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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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-1 WD 02/ 097234 PCT/ US02/ 15445 This is conventionally repeated until a
plurality of concentric casings are suspended and cenented within the well
to a deptwowhiogirz3causes the well to extend through one oPCrarse2/kssds ocar bon
produci ng formati ons. Rather than suspending a concentric casing fromthe
bottom of the borehole 5 to the surface, a liner is often suspended

adj acent to the ower end of the previously suspended casing, or froma
previ ously suspended and cenented liner, so as to extend the liner from
the previously set casing or liner to the bottomof the new borehole. A
liner is defined as casing that is not run to the surface. A |liner hanger

i s used to Siipissenveationalbrreppaternintiha plusality ofsenesnitigeasings At ssispesded
casing or liner. 10 Typically, the liner hanger has the ability to receive
a tie back taoal cdrmentzaiwitbinithg wdlketo 4 depth whidh causlesithg wadll toasdtersd tHratigh
extends fromthe liner hanger to the surface. A running and setting tool

di sposed on rd be releasably connected to
the liner hgrrl"g}g?tj,ﬁl I gg&@sc%gqctﬁ]a@%ggc@g f{)ﬂga?g%s.of the liner. The work

[ I he 1 h dli ' h hol h
151 ner _ext ends TRIBUMECLCGRBANBALTECTHE GURd BOBY] DOHOHLTNG DBre o -

The borehole is filled with fluid, such as a selected drilling rmud, which
f1ows ardundothresyifaes, adingr is afiesrsuspegded adjadest ta thedower enshofithe previeusly
borehol e. The assenbly is run into the well until the liner hanger is

adj acent t hagusperdeéendsivig, bhéropt a\irevisuylysstispeadied gindrcdrhégted lingr,t b bbeo
| ower end of the liner typically slightly above the bottom of the open 20

bor ehol e. Wé%eﬁcfe‘ﬁvé ViREF frbRAHRES b B sHPSE &Lihg TR tihaPtd #lbbi&m & thiehew

bottom of the op
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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borehol e and the previously set casing or liner, a setting nmechanismis -2
WO 02/ 097234 PCT/ US02/ 15445 conventionally actuated to nove slips on the
| i ner harnyoero2zfemed a retracted position to an expanded po®CTiusn2/angs i nto
engagenent with the previously set casing or liner. Thereafter, when set
down weight is applied to the hanger slips, the slips are set to support
the liner. 5 The typical |iner hanger nay be actuated either hydraulically
or nechanically. The liner hanger may have a hydraulically operated
setting nechanismfor setting the hanger slips or a mechanically operated
setting nmechanismfor setting the inFs. A hydraulically operated setting
mechani sm t yjenyantignadlymaiyated tayaeauslins anthediaer hangettiomsa mitagtakpogition
fluid pressure in the bore of the liner, which communicates with 10 the
bore of the toahlexphhisd po¥iien armqht@rér@@gbmeﬁewhme plevidughesetleasiagor linér. i s
usually necessary to achieve relative dowhole rotation of parts between
the setting i gpﬁﬁ : £0: T Syl ol er
slips are tyt@é?ﬁtépg#ee-nmr%; dIESac é'&h?'ﬁ aﬁﬁ’ﬁ@&g@ﬁén er%gR% th?%ﬁ‘?s %%n 2(9
raised or lifted %ﬁmﬁrdly, but a downward notion of the liner sets the
slips to supp®PetAe lRghger and liner within the well. 15 To rel ease the
running tool fromthe set |liner hanger, the setting tool nmay be | owered
with respect to tTe tiypicallinerhgageamaybetaatuaied eitheihydsaulicallyiarinaghanicaltyn
the setting tool fromthe |iner hanger. Cenent is then punped down the

bore of the THONderHidhged mdhavdamyarsliidBily Hfeited baBing Thagkhimfhesdtingr

and open borehole. Before the cenent sets, the setting tool and work

string are rtﬁgﬂgﬁgeé §Ifb@&rg%a9hm5§igﬁpfeﬁaﬂeﬁ el hEBhaRErfoPadiGE IR IidsOP:

a liner packer an I'ner packer s

A hydraulically operated setting mechanism typically employs a hydraulic 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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tool may need to be attached to the work string and | owered back into the
borehole. The packer is set utilizing a packer setting tool. Packers for

| i ners arwookwens4 -3 WO 02/ 097234 PCT/ US02/ 15445 cal | ed PCirrzso2/1aas ati on”
packers. A typical liner isolation packer systemincludes a packer el enent
nmounted on a mandrel and a seal nipple disposed bel ow the packer. The seal
ni pple 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 hasded “liger igelatipadpackarse Ao%;mécalﬂinbuisalatioamwﬁé spstekeinclglasea by
the setting tool to seal the annulus between the |liner and the previously

set casing gadken@leméenaioainted onhg rdapgrsl ahdnel dedl Sighle! disgosdd ®eltivg ies
the tenperature and 10 pressure which is encountered. Thus, it is

desirable t | Y el i i ecffpcpt. t he
|l i ner so ascqa{(gﬁ(\éﬁow %gsregpﬂfbgﬁé gté#% @Iﬂ? EHC {6? b‘égl?\"%c?eg\‘fl’éetﬂ iotr%togas rdgwme
formation frommgrating,up th nnul.us betyeen the |liner and outer

casi ng. mrimﬁv‘PHglyégﬁﬁﬁg PE@GB %f&ingﬁr-ﬁnguéﬁ'aaenwkﬁﬁ RGY bed'Ser: 8he
annulus 15 between the liner and outer casing is displaced by cenent as
the ceneht iexpringedbodewiotdeal thewnboirettsf event ofoa badtcemegnt Bibr sThe tliner
drilling mud and then the cement flows around the | ower end of the liner

and up the agulatiow packet Retypidadly aseti dhi sipbdp of 8% hbfbbPaftep the NAngdr idie
annulus, the flow of the cenent slows and a good cenenting job is not

achi eved. Ay M the?butbP RusTTE T e Phdidf iP M e L L RS 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




20 tinme for the gas in the formation to mgrate up the annulus and through
the cenent to prevent a good cenenting job. Running Tool Release Mechani sm
-4 WO 02/WO028472RCT/ US02/ 15445 As a practical matter, thePCrnso2/msangyi ng
runni ng tool must include a release mechanismso that, once the liner is
reliably set to the |lower end of the casing, the running tool can be

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

| eft-hand rotation of the running string. The left-hand rotation of the
runni ng string i $As alpoaetical maftarethal lingr bangingeuadingnidet musb Inclusiena eeleaseny
result in an unintended disconnection of one of the joints of the running

string, therrgéoharasiniSAOthae ot thelinePis rbh@bly%eﬂtMe%weﬂgn@aﬂthé dasfmg mlge
operation to retrieve the running tool, whic have been danmaged

Dt el 8BRS P, YA nre?i’%i‘@%{@nﬁﬁf%‘fﬁ%d‘*é RS =

rel ease the runni ng topl fromthe |iner hanger. Accordingly roverrent S
in rel ease RNARIERE! s NaBgRF ElNRY 0! Tgleasing mqo&@msm%ung&ag@ hydeawligahy ng
tool fromthe set liner only when intended, particularly 15 when
retrievi ig isstwtedInyectanisms, aritbcklease rpeehmisms tdasznegageipatatebby tdfehand
running tool fromthe liner is highly unlikely. Packoff Bushing A liner
hanger packebfatiBHsof Bk ¢aRYRG! $1AAG! | The ekl veatiod i thenN@hnifNeRng is,
however, generally considered undesirable since it may result in an unintended
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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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
i s particebaeiyg728equi red duri ng cenmenting operations so tirat/dSouid4punped
through the drill pipe continues to the bottom of the well and then back
up into the annulus between the -5 WD 02/097234 PCT/ US02/ 15445 wel | bore
and the liner to cenent the liner in place. During cenenting operations,
the seal body of the packoff bushing is fitted in the annul us between the
| iner hanger and the running tool, and includes OD seals for sealingly
engaging the liner hanger and ID seals for sealingly engaging the running
t ool . Packofwelbbensi anghtherlines tp cemardthe lineriniptaces| Buiing kementing onengtiansel
to prevent having to drill out the bushings after the cenenting operation

i's conpl et e.thél s b@dE&ﬁkmfef p&ekotf bashifg s gitiedabl he hopkabl setivech el lineer
hanger by locking within a profile to prevent the bushing from noving

axially wt L ner ; ; i i

Tockabl o ¢ QAR gnaiheriing | 0o arkERefes O oA Rlingl Eilidthd fellflr
out” through the to 10 of the receptacl.e, .thereby |osi menting j ob.
A convent | orENGesERHAD SRl foh aorinali BNEAGREIeR Furnam 1on): FrackatiBYShiposPréiogs
or lugs which are | ocked into engagenent with the |iner hanger to prevent
the packof fprefesabln cetfievablawiihithe awnning joa to preyentiza\degrtandiilhoutdipe bushiogs
The packoff bushing is retrievable with the running tool, and thus

el i m nat es tdfernRedehentingl dperatiod & &umé.him&,aé bgék&ea‘aghmggs ?@%@éﬂl@ns
are conpl ete. Depending on the nmanufacturer, retrievabl e packoff bushings

are al so 1 efseial lOuRSi T BBy Soa8R willrd bRifie 26 préle HEBLENRE TR | "9
moving axially with respect to the liner hanger. If the packoff bushing is not lockable
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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retrievabl e and | ockabl e packoff bushing seals the annul us between the
running string and the top of the liner, and may be | ocked in a profile of
t he |i nerwbangen3by 20 the slick joint to prevent the buskCagsbrombei ng
punped out of the |iner 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 -6 WO 02/097234 PCT/ US02/ 15445
bushing to the liner hanger while running the liner hanger into the well.
These cooperating surfaces may be unl ocked to rel ease the running tool
fromthe Iiner hanger and allow axial manipulation of the running tool and
slick joi nt brehing {eethelingrehangarkghile Burting dhe tiner bangsr inte tie wals Shase

wi th the packoff bushing during axial 5 novenent of the running tool. Once

t he cooper atboperatifps@sacssemiay! tes kalkbcked o releabe thd eunning avbidesra the linke
packof f bushing and the running tool engage after a predeterm ned anount

of axial m%%@%hg@@%‘ﬂ@ﬁ/'h)&é]?nérﬂ&?%ﬂgn beiHe r?:ﬂﬂin‘g\'}nﬁgﬁﬁﬂ]snc??&m regé’ci\{eggfthé he

packof f bushi be retrieve he surface e rannin

after the cenentj eratjons js .conplete. A .conventiopal packqff bushing
's 10 di scPgeketitysag. “phs sk JoibeHius seai i e macknt By gend ge
prior art packoff bushings concerns their desired retrievability with the
runni ng $ oomovgmsantoiipeatnningiooheOdes ithe coopgriatirg spriabes arainniasiied diwim
relative to the packoff bushing before the cenmenting operation. An

operator W klachyjtheglshyultené oh ehipalskel blibking W the ruesihgabbesn eﬁj]_eﬁéﬁ@r drom
the liner 15 hanger to ensure that these tools are disconnected. The |length

of t ihggr UNNLAGISROine %@(‘%gbﬂ%ﬂﬁ%&%ﬁ bbbfe e M B! ahidhe 4
body, so that the packoff bushing may be retrieved to the surface with the running
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
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after release fromthe |iner hanger. When the packoff bushing is pulled out
of the Iliner hanger, the dogs or lugs conventionally carried by the
packof f bwehwmg2are allowed to nove radially inward, thePemuspz/eqenti ng
the retrievabl e packoff bushing 20 from bei ng st abbed back into and | ocked
into the liner hanger. Conventional |iner hanger running tools do not
all ow t he packoff bushing to be "re-stabbed" into the |I|iner hanger and

t hereby re-establish pressure integrity between the |iner hanger -7 WO
02/ 097234 PCT/ US02/ 15445 and the running tool. In many applications, it is
difficult for the operator to determ ne the exact anpunt the running tool
has been pi @gdhapunpiagteeulmmeny appticaioasalt isifficuls fardapoperaterda deterainat ed
wells. If the operator picks up the running tool an axial distance not

perm tted bythekgateagbbnbtheauahingkopbhay bedinpickad kipf partivslaripgvhen dpdratihg
pulled up with the running tool and wll disengage fromthe |iner hanger,

whi ch may Ciﬁ*dl%%{)?onreorﬁgﬁgtde@%té@b\}eﬁiiﬁ? I%étdgqéiafo?g;i&%%ﬁfh%rruﬁhlr{d BBF?{jfaxial

dollars in | ost noney. e consequences of 'uni ntentiona
unseating th ackof f bushing, from t | J ner, hanger, and pot .bejng able to
e stab and TeRos s Rt ey Raieesthel A SRk ETHe tad PackSh poShitd &t 6
joint used with the |iner hanger running tool has a ﬁoLished D surface
whi ch seél s puadngp withthe mnsing teoband will disangagsiffowrthe liaephaangsirf whigkhnay.
The slick joint OD surface can becone scratched or damaged during handling,

t hereby causgadgea eementingdaillealcostind tige bpersgenmilliomgoldsiizas i st hicand he
running tool is designed to nove axially substantial distances relative to

the packoff 1§, ..S{T*EQg:on%@&uéﬁ%%roﬁﬁﬁﬁt%nﬁ@nél%iﬁ%%lﬁngQﬁ'é(p%b(oﬁ"ﬁ@éhiﬂﬂtfrom

during the cenentin

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
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process due to the reciprocation of the running tool slick joint. This
problemis exacerbated when the quality of the polished surface on the
slick joiwDohas23deteriorated. Axially long slick joints &Ce&/UuSepenasi ve to
manuf acture and mai ntain. Another problemwth prior art packoff bushing
concerns the limted |load 20 capacity of the lugs that |ock the packoff
bushing to the Iiner hanger. Conventional packoff bushings utilize

mul tiple lugs protruding fromthe packoff seal body, which increases the
conplexity and the cost of the packoff bushing. The limted size of -8 WO
02/ 097234 PCT/ US02/ 15445 these Ig%s nevertheless restricts or limts the
cenenting prteesaiiugsopacinelesss reskicts pardsithe wematdingmrersures@paciy of the
Assenbly A conventional |iner hanger running tool includes a packer setting
assenbly, Daskoffbushlnges the activation and packoff of the linertop
packer. Conventional packer setting assenblies incorporate nultiple

spring- | Oad@aﬂggﬁeﬂfnq Rgéeﬂgi;f:h may be conpressed to a reduced di aneter
position by T i packer setting sleeve when running the

i ner hanger in the well n cemsntinﬁt e liner wth

,_and. wh in,.the casjng.
When t he packer uERi iRy eBaEianger ot onlRgk PR e RAtkkEs o0 SsfRGS
sl eeve, the dogs or lugs expand to a dianeter greater than the ID at the
upper end ofwhitlealevs thepdivatior andipackoff ef the divek the packen deanvesdiepelgckeby
the liner hanger. Wen the dogs engage the top of the setting sleeve, a
setting forceitiyasstmblicdnmorgsrdtd rmatiptd epringHydaedsdadsgr lugs autch e iogs

and to the packer setting sleeve as running string weight is slacked off

to set the RARKGESELETEY reduced diameter position by insertion into the packer 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
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15 Sone prior art packer setting assenblies include an axial bearing to
facilitate rotation of the work string while setting the packer el enent.
Q her pacwerozegtti ng assenblies include both a bearing amdTaSshewsns

i ndicator to provide a visual confirmation that the proper setting | oad
was applied to the packer, and/or an unlocking feature that allows the
packer setting assenbly to be pulled out of the 20 packer setting sl eeve
one time w thout exposing the setting dogs. This latter tool allows
re-stabbing the packer setting assenbly into the packer setting sleeve one
tinme, therebg armng the settin aégs so they are ready to expand the
second tinet e@omﬁﬁmgmuwaigut@tﬁwe g sleese. t he dogs are pulled out of the
setting sleeve. A primary problemconcerning prior art packer setting
assenblies is- pogx priffdry pdbleiry cotdbramgEpna art @ackeosatting sassehbliea ds @oor
setting dogs of conventional packer setting assenblies collapse and

re-enter thqeﬁﬁé{@tgﬂgmsé(?rﬁéguéﬂ EROMnRBhis, e ?atcﬁér P?@bﬁ;q@dse?ﬁ%nventlﬂnal

Manuf act urers prov nore dogs or 'lugs to a I'S problem

and/ or have provi ded heavier .springs to bias f[he dogs. radially. outwad.
These. changBcay sSiag aeppblsk polise Srd s Sple o sedinage inp g witnSit S8lidg
reliability. The di sadvantages of the prior art are overcone by the present
i nventiof, thagaskeri alpmentd Mamdacthzergdraveupriovisgdiroore dggser kigsaptatleviate

di scl osed which includes 10 inprovenents to a running tool release

nmechani sm  ahiseprdtdmblapdrackald proNiliedthedigt spafkes 5igs ttheddegs eadiblly | n
addition, the inproved packer setting assenbly may be used in operations

not i nvol ving,dakd MheLPOHg s HYVe Had IR if ant HREY 0P bchRGiHg WERL! RRability.

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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A preferred enbodi nent of a |iner hanger running tool of the present 15

i nvention includes inprovenents to one or nore of the running tool rel ease
mechani srwvotke9Imet ri evabl e packoff bushi ng and t he packer PegtuSOngs4assendl y.
The running tool may be used for positioning a liner within a casing in a
wel | bore and subsequently cenenting the liner in place, then retrieving
the running tool to the surface with the packoff bushing and the packer
setting assenbly. The packer 20 setting assenbly may be used in other
downhol e packer setting applications. Running Tool Rel ease Mechani sm The
|'i ner hanger running tool release mechanismpreferably includes a -10 WO
02/ 097234 PaydusiRalbadtiatey drenhianisa for retsasingethenriening ©el from thel sseidinag
the running tool fromthe set liner hanger in response to fluid pressure

within the hﬁﬂ%bl“_ﬂ\ fe@pbns@tffldl pPesurE GMAM Balrunhingltbohand alsel £afhanical
mechani sm whi ch, if necessary, allows the running tool to be nechanically

rel eased fraq |, ri - ti f tyrd ng.
The. combi nat CBBrcAEassa a7y Hish, MHREeE R Sty i Wil foal §'6

rel ease nmechani smsignificantly inproves reliabili B/ of thf runnij ﬂ%nt 00l .

It is an objeeghasticaliyergleasachiromiientinginharosy, By irget-hand FeiasiPaLh HirmPRg:
tool release nechanismfor releasing a running tool froma set |iner
hanger. JFhe strinmni e cambinatipn lné they dydrdullic ablepseeheaanismband thies Gghtelyarsk
rel eased by right-hand rotation 10 of the running string. Afirst piston is

used for hyggaebbméAAS@ sidhifarRdmRr ¥ relibbilisstthbquahingReage a cl utch,

thereby allowing a nut to nove downward al ong the right-hand threads on
the running tool I{T%néjr{ 8Eje%¥%f %hoe 6r'e%g%t- iﬂ%gtiér?{oabf'o%eogntillﬂﬁroved running tool

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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running string. Once the nut has noved axially downward on the mandrel, the
work string may be picked up to disengage the running tool fromthe |iner
hanger. NMsOYewndmapbt her feature of the invention is that, a&Crarsovis4x!| utch
has been disengaged to allow right-hand rel ease of the running tool, fluid
pressure may be wused to reengage the clutch to allow rotation of the liner
during a cenenting operation. Yet another feature of the invention is that
fluid within the running tool which 20 transmts fluid pressure to the

pi ston for hydraulic release of the running tool nay be isolated by a

sl eeve, such that the sleeve shifts dowward to expose a, port anﬂ al | ow
hydraulic fluid thsigaifiearideatyse piitha rHgningdpol releaseumashapism what the release
PCT/ US02/ 15445 A significant feature of the running tool rel ease nmechani sm
i s that the metleaism maybanacioateayboih Rdraaticady Eoichbyyighthbnd abdtagionrod tiy
right-hand rotation of the running string or work string. A related

feature of than @?Ffﬁ@o?%ﬁ‘k%ﬂn@@se. mechanismis that reliability of 5 the
rel ease operatioff 1s significantly inproved with little if any cost

i ncreases. Packoff .Bushi ng During the c nting oper.ation,. th kof f
bushi ng serves it rqlaﬁé&pg&rgpfﬂa&awrapggo@ rglggge ‘?‘%D@é\%s'{‘r\%t“ﬁ?ﬁg&c%@x&&
and the running string. The packoff bushing may be axially fixed to the
| i ner hafgertheueleage operatiareistsignjfieplydmpseves,with liglegf apy so8t instsasesng,
which is held locked in a groove in the liner hanger by a fluid pressure
responsi ve Padkoff.Budngackoff bushing is designed such that it may be

During the cementing operation, the packoff bushing serves its function of
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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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 slwol2jopizat may be avoided. The |iner hanger pack®Cfi/usoyii4ng nay
t hus be renoved fromthe Iiner 15 hanger when the operator picks up the
running tool to check for release of the running tool fromthe |iner
hanger and verify that the liner is properly set in the casing. Wen the
running tool is slacked back off into the |iner hanger before punping
cement, the packoff bushing can be re-stabbed and resealed to the liner
hanger. Wen pressure is subsequently lied to the running string during
a 20 cenent imgheperzingeting w@owadhefﬁaqhggmu@m fa beepickasken aud qfﬁgellinﬁér
hanger by the fluid pressure to prevent novement out of the liner hanger.

Fl uid presstaggbhaad skBeegudriig reinekabd ino sihe gerremiged Tiee lifer Hanger rivatiger
whi |l e the absence of pr essure -12 WD 02/097234 PCT/ USO02/ 15445 in the

runni ng str » er
hanger and gﬁ@s'@’(ﬁ% W[:q reflpéralcg( fbhahfﬁ??hﬁl? é%] ner angr:yj‘ipe Flﬁb |dn‘e3ra‘é L{irtlger
runnlng tool thus |ncludes f bushin ere

't e- st abbedthgderifiangery e els k@ﬁéﬁ'@%l"pe& t%& F%&St@);é‘@ ) ﬁt‘BBgr{t}S
re-establish pressure integrity 5 between the running tool and the I|iner
hanger. By [ebween tige auming tadi all thepinek bbhgeishi ng, the operator has nuch
nore flexibility when picking up to check for release of the running tool.

By providing a tsﬂj‘vﬁduhgsahﬂengabba@l@ pEkoBEbusheR thg lopefdibnhas newth move t he

| i ner hanger so tha seal may be repeatedly established between the

i SRR s R Moy 8RG0S HhrPY €61 Dol
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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of time and noney to correct a bad cenenting job. The re-stabbabl e packoff
bushi ng may be used on a running tool with or without a |iner hanger packer
for sealwopg2bgaeen the casing and the liner hanger. ThePppaakset/issbtishi ng
is preferably designed with a Cshaped lock ring to 15 increase the
cenenting pressure capability of the packoff bushing. Conpared to prior
art packoff bushings, the one-piece |lock ring avoids the use of nultiple

| ugs and springs which add I ength and conplexity to the packoff bushing

wi thout significantly increasing the cenenting pressure capability of the
packof f bushing when |ocked to the liner hanger. 20 It is an object of the
present inventi oA featyieoof this dnveniion isahgethe paskeld busking ncorparatespackof f
bushi ng which may be repeatedly restabbed into the top of the liner. -13

WO 02/ 097234h&6dd bH84iidcetitizkAinis athisreeffdctitzblydocl/diet pakoiffbushirg toliee iaskof f
bushi ng i ncorporates a C shaped one-piece lock ring, which effectively

| ocks the mféﬁﬁéﬁ in%%@ir)ﬁge Ec?gl?@?rlaéé’lﬁé whizh s Fg&ﬁ%ﬂﬂp&?fe&ﬁnftﬁé‘id&k ring

pressure, acts toretaint ring 1n the |ocke

position. The absence of  fl ui ressure allo the lock ri to he

ol | apacd, | ThiRLRRBRrASag THBAReSpan g Bresnee Fius s T e

the top of the liner hanger. The C-shaped | ock ring naé I nclude radially
L4

ext er nal 5 or colapsedakherebytpermitting de rastabhing of kpapackoff aushing inte dlee tamobf
the | ock ring. The packoff bushing includes a radially outer shoul derfor

?29;9: Sgeg &rﬂét@'lrl]@e%r&anggréggsgnefg%ﬂaééﬂ [6¢K fifig mayRkiutiNgeialedernBbol iBgdnal Ng
slots for facilitating expansion and contraction of the lock ring.
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

-14-



10 the liner hanger, so that set down weight nmay be applied to the liner
hanger. The packoff bushing also includes a radially inner shoul der, so

t hat t he waokRo$f23bushing is retrieved with the tool to tireTaisnt/sc3es | n
addition to the packoff bushing, the running tool may include a packer
setting assenbly for activating the packer elenent to seal between the
casing and the liner hanger. 15 It is 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 nunerous tines. A related

feature of the invention is that the cost of a, slick avoi ded.
It is a furthefinglaf telatagifeahse gf Bupmnning, onl Wﬂ'ﬁlﬁ%""’ﬁé@\/ﬁ@@agﬁgﬁgﬁ?@vgdﬁ
| iner 20 hanger running tool packoff bushing wherein fluid pressure keeps
t he packof f thbuedice tisickiea bad ceheeritinggobhanger, whil e the absence of fluid
pressure may allow the packoff bushing to be picked up out of the liner

and subsequwdkérr@ig%fp\g%bﬁt 0 -14 WO 02/097234 PCT/ US02/ 15445 the
ea

liner. Arelate e running tool with the inproved packoff

bushing is the reduced risk. of a b L P s

Assenbly The packél® B&t erﬁaﬁ‘ggsaéﬁﬁ@?%&%”&% %’%&@ﬁ*\? ﬁ'ﬁ%?\af@g} Mﬁ%b%tocl
running tool 5 to set the liner top packer after the |iner hanger has been
set, and5af teset the linantempackes@ifter e rarhangeshasheen sat. @nd afiendne HEHRG |
The packer setting assenbly may be positioned on the running tool at a

desired | ocadoldins dercleleaedifeorathaliher HarigeeeThe paekdrisettindhasspenbly ehaelse ng
assenbly and the slip setting assenbly at the | ower end
positioned on the running tool at a desired location, which may be axially between
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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of the running string or work string. When the running tool is assenbl ed at
the 10 surface, the packersetting assenbly is thus contained within the tie
back receppDaelgr23or setting sleeve of the |iner hanger as®emhisg21sike packer
setting load is preferably transferred to the packer setting sleeve

t hrough a one piece Cshaped setting ring. The C ring design enables nore
weight to be set down on the setting sleeve than with the plurality of
dogs used in the prior 15 art. A lock out feature keeps the setting ring in
wei ght -transfer engagenent with the setting sleeve so that the setting
ring will not prematurely snap radially inward toward the packer setting
housi ng bef dPrePehsetiingferce to tg@ﬂmes@@l ReckRr benhenth 3y Usingwdntlie pOBssiretthe
packer setting assenbly also aid in setting the packer. Once the initial

| oad has beedgidfesettingthepatier didmerit, Haigacant Aeditile Bpddauibidibe 6&AbRriéntshe
20 running tool mandrel, and the OD seal which seals to the setting sl eeve,

act as a pi £l §‘p‘q;‘\;' I i s to assist in
setting the %gc erd% e e%!g\r{{'?.té %{%ﬁ?%}itﬁe gﬁg}s’s]%rq%é@)sésc{@f g%w)éndé' with the set
down wei ght achieyes the -15 WD 02/097234 PCT/ US02/ 15445 roper. setting
force to the |iner pf%ﬁrrﬁgeﬁglferélegl?@rﬁs.seﬁi’lwé‘lcweﬁﬁﬁdﬂﬁé‘:kﬁ?@%%‘(@th%a“‘é‘i"ﬁ in
setting the ﬂacker el enment, a sidgni ficant additive hydraulic force

conpl enerft s thehassamblyotin beepgiiad vut ofIthabpacksetsatiting Isieeve bpadiene peithoet

el enent. A preferred packer setting assenbly includes an unl ocking feature

that allows refedsiey 8segimg ihd. AUpen RbiabBirRthe AssbRdIPiREkBle stiird $18c%e 2RY e

one tine without releasing a setting ring. Upon re-stabbing the assenbly

Loy e Setdddir BLRRYSind HtoriBe KEfatSd hat A4y BIRERA ASLLSHFAng o' o
packer setting assembly is pulled out of the setting sleeve. An adjustable shear
indicator may be included to provide immediate visual confirmation, when the

10 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

15  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

20 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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packer setting assenbly is pulled out of the setting sleeve. An adjustable
shear indicator may be included to provide i mredi ate visual confirmation,
when t he WO oetosmBfng tool is retrieved to the surface, tharCadsquatdes setting
force was applied to the liner top packer. A bearing assenbly in the
packer setting tool allows rotation and slack off of the running string

w t hout damagi ng the packer setting sleeve or setting ring. Rotation also
breaks the static friction between the running string and the casing,

t her eby reduci ng buckling and insuring maxi numtransfer of setting 15

force to th j . Lemeat . 1t 1S _an objec f th resent, .inyention
to provi de dnBubRuPRIE fevei B Eiring ol ELE G nd e ndlifa St BHGRE

col  apsi bl e one-piece C-ring to set weight dowm to a packer elenment. The
packer settitAg Rackerseliing agsemily ads llpd ewafdnadie hagk receptacie oge timat
fluid pressure may be used to increase the setting force applied to the 20

packer el enemithouttreleasingfthetCHriagoiind atlowa thelocketit meghasisamal engegmothditog to
the present invention that the C-ring nay be |locked in a coll apsed

pOSi {1 on DY g thKiLpRK reddhelle3 SRR SoPSIISPRL FatPHimoBE hARKSIRARmby

prevent the C-ring fromnoving to I ts expanded position.

packer setti.n ssenml 0 .be |l ed qut of the.tie back receptacle gn
P wi ohout RN Al thRcoRe pcamatial s £ & SRRed TheRnaRe Skl
engage the top of the tie back receptacle for weight set down. The next
time the packéwagsreangpgsment with e toptwof dre timdack eegrpiRcleecept acl e, the
Cring is allowed to expand radially outward for engagenent with the top
of the tie back riegefughbefeature of the presentinvention that the packer setting assembly

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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It is a further feature of the present invention that the packer setting
assenbly has nultiple uses. The packer setting assenbly may be used as
part of awbim@e723hanger runni ng tool, although the packer pegtusongs4assenbl y
may al so 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 assenbly transfers the packer setting |load to the packer
setting sleeve through a C-shaped setting ring. Arelated feature is that
seals on both the 1.D. and O D. of the packer setting assenbly may assi st
in setting the packer. 15 Yet another feature of the packer setting

assenbl y i s thegilfieiHsendices irdustiyg Theagomplexity iof $hearthning fouhWjthl ekedmoue t o
prevent premature actuation. Yet another feature of the packer setting
assenbly i s dftiedsd featmps iswdtutifdantlyimaekssdaheah wighyseadelak mide agaab! v
may be pulled out of the packer setting sleeve one tinme wthout releasing
the settingqty prler VR IINE Hﬂﬂ%

runni ng tooﬂﬁ¥gﬁgg§@nﬁﬁg§hanlgﬁgﬁ?%édEQ?Flevagﬁg%%gﬁ %bﬁ“@@gﬁiﬁé?&ﬂﬁasthe
packer setting assenbly is that these nechanisns rely upon conponents

whi ch have been found highly reliable in -17 WD 02/097234 PCT/ US02/ 15445
the oilfield services industry. The conplexity of the running tool wth one
or nore of these features is not significantly increased and, in many
cases, is nmade sinpler. Tool reliability has been increased to performthe
desi red downhol e operations. -18 WD 02/097234 PCT/ US02/ 15445
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Brief Description of the Drawings Figures IA-1J illustrate sequentially

| ower portions of a liner hanger setting tool run into a well. Figure I A
i Il ustratwe oehgr2snt er connecti on of the tool to a work strecagiSoFiguse 1 B
illustrates the liner hanger slip setting assenbly. Figure 1C 5 illustrates
t he packer setting assenbly. Figure 1 Dillustrates the |Iiner hanger

rel easing assenbly. Figure 1 Eillustrates the retrievable cenenting
bushing. Figure | F illustrates the packer elenent. Figure 1 Gillustrates
t he hanger slip assenbly. Figure 1 Hillustrates the |ower end of the
running tool mandrel. Figure 1 | illustrates the ball diverter. Figure 1 J
i1l ustrates Biief Desesiption @étheyDiigwinh8 Fi gure 2A illustrates the tie back
receptacle raised to set the slips. Figure 2B illustrates the slips in the

set position. Fi g{lg@re@/ﬁq Algwusthte @@Q@ént@@ﬂo\ﬁéﬁ Sortibas Sfsdinet hbh?epe?étﬁng
Fi gure 3B shows e ball landed on the | ower seat. Figure 3Cillustrates

the |l ower s \% I f

t he rel easi ﬁgBa@@eﬁﬂ?qu&m\??h r%ﬁ'ﬁ@@?‘rg@%tgtﬁ? gﬂgﬁ% n}\g &1 F t?)ﬁl(tob%%rl?
releasedfro .t he | ower t and d ed into he di verter. gure 4B is a
crossed sectd B'Pngt H‘lﬂ%‘d@h g't‘ﬁtéat@ﬁt ﬁ.'&ﬂ@a@ﬂer S 'Bﬁ%%@sﬁﬁ@bb’unﬁ'%ﬁnﬂbl ug
| anded on the w per plug. Figure 5B illustrates the liner w per plug and
punp dowha plilliustrades dye packeysetirgCas@@mblyl ubiguat etD tilhestgziteg thetineamdader
within a landing collar. Figure 6A illustrates the tool positioned to

}[Aﬁiaggfet SSEg?rP?&g%ﬁ@{@?Seﬁinure FE QuisRaftd the FetaevamI8 SehithtiRgBk8hing! PRERE 1 N
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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WO 02/ 097234 PCT/ US02/ 15445 Figure 7A illustrates the running tool packoff
bushi ng unl ocked fromthe liner hanger. Figures 8A and 8B show t he | ower
end of thworoaneizeyg tool released fromand pulled upward PComsohes4get |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 engagenent wth the casing; Figure 9A shows the packer el enents and
anot her enbodi nent of a slip assenbly in the run in position. Figure 9B
shows the conponents noved to set slip assenbly. Figure 9C shows the slip

assenbly engaged wi casin nd_ .10.t he cker el ement ed t0 seal
with the casing. gﬁ%‘ﬁ‘? Zg(ﬁ%i%!ﬁ?g‘h%d%”'i"PGJ%@P&F@EQ#EHWHP%"?%@%thmeé
for a hydraulic release when run in the well. Figure 10C illustrates the
conponent s dRiarhe pressure is increased to shift the ball seat, thereby
rel easing the running tool and disengaging a clutch. Figure 10D

illustrates flui dFiguesss8A end8Bishgvoihetlb@esendofithelinpingtiool reeaskd fIvbAH
can reengage the liner hanger. Figures 1 | A and 11 B show sequenti al

conmponent s OéuIFefiﬂeu%WBFH R 994 s8UMih&hafgdE: fkﬁaah%ﬁfr' %ﬁl@ fcff ébg lderper

hanger. Fi gure 11 shows th corrponents Wt sea

rel ease % runn| .t ool and lsen f%fgg clutch. Figure 11 D illustrates
t he second d?aﬂ%aﬁ W§ V- R 'gé’ﬁ@ g Brut ch vvlth the 20 running tool

rel eased. Figure 12A is_a cross-sectional view of a preferred retrievable
packof f  bushi ng Rigdes 8F sows oneerpbedigrant oha slip etamenttiaiskdrinly éngagement
positioned below a |iner

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 WO 02/ 097234 PCT/ US02/ 15445 hanger packer setting assenbly and above
the ball diverter. Figure 12B is a cross-sectional view of the retrievable
packof f bwehewgr2shown in Figure 12A. Figure 13 is a cros®Csasvy/onag view
of a preferred enbodi nent of a packer 5 setting assenbly on a |iner hanger
runni ng tool according to the present invention. Figure Al is a vertical
cross-sectional view of the head itself; FIGS. AlIAand 1 B are a top view
and a cross-sectional view, Fig. Al Cis a bottomview of the head Fig. A,
and Fig. Al Dis a side view of a part of the head; and 10 Figure A2 is
anot her, enlarged vertical sectional view of the head installed between a
cementing sviangerpacker seffieg dsseithily foth abave dambatidivegiero the work string,
and showi ng the balls and plugs in the passages in position to be dropped.

Figs. B 1 A and BiguR 92Bid £6eeidetbyal @bvebfiratéeiaahblaip2iokoitbdting aM@yni n
part, and an end view of the c-ring along inits fully contracted position

wherein its iﬁﬂiurelﬁz&dges are engaged with one another; the outer side of
the c-ring having vertical slots to facilitate t he passage of fluid between
the liner and out

B2B are sinilar 'QHEG l&% '5%20'@ 18\,\%5{']9'}? f"lﬂ"‘(? g)éﬁ%ﬁ?g@t%a E di o OfﬁBééc ae%gA
and B3B are vertical sectional views of the slip assenbly wher e| n 20 the
col | apsed c-sstiing assemblyon a lineghaimsx rdisipgded adeonding ite the presend inventian.
| ower end received within the recess of the liner, and in Fig. B3B, raised
fromthe recess gngure A1 is a vertical cross-sectional view of the head itself;
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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expanded to a position in which the liner may be raised to nove its outer
side -21 WD 02/097234 PCT/ US02/ 15445 upwardly over the frusto conica
surface oWotobm9i2Bher so as to cause its teeth to engage Poe/user/is4¢msi ng;
and Fig. B3Cis an enlarged detailed view of a portion of Fig. 3B to
illustrate the controlled friction teeth on the inner slide of the c-ring.
5 Figs. B4, B5, and B6 are enlarged vertical sectional views of the
assenbly showing the c-ring as it noved by the liner fromthe retracted to
t he expanded position the c-ring being shown in retracted position in

For expandi A5YS #‘f)ra%ft‘f“%f%%f? SRR ok R {REIINGP s 19 Cols TisdBR .o,

has rai sed frusto coni surface of the Irner over 10 t he i nner surface of
the c-ring t&992ggdhe C@Sﬁ"lgipr‘”@o be noved outwardly into engagement with
the well casing. Figs. B3AA and B3BB are detailed sectional views as

i ndi cat ed on Fi gsig.B33C isnad eiBBgedidgtailedCiew of a poetion oaFigs 88 todiutraté ¢ve of
the outer casing joint having its bore 15 configured to cooperate with a

hanger muntceﬂtr@me@ﬂrdtreﬁ%ewmbwnewsr‘tfé oﬁa‘ne'ctnh% | overed into the outer
casing. Fi gure is aviewof the liner wwth the hanger nounted thereon

i1 ar To Fi gur & 6 BH %&iﬂﬁﬁw o Bl e el BV ol s mby
owered Tnt %hE)Uv?ngo?rEeerc-r%%seg ?t m%ved by the liner from the retracted to the expanded
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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Figure C4 is another simlar view, but with the liner lowered further to
cause its hanger to engage with the profile in the outer casing, and then
| ower ed twOa@2/097224 WO 02/ 097234 PCT/ US02/ 15445 position t @Cirask2/143¢5 hanger
in position. Figure Dl is a half-sectional view of the seal elenent
according to the present invention positioned at the lower end of atie
back receptacle for noving down along a cone and sealing with a casing. 5
Figure D2 is an enlarged view of a seal elenment shown in Figure 1
positioned when the seal elenent initially engages the casing. Figure D3
is a cross-sectional view of the seal elenent in its final set position
for seal i ng ROfdligeirelockibe Wesget npasion.and the casing. Figure El is a
vertical sectional view of the diverter including the sub from 10 which
the cenmenting assEigbty Dt isashaifdectional 9isve didheSsenal \alement aictarding t&itaer e

El, with a ball landed in the diverter pocket. Figure E3 is a cross
ti q vi _ . h € .
22 but on & e VEREbH Bobfbned s BRI P 8 Ehapk EBrich R rigaHbY

the ranp to pne sjide of the diverted ball to permt passage of a punp down
pl ug. Figur «a‘?(?é"ylnia NGB CABE andr§aing Wike £831H0- vi ew of the |iner beneath the

diverter and showi ng the punp down plug follow ng passage through the sl ot
in the ranp and Figute B2lisadedlapged viewofarseahelemand showpér Figutey1 pbsitibeed
cenenting equi prent; and Figure E5 is a further vertical sectional view,
but i n whi chwihére tienssgicdle@eneinitially 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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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 swvoae®onei ng to the -23 WD 02/097234 PCT/ US02/ 152¢3/USpr/exent
invention, illustrating the position of conponents for attachment to the
liner wper plug on the left side of the centerline and positioned for
release of the liner wper plug fromthe plug hol der 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 wpe | attach hol der sub .on t |, ef t of the
centerline, érﬁgeﬁ@pgggtéw 3&’#@@“9%@%B%’ﬁ%’éotﬁomf’ﬂﬁe'&%E?%‘?‘qqu‘énent%ﬂ\ﬁﬂ

02/ 097234 PCT/ US02/ 15445 Detail ed Description of Preferred Enbodi nents

Fi gures 1-9 WipeRiPHy qodhe it sidegpfdhe centeriinenand posiionedrfon geleass ofithe livey
initially be attached to the Ilower end of a work string W5 and rel easably

connect ed t owipee plugifeomhtaegrug hbldensub orhthefrighteidd ofthel ceriersingnded f or
| owering into the bore hole beneath the previously set casing or liner

Th Mol t . t
The oo T o ) Jagatd ¥ 4 kRodalsdtiofal ALk %”29 lofiRF PRl of N AR gé%ec

in Figure 1B,is sunpporte bout th runnln | 120, with its
havi ng tﬁe | $hipyn 'ngrln%lérte b HSE%WQ UePs"?éF?B (%allnerwmerpug attactied t

plug holder sub on the left side of the centerline, and released on the right side of

fo the

the centerline.
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10 140. The upper end of the tie back receptacle 130, upon renoval of the
running tool, provides a neans by which a casing tie back (not shown) may
subsequernwby2/o0ersend fromits upper end to the surface. APCThusom1i4ms Fi gur es
1A-1 1, the tool 120 includes a central mandrel 132, which may conprise
mul tiple connected sections. The lower end of the tie back receptacle 130
is connected to the packer 15 elenent pusher sleeve 148 as shown in Figure
1 F, whose function will be described in connection with the setting of

t he packer el ement 150 about an upper cone 152, as well as setting of one
alternative enbodlnent of sllp 142A about a |lower cone 144A (see Figure 1
G bel ow t hp@ht cHntio ' e ) B 120 includes a cenenting
bushi ng 160 (see Flgure 1 E) fron1mh|ch a tubul ar body 20 162 is suspended

for suppor tiFiguidsetBaRinsthygoopr 280 (see Figure 11) and liner w per plug
180 (see Figure 1 J) at the lTower end of the running tool. The retrievable

cenenting bushin I t. i ol
120 - 25 w0 021 0372 34 B s R TG0 RL AR 1iBER bRGulAtpng he
fluid circulation ur ose or po i axi al |y novabl e S|ICk
oint, “t he. HAHA AL Wtk StHH0 WIS Gt A aRARO bR 1o hiar Napasts T8 by
t he packoff bushing. The liner hanger slip setting assenbly 140 as shown in
Fi gure 15B iwlgichdeslingr ia sespendedib? laWwerrgs édo the bone hohel bareathl thenmpredabsle
relative to a portion 210 of the running tool nmandrel 132. The piston

sl eeve 212 igpthekthd or liter CPARe RLTMBIOMEY eaSINEBE rdh %a?%zrat@tﬁﬁr&fe@not
portion 210. A tubular ball seat 232 i5 support'ed at the |ower end of

sl eeve 212. a@ﬁré&%ﬁeﬁpﬁ}e%el Hﬁn%% hs%??’ltie Hﬂ?mﬁg 'Ebeoﬁk portion 234

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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which is reduced in dianmeter and is thinner, for the purpose described
below. A 10 ball 240 is dropped fromthe surface into the running tool bore
126 and owDm2ndR34 seat 232. An increase in fluid pressureP@riusozniise
mandrel 132 will shear the pins 222 and |lower the ball seat to a | anded
position in the bore of the running tool, e.g., against the stop shoul der
236. Ball Dropping Head 15 This invention also relates to inproved
apparatus for dropping a ball as above nmentioned which includes a head
suspended froma top drive for use in sequentially dropping balls and
plugs into a ljner. suspended fromthe_head. re particularl it relates
Po'Phe use ondsierins HBERer cssAmBBR ARG tadAtiaefifees: 3 mborplatia &1
casing, wherein the one or nore balls are to be dropped onto a seat within
t he 20 |i neraxiallyaoovahle sbek jainththeaunsingdpot ¢an be nped withaldbiealing the seater
in the outer casing, followed by the dropping of punp down plugs through
the |iner fqﬂoﬂugawﬂgh@qﬁﬁmbﬁtngﬁnﬁg)02/D97234 PCT/ US02/ 15445 beneath them
into the annulus between the |iner and outer casing. In previous heads of
this type, the b i M Rs B! ' Lel ¥ ' ds
wi th each havi ngaljraﬂnélcl)peméﬁ\H or?glg s%ﬁ@g‘r’%sfegﬁ?ﬂgﬁgaoé ?P\%Mg*qﬂgg*n%bnmﬁ@“g%
actuated.. As wll appreciated, thjs . increased greatly the vertical
ot oht 0P t reSeRYs BRI and Sl oucabi Tl tag parion ad Ormi e
nore inaccessible, not only during |oading and rel easing of the balls and
punp down ploging toot marsiveli B2 biThe misign \sleend 242 debeld o itsheppert posiiion by
each manifold in which the plugs and balls were | ocated.

shear pins 222 in 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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U S. Patent Nos. 6,182,752 and 6, 206, 095 all ege to solve the problemof 10
excess hei ght by neans of heads of such construction as to permt the balls
and pl ugwotoe/opr34rount ed and dropped from essentially thePsansSovenss cal

| ocation beneath the top drive. Neverthel ess, their construction is
conplicated and requires large internal rotating parts which increased the
possibility of | eakage and other need for repair. 15 It is therefore

anot her object of this invention to provide such a head in which the balls
and plugs are nmounted on generally the sane | evel, but which does not
include the large rotating parts and other mechanisns increasing the risk
of repair apeneaipithemratothemnnilusmbetyansrthedinet asd ausereasingl i shed, in
accordance with the illustrated 20 enbodinents of this invention, by a

housi ng havi ng anin plestougdeeddsof thide/dd, thelbylls apnnepsegiugs wéreemvlihfedtine
| ower end of a top drive, an outlet generally aligned wth the inlet, and

passages ex! BRRidSk IAMRNEGS With!d=th iR A YoBflind opid’ & BEOERRHE I8 the

PCT/ US02/ 154 clrcunterentially space I'ons. Each passage

upper end openi.ng to the side of t inlet and a .l ower end connectin ith
he out! et - SaPTherCicbS petbialeih s Wil b Aonsaalar, hin it orrILaE oI B ViTteal
wth a passage. A closure nenber is renovably nounted in the upper end of
each pas$ageheighpef the equipaméntobengath the top drivet dhlisanaking dl thah muaetd muirag
val ves are nmounted in the housing each for opening and closing a passage
beneat h t he jhatessdibleaReRERlyCAIHMRLIdadhd BRd eéleasigast the salRpPard pukfh Bélh

or plug, when closed, and permt 1t to pass therethrough, when open.
Greulating o4 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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fluid may pass downwardly through an open passage when a ball or plug is
not in the passage. 10 Wth reference now to the details of Figures A and
A2, the hwed2/4d0234 conpri ses a housing Al having a vertica&CTasenisags ALl2 in
its upper end and a vertical opening Al13 in its opposite |lower end, the
openi ngs being generally vertically aligned. The upper opening is

t hreadedly connected to a tubular nenber Al4 whose upper end is threaded
for connection with a top drive. 15 Internedi ate the upper and | ower ends
of the menber Al14 is a Kelly valve Al6 installed for opening or closing

or e ALS.  hEBGRRTESaNa Mapdetpiiolf, RachPaeshETREL alilr 2HEBReARGIR vieic

Kel I ey valve, The nenber Al4 is installed on SWI v d A20 whi ch has
openi ngs t héiia pithadnlehrng Adawar end 6pRARTIG Y themtftei,tawdgte,&alwaf@agéﬁm ng
to the bore A15 of the nmenmber. As well known in the art, this permts
rel ative rotlé housihgtesebrconhecstherdet withl atpalsahge. Aefisere senbeis temeovtalthyl ar
menber and cenenting truck are fluidly connect ed during relative rotation.

-28 VO 02/ 09{gefGH &ﬁ&@ﬁﬁéﬁéﬁé of BSch g%éa geﬁm BGhaAet dillg wgehﬁﬁaué@

t hreadably connected to e upper a sub A21 having a bore A2

menber  stspdnde ci BPedR %”é‘r?f’rtaéf?ntvfx“aé”ﬂi fotrhd%osH f%f%r?%ﬁﬂé %9% .

r ot at abl e |n the sub for indicating the passage of a ball or
t her et hr ougl® pa&sagﬁ&meaimﬁwaiat%alr@ssggepoang@tmtapregtoﬁp@@t’feéaﬁpearth%ha‘be
and has four

or plug, when closed, and permit it to pass therethrough, when open. Circulating
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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passages P,, P21 P3 and P4 extendi ng dowmmwardly and i nwardly therethrough
to connect at their lower ends with the opening Al3. Mre particularly,
these paweageymys are equal |y spaced apart about the centem/usones4ed t he
housi ng, and 10 thus to opening Al2, to connect at their |ower ends with a
common openi ng A21A in the upper end of the sub A21. The upper end of each
passage is adapted to receive a closure nenber 25, the threaded connection
bet ween each cl osure nmenber and its passage enabling the closure nenber to
be selectively renoved or installed. The housing also has 15 a | ateral
openi ng A26 connecting the |ower end of its upper opening Al2 with one of
t he passages P,, R lor@&rand dpeniegnédsd in thedeaddsinreadabiy eonnécied tothe Uppehn
passage Pl1, P2, P3 and P4 is in turn open and closed by nmeans of through

bore plug Vaéh@édeQObAE”l/%%\v ﬁ/b@{@Aﬂ/ﬂqér@tﬁmjdmamea ‘P@bé@éﬁhé’&eb%&h@

the | ateral openings A26, an ertically staggered to acconmpdate t

2e vell as Iﬁ%iﬁréﬂeﬁ&b@ﬁuﬁ@%%f SRe i HiFeRAT 220 Rl ol eﬁt%a%he

liner belowit. Thus, with t val ves controlled in the manner to be
descri bed, cSteBUPRA ERtatable H@ ’FhQJlSéI'bn'B%f indicating {he gassere R PdRlUSHPIUG445
continuous through at | east one passage, even though the individual
passages sar e¢hemdtboeght o contain balls or w per plugs. As shown, each plug
val ve conprises a body having an opening A30 therethrough adapted, upon
rotation of the b&@'%h@@h"‘@?@hb&&ng i & Bd&ndtamy HuSRBon AN shBpdland B oup t h

or across a passage. These valve Dodies Tay of course be rotated
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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in any suitable manner and are held in place by a nounting plate MP bolted
to the outside of the housing. As indicated in Figure A2, one of the
passages waw2/erei ve a ball B between the top closure nero@rusand4al ve,
whi | e anot her passage may receive a punp 10 down plug PDP. One of the

ot her passages may be used to receive a ball or a plug, depending on the
use of the balls and plugs in the systemin which the head is installed.
The fourth passage nay be left open for enabling fluid to be freely

circul ated downwardly therethrough on a continuous basis. A plug or a bal
may be install d in a}gassa e by renoval of th

S nber A25,
wh chprovi destaueys frBiah dleestans Botinos sven uvch taru HeHEN FAcseges dha |
or plug in place or has been dropped downwardly. Each ball drops freely by
virtue of i taosashtoedrgain hallsrortwipepplugsval ve in its passage i s opened. The
punp down plug, however, has w per blades on it which are flexibly engaged

with the passagess %ﬁoWhateaTchepldgméiﬁé carmprsENta BbdY MRvingen dpadingi ABO
the liner may be 20 assi st ed by the passage of fluid through the ports

connecting ‘é@% %J&%gﬂaa%%%ﬁegd HQEBZOIB?BF\ B IRAES WGetW@én lig‘égfe\‘ﬁatg to@ﬁfon@ 3 ug

or a ball, esysemln
installed or |eft open for free dowward fl ow of tB - 30 ¥\002/ %1
PCT/ US02P 15@4'9“"2@#&0‘!%@" 366099 A Passage.wl hesgalig feABSdBaY Of HRUISH| ed of
the head requiring novenent, and thus bearings and seals, are the I ug
val ves PV fadn ahtresuutadlanmdnadar grasaegksld in Qlarsuyea mOurﬂlegpjlakga Malbxﬂteldrtotthe
t hree passages may facilitate downward pressure
outside of the housing.
As indicated in Figure A2, one of the passages 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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5 through the fourth passage when its plug valve is open, thus forcing the
ball or plug downwardly into the liner. As shown, each plug valve is

nount ed fwo oeo9®B4 on within its passage by neans of a nowraTiusg2/pi4as e MP
bolted to a recessed portion of the outer side of the head and engagi ng an
annul ar shoul der about the plug val ve nenber. 10 Running Tool Conti nuing
with a description of the running tool 120 previously described, piston

sl eeve 220 is disposed about and is axially noveable relative to portion
210. An upper sealing ring 214 is disposed about a smaller O D. of the
running tool nmandrel than is the lower sealing ring 216 to form an annul ar
pressure cha&irbdlating fiRiB bet ween themfor lifting the tie back receptacle
130 fromthe position shown in Figure 1 B to an upper position, as will be
described in conpecwiliofe whtlbrsiedd,ithg ohliepartd bptheldead revquiting AR efrmnteahd n

t he running tool mandrel 132 connect the running tool bore with the

sur 1 oundi gy ESSUROS AP SR hraTHE SIS ISRV P\2HG ity iMBIS badihges.

i ncrease in pressure e ports rai Sse the piston s e 20

220. Upwar d vement of the sleeye 220 causes the r.end 312 of the

i ston el eSJBNEBeNtES plig Yaive T e fécs Bassraemoy HBOERIS HopRRGrSRwettre
shown in Figure A -31 WO 02/097234 PCT/ US02/ 15445 in order to raise the
ti e back5r edepugbltee Ia0th pgssagemhemitsplygnahans open, thusiferging thei badl aridug
slips 142A, as shown in Figure 2B. Sl eeve 245 as shown in Figure 1 D nmay
nove downwargdwirivAyROnt e firfer260, raising the piston 252 to rel ease the
ring 244 which was connected to the top of the tie back receptacle 130. A

further As shown, each plug valve is mounted for rotation within its passage by

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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5 increase in pressure will force the ball through the reduced neck of the
seat 232 to punp the ball to a seated position on a | ower seat 246 (see
Figure 1 Wp,02biizeh is simlar to the upper seat 232. OnePpmaishmniwi t h a
conventional slip assenbly is the need to coordinate the setting of the

i ndi vidual slips so that teeth thereof engage the outer casing 10
substantially sinultaneously. Also, it is of course costly to machi ne
mul ti pl e wedge surfaces about the liner, as well as to provide multiple
slip elenents, and it is the principle object of this invention to provide
a slip assenbly for this purpose which requires only a single sli? el enent
cooper abl e \Aﬂ@lﬁd@rﬂoy’alﬁesthﬁdleeba@ﬂ@@eﬁtﬂd%&QOws shown in Figure2Aet ed tharghyat e
menber. 15 Thus, in the enbodi nent of Fig. 9A-9C, and as al so shown and

descri bed i naiskhtheaslips eldRA), iasnstibwat by Fijued 2B. aBleleve #450as 6AORAIN Figuret 112
slip assenbly include slip segnments 141 which are raised by a tie bar over

the outer cophovaitidiftfifariito xp6o8Roftd Bebordidh el isidh Jettorbeabe therinb | PS

to grip the casing a preferre odi nen e 1 nvention,

frusto conic surfaces of th er .and i R. 20 extend,dqwn dl.y, and
ar a1yt 4 BT B Sinattods g $OF Sedhed Padiieckad ol ¢ AlrRer
recess in the nenber, and the teeth of the c-ring face downwardly in
posi ti on5t o ie¢rgage in heeasurd wilkfercaathe: ball througtythegeducedbedk ef therrsad dsRde e
of the -32 WD 02/097234 PCT/ US02/ 15445 nenber whereby the nmenber nay be

suspended wigdthp thé ®alved bhdzed Positivhadisa IbWwer s@ai2480(ddeerigaree Dy nwhieh is he
c-ring fromthe recess to a position for sliding along the conical surface

of the nenbesrimﬁglr%r{hgqﬁ)p%} Slaggﬁgz_one tie bar extending vertically

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

-32-



t hrough the menber for guided reciprocation with respect thereto. Mre
particularly, 5 the inner side of the c-ring and | ower end of the tie bar
have i nt ewbDioeodmegs parts which enable the | ower end of thecTusongp4#d be
rai sed out of the recess, but which are disengageable when the bar is
raised to permt the ring to expand into engagenent wth the well bore.
Preferably and as illustrated, the inner frusto conical surface of the
c-ring has 10 relatively blunt teeth about its frusto conical surface for
engagenent with the frusto conical surface of the nmenber so as to control
the friction between them and thus control the force applled tr t he
casing. As imember whemrehdnedesmbepawy Q%@@W&Qt%t%ﬁ‘%ﬁawel korg. |Tingdneany
the recess to receive the end of the slip is of annular shape. 15 C R ng
Slip Wth réberisicg theldwer erttbofehd esing foe tHe aecesssto aapoisitisn foe stidisgalong n
Figs. B3A and B3B, the liner B20 has a downwardly and i nwardly extendi ng

frusto coni gal co5ibf dé?&tﬁ@ﬁ{e%re PIRYE aPfRaUPH ﬁwa:fé&éﬁwngvamcany

recess B23. e Ilne as been sui tabl e running tool (not

be.hung of 1 thRUG P msmbedePgike r<pbFe P Fhasty B, MBFe Pﬁﬁ'%'ﬁr@ °

initially expanded to -33 WO 02/097234 PCT/US02/ 15445 permt it to be

di sposed>5abdine inres sidmptiie ewitgend loweicendef thedig baidrave mteﬂf%iyng Rafs viuch
contracted and forced dowmwardly to cause its |lower end B26 to nove into
the recess dazble Webwer englofithed ringh® be raisgddutmfithe retess, but ethielt beel

position in a
disengageable when the bar is raised to permit the ring to expand into engagement
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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shape sonewhat larger than its fully contracted shape of Figs. BIA and 131
B. 5 Wien the c-ring has been pulled upwardly to renove its |ower end from
the recewe BB%®23ét expands towards its fully expanded po®Criusn2/of44¥i gs
132A and 13213, whereby downwardly facing teeth B22 about its outer side

engage the outer well casing, as shown in Fig. B3B, in a sonewhat |ess
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
permt the weight of the liner and its associated parts to be hung off on
the casi ngpeasitstiovre disppsgd abBBAthencoBEE vearps surireeadl thedinergd maggenand
1331313, the inner frusto conical surface of the c-ring slip has blunt

teeth CF t heyeegihtitttddan@forcd doRwaraBMD dalisk e [6Wepend B26clonhowd it ¢he
frictional engagenent with the liner and thus the outward force applied to

t he casi ng. ) t e i Nkt al bi i isnd,inthe
bl ant  eot h S T2 nrifebE Mt i Shig Rlie SR I izt pRSIBA '
surface of the liner so as to contral the extent to ich teeth _bite
into the ca$hage sompwhallaerihan #p ivlveepnta EHESIE%RE? \égkgﬁdbﬁi\@fﬁ&? be
controlled by the relationship 20 of the inner and outer teeth to one

anot her . 5Al t hougWhée theeeringGrasdrecppaticer upwardlyt foereinmover itsslowes eaddfonn e
c-ring may be snmooth. Wth reference to Figs. B4 to B6, one or nore tie

bars B30 extgpsks B3, VEPRAAI AR BT {UR) Skpadded pasHibwaTHiys BRAahBaBs! ot

B40. in the liner for guided reciprocation wth respect thereto. The | ower

end of each Lig, ¢ rdo{/vsnmfa%@ef%%% fe2trt BS2WHREE it 3t & sili8rifalyB the'outer well

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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raising its lower end out of the recess. Thus, as shown in Figs. B4 - B6,
the lower end of each tie bar B30 has a flange 50 which is received in a
groove B3®oOakowt23t he 5 inner dianeter of the c-ring, as tReT@SOY/ny43 s
initially mounted in the recess. As the tie bar is raised to lift the
c-ring out of the recess B23, the flange B50 on its | ower end noves 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 engagenent with the outer casing as shown in
Fig. B6. Agoanvednddy traougle at slobBéf indbetiber éor, guideg resipmesitipn duthc re et

ot her apparatus for this purpose - i.e. hanging an inner casing wthin an

out er casi nghekAye ThelévBlen®brsBiH fe BEARIRhnketdtoakd apgetehd bPtHESIP ORI
| ocking grooves formed in the outer casing. In sone cases, the |ocking

el ement's ar SoRRPhS i, Bt S DA it B BRLGAES %P%stfe%% in

the outer c ese Springs are’ "susce

ot her mal functjons. This is especially true sjince the hanger often

conpri ses a Q"é‘r‘@f@%ﬁh’ﬁ@e@ar@m hasa tange pamhchisiresride@ina @R R3G %bOUt the
repl ace, and which require a delay in the overall well operations. In still
ot her caS$es,inn¢hdiahwmtgreokthbaviimy asnihg @risg gindidllgtnedintgd athe femeséi tti ng
within a single groove, thus 20 limting its load carrying capacity.

Anot her obj ect ofad fHestid B¥EBIrAREd S I|Ft‘ﬁ1é’69iﬁ?%t ?f tHeARkBSs BaBURe MrfgeemB0
whi ch overcones these and ot her problens inherent in prior angers for

accomp! 1 shod I ontTor GLARYER A of S Bl thlp 5 REBEs b MG nBRURSH™a8 " ©

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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enbodi nent of this invention, by a |iner hanger system conprising a joint
of casing adapted to be connected as part of an outer casing installed

wi thin a welokborey and a |iner adapted to be | owered andPCarused13a43 hi n t he
outer casing. The bore of the 5 casing joint has a polished bore and
vertically spaced, upwardly facing |landing surfaces forned therein, and
the liner includes a tubular body having a recess fornmed about its body,
and a hanger elenent conprising a circunferentially expandi ble and
contractible Cring disposed within the recess. The ring has teeth on its
outer diameter for landing on the | anding surfaces of the casing joint when
in 10 its expandddeserandntherohiecisane retemplishede inaasardanseamignthewliustrated
respect to the liner, is expanded outwardly agai nst the polished bore.

Upon cont i nuggbddimaht BethisTAVERABOH, tf a ks Hénf@@f sgsténf ¢dHepriding atjeiat of aMsing
nove into a position in which they  expand further outwardly into | anded

positions o i 1 b : e

t herefrom M?%%@%Eg%ﬁ%?%gﬁ)e e?fgaﬁiéﬁt%gévgﬁgg Il—r?%%l?ee& @g&ﬂtﬂéhﬂﬁ?ﬁt%o
of the outer casing section is threaded at jts upper and | ower ends_to
permit it tc Heragarted ybalowared id lepged yithin t Wtﬁﬁcﬁﬁggaﬁﬂlﬁé@qrﬁ Oﬂchée
well bore, as in the |liner hanger systens referred to above. The polished
bore of the aaBighpirtdrds arpdimbedrb@enanidvertiealy spatdd,i upwaslly tadingwanding
portion, and a series of vertically spaced, upwardly facing | anding

shoul ders  GlgraaB9\8rrhb8 thEehs Sartd theéHes pRAIRIseS thheaeboa i BUksEss
restriction Cl4. -36 WD 02/ 097234 PCI/US02/ 15445 There i s another annul ar

recess Cl5 ffSFrrqgcﬁj eib%u‘ihl?s t%%ﬁ‘f/, aal%%vg ﬁ‘&‘f’gesregﬁmén‘?dcgrﬁ{?ﬁ%ing a circumferentially

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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the | andi ng surfaces Cl12 by neans of an upper restriction Cl6 above an
annul ar recess Cl13. The restrictions and | andi ng shoul der are of

essent i alwg otlgr2sanme di aneter of the polished bore abovepPchamsn2/B4anger
Cl7 is shown in Figure C2 to be carried within a recessed portion 18 about
the liner L. The hanger Cl17 is a Cring split about its circunference in
position to be urged circunferentially outwardly to engage the inner

di aneter 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
| ower end C20 is adapted to be 10 received within a groove Cl19 in the upper
end of an enlhargésianather adnuaetesesp 61t formedi thefbara@bbivaend sEparateddrorend
of the hanger has teeth C22 fornmed thereabout in vertically spaced

relation corhgsafNAg sarfates 082l Wﬁie‘éﬁs?dﬂafnaﬂg%r%gtri@ﬁoﬁ e ecdtsdvdaR BAnular
fitting wthin recess C18 about” the liner. The toothed section and | ower

por i on' Ca5 BHERE G ey e PO apBeB R inlus o PEBSSHLI e Game,

C25 about the liner. As will be described and shown in Fig. C3, the hanger
i s adapted tdrmeterpfdba pofighed b akpuedeMm.ner to rel ease it for expansion
outwardly into engagenent with the polished bore of the outer casing.
Thus, |ifer hangdiasyst@i issbbwdds FigusaiG2tol e @iiriee elithin a mrecessedipoetion €8
hanger out of its retained position, to free its lower end from groove

CL9. This myhdig tREIREPIL. STRE Mihded G 7Gs e ARGSBIit AoleRS ZirlinfférRnbais

C30 connected at their upper ends to a cone C cover which a packing el enent

s -37 WO %%/scl)t%?n %Abept%{eg%?rgér% eA'r%‘Lr_’xtially 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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adapted to be lowered to set it against the outer casing. The tie bars
extend through vertical slots in the recessed portion of the liner, and
have an owDer/fizange C31 rel easably connected in a groov@CTARIZLG@YS a

| ower extension of the cone C. Thus, it will be seen, froma conparison of
Figure C2 and Figure C3, that 5 raising of the packer cone wll raise the
| ower end of the hanger free fromthe retaining groove Cl9, and thus
permt 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 fromthe
hanger as i tadaptezs to meolowered dpesetrielbgainst tpe siuténoasingh Ties fie diars cexttérd
liner. 10 This relative vertical novenent between the |liner and packer

el ement congnRagh Jepd!lskdts i 8B Féteeéédtgoﬂtonmmh&ﬁﬁef %'n@%a%'éh G@t@ﬁﬁﬁﬁgé‘g

themin the position of Fi gure C2. course can be accorrpl | she

rai sing of t cke cone rel.ati rior o the
nanger i nt o G RBSEESAAY GRFRerEY 'tﬂ@foevﬁoésgebpafﬁh@ef tahRgn i 5

t he bore of the oquter casing. 15 Upon |owering of the hanger W|th the I|ner
fromthe Figure dhuseittwidl g geer frars apermpabsen PhEIGWaLY2 padiFigure @Al tha§ed

section C35 of the hanger, which extends over the outer enlargenent 25 of

the lines, irasisfrigeef tie packeovdrevdll yaisetthet bwver erelsef tHel hangert finee dranerthe
casing. Thus, when lowered to a position opposite the |l anding surfaces Cl2

W thin the fs’{aﬁﬁin ' Ege &he, éﬁéttﬁuﬁ% Oﬂ'\fﬁ étpfbebxﬁuﬁd Qiut\ké\%!h?@o hpager

nove outwardly on andl ng sur orm ng I'tiple shoul ders

outvard e FRHLRRT a%IBﬁw'e s Vb M £ D B 57 e T
| oner ed beneath - 38
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 the 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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WO 02/ 097234 PCT/ US02/ 15445 the enlargenment in the bore of the outer casing
as the liner is lowered fromits Fig. C3toits Fig. &4 position. Wen the
hanger hawogpnemgt outwardly to the position of Figure C4, PCEArsn?/nm4esl

| owering of the liner will nove the enlargenment C25 thereabout into the 5
| ower end of the hanger on which the teeth are formed, thus nmaintaining it
inits outer hanging position, as shown in Fig. C4. A downwardly facing
shoul der C51 is forned on the outer dianeter of the |iner above the
outward enl argenent C50 so as to |and on the upper end of the hanger, as
shown in Figure C4. The outward enlargenment is noved into the inner

di anet er of théenhagement mshetbomn of thébyier eadig G thieyliner ist lowvenéd frotraiperigd
shoul der C50B fornmed on its upper end slidable over an inwardly and

downwardl y t 64itiGROA surface on the liner. As the hanger noves
into | anded %%g‘? ﬁlggﬁj,]'%eﬂnparldéﬁrrbnt C35 thereabout beneath its teeth fits

closely withint recess, Cl6 in the outer casi bore so.as t Jo0m
outward expansi or%gfa”t g PARQRY q@%ﬁ@ﬁ‘fn%ﬁe W"f"’tdﬂ'?go %@&P%‘%‘%’b"ﬁfdéﬁ‘@gbﬁs
position. An inwardly enl arf?ed portion C60 on the |ower end of the hanger,
beneat h it continued dwering af Gedines will srovedbe rargemeat Cta‘éethemaé}ouﬂi"&ﬁélg%r
of the lower end of the liner, thereby cooperating with the enl argenent
C50 to ngi ntigivar eRd dfang @anget eR&itich Ahé teethuirerfolned] thyispoaintainmg 2 its

Runni ng Tool Referring back again to the running procedure, the annul ar
packer el emgfjie, ﬁg’r?ging position, as shown in Fig. C4. A downwardly facing shoulder C51 is
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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WO 02/ 097234 PCT/ US02/ 15445 150 (see Figure 1 F) is disposed about a
downwar dl y- enl arged upper cone 152 beneath the pusher sleeve 148. The
packer elwoent930 is originally of a circunference in wrCFhUS02/$54G D. i s
reduced and thus spaced fromthe casing C. However, the packer elenent 150
i s expandable so that it my be noved 5 downwardly over the cone 152 to
seal against the casing. The packer elenent 150 is adapted to be set by
means whi ch includes spring-pressed |ugs 328 which, when noved upwardly
out of the tie back receptacle 130, will be forced to an expanded
position, as shown in Figure 6A, to engage the top of the tie back

recept acl e. iBe(sencFighre i1§)Jedisposad ahaut exgawanardlypnlaggd upner 6088 192 hi s
downward force through to the pusher sleeve 148 and the packer el enent

150. A body Hepelathi ithe guéhdissieeleots 1The patkei spersedt H&0wseorigihally icf dack
connector 130 and the pusher sleeve 148 and permts the packer el enment 150

to be for c%ﬂ_gﬂﬁwﬁy@k@l Y QHEER &?%dppﬁfecﬁﬁ% s %&(@é'o‘ fiém&he!®Rird g 15

back connec pvvard novenen e set packer elenent 1S prevente

The packer el ement 150 may be of a.c t,ruction described in U. S

Pat ent No. M%@Y@&Sdh%@ﬁéf‘?rs?w&‘% fﬁié? %ﬁ%ﬂdaﬁ%fof g’?atsﬁi'a?‘)ﬁgb%\fgpv?%e
cone and annular flanges or ribs which extend outwardly fromthe body to
engage t e casvmgardRowessthefcanesida ersed eghinsy thecasingl nay be nount ed
bet ween such ribs. The seal bodies nmay be forned of a material having

Theant g TS Rl B IS by bk toces o
“ spring-pressed lugs 328 which, when moved upwardly out of the tie back receptacle
130, will be forced to an expanded 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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Radi al Set Packer The present invention also relates to an inproved radial
set packer for sealing with a casing or other downhole cylindrical surface
whi ch i s workiogmesed with a primary seal and a backup sealpCTarsd2/n®ys be part
of a downhol e tool including a 5 conveyance tubul ar and a coni cal wedge
ring, and thus may be used for reliable sealing engagenment between a liner
hanger and a casing string. Packer elenents or packers which are radially
set by axial novenent of the packer elenent relative to a conical wedge
ring have been used for sealing in subterranean well bores. A conveyance
tubul ar is conventionally provided for 10 positioning the packer el enent at
t he desired in the well bore, and an actuator causes the
packer elenment to nove axially with respect to a conical wedge ring and

t her eby expand i e pesddmgnestage atsot relitel tohan dylprovird cadialssetf paekardobe
sealed. U S. Patents 4,757,860 (previously nentioned) and 5, 076, 356

di scl ose radigging il@th%eba%@l&%ﬂ?ér%&mr@r NmQrieas PRI SRsich rsdbaﬁ" Qksd with
appl i cations, Incl udlng a Subsea wel . I'n a typical wellhea

appr ox, mt 013 PHTES) ang%ﬁ%mséﬁﬁ%ﬁﬂt@%ﬁbééﬁﬁﬁ‘ﬁaao{f%%%t@& hipeluglng =
pol i shed bore. U S Patents 5,511,620 and 5, 333,692 di scl ose packerel enents

i nt ended 5f orcosvayanee iulaieandsal gamigal N‘éﬁi’@@r“%@"kﬁi ibysimay beptsed for reliable
specifically, a 20 conical nmenber is noved axially with respect to the

packer el enesgalihg epgpgoahent eetweek arinel hargér and a casipgosinirgt Wit h a casi ng.
That expansion may be significantly greater than the expansion of a packer

element in a wel lheadr etdthents or packers which are radially set by axial movement of the

packer element relative 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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WO 02/ 097234 PCT/ US02/ 15445 application due to the difference in dianeter
of the casing fromthe drift ID (snmallest allowable ID for a particular

si ze casiwg@)2ow286he maxi nrum I D al |l owed by APl for that siPre/usayisags The
difference between this drift ID and the maxinumID for a particular size
casing may thus be 0.300 inches or greater. 5 Several problens exist with
t he packer elenment disclosed in the 620 Patent. Because the seal el enent
is stationary with respect to a novable conical elenent, the radially
extending flanges or ribs of the seal elenent may not expand as desired

i nto porti On%péﬂlcawﬁd[]g%ﬂ{aélﬁél’@n%"ﬁiﬁfa%etgﬁéf-tﬂg c%éi;nggﬁ)enenﬁo&]iﬁﬁ'( él‘ﬁ%\ll&ql €

net al -t o- I'ng engagenent

alwaysform 10 re bIe ta -to-netal seal V\nththecnlca

and the coni QW%%% ?hghga '§P ﬁgﬂ%?smgé@%& e P c}t=,k’3/\,\/£‘:’?ﬁ)r’[h
metal -to-netal seal with the too( mandrel. Also, the el astorrerl c sealing

portions of sihe aasitlg.el dhvendiffarenceobetdennthls tdyift H2 ramall the mexjrawmah 1D for a
response to high tenperature downhol e conditions, and thus exert

uncont r ol | abp#ritQlae 8EetdhsiftEmananes baeso0 Mirs dragibaﬂerflanges or ribs. 15
O her problens with prior art packer el enents concern poor sealing

i abl y seal i creVHE PRERAEPRSEAE NS ke b PRt e actn Y 6%’%&88& of

the seal assenbly may not reliably seal over extended tine periods.

packer el ene%@%atfﬁﬁn@?ﬁ%‘ plesrH dpbiatiqrary wilihesposcyte @m@@}eecwc@@em@at to

one side of the packer elenent, but do not perform 20 well when high fluid

pressure is thppadiady emehhmgftdmgessirdbsofthdseabetelmntezhwvmﬁexpambas desired

di sadvantages of the prior art are overcome by the present invention, and

an i nproved jpgek6iioRVTRRE nBAYINofrAfiamBEerittsiy siRgitTRLENB Y& Phetdl-gTENT
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

49



-42 WD 02/ 097234 PCT/ US02/ 15445 is hereinafter disclosed for reliably
seal i ng between the packer mandrel and a downhole cylindrical surface. The
radi al sewoOanmnwi2a+ packer el enent according to the presenPCrrosentiseh i s
posi ti oned downhol e by a conveyance tubul ar. The packer el enment nay be
noved 5 by a setting tool froma reduced dianeter run-in position to a set
and expanded di aneter position, such that the packer el enent engages a
casing, a polished bore receptacle, or other downhole cylindrical surface
inawll. If the cylindrical surface is a casing or other nmenber which

may be irregyl | refera noved .axi al |y
relative to % @%’Jr?l)h Cﬁ@@%gé?&%@ﬁéﬁﬁ@%ﬁé@% RS{\@?’?S‘ ﬁ? gg?l(%rn@agggﬁlaﬁchﬁ'
The packer el,ement is particularly well suited for reliably sealing

agai nst hi gth‘P’BE%IGr‘é’“BaE'%rSW% above or bel ow the el ement, and includes
a primary elastoneric seal and a secondary el astoneric seal, and a primary
metal lic seal anthe radiebsetaannutatpddker elbesdnt atioerdirg &b thd present inbentiatiser
el enent are angled so that the primary el astoneric seal is pressed agai nst

a Iib angl edosanich dSwhhioltyEiodhRSBHES LML, HHe SRYRPERICAIAS) BSRded

seal is simlarly pressed against a rib angle I gh “pressure.
The secondar I A ' b ts .,on the prijyary rib.to prevent the
ori mary 1 b b SR T BB Rl b o BB b frt eBfpghaed
surface, and thereby enhances the reliability of the seal. It is an object
of the presefi@MeteiarRsitien ssichibat the paskenplemestiengrges a easingra polishegthark
may be used in downhol e applications for reliably sealing with a
cylindrical resepteats.oricthérsddawriiesé ayiihdolcal hiafaueds enwell. N evd e@indtibatsuifaee
packer elenment is
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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particularly well suited for sealing between a |iner hanger and a casing
under -43 WO 02/097234 PCT/ US02/ 15445 conditions where the casing may
grow conswoarapizg4 i n response to thermal and/ or pressurePeETABAFIZAM duri ng
downhol e operations. It is a related object of the invention to provide a
downhol e tool including a conveyance tubular, a conical wedge ring and an
annul ar seal assenbly or packer 5 elenent according to the present
invention. It is a feature of the present invention that each of the
primary and the backup netallic ribs of the sealing el enent are angled at
| east 15 with rg%géct to ,a glane erpendicular to . a central axis of the
seal i ng el enSAPANIBRGWhEre the¢3%1Ra H1ay GoW errsiderahlyiig resransadodheymalansdier
metal protrusions 10 provide a reliable netal-to-nmetal seal between the
packer el eneptessuide elpansior duringdicatrdwml@opémtionsy bet ween t he cone and t he
mandrel or body interior of the cone. Still another feature of the

invention is that |tibe rRiAsk oBRidt of B#8ain/eplbs %o plovidea &ﬁﬁ?ﬁﬂe %cﬂﬁ'ﬁ?&?&dipg a

i ncl ude specifically designed volunetric voids so that, after the sea

nti§the. 10 cahvevae ey AT 87 ny 2RhRE B! sectibly Rplgker

the now small er voids in the seal bodies allow for thermal expansion of
each seal® boflemritacsearding iadhespresenbinvestianni ni ze undesirabl e stress force
on the ribs. Seal Elenent Figure DI depicts an annul ar packer el enent D10
according to the frissefeatu0of tenresentpioseniianéthtasadhhef thverinemyg amid the
pusher sleeve D12 at the |ower end of a
backup metallic ribs of the sealing element are angled at least 15° with respect to
a plane perpendicular to a central axis 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 elastometic 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
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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 cwoneotnss may be used to interconnect the packePCeluSoeni44io the
tie back receptacle. Axial novenent of the packer sleeve D12 and thus the
packer elenment D10 in response to the packer setting operation’ pushes the
packer elenent downward relative to the tapered cone D14 to expand 5 the
seal elenent into sealing engagenent with the casing. The cone D14 is in
turn supported on a |iner hanger body D16. In an environnment where the

packer ele ves dohrdAgs ?Qgﬁf b &?ﬁilaf’%ﬂﬁécﬁ?@mﬁ# @E L&Zepkﬁf in?ér?ﬁﬁﬂ%clz}gﬁgr

may be supported on the en a seal actuator aces

sl eeve D12, and the lin ha r _bod 1 .be a packer ndrel or other
conveyance t %e&reef?rg?nﬁgy B&ﬁ%%@ﬁ?ﬁ%gqpﬁﬁgﬁ%? T@P}é&@ﬁ{l?%pﬂ%ﬁ@%ﬁ[@qvﬁ
the Figure Dl enbodinent, the body D16 is thus part of the conveyance

t ubul ar whi cR13&sidttheadhe packeriement Bibrin responsesiolthe padkeossting npeiationn
the well bore. The pusher sleeve of the tie back receptacle shown in

Figure D1 repistesrthe packenelenisitidoWhwaird a8lafigs ta ties tpe26y Bondvd1ahtou@andt he
packer elenment froma reduced dianmeter run-in position to an 15 expanded

2 sol ect ad arare RS RINEeRa bhOdaerii it 17 rsify THE B Dtfg i TR Y
doun el ght PPASEREP A BN ISk HSFY HAO ol 8) SR@orGRAI b herghenagoker
I ncl ude axial novenent of a piston in response to fluid pressure, either
with or wit rRlement spptihe foptigerdangar seal2the padkec ekeasentfD 10 map bessupperted
Further details with respect to the use of the packer
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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element in a liner hanger application are disclosed in U S. Provisional
Application Serial No. 60/292,049 filed 18 May 2001. -45 WD 02/ 097234

PCT/ USO2/wba4B970be packer el ement as shown in Figure Dl i #CIrruso2/s54e% i gi nal
configuration in which the ODis reduced prior to being sealed with the
casing. Packer elenment D10 is expandable so that it is noved downwardly
over the stationary cone D14 to seal against the casing, as discussed

bel ow and as shown in Figure D3. It is a feature 5 of the invention that

t he packer elenent D10 be noved into reliable sealing engagenent with the
casing by a setti ope ation which includes noying.the er el enent, D10
axially with respigt3 ?%%EHMQSW imaigureids in %9”&5'9'( figurRtiqiyiRe
with respect to the stationary packer elenment. This setting operatlon forns
a nore reliabhichstbalObis fedubed past togbding aedlediwiil thaeasings HarBer elemang Dxibe
setting 10 operation, to flex or deforminto the shape of the casing.

Ref erring t ojshygpan@abldlscihét ms Md%d&ﬁﬁmﬁa@lyﬁéﬁﬁéﬂth@%%h@ﬁﬁw ESRSDAY td BB

nmet al body or base D18 for sliding over the conical wedge ri ng or cone D14

base Dia 1 o 24HDALEe e 2B bV SRR L St CRRLSBRT Yo f RBIre®

faci Iltate radi al .expansion. 15 The base D18 and the ribs D20 form a netal
f ramewor K t 005 i dnyention thainie packes: elemenddP1§ hia mewedyinde Jelighle sealing
el astoneric seal bodies. Rings of resilient seal bodies D22, D24 and D26

are provi dedebgagereant Withrihlescdxdg nd sﬂtmﬁ@lopbra}timhwhiqb\pmclummmmgrthe
sides of each seal body are in engagenent with a respective rib. The body
tDé8 and the phBgerBinait{@aIBAY WitARSPEcEEd Rk paakerebridhi 4 Fafir thiEiblingy
the 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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20 expand into the annulus between the casing and the |iner hanger. The
nmetal portion of the packer elenent, nanely the base D18 and the radially
proj ecti Myoroeiog723020, is thus formed frommaterial which PSTREShatiael y soft
conpared to netals -46 WD 02/097234 PCT/ US02/ 15445 comonly associ at ed

wi th downhole tools. This allows the packer elenent to reliably expand

I nto sealing engagenent with the casing at a reduced setting |oad. The
radially projecting ribs D20 of the packer el enent are each substantially
angled with respect to a plane perpendicular to a central axis of the

packer el ement More s I ent f WXy ed
in excess oft© Wogﬁdaﬁpé:f%?é wo%‘o%)oq?elﬁ{'% @8\(\% tp%@?&%ﬁ%l@gﬁp%
per pendi cular to the central aX| s of the packer el enent. %B\(l)%?h the ribs
may be sl i ghieligbly epeaed into seatirgrengagement witbihergasingintd ref t#ng logd.
ribs preferably have a substantially uniformaxial thickness. Rib D32 is

shown in Figure DheatadilyargieetifipdbdBR0edthe packerkeldrienkareeachrsebatantiohy
pl ane D38. This feature allows each of the ribs D20 to expand

subst ant i al 'a¥1 WA Jfégwé l%e?%@a&ﬁﬂ mgrt‘baé tSiftrap BxisF Spackeieldifent. N

response to |n er nal sur ermal expansi on. Because of the

i nt ol nsd IUSHLBRCEHE2bhaRooF TIPS B EaERd Y o AR DA SEOEhalin'on Edur o

D3. 15 A particular feature of the invention isthatthe packer el ement. D10
i nherent |y prefersblyabioud 307 | ieiatiyede she piane Do p@@pﬁnﬁiga&afdoéhg@@aﬁabaw%a|

with the casing, with the secondary seal dependi ng upon the direction of
pressure. AltFg packer erekeit, AHheNBRthawpsingy bdealibbtihtapeped tmbgcame thinneckup

el astoneric seal, and a prinmary
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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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

rel ati velwoheghr2B4 uid pressure above the packer el ement may/ysayss4y t hese
ribs and the annular el astoneric upper seal body D22, so that the interior
seal body D24, which -47 WD 02/097234 PCT/US02/ 15445 constitutes a
majority of the elastoneric seal area, forns the primary el astoneric seal
against fluid flow The term"fluid" as used herein includes gas, |iquids
and conbinations of gas and liquid. Seal body D24 preferably engages the

ribs D32, D34 and the base D18, gnd substantially fills th nnl 1 d
bet ween t hes@r‘?}ﬁgg?s’f gdaajort %‘%‘%Iel ‘a?ﬁtom%Qﬁﬂai ar%a’ﬁ%O% Ld?%é“@@@( e%lsgdr%%'ﬁ)é
D10, the | ower seal body D26 positioned between ribs D34 and D36 fornms a
backup secorskal pgainat floitefiow. Tdwateri‘fiuisd asvesad bewininokdss gasidiayidsrand
seal were to leak. Simlarly, when high fluid pressure is below the packer

el ement, hi ghhrBiReEHLof had Bndiduit.| Skal body DM pasferaliipenyabes BESribs D334,
so that seal body D24 is the primary seal elenent. Seal body 10 D22 between

the ribs mo%?{%@ﬁéé @nge 1 MBSd SiBsEhE Iﬁ}gﬂﬂé’ 156 SRR VSid SRAveek 1REB! -

The primary élenent 1St pressed 1n an axial direction
(generally along the central axis of either th onv t ubul ar or
the casidng)surfacesgs MS‘P%@W@ RE&SYE 1P E‘EHV? ﬁlﬂ %ﬁa?gg%{v%%{ﬁhﬁ!cheS&aF%é‘y
which is angled toward the high pressure, and the secondary el astoneric

seal el ementDP8 positibnee thetBedrerine &84 awd P36 forwas A haskue seceday Slastomede
pressure side, so that the secondary seal elenent is also pressed in an

axi al di rection e 8véntantifiraag ddstomdriRescdl nest ite fealof Sinhitarlyi ghen high
pressure. Mst inportantly, the backup seal, whether that be seal body

fluid pressure is below the packer element, high pressure fluid would 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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D22 or D26, is captured between two ribs and thus mnimzes the |ikelihood
that the axially innernost rib D32 or D34 wll flex outward to cone in

| i ne wit hwohe/opl2zane D38, 20 i.e., perpendicular to the walPcTafSor/is4tasi ng.
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 -48 WO 02/097234
PCT/ US02/ 15445 D32 or D34 from becom ng perpendicular to the wall of the
casing C. Should the ribs flex past the point of being perpendicular to
the casing wall, the packing elenment |ikely will |ose its sealing
integrity w32 ph&wafgwmdoecvﬁén@ perpgndicwar %lgzmea/v@" ot thgcasing &c aphouid the ed
from one anot her and act independently with respect to 5 upward and

downwar d di ripet fiék [paes ks edintr sebeindaplgendiotnamto DiEDcasing walt| theepacking
mul tiple netal sealing surfaces, nanely the ends of each of the ribs D20,

to form anng;;gﬁgg?g@éely W @g&% sg%ﬁaé iﬁ%%ﬁtgt\ﬁ?n thf‘eaédsm@@wﬁ PadhA ABCODOENY

t hese angl e gure kee const ant -to-nmetal seal
wi th the casgj ng even though the packing,el enent be 10 subj.ected t
variabl e fl ﬁbﬂgﬁ’reég‘éq}{yesﬁ‘@dt APt L?ﬂg’ﬂl‘?fc?%% .acﬁm%ﬁﬁﬁaﬁg{gﬁ‘st‘?se?e&tt%e
two ribs adjacent the high pressure may flex toward the base D18 and thus

not mai At aiupwardlanthdownwgrd diyected presaug forsesl seal is neverthel ess
formed by one of the axially innernost ribs D32 or D34 on the downstream

si de of el ast onerpgcker@ighentiody al¥Hinchidésanbitipleupetat sebling soacds, seately s
formed by the axially outernost rib 15 D30 or D36 spaced axially farthest

Lo e S B S b L4 PRSI o hbe B
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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thereby formng a tighter seal ed engagenent with the casing. The redundant
or backup elastoneric seal D22 or D26 exerts a biasing force which tends
to prevernwoO olog72ps i mary netal seal D32 or D34 from novi ng PeagiSor/m@4posi ti on
where it is 20 perpendicular to the wall of the casing. Referring again to
Figure D2, each of the elastoneric seal bodies D22 or D24 and D26 is
provided with a substantial void area D23, D25 and/or D27 to allow for -49
WO 02/ 097234 PCT/ US02/ 15445 conpression of the elastoneric body and for

t hermal expansion so that, during both the final setting operation and

during use downhol e, ru r-I i.ke materjal i s not s ueezed  out war,dl
past the end‘sonaf?re?ﬁ@"rqq@%e g’ls%ﬁ@‘é?‘é@y?r@é#@{gﬁmﬁﬁé?@?ﬁ?%Fo‘ﬁ?%r(ﬁﬁ t%he
ribs which will alter the flexing of the ribs. Preferably the void area 5

bet ween t he thadinabsetting aparstiemand Weribgsisesiowrthole,dhpirng er-reomatdrial isush
that at |east about 5% to 10% thermal expansion of elastomeric materi al

nmay occur. TéuLﬁeezé%éLﬁwé%ws@ tﬁé%d‘s*ﬁf&hé'ﬁtﬂs\/\@)rfﬁuéelzédft@' emnoamstem@f
each elastoneric resilient” seal, thereby avoiding the creation of

R LN L R A enf%eaF

body to corrpress between the netal ribs w thout over Stl’eSSI n uckl | ng
the ribs.5 THealwegsithe ands| of thediseard bg Base of e sedlinggelgment ﬁ'é?ﬁ) Hlon

of the resilient sealing material, and will becone substantially filled, as
shown in Filgastai®hutddeta d)O%JtrInprmakemamfortcbfeelaﬁameﬁmdheEr@hmaymual This
expansion of the resilient seal bodies. The stress |evel on each of the

el astomeri c 59%%3O%Vma%réawsf:saroﬁvsrf@maﬁnéu&sﬁa?q@tdrﬁdﬂ@ecﬁ@wwmbnmﬂ;ent
varying thermal cycles in the well bore.

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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As shown in Figure D3, the elastoneric seal bodies have been conpressed to
reduce the void area, leaving only a small void volune for additional
thermal wopangizen. The void area is preferably designed traThEsot/1zams 5 to
10% of the volume of the resilient seal bodies once each seal body is in
its conpressed position wwth 20 the ends of the ribs engaging the casing,
but prior to thermal expansion. Figure D3 depicts the packer el enent D10
according to the present invention -50 WO 02/097234 PCT/ US02/ 15445 in

seal ed engagenent with the casing C, and at a tenperature wherein the

el astonmeric material has already expanded to fill nost of the void ar

e
di scussed dBosealed gpgagament] Wihshswsasing ¢1 @rdngt 8r tasapriateoV ?F?é’éetﬁ?i bs

fromthe run in position as shown in dashed lines to the sealing position
as shown in ¢lhstosdricimateras has alteadyredpanded do fihmadhof thé goidi area,disgusised D33
as shown in Figure D2, is thus increased during the packer setting

operation. Thgovd bEighRO DaNslsP3Bofs thEFIkRRESr 5aKHIRG of RitesePABK AbneiRRIM inD10

are angl ed downwardly, and the ribs D34 and D36 at the | ower end of the
packer el enment .are angled.u rdl,y. expl ai ne V. e ! of
each rib is RAYULSP (?\%%g}(?é'l%@cmﬁ%%ég%g%ﬁ}qgﬁqsﬂgﬂbfsaﬁi%gl @égﬁggﬂiﬁ%%l ar
to the 10 central axis of element 10 prior to setti % i.e. when of a
reduced di anbheincipatitueiiheiripsri.gupegmD3FiRe shawe IDtigwe Rads flsdprraassd
includes a plurality of inwardly projecting protrusions D40. These annul ar

protrusi ons duridetdspanhet betting dperatédrenEime ribp DB0i atel B32 et trablipper end of the
netal -to-netal sealing engagenent with the packer cone D14. 15 These

protrusions prod-deREHD 0 ARSSnd18d AbimWardi9! sAdthedldsahs£an8 DE6 dtehaRvidr

seal .

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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Simlar protrusions D42 on the packer mandrel D16 provide netal -to-netal
seal ing engagenent between the packer mandrel D16 and the packer cone D14.
Accor di ngwve,02tohe3seal of the present invention operates i RCTarsoanags on with
the packer cone to obtain a conplete netal-to-nmetal seal between the
packer mandrel 20 and the packer cone, between the packer cone and the seal
el enrent, and between the seal elenent and the casing. The nultiple seal
protrusions or beads D40 form axially spaced netal -to-netal seals between
the base D18 of the sealing elenment -51 WD 02/097234 PCT/ US02/ 15445 D10

2nd the pacilid BBAYIRRSIPFORS Ry MRUS PLABISI® Bie sepetara E FHSTREE
seals are energized as the packer seal is set, and '_Freferabl i ncl ude

nul tipl e recuddhsipackenbbdy onethal carveyenas tuadard) 16\ Thesmmetarloviriabiealpot h
of the radially inner and 5 internediate netal -to-nmetal seals could be

formed by anpylederfiz8 H43hepacker $diis SACkAE pesieeatilpinchedd muliphe réduzidainer
or both the packeer@el enent b@%se D18 and the packery)mandrel D16. The

resilient elastoneri I n I f 4BN0BNndeand
backup seal @nnyi? cge ﬂéggﬂé?%gggaréﬁﬁ'&a g?? lg’p?%%];%tjr:t?%hs&%g% r?or ny?%e
metal -to-nmetal 10 seal between the packing el ement and It he cgone once.,t he
packer ePemdntermediate etakto-meidiisaals epuld: Medstas ANNYIAE RrojEisions gl s g
D15, provides an el astoneric backup seal between the cone D14 and the body
D16. These rrioker pont fosserimg WO eithert orebotD the packeeelement bose Rit&aaditae | y
inline wwth (laterally substantially opposite) the area where the ribs
D20 seal agei:jdb?(%r e frashng. The interface
The resilient elastomeric seals D48 on the ID of the seal bore D18 may be
backup seals, since the spaced apart metal protrusions D40 formthe 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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15 between the casing and the netal ribs D20 of the packing el enent D10
thus force the netal seal protrusions D40 into tight netal -to-netal

seal i ng cwotoao®7284 t h the cone D14. The protrusions D42 omCrhsobodys D16 are
simlarly axially inline wwth the elenent D10. The netal -to-netal seals
bet ween the packer elenent and the cone are preferably provided on the
packer elenent, since its axial position relative 20 to the cone when in
the set position nmay vary with the well conditions. Wth the desired
setting force applied to the packer elenment D10, the packer element wll

be pushed down the ranp of a cone D 14 so that the ribs D20 co I nt o
WO 02/ 097234rnpt§tﬁ®mgﬁ%ag®erﬁ@ﬂhwmﬂ Hl%@%lngeﬁ‘/b% 'e?ﬁ,fﬂtpr%r"t"‘l‘io'f‘%gﬁpa@]dn[a42

Met al seal protrusions D40 and D42 between the packing el enment D10 and the
cone D14 ancbdtetssnehetgaekivedslePisht Ddtland éhecoree D14 and:betwesmihechqdybld| 6
have not been energi zed. When the setting pressure is increased, the ribs

on the packi ﬁJee@w (Rpmyaréf?n Ebgsed Hu‘i‘Wé{’/é' nbpb@er%?eﬁ@@éeopn WReA 8hé Setlinges

in Figure D3. setting force wll conpress the seal bodies

eal i ng Zﬂéaéré%%ﬂ%”%lﬁﬁ‘éﬁﬁa& et ﬂv%gﬁé'ﬁw BlarfefnaE Be MRt R LA

the netal protrusions D40 along the ID of the seal el enment D10 and the
metal  prot resitier iradlidlingrgint HguDSs thie highneatiing fargevll cemprgss Hs $8ale
netal -to-netal 10 seal with the cone D14. Underthis | oad, these netal

protrusions hodigs beghedrotind fizednd shuss thewbutehdigpoatet of Jaachv setlrhoxdydnto fighjage
the cone to achieve a reI | able netal-to- netal seal. The netal protrusions

ot e e S LB 10 oHEHR] 8k, Bk 0uPaKl s o
metal protrusions 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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the outer generally cylindrical surface of body D16 or the inner generally
cylindrical 15 surface of cone D14. A reliable fluid pressure tight
barrier, wbhioelhomay be both a liquid barrier and a gas barcCirarsp2/is4s hus
formed with high reliability under various tenperatures, pressures and
sealing longevity conditions, due to the conbination of the elastoneric
and netal seals. After the sealing elenent cones into contact wth the
casing, the BOP preventer ranms may be closed around the drill pipe (or 20
ot her conveyance tubular) and fluid pressure may be applied to the annul us
to pressure assist the setting of the packer el ement. The seal ing el enent
of the presdangeniarasaingibstween thaupacker mandrekofithe ingn hanger and thgcasing.
02/ 097234 PCT/ US02/ 15445 hanger for sealing between the packer mandrel of

the |iner hﬂ@ﬁhiti@ﬂ@bﬂdlﬁvrﬁ@@igﬂ@on tHd eedlvlémaht B4 wdibtwusvierogithe seakdieneadal
el ement D10 will thus force the seal elenent down the cone D14 and into

contact wt | , | £ I I @l | ' [ |y

outward of t o@ﬂﬁ%@?&% P ﬁg Arl{labﬁs"lt%%xﬁcr Mggﬁggrar‘pg& ?s'eﬁ'%'egwggﬁﬁaf/é%ﬁ’ﬁufgc@ of

the void areg.in the seal bodje Once t el a ri.c bodies haye been

def ormed so W %lrﬂ'strl?éhé%%“t%a“i ﬂéthﬁi%ﬁwgﬁgé'béﬁﬁef@@i%?OWREG%SS%?&CHBPY/oi d
area may be from5%to 10% of the volume of each seal body, assum ng there
has been5S nongélyaf theceid acopitbe@eabbodies. L¥de thedilasiomedcthpdigrchang Deen

expansion. |If the seal bodies experience high thernmal expansion prior to a

setting operffopied 5Hehache endedf tHE rik ldndgagerthd taeihghbihecwmainig wid ered he
seal bodies. During well operations, the pressure may cause the casing to

expand 1n GhaBh HonfB8 to {195 oPHRAISHAR i deloh GBéPELd) BsSiiin eRkRASHdh t N

t he casing,

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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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 woo2gemad 15 in dianeter with the expandi ng casi RgTRSepss4he ends
of the ribs inreliable metal-to- metal 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 |ine
configuration as shown in Figure 3. The seal elenment DI0O of the present
invention is thus ideally suited for 20 applications in which high
pressure may be applied fromeither direction to the seal _elenent, since
the seal el eA¥al ”{)Oﬁﬁﬁ”feéﬁt“? vesRaedesthgdiigh Rressuiamy a sl whieh ig anglasbindihey
seal, with each elastomeric seal being supported in a direction to resi st
-54 WO 02/ 09d@setioRGTf thsdHgh ptdssiasj ahd minenalivws fexiagrorconfém idthehtading.
pressure by a rib which is angled in the direction of the high pressure,

and whi ch al rpugibfdresh®9sid GaRk BhGapt | Ldg of
the primary seal body isssupportgjgmt])%/r?tsﬁg gg@%‘rﬂ%’rpfoge% by E]oéé%&ﬁmﬁlggaégg

bi ases the rj he high. pressure. . 5,.1n the case of a |iner hanger,
the Iiner ha!rjlg%i’%ﬂ{‘ﬁlﬁibhfetsg{bg ft!ﬁ’i%" ?l’lit%g'lgpf"eﬁﬁér@udes the actuator which
provides the conpressive force to the packer elenment D10 to set the
packer. Ih other Wpihie easa eha linsshangae tBedineehangear running teh! canveationalyor

may be used for applying the conpressive force to nove the seal froma run

in or radi al ingludeddloe dchedort Whithtprovides &hd ogmpredsad frty tetHeaputier BRFhéntoN.
The 10 actuator may be hydraulically powered or may use nechani cal setting

operations. DINepeat e padkdre!t A REr KEERBDAS wikéth tRL YN bidRert§2/UsBE. an

contact with the casing,

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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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. WoazeeaBi ng el enent of the present invention nayPo@/ussytb4ih
various 15 applications in a well bore having a tubul ar disposed 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 tubul ar, and lity of rretal ri bs which 20 separate the

el ast oneri c KB5A 16 HP@& Igineter: ard the, Papker ?'ﬁmﬁ@@@fqrmednﬁd@llytwm@unto

seal i ng engagenent with the tubular. The packer elenent nay be run into the
wel | in a cesdlinguengagameninivithrthe aveélhhorestubutarn as Firgoves Bdlative whiactorits
sealing elenment -55 WD 02/097234 PCT/ US02/ 15445 has a reduced di aneter,

and the packgedgé en@ntuntuﬂm‘e%é@éérré&héh{ Veé&hb\é’aehé findl Set é@ﬁfnbrﬁ'%&@ﬂ&%”‘ﬁm

with the well bore tubular as it noves relative to a conical ‘wedge ring,

Figure 0o, THECrall T OeroGRE PP et dentiithent o 485 Breselfin Ve TIEN s benus

be 5 used for various types of downhole tools. Additional back-up secondary
metal ribs rHé”E‘r‘%&’PGé@f dawnfielq togls. swditions Reckapieasendansmetal ribs
bodi es engagl ng these additional ribs. Various types of conveyance

t ubul ars rmaycddd be edovided Essvali asaddjtioal bpakiugrelastbareitboaieskripight] dse

| ocati on bel ow the surface of the well. The substantially 10 conical wedge
ring or congd@ioh@mvpsgvari ous constructions with a generally outer

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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conical surface configured to radially expand the annul ar seal assenbly or
packer upon axial novenent of the packer elenent relative to the wedge
ring, dueweioghgens4to axi al nmovenent of the packer el enent PCa&lE02/V43 0 t he
stationary wedge ring or axial novenent of the wedge ring relative to the
stationary packer elenent. In a 15 preferred enbodi nent, the seal assenbly
i ncl udes an upper el astoneric seal body, a primary elastoneric seal body,
and a |l ower elastoneric seal body. While each of the upper and | ower seal
bodi es ideally provide the backup el astoneric seal in the event the
primary el astoneric seal were,to leak, it is an inportangggunctLo of the
upper seal Iséale.0Br examplee thelawerseal bahul2beageges ol e ngedb and

bi asi ng force 20 agai nst the respective rib D32 or D34. These el astoneric
seal bodi es thbusitéuribtD36, and dxiestsi argupwalk biasieg Verea toheressntalib yD 3 tfrompost
rib and the adjacent inner rib to exert a force which prevents the inner

rib fromfl erﬁg')\r,]gg Wrﬁ g%%fgggg‘iiﬂhm.ett@@p&@e@@é&%&éﬂw&%ﬂ bﬁﬂalcrl_ai%ﬁ@bM

stage. For exanp we D26 engages both the inner

and the outgr, rib D36, apd exerts an d_bi asi . Nt Li b
564 1rom  mAhG BB dUsEN S s feped R AT BT EE Yt e
wal | of the casing. At the same tinme, the |ower seal body D26 exerts a
downwar d 5hi dendgtd inctassrherdovnvearddlexing tadhe gyterrieDad wiiearthe fnnstirtbDed
the outer rib D36 when the inner rib D34 flexes downward in response to

hi gh pressurfexab@oavriierdiacksportsesiaenigh pressadeiabove the pableemelemeani,
netal -to-netal seal, the secondary netal-to-netal seal, the primry

B T e o AR SRR T8 IR sBStlo Bdehicy lraretmend
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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10 el ement. El astoneric bodies which are configured other than shown herein
may thus be used for this purpose. Various types of plastic materials in
vari ous workiogzsati ons may provide the desired biasing fecxasoand4s deal |y
al so a secondary resilient seal. Alternatively, a wave spring or other
metallic material biasing nenber may 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 nmenbers with

t he outernost surface of each rib, when in the run-in position, being
substantially the same radial s acing froma central axis of the tool for
reliabl e sealould naideyehiainedv trefarablyua dwralityoofhaxiabuaspaced Rpreffyensare
enbodi nents, one or nore of the ribs could include radial notches so that

the rib wowrdvided fbometl-toanplattealimnehgagement batwenntiiae paeker, eleimechanden
could be provided by the elastoneric seal, although then the conplete

annul ar et ghe 364k ar@oﬁ%@@eﬂ%??éﬁ%@?ﬁé R Rt8 Jubiau 1 dﬂ‘i’ér.dgg)ge?tyis{'ed-

Preferably a plurali axi a protrusions are provi

nmetal -to-netal . sealing en enent between.t.he packer. el enent, an t he ne,
and between & A ﬁanﬁ'ﬁa p?ﬁ@“%%\f@?)ﬁ eSLEr}ﬂB'GPBEQ FOIrW meng &%me@gﬁogﬁgfa? a
single annular protrusion may be sufficient to formthe desired

met al - t oSnetsgaling féretlonng function. Ball Seats Continuing further with a

description of the overall system the |ower ball seat 246 (see Figure 1D)
is mounted within the running tool bore by shear pins 248

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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10 opposite the pressure chanber 256. Sleeve 245 thus supports seat 246.
The | ower end of the ball seat has reduced thinner section or neck 258.

Fur t her nowe,02/091m84 or nore ports 260 formed in the runni ngPCOAISOAIT4S
positioned to be uncovered to permt fluid pressure in the running tool to
be admtted to the pressure chanber 256 wupon |owering of the seat 246. The
ball 240 when rel eased fromthe upper seat 232 15 will land onto the second
seat 246, whereby 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 chanber 256. The ball 240 may thus pasi t hr pugh
the first seohgrippingrengagsaenigvidriheliger hararrewharefvdhe runrigd &polis eleasthd
seat 246 so that additional pressure may be 20 supplied through the ports
260 for rai siongthdBnottiaiggri ston sl eeve 252. This in turn permts split
ring 264 having outer teeth gripping the liner hanger 110 to nove into

position opposit | I i He*'@alﬁhﬁﬂ}@ gt 2and

t hus out -58 m%;?'ﬁg%ﬁqﬁ%??ﬁ%@/‘% Z%Sg?@gpigggﬁﬁ%tengagenent with the
| i ner hanger, eby the running .tool. is . .release ' r.
At this staget f"ﬁ PPN eHFY P ﬁgﬁé?ﬁtg t{]ﬁg t(t?‘(?stbag's%iq ﬁ%é g’gg‘f‘éq ﬁﬁéﬂgﬁ[@%at
246, so that the drop in pressure will indicate that the ball 240 has
passed t Br olgh seat246, allawingeirulation theguobihe uring siriagite goptius, grdihe ball
running string to continue, and the ball to be punped downwardly into the
bal | di vert ep bdgRinise® dbivawaed!y ito tHe baldgivarter 28®(seediigunel H).elutdsravadghen he

tool awaiting cenent displacenent. The cenent is then injected into the

runni ng t ool ;a0 4 TRER ORI kWit cdREnP diBpIARMert! UBhe cement is then

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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182 follows the cenent and into the liner wi per plug 180 (see Figures 1 J,
5A and 10 5B). This then forns a barrier to the previously displaced cenent
and the wogplgresent fluid. The | ower end of the runni ngPCaaiSomesds el 132
extends downwardly below the slip assenbly and has an enl arged body 145
(see Figure 11) adapted to reciprocate within the liner 146. This enl arged
body 145 has an upwardly facing 15 shoul der 147 which may be raised into
engagenment with a downwardly facing shoulder to permt the running tool to

be raised out of the set liner hanger, as will be described. As previously
descri bed gepera in _connection 1, .4A and 4B i mprovenent s
i n appar at use%q Hﬁé“ %m%t qﬁ%ﬂﬂ%“% h%twceéﬁéh?"%a“%ﬁﬁﬁ%tcﬁfswgr equires 20 the
sequential |owering of balls and pump d | ugs within the inner pipe

wherein in a pref@sebavasigscribed:ina é&jﬁt dhﬁetupe 2 halli;mAdeappsidpentp 4 seat
| i ner having an upper end installed within an outer casing by a colum of

cenment punpeinh thebotdef thevitier to peribch2uIBM R Adid REDEdhe2tekbitiea pertbrothetdud
liner into the annulus between it and the outer casing. As above descri bed,

in a system gy htyma?ul&: acﬁla?f\gla'pﬁrtq QRE &Y seM gxt%rﬁQQB theNidef B o r%cp% the

liner to permt CII‘CU |ng dto ed| ecte |ntoaport|ont 'er eo
bor e, " and aroBSBBR AT ARe IR eSBaler TV adnEuaurt Lol MiarePePal | y
yi el dabl e, upon application of higher circulating gressure to cause the
bal | to passappligationpbiighengisculating pressuewsrcasiseg ting balhte passéherethroughndmay
then be foll owed by a punp down plug
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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to force the cenent downwardly through the |ower end of the liner and into
the annulus between it and the outer casing. 10 In the system shown and
descri bedwprm2dm3af or ement i oned provi sional application, PChaShaII445 S

relatively large, and, in any case |larger than the bore of the |I|iner w per
plugs (LWP) into which the punp down plugs (PDP) are to be install ed.

Unl ess, the bore through the wiper plug is as snmall as possible, the inner
dianeter of the liner to be cenmented 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 s inveption t rovi de appatratus for
such a syst eW?F}?t%V%eftﬁPéﬁ%%PPé a IRIRIVEY %rna@qr ?ﬁ"&qugo\wafr B%'F'oﬁhjrrheﬂﬁﬁg%urrp
down plugs, and thus |larger than the bore through the w per plugs in which
t he punp doviergpagnadies oe bemosabdealls torhedowae ﬁé@thmjg@cbgtgleel- P in the
acconpl i shed, by apparatus which includes the 20 previously described

di verter 280smaligi dismegerpdrtibinbrveRhaisagewdT tids ballswhile parhittthgaiastRigerofend
connected to a well pipe for lowering into a casing in the well  to permt

it to be ce t i ; i - bar ith a relatively large -60
WO 02/ 09723%%@?&@%@&?%?2&%!@%\8" pgrp?u rtion and a relatively
smal | er dianeter Lower portion. The |a ortjon enabl es qne or npre
o | 5 t05be T over EF THPEPARE.fAUD BIRAIAEDLURRN NG IRrGoL RO NER & PRseRt 1
portion prevents passage of the balls while permtting passage of the punp
down pl ugs ienasigrefits bere ntpwhighl the.ball, soat leasta partivo jt, divedbditadhaiebgd
beneath the larger portion has a pocket to one side of its bore into which
the ball, orpanit @@ hutnpebivinoplugftol passbeanéad the balleiRPihe 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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permt the punp down plug to pass between the ball and the side of the sub
opposite the pocket, whereby the punp down plug may continue dowwardly to
enter thewbDion@97284 per plug. The sub al so includes a ranp @exwrarsdd/mg4Rcr 0Ss
the bore 10 of the sub and sl anting downwardly toward t he pocket so that,
when the ball is dropped, it will land on the ranp and thus be guided into
the slot. Mdire particularly, the ranp has a U shaped slot which is too
narrow to pass a ball but is wi de enough to pass a plug down between its
cl osed end and the inner side of the diverted ball. 15 Ball Diverter Wth
reference ngg go the details of the above described draw ngs, each of

Figs. EI, HHE E4 shows, in vertical cross section, a tubular nenber DO
0 suspended within a liner L installed within an outer casing Cwithin a
wel I bore, its puffpballsiverienBD donises @ swnsilichdisvinstaled pefwearutite wieer

| ower portion of the 20 tubular nenber and into the annulus between the

liner and t hendsier@driiomeotthe tibhdal meeiben 4md Raé BPothet Pornfsd iRl side shBeN
in Figs E4 and E5, a liner wiper plug LW is suspended fromthe tubul ar

mb ith IF ol gt 0 45
R S T
th d | ti f t t ubul mber , d h __pocket P
formed i sitEMHETC nd 155Hb R GowEr 11,3Hbi 75 o Ui 1608 Walsptis Piemogass

downwardly through the tubular 5 nmenber. A ranp R nounted on the sub has an
upper face v#pwmwariilsframitsiupper end to its lower end to terminate opposite the pocket P.

A slot S in the ramp is narrower than the ball, so that when the ball is dropped
through the running tool and into the upper end of the tubular member of the
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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downwardly fromits upper end to its lower end to term nate opposite the

pocket P. A slot Sin the ranp is narrower than the ball, so that when the
bal | i s dwoppeer23¢ hr ough the running tool and into the upper/tsozi1ist he
t ubul ar nenber of the cenmenting tool, it will be guided into the pocket.

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 plug is free to continue dowmmwardly to a seated position in the liner
wi per plug LW, as shown in Fig. A4. That is, follow ng dropping of the
ball into the pocket, the down er.the influen of
downwar dl y @err@cméawewlacdjvﬁtrpﬁghthjlrwraﬁgéléerbké@% vxﬁhmaeeanwua%&t\%med
end of the slot in the ranp. The punp down plug continues to be |owered
until it | amesliher A idto ties owigpemsiplgy vheasbs tieAindrm&y be cementedwithinsheng
the lower end of the bore through the tubular nmenber, all in a matter well

known i n t NeagBicl oy {ABIPRSEAOPRERKHEANAN thidrci reulating fluid shears t he

pi n P hol di ng i ner wi per plug in place to pernit liner wper plug
to be noved downwardly in the liner, as shown in Fig. A5. Thus, the
rel eased plug assenbly will continue to force the -62 WD 02/ 097234
PCT/ US02/ 15445 cenent downwardly through the liner and then upwardly
within the d&tuniding Toet ween the liner and into the outer casing, whereby
the liner may be cenented within the casing, all in the manner well known
in the art. 5 Runyidig, dsminuigeivith ke oiverali mghte) Figuten2-Sillestbte moyemsnt of
Figure 2-8 illustrate novenent of

components of the tool 120 in the process of setting the liner. Once the liner is

lowered to the desired depth, fluids are circulated through the well bore “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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conponents of the tool 120 in the process of setting the liner. Once the
liner is lowered to the desired depth, fluids are circul ated through the
wel | bor ewOlott2as up”. After conditioning the well borepCrhsobaddss 240 i s
dropped from handling 10 equi prment at the surface and allowed either to
free fall or be punped 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 assenbly are sheared to permit the ball and seat
to nmove downwardly to a position uncovering ports 242 in the body of the
slip settingkgssenbly 140. The further agglicat'on of fluid pressure wll

cause 15 t hdieshagtotaserirrieilsbda contipetobe meyad upwardibwar diy. As a result,

the tie back receptacle 130, the actuator slip slat 149 and slips 142 are
pul | ed upward unt®h thbether handf eising iof khey tie fpcldeseplasleehd trises tie care
casing C. Thus, as shown in Figure 2A, the piston sleeve 220 of the slip

setting assepip sﬁé@rtﬁyﬁ@é\ﬁw&lﬂﬂﬁﬂeﬂ tHBREhPostieR! ag Wt Figde s, hetils

noved upwardly by the increase in pressure above the 20 ball 240. The

pi ston sl eeve 2 IS Vi owardly until .t f . Dl.Steon
0l ceve 220 dgagde GadoraedBELCH bedhioked SERBRAG 308 widelh didfieudicRe
-63 WO 02/097234 PCT/ US02/ 15445 tie back receptacle 130 to continue to be
moved upwar dh¢ linenis nurghisrthaoaging: AVhile fokiing peessuge sapRtapkbivdpe L T1PiRg0
raises the cone 144A, slip arm 149 and slip 142A to the set position, as
shown in Fi doneepRheAtlipshnsontactavitht the dasaty, dine tiher hamger thas May Isé alacked of f
onto the slips, whereby the weight of 5 the liner is "hung" in the casing.

O oot R RS TBANerh FAeu e BBriott e ks i
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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off onto the slips. To be certain that the entire liner load is slacked off
onto the liner hanger assenbly 110, additional pipe weight may be applied
to check worozhgmger novenment. Once it is determ ned that PCRAIS8Y/i5ass have
been hung, the fluid pressure 10 can be reapplied to the seated ball 240 to
a higher predetermned |level, so that the ball may be punped to the | ower
seat 246 in the liner hanger releasing assenbly 250. Wth the ball so
seated, a predeterm ned pressure may be applied to nove the ball seat 246
and sl eeve 245 downward to uncover the ports 260 in the |iner hanger

rel easing assenbly. Hi gher fluid pressure may then be applied to cause the
pi ston 15 sirelaaserbe hall frewmdhadawersgat $Q1B‘r9él9jfcﬁ|la|“9wth@%9r|?ethﬁrHBF"“ﬁaﬂﬁ'&G
rel easing ring 264 to collapse within the reduced dianeter |ower end 268
of the sl eewaalTdntinhendily theiba Pydois munipel domnwagly atdb the dall divesrter280.
hanger. If the hydraulic release is not operable to nove the ring 264 to

di sengage tgﬁu%Qﬂ%%&én% ur(%Ln%(]e‘aHﬁF thg%f %r?neﬁt gRphaBhfeat. The

rel ease nod nction o In re easl ng t 20 runni ng t ool
fromthe set |iner i s, _discussed, bel The furither

pressure on 48 'E)ta?f'ggﬁ% %lﬁ%'a%@eﬁﬁﬁwd 95%&%45“9\?% 'n-%ﬁh?/\ﬂi'ﬁﬂﬁég?%'gﬂnd
PCT/ US02/ 15445 release the ball fromthe | ower seat so that circul ation
t hrough the pumpedgovnmatdly. niihesdhe icamenidins beenepusapred. Zhe puinp dapadiug

downwardly into the ball diverter 280. Fluids may then be circul ated

t hrough the Wwhieh sdad With 3he eimitpipelisieleaseiefirdm tAdsurfacatzindéing eqb'kpment to
di spl acenent fluid are then injected into the running tooI and 5 punped

downvar di y.. MG e GATRNnd SR 8t P IHCTholoBy BHHIhd18 Barbleh botibBb the

seals with t pipe I's el ease I ng equi pnent

to 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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| and on a seat in the |liner wiper plug, thereby formng a barrier between
the previously displaced cenent and the displacenent fluid. A cal cul ated
anount ofwodeegi2acenent fluid is required to punp the drilPCTpiSoB153kfig down
to the lower liner 10 wi per plug. The operator observes the pressure

i ncrease when the punp down plug 182 |latches into the Iiner w per plug
180. The punp-down plug 182 (see Figure 5A) thus follows the cenent into
the liner wiper plug 180. As the punp- down plug gets close to the running
tool, the punp rate may be |l owered so as to reduce the risk of malfunction

bet ween t he i ng. and,.seal i of e . lower wper 15 plug and the
punp- down pl @éﬂﬁam E'géllr‘? §§58J®B@§?vl§ﬂi Ewdamqusmg %ﬁtég’y‘ﬁg@e lipgt 126 &ethghen
t he punp-down plug 182 has | anded in the | ower w per plug 180, as shown in

Fi gure 5A. | andingeeoltarsdiOc ullhe plligsatthys formsi & bariee retwedt thieccemefitaarakthehe
cement to the desired height in the annulus between the liner and casing.

The drill stdispicemyerii€iui@ndkessathedidpladdifieMRABLEMTORARIMINGHRY tHcsThEAY

the pins 186 (see Figure 5A) connecting the plug set to the runhing tool.
Wth the |inggigwi | = 1.09723 [ 1JS02/ 15445
shown in Fi gurle '5ﬁféaé@é%fbgf:%néﬁ‘?ﬁ?@?spééceﬁﬁoeﬁﬁé ”gﬁ%’u.ée Q%%Pcﬁg)oﬁce} {#'(? F9rAgnt
146 to t | andi.ng, cal | ar 370. The plug set thus forns a barrier between
t he cement atr?od‘ﬁﬂr@% W'Qbf@c’gﬁﬁﬂnurq%'gﬁ)h%ﬁdhﬁé@ﬁéaﬂﬂéh%lpgﬁnﬁcemant f1uid
fromcontam nating the cement fluids. A calculated amount of displacenent
fluid may be used!he operaier cortirvesgotpuing dispéesdenesht Hieichimtilithe tiher wipenlans
between the Iiner and the casing. The operator continues to punp
di spl acenmentphpidbwipig $dtdatch8€intyitReTariity 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

-66-



punp down plug set latches into the landing collar 370 (see Figure 50

| ocated in a lower portion of the casing. Wwen so | anded, seals 372 about
t he pl ug weto2eemB4 within the upper reduced bore of the | ®caiusg2/csak$ ar 370,
and slips 374 with toothed 10 surfaces engage the opening in the | anding
collar to prevent upward novenent of the |anded plug by any downhol e
pressure. At this tinme, pressure in the running tool may be increased to a
substantial |evel above circulating pressure to be sure that the w per
plug is properly |l anded and held down, and that the seals between the plug

2o e A BRSO BG1E el Bl RoaE R 5 R

collar 370 is holding. Pl ug Hol der Sub As above nentioned, conventi onal
li ner hanger CPRIAALIAY: tléefogtun@é@lmﬁm&emh@r geeneetiors freguapti are prempioely a
i ner wi per plug on the running tool during a 20 cenenting operation. The

pl ug hol der ewebkéseconsendticzmad kejtheaby hathingtdohmanigatioh or 6P tHANBAIEPARA34
PCT/ US02/ 15445 string, and the liner wi per plug is attached to the plug

nol der sub byt eSfifas dofd agemn IR o 1ERESFpaARE, connect T ons

frequently are pr emature aken are“sheared e runni ng t ool

mani pul atj on or them) um of the in tlng
on the liher w pe omed’aan%ag r%%ﬁ'ﬁﬁwaﬁgp@qmvg@%ieﬁgpbm @%ﬁalﬂgf H@r
sub that has a latching lug and a shifting sleeve. The plug cannot be
rel eased unt #nd assifgplegyan THewmiug Bannat be neleasieddintil the pumpwonhepligsiifisng
lugs to relax and thereby allows the plug set to

the sleeve to allow the latching lugs to relax and thereby allows the plug set to

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 ruaning 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
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separate fromthe running tool. U S. Patents 4,624,312 and 4, 934, 452

di scl ose plug hol der subs which use a collet instead of a | atching | ug.

U. S. Pat eWwD 03/092684 922 10 di scl oses a runni ng tool which emplrage2/as4ps st on
that is shifted in order for the plug set to be released. Wile the above
systens may prevent premature rel ease of the plug set due to running tool
novenment or mani pul ation, they do not prevent premature release of the
plug set due to the nonmentum of the punp down plug and the colum of fluid
15 behind that plug when it |ands and seats on the liner wiper plug. In
many applications, this |lapding or "hamering" force wll c the plu
set to rel eé‘%%“@%rwf%tpﬁ{% S BHRONSEAHENGS: e aRerataE May nathe %%ggse alrcl)d °
t herefore cannot properly calculate the fluid displacenments. This

"hamer i ng" cefdutate tbé flukedipplasetwnt afieuthe pampideyn pleginasesealgpandpl ug and
the effect of prematurely releasing the plug set may 20 ruin a cenenting

job. The prigchaftintdapeMAbr Afdrohsgd the problem of prematurely releasing
the plug set due to this hammering effect of the punp down plug hitting

-67 WD 02/ 097234 / 4 e i ' nce.
t he operator may %é.ggﬁﬁgéﬁof ?:'_%1 %Hﬁ(}ﬁajﬁaﬁg\?érfﬁbg%aﬁ tsl% @g gﬁe&ﬁﬁqgﬁ@?’ t he
punp down plug has sealed and |atched into th% Ii?er mﬁpergﬁlﬁﬁ. The
di sadvan®ag@dadn imerqyed slowgihole pliohidlfenbard BEthed o5, supRRting,g UAET WiPer s
and an inproved downhol e pl ug-hol der and nethod for supporting a |iner
wi per pl ug plug aheheraiadfitardistilcsddwbithwhcrtaseribe celiabilityef cemeatingi ty of
cenenting operations.
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 liner 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.
ThemﬁWMNHUMmmsmengsmﬁmnmenmnmgmdadsonaﬂwd

filled chamber which is vented to the annulus through an orifice. When the pump
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The plug hol der sub of the present invention may be used for positioning a
w per plug which may be released froma |iner hanger running tool or the
end 10 ofwe oopzBar string during a cenmenting operation. TPaa/uysorissmdl der
sub may be releasably positioned on the |ower end of the |iner hanger
running tool, and is sized to pass a punp down plug, which lands in the

| iner wiper plug supported on the running tool by the plug hol der sub. The
liner wiper plug is connected to the plug holder sub in a manner which
prevents premature rel ease of the plug 15 set fromthe running tool, either

upon mani pul gtion,of .the rynnjng . tool or. due to .the hamerin ffect of

t he punp do O%P&&J%fﬁ%‘?ﬁ"ﬁéVﬂWFQﬁ'&?ﬁeﬁtﬁﬁﬁBeEW@qfi%@ 'nﬁﬁeﬁ‘égdgp\ﬁjg. Once
the punp down plug is sealingly seated and |latched within the bore of the
liner w per Prasgure pefsdrpthsspigian. athatyps andvalume offiuith vestadyee avelloas tiel ock
the plug set fromthe running tool so that the plug set is rel eased and 20

al l owed to bsizewites otificd hetbanidicte Gifld ittakebt® AbE @ik pR&N 164 RIS t he
plug set fromthe running tool acts on a fluid filled chanber which is

f
ted to th ; . O£ t 2/ 097234
< SRS T O AR
Flurd ve ed?Ofa%deiﬁa%@mﬁﬂioF SoPENLYOlRES dpt ¢erpenting the eidn frewelle |t

takes to nove the piston to a plug release position. This tine is
i nportant to all ohWhepugpbelder subtefioweties ninming kol 3o ber maatputtiteg Métheaeaty of
cenent volunes for cenenting the liner in the well. The plug hol der sub
al lows the rdetrhfegtalostfedt® ohehshnePwiRE pigh The Bun@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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detrinmental effects on the Iiner w per plug. The punp down plug may be
punped at any desired speed to the liner w per plug and seal ed and

| at ched. Wbe2/obmsareri ng ef fect of |anding the punp down plrag/usa2idies | i ner
wi per plug will not 10 prematurely release the plug set. After the punp
down plug has been seated and |atched, the operator may increase pressure
to the running tool, thereby confirmng to the operator that the plug has
been seated in the liner wi per plug. The operator nay cal cul ate the exact
anount of displacenment fluids it will take to cenent the liner in the

well. The fluid pressure nmay then be increa causin 5,1 ton to
start to no\féeﬁélﬂgfﬁ"fﬁﬁ'rdﬁ'p@élp r&éQPf‘?%ﬁ’ﬁwaé’rﬁwedg%]{" 3“% (?S?W%@
liner wiper plug as a set wll thus be rel eased after a redeterm ned
anount of timeyesbipidtomdraimairstdimpgrasitiontto a feéeaﬁ@ep@ttlb@n bdhadiremitdakes
determne the correct displacenent volunmes for cenenting the liner in the

vell. It 'Sféf‘hi%hl;%&s&fa tb*&p@[ﬂt?@ﬁhrdd@jfﬁé\?ﬂéwrlrﬁ@ppistO(H\ﬁoeecpiaJlgcmﬂséer sub
for 20 rel easi I'1 ner W|per plug in response to high fluid pressure

acting agai LSt [ flq t hrough
a nmetering jqé? rg'l'qdalftg gpfqﬁetrh/ '{’]eiec% @@ eaﬁﬁéluhﬁ%ﬁ%%gp%e gan
i nproved nethod of 69 WO 02/ 097234 PCT/ US02/ 15445 releasing a |iner w per
plug in Pesppesationy f1 uid pressure, such that fluid pressure noves a
piston froma retaining position to a release position. The tine it takes
for high pressur dttso togtete 6f thiecbrebewtighertiorethat & kgshaped setaingrrogmbiet o
increase the reliability of properly releasing the |iner w per plug during
the cementi ngap HRRRIAoPAttaching 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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It is a feature of the present invention that a C shaped retainer nenber
may be used for attaching the liner wiper plug to a tubular body, wherein
novenent WO 0a/opi2zst on to a rel ease position rel eases the Cpshasezi1y4es ai ner
to release the liner wiper plug. 10 It is a further feature of the

I nvention that the C-shaped ring may have threads or other internal

gri pping nenbers for gripping engagenent with the Iliner w per plug. A
nmetering jet nay al so have external threads for threaded engagenent with
the tubul ar body. It is an advantage of the present invention that the plug
hol der sub is 15 highly reliable and is relatively inexpensive, These and

further obj &edy Fteaand é&e leaver boglydnit Ul piston Rd34r oeking ingfeht4 Beludas

beconme apparent fromthe foll ow ng detail ed description, wherein reference

i's made to tgreobeor B#eads Fle5ae otigraujtable teavberg sor Gipingly Endagingtthea
pl ug hol der sub F110 for supporting a conventional 20 liner w per plug.

The sub T11Gn6P@iiisiul &M 120 bHANBIEWEL Bl F118 selllttheit helddridab to

runni ng t ool ef or e t e running too I'i ner |'owered in the

bot vizon 70 W5 BP0B PR T DOOBRE ARG COBORS) (e b2 %&%@‘Ww&%ﬁﬁ?‘i%a

by pi ston F134 Locking ring F114 includes grooves or threads F115 or
ot her subt atsng seatidi22 $Qﬂlsgﬁt\fp€pﬂm@e§e@¢@@§mﬂﬁ bo@des) i ner wi per plug. Seal
F120 on the | ower body F116 seals the plug holder sub to the |iner w per

plug. Threads F12gh&boog et 12hecIbOSY aphtdageowhy W 8holivh fsldpen to the annuius
about the running 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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5 and seal F122 seal s between these connected bodi es. The body F112

i ncl udes a passageway F128 which is open to the annulus about the running
tool . An woiokioge3j et F130 with a relatively sized orificePC3/USpPDSI44F oned
along this port, and preferably includes threads for engagenent with

t hreaded port F126. Fluid containing chanber F132 is pressurized by the

pi ston 10 F134, which includes an OD seal F136 and an I D seal F138. \Wen
the punp down plug |lands within the Iiner w per plug, the increased
pressure within the running tool acts on the piston F134, which in turn is
forced upward to expel fluid om t he ch er, F132.. The rate fluid exits
t he chanber J‘%ﬁmmﬁéﬁ)@%f@?ﬁ??\@ {tlﬁ/plfjﬂegeg'higgé?t@rﬁ‘]ts"f’ri"'eg e Psien Mqyey L&a ©hi n
the chanber F132, 15 and the size of a selected orifice in the jet F130
posi ti oned doyresfluiddror tbenchBmberligptimarilymhéunicien of adeanicelar et sFerirckthel
shows a pin F131 sealing off a weep port to the chanber F132. The pin F131

has a smal | {pgEof fibRNiRitRe thBMePWAECCcoFdhGRSthB® R8s Will 8d anlintiéate i he
annul us. The pin F131 may be secured within the weep port by a swagi ng

P ust ot es WesiealiT s bR oL Sl ) el Borfiokt e, bR
Chat t haBi ncheRgeomh MG BSBEESLIES, ot b PradrlernRH AP PRt SO Vo
02/ 097234 PCT/ US02/ 15445 determ nes the rel ease of the plug set. The rate
at whi ch t heelppsé¢ frommitnaé inarpasein pogselres ntil the plowg setds relaased. Oacpiheari |y
a function of a particular jet size and the type of fluid in the chanber.
Accordingly, ik RS RicResW fo R8BI ENFiRAS thd Dolume within the chamber
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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pressure when the punp down plug is |anded on the liner w per plug, and
will 5 then know, within selected limts, that a predeterm ned anount of
time shouwo 02ehmapse fromthat increase in pressure until wPog/ysbugs4set i s
rel eased. Once the piston F134 noves up to reduce or elimnate the vol une
wi thin the chanber F132, the C-shaped |ocking ring F114 is free to nove
radially outward, thereby releasing the liner w per plug and the punp down
pl ug. The C-shaped locking 10 ring F114 nay be biased out but normally held
radially in by the piston F134, or nmay be biased in and noved outward to

rel ease by the downward force .on the |inet .w I VeSS :
convent i ona|3?9°"r’§ﬂ?"f913%‘- vé?cfh PIRGSPY ,f%‘?ﬁff‘{‘{'%@rgpag aﬁ%l%‘glr sugﬁggn & in in
Figure F1 is suited for supporting one pair of l|iner wper plugs. |n sonme
15 appl i cat ifodesireshéheapeons pistargandios bpthetinst apf peGeRY PISER yg?ﬁes%%nt
fluid, and another set of w per plugs are used after the cenent fluid and

before the sl 86 itheg rid modemient otbirs Urill beselegied poetsucnlevehistolgainede [Pl ug
sets nmay be separately released in response to an increase in fluid

pressure,  “hlcaite O s B@g;&gg&%g@n@;&ma fsofatBhe pbktifer fHesaddme mbgmber

and thereby Treléase the pi ston responsive to a | ow

pressure_fluid could thus rovided on th su [ Y 1 pi st on
rel easi ng t 196t BP REESTHIGFOLIG NOLGCT O hﬁ?rcof‘stﬂhég egﬁg@%‘&ﬁ@“ é\mégg?)n tSpi st on
may nove in response to fluid pressure to release the 72 WD 02/ 097234

PCT/ US02/ 1544®asedcond pl ug set. Each piston may force fluid through a
selective orifice in ajet. |If desired, the second piston and/or both
first and second mjgicOR2 @apidesitesiaton 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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pi nned so that no novenent occurs until a selected pressure |level is
obtained. If desired, the first plug set alternatively could isolate the
port for wbexsgrend plug 5 set so pressure could not act @aTtuse2/saednd pl ug
set till the first plug set was released. Figure F2 depicts the piston
F134 in its retaining position, with the G shaped retai ning nenber F114
held radially inward so that its threads engage the mating threads F152 on
the liner w per plug F154. The through passageway 10 in |iner w per plug
F154 is provided with a seat F156 for sealing with a conventional punp
down plug, as discussed above. The liner w per plug F154 conventlonally

i ncl udes at m@&@@r@ﬁécaﬂdeﬂrépé¥5WF§09ﬁ5'@@Etbﬁﬁﬁ@@SBWﬁWtdﬁ@ﬁ?éewgﬁﬁiiﬁg
menbers F158 on an exterior thereof so that high fluid pressure behind the
| i ner wi per plmp doancelsigtiands imthe ingpeviserplugpasidiscussastaboveg engagenent
with 15 the liner. An annular body F159 with o-rings F160 and latch ring

F161 may be proy ﬁs@ﬂ&guﬁgﬁ%@nﬁ is'l?foﬁ@ﬂ'?ﬂottﬁé liRHWiseEr %tthetvmk

| andi ng col | ar. e spac ds nmay p. nlxe
circulating f|UIdS for cene en 1t h
bunped. t he G CABIF PrsRaUTathy pE S e b e WREHIRRS o
barrier between the previously 20 dlsglaced cenent and t he di spl acenent
fluid. ASal Puganddharmime dewn plugpribbereleased fiom g Plugrolder sied to punp
the punp down plug to the liner w per plug. As the punp down plug get
cl ose to thencwaseddidid presduraititispmeses agistdd tvielease rid8k rinGTwbish2/ 15445
may be reduced, e.g. to about 500 psi, and this pressure will increase when
the 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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punp down plug lands in the liner w per plug, as discussed above. Once the
punp down plug is latched into the liner w per plug, the work string can
be pressuwed2opn2and after a selected period of tine, the [PCharSomM§pesr 5
plug and the punp down plug will be released fromthe plug hol der sub.
Increased fluid pressure thus noves a piston to release a |ock ring, which
rel eases the liner wi per plug fromthe plug holder sub. The piston within
the plug holder sub preferably acts on a fluid with a known viscosity at
t he downhol e tenperature of the plug holder sub. Fluid flow 10 through a

predeterm ned size orifice wil| take_a predeterm ned,periad Aime to
rel ease t he F1BRevillhera KnQWN Viggosity f(?’ﬁéﬁﬁ‘é&? 0 %qu{})o'?%eaqgg‘&ﬂgtaor to

positively calculate displacement fluid volunmes. A cal cul ated anmount of
di spl acenentelddtively sizé metéring jeb theoparaterwiitnovowith seasaenatie apeiigey the t he
annul us between the liner and the casing. Fluid will thus be punped until

the |iner wipes itRlill i@ dr tepRIBIPF 135 6l esvertrorg theretabting positiohdotthe
| andi ng col l'ar, at which tine pressure may be increased to, e.g. 1000 psi,

over circul at|i n% preﬂsure to conplete latching of plugs and check that the
seal s bet wedR'SPRE AASNYE- and the landing collar are holding. Pressure may

then be bleed off and checked for bleed back to eng:ﬂé_e t hat t Qe hhoat

equi pmen® i s hol dPthgr fresefiretainer mgmkars MRS Used fut IBISTRGNIRTINGY he

used for selectively netering fluid fromthe chanber F132. Significant

restricti onsulsalar bedf GrirBdvith thie Imer vépeppisigadepesferad getainasfmerbie] BRy a

constitute a netering jet. Fluid in the chanber 74 WO 02/ 097234

PCT/ US02/ 15‘H—§haped 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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F132 will be at a known viscosity for the downhole conditions, and with a
selectively size netering jet the operator will know with reasonabl e
accuracy wbe2/ovizee it will take for the piston F134 to nopeTfusomishe
retaining position to the release position. 5 QGther forns of retainer
menbers may be used for interconnecting the tubular body F116 with the
liner wiper plug. A preferred retainer nenber has a C-shaped configuration
with internal grooves or teeth for attaching to the Iliner w per plug. The
internal surface of the piston F134 thus prevents the retainer nenber from

noving to t%ﬂn%&%%ﬁ position until the piston noves axially to its 10

rel ease posi hown on the right side of Figure FI. As discussed

Panger runni ng. t GPHTHIRD oAl Wi acissctinfon o fie BYeL§IR) cebIEntoRy’ o

used nore generally at the |lower end of any conveyance tubular, such as
conveyance tasmeriingrequipaengenay be Lsed henaaihihe djverten-includiad sndk9¥ice 15
tubul ar F140 may thus be used to both transmit fluid pressure to the

interior of gddafbel yududtdtics ermsee darles do iffeposi fluids flovingdaign tius Heer. sub
at a selected |location within the well. The plug hol der sub of the present

inventio S ”ﬂf\ﬁr ; i Hesude asRarly tRMS
i ncl udi n§ ﬂphgﬁ) ﬂ%‘&ﬁe"ﬁg;ﬁdﬁ%%"q}%o ) %gu%t P{;ﬁe %Wer endﬁg? tyhe tu%ul ar
string used in a cenmenting 20 operatjon, in arder tq reliably.re t he
wi per plug fuR® teeigsidlearipg dae dall stringy, ¢ that Rereas rﬁr?%sd"gﬂimft '%ugﬁﬁ%rhe
w per plug once released may seal with the Iliner or with another downhol e
tubul ar. 75 string when the plug 182 seals with the liner wiper plug 120 releases both 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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WO 02/ 097234 PCT/ US02/ 15445 Runni ng Tool Continuing again with a
description of the overall system conventional cenenting equipnent may be
used beneaph2iobe3di verter, including the above descri bedPpragezis4hi ch
forns a barrier to different fluids flowing down the Iiner. 5 A punp down
plug F182 as shown in Figure F5A may include upwardly facing cups 183 for
cleaning the drill string, so that increased pressure in the running

string whéen the plug 182 seals with the Iiner w per plug 120 rel eases both
plugs (the set) fromthe |ower end of the liner hanger. The |liner w per

pl ug 180 has Fm c 181, and.l ands.on the. callar 186 be sealingly
| ocked in pl %éﬁ%%ﬁ%ggﬁ\b@?@ Hhercasing Pﬁaél?e QH@PW '?H@Ot‘f"é‘s@'?fiqﬁ‘eﬁﬁ@ar el eased
runni ng tool 120 may be picked up until the packer setting assenbly 380
(see Figure feqyirgdstorfuiipseidhermaekenelanspntskSt isdnpivg, sadkat theomerator enay30,
whereby the spring pressed lugs 328 are raised to a position above the top

of the tie bapplyrmeaptarhined duidpiesisutd tethelmhutidr chusd thartil fackld Wth
t he packer setting assenbly 380 in its expanded position, weight can be

ecept acte t EoPRae TS RpPRd Y bladctBun Ry Hod g s R odte g

sequences'ﬂﬂs el ht ﬁlso activates a sealing ring 384 between the packer
setting asseﬂﬁ?fyeﬁ €9hd the tie back receptacle to aid in further setting
t he packer elenment with 20 annulus.Pressure assist. Wth the packer el enent
150 i n engagenent Dainvard gnoveisemigof thamisbar sleBaP 148 tolset the paderegmbset
closed onto the drill pipe to forma pressure vessel between the rans and
t he expanded1paekiedisehbags tas iternal threads 386 (see Figure 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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76, WD 02/097234 PCT/ US02/ 15445 sectional area between the casing and the
drill pipe is known and the load required to fully set the packer el enent
150 i s kmoarp/og234 hat t he operator nay apply pre-detern mea/dShuid4pr essure
to the annulus to cause the tie back receptacle to nove down applying a
predeterm ned additional axial load to the 5 packer el enent. Downward
novenment of the pusher sleeve 148 to set the packer elenment 150 w |

di sengage the internal threads 386 (see Figure 6B) of the pusher sleeve
fromthe tie back receptacle 130. The pusher sleeve 148 thus noves radially

outwardly as the pusher sleeve noves.do the cong 152.. .Th her, sl eeve
70 145" may’ BENGED TE sHiefeanur redina ik armonPLBE rement AL AL R 90 s
normal contracted position, its internal threads 386 woul d engage the

ext ernal t hidsilad out befare repatering thadep pétheplings| &igwe. 8/oshews tt%éée@ﬁﬁecbus her
sl eeves may be used. The mandrel 132 of the released running tool 120 may

then be rai sgfnihg tobPi 3@ rdibed GerEiiel @ rb Wiptimeheldithd for flaidsiiow bad/aitdisidB92 on
the bushing to nove 15 in and unlock fromthe Iiner hanger 110. After

Phe upper  oietine REEior bl (R 8] obfoRnB AR GG MECBPRAER The
ciTect vl y tFeauBaEE: B eRRSGIRT roqY Barfiior SAERGR 11 e GRRINgdoRe NSNS out
before reentering the top of the liner, and enables the 20 operator to
check for f lafi theftbolyamddiush thedod [Is beforetreturning thatering theshop.s Figuiked up
to a pre-determ ned position above the
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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liner top, the operator circulates through the drill string to punp any
excess 77 WD 02/097234 PCT/ US02/ 15445 cenent to the surface, thus reducing
t he anmourwook/ogeaent that will need to be drilled out befPeraSoBERtREr i Ng
the top of the liner. Figure 8A shows the released running tool 120 raised
fromthe liner. Upon checking for fluid flow and/or fluid |oss, the
operator pulls the running tool out of the hole. Once the tool reaches 5
the surface, the operator may check for damage to the running tool, wash
fluids off the tool, and flush the tool |I.D. before returning the tool to

the shop. Fi : I } 1 i&h i t

set packer 1%"@%'%56@§§f‘ﬁ€§§§3§6%ﬁ§5%§ﬁ“?}m@e rﬁgﬁjég\g}l%lsggg%ﬁ%ldyfagw
as shown in Figure 1 Dand |, E 10 e | aced with the releasing
Rssenbly snovadransavEL ot ande e 364 Raih audiing 1P CneRiE 1328 b
as shown in Figures 10 and 11 may still be disposed beneath the gacker
setting assehie puB3ZR aarribedogs 926 wihioh @re prassed PRAYREHY H¥tPrings S<dntel y 52
descri bed bel ow, and includes an inner piston sleeve 340 seal ably di sposed

about the ruwuiicdl siétefofBed retheliidr Ringenn 90 e predient eslafibe sbtative batieen
di sposed about the inner piston sleeve. The piston sleeve 340 forns a

pressure5ch?ﬁie%erﬁaﬁ&ré'\ l‘gégatg(ra_ﬁ‘?ﬁ‘g%fﬁ%}é§e'2-52 shown in Figure 1 D for

rel easing I'ner  han hanger rel easing assenbly as shown
arooved Tor  engagh g FHMOIaBBAI TSN A i OB et IS HERuEct 10 of
the upper end of the liner 146. 20 The lock ring 326 is held in | ocking
posi tion by inmardylabogethaloper redueed ditemdiasneter 268 of the piston sleeve 340
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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of the piston sleeve 340 which, as shown in the Figure 10A, is in its |ower
position. At this time, the clutch 316 as shown in Figure 1 Dis pressed 78
WO 02/ 09 \e8H28Rs4JS02/ 15445 downwardly by springs 318 topremgsgriidhe | i ner
hanger 110, which is threaded for engagenment with right-handed threads 324
on the running tool mandrel 132. The nut 322 carries lugs 326 which are
pressed outwardly by springs 327 into vertical slots formed in the |liner
hanger 110 to prevent relative rotation between 5 the nandrel 132 and the
| i ner hanger. Upon raising of the inner piston 340, the lock ring 326 is

free to contract .inwar I r,di of

t he piston &J@@Og téﬂ'\c%aah%e' ﬁﬁg:@%é%ﬁ e%ne{hgﬂﬁ%ﬁqbe?? gg’l aggﬁ‘ggﬁ(rﬁgil:se eafter
setting of the slips but prior to__settin f the packer, thus pernmtting
ci rcul ati on 1dC.cOmsathadieaded Nyt gﬁgé‘béﬂ’{"%égt e 'n%ﬁ%i" t%%ﬁ%lpy'/“’l\ﬁdtlfﬁ n

t he annul us between the tool and casing. In the event the lock ring 326 is

not rel easedhé distanye treasur323mokied slow, itoerieby atleaniggg theslock ieg afthe
|.D. of the lock ring 326 and the O D. of piston 340 (see Figure 11A), the

oper at or hafih&@eiééﬂb'ggmsggtherr@hﬁﬁgitael b9 theMRBPBandaol Adssbanircthe Figues

shown in Figure 11. own Iin Figure 11 C, lowering of 15 the ball 240 to
open the

por.t in the .runni t 09| r wi il 3 t | ui d
to pass ?hr&d&ﬁqgﬁéo%'?q rlaggabq'%sh%OCfliaR%B%aﬁbg \(I)'ylﬁbgﬁeg]eporb a%"?{ §E§+§@ng out er
pi ston 342 and cause the outer piston to be noved upwardly upon shearing of
the pin 358 pistes IHGgure 11A) between the inner and outer pistons. This
permts the outer piston 342, which is connected to the clutch 316 by a
shear pin 360, tdlhe running tool 120 may thus be lowered to engage its clutch with that of

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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20 raise the clutch 316 and to de-clutch it fromthe |iner hanger. Once the
clutch 316 is disengaged, the operator may rotate the tool to the right so
t hat w t hwolwe/pizght - hand t hr eads between the t hreaded nut PB2ASantb4the 79
WO 02/ 097234 PCT/ US02/ 15445 running tool mandrel 132 |ower the nut on the
mandrel 132, as shown in Figure 11 C. Once the threaded nut 322 is

| onered, the running tool may be picked up the distance the nut 322 noved
down, thereby releasing the lock ring 326 and thus disengagi ng the running
tool fromthe liner hanger. As shown in the Figure 5 11 D, the |ocking ring

326 h [ 1 t ) t j b Sit
as co sﬂ?glggr 974 cﬂﬁfgé‘?@hﬁ'ﬁﬁ&é@ artfte] 932t RetRB&Gte ﬁé%rﬁrﬁ)sﬁ]ﬁ&veo

runni ng tool may t be I'o to engage 1ts clutc t he
| i ner hange

r., The ¢l h 316 is pressed, downwar b e spring, 318,
that t ho [ obeiow Befth 260rprEaincce it SSatiowana e sl oS i Paseatade,
110 are 10 engaged with simlar teeth at the lower end of clutch 316 to
mai nt ai n roﬁ@gw loweg aupsition, assthavemintFiguneuhte n§utebsleavel pisten Bfaer hanger .
As shown in Figure 1 D, the upper end 332 of the clutch 316 may be splined

to the O D. spfrotifgs thié!MherPpidtor!340aiid), dhild3a tisPpasitiba agestiovin indtigliteve1Axi al
novenment with respect thereto under the urging of the spring 318. Wen the

hanger . el PP op e M Hltn Sug sy e d b ol NS AT ot es
s descri bedREREN M L iHEeaanistaty BBRHIR HA I SrLie SMEE Pisten Rde. Matger
rel ease assenbly
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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whi ch enabl es the operator to rel ease nechanically by right-hand rotation,
in the 20 event he is unable to release hydraulically. As shown in Figure
11A and IwDB2/091284 runni ng tool mandrel 132 is surrounded IpgTiUS@2/pRAIF Of

i nner and outer sleeve pistons 340 and 342. The inner piston 340 has a
shoul der 272 for engagi ng 80 WO 02/ 097234 PCT/ US02/ 15445 shoul der 274 of
the running tool mandrel 132. Internediate seal rings above and bel ow
ports 260 are uncovered upon |owering of the ball 240 on the ball seat 246
to the | ower position, as shown in Figure 11 C. CQuter sleeve piston 342

surrounds the inner piston 340 and ile i.n the position shpwn in

Fi gure 11A, r@'ﬁ%egm&ﬂqw Bﬁ%%ﬁoﬁt%ﬁgb tcbi@?%&\h% eBP'Séﬂﬁgglﬁr?d‘cgrﬁl%qﬁeer
shoul der 348 on the inner piston with the generally opposite shoul der on
the outer pitbedockadiry 3R6tbe rpaninigcdiophmay, be meghgrm@aﬁ/xd@iem by agasend | y
aligned with the port 262 in the inner sleeve 340 and internediate the

upper and | oWRlrasiRAlelddsedsperafiohedg@iRBusdi absvegr and outer sleeves. A ring
350 fornms a stop shoul der at the upper end of 10 the inner piston 340 to

limt upward nov FRIY : ' me g@ﬂ | nner
pi ston. The i nneﬁ o] s‘i’@‘;r\raﬁ%”'.gﬁéﬁ%Bdééwﬁqﬁ‘%ﬂg"m?&e i re@ﬁ’ Qﬁﬁ‘%@%}f

downwar dlLy facing shoul der 344 on the runnin ol. In the initial position
of the a3seriP§SHE I8 kuhapRliad tuihe outar plﬁmrbg‘*i va%ﬁ,tenmﬁéﬁb?be{twseng r
bal | seat 246 and opening of the port 260 fromthe bore of 15 the running
tool, the | anker pistpre342 and lohltdh i3 6aat whichdime she spring 8 Gadh remengapaitied

di aneter portion of the inner piston 340 and the inner dianeter of the

l'i ner hangercidttfA: THeopbtbtot4rapsheihrnatd thefrlaning tddl ahdraddsyt thureidy bel ow
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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reduced di aneter portion 341 of the inner piston 340, with the internal
threads 352 engaged with the threads 324 about the running tool nandrel
132. As iwoOth®97284 case of the previously described enbodi memtysor/s43 hr eaded
nut 322 is prevented fromrotation relative to the liner hanger assenbly
by spring pressed lugs 326 in vertical slots in the |iner hanger 110. If
the running tool is not hydraulically 81 WD 02/ 097234 PCT/ US02/ 15445

rel eased by opening of the ports 260 to raise the inner piston 340 and
release the lock ring 326, the running tool may be nmechanically rel eased

by a second hydraulic release rati.on S di scusse I

operator w shes t&??rb?‘%?@?l%‘r?ﬂﬁg’ aM@tpgn%aggL?%@’d%ggt%fﬁqllséahég%re
pressure is then applied to the outer piston 342 to shear pins 360 between
the outer previdadamntherddckingtpigion 26, é)aalm, whieh maythfea dppacignag seakthys
re-engage the clutch. The operator may then rotate the running tool

mandrel 132 sehlehseen bledbikigg phetoh RBemdthedsydy #@ldntiseab®8 fwhich rpaessur e
may then be applied to the ball 240 to force it through the reduced

thi nner di ARl B of DR 8RAL ot 40nald Aol elpisAF A0 LhaME RifiinalEpiding

now to Figure 12A, a'pre re Iment of ‘a pac bushing 10 iIs

depi cted_for _seal,i ng betwe adi y outward 4 iner running . ad r of
the |ineP hé’@é@ I“a changel |§9{ﬁ"h%§rdjér"8mﬁ%q¥ 88'?”%%@?%%‘1.&9@@)“6%%&{0”
bushing 10 is axially captured on the running tool nmandrel or tubular 15

body 12. Théoddingdice sealsi haod 28he pleaskof f bushing and its limted axial
novenment on the running tool body 12 facilitates re-stabbing the packoff

bushi ng Retaining member 32 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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into the liner hanger, as explained below. The upper end 14 of body 12
includes threads 16 and seal 18 for seal ed engagenent with the | ower end
of the |iwero2/opmpger rel easi ng assenbly of the running to®CI/UShg1d4aver end
20 of the body 12 20 includes simlar threads 22 for interconnection with a
sl eeve 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
requi red. 82 WD 02/ 097234 PCT/ US02/ 15445 As shown in Figure 12A, an
internal seal 24 and an external seal 28 are provided on the |ocking piston

26. Seal 24,lowki ehd BhthdpistorV2 s kkposesetl high prsssusealvkichahmsenthiehmistoacki ng
pi ston 26 and the body 12 and seal 28, which may also be a V-packing seal,

seal s Detveoss by RioM SopAch R ARead Ui i BEARI $2APs@thdtRe tadkedurirager

48. Retainer 3 r eadabl y" connect e pi ston 26 hol di ng the
seal s 24 and 28 in plac Ret ai nj nber 32 i hr ably connected to
top cap 34 sdtf’z pRihe Eﬂﬁo?mpﬁ?%ég%eﬁ?%ﬁ%&.@g ﬁﬁ%&e%”%@&@@ e top
cap 34 and the piston 26. Retaining menber 32 includes a shoul der 38 for
engagi ng shdatkleg engagamené with thediner hangerdolaxiadly lociateppeiafi ushia &F t he
retai ning nenber 32 and the upper end 27 of the piston 26 are each

splined, 550 thBahet hén%éﬂ. i Tige fdcRUTHE3G kS Preventsithe eaickefflbushimgefrdraced about
t he packoff bushing. Flange portions 33 thus capture the |lock ring 36

O e U R RE g hESkmad rog il 20
than about ?i g’se%&dﬂ gmgj r5[8errr]1gl?ncéaifnolJI’ui(? ?rﬂggljitg%e?vr‘}ger? 3&23 Mr}/nill’xg(;) %(c;l %%d the liner
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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to the liner hanger. A preferred lock ring 36 may have a circunference of
from 300 to 340, thereby providing substantially full circunferenti al
contact vwoOh2odm34 | i ner hanger while allow ng for radial exparsst/oid4mand
contraction of the lock ring. The relaxed dianeter of the lock ring 36 is
substantially as shown in Figure 12A. 20 The packing retainer 30 is
normal |y spaced axially a slight distance above the stop surface 44 on the
body 12 for | ocking and unl ocking the bushing. Wen fluid is punped
downward t hrough the |iner hanger running tool, the 83 WD 02/097234

PCT/ US02/ 15445 | wer nd of the n 26 is ex d to hi ssure

whi ch rmoves the pi 92@ FHG3P Fat fef b &'Wmfﬁiég‘%ﬁ‘ﬁy SB§C%418%£Pﬁ°\¢? i
12A, so that the Iock surface 46 on the end of the piston 26 retains the
C-ring 36 rainanitingoptesanck fncks totle appligd togtherpradieffdushinior Withetd “pumping
hanger to axially Iock t he packoff bushing to 5 the liner hanger. The | ock

ring 36 thug@r &eemh COAE sREGM iR Fidiirem 2T @mqméw gidovedTein the
pressure is |ncreased durlng he cenmenting operation, le the seals 24

nanger . Si ndantg LR %ﬁ* i '"ﬁeit*%% i%&n%%er‘%ﬂﬂé 3%3315%%{%%

shoul der _ 10 44 on the top R provi des a neans for trans étlﬁg forces
downwar d5t o thﬁ@ackpﬁ&ushmgt@rt EUPPhBa'ﬁ% whem fIHiG-PressiE ie areie
operation. Shoul der 44 would thus engage shoul der 45 on the running
adapt er 48 qfistbhe2d.i Wathoé figierpredsmeathes@trindpd tves ginacissragdigllyiimetatd t he
liner hanger so that the liner hanger is "hung off". A bearing 46 may be
provi ded to glhRMH RthiniiY ARMIRRIZDRAYN #fe IRKHPEE 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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15 relative to a set packoff bushing during an energency rel easing
operation. The packoff bushing may thus be reliably maintained in the

| ocked po®DtRor23ni th the piston 26 up and the Cring 36Pexamnzedss as
shown in Figure 12A, when fluid pressure is applied to the packoff

bushi ng. Those skilled in the art should appreciate that engagenent

shoul ders 38 and 40 al |l ow t he packoff bushing 20 assenbly 10 to be
retrieved with the running tool to the surface after the cenenting
operation. Retrievabl e packoff bushing 10 as shown in Figure 12A thu

repl aces thendpbdubgd sWithwor with&uitga peckier settingCassanaigy zeul @WPK%@?@?KH%”U%
of the Cring 36 rather than circunferentially spaced dogs all ows high

cementing pr, iaRd the chsingpaxkeiuighthie iacgofibusioing
" punpi ng o&?ﬁﬁﬁgefgvgéc oﬁé@?ﬁmn .rAs shown. |gn Fi gufrge 12A, an annul ar

ing 36 1o aecliressd et & ABoiandd pRell BRme AT e R Harker fushang [ ock

fluid pressure is applied to the piston 26. Wthout fluid ssur he
C-ring 36 tlassembiy acd $he alip aettmgiaﬁﬁsnwly,ttbmk?fﬁguﬁ Wﬂi%%gﬁ@ﬁ%@?’e@,z
when the lock ring 36 engages the top surface of the groove 47 as the

bushi ng 5s pildtest 188hticHs ihtAellinee hahgagenningftenl.t he  bushing is re-stabbed
into the liner hanger, the Cring 36 is retracted radially 10 inward, e.g.,

when t he quiﬁ rljeg% E%CR&Q@IQ% I mbloul der 45 on the liner hanger. During

upward nove relative to the |liner hanger, the

Cadi al1y i nvar o Heie G sty = peRn g & CodRERRDe PERRR R SRR .,

hanger .

52, which will allow activation and packoff of the liner top 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

86



The C-ring design significantly increases reliability of the tool according
to the 15 present invention, and reduces both the conplexity and the costs
of prior wote2/0984 s whi ch use nmultiple lugs or dogs. Fi guPeTABBR/134ktist rat es
the splined nenbers 27 of the piston 26 and the splined nmenbers 33 of the
retaining nenber 32, and the C shape of the lock ring 36. External slots
37 circunferentially spaced about the CGring 36 facilitate expansi on and
contraction 20 of the Cring. The liner hanger running tool with the
packof f bushing di scl osed herein my be used on various types of |iner

hanger operations,., Th ackaf f . bushi.n 5 / 4 may
be used wi tﬁ)ogyn\% Pn@i?tgéelﬁ§¥?é9 HQE?‘P n 'a&%ﬁfqg%\éggS %’acgéﬁéjr%%é%%eﬁ% for
seal ing between the |iner hanger and the casi ng. Al t hough t he g%%ﬁoff

bushi ng as stibsi4 by sheaemembar 82y o3ieeve mattian 84 of thaeaidg siER¥C|Brer hanger
rel easing assenbly-and the slip setting assenbly, the packoff bushing

coul d be pr @righgdsIhabody Barad stuawn timBigune tiBealthawegh sealiper betweenribe hodly.
Figure 13 Packer Setting Assenbly Figure 13 illustrates a preferred

embodi Ment el g PARKEL. R LibBe 7BIEHRL Yeqdid, BASNngdmBLISEE 36 the Bbiipn

and packoff o Iner top packer. The' pac Ing assenbly is

provi ded_on Etwge sl eeve shaped body or sub 54 which is part 10 of the
mandrel 8f tHeAEGIEFYRFEARHIOWand i ncl udes | ower threads 55 for engagement
with a lower sub of the mandrel. The packer setting assenblg/t@SZ i ncl udes a

housi ng 56 car ryiThp frsttipedhe mpckensetiisg assrablyisriveveqd enhe’ beaalished ¢
seal s

bore 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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may replace the V packing 58. A flow slot 53 in the body 54 ensures fluid
communi cation with the splines or ribs 57 on the body 54, so that the
housi ng 5®012/0ymse£s axially al ong these splines w thout traepgisay1fhuid
pressure. Packing retainer 60 and snap ring 62 hold the V packing in

pl ace. A packer setting or force transmtting Cring 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 |ock sleeve 68 and
retainer cap 72. Lock sleeve 68 engages the 20 sl eeve portion 66 to retain

the Cring Ghtérdibhrieositheseesptacki 30. oThaslabsafece 65 oni ther@ing 64sthushat
when released the Cring 64 will snap out. A housing extension 74 is

Lhr eadably (356H0BY the il ainass Bfine bméc@gt%g b 30! i hpeni 21 00723

PCT/ US02/ 15 erelative t u5| ng eari ng sl eeve 78

is connected to the _sub_ b4 shear ortj on 84 of th
Ibeari ng sl eg reg S‘*bff?éfég F%'BW&\}GBE%? @Wap %‘$ 'H?tt"ilﬁ?ugh ©

seal i ng between the body 54 and the bearing sl eeve 78 IS not required.
Packi ng mentieparegasufaceh@3 bbthe umpesendraf Ghrig sk endoibeasttinhweight siug i ne
t he packer setting assenbly is noved out of the polished bore receptacle

90 (which i sedlls PRdTRadially bl@tWaeewcéfap@néa@o thes Cussga4ito effbetivdly bekthe
running tool), trip ring 70, which was positioned wthin the poli shed bore

1SEEBLEC ot P AR o BB e

packer set Ui 0gfiy fneggr' AR R aog%.,ass&ﬁd bore
liner hanger, the body 54 may be moved downward 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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engage the top of the polished bore receptacle 90 as shown in Figure 13,
and the packer setting Gring 64 is positioned wthin the polished bore
recept aclwo o2M¥esd set down force is applied, housing 56 wPCI/Uso¥es4eownwar d
relative to lock 15 sleeve 68, and the trip ring 70 will nove radially

i nward due to camming action. The entire packer setting assenbly may thus
be lowered to bottomout on a |ower portion of the running adapter prior
to initiating the cenmenting operation. The next time the packer setting
assenbly is raised out of the polished bore receptacle, the radially

outward biasing force of th - T 64 will cause the C ri_ng t.0.en e
Che top of - (ARIMICRES tsorebarlss)ine fatthandel HRCker Whn d8p Pakee 1616880
particularly, the shoulder 65 will engage the top of the polished bore
recept acl e radjailyioutwardches itds pushed dowel tbaadker setingcobe. t he C-ring 64
approxi mates the 87 WD 02/097234 PCT/ US02/ 15445 outer dianeter of the
receptacl e 90. Thg cbhpleteUthalmg frocedufdr Farning, fettind)umd migbes tHelndrop

surface of the tie back receptacle 90. In this position, the tapered

surface 73 gﬁalﬁ]hg S&gyg% 38%% fo @e&%%ﬁéﬁﬁﬁgx%ﬁ{ﬁ{;ﬂm% bR&iSRIdsRE. FrRper ed

surface 63 pper e setting welrght thus 5

results in a radially outward forc lied to the C-rin 4 to effectively
| ock the® c-$4tig leﬂ%@%'ﬁﬁﬂaﬁ}‘ é‘ﬁ@g}g& Bb&\etIPWﬁ!' eggqfﬁa\go%gr ied RGN 1 |
not prematurely snap radially inward before the packer is set. Once the
C-ring 64 i sadédl pgpaiandtis réleasablyeaonnantpelrto a linertheungesaviieh i attashedito
downward relative to the housing 56, thereby shearing nenbers 82. 10 The
packer settihg tap D indr2 TiaswbHeBtringl Ib@kld tHeMin it the Hobsiiciaintsla

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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downward set weight may be transmtted through the Cring 64 to the tie
back receptacle, and since the nechanical setting pressure is assisted by
fluid prwesnne2bet ween the ID of the casing and the OD ofPCrhusor/usami ng t ool
or drill pipe. After nmenbers 82 shear and body 54 noves downward rel ative
to housing 15 56, the radially inward surface of projection 88 on the
housing 56 is then supported on the |larger dianmeter surface 90 of the sub
54, with packing mnenbers 86 sealing with the housing 56. A collar or
simlar stop on the body 54 engages the top of bearing sleeve 78 to |imt
downwar d tr agriasefaridheomBngioadontadbadth H@ ¢ NFhé dinkedatianathdn Be back
receptacle. After the packer setting 20 asse ly 52 is set, the increase in

priessur e i n g A bHEy S ¥RSEL "B ThLpa Rk LIEHABIA ARl v e

housing 56 t0 act as a pIston in response othe
annul us pre sure t her eby provi ding increased 88 WO 02/097234

PCT/ US02/ 154887, the WA ATt o rel i abl y set the |liner hanger packer when
the packer is forced radially outward as it is pushed down the packer
setting cone. A ddithlteedineulvadreipgkedosftiante therhangeniships, asiditidnad) slaskaff or

rel easing the liner hanger systemaccording to the present invention wl|

now be dgscussegowr Meight phdy BE ab@ﬁéd tostl'féWr't@ ALY R draoiRthdro the

| ower end of a work string, typically pi pe, and i s releasably

The wor kst nayea, EACREE pollibFalabeit gaTinked hifighdRenhiB bR,

the I ower end of the previqusly set casi n% or liner. Wth the Ilner at a
desi red deptthe liRer hapgee Which supperiedryingtlimer: h@Bﬂ?bﬁ‘H)SupThlﬁ §SLARWA t he
hol e.

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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10 A setting ball may initially be dropped froma cenenting nmanifold at the
surface. The ball nmay either free fall or may be punped to the I|iner
hanger sIwp edtBng assenbly, where the ball will rest omcCrhsozxjanhdabl e
ball seat. Fluid pressure nay then be increased to a selected value, e.g.
500 psi, which exerts a force on the shear screws acting between the bal
seat and the mandrel of the slip setting 15 assenbly. Wen this force
surpasses the design limts, the screws will shear to release the ball and
seat to a position that uncovers hydraulic ports in the mandrel. Continued

PalT 1o be poiai™ Brrhe8e i sl HBe e bR S B8 Hheer fRSsfte SRkl G

pressure is then jncreased to shear screws between the piston and 20 the
mandrel of tBRCANATEY Pisierye f tBRprimayy Pistanidiogs noheelpase Hie ruymning taghdrom
exposed to pressure within the running string when the ball was first

rel eased, i stherlespdaspee dantinledprpsasewik shear theasgondapypistbn frivantedy
forcing the slips to 89 WD 02/ 097234 PCT/ US02/ 15445 release and cone into

contact wit Eg.tiﬂmr)ﬁﬁ@{d?ﬂana e Béé@ﬁddr?%@st&?wlf ll?l%ﬁ}eba%(ialgzl Ltﬂﬁg?gllsleﬁéérléw ﬁ%et he

set slips. ce the slips are supporting the weight o

addi i ondl  sPaiep dithe SphAigbBel feiline HtaR oA U nBL alder WA A hunger

to check for any hanger novenent. The set down weight will be transmtted
t hr ough t he ¢h§ﬁﬂ9%@e<féae rugningreol magberatrjed S-Giires te she tigpblordisengagene
| i ner hanger slips. This set down weight may, for exanple, be transmtted
t hr ough t he theminnipgttool fromnithediner dianger.
The operator at this 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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packof f bushing and then fromthe | oad shoul der on the packoff bushing to
the 10 liner hanger. A ball may then be | anded, and the ball seat noved to
expose fwoiod/opnsss. Pressure may then be increased to a PeETASIBS4MAI ue,
e.g. 1200 psi, which is transmtted through ports in the mandrel of the

| i ner hanger releasing assenbly. This increased pressure shears screws on
the primary piston, thereby noving the piston to allow the |iner hanger
rel ease ring to collapse and 15 di sengage the running ring fromthe |iner
hanger. At this stage, the liner hanger running tool is free fromthe
liner hanger30( pgiet mbalththﬂSSttthQ@t}f@ paréisolationripll semd) expandirg fheer
hanger is shear pinned to the releasing piston, it noves fromthe clutched

posi tion to danmset ot thbedapo¥héiban |@$orbb@tmgﬁmhér@éﬁtstotﬁerhmrfeﬁlt@ase t he
running ring. The running tool is preferably released by the increase in

flud 20 pr SaSHARIRCHELIbA " Ed BB Y pRASRDank o ARIRHADI ik Plod fi

still engage I ner hanger pressuri

rel easi ng p| ton, e may continue to pressu dri sting to
t he maxi num PPdﬂ%BPEB%F@QEMP@'@@ﬁﬁ@?@%ﬁ@BWZ§@S 946 /ﬁgzﬁﬁse@ﬁeéﬂﬁhg for
rel ease in small pressure increnents up to the shear pressure of the
secondar $ pibalbis.thén allbeedto ineeyfalios berputopsd tootherblledigertéhe runni ng t ool
from the |iner hanger, continued pressure will shear the secondary piston

fromthe prinaryTié %EQ@eﬁéﬁH tERcAERARS Andy B PliRed Whilé cirevritiAy m@idsyfow) to
di sengage the 5 clutch of the running tool” fromthe cI utch on the |iner

hanger. Wt rbetrngnif&?@%gem%h?e ﬂ\e deMehtpu %‘eg(?r{ § pﬁrﬂb%% 5-6

turns to the'Ti I Sen age e running t I ne anger.

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
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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
runni ng WO oeowi234s rel eased fromthe |liner hanger. This pCTRSap1perati on
wi || al so disengage the packoff bushing fromthe |iner hanger running
adapter or tie back receptacle. As previously indicated, the packoff
bushing is designed to be re-stabbable so that the operator nmay pull the
runni ng tool and the packoff bushing upward as desired to check that the
running tool is released fromthe liner hanger. After it is 15 confirned

t hat the runnin ol .is re S th o shin bed
when t he ru;brﬁt\ﬁg ?gb? IIH%I' @(iﬁ]gecaa%%%kﬁgﬁc?wlﬂﬁ{rwst pvmﬁsw hg‘grl[n%\/\ﬂgég'b
there is pressure bel ow the packoff bushing, the bushing is securely |ocked
to the |inéluhanddhe pamuedewndiug sei latohesdaiorthe I@n@ngz»sder @éwhichejinehen be
used to shear the 20 secondary piston fromthe clutch to allow the clutch
to re-engageréssurkimey behatgased @aegt N800 psicvbvlacigRIlatingpresguriedol i s

rel eased fromthe liner, pressure nay then be applied to the ball and

Sooh et REMIE BN B GRS R 6 R BER R Bena i

expandi n | aneter of the s The b s for t hr e seat to
per manengl yqa%pg,cgﬁﬁr 2ieROIGING: ﬁwurwgy%%bp,{)lﬁégg @Wgﬂ?é Yai ni ng
fluid circulation will then indicate that the ball has successfully passed

t hr ough t he tiegd baelato emsigreshphihe ficategeipraenioadelding Pressurel | or be punped
to the ball diverter. The spacer and cenent fluids my be m xed while

circul ating flui dsshe&ild be remembered that the packer setting assembly incorporates

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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cenment di splacenent. Wien the cenent has been punped, the punp down plug
may be rel eased fromthe surface, formng a barrier between the previously
di spl acedwoanmat23and t he di spl acenment fluid. A cal cul at ed pamaisaz/15345 10

di spl acenent fluid may thus be used to punp the punp down plug to the liner
w per plug. As the punp down plug get close to the running tool, fluid
pressure nmay be reduced, e.g. to about 500 psi, and this pressure w ||

i ncrease when the punp down plug latches in the liner w per plug. Once the
punp down plug is latched into the liner w per plug, the work string can
be pressured up aDucefreepacket Setimigaingeis ip disi exgpaotied ipositionh arill pig wWeightr
plug and the punp down plug will be released fromthe plug hol der sub.

I ncreased fl red 8 t4t)6.elraRsoenwardforedi ch
rel eases th rH%“?Rgr W pgf‘oﬁ ﬁ?@?gﬁﬁ%gg %Sébﬁ& der sub. The piston within

t he plug hol act fl ow
t hr ough a ptg@é@uﬁ? gf §eet 9@?@6‘% ?P&It(ggge\,\@e B? %éetrﬂrg‘? ﬂggﬂ t'%ﬂ;elsgchgof 20
time to release the |iner w per glug This tinme q;,r@&v euse[\ t%% operator
to positivdlagkeapsetingtsequrspsad, Iﬁeﬁ‘ﬁt'm\mncﬁf\?@m s and glley|the &8 %Qount of
di spl acenent fluid wll thus force the cenent to the desired height in the

annul us 92 \\6x@72d B8 TR3niEdd (Y paciding clerhewterAs Addd inereases, thHeepacieirng.
Fluid will thus be punped until the liner w per plug and the punp down

plug set 'ate%'ﬁ\%nt %P%%db‘%d AEhS @946\/%% doin el &hd. | {HBreb) RBRHIGEERY be

increased to si, over circulating pressure to” conplete
| andi ng ool légwagp@%gg@ %éewa@gﬁaﬁ@éi@%@ﬁ&wm teAiH5na checked for
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

94



bl eed back to ensure that the float equipnent is holding pressure. It
shoul d be renenbered that the packer setting assenbly incorporates an

unl ocki ngwbeabemes t hat al |l ows t he packer setting assenblyPCo/use2/p4hi ed out
of the liner hanger tie back receptacle one tine w thout unlocking the
packer setting 10 ring. Upon re-stabbing the assenbly into the tie back
receptacle, the packer setting ring becones arnmed and is ready to expand
the second tinme the packer setting assenbly is pulled out of the tie back
receptacle. Accordingly, the running tool may be picked up until the

acker setting,. ly ds.remved fr e t] t acl j

Bl ows ¢ he EPPECRG "0 TR o apdijebeha spC T paiae: R b
receptacle. Slacking off on the running string collapses the trip rjing so
that it may of eanliegr iniethe wellber anscibpisetiing obifve paskes elementy i(One spdldy e
out of contact with packer setting ring. Since the C shaped packer setting

ring is com esied hanger withowt apaekseslementanbehbmftiienipeslineing, tobheoplacker
setting assenbly is ready to be activated the next tine it is pulled from

the tie backofOed e dorACHL LRI Msd UhiKer AShofEsbURs LR ked, uP

sufficiently to expose settihg asse y, then set down wei ght
used to set .t,he packer ement.. 93 WD 02/ 097234 . PCT/ 2/ 1544 ce the
packer s tti"ﬁaﬁﬁ'ﬁ@b?f? Wﬁh?lt'fsa E@ﬁf 5 Bin?‘?%}?,n'%‘Pian%%eo tﬁ&hst%nay be
sl acked off on top of the tie back receptacle. This downward force through
t he packer seleasing agssssblyyveiid npbbe iequired ikl apingtiael eVaipus at es t he

packer setting sequence. This action will shear screws and all ow the
setting 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 1load to be transmtted to the packing elenent. As a | oad increases, the
packer elenment will expand in OD as it noves down the cone, thereby
pushi ng tWe o2expandi ng packer el enent out into engagenent P@rtusor/i@4tasi ng.
Wth the packer elenent in engagenent with the casing, the rig rans may be
cl osed around the drill pipe, so that a pressure vessel is fornmed between
the 10 casing and the running tool and between the packer elenent and the
seals of the ramat the surface. Know ng how nuch load is required to
properly set the packer elenent, a known fluid pressure can be applied to
t he annul us WRatid¥4sfmelhs: ti e back receptacle to nove down, thereby
applying a greater and known |oad to the packer elenment. A desired setting

| oad to the packer el 5 S | i nr . compi nati on of
set donn wei ght and ALY fredishRetiNrs BB e s Bastin gt Tha 1 o
predeterm ned position above the top of the |iner, fluid may be circul ated
t hrough t he "@&NGEr ins@ epsigarwithin ecwebh@easisrandingsa lipgrgam the lings hangekce,

t hereby reducing the need for drill out. Once the excess cenment has been
circul ated and retrigvivey pettionstdi¢he peolatemprisiggpul | the setting tool 20 from
the well. Once at the surface, the tool may be checked for danmage and

servi ceds The to%?t@o‘? S S Eep BofmUAhetl ngsst%.assenbl y for a
specific 94 WO 02/097234 PCr1/ US02/ 15445 " application, i.e., for the

running and releasing of the |liner ha r, th menti ng. of the liner into
the well bore and % H¥ %eg{ugg ﬁﬁs%mg&ﬁb%’agﬁ‘é?“a@diﬁ@ﬁf _se%qggsél glta engage s | ner
hanger wi thout a packer elenent and therefore the running tool would

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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not require the packer setting assenbly. Al so, a packer elenment could be
run 5 into a wellbore without a Iiner hanger slip mechanismand therefore

t he slip woekegrsng assenbly woul d not be required in thePCrrusozgs4adOl .

Vari ous conbinations of the disclosed tools could be put together to run a
variety of downhole tools. Wile preferred enbodi nents of the present

i nvention have been 10 illustrated in detail, it is apparent that

nodi fications and adaptations of the preferred enbodinments will occur to
those skilled in the art. However, it is to be expressly understood that

such nodificatiogs andrisiwiel as idefiseduireCraitrni rfutther compprisingand scope of the
present inventi on as set forth in the followng clains. 95 WD 02/097234

PCT/ US02/ 15445 IﬂFsI%z?r'rﬁ@nﬂbé?fmrjmte&drﬁ@ctiﬁ%rthé BRI ARTIR Tunni ng

string to p05|t|on a I ner nger 1n a casl ng hin a wel |l bore,
suspendlngallner fr e lin a and retrievin the
tool, conpriCltald suph “%@t ?B%‘P“Wﬂaﬁ'@r‘gp {%%WS%FﬁePﬁéa?gﬂ?ﬁ H'B'PCZY} &F'ﬂ
slip setting assenbly about the rrandrel for setting S|I5\ t o engage the
casing and shepeedhahger torparntitantationfeidhe tsieé liversharnger av faerréne@gus{@ng
assenbly for releasing fromthe set |iner hanger portions of the tool to

be retrigved to the surface, the releasing assenbly including a 10
connecting menber for engaging the tool with the Iiner hanger, a first

piston hydraulically ApyRabLe JAnbE$ReNsm § Crufthel BoRpRsiaYr & Wi thin the
tool mandrel from
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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a lock position to a release position for releasing the connecting nenber,
a clutch for rotationally connecting the tool mandrel with the |iner
hanger, awo0 oa/09&Recond pi ston noveable in response to fl ui @CprEseyF4es wi t hi n
the tool mandrel for 15 disengaging the clutch, such that right-hand
rotation of the running string noves the nut downward al ong 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 daim1l, further conprising: 20
a piston shear nenber for interconnecting the first piston and the second

pi ston, such that, t he -sec | Sk ; [ fromthe first
piston in respor%e toﬁﬁ &%gagrde% 'ggggﬁ%@ﬁ‘lﬂfpﬁgg{](g@fn%ﬂ%ﬁgfel. 96 WO

02/ 097234 PCT/ US02/ 15445 3. The tool as defined iq C.aiml furhhet
comprising: a cl @ dwdhemohremEr thedirst pistone sHek tha rﬂgllcfﬁg‘ﬁ%s@&%w& i é?on and
the clutch, such that shearing the clutch shear nmenber reengages the

cl ut ch wi t h mahdrel passestimgegh the flewthtougbtpsirt wracifupondheeatecond gisteanger
with the running string. 5 4. The tool as defined in Aaim1, further
conprising: a port in the tool mandrel for fluid conmunication with the
first piston; and a sleeve for blocking the port, such that the increase

o open Phe port 10 o NS e5 AR B FAEEr Bk bhiberefied, ot he

engagi ng nenber is a o o _
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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radially collapsible Gring. 6. The tool as defined in Claimb5, wherein the
C-ring includes external 15 threads for engagenent with internal threads
on the |iwernzlemger to secure the tool to the |iner hang®cT/Usp2/T4ies5t ool as
defined in Claim1, 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 WO 02/097234 PCT/ US02/ 15445 8. The tool as
defined in Aaim1l1, further conprising: a flowthrough port in the first

pi ston, such that fluid pressure within the mandrel passes through the

f 1 ow t hr ougPehpen eorelrasepnsitiamehseivnidedrankefi bushing. may e reprovesl fgemi ned
in Caiml, further conprising: a stop on the first piston for limting
travel of tHiesiaephdngérsdrahreidsertethiatd ¢ liver algeneghd a Iddlapasition fdrer ei n
the first pistonis aradially inner piston for sealing with the tool

mandre! . andeidiingReNRIcRING if o iR i thhdHehlooP IR thelpaBRaki N9

with the inner t on. . tool for™ suspendi roma running string to

position a |iner nger is a casing within a well bore-, suspending a |iner
fromthe Iim %H%G)gﬁh%ﬁwer PA98€™and retrieving portions of the tool,
conprising: 15 a tool mandrel supported fromthe running string; a slip
setting assenbly about the mandrel for setting slips to engage the casing
and suspend the |iner hanger fromthe casing;

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 rel easing assenbly about the tool nmandrel for releasing the |Iiner hanger
fromthe portions of the tool to be retrieved to the surface; and 20 a
packof f bwetlig2Bor seal i ng between the |iner hanger and tphg/usovis44sandrel ,
including a radially noveabl e | ocking menber and a fluid pressure

responsi ve pi ston noveable in response to fluid pressure within the tool
mandrel 98 WO 02/ 097234 PCT/ US02/ 15445 between a rel ease position whereby
t he packoff bushing may be renoved from the |iner hanger and reinserted
into the liner hanger, and a |ock position for retaining the |ocking
menber in a groove in the liner hanger to | ock the packoff bushing to the
i ner hanger. 5 12. The tool as defined in Caim1l, wherein the radially
noveabl e | ocki ng! frenbéRe deplas defines icEaiapdd, wbekeinithg packoff ughingol  as
defined in Caim112, wherein the Cshaped lock ring 10 includes radially
external sl otampised:acilitating expansion and contraction of the |[|ock
ring. 14. The tool as defined in Caim1l2, wherein the G shaped |ock ring

has a circunfer en&?acﬁié%rﬁ@ﬂu{al §§ﬁl-foﬂ§e&lﬁlg J&@/ebﬂ(%hggﬁs&eﬁfdrﬂeth%gn%&jem 12,

wherein the lock ring retracts en engaging a s er on t ner
hanger, @eraeb% allowing the lock ring to be reinserted into the |iner
hanger after i ng rai sed above the |iner hanger.

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



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 posiwD@/091234 esponse to fluid pressure within the toecCTrsazitzahs 99 WO
02/ 097234 PCT/ US02/ 15445 17. The tool as defined in Claim1l, 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 liner hanger. 18. The tool as defined in Caim
11, wherein the packoff bushing 10 includes a radially outer shoul der for

engaging a radially inner shoulder on.the_ |iner hanger for applyi set
doun ver gnt 6 sty pAERD e ameY 288hines fasp SEonicel fepadieEPmieart s
wherein the packoff bushing includes a radially inner shoulder, and the
t ool mandr el cansclougese dhe packen slemenérelative tnibel apee, thripackeraetting
engagenent of the inner shoul der and outer shoul der allow the packoff

bushing to %sreﬂ?xﬁbl'y%\bﬁfbriéirtd? the retrieving portions of the tool. 20. The
tool as defined in Claim1l, further conprising: a packer setting assenbly

about the tool [ %ﬁrf'd ' o 20~Seal 7 asi ng
and the |iner hgﬁé;gércﬁélglexp pa%:qlé;r%@gﬁ %ﬁﬁg{'gb §n§ﬁ9 orfog"g‘:ft ﬁ?ﬁégﬂgﬁﬁ%gﬁal
set pack%r er'ir?gn\?vrﬁteh ex%)g(r)lded acting to engage a setting sleeve for applying a set-down

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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WO 02/ 097234 PCT/ US02/ 15445 t he packer setting assenbly applying a force on
one of the packer elenent and a cone to nove the packer elenent relative
to the cowe,02npm3packer setting assenbly conprising: a radrashyistpandabl e
force transmtting 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 Caim21, further corrpri sing: 10 a | ockout

mechani sm f or pr nt| for [ t he
expanded positi o ﬂ%%éag'é%lgf ﬁr@i??‘?%ﬁb& %%ﬁ?d 'BQFJ@W %d%#%g ﬂﬁé’
wherein the | ockout rrechanl smincludes a lockout Cring for radially
expandi ng t doggeechanismenpws axialnto ralease hedoreretranymilingshyiyd the

| ockout mechani sm 24. The packer setting assenbly as defined in Caim 22,
further conprising: the | ockout nmechani sm noves from an expanded position
to a retracted 20 position due to a canmm ng surface on a housing of the

packer setting a el e A flriHeg G ri ng.
D01 VI 02/ 007334 2% J@E‘)%P%Egéigéﬁédsg%%éwg %‘?esetti?'n%lég@se Lfy as defined
in dai m§22 \/\herel n t he | ockout mechani sm noves axially to rel ease the
force transHAT % ring.

a lock-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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26. The packer setting assenbly as defined in Claim?2l1, further 5
conprising: a |lock-out nechanismfor allowing the force transmtting GCring
to be rawveadognss of the top of a |iner hanger one tinme wPCRAsD2/navi ng t he
force transmtting Gring to the expanded position, such that the next
time the force transmtting CGring is noved out of the |iner hanger, the
force transmtting Gring 10 expands to its expanded position for
engagenment with the liner hanger. 27. The packer setting assenbly as
defined in Caim?2l1l, further conprising: a packer setting housing; 15 an

| D seal for Sealing: DEANBSHRIRASKSE SRAMRRN. ahd Lhe packer setlng

housi ng; and an sea sea ng vmth bet ween the setting sl eeve and

in-applyi ng o seibatgonar Heitimaelet phie BeRRY ERlR oo BRBE Kor

el ement. 20 28. The packer setting assenbly as defined in Caim2l1, further
conprising: 102 WD 02/ 097234 PCT/ US02/ 15445 a packer setting housi ng about
a mandrel; and a bearing for facilitating rotation of the nandrel relative

to the housing. 289. The kit Geftibgtassenisyp agiefinad ird€laime2 i whete te21,
wherein the
5 radial set packer element includes a metal radially inward base and one or more

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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5 radi al set packer elenment includes a netal radially inward base and one
or nore radially outer seal bodies. 30. The packer setting assenbly as
defi ned iwo@aptBL1l, wherein the setting sleeve acts on troa/ysavkans el enent
of a liner hanger to seal between the 10 liner hanger and a casing. 31. A
met hod of releasing a running tool while supported on a running string
froma liner hanger in a casing within a well bore, the |Iiner hanger being
secured to a casing by a slip assenbly to suspend the |iner hanger fromthe

ool oangs ol 1, hebfaduRefBihe riting ki de 1S ARTLMM0R RS SilaedROl @

tool mandrel, the releasi asse nclu a connecting ne

engagi ng the _runni strin ith the liner hanger, a first piston
hydr aul i cal IWﬁfﬁ%gﬁlr@h%’?"%e@ﬁdﬂga'”tgoﬁfm@i d pressure within the tool
mandrel froma | ock position to a release position for 20 rel easing the

connecting nmenber, a clutch for rotationally connecting the tool mandrel
with the |iner hanger, and a second piston noveable in response to fluid

pressure within tge toThemutHoelasidufinddse @a BY, fufef boinphisingnd 103 WO
02/ 097234 PCT/ US02/ 15445 pressurizing the running string to nove the first

piston tg the rel &%%@w%iﬁg:ﬂg%%}rﬁﬁ ﬁfrﬂget%%gge &ﬁ?sé%rﬁgtozﬂoiz(lﬂg%nfﬁe The

met hod as defined in her ~conpri si ng: ess
runni ng Str'tﬂ% élt?tcﬁl;)ve t he second piston to disengage 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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rotating the running string to nove a nut downward along the tool nmandrel;
and thereafter picking up the running string to di sengage the running t ool
from 10 wbezio9nes hanger. 33. The nethod as defined in Crarmssdis4iaurt her
conprising: shearably interconnecting the first piston and the second

pi ston, such that the second piston may be di sconnected fromthe first
piston in response to fluid 15 pressure within the tool mandrel. 34. The
met hod as defined in Caim31l, further conprising: shearably

i nterconnecting the second piston and the clutch, such that shearing the

clutch shear ne ror n ' %%W) f the 20

Il i ner hanger wt fhe%%n%%ﬁgédségﬁﬁgbéqwc%ng‘g‘/’&@Béﬁé {'%@'2/ 15445 35.
The nethod as defined in daim31, further, conprising: . providjn .port in
the tool mandrel Preyidinga @O&tdmmm%m%}dr%f%ﬁﬂﬁwecqm 'Cp%'PEt"Yi ,tﬂﬁﬂ{lfgt

bl ocking the port with a sleeve, such that the increase in fluid pressure
5 when a baldistbapalsd on a seat shifts the sl eeve downward to open the port.
36. The nethod as defined in C aim31l, wherein the engagi ng nenber is

formed to be a raflb@lihy tfOhbrRFS Sidevel ith tHat Be inbRGadEEnITRAY presdafd ned i n
Claim 31, further conprising: providing a plurality of dogs carried by the

nut for %i t tve/ﬁ]e% é’\\'i btalﬂilerl]nésl Sh% éé‘atts'ﬁ‘ﬁ“ts 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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| i ner hanger to rotationally lock the nut to the |iner hanger. 38. The

nmet hod as defined in Caim31, further conprising: 15 providing a

fl owthrowo2penssin the first piston, such that fluid preszarse2/13s hi n t he
tool mandrel passes through the flowthrough port to act upon the second
pi ston. 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. 40. The nmethod as defined in Caim31, wherein the first pistonis
a 105 WD 02/097234 PCT/ US0Q2/ 15445 radially inner piston for sealing with
the tool narf@di@lly inpgr Rislendecserling with the ioch mfmd‘i%'afana tB%{S@POﬁ Bistn o
sealing with the inner piston. 41. A nmethod of sealing between a |iner
hanger suspeaadiilyiouter pisionrfgr s&aliMd Wwith tiee imridripisten.and supporting a t ool
mandrel froma running string, the method conprising: providing a packoff
bushi ng for sealing between the |liner hanger and the tool mandrel, the
packoff bushing including a radially noveable | ocking nenber and a fluid

pressure responsi pi ston, 10_.movi.ng, t i St. i : i.d:
P essure within (hE { domaiapd At reRa Redipdt SRS dhdsERERRotR Ll st
packof f bushing may be renoved from the |iner hanger and reinserted into
the |ineb haMigfen a walborelapgksynportinga toekmandehirarha runingséiichdheenber in
a groove in the liner hanger to |lock the packoff bushing to the Iiner
hanger . 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.
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15 42. The nethod as defined in Caim4l, further conprising: formng the
radi al | y noveabl e | ocking nenber to have a C shaped |lock ring

confi gur awDen/092284 43. The nethod as define in Caim4l, wreraisn2/193es5| ock
ring retracts when engagi ng a shoulder on the |iner hanger, thereby
allowing the lock ring to be reinserted into the |liner hanger after being
rai sed above the liner hanger. 106 WO 02/ 097234 PCT/ US02/ 15445 44. The
met hod as defined as Caim4l, wherein the piston is axially noveable with
respect to the tool mandrel to nove the | ocking nenber to the |ock
position in response to fluid pressure wwthin the tool mandrel. 5 45. The
nmet hod as defined in Claim4l, further conprising: providi ng aradially

provi ding o radi Ay clerino s deifedad @?Hﬁ”’ﬁe%&ﬂmﬁ% ot BEXAW ¢ ne

10 I'i ner hanger. 46 The met hod as defined in Caim4l, further conprising:
provi di ng a raeahle yikuespeshinihadeoldnandee! i payerthsdeding mesberigd Bng a
radially inner shoul der on the |iner hanger when the | ocking nmenber is
al i gned 15 lwek positien g essporise toHieid pressuleawiihin thertoalppbydre set down
wei ght through the radially outer shoulder to the |iner hanger.
5
45. The method as defined in Claim 41, further comprising:
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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47. The nethod as defined in Caim4l, further conprising: providing a
radially inner shoul der on the packoff bushing; 20 providing a radially
out er showbdet9nss t he tool nmandrel; and engagi ng of the i megrusehoukzier and
outer shoulder to retrieve the packoff bushing to the surface. 107 WO

02/ 097234 PCT/ US02/ 15445 48. The nethod as defined in Claim4l, further
conprising: providing a packer setting assenbly about the tool mandrel for
setting a packer to seal between the casing and the liner hanger. 5 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

t he cone, the nethod conprising providing a radially expandabl e force

Setting sl oove: and agpryieqod Subee iRl AT AirblrReriiadd | ng P eave”

to set the radial set gacker el enent. 50. The net hod as def| ned in Caim
49, further conpr PEVING ePasksvisgting assesery @bokhedioos mansireljorseliing g t he

force transmtting CGring fromnoving to the expanded position. 51. The
met hod as depacisr torseal betwesh thieucadivey and tipe lisémwangeengagi ng the | ock out
mechanismw th the top of the liner hanger to
5
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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20 release the force transmtting CGring. 52. The packer setting assenbly
as defined in Caimb51, further 108 WO 02/097234 PCT/ US02/ 15445

conpri si Nyo oprogReB4i ng a C-ring | ockout nmechani sm novi ng Po#/USerisags | ockout
mechani sm from an expanded position to a retracted position by applying
set down weight to the Cring | ockout nmechanism 5 due to a camm ng surface
on a housing of the packer setting assenbly, thereby releasing the force
transmtting Cring. 53. The method as defined in C aim50, wherein the

| ockout nechani smnoves axially to release the force transmtting Cring.
10 54. The MAMYP'AE defined in Caim49, further conprising: allowing the
force transmtting CGring to be raised out of the top of a |iner hanger
one time without providing aKeringtagkout meshianisniig C-ring to the expanded

posi tion, such that the next tinme the force transmtting Gring is noved

out of the 15 |inpbvikgiBeIG-rih fodkous thdohahfsih fronhan expandeEppsitids tba it s
expanded position for engagenent with the liner hanger. 55. The method as

defined in ot
nousi ng: 20 5otea ne 8k B BRBGIR o wRictt B CaRERERbuE R et h e
th k tt h

© pac5er suee ’toI an %am%Jl?llg;n%rface on a housing of the packer setting assembly, thereby

and

releasing the force transmitting C ring.

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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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 fwome/9@® WO 02/ 097234 PCT/ US02/ 15445 to the setrCirngoyiaeve. 56.
The met hod as defined in Claim49, wherein the radial set packer el enent
includes a netal radially inward base and one or nore radially outer 5 seal
bodies. 57. A retrievable hydraulically operated tool for running in a

wel | bore to performa downhole tool activation, the tool conprising: a
runni ng tool tubular body for suspending in the wellbore froma conveyance

tubul ar, su £1.ul y be circulated through a bore in the 10
conveyance ﬁgﬁﬁé]g%ﬂ'éﬁ;g‘?%vr?he t ubul ar body, the tubular body including a

fluid inlet port fromthe bore in the tubular body; a fluid pressure
responsive nenber in fluid comunication with the fluid inlet port and
noveabl e relative to the tubular body froman initial position to an
activated positi d@6.i n Thspmibed ae defined ipCainud® whensimthenkadialisat packssdy ;
15 a port closure nenber noveable with respect to the tubular body froma

port isol atiQemBABinclRts!® nRitalOREmINMiwatddsddd afd ohBeriadie @RSV ORtaTEMDer
in the port i1solation position blocCking fluid conmrunication fromthe bore

in the tybul ar,,body, and permtting fluid comunication fromthe bore in
t he tubu#ar S&%QO&teﬁrough the fluid inlet port when in the open port

position; 20 a seat supported on the port closure rTenber, .such thﬁt an
i ncrease in o7. retrievable hydraulically operated tool for running in a wellbore 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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fluid pressure to the fluid inlet port when a plug |lands on the seat shifts
the port closure nenber fromthe port isolation position to the open port
positi on wo 02/0eponse to fluid pressure above the | anded pcoagisoand43110 WO
02/ 097234 PCT/ US02/ 15445 a plug rel ease nechanismfor rel easing the plug
after the port closure nenber has noved to the open port position. 58. The
retrievable tool as defined in daimb57, wherein the port 5 closure nenber
conprises a sleeve axially noveable within the bore of the tubular body.
59. The retrievable tool as defined in Caimb57, wherein the fluid

pressure responsidBlugertRaseimecharismiopreleasinadhe abocaftardhe st ¢lastieal
position 10 to the activated position in response to fluid pressure. 60.
The retri evahbmbeoblsasovef forted operCpart posiionwherei n the piston noves
axially upward fromthe initial position to the actuated position in
response to fluid pressure. 15 61. The retrievable tool as defined in Caim
53, wherein the plug is a ball. 62. The retrievable tool as defined in

Cl aim 61, wherei he Qall .l.an 20 on,the seat to_substantially seal off
the bore thr oughn“:t e tﬂlﬁﬁeérr’e‘f?gﬁﬁto‘gsa.s G éf’r%}'@%gﬁewﬁ%qmg%e Béfti ned in
Cl aim57, wherein the port closure nmenber is retained in the port

i sol ati of pe¥esurenn@mbar sparisge asdeeve 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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111 WD 02/ 097234 PCT/ US02/ 15445 64. The retrievable tool as defined in
Claim57, wherein the seat permanently deforns in response to increased
fluid preaouwemones pass the plug through the seat. 5 65. ARCTAiSnY/e4abl e

| i ner hanger running tool for running in a wellbore to performa downhol e
tool actuation on a |iner hanger, the running tool conprising: a running
tool tubular body for suspending in the wellbore froma conveyance tubul ar,
such that fluid nay be circulated through a bore in the conveyance tubular

and in the tubul body, the tuhul ar body. i ncl udi n fluid ,10 injet port
fromthe bore inaéi"*'\e t UMl pemt}gwo%{ ﬁ@i@&?%?iﬂ?l@ﬁn\?’@ﬁfﬁ’@t% ?ﬁ""{ espect
to the tubular body and in fluid comrunication with the fluid inlet port,
t he piston hErmgnenily aefernis inneaponse ta incregsedifiuid pressuse tapass/titeeplug
position in response to fluid pressure within the tubular body, axial
novenent of thRfighi theedto the activated position causing one of (a) 15
axi al novenent of a slip to set the liner hanger, (b) novenent of a rel ease
mechanismto rel ease the |liner hanger fromthe running tool, and (c)
relative novenent between a cone and a seal to seal between the liner
hanger and surroundi ng casi ng; a sl eeve axi al I‘y n?verren_t W th respect to
g | Qg

the tubuPar body 43 omA relsieyable lingp hangemnrunping QrguURRIngdB R Welkore to
position, the sleeve in the port isolation position blocking fluid
comuni cat i qrerfarona tberiholetdah attuation lonl @ tindoldsnganthepeinmirtg ionbcomprisidg:
comuni cation fromthe bore in the tubular through the fluid inlet port
when 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 respbnse 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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in the open port position; 112 WD 02/ 097234 PCT/ US02/ 15445 a seat
supported on the port closure nenber, such that an increase in fluid to the
fluid inlwoopost23pressure when a ball | ands on the seat sirCTtGsoY/sa4port

cl osure nenber fromthe port isolation position to the open port position
in response to fluid pressure above the |anded ball; and 5 a plug rel ease
mechani smfor releasing the ball after the port closure nenber has noved
to the open port position; 66. The running tool as defined in C aim65,
wherein the piston noves axially upward fromthe initial position to the

actuated piston i | 7 j t.0ol as
defined i Ir[: Caim gé%??tﬁ t%ihtéaﬁ?rt I%g)r?gg&ﬁﬁ%ﬁﬂégg%%ﬁoéﬁﬂgg%ﬁtﬁal |y
seal off the hore thrao he tubul ar hody. K 15 68 The runnj tool a

Sorl nod i n clud e e TH et RSk nEos h ydvaa balidndseen e 9 1S PRedid | o
position by a shear nenber. 69. The relative tool as defined in C ai m&65,

wher ei n t he dlesitre pemleardramythel pbdrisslation pesitionde the opar pedispaesitdruind
pressure to pass the ball 20 through the seat. 70. A nethod of

hydraul i cal | pespaRsetd Md préSsirefHovetnBilarddbal; Wl bore to performa
downhol e tool activation, the method conprising: 113 WO 02/ 097234

PCT/ US02515445 4 plug release mechanism for releasing the ball after the port closure

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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suspendi ng a running tool tubular body in the wellbore froma conveyance
tubular; providing a fluid inlet port fromthe bore in the tubular body;
provi di ngwe oklogri2eé4 pressure responsive nenber in fluid comromiusar/iams with 5
the fluid inlet port and noveable relative to the tubular body from an
initial position to an activated position in response to fluid pressure;
providing a port closure nenber noveable with respect to the tubular body
froma port isolation position to an open port position, the port closure

b ! h Csol ati h I CnaflLui d . : ¢ h
ore 10 1 the ¢ Pk TBRGe s BRE BoRY it e RGP O B artre
bore in the tubular through the fluid inlet port when in the open port

posi tion; stUBH@Fiti ng a seat on the port closure nmenber; |anding a plug on
the seat to shift the port closure nmenber fromthe port isolation position

to the open port mosidinga fluld ndsiporsiotnothelbord imtlestubutardleelye 15 the
| anded plug; perform ng the downhole tool activation in response to

movenment of the Jlyidh éefﬁﬁdjpﬁeg%gfe?gﬂoﬁgivm&{be?%ﬂma &%%Mﬁ{gﬁﬁon with

position; and rel'easing the p port closure nenber has noved to
the 1 ui 8 proedBREmio R ABH o vRENR PIFAA e (PPRE POy AvRaBIutak om t he.
initial position to the activated position in response to fluid pressure.
position to an activated position in response to fluid pressure;
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.

114



114 WO 02/ 097234 PCT/ US02/ 15445 72. The method as defined in Claim71,
wherein the piston noves axially upward fromthe initial position to the
act uat ed woIRwpmas i n response to fluid pressure. 5 73. TReTASIhOI4RS
defined in Caim70, wherein the plug is a ball which |ands on the seat to
substantially seal off the bore through the tubular body. 74. The
retrievable nethod as defined in Caim70, further conprising: 10
retaining the port closure nenber in the port isolation position by a shear
menber. 75. The nethod as defined in Caim70, wherein the seat permanently

deforms in responge t oridA{RRSE Asidefinddmn €igitT B1, whoews tHdpistdnumotés ough
the 15 seat. 76. The nethod as defined in Caim70, wherein novenent of the

fluid pressun j A & f1ifd
slip to set éﬂlﬁ&f@:ﬁ%@%ﬁrﬁ&%m@é Sﬁéint\?/(gﬁrr%n{“% ag’uélétr%}ejl eaéﬁegnrrechg I sn? to
rel ease the liner 20 hanger fromthe running tool, and (c) relative
nmovenent betRIEEPYE- cone and a seal to seal between the |iner hanger and
surroundi ng casing. 77. The nmethod as defined in Caim 70, wherein the plug
is released 115 WD 02/097234 PCT/ US02/ 15445 after the downhol e tool has
been activated in response to novenent of the fluid

5 73. The method as defined in Claim 70, wherein 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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pressure responsive nenber to the activated position. 78. A ball and plug
droppi ng head adapted to be installed above the upper end of the liner for
use i n seyoeabdzB4 y droppi ng one or nore balls and 5 pl ug®cirnise2/as4hs ner 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 outl et
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 circunferentially spaced 10 |ocations,
each passageafteaifhegoamhofepieo! kasibepe mictigated in hespringe tofmevement ef thadlyic

| ower end connecting with the outlet, |ateral passages in the housing each

connect i ng tfigsdureqbsPbhdivanRAsSaas. the achla@drisitiorbl y nounted in the upper
end of each passage to permt a 15 ball or plug to be installed therein,

and val ves nount in i ] I i age
beneath the | ateral pd§g§5§8§§W%ggﬁﬁﬁg“§ﬁé?gg@gggggg oﬁgﬁaggg¥ﬁa§ﬁﬁéor
plug when closed and permt_the ball or Elug t 0 pass therethEO@gh and
circul ating Upﬂetﬁie(ﬂ‘dthtgﬁé'ﬁeﬂ@\ﬁH\ﬁéH@IIS?qFﬁ% AWHireRgRaANE OO PalF AR ug i s
not in the passage. 20 79. As in claim78, wherein each valve is renovably
mount ed bn lsgsimto ediver of ailinet hangeusystem, compriring:it to be installed and
renoved from outside of the housing. 116
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 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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WO 02/ 097234 PCT/ US02/ 15445 80. A liner hanger system conprising a joint
of casing adapted to be connected as part of an outer casing installed

wi thin a welokbores a |iner adapted to be | owered within tR€eTaSOEIS4¢RSI ng, 5
the bore of said casing joint having vertically spaced, upwardly facing

| andi ng surfaces fornmed on an internediate portion thereof, and a | ower
annul ar recess separated fromthe | ower |anding surface by a | ower annul ar
restriction, the said liner including a tubular body having a recess forned
t hereabout w th an annular groove fornmed in its |lower end, 10 a hanger
conpri sing a cird@ihf erAlineahaygenqyatedn damprigsingont ractible C-ring di sposed
within and cl osely about the hanger recess when in the retracted portion,

sai d ring having 4 peithofsiRpadAsEe 3 BEtcohAbclcansl part of ahhRutérading

surfaces of the casing joint when in its expanded portion, and a |ower end
fitting 15 .w.thi . I eninits retracted portion to permt the
liner to be '%‘%&Eé@&hmﬁhgéﬁea%%{%g outer casing, said ring being expandabl e,
upon rel ative vertjcal novenent with respect to the liner, so as to
rel ease its | owerd EiRN 39anied e bgloweedamithiniee OMleTF@SIA%: the ring to
expand outwardly agai nst the outer casing, 20 whereby, upon conti nued
rel ati veSnmovenentthefbordef saidecasimgljointrigyvirdheerticalbt spacdd, upmaedly facing
position in which they expand outwardly into | anded positions on the

I 'andi ng sur fige@iag RrRBELEMEE ohidiShidrPcbfate poRfIH @R rébe bRl 0BWer annular

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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said liner having a dowmwardly facing shoul der for |anding on the upper
117 WO 02/ 097234 PCT/ US02/ 15445 end of the expanded ring and an outward
enl ar gemewO obe9Rat h t he shoulder to fit within the upper pemdsoet/14® ri ng
so as to hold the ring expanded. 81. As in claim80, including 5 a tie bar
gui dably reciprocable within the liner recess radially inwardly of the
ring and having its upper end connected to a part surroundi ng and
vertically noveable with respect to the liner, said tie bar and ring
havi ng radially extending parts which connect the tie bar to thering to

rai se the ridng Suthe@xpbR8edridgVshPal ouiei dllsrgehitthtibeneatl HeSsttbulddioar e
rel eased fromone other to permt the liner tobe lowered wth respect to

the ring, . i,h claim§ erein the |Liner rece h vertical sl ot
o recerve dnuifiinti. odPat of AT Poss to eRhe FE SRalithahla o be
engaged with the lower end of this tie bar prior to its being raised to
lift the |ower end of the ring fromthe groove in liner recess. 83. As in
cl ai m 80, wherein the bore of the casing joint also has an upper annul ar
recess separated 820 fAwim dibien 8ppieciddimgli ng surface by an upper annul ar
restriction. 84. As in claim80, wherein the liner also has a | ower outward
enl argengnt t her eaRoUL ghiA¥BIY RRipréd&ble within the liner recess radially inwardly of

the ring and having 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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WD 02/ 097234 PCT/ US02/ 15445 groove for disposal wthin the | ower end of
the expanded ring. 85. As in claim80, wherein the bore of the casing joint
has a polwehedInner e above the | anding surface. 5 86. Wl IPCafsar/si4us
conprising an el ongate menber having an outwardly facing frusto conical
surface and adapted to be |owered into and suspended within a well bore,
and a slip conprising a circunferentially expandi ble 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
menber so t HHEovEorcdispasalnvathin Bie lowesendeoftthe &xpanded Wisgn a cont ract ed
position in which the teeth are spaced fromthe well bore and an expanded
portion in which the teeth engage the well bore, 15 the nenber al so having
a recess to receive an end of the c-ring to retain the c-ring contracted
about the nenber, %S iAsiir?cfaﬂWethe ﬁreby, upon renoval of the one end
fromthe recess, ie c-ring is free 1o expand toward its fully expanded

DL e e oyl oo e otk g WisHEN LB oo uid Bhehippni ™
novenent of the conical surfaces of the c-ring and nenber. 87. As in claim
86, wher&in the frusto conical surface of the menber extends downwardly and
inwardly and the frusto conical surface of the c-ring is slidable upwardly
over the 86.  Well apparatus comprising
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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119 WD 02/ 097234 PCT/ US02/ 15445 surface of the nmenber as the nmenber is

| onered to cause its teeth to nove outwardly to engage the well bore. 88.
Vel | appawete®9rs4 defined in claim86, including a part c®CTiusd2/3#43 he
menber for guided reciprocation with respect thereto 5 and engageable with
the end of the c-ring or in order to renove the end of the c- ring fromthe
recess and thus release it for expansion. 89. As in claim88, wherein the
part for releasing the c-slip conprises a tie bar extendi ng gui dably

within the menber, with the c-ring and the tie bar have interfitting parts,

when the 1osd3rféi:e0$f thB?ném’obF‘Qs'tﬁe 'n'ibth@r GRS ©cABelifs RRHTd mihg c-slip

to be renoved fromthe recess by the tie bar and then rel eased therefromto

h h the b f th
50, A toor 1 aivpRl g HORR e MAMOERINAT T Seal with & generally

cylindrical interior surface of a tubular or another downhole tool, the
tool 15 conprisi®dy: aMelrArBrEAkE asugefinad iNElaigb8Pinelkiditg t he tool at a
sel ected | ocation below the surface of the well; an annul ar seal assenbly
di sposed about t he padrosesied by thelmémberfdnguids@aﬂecqfree@ﬁrbryvditavésqgeatm@dtmed

di ameter run-in position and an expanded 20 sealing position; a wedge ring
having agsubgt@Bhyahdable Witrtile il Bf thald-fiAg or fPBid¥46 $8mble the end of the c-
ring from the recess and thus releaée it for expansion.
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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radi al |y expand the annul ar seal assenbly upon axial novenment of the
annul ar seal assenbly relative to the wedge ring such that the sea
assenbl y we 02897280 02/ 097234 PCT/ US02/ 15445 expanded f r o®CITtGS02/18343 n
position to its expanded sealing position wherein the seal assenbly is in
seal i ng engagenent with the generally cylindrical interior surface; and
the annul ar seal assenbly including a netal franmework having a radially 5
i nward annul ar base and a plurality of metal ribs each extending radially
outward fromthe base, the nmetal framework including an upper downwardly

angled pringg n%i%a'frdmtitglruﬁgﬁglbgiéioﬁ%'u%@(paheéa%bﬁlir@b@gﬂibhwr}%@éﬂn_the

assenbly, a lower upwardly primary seal netal” rib for sealing
pressure above,the seal. .assenbl a prinar | ast o ic se i .cavity
Pdial |y oursel aSreah indt 3aSHe §nadedta vy BiEBCERRNY fulificel Mididy
seal netal rib and the lower primary seal netal rib, an upper downwardly
angl ed secoridéfageseaf netal rib spaced axially above the upper primary

seal netal rib, and a | ower upwardly angl ed secondary seal netal rib

spaced axial |y bethewririfar spsasssmbBriviciadilg araiethl frarhewdfk Bdving leradiayhol e
tool as defined in Claim90, further conprising: an upper biasing nenber

between e (WRBRY afihlERbusSeRl dBIRIL bPrids riddCadtPBRENREQAARTY obithrd

nmetal rib for exerting a downward I'ng force on upper prinmary seal
metal rib in response to hi | ui d essur.e below the seal . ass ly, and
2 ower  bi adiiig tahese: slasi! FafeukiRatH g rhentiR N SRR SS R (b
and the | ower secondary seal netal rib for exerting an upward force on
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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the lower primary seal netal rib in response to high fluid pressure above
the seal assenbly. 121 WO 02/097234 PCT/ US02/ 15445 92. The downhol e t ool
as defi newoioogizai m 90, wherein an outer surface of each @eCTiuse2/uper
primary seal metal rib, the lower primary seal netal rib, the upper
secondary seal netal rib, and the | ower secondary netal rib is configured
for formng an annular netal-to-netal seal wth a . generally cylindrical 5
interior surface. 93. The downhol e tool as defined in Caim90, wherein
said conveyance tubul ar supports the wedge ring generally stationary while

the seal _assenbly Move, asiBhble tobf s BERRRFI CRIMTD, ivibpnaT duteedge ring

10 94. The downhol e t as defined rn Caim90, wherein the conveyance

Fing - moves SEGPIS) SRt B vebe BRERESEateih Bb, Heiheb sy JEalNBORE

The downhol e tool as defined in Caim90, wherein the seal assqi\nbl_y seal s
wi th an int ditl, #ie sppeasecaidaty geahmeta ribugnd dhe loyeer sacondannmsiad 'bds|  as
defined in Caim90, wherein the prinmary elastoneric seal includes a void

area when t hnfigurad for ébrasihgreey annueametal-to-20etabyeal with a gepetdllygylindaed nent
with the cylindrical surface, such that the primary el astoneric seal my

telh:\rlg?leljgdgaﬁ%@ﬁgg?ref%%%lr a?br Iegfist part of the void area in response to
93. The downhole tool as defined 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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122 WD 02/ 097234 PCT/ US02/ 15445 97. The downhol e tool as defined in Claim
90, wherein each of the downwardly angled primary seal netal rib and the
upwar dl y wogkeor2psi mary seal netal rib is inclined whil ePChR/uShE1344h-1 N
position at an angle of at least 15 with respect to a plane perpendicul ar
to a central axis of the cylindrical interior 5 surface. 98. The downhol e
tool as defined in Caim97, wherein each of the downwardly angl ed
secondary netal rib and the upwardly angl ed secondary netal rib is
inclined while in the run-in position at an angle of at least 15 with 10

respect to a pla per i r ] k f yid i.cal
interior surface@'%.ﬁﬁg&&gb@ﬁﬁ)gl ?%ggﬂlgés&!ﬁ]eélfé@ I #%?%@né%déﬁtﬁrgt her
conprising: ,one or nore axially spaced prot réjsi ons on a radial lnXai nner

surface of tdewnwardiynanglad PsiRary seal metaldinand thewrwaidlv gpgledgrimary seal

netal -to-netal sealing engagenent with the conical outer surface of the
wedge ring. rhétal riblie irblined ethéletio the asn-ifepositon ehaCiaaghe 6bat least et with
conprising: one or nore annul ar el astoneric sealing nenbers for sealing

bet ween 20 rbhgefas® Gbnk hRrpBhdibulbl 8T8 WRhiraPads bhtheceylineiftabttdiorsur f ace
of the wedge ring. 101. The downhol e tool as defined i'n Caim?99, further

conpri si§g: su?‘%; or nore annul ar netal protrusions on one of an outer
surface of a S WD 02/ 097234 PCT/ US02/ 15445

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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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 downhwbe2ignB4 as defined in Caim 101, further conpri PCRGISOH133MEe oOr
nore annul ar el astomeric sealing nenbers carried by one of the conical
wedge ring and the conveyance tubular for formng an el astoneric seal

bet ween the conveyance tubul ar and the wedge ring. 103. A tool for use in a
subterranean well to seal with a generally cylindrical interior surface of
a tubul ar or another downhole tool, the tool 10 conmprising: a wedge ring

aving a subgfRALEAE ?%Wé"'u%@dﬁ] ag)ﬁr‘?‘efr s'rirl‘ro'f\?g%gﬁttﬁ%we%%rlgﬁ;nfooforﬁ)ac\dh%ltélﬂoexpa”

t he annul ar seal "asse ul ar  seal assenbly
relative to th e [i uch that the seal assenbly expanded from

| Es rune i n_gBEt oA Retweld BF bdabiiind AR G pelverasivenbiarn The 15 sea
assenbly is in sealing engagenent with the generally cylindrical interior

surface; and an annul ar seal assenbly having a reduced dianeter run-in
position and an expanded sealing position, the seal assenbly including a

metal framework 1gvi mMh@doamhald twol é@@éﬂn@d‘ﬂﬂbtﬁim@@ﬁf@ﬂlﬁ’e@d@hpﬁrﬁh?ty of
metal ribs each extend| ng 20 radially outward fromthe base, the

framevor | ol udi i, B8 Sy 4P MRS Alic 8GR RIRIBEYCA808) BB Blorih for

seal i ng pressure e e seal” "asse wer upwar dl primary
o1 ast oner i ¢ GBS %@n&%ﬁd?@% Eéﬁv«zy%gﬁé&a{»wlaiEqr"fom"%‘m%ear%bér‘éstom@ o sear
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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WO 02/ 097234 PCT/ US02/ 15445 from the base and axially between the upper
primary seal netal rib and the lower primary seal netal rib, an upper
downwar dlwoangdea4 secondary seal nmetal rib spaced axial | yCahsor134® upper
primary seal nmetal rib, and a |lower upwardly angled secondary seal netal
rib spaced axially below the |lower primary seal 5 netal rib. 104. The
downhol e tool as defined in Caim 103, further conprising: an upper
secondary el astoneric seal between the upper primary seal netal rib and
t he upper secondary seal netal rib, and a | ower secondary 10 el astoneric

seal spaced %h%é%a%@%ddoéﬁéllypbét%éh t%@ﬂ]pd@bﬁhdry Beanghetdlqibl ém!?fhe Iower
secondary seal netal rib. A downhol e tool as defined in daim1l

lover pri mar 100y SialPifel ﬁ% aef?ﬁEpgﬁ%ﬁwéfﬁée@%‘&%gééﬁ’ setafet ht'? e

the | ower secondary netal rib is configured for formng an annul ar

met al - t o- et RAcEEAXIg aPQy ebieairRanprisyany meal ewtaliniy anfloy lovaruppesdly106.
The downhol e tool as defined in C aim 103, wherein each of the 20

downwar dl y amggled speomaary ssahimetaldld spaded atiallwipsiendhyg lawgh primary sealy seal
metal rib, the downwardly angl ed secondary seal netal rib and the upwardly
angl ed seconglagy peal netal rib is inclined while in the run-in position at
an angle of at Ieast 15 with respect to a plane perpendicular to a central
axis of the 125 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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cylindrical interior surface. 107. A nethod of form ng a downhole seal with
a generally cylindrical interior surface of a tubular or another downhol e
tool, thewowklgnt3conprising: providing an annul ar seal agsemshy1dusposed
about a conveyance tubular, 5 the seal assenbly having a reduced di aneter
run-in position and an expanded position, the seal assenbly including a
nmetal framework having a radially inward annular base and a plurality of
metal ribs each extending radially outward from the base, the netal
framewor k i ncludi ng an upper downwardly angled primary seal netal rib for

seal i ng presglingridligteribhsusesd. assenbly, a | ower upwardly 10 angl ed
primary seal netal rib for sealing pressure above the seal assenbly, a

primry el aStO”EWt(ﬁeSe&"métﬂoé‘.o?ﬂi’rh{iﬁf%%\ladﬁ\ﬁﬁﬁ e%%%\"@ft af%&féré#%cﬁ%ﬁc@“d

axially between upper prinary sea | over™ primary

axial 1y abolaiSraE SUTARERT Aru AR oC el PREAEAITEL oahta Frabed oy "~

angl ed secondary seal netal 15 rib spaced axially bel ow the |ower gm mary
seal netal rib; providiighgn anneldyeeal agsemloly etisposedighaut i canvigyaoee 8diuldut er
surface; and axially noving the annular seal assenbly relative to the

wedge ripg sHEReal Asderhbl HRiMg assé@uddd/diapnetspPaitdiadhdsitn ahns ahwxpanded
position to its expanded position wherein the seal assenbly is in sealing

e L L S D
bi asing rrenbaenrnu aertt\)l\éeseenartlé] S p%%ﬁ{y é)tr Awggl ¥|b§ee%|ch exttendlng 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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WO 02/ 097234 PCT/ US02/ 15445 rib and the upper secondary seal netal rib for
exerting a downward biasing force on the upper primary seal netal rib in
response wo objogiiz34 1 uid pressure bel ow the seal assenbly; pamaSpr/cs4usli ng a

| ower bi asi ng nmenber spaced between the lower primary seal 5 netal rib and
the | ower secondary seal nmetal rib for exerting an upward force on the

| ower primary seal netal rib in response to high fluid pressure above the
seal assenbly. 109. The nethod as defined in Caim 108, wherein an outer
surface of 10 each of t he upper primary seal metal rib, the |lower primary

seal metal rifand fife up Qleé?l gured%?l rﬁ@?d(()nﬂ?éﬁéxér‘tlﬁ a?ﬂ@Nﬁ\WSrd Si¥8ing force

secondary netal ri 1S con rmng an a nul ar metal -t o-"net al

seal with a jera |ndr| terior sur . od as
dofined in QLG W%QIRX}%%?%W?% ‘&E‘&%E’ rﬁSRB“F%EO é@?e&%jl%e%stu&?%S@Y i | e
the seal assenbly noves axially with respect to the stationary wedge ring.
111. The netsesdagsermbhiagd in C aim 110, wherein a set down wei ght 20
transmtted to the seal assenbly through the conveyance tubul ar noves the

seal assenbly axralidingatbweebizeig inenibee sphedd betveemttgiower pgmaly2eallhe
nmet hod as defined in Claim 108, further conprising: 127 WO 02/097234

rpggll g|5f3§/5llﬁﬁﬁétal b QAHHRAORAT sBECARAS s34 Aletal riPBF %eRindt 4R §pRARI ffcéon
the lower primary seal metal rib in response to high fluid pressure above the seal

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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surface of the annul ar base of the netal framework each for netal -to-netal
seal i ng engagenent with the conical outer surface of the wedge ring. 5 113.
The net howoag/ogesi ned in C aim 112, further conprising: pCoXsd/my4dne or
nore annul ar el astoneric sealing nenbers for sealing between the base of
the metal framework and the conical outer surface of the wedge ring. 10
114. The nethod tool as defined in Caim 108, further conprising:

provi ding one or nore annul ar nmetal protrusions on one of an outer surface
of the conveyance tubul ar and an inner surface of the wedge ring to forma

metal -t o-net al Sﬁﬁf'ovmﬁd"éﬁélloﬁ' %ﬁé%@&%é;{%:eﬁ’}ﬂofrﬂ&oﬁ@%\ﬁeé/?élﬁ@l%iﬁglréf ar. 15

115. For use with a down hole cenentl ol,” conprising a tu menber

e VR BAIATE e S B B B R ReS  ©

| arge di ameter upper portion enabling one or nore balls and punp down
pl ugs to be saRkBg&angagemant wilhcthg comnigal euterswstaceftheweadgelring.ng a 20
| iner wi per plug whose bore is smaller than the balls but permts passage
of the punp down plugs therethrough, a diverter including a sub formng a
part of the tubular nenber internediate the upper and | ower portions and

naving asside pocke toREsRbdss AR BUADIEZ4 AT LBhIRAAS of the

bore to receive a | prior to passage of a punp do r et hr ough,

and - . . .
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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a ranp extendi ng diagonally across the sub and slanted downwardly to guide
the ball into the side pocket and having a U shaped opening facing the 5
pocket t owproewenss passage of the ball, but permt a plug POTA®SY1i3et ween
the ball and pocket into the liner w per plug. 116. A plug hol der sub for
bei ng 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 conpri sing:
a generally tubul ar body adapted for connection with the conveyance

tubul a1 ;. ror e Rare (o ReEP B At Bae TR cii) dault iy e R <

body, the 15 retainer nenber novable froma retaining position to a

rel ease posi"?'? n for releasing the wiper plug fromthe tubul ar body; a
pi ston novable within the tubular body in response to fluid pressure

wi thin the throughbang éxtendingdiaganailygcpassi thesubfand sleateshdovgwatdly to
rel easing nenber fromnoving to the rel ease position, the piston acting

agai nst a flglide 28e vall titd the ShadTpsdketahBitaviriea ULBHAFEd ngMangm ng to

the release position; and a netering jet along a fluid flow path fromthe
R e S L s R L D I
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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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
internal 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 release

iti t i |l .l uq: ; ;
B ai m 16, whDvERERt bhfebiRRin B tE:reloite pHsRioR Ut RAICE foRRdlAtd NG T,

gri ppi ng engagenent. wi.th the wiper plyg. 15 ,120. The plug h er sub as
det Phed”: " R afarrEie. Oihebd hréy Bitnd wieaee AEhEdnax araspivd sl e RIOR: i ng
position to the rel ease position. 121. The plug hol der sub as defined in

d ai m 120, wmeves ito the migage positlonnt eri or surface of the piston engages the
retai ner nenber to prevent the retainer nenber fromnoving to the rel ease
position, and axial novenment of the piston releases the retainer nenber to
the rel ease position. 130 WD 02/ 097234 PCT/ US02/ 15445 122. The plug hol der

sub as defined in ai L i i,ﬂﬂﬁ, r reads
for tihregded engal;?ﬁenfh#?ﬁ Wgéf h%&%ﬂﬁe‘gﬁﬁgﬁ@éﬁ e Sﬁﬁ%ﬂ%h\gﬁgébmgub as
defined in Cllngllurc?e% 1aErsfin erreléleslena’t,t Quechr%ta raI angnp 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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5 jet is secured to the tubular body by a swage connection. 124. A plug

hol der sub for being supported on a conveyance tubular for tenporarily
supporti ngoa2mppes plug and for releasing the wi per plug iPeTrESSpogE to an
increase in fluid pressure within the conveyance tubul ar, the plug hol der
10 sub conprising: a generally tubular body adapted for connection with the
conveyance tubular and having a throughbore in fluid conmunication with

t he conveyance tubular; a retainer nmenber for attaching the |liner w per
plug to the tubul ar body, 15 the retainer nenber novable froma retaining

position to a rel e ik | : W | ug. fromthe

t ubul ar body; a p?%%onﬁgépch}@o'%{/% th‘L’%% ?lhlgﬁ "ﬁ ﬁza'mgﬁ’gﬁ‘%%@{h%ﬁnﬁg%ﬁgnse
to fluid pr.e I§ure within the throughbore froma retaining position for
preventing tlﬁé ag @N@&@?'ﬁgr%@ thregaedrspoagement with tae deidankedy.i on, a
radially interior surface 20 of the piston engaging the retainer nenber to
prevent the retainer nenber from noving to the release position, and axi al
novenent of the piston releases the retainer nenber to the rel ease

posi tion, the pistZg afhé nga&ﬁa&séu@aéhﬁhﬁ_ew CidInP1 16 fnofg}egr@l;fzégﬁ]@e

t ubul ar body when noving to the rel ease position; and 131

PCT/ US02£15 : [ ' f Ui I h f he fluid
chanber ?o jéﬁésﬁ%u urga'tgg%%ﬁq@%rm%? j ,&\évrugqa?rtlf)ﬂa[ OPI Lig prglssure

wi thin the throughbore restrains novenent of the piston to the rel ease
position until fluid is forced through the

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

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 liner wiper plug to the tubular body,

15 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

20  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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nmetering jet, thereby preventing release of the liner wper plug until the
piston 5 noves to the rel ease position. 125. The plug hol der sub as defined
in Cai muaddosherein the plug holder sub is positioned eaTaShoWans end of
a liner hanger running tool, and the wper plug is a liner w per plug. 10
126. The plug holder as defined in Caim 125, wherein the liner w per plug
i ncludes an internal seat, such that a punp down plug | anded on the |iner
wi per plug allows for the increase in fluid pressure within the tubul ar
body. 15 127. The plug hol der sub as defined in Caim 124, wherein the

fluid in the Chaé’rh«%’teﬁe it nfjf(%\ﬁ%@ ﬂdiosﬁ&ﬁ‘,;)ta?fmﬁﬁtrhe@ﬁg@e%%%@?ﬁr;%ﬁwsch

defined in Caiml24, retalne shape

is radially ex de en the piston is.in the 20 .release position to

rel ease the %‘ﬁ@%%ﬁj@%'g%dx C%-tgﬁta’h{é‘éi prqes,%lr@,a\gt?]:mﬁ@ &%ﬁ@“@?h%ﬁir@r“ér%ﬁber s
for gripping engagenent with the liner wi per plug. 129. A nethod of
supporting anpvereentwilbe pision torthe release pasitionturtiil flaid isdotetidhraughdhsi ng
the liner wiper plug in response to an increase in fluid pressure 132 WO

02/ 097234 PGhEASHNG/jE 4HEreby prbientintrrefeudeayRRB SinbH Wibar plug e tinBbiston
conprising: providing a generally tubular body adapted for connection with

t he ConSey%S@estfbbfﬁleqreEélﬁ%rﬁ@éﬂi&g a throughbore in fluid comuni cation

with the conveyance tu

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.

10

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.

15 127. 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
20 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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5 providing a retainer nenber for attaching the liner wi per plug to the
tubul ar body, the retai ner nenber novable froma retaining position to a
rel ease wornined for rel easing the liner wi per plug frompChasoubshimr body;
noving a piston within the tubular body in response to fluid pressure

wi thin the throughbore froma retaining position for preventing the

rel easing 10 nenber fromnoving to the rel ease position, the piston acting
against a fluid within a chanber within the tubular body when noving to the
rel ease position; netering discharge of fluid along a fluid flow path from

or assur e w O E1e SRR ARG M TaP A8Y g HEc sERBING"CEY 1o bl st on 1o the

rel ease position unti] fluid is 15 forced through a materjng{N'e , thereby
preventing rel ead¥o¥fingoenaw@ly fipelar Bpdy adapier fof prnppddiopn #% to the
rel ease position; allowng the retainer nmenber to nove to the rel ease

posi ti on wheonvbgangs sibatariamd mavihg artbtamddopo i fluid comrheniebijon lithdbeng t he
liner wiper plug fromthe tubular body; and 20 nonitoring a drop in fluid
pressure in RS& e release of the liner wper plug. 130. The

met hod as decﬁﬁzgg in fé’]’%glté% 129, wherein the retainer nmenber 133 WO

Cadi al [y expanded ANENG hepner B Beri Al Ao nE AP B M s
the | 1ner thgtrxlarplbggy, t%\glréta-irr?eer rgg}n%%g n?gva%?g ifrgt%da ireqrai(aiggi; r|cg1o%i;i))i8’n t(]; l?!Irrtej]eearse
conpri si ng:
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
10  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
15  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

20 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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5 providing internal gripping nmenbers on the G shaped ring for gripping
engagenent with the liner wi per plug. 132. The nethod as defined in Caim
129, wherwom2a9psst on noves axially fromthe retaini ng p®sTitsoniies t he
rel ease position. 10 133. The nethod as defined in Claim 129, wherein the
pi ston noves axially fromthe retaining position to the rel ease position.
134. The nethod as defined in Caim133, wherein a radially interior 15
surface of the piston engages the retainer nenber to prevent the retainer
menber fromnoving to the rel ease position, and axial novenent of the

et hod as. dbns DoVt s5aB0bykch i o falp SR Wih e Fitorfe

internal seat on the liner w er%é)l Uﬁ,@ such that a punp down plug |anded
on the |inefh fie@legsagositiod i relepse Hie NG MIREEPIUS- £ 1 ui d pressure within
t he tubul ar body. 134

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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