DOMHOLE PLUG HOLDER AND METHOD Field of the
I nvention The present invention relates' to the plug
hol der of the type suitable for supporting a liner
wi per plug and for thereafter releasing.the |iner
wi per plug in response to increased fluid.pressure.
.The plug hol der sub of the present invention nay be
used in a cenmenting operation, with the |iner w per.
pl ug separating a cenentatiobs fluid from anot her
fluid . Back nyent i on Conventi ona
li ner hanger E%W%BEFO%CQQ}H@FQ% AN METHOMer sub
adapted to support a linerw per plug on the running
tool during a cenmenting operation. The plug hol der
sub is conventionally |atched to the running string;
and the liner wiper plug is attached to the plug
hol der sub by a shear connection. Unfortunately,
these shear connections frequently are prematurely
weakened or are sheared either by running too
mani pul ati on or by the nonentum of the punp down pl ug
| andi ng and seating on the liner w per plug. -2-
Sone nenuf acturers have included a plug hol der sub
Q@Bfﬁ%ﬁd&#@%ﬁ*”ng lug and a shifting sleeve. The
eleased until the punp down pl ug
eev
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collet instead of a |atchin ug. U S.. Patent
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- piston that is shifted in order for the plug set to
iy belugad dd.a cementing operation, w;th the liner wiper plug separating a

cementatious fluid from another fluid.

Background of the luvention

Conventional linec hanger ruaning tools include a plug holder sub adapted
‘ to sdppo:’_(-a liner wiper plug on the mnnin_g tool during a cemeating operation. The
plug holder"su_b is conventionally latched fo the runniag string, and the liner wiper
plug is attached t(f)Ath"e plug holder sub-b¥ a sﬁear C{;nnection. 'UﬁfertUnatel.y, these
shear connections frgqueﬁﬂy are prematurély weakened or are sheared either by -
vrunning toof rmanipulation or by the meméntuim of the pump down plug landing and

seafing o the liner wiper plug.



Wil e the above systens may prevent premature rel ease
of the plug set due to running tool novenent or
mani pul ati on, they do not prevent premature rel ease
-of the plug set due to the nonmentum of the punp down

- plug and the columm of fluid behind that plug when
it lands and seats an the Ilner w per plug. In many
applications. this landing or 'hamering’ force wll
cause the plug set to release so fast that the

. operator cannot detect the rel ease and therefore
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not be able to calculate the fluid displacenent
plugho&ertsw@s yhieh use weofieligstrad obalidinglng. Vet Eréant pii§.922
i the liner w per plug. _3 The di sadvant ages of the
dispioses aaudniay wobwbichmraploys aipisten twd in shiffedda ordar fordhe plug
an i mproved downhol e plug hol der and net hod for

"~ setlupRQeldasgd.a | i nerwi perplug are hereinafter
- disclosed which increase the.reliability of cenenting

Opey@lis feSabovesPBIS rRby pRchipiematas rdiescas fRgilu@bet due
the present invention provides a plug holder sub for
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Fill'y supporting a wi per plug and
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and having a throughbore in flui.d conpunication wWth

‘appliratietsnihiylandaga b*mrameﬂagr Bres Wl canemiheplugsiet to release so

attachi ng the wi-per
fast that the operator cannot detect the release and therefore cannot properly

calculate the fluid displacements. This “hammering” effectof the purmp down plug
* hitting the liner wipef plug and the effect of prematurely reigasing_-the plug set may
ruin & cementing job. The prior art has not addressed the problem of prematurely
| '.reléaszi'ng the -plug sét due to this hammering effect of the pump down plug hitti_ng
the liner wiper plug. Asa corisequence. t’t\le opérator fﬁa_y not be able to calculate

| the fluid disptacement after the pump down plug has sealed and latched into the

liner wiper plug.



plug to the tubul ar body, the retainer nenber novabl e

froma retaining position to a release position for

rel easing the wi per plug fromthe tubul ar body; a

pi ston novable wthin the tubular body in response
~to fluid pressure within the throughbore froma

retaining position for preventing the rel easing

menber fromnoving to the rel ease position, the

pi ston acting agai nst a quig within a chanber within
“the tubul ar. body when noving to the rel ease

positjon; and a neterjng_jet.along a fluid-flow path - -
P om Vs pal I o artier B h S ercagedle pragntmventon,
tubul ar body, such that fluid pressure within the

ait uighivevas! davsnhoi pleg heidenit mefrod esuyspaiiag adipetvieer plug
rel ease position until fluid is forced through the
aretherdingftgrelisclédednebivh pceassatihnglizditeaberanting opkiatiens.
W per plug until the piston noves to the release
position. 3a A further aspect of the present

i nvention provides a plug hol der sub for_.being

Eﬁ%u“&@Qﬁ@ugmvgng&pveyance_tubUIar for tenporarily
supporting a w per plug and for releasing the w per

pl in _respopnse an jnere 0 fluid .
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movirgghwthe Felgiist Pogition; 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.



the tubul ar body when moving 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 the fluid pressuréawi thin the throughbore
restrai ns novenent of the piston to the rel ease
position wuntil fluid is forced through the netering
] &t furthfledsply. oprtBY pRisémdgnydtienpeovidestahplugihpbler pitudpr being
unt|I t he piston noves to the [eleaSS%_05|t on
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retainer er. from nmovi

movinure by Stlohe BOSHiAY HYLPIUIDNCEED! B PR S ERaNer Cner
memb\M {0 Q retl&g néb’s@%ﬁa lihe POEY a¥RM ARV N1fuit GvitHe a cBABIRS Svithin

tering discharge of fluid along a fluid
the tufnhlaw\boqgaatf}lmnfmowng e tlid xeledse pesitings apda apetermzuict dong 8 fluid

o B S R L R b 30 08
pressutheithiel teatheoyphbirei resiraingnpyonient p oth sty Odae FHSE gesition
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S’tOﬂ es to e rel ease

‘until tl@@;ﬁbtbh ﬁiawesatbltme&gsdm;tmt ai ner menber to rmve to
_ rel ease position when.the gj st on

rénqibgreasp‘%;g of Hgnprepene llrg@g;thrbprg g]le%a n‘lleﬁliod snu&portm% a liner
wiper P\:uﬂ%nfar QA PRCE Uil land ashieleading tﬁi@mhémlpegplag drreﬂaame to

an |nqrqeq$@r|nvﬂrute§€;ruer5§lgénw1§{ywe % eoggrg/egrgnctehtubular & Fneth udt po?'npnsmg
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 retainér member for aﬁaching‘ the liner wiper biug to the tubular body, the retainer
member movable from a retaining position to a release position for releasing the liner
wiper plug from the tubular body; moving a piston within the tubular body in response o
fluid pressure within the throughbore for preventing the retainer member from moving to
the release position, the piston acting against a fluid within a chamber within the tubular
body when moving to the release position; metering discharge of fluid along a fluid flow
path from the fluid chamber to an annulus about the tubular body, such that fluid
pressure within the throughbore restrains movement of the piston to the release position
until fluid is forced through a metering jet, thereby preventing release of the liner wiper
plug until the piston moves to the release position; allowing the retainer member to move
to the release position when the piston is in the releasé position, thereby releasing the
iner wiper plug from the tubular body; and monitoring a drop in fluid pressure in

response to the release of the liner wiper plug.



An addi tional aspect of the present invention
provides a liner hanger running tool for running the
liner into a well fromg,a running string, the liner
hanger runni ng t ool including a plug holder sub to
support a |liner w per plug on the runnlng tool, such

that a u down plug | ands_on th
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Wher%?ﬁ%é Hﬁéﬁwgﬁéﬁg‘q -Ebe use Lgbgl; posi tioning a w per
pl ug mhlch may be released froma linei hanger
running tool or the end of a tubular string during a .
cenenting operation. The plug hol der, sub may be



reteasably positioned on the | ower end of the liner
hanger running tool, and is sized to pass a punp.

down plug, which lands in the liner wper plug
supported on the runningsgool by the plug hol der

sub. The liner wi per plug™Ts connected to the plug

hol der sub in a manner which prevents premature

rel ease of the plug set fromthe running tool,

ei t her upon mani pul ation of the running tool or due

to the, Q@g"ﬁg[cie? Qub oBfrlegsibseft ihatighinmpy towsepfargositioning a
enterin n atching into the liner w per plug. Once
-the punp .down pl ' ' 1S tdopbethetnd of a

e liner. per plug, fluid
ressure acts on a piston ich i .
biEr pirog Geo oo Ty Sap UG eH R faay be

set is released and all owed o _be,punped to i
rehomsabiy gosiioned on o PEORTOr HEng AP SR tgplG0d tgfred
fromthe running tool acts on a fluid filled chanber
tongtissa ipempetivend plug. wihéchakands i helipeUgReERUSY SpRQUEed on the
Wien the punp down .plug is sealed within the bore :
rhinghBolltiytas piigiesided sub.  Tine e vérer plugiig cpinestaghte the plug
acts _4  on the piston. The type and volunme of fluid

hcﬂ&é‘ls@l@ in aSudflor vicl prevehzrofatitrereabé bEtae plug set from the
etermne the tine it takes to nove the piston to a

ruglful%g Vtég(ﬁl St upgﬁ hidn@Relatid & thé: ARnin3od! BPAIE Bthe hammering

thé operator to-determ ne the correct C
- dis cement, of cenent . V(¢ k y B&ig.
e e R T e

running tool to be manipulated withaut.any =\ = oo .
thel USRI Plusk P erlngH PR ﬁﬂ%ﬁ*@ﬂ%gﬁh& %‘ge.bgfﬁ S figiner.
down plug may. be punped at .any desired speed.to the -
wipengiugyliyid presisute asls ofeapiionHiich & BRE ok the piig set.
hamreri ng effect of |anding the punp down pIug}On the
frdh BRY rinhigodll seghai the phag sefds esfersed ahy alleyastodermunped to
-plug set. After the punp down plug has been seated
. : d, the operator nmay increase pressure to

‘heﬁg“?{ nH%S tool, thereby confirmng ‘

The piston that unlocks tﬁe plug setfrom the running tool acts on a fluid filled
- éhérﬁbér which is vented (o the annulus through an orifice. When the pump down

‘-pltlxg is sealed within the bore of the liner wiper p!ug, increased fiuid pressure acls



to the operator that the plug has been seated in the
l'iner wiper plug. The operator may calculate the
exact amount of displacenment fluids it will take to
cenent the-liner in the well. The flui.d pressure may

then be-increased, causing the piston to start to
nmove to the plug rel ease position. The punp down pl ug

“.and the liner w per plug as4a set will thus be
rel eased after a predeterm ned anmount of tine, vvhi ch
rator- being able

rtant t t he
% ?%e%sﬁ’g Lrﬁg W%Bf@f@gw?ﬁ?d FoMetes the ‘6?9 of orifice,
nting the I|ner |n the well. One aspect of the
H? safke tﬁ%%ﬁt’ﬁ faheiaﬁowpﬁﬁieamﬁpm@ heliderlesspdsdion. This time
rel easing a liner wiper plug in response to high -
plimpariaprie alow éhaepdratyr dydetestina thepesteahdispbiemhentof cement
turn expels fluid froma chanber through a netering .

yatmedfdruetizeting fpelterdd ten@el.nvent i on provides an
i mproved nethod of . releasing.a liner wiper plug in

r espam@pli@ ibldet dup BESRY BR npHAY A% pd bl b8 8 MSut any

" noves a plston froma retaini ng pOSItIOﬂ to a releas

dé@fﬁhér'ttﬁf‘effe-gﬂze r o u : ﬁietr v rg%?jﬁ %Oﬁ"he {k«gé; ggﬁ/ﬁ%ﬁk’g{)&g% %9 pumped

" expel flurd t
e h billt rel easi t he

A RS ShodE e gl e EhBRTy tTed ancbRiche. The
s a feat t he present invention that.a C—shaped
hp ‘é’(‘é ”ﬁ‘gr fﬁ‘&ﬁﬁg{a fgﬁé"{ﬁ%aowerph@t%@m fingr wigeer|plygeyill not

A 9 to a tubul ar body, wherein novenent of ' a
: Pfﬂ*@%‘fﬁf?fx wlepsedhe alug qﬁsﬁﬁﬁbﬁlem:mmm g h@s bbapsehted and
retainer to release the liner -wiper plug. It is a
Tatahedhithe opesttormapinctdrse pressure trthe hmhmt;h@ol(}h&m%dnf irming
-ring may have threads or other -internal gripping

| torthabpesibrhalght PRIGIESHGATETRE inthd fhek WMpddphgf The operator

w perplug. A netering jet may al so have externa

: mbiﬂéﬁ aaiatd (AB ekd 2atRMt 8@%9§<5@H&nt Auilth & R fo%&“e% the liner
body. It is an advantage of the present 1 nvent

' 'mﬂli@{veﬁ_h?hg IﬂHﬂ grakge ﬁéﬂptheﬁ tﬂe’ﬂ@e&sed, causing the piston fo start
fo move to the pfug release position. The pump down plug and the finer wiper plug
as a set will thus be released after a predetermined amount of time, which again is
important tothe operator-béing ableto determine the correct displacement ve!umés
- for cementing the finer in the well.
One aspect of the present invention provides a plug holder sub for

releasing a liner wiper plug in response fo high fluid pressure acling against a

piston, which in turn expels fiiid from a chamber through a fnetering jet.



reliable and is relatively inexpensive. These and
further objects, features, and advantages of the
present invention wll become apparent fromthe
foll owi ng detail ed description, wherei.n reference is
made to the figures in the acconpanying draw ngs.
Brief Description of .the Drawings -6- Figure | is a
.cross-sectional view of a plug holder sub according
to the present invention, ilbustrating the positionof
conponents for attachnent to the liner ~w per plug on
the left side centerline and positioned for
, Al ) )
rel ease of theqpll'ﬂﬁ}%%p eﬁf %Igtﬁe PG P seMidasan pnprpvhdimgtod of
relahsiag atihier Wil hid if9e HoddeLiodRid SLkifg o Jd 2 lS -
a cross-sect | ongll-@vi ewg%ﬁ2 a Ioovvér&:S’oru,t}|8'oSnLFCci:}1g H%ﬁeﬂdﬁd pressure
sYed iyl 19 taihi ol L.Lustrating.the upper
porti on of aliner f\;/%vlg ‘é)% H%ﬁ&éaz{%ﬂfe‘[é% eocf?qoélt g ‘W%‘ggke,s for -
Ral] -.suh he.left sjide of the centerline, and '
W e|‘g§§%‘§g 3% %?R%’ fidy Rroudh et gPledind ielda dpeiiorsbto increase the
-rei?g%: I gd De%cri tion of Preferred Enbodi ments Figure
il ol PoPETE FelaTiag His inctwvinarglaasiunieg divoreiheefing poration.
conventional |iner  wper plug. The sub 110 includes
't he I8 ayeature of deeprdentnyertiandiveia @rblamdd tehenerianbddnay
. tool mandrel. Before the running tool and liner is.
be ‘éﬁﬁé‘rf@ﬂamﬂgetthbg wipee plud fonetubWapBady i@ r&h Gﬂ%ﬁzeﬁlt of
“locking ring 114, which is supported between -body 11 A
A @isidntthe dessse pogiivn 1aBab¥s FStAMapad retbReKid G i
-~ 114 includes grooves or threads %15@0%%’5?&%‘458@%8 linex
wisdtipi)l e menbers for grippingly engaging the |iner -

wi per plug. Seal 120 on the |ower body 11.6 seals
. Thr eads

0B S e ABEE T
thrélge% ésf%%gr in (_ea}na Splppz}'xg erggmggpsnfebrg gt;nep%ih%qgnig%%ément wfth the liner
wipgr,plug, A melering jet may also have external threads for U;readt_ad engagerﬁeht.
with the tubular body. | | |

Itis an advantage of the present invention that the plug hé!dér sub i5 highly
refiable aﬁd is relatively inexpensive. |
These and further objects, fea"tur.es‘, and advaniagés of the presentinvention

. will become apparent fr?or?n: the following defailed descdbtion, wherein reference is

made to the figures in the dccompanying drawings.

 Brief Description of the Drawings




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 -7 along this port, and-preferably

i ncl udes threads for engagenent with threaded port

126. Fluid containing chanber 132 is pressurized by

the piston 134, which includes an OD seal 136 and an

I D seal 138. Wen the punpédown plug |ands within the

i ner w per plug, the increased pressure within the

r ufitjung 1tisch cantssseationdlevigi sif anplug holdesi b agpording to dhe
- forced wupward to-expel fluid fromthe chanber 132. _
preseiginvahgor, iwstatug the pdsttionlfictrapomdrits for htadwnent to thediner
- by the characteristics of the fluid within the

.wrp&hﬁﬂy 8h tdStett 188 of it caitddin@fana poeitiend®eibr dslehiecof thi tiner
the Jet 130 positioned downstream fromthe chanber-

ol i oo,
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iltustrates a jet 130 for threading to-t g % '
holdar sufyan the laft side ok HieagrnterfingndyelagSed g egeﬁt ide of the
. according to the present invention is that the
cenferieease in fluid pressure is not the primary factor
' that determnes the rel ease of the plug set. The

rate at which the piston noves up to expel fluid

fromthe chanber is primarily a function of a -

Detﬁéat[b&ééh od 8 P&idfodBfhbblRnedtype of . fluid in the
ccordingly, the operator will see an _
In ‘iﬁf#‘ ) W‘@fcﬁ*ﬁ(‘f@ AédéFehonal finer
Iaﬁ{ ﬁgss eﬁ?@fd' ne ﬁ?‘mdgﬂr l'ug, andpvml thene know,

wip%fp'ii{ e%ﬁﬁ t@% c!ﬁ"d&sc' et 93&}{ ﬁ‘lf&&gﬁéf H'}Héqgw@@h@ bf the

_ apse rom I.-nCrease i n pressure
-runnlijt{]gf tlotol rtnggd%l u%e? ore tlllg rJn?\En%at%op ancﬁn ner is Bwepedc’ intfe mﬁl the.

liner wiper plug engages locking ring 114, which is supported between body 112
| and. the lower body 116 by piston 134. chking rnng 114 ir‘ncludesrgr-ooves or
threads 115 orother su itable members for grippingly engaging the finer wiper plug.
 Seal 1 20 on the lower body 116 seals the plug holder sub to the liner wiper plug.
Threads 128 oonﬁect the body 1121to lower\body 116, and seal 122 seals between
these connected bodies. '

The body 112 includes a passageway 128 which is open to the annu!us

7 about the funning toof. An orifice jet 130 with a relatively sized orifice is. positioned



8 noves up to reduce orelimnate the volunme within
t he chanber 132, the C-shaped locking ring 114 is
free tonove radially outward, thereby releasing the
l'iner wiper. plug and the punp down-pl ug.
The. C-shaped | ocking ri ng 114 may be biased out but
normal ly held radially in by the piston 134, or nmay
be biased in and noved outward to release by the
downward force on-the |iner7w per. plug. Plugs are
conventionally run in a well in pairs, and the
algigibisipoirdend prdfembly intiudes theeadsfar engageaiestivittethasted port
supporting one pair of liner w per plugs. In sone
128p pluicadritainiig chambea i 32 Bfpresuugizedibethp pistar 834, whichéacludes
before the cenent fluid, and another-set of w per '

anfboGeaP{36 4sedn #b seh! 13@ cenent fluid and before the
di spI aci ng fluid. For this latter application, each

of {enth 8&}@&&@235&& tRinQhY lih&! vapeeslu V\%'tﬂe :ncreased

response t |ncr UId pressure,
I
N o L R
oo FRRBSR R o 5 B dﬁ@v&d L5 R
. releasing the first plug set. her fluid ’
beysilarainasl b heeepaciE P! e U Mo d32.and the
fluid pressure to rel ease the second plug set. Each

sizpiof aeeleated ofiigecie the igtd 30Mmusifighed dewnsteedny &rony theichamber.
inajet If desired, the second piston and/or both

Thé 166 sidendewasfafiduipl $tshowasy plire 18heealipy ofiedweep tpodtto the
no novenent- occurs-until a selected pressure |evel

chafib&b(32] MRk pih i30A8S hehallpba thekeRtfoddiotdy éasing pressurized
alternatively could isolate the port for the second -

flmﬂ lté'@le%%huﬁ@ Fhe Wiﬁ Ay bg sB&kre@ Githin®ie \va@p ﬁ&@@ﬁg svgagmg

l'ug set till irst plug set was rel eased.

opeajag ujti%n% 19 SRJt')tﬁEf Pm%f%hrﬁéféﬁn& ?eﬁ 'Tﬂe hbﬁt i iﬂﬁ&hﬂ@s ajet 130

POSi
for threading to- the body 112.

A signiﬁcant- advantage of the plug holder sub accérdihg fo the present
~ jnvention is that the increase in fluid pressure is not the primary factor that
detemmines me'réleas‘e of the plug set. The rate at which the piston moves up fto
expet fivid from the chamber is pri_mazilyé function of a parﬁcuiar jet size and the
type of. ﬁuid in tﬁe chamber.. Accordingiy. the operator v_vm see an increase in
pressﬁre when the pump down plug is landed on the !iger wiper plqg, and will then
know, within selected limits, that a predetermined am‘ouni of time should efapse:

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



retai ning menber 114 held radially inward so that its
threads engage the mating threads 152 on the liner
wi per plug 154. The through passageway in |iner w per
plug 154 is provided with a seat 156.for sealing with
a- converiti'onal punp down: plug, as discussed above-
The I'i nerw perplug 154 conventionally includes at
| east one and preferably.two cup shaped el astoner.ic
seal ing nenbers 158 on an-é&xterior thereof so that
high fluid pressure behind the |iner w per plug
mdves apdo rdtddeion elimitiapethe volhumenaititn thetaasdedr i1 A8, the C-shaped
engagenment with the liner. An annular body 159 with .
locRingi @1 1418 0reand rhaveCdadially gutld, ﬂ‘ﬁ&yrebﬁ rélé@élh?iﬂfb i@k wiper .
sealing and | atching the plug set- wit t he T andi ng

piL@‘%Hcﬂhe Pl mah?arme gﬁéﬁedﬁb&mﬁtf Y1P Ry be8ased out

le circulating Tluids for cenen I spl acénent .

but‘%&nﬁap% cFFQ‘H‘éAi ﬁg;%tiﬁﬁgn%ﬁﬁ%q ot &%y%‘é"ﬂ*ag&%’iﬁ QA&J?mved |

e re ease surface
ol PR P SPGB o

dlslacenent fluid may . thus be used to,p A
U4t g ?‘éf“ieﬁ@"'Fﬁ"‘HéF“m ﬁéﬁ‘e‘ﬁd{‘ hgies.Lnd fh@ P“fﬂjhﬂ‘d%wp as
pI u‘%é%et dose to the running tool, fluid pressure may
fewed! isessuifed feosuipoiingU®: paieef lingn Wviperiplugs. In some
pressure will increase when thepunp down plug | ands
~ applinatidrs, bhegrinefpinggpaegpresally sised befbraltioy eement it hand
punp down plug is latched into the |iner w per plug,

andtiéT s6P6kwipbf plags arcalsciRiter BeTuhRat iUl aRdib&bicheisptacing
sel ected period of tinme, the liner w per plug and:the

fiuid® U SRMBE Yfiilcn, BECH 6 RBPALY hOMal B8 B9 EBEsed

sub. Increased fluid pressure -10 thus noves

in rggp%tngg tb :ﬁ&rﬁéé&;rrﬁ'ﬁuzb %9%55{1@ qvn.(gmngg?g gl g@ﬁe.ﬁrwé Mston to
xp%‘ ﬁliﬁn{ﬁ {?lﬁen { he%e%ngrgd tEt?ere 5rr rél%gseo liheeI %uablsgt agnsé &%ton
responsive _to a low pressure fluid could thus be prbvided on the support sub, w'th
N that piston releasiag the first plug set. At a higher fluid pressure, a second piston
-may movein res'pense to fluid pressure fo release the second plug 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 sﬁear pfnned 'sc_) that no mevement-
-occers_until ‘a selected pressufe- level is‘ebtaif-led. If desired, the ﬁrst plug set
altemativeiy could isolfate the port for the second plug set so pressure could n(_)tl act

“on the second plug set till the first plug set was reieaeed.



viscosity at the downhol e tenperature of the plug

hol der sub. Fluid flow through a predeterm ned size
orifice will take a predeterm ned period of time to
release the liner wi per plug. This tinme may be used
by the operator to positively calculate displacenent
fluid:volumes. A cal culated anount of displ acenent
fluid will thus force the cenent:to the desired

hei ght i.n the annul us betvieen the |iner and the
the linerw

casi.ng-FlLuid. w || thusbe punped until t . er
o o il i wioeR GG TodetoHitig BT, wi A& shaped
| anding collar, at which time pressure may be
refafpiqgemeaber 4 14 dield radigllygnyard sqthat its threadaengrge the mating
- pressure to conplete |latching of plugs and check that
threads 182 andheg beerwiper plugpl iy sThamthrowgh passegeyay ol lirer wiper
are holding. Pressure may then be bleed off and
plughisizikie prévidedwithch beatkl G6ofoe sealing wittah coheedtionat pump down -
equi pnent is holding pressure. Various types of
- plugPALdiba G skahbov@y it Mﬁfiﬁ@@%?‘ﬂﬂ@dw@ﬁﬁbrﬁw ®iclu@ls at least
luid from the chanber 132." Significant restrictions

onEAY RefdraBReb W HdpaliRe: RARSRIRNRNG ﬂ‘l%lﬁ:]be}& 58n0r} zﬁleexterior

effectively constitute a netering jet urd i

T T T R

Jreterjing j.et . the operator wll know with reasonabl e
outfBifiplokbfi et dfaeeriifhe e A7 Stnlh Pad e BSSAR o Figos

nove fromthe retaining position to the rel ease T
160 3 I HING S may e graider doe 39ming Resieting ypalua sekwith

for interconnecting the tubular body 116-with the
thelanding opliser plug. A preferred retai ner nenber has a

C-shaped configuration with internal grooves or

t edihle $pacentndotimentt fuidd endyl be mived evhilp| digutafifig fluids for

i nternal surface of the piston 134 thus prevents the

centigtit displicetiieith eWhHehdfie @eiHenPhad BedmBumSbE ¥56 fuip HolviPlug '

unfit the piston nmoves axially to its release _
maP @i fdldiled AFom SRR NBrithg bakfe &fmg%rg e g}evicﬁ%ly
_ di scussed above, the liner w per plug nay be used at

disﬁliﬂ%d—lc%ﬂ%rnt Q&pth%fdiéd?gcement fluid. A calculated amount of disptacement
-fiuid may thus be used to pumyp the pump down plug to the liner wiper plug. As the
pump down plug get close to the running too!, fluid pressure may be reduced, e.g.
. -to about 500. psi, and this pressure will increase when the.pump down plug lands

in the liher.Wiper plug, as discussed above.
Once the pump down plugis latched into the liner wiper plug, the work string

canbe pressured up and aftera selected period of time, the finer wiperplug and the

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



| i ner hanger running tool. The plug hol der sub of the
present invention nay be used nore generally at the
| oner end of any conveyance tubul ar, such as
conveyance: tubular 140 as generally shown in Figure
1 The conveyance tubular 140 may thus be used to, -
both transmt-fluid pressure to the interior of the

pl ug hol der sub, and - al SR to position the plug
hol der sub at a selected l1ocation within the well- -

o R 9O Blea Y Bl h G aer 6 Ve i g from
including a liner hanger running tool, or at

tool.s
thelpﬁuqué‘\;\%rrs‘f' nd of the tubular string used in a
in order to reliably rel ease the

cenenting operati.on,

Wi 55.6 Pﬁfﬁ%b Mg the plvgdioldersub pesferably agty 9mg Atidavith a known

. cenmenting operation. The w per plug once released

- viscegiy aldhe dawpholeiemperaduremf the plbig holdehsub. deldifiavethrough a

tubular. It will be understood by those skilled in

-preddieruined satorifibe wilhtabdiametic®haived pedod of 65@tbRERaES the

- exenplary andvarious other nodifications may be made

~ line wipehelugpr Pt ithee Afayl B ubay 89the BpeAtG Tt vty EhEulate
"~ scope of the invention should be " understood td

displdeehiedensid SOl f ) ' Wiid e 8F- L.t Aol Rizf Lt -
pof t he in\(g’mion. Ji‘‘é"(%'iécl{?ég\tiédrrvs: 1@?%%%%%%@?@%& truss
od &Y, oo . opvevance tubular for

fore B SRl 5480 b Aliahe P BEC LGS dotwerBing Blesandge
sk he-w per . pl in.res e to an increase in fluid

 casigT IR oo 1 e RDS e Pennineand beupndown piug

ol der sub conprising: a generally tubular body

set ’%BJ&%%'@E’ thefa ler.ch whichHinepreseifio eyayrtednciebabdio, e.g.

- and having a throughbore in fluid conmuni cation with

100G prb QushGiEsplating pressyreto campleteditobing nEpihgs afdcheck that the

attaching the wiper plug to the tubul ar body, the

sealy betwiene theplngreandithedbhding coltarairs holdingi PgeRRs fiagthdPbe
- a release position for rel easing '

bleed off and checked for bleed back to ensure that the float equipment is héldihg

" pressure.
Vartious types ofmeteiing jets may be used for selecti;fely metering fluid from

-.the chamber 132. Significant restrictions can be formed within the passageway 128.
| to gffectivelycpgsﬁtu-té ametering jet. Fluid inthe chamber 132 Wﬂi_ beata knoWnl
vi-smsity for t‘he' dowahole conditions, and with -a selectively size metering jet the
operator will know with réasoﬁable‘ accuracy the fime it wilt take f.or-lﬁe piston 134

'to move from the retaining pasition to the release position.



the wi per plug fromthe tubul ar body; a piston

nmovabl e within the tubular body in response to fluid

pressure within the throughbore froma retaining

posi ti.on for preventing the rel easing nenber from.

noving to the rel ease position, the pi:ston acting

against a fluid within a chanber . within the tubul ar

body when noving to the rel ease position; and a

metering jet along a fluid-fitow path fromthe fluid
‘chanber to an annulus about the tubular body, such

t hat Otidttstnmilofastsiner wiehibedns inag bt bsalfhintreonrestingitrdubular
- nmovenent of the piston to the rel ease position until -
bbli 196 hith{tRE RS MBEPFI%- tA Pref&?é&fété!ﬁed BEmbbPRAEAYC-shaped
~ preventing release of the [iner wper plug until the

, ‘ | I 1 ;

BTl B o o B ARSI oo FHE bt o

nofder _ alm 1, erﬁ e W per plu _
i,-is nr&ay?@%&g%f fg]!gé;ﬁféﬂa 3613?3% lpﬂ%#e%ﬁ thﬁ%&fﬁéﬁrep #F:gntge:"%jm moving
MERARI R L A ——

retainer nenber is a G shape ring which is radially
shoywanadie Ui sidendf Higuteoh is in the rel ease position
~to release the wi per plug. 4. The plug hol der as

def i Aedistussed abavel thereravipetiieg @ag bapert! alithglowes end of the
- internal gripping menbers for gripping engagenent
- Tindrhngdreumiingtooh| @ plog hbller Slituef thopesentdmlention may be used
“defined in claiml, wherein the piston noves axially

mbf@‘qéﬁ D81y AltAé MW ARPOL AR cdivel Ao tab@Ias Subk Sk doaleyance
6. The pl'ug hol der sub as defined in cl-aim5, wherein

tutﬁﬁfmhéllals ﬁgﬂgé?%n@ ':ﬁfwémrﬁag&% 1.9fha ddRvE k-8 QAL may thus

e retal er to prevent the retain ,

o 58 R e BBl £3B R e P a8 s, an
_ also fo position the plug ﬁolder sub at a selected focation wiﬂxin-t:hem}e!l; The plug
~ holder sub of the present invention may thus oe used at the lower end of various
' At-ypes- of tools, intﬁudi—ng a liner hanger running tool, or at the iower- end of the
tubular string used in a 'ceméntir'lg operatioﬁ, in order to re!iabl";( release the wiber

plug 'f'rbm the plug holder sub during the cementing operation. T_he‘ wiper plug c-)noe
released n{ay seal with the liner or with another downhole tubular.

it will be understood by thosé skill;:d in ti-w art that the embodiment shown: .
and described is exémp!ary and various other modiﬁcaﬁcms may be made in the
practice of the invention. According{y. t;hé scope (_)f: the -i"rwerition should be

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



retai ner nenber to the release position. 7. The plug
hol der sub as defined in (1:# aiml, where the netering
jet has external threads Tor threaded engagenent
with the tubul ar body. 8. The plug hol der sub as
Cial"qi,seflned inclaiml, wherein the netering jet is
— secured to the tubular body by a swage connecti on.
9. A plug holder sub for being supported on a

1. Coﬁvﬁlﬁgl ﬁ&dé#%ﬂkalforff} 51\%8{(%% J)ﬁ' ag%?i% dn@g fibular for

ug an W per
temmmmwoﬁmg AWipengug as@fqr meleasngalthpr\fewwl@ Wrewcamse tean

incre SO0 EY epré%gagéu %thlr{)g@ey pégggep{;g,gg &l adP thgogaginﬁ%aﬁsub

a gene l"ar for cdnnec
comnrlsmgco_nveyance tubul ar and having a throughbore in

fl yi

4G GORTHRLAFbbAN adbdill L&?%oﬁr‘?%b‘ﬁ%f{%\ﬁ@ﬁh%m Hgfé\le%ulﬂceatu%aular

and navataJmthb@dy ﬂUldh:@mnmematlnewthé!m&)ewn\/ﬁwaﬁbltebtﬂwom a
"% ggtggn%g rR%’rﬁbéH N étﬁ’acﬁmé JPS‘%%{Be Eoglll’naé; ﬂgbg@; bogy, the

retalrpnrsm&mbeixnmabie fmmaatrle@tmmg pesitiarhie a [ﬂiﬂasarpoetiayfdrmeteasing

f ithin the th hb

e TR Bl Bigpsre, wihin the througfbore

r ed eam mpmle within the rtmlail boﬁyiimr@piome Euftuich peeseifiret within

the tl'?ljoﬁgl'?tﬂver;e2 %ﬂﬁ% r}gtawgstltﬂin%}: Fhur gr {h? re@Ea&Mg %erﬁtﬂﬁ from -

nDV|ng el’'ease” pos
moviagdio dhe adleastopositon; the pishan pq:tmoagair@lt datieid Wlﬂﬁ@ 8 chamber

th i st
witif 3L B SRR dter! Bl e PRSI iha | P R
t Lzbmaienrkgojey alohgre fiuidifioy path ftone theeflwd sbapbei to @nannulus
_ | t :
oo QTR0 o Py Bl 00 BT 3
movemem afhibref pigiod {or hes eieasai pesitiont Hetilt fiuid igy yoee through the

metehﬁg 5ett athgl%b}ﬁﬁ?%(fégﬁﬁ I(":e?gasg Q)? tr@ Ig'Fe? ﬁe‘? ngétth{éi?!hE%&on moves

lonu force hriou
fo the release position.

2. The plug holder as defined in claim 1, wherein the wiper plug inciudes an
internal seat, such that a pump down piug landed on the wiper plug ailows for the

increase in fluid pressure within the tubular body.

3. The plug holder as defined in claim 1, wherein the retainer member is a C-
shape ring which is radially expanded when the piston is in the release position to '

release the wiper plug.

4. The plug holder as defined in claim 1, wherein the C-shaped ring has internal

gripping members for gripping engagement with the wiper plug.

5. The plug holder sub as defined in claim 1, wherein the piston moves axially

from the retaining position to the release position.

. 8. The plug holder sub as defined in claim 5, wherein a radially interior surface

of the piston engages the retainer member to prevent the retainer member from



netering jet, thereby preventing rel ease of the w per
plug until the piston noves to the rel ease position.
10. The plug hol der sub asddefined in claimbo,

wherein the plug holder sub is p05|t|oned on a | ower

end of a liner han running t 00l nd the w per

- movi g e “pigeltR o apt P Mol o g PR Biases the

retainefrheraierito thed releasd @ositidrer ein the |iner w per plug
includes 14 an internal seat, such that a punp down
plug | anded on the liner wi per plug allows for the

7. | NTheeplag hblef $uk gk @efeed um elaim t hivinere iee hetaviha jet bad gxternal

12.. The nl hol der b.as ined in claim?9,
threﬁfﬁé?retFrr?aBﬁ(gg'f'qalﬁeH‘enEwl{ﬂ@e tHgﬁﬂ Yhas a known

viscosity. 13. The plug holder as defined in claim?9,

h the re ner s,a C ed.r ch
5. 1 < e PR e B e oA dncieins gl 8 eieraget € SSclrea
to the albaks eo@oisy 4 swagé conreeti®ase the w per plug, and the

C-shaped ring has internal gripping nenbers for

gri ppi ng engagenent with the w per plug. 14. A nethod
9. ofAspipgohdﬁld@g sabl fdnebemg pﬁlpppha@ an @ mm@r}@macmbuiar for

r W P
temepizdiiHppBfie & ipalFul 88 R rfdiing Bt Plla Rirkifherp o an
mcreewvleyfam: erésdorg avithirt hiee menhednee npbular, Nige  plugvihalderg sub

eneral Iy tubul ar body adapted for connection with
comg 81 conveyance tubul ar and having a throughbore in
f | aipdneraimubilaabodnadadiéd tdneoncentive withde bu:hudyance tubular

ot B e SR B A g AP e
noy adthiaef membar fetatanhing tlma)ﬁri}éri\mpert miug to eHecmbalar body the

retai Oﬁﬁ%rllagen L) bler'fe cl)n%‘ aasrepagni%gh Sosﬁlonnetro aV\f'ePease posﬂon %or reieasmg
the wiper plug from the fubular body; ,

a piston axially movabie within the tubular body in response to fiuid pressure
.- within the throughbore for preventing the retainer member from moving to the release
position, a radially interior surface of the piston engaging the retainer member fo
prevent the retainer member from moving to the release position, and axial
movement of the piston releases the retainer member fo the release position, the
piston acting against a fiuid 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 {0 an annulus
about the tubular body, such the fiuid pressure within the throughbore restrains
movement of the piston to the release posiiion until fluid is forced through the
metering jet, thereby preventing release of the wiper piug untit the pision moves o

the release paosition,

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 hoider as defined in claim 10, wherein the liner wiper plug includes



noving a piston within the tubular body in response
to fluid pressure within %Ee t hr oughbore for
preventing the retainer nitber from novi ng to the
rel ease position, the piston acting against a fluid

Wi thi Chin t . ,
an infishilsaf sfigRaCH Blinbidlin ol il Olra ik e P Rl for
the iradreesg ia flbidwirebsiFowitipatie tibolar bédy. f | ui d charrber to an
annul us about the tubular body, such that fluid
pressure within the throughbore restrains novenent
12. of'TmmpIugiMdm sub dshiefined daskainp @ whemmn thet fidid frl thedchiasnber
ugh a netering jet, thereby preventing
hasggl e‘"énns‘(’e'g ’fhe liner wiper plug until the piston
nmoves to the release position; allow ng the reta| ner
031 t

ve t rel eas .

13, PP TRERub IR s SefR b RS, BREh PR st .0
shapbuemglwim:h si rpéinlhpexmpntied whehehe tptstdrans iy tieky releamia ghosition to
or|n drop,in-fluid pr re.in. respons
retec dhe bl arthie crapeS PR sy PR Rebfers for

gripparg afgbpaadnti withcthaiwipet diugnher ei n t he ret ai ner nenber
includes 15 providing a Cshaped ring which is
radi al | y expanded when the piston is in the release

14, po%irmétbmd bbsmmﬂoeﬁmea ﬂiher Wipeeplugi @ees ghueyants tubliee and for

reieag?téqﬁe |l er mﬁ?rj &Hgllrjl res rgéen}o ratsg % ﬂ&:?ﬁé%ﬁg%nggiéla the

pi ig ers on

conveyamgemmulagrthppmetgocbn@agmt Wi t h the l'iner w per
17. The et fined |pe m 14 V\herel n

FrifOyd6, n" sBoREh TRy Boalr vt Bl RehfecBic i e
convéyanceetubelbeamd pasng ionhrotghboféen nfmlmanbnasumkm?mne\d:th rthe
convgyaar'l'cénu}bdmarmere' n the piston noves axially fromthe

providing a retainer member for atiaching the liner wiper piug to the tubular
body, the retainer member movable from a retaining position to a release position for
releasing the liner wiper plug from the tubutar body; -

moving a piston within the tubular body in response to fiuid pressure within
the throughbore for preventing the retainer 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 fiuid along a fluid fiow path from the fiuid chamber to an
annulus about the tubular body, such that fluid pressure within the throughbore
restraiﬁs movement of the piston to the release .position until fiuid is forced through a
metering jet, thereby preventing release of the liner wiper plug until the piston moves
to the reiease position; -

allowing the retainer member to move to the release position when the piston
is in the release position, thereby releasing the liner wiper plug from the tubular body;
and

monitoring a drop in fiuid pressure in response to the release of the liner

wiper plug.

15. -The method as defined in claim 14, wherein the retainer member includes



retaining position to the release position. 19. The
nmet hod as defined in claiml18, wherein a radially

“interior surface of the lé)l%’ston engages the retainer
menber to prevent the retainer nenber fromnoving to

R i p | - a . | : . . .
provifi & C-EAREILAT Writh "R BloaliBe” Wl L Rt s i the
releape positiomio r2@asqd e Imet wipdr akigdef i ned in cl ai m 14,

further conprising: providing an internal seat on

the liner wi per plug, such that a punp down plug
16. | ahftednatinod be defined imigeemn 13l fugherl Cowsriding: pridding internal

. . NC | Sur | n .
ool inGfABErs,dh th - thaleB Y 1Er Mgl rdaelaht i B ik wiper
pluginto a well froma running string, the liner hanger

runni ng tool including a plug holder sub to support a

liner w per plug on the running tool, such that a
17. pubpe tethed@Esutpfihech thsclaim thavhieraie thapipton meyea gxially from the

. at j.al gt ow t hrough the running tool,
retanfiﬁgﬁéﬁﬁd tﬁéh%{géclaéfgmﬁﬂotghgﬁ, conprising: the plug hol der

sub being secured to a running tool mandrel; a fluid

fidle Wt hi 0. -
18, ¢ pINERRATRTenhtd I o e Bkl BikoT HhyeR sranl Ay e
retainihg pogitioretortes tal¢asegesienf i ce; a fluid pressure

responsi ve pi ston noveable within the chanber

relative to the plug holder sub froma | ocked

19. poBi¢ inethodhesr defimetilie claimdB. wheesin plradjalysintsuigp suifang of the
: r [ L] :

istof g Ll 3 B 2 LBRE 1B 8 o o

the rglbase baditber andibxiabmdvemenidif did pistorpealedsds e refglner megber

Li DRl engagenent with the [iner w per plug,
tOth%%:%%a%terP%?ﬁ'P'g‘di ally outward novenent of the lock ring

in response to novenment of the piston rel eases the
20. | R m‘é"tf%%rasoéléf%eﬁrir‘? 'ct,la'irnei4Plfd+91cep9!>rg5ﬁsiﬁél.bpro‘}i@ng 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.

21. A liner hanger running tool for running the liner into a well from a running
string, the liner hanger running tool including a plug holder sub to support a liner
wiper plug on the running tool, such that a pump down plug lands on the liner wiper
plug to substantially limit flow through the running tool, the running tool further
comprising: '

the plug holder sub being secured to a running tool mandret;

a fluid filled chamber within the piug holder sub, such that the chamber is
vented to outside the plug holder sub through a restricted orifice;

a fluid pressure responsive piston moveable within the chamber relative to the
plug holder sub from a locked position wherein the liner wiper plug is supported from
the plug holder sub to a reiease position wherein the liner wiper piug is released from
the plug holder sub; and _

a radially expandabie lock ring for gripping engagement with the liner wiper
plug, such that radially outward movement of the lock ring in response to movement

of the piston releases the liner wiper piug from the plug hoider sub.



22. A liner hanger running tool as defined in claim
21, wherein the plug holdqé sub is positioned
axially at a |lower end of 'the running tool. 23. A
| i ner hanger running tool as defined in claim 21,
wherein the fluid filled chanber is vented to an
annul us surroundi ng the sub hol der sub. 24. A running
22. t obllinas hdrgarmaoning ted ssndedibed whelaghn 121t depin ¢heh plug drotder
. . r agement between
sub '?%gs%%ég&%g%w%rt ai&%é Jn ﬁ'gearlllﬁ]ﬁigl gv:cngper plug. 25. A
met hod of releasing a !lner wi per plug supported on a
23. "URNHEP h%&?ér rfu?llﬁ'inﬁrtldgln%]%gigﬁnéd BelialnL?, dnkkhd tid A Filled
runni ng stting, e nethod conprising:’ providing a
chantbaniisvenitéd scdncranvbsrsuwiotihding theubdoltst delr. sub vent ed
to outside the plug holder sub through an orifice;
and noving a piston in response to fluid pressure
24. wi Aminminghtool am defingedsin rdaig, 21s wikrein thetpipd bolder subviedipdgs a
' I i 1]
seal {fﬁegﬁaﬁrﬁrgné%%ﬁﬁe%t %%ﬁv\éetetngtﬂg% Eﬂggeerasu% & %eﬁ#PWe&e‘? plug.
the liner wiper plug is rel eased fromthe pl ug
ho . i i cl.ai ,
25. o HieSY 3t seRasfla A WA Hid RGiboRuort a iifing ool for
runnipg edwer intap pell dont a rurinengmtsng theamethad dooprising:f | ui d
pr h I f r
o1 13 2 TRED Y it £ bR, sl el b olfE'tne
plug DOMKHDILEHRILDIE aHAIDER oD METHOD Abstract The pl ug
ho f ' d
¢ UBGEe 2t Eeh o et B P i he RAKRUEIGR, such
that pistonhraoveangirnp frdowa lgdkad posifioh avigreim 2 Chipgl dupgoertstigeliner
. S t :
WIpe%ilgg 3@%‘?{%% ;liu%g R{% erélﬁgﬂ%ﬁne%%gérzi}%‘%/ lstréfllggée%r m};&? %l/le‘!ug
holddrsupr ovi ded for attaching the liner wi per pI ug

26. A method as defined in claim 25, further comprising: timing a period between
fiuid pressure applied to the piston and a drop in fluid pressure accompanying the

release of the liner wiper plug to verify release of the liner wiper plug.



to the tubular body, and a piston 134 noves within
the tubular body froma retaining positionto a

rel ease position. A netering jet 130, 131 on a fluid
flow path 128 from chanber 132 restrains the piston
novenent, thereby preventing rel ease of the Iiner

w per plug until the piston noves to the rel ease
position. Figure 1. 17

DOWNHOLE PLUG HOLDER AND METHOD

Abstract

The plug holder sub 110 for being supported on a conveyance tubular

temporarily supports a liner wiper plug 150, so that a pump down plug may land in
the liner wiper plug and be supported from a generally tubular body 116 of the plug
holder sub. The retaining member 114 is provided for attaching the liner wiper plug
to the tubular body, and a piston 134 moves within the tubular body from a retaining
position to a release position. A metering jet 130, 131 on a fluid flow path 128 from
chamber 132 restrains the piston movement, thereby preventing release of the liner

wiper plug until the piston moves to the release position.

Figure 1.



