;e3eh” h]$ T CM6 Related Case DOMHOLE PLUG HOLDER AND METHOD The
pres MN%W\WE@\\W clainms priority from Provisional Application No.

6013% August 31) 2000 entitled Iiner Hanger Running Tool and
Met hod. Rgebet of the I nvention The present invention relates to the plug
hol der of the type suitable for supporting a liner w per plug and for
thereafter releasing the finer wiper plug in response to increased fluid
press m “ﬂMg hol der sub of the piesent invention may be used in a
cemsn\mmm‘ m with the liner wiper plug separating a cenentatious
fluid from,apot her f | UDOWR NG BLG HOLDER ANDEMETBIOCONnvent i onal |i ner
hanger runnlng tools include a plug hol der sub adapted to support a |iner
wi per plug on the running toot during a cenenting operation. The plug

hol der subpbftePOyentionally |atched to the running string, and the |iner
wi per plug is attached to the plug hol der sub by a shear connecti on.
onfortunately. HeRReSNCRRICARNARNR IO ARIR BB RN Y weakened

or are sheared elther by running tool i pulation or nonent um of

rmmnuf act ur oy 16208 MR et L 2oPE R R Lo B om0l it Betge G ana o
shifting sleeve. The plug cannot be released until the punp down plug
shifts the sleeve to allow the latching lugs to relax and thereby allows

the plug set to
Field of the lnvention

The present invention relates to the plug\ holder of the type suitable for
supporting a liner wiper plug and for thereafter releasing the liner wiper plug in
respanse to increased fluid pressure. The plug holder sub of the present invention
may be used in a cementing operation, with the liner wiper plug separating a

cementatious fluid from another fluid.

Backaround of the Invention

Conventional liner hanger running tools include a plug holder sub adapted
to support a liner wiper plug on the running too! during a cementing operation. The
plug holder sub is conventionally latched to the running string, and the liner wiper
plug is attached to the plug holder sub by a shear connection. Unfortunately, these
shear connections frequently are prematurely weakened or are sheared either by
running ool manipulation or by the momentum of the pump down plug tanding and

seating on the liner wiper plug.



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 latching | ug.

U S. Patent 5,036,922 discloses a running tool which enploys a piston 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 nmonmentum of the punp dawn plug and the colum of fluid

behi nd that plug when it |ands and seats on the liner w per plug. In many

applications, tBbmelrarliracuirs hAETRBILHEG A pludf Hetdebslib tHe@HSSa iR I set to
rel ease so fast that the operator cannot detect the rel ease and therefore

connot proBRALIL AL WAl i ALBPLBSEIRIE Tl O o
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di spl acenent after the punp down plug has sealed and | atched into the |iner
wi per pl ugplug hogierﬁéb%wglgavaﬂﬁ&g&%t"bﬁ‘gte%@fqalatc@mgdw. 45ePaleat T08BOBY t he
present invention, and an i nproved downhol e plug hol der and net hod for
suppor t i ngdisclosesawipdng fdolwhmheermglogs aafster that schifteddn afdiec for thecplegse t he
reliability of cementing operations. Summary of the Invention The plug

hol der subseftotteaefagsént i nvention may be used for positioning a w per

pl ug which may be released froma |ine hanger running tool or the end of a

tubul ar string e i #oveFpstehRdndpgrierbhiPlematife Rl bPINdlugsitham@y be
Tel easably positioned on the |ower end of the liner hanger running tool,

and i s si ZeflnfrRidgAS8I rﬁo%tfiﬁ%‘ar%&&io%&)ﬁd a&cﬁe%ém %)_%gnaftﬁ@eréle%@er plug

supported on the running tool by the plug Hol der 'su I ner W per plug
i S connect II?I ' r j n 2mat ur e
rel ease of %IIIIII%%I)IIQII%IQQIIIQIIIIgm %‘ﬁIIII‘n‘IIII'F%p‘IIg@IIISWSIIIIIIQEEII‘dE'I)%%&%@ﬁPE‘Iﬂ?‘I;?i on of
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p

sealingly seated and |atched within the bore of the |iner wiper plug, fluid
pressure a@PRlGHORS, §is tasdingarchamaieripg efreco il sRuradhe RiigSeLIY r8lepse $om t he
running tool so that the plug set is released and all owed to be punped to

t he | andi négsé dhatdhe opesater saamptidriectutiedelease mndplhgteferetcanpehpiopery unni ng
tool acts on a fluid filled chanber which is vented to the annul us through
an ori fi cecalghiate thhdujsdigplacamends ughisshamatesidgieffdut af thheubprdevofplacthe fi ner
w per plug, increased fluid pressure acts -4 on the piston. The type and
vol ume of hittiigthe dineedipeasiugant tizs effdut of peenatlirelyelcasing itteeplugettanag ne t he
time it takes to nove the piston to a plug rel ease position. This tine is

i mpor t ant  t@in aldefntiRg jot Tt Sortapt ikt @itrHdar 6B tHepbBEe sfiprrhaarment  of
cemen

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

the liner wiper plug. As a consequence, the operator may not be able to calculate

the fluid displacement after the pump down plug has sealed and latched into the

liner wiper plug.



vol unes for cenmenting the liner in the well. The plug holder sub allows the
running tool to be manipul ated wi thout any detrinental effects on the liner
wi per plug. The punp down plug may be punped at any desired speed to the

| iner wi per plug and seal ed and | atched. The hamering effect of |anding
the punp down plug on the liner wiper plug will not prematurely rel ease the
plug set. After the punp down plug has been seated and | atched, the
operator may increase pressure to the.nunning tool, thereby confirmng to
the operator that the plug has been seated in the |iner w per plug. The
operator may caffheldiadvaitagexatthe Akt pé oderdoma tyRe brdskhi Meentioni | | t ake

to cement the liner in the well. The fluid pressure may then be i ncreased,
causi ng t NengladiRProled b@hholk R ahfetrmotf JUphEARE ARSI il he pumm
down pl ug agﬁ theﬁml ner vvlhp%r(b ug asr 2 set WI | L@h g rele( %u fter a

pr .EdEt erm %féj h 'ﬁ%r 8 {o 0% wnYX‘PI' |ﬁ$‘ %I 56\% djgiaﬂllﬁf&r éq?rpetnttka fthF tISRg rator

bei ng abl e SLBI M Ne The" Cortec cenentlng t he
liner inthe well. It is an object of the present invention to provide a

pl ug hol der sub for releasing a liner wi per plug in response to high fluid
pressure acting agalnst a pi ston, which in turn expels fluid froma chanber
t hrough a tnv It is a further object of the invention to
provide an inproved nethod of releasing a liner w per plug in response to
fluid pressure, Teeplgthaidersubiad the presantdnyaniies maydiedised forpasitipningtani ni ng
position to a rel ease position. The tine it takes for high pressure to
expel fl ui dvigerpdugithishmedyebé raledset! frasn adined femngdr tuaningdodas thadred ofed i abi ity
of properly releasing the liner w per plug during the cenmenting operation.

It is a feaibila sting N\&ingy £e&mentintySpdratoh. t hathedp s Ranesk s€bahagrodrenber
may be used for attaching the liner wi per plug to a tubular body) wherein

novenent Ofreléaﬁalbﬁl Pkitiched dn@h&RARrBAS bf iheliné&HRGEGBNAING tdel, ShBRES &£t ai ner
to rel ease the l'i'ner wper plug. It Is a furthef feature of the invention

that the Ggs gdd:ﬁ‘;g dBRA pi wﬁ/\éﬁiﬁ f]‘agglé i? thedindP lvidel bitig b8t dBh i Meber s

for grippi ng engagenent wt
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 set from the
running tool, either upon manipulation of the running fool 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 too! so that the plug set is released and allowed to be pumped to
the landing collar.

The piston that unlocks the plug set from the running tool acts on a fluid filled
chamber which is vented to the annulus through an orifice. When the pump down

plug is sealed within the bore of the liner wiper plug, increased fluid pressure acts



w per plug. A netering jet may al so have external threads for threaded
engagenent with the tubular body. (t is an advantage of the present
dnvention that the plug holder sub is highly reliable and is relatively

i nexpensi ve. These and further objects, features, and advantages of the
present invention will becone apparent fromthe follow ng detailed
description, wherein reference is nmade to the figures in the acconpanyi ng
drawi ngs. Brief Description of the DrawWi-ngs -G Figure 1is a
cross-sectional view of a plug holder sub according to the present

i nvent i on, anithepista iThg typrapbailuie of Bfid ventpd re vl asdhe size eldheerifica o t he
liner wiper plug on the |eft side of the centerline and positioned for

rel ease of dehaminetthe timepietakph tymbre thet gistoptaig plagireleasespdsitam. tThds imght  si ‘de
of the centerline. Figure 2 is a cross-sectional view of a |ower portion of

pl ug hol defs prporeineialiow the @pe&itdnto ideldifinedhé Berrédl dispRiRBMeRPstdepibf a
l'iner wiper plug attached to the plug hol der sub on the left side of the

centerliney, Sr@,#g@,%g “'%Q%‘Egﬁe'r'hgm walide of the centerline. Detailed
Description of Preferre Iments Figure 1 depicts a plug holder sub 110

for supporting a.coRyPRLLENGL, LiIRTwMiRRTndlodfto bERaTHRakh ik uflgs the

body 112 secure ower nnlng t 00 re the
running togl .and liner is . the |i er W pe | ug engages
| ocki ng ri A5t Tiehtalghects ?%lf@ﬁ%saw@aph@t P imaun bE Ak FePvBREd bosy
116 by piston 134. Locking ring 114 includes grooves or threads 115 or

ot her  sui té’lBIaé‘Ynﬁ%@ﬂssﬁ‘?ﬂd i tpilingy Winsnplyg r‘?@dtW'W 76 lakcped- pfgy. Seal

120 on the | ower 116 seals the plug holder sub to the |iner w per
pl ug. Thr e&@mm@mgc of landingiibe purypdewn plyaean thediped wHer alug wilatot 122
seal s between these connected bodi es. The body 112 includes a passageway
128 whi ch ipseropterely celédse thapllgusetahfat thelpampudowngug bad begnsaated aodt j et 130
with a relatively sized orifice is positioned

latched, the operator may increase pressure to the running tool, thereby confirming

to the operator that the plug has been seated in the finer 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 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

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.



along this port, and preferably includes threads for engagenent wth

t hreaded port 126. Fluid containing chanber 132 is pressurized by the

pi ston 134, which includes an OD seal 136 and an ID seal 138. \Wen the punp
down plug lands within the Iiner w per plug, the increased pressure within

the running tool acts on the piston 134) which in turn is forced upward to

expel fluid fromthe chanber 132. The rate fluid exits the chanber will be

determ ned by the characteristics of the. fluid within the chanber 132) and

the size of a selected orifice in the jet 130 positioned downstream from

the chanber. That |seh tfushdteodfe®Vbfthe veition ko TOWGe anPiniprdvdl SeModngr of f a
weep port to the chanber 132. The pin 131 has a small port therein for

3
slowy rel e%?éﬂd%?wgé ﬁ’r?e?%%or tu%in%@pér%e?tﬁ?luﬁﬁﬁ'r‘élsﬂﬁ‘e. JJ&?} ntﬁétrhu]r&;ér t reD€

secured wit weep y a swagi ng operation, I's anot her form of

a metering jet. The ri pde.ill r ] 0 far thr ing to the
body 10 20 MOLreA PR aRbERvIdAS Rl th a e et et iR L BB R To (he
present invention is that e ijncrease in fluid pressure is not the primry
factor that h'ﬂétpéﬁﬁ”ﬁ"e ‘?ﬁéet' ?'Hide gcg,lggfa f‘?‘?germ%’&??g't’”.on%’fégrt%t'@’%‘?s €ch t he
pi ston noves up to expel fluid fromthe chanber is primarily a function of
a parti cul afeliplitity of peopsiyraleasingthe liger wipar plug dutingtherrsmeating pperaien.ngl v,
the operator will see an increase in pressure when the punp down plug is

| anded on the | ilhisa featpeeroftheigresentdnvaintion that a Ocslmpeduetaiienmeatbectmay |inits,
that a predeterm ned anmount of tinme should elapse fromthat increase in

pressure unbé usédfer pttachisgetheiliner wipeapid.to @tabulahisody, ¢hereid dbvemegt ofroves up
to reduce or elimnate the volume within the chanber 132, the C shaped

| ocki ng ri ng pkldh foSa telEfsel positRviGeleatéstieyC RUANET fhtainBEfRiRIeasE ligafindty t he
| iner wi per plug and the punp down plug. The C-shaped | ocking ring 114 may
be bi ased O\H@eﬁgh normal Iy held radially in by the piston 134, or nmay be
bi ased in an vgd outward to rel ease by the downward force on the liner

w per plug. Plugsag 9un‘ft8ﬂvfggﬁlir§%?lﬂlné' ir{vtﬁgtg&rptr?at"éﬁé S A m%g%a%e plug

hol der sub as shown in Figure IS sul or supporting orie pair of liner

w per plugs, In so applications, on ir of .plugs are pr ably used
before the @é%tor%r e Egréﬁ%q%ngpngwgfsafg{ QW%&F eﬁgw@qﬁgﬁhgé%ﬁ%%t er the
cement fluid, and before the displacing fl ui Forsftohi s latter i cation,

each of t hewtﬂe[@ugg%\ neteiingget ;?A?Oaﬁ xF%P%QE@@Id rthreaded engaggrgent

with the tubular body.

It is an advantage of the present invention that the plug holdér sub is highly
reliable and is relatively inexpensive.

These and further objects, features, and advantages of the presentinvention
will become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.

Brief Description of the Drawings




in response to an increase in fluid pressure, which noves a respective
piston to expel fluid fromthe chanber and thereby release the plug set.

. One piston responsive to a | ow 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 nmay nove in response to fluid pressure to
rel ease the second plug set. Each piston may force fluid through a
selective orifice in a jet. |If desiredf6-the second piston and/or both first
and second piston may be shear pinned so that no novenent occurs until a
sel ect ed pressufFiguteelds a grospsadtiond! view ofesiptugdholdéresyti ascorgingdo dast
alternatively could isolate the port for the second plug set so pressure
coul d not apedseatintéreioheiiostehtiplgtige peditidn oflcotripenénts fdr githctgmsstito Wadineel eased.
-9 Figure 2 depicts the piston 134 in its retaining position, with the

C-shaped r @figdriRfomeidert siddoftBb dehRdind! 404 pddiRNEd $& rblRake of thetlipppads
engage the mating threads 152 on the liner w per plug 154. The through

passageway ,j: .l J i I i i i 156 for sealing
Nth 5 conibbrREroRE g ik o'ch e AhESEe B D oBnBRRl. TP er wi por
pl ug 154 conventionally includ . t, one and preferabl up shaped
el astoneric sea{:pﬁbe%éﬁé?sss'ﬁqug%%tv eﬁ‘? %%@8?%0%688&9%2&%%3@ g\ﬁ?@h fluid
pressure behind the liner w per plug. forces the |iner w per utward into
Seal i ng endbgeHEn{: Wystrting e tiper PoRjpr-af et Wi pllstaghen to el 160 and
latch ring 161 may be provided for sealing and |atching the plug set with
the | andi ngoksr pb on fibledsidsoof tagerienin 2nd migasadap Be fahk sdeVmi e
circulating fluids for cenent displacenent. Wien the cenment has been
punped, theeptetipedown plug may be released fromthe surface, forming a
barrier between the previously displaced cenent and the displacenent fluid.
A cal cul ated anpunt of displacenent fluid may thus be used to punp the punp
down plug to the liner wi per plug. As the punp down plug get close to the

runni ng t oQetailel DebcitRmsdiTe@ed Fanbedieat, €. g. to about 500 psi) and
this pressure wll increase when the punp down plug lands in the |iner

wiper plug) as figardi$eBHicBRROPBRig holder sub 110 for supporting a conventionat liner

wiper plug. The sub 110 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 114, wkich is supported hetween body 112
and the lower body 116 by piston 134. Locking ring 114 includes grooves or
threads 115 or other suitable members for grippingly engaging the liner wiper plug.
Seal 120 on the lower body 116 seals the plug holder sub to the liner wiper plug.
Threads 128 connect the bady 112 to lower body 116, and seal 122 seals between
these connected bodies.

The body 112 includes a passageway 128 which is open to the annulus

about the running tool. An orifice jet 130 with a relatively sized orifice is positioned



Once the punp down plug is latched into the Iiner w per plug, the work
string can be pressured up and after a selected period of tinme, the |iner
w per plug and the punp down plug will be released fromthe plug hol der
sub. Increased fluid pressure _ |Ip _ thus noves a piston to rel ease a

| ock ring) which releases the Iiner wi per plug fromthe plug hol der sub.
The piston within the plug hol der sub preferably acts on a fluid with a
known vi scosity at the downhol e tenper-at-ure of the plug holder sub. Fluid
flow through a predeterm ned size orifice will take a predeterm ned period
of tinme to aaighseorthend prederablyperiudesifreatibfs engagement with theeadet potthe
operator to positively cal cul ate displacenent fluid.volunes. A calcul ated
amount of  di2sp FREEtEMiningchdmbet 132 ibpressoriasi dyite pietoant34! whichicresr ed

hei ght in the annul us between the liner and the casing. Fluid will thus be

punped untidn dheehi 19 a¥¥ BEID REAGIFRNd the punp down plug set |atches into
the landing collar, at which tinme pressure nmay be increased to) e.g. 1000

PSL: Qver Sl Ul AR A2HE R bRGSATRL Gl 61U Mol e pRshspleck ¢ hat

t he seal s between s and |ng co i ressure

th be bl eed f thtth fl oat
cai prent  rEerRr MR PELuRBS 168 18R e Tabe wheRdh fundSiebSle oo
for selectively neteri n&efl uid fromthe chanber 132 Si qnl ficant

restricti otPWSEhiqRxneh fiddram the erﬂégs%‘@\ﬁﬁtﬁ'ﬂi‘ Xitg tae chamberayil)

constitute a nmeterin Fluid in the chanber 132 will be at a known

vi scosity ft@rdﬁtm@"@@i?\hhm%chafﬂ@ieﬂ’ﬁféﬂ%d tiag Buidivithingthe hambey 83, asdAbe et er i ng
jet the operator will know with reasonabl e accuracy the tine it will take
for the pi sizerofE=klededovificd indhe et 30gicsitionad dpessttéaomfrom thbehamberase

posi tion. O her forns of retainer nmenbers may be used for interconnecting
t he tubul arTHeodst sideéSvisint 8f Figard it nielowsi P pin PBUGealihgoofelaewegs poattaither nmenber

has a C-shaped configuration with internal grooves or teeth for attaching
to the |inehabReI3R! P8k pihA81 has a small port therein for slowly releasing pressurized
fluid to the annulus. The pin 131 may be secured within the weep port by a swaging
operation, and is another form of a metering jet. The right side illustrates a jet 130
for thread‘ing to the body 112.

A significant advantage of the plug holder sub accérding to the present
invention is that the increase in fluid pressure is not the primary factor that
determines the release of the plug set. The rate at which the piston moves up to
expel fluid from the chamber is primarily a function of a particular jet size and the
type of fluid in the chamber. Accordingly, the operator will see an increase in
pressure when the pump down plug is landed on the liner wiper plug, and will then

know, within selected limits, that a predetermined amount of time should elapse

from that increase in pressure until the plug set is released. Once the piston 134



internal surface of the piston 134 thus prevents the retainer nenber from
noving to the released position until the piston noves axially to its

rel ease position, as shown on the right side of Figure 1. As discussed
above, the liner wi per plug my be used at the | ower end of the liner
hanger running tool. The plug hol der sub of the present invention may be
used nore generally at the | ower end of any conveyance tubul ar, such as
conveyance tubul ar 140 as generally shdwn in Figure 1. The conveyance
tubul ar 140 may thus be used to bath transmt fluid pressure to the

i nterior ofmaves uplteteduce @eelinginate thewolumeavithin the shamber t32ethel Gghapadder sub
at a selected location within the well. The plug hol der sub of the present
i nventi on kakinghing t14eis eedo atove hadibinartwentl trefrelwarelamsingtthip éiserofiptool s,
including a |iner hanger running tool, or at the |ower end of the tubular
string useglignar the Pafip dBviPpleg aThe C-stidpeaidtikingtring €4 by be bRIsedset t he

w per plug fromthe plug hol der sub during the cenenting operation. The

wi per plug be‘ﬁﬁn’iaﬁlkrW%d@M iﬁ%glmévipweoﬁ he4! diRhy 86 piiddd aﬁ%ﬁhﬁévéggmhol e

tubular. It w bé underst 0od by those skilled i1n the art that t

enbodi nent 03&9&\? t%qemﬁ‘%wnﬁ’g@(ﬁ\%n@f PYARR: T [0 VA %?‘Hgl ot her nodifications

may be made I n the practice o on. Accor y, the scope of the
i nvention shoul d be understaod to include.such nodifications which are
W thin the oo r U8R AERaROadyh A7 2 W% B, b Pl et A7) g
hol der sub for being supported on a conveyance tubular for tenporarily
suppor t i ngSBOYR HbF'ggffhg ‘Sgﬁ‘ﬂteld(fPr ?l&P@&mgr@Y% PR o iser Wﬂﬂﬁfé’?‘f%- B$9BKse to an
increase in fluid pressure within the conveyance tubular) the plug hol der
sub conpri epplipatiangycner paif 9f plugspeer pretargbly diapd bafore the eermeet fuih andt h t he
conveyance tubul ar and having a throughbore in fluid communication with the
conveyance atotihet set of wipee pligs ere usediadter therceatenbiblid agd béferethpdispfzcing t o t he
t ubul ar body, the retainer nmenber novable froma retaining position to a
rel ease posiiti @ar tras (attel agsticagor, kachbDe pligigetd mamnbelephitdiell ddlefndy ;

in response to an increase in fluid pressure, which moves a respective piston to

expel fluid from the chamber and thereby release the plug 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 fiuid pressure to release the second piug set. Each piston

may force fluid through a selective orifice in a jet. If desired, the second piston

and/or both first and second piston may be shear pinned so that no movement

occurs until a selected pressure level is obtained. If desired, the first plug set

alternatively could isolate the port for the second plug set so pressure could not act

on the second plug set tilf the first plug set was released.



a piston novable within the tubular body in response to fluid pressure
within the throughbore froma retaining position for preventing the
releasing nenber fromnoving to the rel ease position, the piston acting
against a fluid within a chanber within the tubul ar body when noving to the
rel ease position; and a netering jet along a fluid flow path fromthe fluid
chanber to an annul us about the tubul ar body, such that fluid pressure

wi thin the throughbore restrains novem#nt of the piston to the rel ease
position until fluid is forced through the nmetering jet, thereby preventing
rel ease of the FigHes 2 depists tbemgstmﬂﬂg in ferefaisingpostipaswiththerfe-shapathse

posi tion. -13 2. The plug holder as defined in Caiml, wherein the w per
pl ug i ncl udetsinang inetrdiendN4 siekt radially inward tsodhatutspthckadn goigage tedetihan t he

wi per plug allows for the increase in fluid pressure within, the tubular
body. 3. ThisreptisiasPohdke linsr wWipki plad 154. e thrclighrpadyagdwerydn linéhgipeet ai ner
menber is a G shape ring which is radially expanded when the piston is in

(he rel easguRPi4 isQiotifed YithasSedtNS6HPSEalihWath 4 colRRAtioha Duh! &lfin as
defined in any one of clains 1 to 3, wherein nme C shaped ring has internal

gri ppi ng r iRRI i i . e plug
hol der sug%zﬁl@? égg{sg%scfg ?ﬁﬂgké;ggrgégﬂ%? tlﬁeb%lyggnggpﬁgeﬁﬁog@%mm erseaﬁ?atgﬁe pi st on
is nmovable axially. fr e retaini oSl 11 .Qr t he release sition 6.
The ol ug. hnaar DRl Fuli iRl asidakdnd Rebpr hoR3R ohREb! oo
surface of the piston.engages the retajner nmenber to preyent the retainer
menber 1 rofioiBoAsRIn g hE Bressue bshird e indrapenaide Toffss et BPethe  pi ot on
rel eases the retainer menber to the rel ease position. 7. The plug hol der
sub as def o inta agalingengpgementyviticibailingr onaaprulaihedye! 99 witho-fedsr i ng j et
has external threads for threaded engagement with the tubul ar body. - 14
8. The pl ug6hainddatch uibgd$§1dedy be pravidesfor seating fandilatching the plugsetwdtir ei n t he
nmetering jet is secured to the tubular body by a swage connection. 9. A
pl ug hol dethsahdingrcoltai ng supported on a conveyance tubular for tenporarily
supporting a w per plug and for releasing the wi per plug in response to an
increase in fluifAe RpassUaR] BeimBhN filills raHNBEYAREE WHABWIRGIatiid) @uilds Uer hol der
sub conpri si ng:

cement displacement. When the cement has been pumped, the pump down plug

may be released from the surface, forming a barrier between the previously
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 may be reduced, e.g.
to about 500 psi, and this pressure will increase when the pump down plug lands
in the liner wiper plug, as discussed above.

Once the pump down plug is latched into the liner wiper plug, the work string
can be pressured up and after a selected period of time, the liner wiper plug and the

pump down plug will be released from the plug holder sub. Increased fluid pressure



a generally tubul ar body adapted for connection wth the conveyance tubul ar
and having a throughbore in fluid comunication with the conveyance

tubul ar; a retainer nmenber for attaching the liner w per plug to the

tubul ar body, the retainer nmenber novable froma retaining position to a
rel ease position for releasing the wper plug fromthe tubul ar body; a

pi ston axially novable within the tubu]ar body in response to fluid
pressure w thin the throughbore from al%et ai ni ng positi on for preventing

t he rel easing nenber from novin o the rel ease position 'a radially
interior sdf Sa'@@V?ﬁaPﬁE"‘d%?'Sﬁs f?&ﬁl"ﬁ% witeh relages the mﬁw&e%’gﬁmem t he
retainer nmenber fromnoving to the rel ease position) and axial novenent of
t he pi ston theplugdwideriseby et ai ner menber to the rel ease position, the piston
acting against a fluid within a chanber within the tubular body when noving
to the rel ease [bsipistamyitizinthe plug haldeasubgireferaldy pets oaladtuig with & knalwih | ow pat h
fromthe fluid chanber to an annul us about the tubular body, such that
fluid pressiycesity atitheidohirhdla tangdrbnre of ths plugj MisderaubNERiid fdw tHiéugh st on to
the rel ease position until fluid is forced through the netering jet,

thereby pr gyefdibigné®sRamified withaké hrtﬁédéﬁbmﬁecphér%&ﬁﬁﬂrﬁe i RIdUsaligy noves
to the release position. 10. The plug hol der sub as defined in Caim?9,

wher ei n thg, Pe} wgﬁbﬂ] rTﬁchrﬁe[sn%%Bé u&;aegym apératwrtogjag,{qény%ﬁlau@% hanger

runni ng too w per plug’is ner w per ug hol der
as deflned n,C ai 0, wh in,th i nc nt er nal
seat, such srpéqcege&]ﬁ#wddvo\}ﬁng u’a qag%ﬁjaeedggwoyﬁgofl ‘?ﬁé’%"%ﬁ‘%‘ét%bffwgﬂm ows for
t he increase fluid pressure. wthj th t ubul ar, bod The .pl ug hol der
sub as def ﬁw&a ‘?lcﬁ‘ﬁ‘?"g{? t?‘Sf rﬁ?‘&r‘ﬁggt fla ?‘H %/mg‘erz'f'l?r dnthteee
chanmber has a known vjscosity. 13. The plug hol der as defined in any one of
Clains 9 t&asing. Ry tm@erquémhh@ﬁﬂie?rw'se@i@ amrhibe purRgoNmi Riva § s
radi al |y expanded when the piston is in the release position to rel ease the
wi per pl ug,sehiatthienintctheapdiag collag, dadidhrtinee pegissyreinay beginaresbed o, egr
gri ppi ng engagenent with the liner roper plug.

1000 psi, over circulating pressure to complete latching of plugs and check that the

seals between the plugs and the landing coliar are holding. Pressure may then be

bleed off and checked for bleed back to ensurs that the float equipment is holding

pressure.

Various types of metering jets may be used for selectively metering fluid from

the chamber 132. Significant restrictions can be formed within the passageway 128

to effectively constitute a metering jet. Fluid in the chamber 132 will be at a known

viscosity for the downhale conditions, and with a selectively size metering jet the

operator will know with reasonable accuracy the time it will take for the piston 134

to move from the retaining position to the release position.



t~ 14. A nethod of supporting a finer w per plug on a conveyance tubul ar
and for releasing the liner wiper plug in response to an increase. in fluid
pressure within the conveyance tubular, the nethod conprising: providing a
general ly tubul ar body adapted for connection with the conveyance tubul ar
and having a throughbore in fluid comunication with the conveyance

tubul ar; providing a retainer nenber for attaching the Iiner w per plug to
t he tubul ar body, the retainer nenber -tbvable froma retaining position to
a release position for releasing the Iiner w per plug fromthe tubul ar

body) novi ng a @thédarme dfhetairtehmemblend may be dyed for inespaneetingthiltubudampr essur e
within the throughbore froma retaining position for preventing the

rel easi ng negdyer16 waMhetineR dige? plte A pletasdd Resihéd MBmbePRaPh €1-sibpRet | Ng
against a fluid within a chanmber wthin the tubul ar body when noving to the

| turd w a chal - £ uicdl, f th f
rel ease poz%&grr#gﬁatlgf?kﬁﬁ lnrt'&ngflg?ﬁ asgﬁ'tégth fdr'al{tgcul'ﬁljéd)ﬂ&hé‘hriér%c rpku%‘gtm rom

the fluid er to an annulus out the tu r body, su | uid
pressure w:thi r.a| f i t he
el ease. post e sUtesd SRHE R 3 E PR riEiE ERine? meriforitel By
preventing release of,the.liner w per plug untj he pi.ston noves to the
el oase. posPing dsiearicbirsien Aat B Bl mides Brdaly ko BoIE2Y PERE. doe
position when the piston is in the release position) thereby releasing the
li ner wi pershomaPn hgtighhaide @hhiosFe body; and - 17 nonitoring a drop in
fluid pressure in response to the rel ease of the liner w per plug. 15. The
nmet hod as def i né diseussed above, thetiaeewipet plag may Seneed atthp tawareod glibe
provi ding-a C-shape ring which is radially expanded when the piston is in
t he r el easdingobargevruriningteblk dhe plugchdldarsub vf the prgsentinverfiion Tivey breaidedd as
defined in Caim15, further conprising:

more generally at the lower end of any conveyance tubular, such as conveyance

tubular 140 as generally shown in Figure 1. The conveyance tubular 140 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 ve used at the lower end of various

types of toals, including a liner hanger running tool, or at the lower end of the

tubular string used in a cementing 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.

it will be understood by those skilled in the art that the embodiment shown
and described is exemplary and various other modifications may be made in the

practice of the invention. Accordingly, the scope of the invention should be

understood to include such modifications which are within the spirit of the invention.



providing internal gripping nmenbers on the C shaped ring for gripping
engagenent with the finer wiper plug. 17. The nethod as defined in arty one
of Clainms 14 to 16, wherein the piston is noveable axially fromthe
retaining position to the release position. 18 The nethod as defined in
Claim17, wherein aradially interior surface of the piston engages the
retainer nenber to prevent the retainer nmenber fromnoving to the rel ease
position, and axial novenment of the pikgt-on rel eases the retainer nenber to
the rel ease position. 18 19. The nmethod as defined in any one of C ains
14 to 18, fwhathieclaimeadoisi si ng: providing an internal seat on the |liner w per
pl ug, such that a punp down plug | anded on the liner w per plug allows for

the increase in{fluig mget&ﬂwresumfbhbéingmpp@mu ah absiveyarffeHuBbi¥r fofS3E
AAY LA A3 CAINA .AHA LA LA A .As[sE.A .AFN9. Ay//x)|C_RDhl \Ui U

zupkf a\ W C%ﬁa&f‘aﬁiy%bﬁ@rhﬁ?]a%ﬁ%&qi@i@b? Rlsalisghealipal gag fbspbaaioal oal ca

] ca] ca] ca] ca] c”*a] ca] ca] ca cLalJcTa!
an increase in fluid pressure within the conveyance tubular, the plug holder sub

comprising:

a generally tubular body adapted for connection with the conveyance tubular
and having a throughbore in fluid communication with the conveyance tubular;

a retainer member for attaching the wiper plug to the tubular body, the
retainer member movable from a retaining position to a release position for
releasing the wiper plug from the tubular body;

a piston 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 within a chamber
within the tubular bod_y 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
movement of the piston to the release position until fluid is forced through the
metering jet, thereby preventing release of the liner wiper plug until the piston

moves to the release position.
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6. The plug holder sub as defined in Claim 5, wherein a radiatfly interior
surface of the piston engages the retainer member to preveat the retainer member

from maving to the release positior, and axial movement of the piston releases the

retainer member to the release position.

7. The plug holder sub as defined in any one of the preceding claims, wherein the

metering jet has external threads for threaded engagement with the tubular body.
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8. The plug holder sub as defined in any one of Claims 1 to 6, wherein the metering

jet is secured to the tubular body by a swage connection.

9. A plug holder sub for being supported on a conveyance tubular for
temporarily supporting a wiper plug and for releasing the wiper plug in response to
an increase in fluid pressure within the conveyance tubular, the plug holder sub
comprising:

a generally tubular body adapted for connection with the conveyance tubular
and having a throughbore in fluid communication with the conveyance tubular;

a retainer member for attaching the liner wiper plug to the tubular body, the
retainer member movable from a retaining position to a release position for
releasing the wiper plug from the tubular body;

a piston axially movable within the tubular body in response to fluid pressure
within the throughbore from a retaining position for preventing the releasing member
from moving to the release position, a radially interior surface of the piston engaging
the retainer member to prevent the retainer member from moving to the release
position, and axial movement of the piston releases the retainer member to the
release position, the piston acting against a fluid within a chamber within the tubular

body when moving to the release position; and
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metering jet, thereby preventing release of the liner wiper plug until the piston

moves to the release position.

10.  The plug holder sub as defined in Claim 9, 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.

11.  The plug holder as defined in Claim 10, wherein the liner wiper plug
includes an internal seat, such that a pump dowa plug landed on the liner wiper plug

allows for the increase in fluid pressure within the tubufar body.

12. The plug holder sub as defined in any one of Gaims 9 to 11, wherein the fluid in

the chamber has a known viscosity.

13.  The plug holder as defined in any one of Claims 9 to 12, herein the retainer
member is a C-shape ring which is radially expanded when the piston s in the release
position to release the wiper plug, and the C-shaped ring has ternal gripping members

for gripping engagement with the liner wiper plug.
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within the conveyance tubuiar, the method comprising:
providing a generally tubular body adapted for connection with the
conveyance tubular and having a throughbore in fluid communication with the
conveyance tubular;
providing a retainer member for attaching the liner wiper plug to the tubulac
bady, the retainer member movable from a retaining position to a release pasition
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 refeasing 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 fAluid chamber to
an annutus about the tubulac body, such that fluid pressure within the thcoughbore
restrains movement of the piston to the release position until fluid is forced through
a metering jet, thereby preventing release of the liner wiper plug until the piston
moves to the release position;

allowing the retainer member to move te the release position when the pistoa

is in the release position, thereby releasing the liner wiper plug from the tubular

body; and
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the release pasition to release the liner wiper plug.

16.  The method as defined in Claim 15, further comprising:
providing internal gripping members on the C-shaped ring for gripping

engagement with the liner wiper plug.

17. The method as defined in any one of Claims 14 to 16, wherein the piston is

moveable axially from the retaining position to the release position.

18 The method as defined in Claim 17, wherein a radially 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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providing an internaf 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.



