fluid inlet port when a plug lands on the seat shifts the port
closure member from the port isolation position to the open port position in
response to fluid pressure above the landed plug; and
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supporting a seat on the port closure nenber; landing a plug on the seat to
shift the port closure nenber fromthe port isolation position to the open
port posiwDm/09134 esponse to fluid pressure above 15 thePcCansed1yhiug;
perform ng the downhole tool activation in response to novenent of the
fluid pressure responsive nenber to the activated position; and rel easing
the plug after the port closure nenber has noved to the open port

position. 20 71. The nethod as defined in Claim?70, wherein the fluid
pressure responsive nenber includes a piston noveable fromthe initial
position to the @&pBlugvatessegpecharysmifar releayingdhe plug after the Posislesurers wo
02/ 097234 PCT/ US02/ 15445 72. The method as defined in Caim71, wherein the
pi st on novesnembieahby gl 1 theapdnhsort positish. position to the actuated
position in response to fluid pressure. 5 73. The nethod as defined in
Claim70, wherein the plug is a ball which |ands on the seat to
substantially seal off the bore through the tubular body. 74. The

retrievable neth as defined i i m further nprisi.ng: 1
retaining the pori®cl oﬂl?r"eeqr Yﬁpg?%‘ﬂ %%gmdt'”ifﬂﬂ'lnég?owhﬁfﬂf’?’?%Hoay a shear
menber .

5 closure member comprises a sleeve axially moveable within the bore of the

tubular body.

59. The retrievable tool as defined in Claim 57, wherein the fluid
pressure responsive member includes a piston moveable from the initial position

10  to the activated position in response to fluid pressure.

60. The retrievable tool as defined in Claim 59, wherein the piston
moves axially upward from the initial position to the actuated position in
response to fluid pressure.

15
61. The retrievable tool as defined in Claim 53, wherein the plug is a

ball.

62. The retrievable tool as defined in Claim 61, wherein the ball lands

20  on the seat to substantially seal off the bore through the tubular body.

63. The retrievable tool as defined in Claim 57, wherein the port
closure member is retained in the port isolation position by a shear member.
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75. The nethod as defined in Caim70, wherein the seat pernanently

deforns in response to increased fluid pressure to pass the plug through

t he 15 sewD.02/#8723The net hod as defined in Caim70, whereiPpeTrusornam of the
fluid pressure responsive nenber causes one of (a) axial novenment of a
slip to set the liner hanger, (b) novenent of a rel ease nmechanismto

rel ease the |iner 20 hanger fromthe running tool, and (c) relative
novenent between a cone and a seal to seal between the |iner hanger and

surroundi ng casi 77. The .met ho s defjned in Caim 70, wherein the plug
is released 115 {%-02/'6@9/2%&8@?%%%’2@1 Wdalf‘tcg?"”'f’ %!Z’ Wgﬁfﬁ‘i\é\?@ 8881 has
been activated in response to novenent of the fluid pressure responsive
menber to thEEeracnenty defposs in espose tolinbeddsedrftlighpresstire pppass theaplugdapt ed
to be installed above the wupper end of the liner for use in sequentially
droppi ng ongh@Jughothe dealt! s and 5 plugs into a liner of a liner hanger
system conprising: a housing having an inlet adapted to be fluidly
connected in line with the lower end of a top drive, an outlet generally
aligned with the inlet and adapted to be connected to the upper end of a
runni ng tool, generaJy% inline with, and passage? ext endi ng downwar dl y

wi thin tRe housi RpP-at Rirelcignpliediner Arngesmmpning toph fargupping s a wallprgdesage
havi ng an upper end opening to the side of the inlet and a |ower end
connect i ng \perfortrha doutrihele tool actuation on a liner hanger, the running tool comprising:

a running tool tubular body for suspending in the wellbore from a
conveyance tubular, such that fluid may be circulated through a bore in the
conveyance tubular and in the tubular body, the tubular body including a fluid

10  inlet port from the bore in the tubular body;

a piston axially moveable with respect to the tubular body and in fluid
communication with the fluid inlet port, the piston being moveable from an initial
position to an activated position in response to fluid pressure within the tubular
body, axial movement of the piston to the activated position causing one of (a)

15 axial movement of a slip to set the liner hanger, (b) movement of a release
mechanism to release the liner hanger from the running tool, and (c) relative
movement between a cone and a seal to seal between the liner hanger and
surrounding casing;

a sleeve axially movement with respect to the tubular body from a port

20 isolation position to an open port position, the sleeve in the port isolation position
blocking fluid communication from the bore in the tubular body, and permitting
fluid communication from the bore in the tubular through the fiuid inlet port when

in the open port position;
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| at eral passages in the housing each connecting the inlet with a passage,
a plug renovably nounted in the upper end of each passage to permt a 15
ball or pWwog2be2be installed therein, and val ves nount ed PATIUSe2RauSi ng
each for opening and cl osing a passage beneath the |ateral passage
connecting thereto so as to support ball or plug when closed and permt
the ball or plug to pass therethrough, and circulating fluid to pass
downwardl y t herethrough when a ball or plug is not in the passage. 20 79.
As in claim78, wherein each valve is renovably nounted in a side opening

the. housi n. ”?ﬁ%%%&??ff%%@}%%@@?@@ﬁ%ﬁﬁ%*‘éi"ﬁ‘fﬁ@f—“ %ﬁg@?*e?;%ﬁa%f
casing. 1 st Gathg Yeidist HerBer ire e e PaRoden s Beat siles & 6t i n
the outer casing, 5 the bore of said casing joint having vertl cally spaced,

upwar dl y f acilogurel snenibyey feamftae porifisolation posionitothe opeh gost pagitiorom
thereof, and a | ower annular recess separated fromthe | ower |anding

surface by aekpuRse RIMUH PresffbldiveRe ldntRodsBaIl andner including a tubul ar
body having a recess formed thereabout wth an annular groove formed in

Lo | owe end. 10, BAARSL SRR TLACR SLEENATAX B AL SRR icle and

contracti bI e CGrin I'Spose anger  récess

when in the retracted
member has moved to the open port position;

66.  The running tool as defined in Claim 65, wherein the piston moves
axially upward from the initial position to the actuated piston in response to fluid

10  pressure.

67. The running tool as defined in Claim 65, wherein the ball lands on

the seat to substantially seal off the bore through the tubular body.

15 68.  The running tool as defined in Claim 65, wherein the sleeve is

retained in the port isolation position by a shear member.

69. The relative tool as defined in Claim 65, wherein the seat
permanently deforms in response to increased fluid pressure to pass the ball

20  through the seat.

70. A method of hydraulically operating a tool for running in a wellbore
to perform a downhole tool activation, the method comprising:
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portion, said ring having teeth formed thereabout for |anding on the

| anding surfaces of the casing joint when in its expanded portion, and a

| ower enawDioepdmegs 15 within the groove when in its retraecedSpyriisdn to
permt the liner to be |owered through the outer casing, said ring being
expandabl e, upon relative vertical novenent with respect to the liner, so
as to release its lower end fromthe groove and thereby permt the ring to
expand outwardly agai nst the outer casing, 20 whereby, upon conti nued

relative novenent_of the liner .and ring.,. the, teeth wll ve into a

bosi t1 on 1 i creeseig,a e SadtafGuiah Bgay it fiedliereiifd Sirtefence

| anding surfaces to permt the liner to be suspended therefrom said |iner
havi ng a doviHReles y facing shoulder for landing on the upper 117 WO

02/ 097234 PCT/ US02/ 15445 end of the expanded ring and an outward

enl ar genent benegtriovidiey atfluid thst govt fromn tvetdore i tree tubpesr yay; of the ring so
as to hold the ring expanded. 81. As in claim80, including 5 a tie bar

gui dabl y reci pr O%bﬁim@ebmdﬂd b%sh}é‘f‘éesg'oﬁgﬁ/%srgé%ie?'id ﬂuih%{ghgﬁgﬁonm

ring and having its upper end connec 0O a part surrou

vertical Ly veable with respect to the |jner, id tie_ bar and.rijng
havi ng r 3di &%ﬁé‘tt’ﬁ%ﬁ%@%ﬁf@%"%@’%FP'%‘%@JF’%"H@%(QOd)SéfP"E gndntiak i ng to
raise the ring out of the groove and, when the ring is so raised, 10 are
rel eased fr difsiian & areactivigd pesitionte respainsea o fiud posgsueel with respect to
the ring,

providing a port closure member moveable with respect to the tubular

body from a port isolation position to an open port position, the port closure
member in the port isolation position blocking fluid communication from the bore
10 in the tubular body, and permitting fluid communication from the bore in the
tubular through the fluid inlet port when in the open port position;
supporting a seat on the port closure member;
landing a plug on the seat to shift the port closure member from the port
isolation position to the open port position in response to fluid pressure above
15 the landed plug;
performing the downhole tool activation in response to movement of the
fluid pressure responsive member to the activated position; and
releasing the plug after the port closure member has moved to the open
port position.
20
71.  The method as defined in Claim 70, wherein the fluid pressure
responsive member includes a piston moveable from the initial position to the
activated position in response to fluid pressure.
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82. As in claim81, wherein the liner recess has a vertical slot to receive
the tie bar and a stop surface 15 on its lower end to be engaged with the
| ower enaowofo2iobizs4tie bar prior to its being raised to |ipCo/useyi1i4eser end
of the ring fromthe groove in liner recess. 83. As in claim80, wherein
the bore of the casing joint also has an upper annul ar recess separated 20
fromthe upper |anding surface by an upper annular restriction. 84. As in
claim 80, wherein the liner also has a | ower outward enl argenent thereabout
above the 118 WD 02/097234 PCT/ US02/ 15445 groove for disposal within the

| ower end of the Expandesnidtigd a8efifediim Claifi T SAhersietas pistdremboes of the
casing joint has a polished bore above the | anding surface. 5 86. Wl

contcal - sur raay e A ARE M RALERIEn RACTERR AR I S0 i, [y ae

wel | bore, and a slip conprising a circunferentially expandi ble and
contracti bl P'€S¥4§g 10 having slip teeth about its outer side and a frusto
conical surface on its inner side disposed about the frusto coni cal
surface of the nenber so that the c-ring may be noved vertically between a
contracted position in which the teeth are spaced fromthe well bore and an

expandedgportion 741 wWhigh ridifod RtdbrRaas TIsiRe70eNhERIE the plug is a ball
which lands on the seat to substantially seal off the bore through the tubular

body.

74. The retrievable method as defined in Claim 70, further comprising:
10 retaining the port closure member in the port isolation position by a shear

member.

75. The method as defined in Claim 70, wherein the seat permanently
deforms in response to increased fluid pressure to pass the plug through the

15 seat.

76. The method as defined in Claim 70, wherein movement of the fluid
pressure responsive member causes one of (a) axial movement of a slip to set
the liner hanger, (b) movement of a release mechanism to release the liner

20  hanger from the running tool, and (c) relative movement between a cone and a

seal to seal between the liner hanger and surrounding casing.

77. The method as defined in Claim 70, wherein the plug is released
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15 the nenber also having a recess to receive an end of the c-ring to
retain the c-ring contracted about the nenber, as it is | owered, whereby,
upon remy0oak/opf23t he one end fromthe recess, the c-ring PETfUSer1i4a5 expand
toward its fully expanded position to cause its slip teeth to grip the
wel | bore, so that the weight of the nenber may be hung fromthe casing
upon rel ative vertical 20 novenent of the conical surfaces of the c-ring
and nenber. 87. As in claim86, wherein the frusto conical surface of the
menber extends downwardly and inwardly and the frusto conical surface of
the c-ring iaftesitheldoivaholertaothgs been activateddn VesmRseds raaverasniusithe fisut 5
surface of the nenber as the nmenber is lowered to cause its teeth to nove

outwardly tee86a8%etPondipd hitdiiser 88he BeliVateBsustfons as defined in claim
86, including a part carried by the nenber for guided reciprocation with

respect thereto and%%gggﬁgmﬁ%mwé Hga&%qjaﬁﬁf‘{ Sosé:l'rfsitélﬂ;doébé\}é feder to

renove the end of The ecess a release 1t for
expansion. 89. As in claim@88, wherein the part for rel easin tpe c-slip
conpri ses a 4npergad ehibefipehigr ysedasegueal i‘{fopﬂ'@gr@%%rrmo\y\?{)ﬂ I$ AR c-ring
and the tie bar have interfitting parts, when the 10 end of the c-ring is
in the rbécegiugsimtas linerpéariner harger system;, comprisisgbved from the recess by
the tie bar and then rel eased therefromto permt the c-ring to expand

into engagenent Vi hB,diRg HaQIR & ididadebiédeo b8Quidly temhedted infie Withahe
subterranean well to seal wth a generally
lower end of a top drive, an outlet generally aligned with the inlet and adapted to
be connected to the upper end of a running tool, generally in line with, and
passages extending downwardly within the housing at circumferentially spaced
10  locations,
each passage having an upper end opening to the side of the inlet and a
lower end connecting with the outlet,
lateral passages in the housing each connecting the inlet with a passage,
a plug removably mounted in the upper end of each passage to permit a
15 ball or plug to be installed therein, and
valves mounted in the housing each for opening and closing a passage
beneath the lateral passage connecting thereto so as to support ball or plug
when closed and permit the ball or plug to pass therethrough, and circulating
fluid to pass downwardly therethrough when a ball or plug is not in the passage.
20
79.  Asin claim 78, wherein each valve is removably mounted in a side
opening in the housing to permit it to be installed and removed from outside of
the housing.
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cylindrical interior surface of a tubular or another downhole tool, the
tool 15 conprising: a conveyance tubular for positioning the tool at a

sel ect ed womawdass bel ow the surface of the well; an annulPar/tsezls4assenbl y
di sposed about the conveyance tubular, the seal assenbly having a reduced
di ameter run-in position and an expanded 20 sealing position; a wedge ring
havi ng a substantially conical outer surface configured to radially expand
t he annul ar seal assenbly upon axial novenent of the annular seal assenbly
relative to the wedge ring such that the seal assenbly is 120 WD 02/ 097234
PCT/ US02/ 15445 ex8fhndeAl liheohangar system,ncqropiisingn to its expanded seal i ng
position wherein the seal assenbly is in sealing engagenent with the

general 'y cylindrg gﬁﬂt df@a%frigﬁéda;ﬁéﬂft@ﬁéiqoﬁﬂécfeﬁea@ﬁéﬁb@bniﬁﬂér @bl y
including a netal Tramework "having a radially 5 inward annul ar base and a

plurality of: . DS tending radially outward fromthe base, the
net al franemggﬁ%#}xﬂgﬁ] ﬁgf?%j{l}'og%’per downwardly angled prinmary seal netal
rib for sealing pressure below the seal assenbly, a | ower upwardly angled
primary seal net A lingnadanted dabedgweiesskithia the sliterigasingal  assenbly, a
primary el astoneric seal in a cavity radially outward fromthe base 10 and

axi al |y between tthe hopperf spid caming i havirigaVenticlhasphddue upwaedly fadcingry seal
metal rib, an upper downwardly angl ed secondary seal netal rib spaced

ax gﬁggysegg%@?ibg%u%egé fOnhEROH sHEiRterRbRte PoRtiorPthéréof, QW8T IBReRBAhYIar
recess separated from the lower landing surface by a lower annular restriction,
the said liner including a tubular body having a recess formed thereabout
with an annular groove formed in its lower end,

10 a hanger comprising a circumferentially expandible and contractible C-ring
disposed within and closely about the hanger recess when in the retracted
portion,

said ring having teeth formed thereabout for landing on the landing
surfaces of the casing joint when in its expanded portion, and a lower end fitting

15  within the groove when in its retracted portion to permit the liner to be lowered
through the outer casing,

said ring being expandable, upon relative vertical movement with respect
to the liner, so as to release its lower end from the groove and thereby permit the
ring to expand outwardly against the outer casing,

20 whereby, upon continued relative movement of the liner and ring, the
teeth will move into a position in which they expand outwardly into landed
positions on the landing surfaces to permit the liner to be suspended therefrom,

said liner having a downwardly facing shoulder for landing on the upper
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seal netal rib spaced axially below the ower primary seal netal rib. 15
91. The downhol e tool as defined in Caim90, further conprising: an upper
bi asi ng meolenItzet ween the upper prinmary seal netal rib amdT/ushei1upper
secondary seal netal rib for exerting a downward biasing force on the

upper primary seal netal rib in response to high fluid pressure bel ow the
seal assenbly, and a | ower biasing nenber spaced between the | ower primary
seal 20 netal rib and the | ower secondary seal netal rib for exerting an
upward force on the lower primary seal netal rib in response to high fluid

pressure abqRy éﬂﬂe%bndéé?og‘f&dd art SUtWEI | g ehveht BeheHi el ld&do The

downhol e tool as defined in wherein an outer surface of each of

upper - SecondiRyrta R et i o tﬂsrrh*hqeﬁé%ﬁagﬁ R P A

configured for form ng an annul ar netal -to-netal seal wth a generally
cylindrical 5 interior surface. 93. The downhole tool as defined in Claim
90, wherein said conveyance tubul ar supports the wedge ring generally

stationary whil e 8he &sin clains80pingludhvgs axially with respect to the
stationary wedge ring. 10 94. The downhol e tool as defined in C aim 90,

wherei n ghe Conveé/ﬁé‘eﬁér &H%Biyafec%l%@é‘ﬁlb%{ﬂ?ﬁti?@ﬁder%ééé@*éﬁnéﬂ%ﬁ%%ly of

stationary while t ge ri'/ng noves axi al h respect to

stationary R rmagsésnecpﬁa\y ing its upper end connected to a part surrounding and vertically

moveable with respect to the liner,
said tie bar and ring having radially extending parts which connect the tie
bar to the ring to raise the ring out of the groove and, when the ring is so raised,
10  are released from one other to permit the liner to be lowered with respect to the

ring,

82. Asin claim 81, wherein
the liner recess has a vertical slot to receive the tie bar and a stop surface
15 onits lower end to be engaged with the lower end of this tie bar prior to its being

raised to lift the lower end of the ring from the groove in liner recess.

83. Asin claim 80, wherein
the bore of the casing joint also has an upper annular recess separated

20 from the upper landing surface by an upper annular restriction.

84. Asin claim 80, wherein
the liner also has a lower outward enlargement thereabout above the
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15 95. The downhol e tool as defined in Caim90, wherein the seal assenbly
seals with an interior surface of a downhol e tubular. 96. The downhol e t ool
as defi neaoiop/oCi2adé m 90, wherein the primary el astoneric gealusozici4uzies a
void area when the primary el astoneric seal is 20 noved into sealing
engagenent with the cylindrical surface, such that the prinmary elastoneric
seal may thermally expand to fill at |east part of the void area in
response to el evated downhol e tenperatures. 122 WO 02/ 097234 PCT/ US02/ 15445
97. The downhol e tool as defined in Caim90, wherein each of the

downwar dl y aigped ferrdigpesal swtin tha leweriemdaefdhetexpapdad ding. angl ed pri mary
seal netal ribis inclined while in the run-in position at an angle of at
|l east 15 with respect to a plane perpendicular to a central axis of the
cylindrical interior 5 surface. 98. The downhole tool as defined in Caim

97, wherein each t hg. : Pﬁfﬂﬁd | ed secondary netal rib and the
upwar dl y angl ed s%%on a?;'/ﬁjeme a Wﬁ’?@g inclined while in the run-in

position at an angle of at, | east 150 with 10 respect o a plane,
per pendi cul ar tor}gei&ﬁrozlth%ﬁt"‘%'“@ﬂo‘f‘h@a%ﬁ‘lH 'éL?aE’P“?ﬁ %Y?H%'aﬁgwa%.
The downhol e tool as defined in Claim90, further conprising: one or nore

axi ally 8paced protrusions on a radially inner surface of the 15 annul ar
base of the netal framework each for netal -to-nmetal sealing engagenent

with the conical gsit erwslirdppaeateb cofforigastpe ring. 100. The downhol e tool as
defined in Caim99, further conprising:
an elongate member having an outwardly facing frusto conical surface
and adapted to be lowered into and suspended within a wellbore, and
a slip comprising a circumferentially expandible and contractible c-ring

10  having slip teeth about its outer side and a frusto conical surface on its inner side
disposed about the frusto conical surface of the member so that the c-ring may
be moved vertically between a contracted position in which the teeth are spaced
from the wellbore and an expanded portion in which the teeth engage the
wellbore,

15 the member also having a recess to receive an end of the c-ring to retain
the c-ring contracted about the member, as it is lowered, whereby, upon
removal of the one end from the recess, the c-ring is free to expand toward its
fully expanded position to cause its slip teeth to grip the wellbore, so that the
weight of the member may be hung from the casing upon relative vertical

20 movement of the conical surfaces of the c-ring and member.

87.  As in claim 86, wherein
the frusto conical surface of the member extends downwardly and

inwardly and the frusto conical surface of the c-ring is slidable upwardly over the
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one or nore annular el astoneric sealing nmenbers for sealing between 20 the
base of the netal framework and the conical outer surface of the wedge
ring. 10IwomheIewnhol e t ool as defined in Caim99, furtRreT/uSompH4isi ng:
one or nore annular metal protrusions on one of an outer surface of a 123
WO 02/ 097234 PCT/ US02/ 15445 conveyance tubul ar and an inner surface of the
wedge ring to forma netal-to netal seal between the wedge ring and the
conveyance tubular. 102 The downhol e tool as defined in Caim 101, further
conprising: 5 one or nore annul ar el astoneric sealing nenbers carried by

one of the &aUCEA tHEFIEMbEPas A MdHb&I8 YGW Sl dlidedts fekth fPmavBg an

el astoneric seal between the conveyance tubul ar and the wedge ring. 103. A

tool for use_i t to seal with a generally cylindrical
interior sur?g[g'@?%lg'tfge?‘ @Fzﬁexx‘g@ﬂ&? ‘her downhol e tool, the tool 10
conprising: a wedge ring having a substantially coni cal outer surface
configured to raB-al | Velhgrnagatuscass@efinast ingdaim 88sBAbIiNdipon axi al

novenent of the annular seal assenbly relative to the wedge ring such that

the seal assenbl yabart czrped dgdhé mesmbesforgoided reeiprocation withtrespeqidineletb
sealing position wherein the 15 seal assenbly is in sealing engagenment with

the general 'é{n&ghgégéétﬂé'wdrﬂﬂw%rénﬁ of fhiard ﬁﬁgﬁr G t@'ﬂ@H\'o étﬁ@%hd%ﬁl?é‘@' y

havi ng a reduce ter run-in position an expanded seal 1 ng
framework having a radially

h 9¢0)
P d-annut 78 BB ARG anA3his 180de o AR oxt ondll o

89. Asin claim 88, wherein
the part for releasing the c-slip comprises a tie bar extending guidably
within the member, with the c-ring and the tie bar have interfitting parts, when the
10  end of the c-ring is in the recess, so as to permit the c-slip to be removed from
the recess by the tie bar and then released therefrom to permit the c-ring to
expand into engagement with the bore of the casing.
90. A tool for use in a subterranean well to seal with a generally
cylindrical interior surface of a tubular or another downhole tool, the tool
15  comprising:
a conveyance tubular for positioning the tool at a selected location below
the surface of the well;
an annular seal assembly disposed about the conveyance tubular, the
seal assembly having a reduced diameter run-in position and an expanded
20  sealing position;
a wedge ring having a substantially conical outer surface configured to
radially expand the annular seal assembly upon axial movement of the annular
seal assembly relative to the wedge ring such that the seal assembly is
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20 radially outward fromthe base, the netal franmework including an upper
downwardly angled primary seal netal rib for sealing pressure bel ow the
seal asswolkg972a4 | ower upwardly angled prinmary seal netalPCriusot/ai4seal i ng
pressure above the seal assenbly, a primary elastoneric seal in a cavity
radially outward 124 WO 02/ 097234 PCT/ US02/ 15445 from the base and axially
bet ween the upper primary seal netal rib and the |lower primry seal netal
ri b, an upper downwardly angl ed secondary seal netal rib spaced axially
above the upper primary seal nmetal rib, and a |l ower upwardly angled

secondary seg a'ﬁ%bé'frdm s%Bﬁ‘?ﬁ’go??ﬁbﬁ'tb Yis R QWdEG%ebwgoﬁflbmréﬁ%&

metal rib. 10 The downhol e t elndlnCIalm further

Ceal motal 8 aEETRY b ar et ShaI0g AL B o Sford By Y

secondary 10 el astoneric seal spaced between the Iower primary seal netal
rib and the Susf@se; asdcondary seal netal rib. 105. A downhol e tool as
defined in Caim103, wherein an outer surface of each of the upper

primary seal netaherdihuldriszal agssmplyiineludirgeamatatfedmewbrk hindng o rapizly
secondary seal netal rib, and the | ower secondary netal rib is configured

for fornbng ﬁPan‘QHJig% 6%%@%8 Fé\lty{%’? eté’ﬂ‘ﬁ é’acﬁheélﬁéﬁ%hglr‘édi ) Subgad

interior ace efined In wherein
each of the 20 do eal nmetal rib u rdly
ool eq pr i mlin4BS BRE: fie'mele etk ang aipder e gﬁyafié‘% ot al
rib and the upvvardly ‘
primary seal metal rib for sealing pressure below the seal assembly, a lower
upwardly angled primary seal metal rib for sealing pressure above the seal
assembly, a primary elastomeric seal in a cavity radially outward from the base
10 and axially between the upper primary seal metal rib and the lower primary seal
metal rib, an upper downwardly angled secondary seal metal rib spaced axially

above the upper primary seal metal rib, and a lower upwardly angled secondary

seal metal rib spaced axially below the lower primary seal metal rib.

15 91.  The downhole tool as defined in Claim 90, further comprising:
an upper biasing member between the upper primary seal metal rib and
the upper secondary seal metal rib for exerting a downward biasing force on the
upper primary seal metal rib in response to high fluid pressure below the seal
assembly, and a lower biasing member spaced between the lower primary seal
20 metal rib and the lower secondary seal metal rib for exerting an upward force on
the lower primary seal metal rib in response to high fluid pressure above the seal

assembly.
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angl ed secondary seal netal rib is inclined while in the run-in position at
an angle of at least 15 with respect to a plane perpendicular to a central
axi s of twe 02a%2WD 02/ 097234 PCT/ US02/ 15445 cylindrical i mcenisor/13us f ace.
107. A nethod of form ng a downhole seal with a generally cylindrical
interior surface of a tubular or another downhole tool, the nethod
conprising: providing an annul ar seal assenbly disposed about a conveyance
tubular, 5 the seal assenbly having a reduced dianmeter run-in position and
an expanded position, the seal assenbly including a netal franmework having

a radially inwar gy antﬁltHeago@ﬁﬁae%el A BbfHE il @lath g erbinbsh 6deh

extending radially ou from the base, the metal framework including an

vt S Faﬁﬁ%%ava %lrea%r'f?r&eﬁ@’eeg?ﬁﬁ&fiﬁé e

seal ing pressure above the seal assenb g primary el astoneri seal in a
cavity radi ditl, jheuppar seqarsiary seabzstal a daashﬂa@ lgwersacpedany metal jpds
primary seal nmetal rib and the |ower prinmary seal netal rib, an upper

downwar dl y angifigdrezefon fictatiyig stadnmebaimetal do-snetabseabwith ia)geanbcaﬂg ayliedricgdper
prinmary seal netal rib, and a [ower upwardly angled secondary seal metal 15

rib spaced e}meﬂbl,guﬁgégw the lower primary seal netal rib; providing a
wedge ring having a )stantially conical outer surface; and axially

novi ng the annul ar seal assenbly relative to the wedge ring such that the
seal assenbly is expanded fromits run-in position to its expanded
position wherein the seal assenbly is in sealing engagenment with the
general ly 20 cyl9%driThe dpwnbpleofookas figtired in Claim 90, wherein said

conveyance tubular supports the wedge ring generally stationary while the seal
assembly moves axially with respect to the stationary wedge ring.
10
94. The downhole tool as defined in Claim 90, wherein the conveyance
tubular supports the seal assembly generally stationary while the wedge ring

moves axially with respect to the stationary seal assembly.

15 95. The downhole tool as defined in Claim 90, wherein the seal

assembly seals with an interior surface of a downhole tubular.

96. The downhole tool as defined in Claim 90, wherein the primary
elastomeric seal includes a void area when the primary elastomeric seal is
20 moved into sealing engagement with the cylindrical surface, such that the
primary elastomeric seal may thermally expand to fill at least part of the void

area in response to elevated downhole temperatures.
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108. The nethod as defined in Caim 107, further conprising: providing an
upper bi asing nenber between the upper primary seal netal 126 WO 02/ 097234
PCT/ US02/wb4489128bH and t he upper secondary seal netal ribPCoruSexenss ng a
downward biasing force on the upper primary seal netal rib in response to
high fluid pressure below the seal assenbly; and providing a | ower biasing
menber spaced between the lower primary seal 5 netal rib and the | ower
secondary seal netal rib for exerting an upward force on the |ower prinmary
seal netal rib in response to high fluid pressure above the seal assenbly.

109. The net hod def4ned | ' - Al . C 10
each of the uppefg's]pri n%%yg%dgﬁhgﬁgpg %ﬁ%f'“%}ﬁ@eﬁb%\kﬁpogwr%?@‘%@ &r;@%al rib,
t he upper secondary seal netal rib, and the IIPFgwer sec%ﬁdaré netal rib is
configured GRYNWaidh Aolad PARRIY Seakiteialitaneing urwardiiapbled RIERAYA169)
cylindrical interior surface. 15 110. The nethod as defined in C ai m 108,
wher ei n t he metélebris inglined wdledn dhé yusirapositiam gt aniangla beatdeast Hsswithl y
noves axially with respect to the stationary wedge ring. 111. The net hod

as defined ifBsfbaitRaldidne Weepshdic@ab &8 adRWHal\Bli8 B the?BylindriBanhtdRy to the
seal assenbly through the conveyance tubul ar noves the seal assenbly

axially wmit ect to the stationary wedge ring. 112. The nethod as
defi ned &n rCLIJzEF%%lOS, further conprising: 127

98. The downhole tool as defined in Claim 97, wherein each of the
downwardly angled secondary metal rib and the upwardly angled secondary
metal rib is inclined while in the run-in position at an angle of at least 15° with

10  respect to a plane perpendicular to a central axis of the cylindrical interior

surface.

99. The downhole tool as defined in Claim 90, further comprising:
one or more axially spaced protrusions on a radially inner surface of the
15 annular base of the metal framework each for metal-to-metal sealing

engagement with the conical outer surface of the wedge ring.

100. The downhole tool as defined in Claim 99, further comprising:
one or more annular elastomeric sealing members for sealing between

20  the base of the metal framework and the conical outer surface of the wedge ring.

101. The downhole tool as defined in Claim 99, further comprising:
one or more annular metal protrusions on one of an outer surface of a
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WO 02/ 097234 PCT/ US02/ 15445 providing one or nore axially spaced
protrusions on a radially inner surface of the annul ar base of the netal
framewor kweaehof2es netal -to-netal sealing engagenent witirCrhusozoisugal
outer surface of the wedge ring. 5 113. The nethod as defined in Claim 112,
further conprising: providing one or nore annul ar el astoneric sealing
menbers for sealing between the base of the netal framework and the conica
outer surface of the wedge ring. 10 114. The nmethod tool as defined in
Claim 108, further conprising: providing one or nore annul ar netal

protrusions (95?1\/%9§n6’é HBLIAVARE an ?ﬁﬂt%r%‘iﬁ'fa%fe otflfﬁ? Wwﬁs@gﬁ%e etad- an

i nner surface of "'the wedge ring to forma neta ween t he
wedge ring and, the conveyance tubular. 15 115. For use with a down hole

cenenting t doFta 58%@?@{%@%%@%’”9@[@@9 RAOYRENGR tHgIH%lr' end connect ed
to a well pipe for lowering into a well bore to permt it to be cenented

therein, and having a bore wth a relatively large dianmeter upper portion
enabling one or nore balls and punp down plugs to be |lowered therein and a

smal | er | ower portgon Tie dudinhBletodPas dehedirPElail 1B, ilhdissr domhsridingsmal | er
than the balls but permts passage of the punp down plugs therethrough, a

di verter gi ncl udi ng, a,suprd ALALRY o s?&%riefseﬁ(ﬁ]}gg mé?ﬂﬂé@s dﬁ?ﬁ@&ﬁgoin%t@gggdi ate

t he upper and | ower portions and having a si t0 one side WO

02/ 097234 PCT/ USQ2/ 15445 of the bore to receive_a bal rior to passage of
a punp down ﬁﬂ"d%&‘qﬁ"f?é%&rﬁ'ﬂg)ﬁﬁﬂ,he conveyance tubular for ormJngpan elastom&ric seal

between the conveyance tubular and the wedge ring.

103. Atool for use in a subterranean well to seal with a generally

cylindrical interior surface of a tubular or another downhole tool, the tool
10  comprising:

a wedge ring having a substantially conical outer surface configured to
radially expand the annular seal assembly upon axial movement of the annular
seal assembly relative to the wedge ring such that the seal assembily is
expanded from its run-in position to its expanded sealing position wherein the

15 seal assembly is in sealing engagement with the generally cylindrical interior
surface; and

an annular seal assembly having a reduced diameter run-in position and
an expanded sealing position, the seal assembly including a metal framework
having a radially inward annular base and a plurality of metal ribs each extending

20 radially outward from the base, the metal framework including an upper
downwardly angled primary seal metal rib for sealing pressure below the seal
assembly, a lower upwardly angled primary seal metal rib for sealing pressure
above the seal assembly, a primary elastomeric seal in a cavity radially outward
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and a ranp extendi ng diagonally across the sub and sl anted downwardly to
guide the ball into the side pocket and having a U shaped openi ng facing

t he 5 pocweto2ern2ps event passage of the ball, but permt aPpTOH02/O54pRSS
between the ball and pocket into the liner w per plug. 116. A plug hol der
sub for being supported on a conveyance tubular for tenporarily supporting
a w per plug and for releasing the wiper plug in response to an increase
in fluid pressure within the conveyance tubular, the plug holder 10 sub
conprising: a generally tubular body adapted for connection with the

conveyance fromithahadBhrideakialy BetwEeIBRAM R phrddryisEaC@@iHicaid e Bveh

t he conveyance tubular; a retainer nenber for attaching the w per plug to

t he tubul ar et al r f [N sition
to a rel eased DOt IO Bt it 0BpaEBORE AR ARG o b b ThERLIE Sy
a piston novable within the tubular body in response to fluid pressure
within the t$Ranegbdaly abora heruparirinaysset metalrd: apdea, averipwaidly

rel easing nenber fromnoving to the rel ease position, the piston acting
agai nst a flangled@evondary seat hwsthlatib spadechaxibity belbwl the [bwdy pritnany seali ng to
the rel ease position; and a netering jet along a fluid flow path fromthe
fluid charbemsif (n annul us about the tubular body, such that fluid
pressure within the throughbore restrains 129 WD 02/ 097234 PCT/ US02/ 15445

104. The downhole tool as defined in Claim 103, further comprising:
an upper secondary elastomeric seal between the upper primary seal
metal rib and the upper secondary seal metal rib, and a lower secondary
10  elastomeric seal spaced between the lower primary seal metal rib and the lower

secondary seal metal rib.

105. A downhole tool as defined in Claim 103, wherein an outer surface

of each of the upper primary seal metal rib, the lower primary seal metal rib, the

15  upper secondary seal metal rib, and the lower secondary metal rib is configured
for forming an annular metal-to-metal seal with a generally cylindrical interior

surface.

106. The downhole tool as defined in Claim 103, wherein each of the
20 downwardly angled primary seal metal rib, the upwardly angled primary seal
metal rib, the downwardly angled secondary seal metal rib and the upwardly
angled secondary seal metal rib is inclined while in the run-in position at an angle
of at least 15° with respect to a plane perpendicular to a central axis of the
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novenent of the piston to the release position until fluid is forced
through the netering jet, thereby preventing release of the Iiner w per
pl ug unt iwotoheIPBst on noves to the rel ease position. 5 1PCI/URE133kiQ

hol der as defined in Caim116, wherein the wi per plug includes an

I nternal seat, such that a punp down plug | anded on the w per plug allows
for the increase in fluid pressure within the tubul ar body. 118. The pl ug
hol der as defined in Caim116, wherein the retainer 10 nmenber is a
C-shape ring which is radially expanded when the piston is in the rel ease

posi tion to gythedss inteonséscepl ug. 119. The plug hol der as defined in
Claim 116, wherein the C shaped ring has internal gripping nenbers for

gripping engagemefyz WA Badifgq e ﬁgh}i)rﬁé t‘é%ov&ﬁho"l@ %ealT\Wﬁp )%' q&é?ﬁﬂlﬂ@ylin%%ala.s

defined in Caim116, wherernt on noves axl a rom t'he retaining
position to.the rel ease position. 12 The ug ho r s B s defined in

& o m 120, RErer SUEEREaF 8viBtor deainel Aoulnph B3¢ riktBed BofrilEDes "t ne
retainer menber to prevent the retainer menber fromnoving to the rel ease
posi tion, and axipbvidgingaeannolar skel asssmably digpasedeabathe canvayaree kiman t o
the rel ease position. 130 WD 02/ 097234 PCT/ US02/ 15445 122. The pl ug hol der

sub as dgfi npd seal SssdmblyHavinthe Fedicdd@iafiter Rah-ingdoditish &xd anrxpahtiegads
for threaded engagenent with the tubul ar body. 123. The plug hol der sub as

gg‘:jiy”gs ;nsﬁao%gmcné%ﬁeé g?’?ﬁéﬂ%e%ﬁl?ﬁwdﬁ%iﬁé INPetal ilaPhewSkIRRAS rh@ahPfviathul ar

annular base and a plurality of metal ribs each extending radially outward from
the base, the metal framework including an upper downwardly angled primary
seal metal rib for sealing pressure below the seal assembly, a lower upwardly
10  angled primary seal metal rib for sealing pressure above the seal assembly, a
primary elastomeric seal in a cavity radially outward from the base and axially
between the upper primary seal metal rib and the lower primary seal metal rib,
an upper downwardly angled secondary seal metal rib spaced axially above the
upper primary seal metal rib, and a lower upwardly angled secondary seal metal
15 rib spaced axially below the lower primary seal metal rib;
providing a wedge ring having a substantially conical outer surface; and
axially moving the annular seal assembly relativé to the wedge ring such
that the seal assembly is expanded from its run-in position to its expanded
position wherein the seal assembly is in sealing engagement with the generally

20  cylindrical interior surface.

108. The method as defined in Claim 107, further comprising:
providing an upper biasing member between the upper primary seal metal
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124. A plug hol der sub for being supported on a conveyance tubul ar for
tenporarily supporting a w per plug and for releasing the wiper plug in
response womasr2sfncrease in fluid pressure within the conpeyarsor1ubul ar,
the plug holder 10 sub conprising: a generally tubular body adapted for
connection with the conveyance tubular and having a throughbore in fluid
communi cation with the conveyance tubular; a retainer nmenber for attaching
the liner wiper plug to the tubular body, 15 the retainer nenber novabl e
froma retaining position to a release position for releasing the w per

plug fromthg, éh@fﬂégpgéﬁyeccﬁad@ 588 rﬂé {eikib Yo By %ﬂhg A WhWatd SiabineUbde

body in response to rd pres re wt |nthet ghborefromaretalnlng

position for eventing.the nenber to th ase
bosi t1on, & PLleARen ks osed by st reaponss MR nushg Beld %

retai ner rrenber to prevent the retainer nenber from noving to the rel ease
position, arfeehresemhbvendnt of the piston rel eases the retainer nenber to
the rel ease position, the -piston acting against a fluid within a chanber

wi thin the tubul qrrob'rom)g aewenbidisirg nentdbee spatedbetvpesn tHeolowea M sK6)
02/ 097234 PCT/ US02/ 15445 a netering jet along a fluid flow path fromthe

fluid chg nb%ﬁe{a?{iﬁ%rﬁ;ﬂﬂgl lo er%QEHﬁdérp%etalplwéltérrlbbl‘aﬁjéxeﬁhﬁ@haﬁ []?\fvt atd t8r&s op.,

pressure Wwt ug bore restrains novenent he p on to t
rel ease posi until fluid is forced throu nmet eri
Fevanc ho° thp Swe e SRt haR Setripea oo AutpessidAtedhadsa Y
rel ease pOSI tion.

assembly.

109. The method as defined in Claim 108, wherein an outer surface of

10  each of the upper primary seal metal rib, the lower primary seal metal rib, the
upper secondary seal metal rib, and the lower secondary metal rib is configured

for forming an annular metal-to-metal seal with a generally cylindrical interior

surface.

15 110. The method as defined in Claim 108, wherein the wedge ring is
generally stationary while the seal assembly moves axially with respect to the

stationary wedge ring.

111. The method as defined in Claim 110, wherein a set down weight
20 transmitted to the seal assembly through the conveyance tubular moves the seal

assembly axially with respect to the stationary wedge ring.

112. The method as defined in Claim 108, further comprising:
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125. The plug hol der sub as defined in Claim 124, wherein the plug hol der
sub is positioned on a |lower end of a |liner hanger running tool, and the

W per pl wyoiog/ogr2B4 ner wi per plug. 10 126. The pl ug hol der pa3/uset/133edl i n
Claim 125, wherein the liner wiper plug includes an internal seat, such
that a punp down plug |landed on the Iiner w per plug allows for the
increase in fluid pressure within the tubular body. 15 127. The plug hol der
sub as defined in Caim2124, wherein the fluid in the chanber has a known
viscosity. 128. The plug holder as defined in Claim124, herein the

S S _ . 1 ne a4 ‘h
retainer menmber by éﬁé‘%?rﬁér@%)&@lﬁbdcl%dgggtrt@ﬁbﬁs%%F&#ﬁa{"(ﬂﬁ@r €

piston is in the 20 release position to rele e W per and the
C-shaped rin S internal rippi ne s for gripping e enent with
Che T mer  w HFR 4ighe 28 uax BrsBiir e fRaar fameiog sofl KermeERRtEL on
conveyance tubular and for releasing the liner wiper plug in response to
an i ncrease §eRlingEngageaentvath1de opnica pobsrufapenf Useo Wetgesamnaai t hi n t he
conveyance tubular, the nmethod conprising: providing a generally tubular

body adapted for connection with the conveyance tubular and having a
t hroughbore in fluid comunication wth the conveyance tubular; 5

broviding a retaifes TRADRIeO a2ARBLHY il H2SrHbPEImBLMAg! O the

t ubul ar body, the retal ner nmenber nova roma’retal ning posgtion to a

rel ease position for,.releasi Pr(ngo the |iner v¥| Rqer. pl Uﬂ fromthe tubul ar body;
providing one or more annular elastomeric sealing members for sealing

between the base of the metal framework and the conical outer surface of the

wedge ring.

10 114. The method tool as defined in Claim 108, further comprising:
providing one or more annular metal protrusions on one of an outer
surface of the conveyance tubular and an inner surface of the wedge ring to form

a metal-to-metal seal between the wedge ring and the conveyance tubular.

15 115. For use with a downhole cementing tool, comprising
a tubular member having an upper end connected to a well pipe for
lowering into a well bore to permit it to be cemented therein, and having a bore
with a relatively large diameter upper portion enabling one or more balls and
pump down plugs to be lowered therein and a smaller lower portion including a
20 liner wiper plug whose bore is smaller than the balls but permits passage of the
pump down plugs therethrough,
a diverter including a sub forming a part of the tubular member
intermediate the upper and lower portions and having a side pocket to one side
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noving a piston within the tubular body in response to fluid pressure
within the throughbore froma retaining position for preventing the

rel easi ngwob/osmesdber from noving to the rel ease position, PCRAISp/s4ah acti ng
against a fluid within a chanber within the tubul ar body when noving to the
rel ease position; netering discharge of fluid along a fluid flow path from
the fluid chanber to an annul us about the tubul ar body, such that fluid
pressure within the throughbore restrains novenent of the piston to the

rel ease position until fluid is 15 forced through a netering jet, thereby

preventing r i d | i | ISt he
rel ease posiﬁtﬁﬁ?ﬁz;?ft%\%mgﬁ%b% %?ar" trgl? E%Pgﬁgar%éégfég u v88W§ pﬂ%fﬂé‘é%&é@gﬁ
position when the piston is in the release position, thereby rel easing the
liner wiper YPlg fromthe tubular body; and 20 nonitoring a drop in fluid
pressure in response to the release of the liner wper plug. 130. The

met hod as defi neddiramg extending diagonally actdss thetsaibrand stentsst davgdwandly to

02/ 097234 PCT/ US02/ 15445 incl udes providing a Cshape ring which is

radial |y expgandedhaban intoahdistdepodiet bAd Hwineh eASRapas bpeMig Facihghisase t he
l'i ner w per IO%Inug. 131. The net holgoas defi ned Q?n d aiﬁrﬁ?S%, f%rtheg

CONPrisi Bg: 2 diepYd Pé‘{%tr{r’ﬁ%ﬁéggé ogfhieﬁpeillngugﬁggﬁf %ég@g %nﬂéa%% ?%%gghi&g%llf or

gri pping engagenent w ner "W per ned

in Claim129, erein at}lg'i ﬁ_ton noves
and pocket into the liner wiper plug.

116. A plug holder sub for being supported on a conveyance tubular for
temporarily supporting a wiper plug and for releasing the wiper plug in response
to an increase in fluid pressure within the conveyance tubular, the plug holder

10  sub comprising:

a generally tubular body adapted for connection with the conveyance
tubular and having a throughbore in fluid communication with the conveyance
tubular;

a retainer member for attaching the wiper plug to the tubular body, the

15  retainer member movable from a retaining position to a release position for
releasing the wiper plug from the tubular body;

a piston movable within the tubular body in response to fluid pressure
within the throughbore from a retaining position for preventing the releasing
member from moving to the release position, the piston acting against a fluid

20  within a chamber within the tubular body when moving to the release position;
and

a metering jet along a fluid flow path from the fluid chamber to an annulus
about the tubular body, such that fluid pressure within the throughbore restrains
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axially fromthe retaining position to the release position. 10 133. The
nmet hod as defined in Claim 129, wherein the piston noves axially fromthe
ret ai ni ngwpagiogizen to the rel ease position. 134. The net hedTasozefehed in
Claim 133, wherein a radially interior 15 surface of the piston engages
the retainer nenber to prevent the retainer nenber fromnoving to the

rel ease position, and axial novenent of the piston releases the retainer
menber to the rel ease position. 135. The nmethod as defined in Caim 129,
further conprising 20 providing an internal seat on the |iner w per plug,

such t hat a kner W 0l I f t he
I ncrease in I ui ggprgggﬂgr%‘g% dtﬂg r@ﬁearsggqgl&,tig)ﬁ Lbﬁgfég.ﬁ{dfgig&ea th%h the
metering jet, thereby preventing release of the liner wiper plug until the piston

moves to the release position.

5 117. The plug holder as defined in Claim 116, wherein the wiper plug
includes an internal seat, such that a pump down plug landed on the wiper plug

allows for the increase in fluid pressure within the tubular body.

118. The plug holder as defined in Claim 116, wherein the retainer
10  member is a C-shape ring which is radially expanded when the piston is in the

release position to release the wiper plug.

119. The plug holder as defined in Claim 116, wherein the C-shaped
ring has internal gripping members for gripping engagement with the wiper plug.
15
120. The plug holder sub as defined in Claim 116, wherein the piston

moves axially from the retaining position to the release position.

121. The plug holder sub as defined in Claim 120, wherein a radially
20  interior surface of the piston engages the retainer member to prevent the retainer
member from moving to the release position, and axial movement of the piston

releases the retainer member to the release position.
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122. The plug holder sub as defined in Claim 116, wherein the metered

jet has external threads for threaded engagement with the tubular body.

123.  The plug holder sub as defined in Claim 116, wherein the metering

jet is secured to the tubular body by a swage connection.

124. A plug holder sub for being supported on a conveyance tubular for
temporarily supporting a wiper plug and for releasing the wiper plug in response
to an increase in fluid pressure within the conveyance tubular, the plug holder
sub comprising:

a generally tubular body adapted for connection with the conveyance
tubular and having a throughbore in fluid communication with the conveyance
tubular;

a retainer member for attaching the liner wiper plug to the tubular body,
the retainer member movable from a retaining position to a release position for
releasing the wiper plug from the tubular body;

a piston axially movable within the tubular body in response to fluid
pressure within the throughbore from a retaining position for preventing the
releasing member from moving to the release position, a radially interior surface
of the piston engaging the retainer member to prevent the retainer member from
moving to the release position, and axial movement of the piston releases the
retainer member to the release position, thepiston acting against a fluid within a
chamber within the tubular body when moving to the release position; and
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a metering jet along a fluid flow path from the fluid chamber to an annulus
about the tubular body, such that fluid pressure within the throughbore restrains
movement of the piston to the release position until fluid is forced through the
metering jet, thereby preventing release of the liner wiper plug until the piston

moves to the release position.

125.  The plug holder sub as defined in Claim 124, wherein the plug
holder sub is positioned on a lower end of a liner hanger running tool, and the

wiper plug is a liner wiper plug.

126. The plug holder as defined in Claim 125, wherein the liner wiper
plug includes an internal seat, such that a pump down plug landed on the liner

wiper plug allows for the increase in fluid pressure within the tubular body.

127. The plug holder sub as defined in Claim 124, wherein the fluid in

the chamber has a known viscosity.

128. The plug holder as defined in Claim 124, herein the retainer
member is a C-shape ring which is radially expanded when the piston is in the
release position to release the wiper plug, and the C-shaped ring has internal
gripping members for gripping engagement with the liner wiper plug.

129. A method of supporting a liner wiper plug on a conveyance tubular
and for releasing the liner wiper plug in response to an increase in fluid pressure
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within the conveyénce tubular, the method comprising:

providing a generally tubular body adapted for connection with the
conveyance tubular and having a throughbore in fluid communication with the
conveyance tubular;

providing a retainer member for attaching the liner wiper plug to the
tubular body, the retainer member movable from a retaining position to a release
position for releasing the liner wiper plug from the tubular body;

moving a piston within the tubular body in response to fluid pressure
within the throughbore from a retaining position for preventing the releasing
member from moving to the release position, the piston acting against a fluid
within a chamber within the tubular body when moving to the release position;

metering discharge of fluid along a fluid flow path from the fluid chamber
to an annulus about the tubular body, such that fluid pressure within the
throughbore restrains movement of the piston to the release position until fluid is
forced through a metering jet, thereby preventing release of the liner wiper plug
until the piston moves to the release position;

allowing the retainer member to move to the release position when the
piston is in the release position, thereby releasing the liner wiper plug from the
tubular body; and

monitoring a drop in fluid pressure in response to the release of the liner

wiper plug.

130. The method as defined in Claim 129, wherein the retainer member
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includes providing a C-shape ring which is radially expanded when the piston is

in the release position to release the liner wiper plug.

131. The method as defined in Claim 130, further comprising:
5 providing internal gripping members on the C-shaped ring for gripping

engagement with the liner wiper plug.

132. The method as defined in Claim 129, wherein a piston moves
axially from the retaining position to the release position.
10
133. The method as defined in Claim 129, wherein the piston moves

axially from the retaining position to the release position.

134. The method as defined in Claim 133, wherein a radially interior
15  surface of the piston engages the retainer member to prevent the retainer
member from moving to the release position, and axial movement of the piston

releases the retainer member to the release position.

135. The method as defined in Claim 129, further comprising:
20 providing an internal seat on the liner wiper plug, such that a pump down
plug landed on the liner wiper plug allows for the increase in fluid pressure within

the tubular body.
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