BRI'DGE PLUG This invention relates to a.retrievable bridge plug for use in
down- hol e casing or tubing .conduit, e.g. in the petro-~chen%gai‘QLilliﬂg
industry. Retrievable bridge plugs used to nmaintain a down-Hfbre® >
differential pressure are kn#m. Such plugs nmay al so. be used as hydraulic
.or electric line set ~ back pressure valves, carrier devices for anarada
gauges, injection valves or the | BREDGE BLUGension plugs. The plugs are
typically run down-hole, using a running tool, to a desired depth. The plug
is then set uging ancelegtric wireline pressure seiting _assenmbly. In _thig--
way, a barri e%&gvi"(%'fn%ll.o@. r[q\f‘('@tpq%gt:.o c%nrﬁgrbﬂﬁ%ijea T1495r é’a‘ége|fnr‘ﬁ:':nedT
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pl aced atp "Eﬁﬁe@tﬂ¥ﬂ%#§5fﬂaﬂgﬂ¥¥ffin order to maintain a series of

pre

down-hole differentia ssures. “A plug can subsequent|ly be retrieved from
" the casing or RetEisyaRdRd h¥1dge aPPUSE MPFeDoke dagintaddt ofi APWa-hale i ne,
branded Wiffferepitied tprdgehr@ v Kehéing. SécR! pRLES XSk son benawedri dge
plugs in thah &henlthey are set_in pg_ition, a packing elenent and slip
mechani sAfex8YPE34LhFe 18 eSS F1%a t REY nhaf vvaﬁ%i%s%*r‘?h 3SSg or

t ubi ng comdwiiler Slewicesveor aaparadd gaugem timwjectiomavaliveensromheof the
casi ng OR g i gﬁmgggﬂﬁ- due to corrosion or scaling, slippage of
t he plug&ﬁ}#ﬁiﬁgihe aS|ﬁ§E%P£P. I'ng conduit may occur resulting in

breakage of tﬁ'éeséﬂlug%lﬁlﬁaaﬁpéﬁaﬂ-&hf FuFy dRrn hale ocesingue rRTEEEs of
the packitegigl egBnta BBsibed \Waptne ohbf epBigi dls PERSSURLTEBYsVAG Y ald om

that which is desired.. ,This problem alsg exists in casing or tubing conduit
havi ng affi éﬁ“ﬁ%’é’renarp%es.etlttmrgs aﬁﬁﬁ“@ﬂﬁr‘e an obj ect of the

present inventinorthis olwayat @ obarriegatdevilve,af brenewheonsigl sednaiteages.
2 placed at a ' predetermined point in a casing or tubing (
conduit. A npumber of such plugs c¢an be placed at different
depths down-hole in order to maintain a series of down-hole
differential pressures. A plug can subsequently be retrieved

- from the casing or tubing conduit by a pulling tool, e.g.
employing slick line, branded line, 'coiled tubing or
workstring. | o

A problem exists in known bridge plugs in that when they
are set in position, a packing element and slip mechanism
exerts a predetermined load on the inner walls of the casing
or tubing conduit. Since, 'over.a period of time the irternal
dimensions of the casing or tubing conduit may alter due to
corrosion or scaling, slippage of the plug within the casing -
or tubing conduit may occur resulting in breakage of the
seal. Slippage of the plug may also occur due to creesp of the
packing element. '

In this way the differential pressure may vary Zrcm that
which is desired. This problem é.lso exists in casing or
tubing conduit having an irregular internal surface.

It is therefore an object of the present invention to,
obviate or mitigate the aforementioned disadvantages.




Accordingly, *a first aspect of the.present invention provides a retrievable

bridge plug f or "use in a casing or tubiRg conduit,  conprising a
plurality of outernpst substantially cylindrical nenbers dependent
from one another, and a plurality of innernost substantial ly

cylindrical nemigterdengldsntaf Fapstneagpathelor athackhPdadhe Mverii Rt er
surface of whic¢h engages an in surface of the casing Qr tubi ngii)condwt,
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conduit. In i s.way, .slippage of e.p wi thin the casing or._tubin
condui t caﬁeﬁg FE&%@E'aﬁd%ﬁﬁagﬁ'Eé’sﬁrfe s&ﬁﬁe%ﬁﬂeﬁseﬁaﬁm&h%ﬁém%r
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setting sl gemBer8n AdRd ekt UnEABBra!l Pel ¥Bie € Obndhi Zhot§et N in
contact with an quter, surface Qf an upper, end of ,a | ock_ring housing,, a

| ower faci h§eddr +RBGIENAGRALL direch 1988 fen S0 D 3RGHAT the ps
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o ng i n aBUPABHL Gt EumRgp oty S oBleBtad) Bite RPN | X
| ower faci pyedetkapdnefl tflorceadia nthe packing element greater than that
required to provide the seal whereby the plug is retained
within the casing or tubing conduit.

In this way, slippage of the plug within the casing or
tubing conduit can be reduced and any pressure differential
maintained.

The biasing means may be in the form of a disc spring,
.and may advantageously be a Belville washer.

The packing element is preferably made from an
elastomeric material.

' In a first embodiment of the present invention, the
plurality of outermost substantially cylindrical members
comprises a setting sleeve, an inner facing surface at a
lower end of which is in contact with an outer surface of an
upper end of a lock ring housing, a lower facing surface of
which is in abutment with an upper end of the biasing means,
R a lower end of the biasing means being in abutment with an
upper facing surface of a housing, a lower facing surface of
the housing being in abutment with an upper facing surface of
‘the packing element, a lower facing surface of the packing;!



3 elenent being in abutment with an upper facing surface of a gatge ring
support, a lower facing surface of theszgauge ring support being in abutnent
wi th an upper facing surface of an upper cone; an angled | ower facing
surface at a |lower end of the upper cone being in contact with

corr espondi ngl upper_.facing surf.ac plurality slip he
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cont act Wéﬁ.ﬂlgaﬂni eoataze ke ah h?ﬁe&atacmﬁgdéﬁkfaéé 8BP&h &ééééﬁ@rﬁf t he

i nner mandrel being in abutnment w a lower facing surface of a fishing

neck. | n“E°88c8¥8Tenbodi nent of the present invention, the plurality of
out ernost  suli atheal £¥rstylembbdioeEnt ,metther plhurgpkitses of sehbhenmosteeve,

an i””erspﬁ‘éic%ti'a{&&gc%yiﬁnﬁrﬁﬁ - rm‘éﬂnﬂeﬁé %ﬁ%@ikéfi 8 ‘Eﬁ#ﬂhﬁﬁﬁ WLy, ag outer
surface of an upper end-of a lock rin ousing, a lower faclng surface of
whi ch i sloWezbaneenef wwhichn alppe aagmr@rsuﬁafc@krtg ofurfacesefamuster
menber, gihgyera f agwae Sfﬁéﬁs‘?‘ ghirthiceh ¢ tReakyd nt:iw'fqt BRIt tUPREr a f aci g
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upper facing surface of a main mandrel, the lower end of the
main mandrel being provided with a collet finger, an angled
upper facing surface of which abuts a corresponding angled
lower facing surface of the lower cone, further comprising an
inner mandrel, an outer surface of which is in contact with
an inner surface of the main mandrel, an upper surface of the
inner mandrel being in abutment with a lower facing surface
- of a fishing neck.:

In a second embodiment of the present invention, the
plurality of outermost substantially  cylindrical members
comprises a setting sleeve, an innér facing surface at a
lower end of which is in contact with an outer surface of an
upper end of a lock ring housing, a lower facing surface of
which is in abutment with an upper facing surface of a first
annular member, a lower facing surface of which is in
abutment with an upper facing surface of the packing element,
-a lower facing surface of which is in abutment with an upper
facing surface of a gauge ring support, a lower facing
surface of the gauge ring support being in abutment with an



4 upper facing surface of a first eylindrical menber, a |ower facing
surface of which is in abutment with an #pper end of the biasing means, a
| ower end of the biasing neans being in abutnent with an upper facing
surface of a housing, a |ower:facing surface of the housing being in
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ring, a lower facing surface of the stop ring abutting a
- further upper facing surface of the lock ring housing,
wherein a further lower facing surface of the running head
abuts an upper facing surface of a main mandrel, the lower
end of the main mandrel being provided with a collet finger,
an angled upper faciﬁg surface of which abuts a corresponding
‘angled lower facing surface of the lower cone, further
comprising an inner mandrel, an outer surface of which is in
contact with an inner surface of the main mandrel, an upper
surface of the inner mandrel being in abutment with a lower
facing surface of a fishing neck.

According to a second aspect of the present invention
there is provided a method of locating and retaining a bridge
plug within a casing or tubing conduit, the bridge plug
comprising a plurality of outermost substantially cylindrical
members dependent £rom one another, and a plurality of

. ' innermost substantially cylindrical members dependent £from
one another, a packing' element an outer surface of which
engages an inner surface of the casing or tubing conduit, in
‘use, so as to provide a seal thereat, and a plurality of



engages an inner surface of the casing or tubing conduit, in use} so,as to
provide a seal thereat; and a plurality of 5 slips dlsposed around t he
outer surface of the plug, the net hod conprising setting the plug at a
desired position in the casing or tubing conduit by urging the outernost

and inneém?gé dRPRIe A8bahEY&nd Ooueee ANARY  of " tHdepiubOnaindidi nal
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setting rons respectively; Fig 3
a si de Vi ew |AC§p§§§n§ed?tq of d?rhqur\aﬂipecbf of gthespresgnt invention

there is provided a retrievable bridge plug according to the

first aspect, wherein the-biasing means alsc acts to improve _
releasing of the plug on retrieval. o

Two embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings which are:

Fig 1 a side view in partial
cross-section of a first
embodiment of a retrievable
bridge plug according to the
present invention;

Figs 2 (a), (b), (¢) a series of drawings showing
side views in partial cross-
section of the retrievable
bridge  plug of Fig 1 1in
running, setting and
retrieval positions
respectively;

Fig 3 a side view in cross-section
of half of a second
embodiment of a retrievable

&



enbodi ment of“a retrievable bri dge plug according to t he pr esent

I nvention Fig 4 a side giew of a running tool for
use w'th the retrievabl e .bridge plug of Figs 1 or 3; and Fig 5

a side viewof a pulling tool. for use with the retrlevable bri dge plug of
Figs 1 or 2. DESCRI PTION OF A FI RST EMBODI f Q

thgre Is provided a first enbodi nent NFQQaége c([ g%gib u%he
accordi.-ng to the present invention conprlspngSGHEeLnVﬁgtsOEeve | a havi.ng a
plurality of shear screws 5a spaced therearound at or near a | ower end
thereof. Also at or near the lower end of the setting,sleeve la there,is
pYovided a | ock ring 629%4ving a ratchet nme®haftdth VieM: vREn RherPBWERI end
of the setting sleeve la and the | ock ring ﬁaolhercors pﬁgéidedlan upele

end of a lock ring housing 29a. At a |ower_f C|n gﬁﬂs 3£ ae Ioc rlngf
housi ng 29a, attached thereto, is a disc spFF ot 5 eThB ¥¥sc

spring 30a may advant ageously take the fornFadgsalBekvBE|andasher. The | ower
end of the .disc spring 30a abuts an upper facing surface of a housing 7a, a
| ower facing surface of the housing 7a abutting an_ upper facing, surface of

a packing el enent 11aFigTRe upper facing s@r8ige U#th@fpﬁcRﬂﬁglégeﬁ%ﬂl 1la

I's so shaped as to receive an upper gauge rgdgy Mﬁm%@&@gﬁmléuter

surface thereof. Further, a first Oring 9 r ov. ded hina first
recess in the inner surface of the hou5|ng%ﬁ¥Q§) i § et étrge
t her eof . 7

-DESCRIETION OF A FIRST EMBODIMENT

W Referring to Fig 1, there is provided a first

embodiment of a retrieval bridge plug according to the

present invention comprising a setting sleeve 1la having a

plurality of shear screws 5a spaced therearound at or near a

lower end thereof. Also at or near the lower end of the

setting sleeve la there is provided a lock ring 6a having a

ratchet mechanism. Between the lower end of the setting

8leeve la and the lock ring 6a there is provided an upper end

of a lock ring housing 29a. At a lower facing end of the

lock ring housing 29a, attached thereto, is a disc spring

assembly 30a. The disc spring 30a may advantageously take the

form of a Belville washer. The lower end of the disc spring

t/ 30a abuts an upper facing surface of a housing 7a, a lower

facing surface of the housing 7a abutting an upper facing

surface of a packing element 11la. The upper facing surface

of the packing element 1l1lla is so shaped as to receive an

‘upper gauge ring 24a around an external outer surface

thereof. Further, a first o-ring 9a is provided within a

. first recess in the inner surface of the housing 7a at or
near the lower edge thereof.



Prow ded between an outer surface of the lock ring housing 29a and ap inner
surface at the upper edge of the housifng 7a is a housing connect or 10a. The
| ower end of the packing elenent 1la abuts a gauge ring support 14a the

out er surface of which is so shaped so as to receive a | ower gauge ring 13a
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the uppefogsfng h%.eﬁé 2 Uh &3 g fégnﬁg@@éflﬂgha second Oring 9a. A | ows{,
facing surface of _t gau e ri na support 14a_abuts an upg r facing surface
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end of the runnin usanu surface of a stop ring 8a,
a | oner ERELSP tlﬁe Bﬁ%‘??%goBa%t%WaﬁuﬁﬁﬁGF fofci Hae sgrhgee 16MY he

housi ng d@p é}rtowae fa&@l o¢ iiﬁafxacth@f upber’ Whi NEhELest 2aufivabier ﬁzuts a
mai N mandr e 9§ mandrel _16a has a th| d.recess Jn the

surface f‘ﬁ‘e‘?"e‘ﬁn?o rgﬁﬁf’ Q- PPt R ng wex &ﬁé’?‘gf &4 c?urqefa e‘of t he
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In the interior of the setting sleeve la is provided a

running head 2a. The running head 2a is attached to the lock

ring 6éa by a brass set screw 27a. Further, a lower end of

the running head 2a abuts an upper facing surface of a stop

ring 8a, a lower end of the stop ring 8a abutting an upper
facing surface of the housing 7a. A lower facing surface of
the running head 2a further abuts a main mandrel 16a. The
main mandrel 1l6a has a third recess in the outer surface
thereof to receive a split ring 18a, a lower facing surface
of the split ring 18a abutting an upper facing edge of the
upper cone 1l5a.

Provided between. an outer surface of the main mandrel
lea and the lower end of the slip cage 2la is a lower cone
23a. On an inner surface of the lower cone 23a there is
provided a fourth recess for receiving a fourth o-ring 9a.
The lower cone 23a is shear pinned to the slip cage 2la via a
plurality of shear screws 17a. Also provided between a
portion of the inner surface of the slip cage 2la and the
outer surface of the lower cone 23a, is a retainer ring 22a.
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A lower facing surface of the | ower cone 23a abuts an upper * faci ng ) éd'ge vt
of an accessory cross-over 25a, theg accessory cross-over 25a having a

fifth recess in the outer surface thereof at or near the upper edge thereof
capable of receiving a fifth Oring 28a. The fifth recess faces a | ower

portion of the urf ace -of owe, ne.23a _such th th rtion of
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3a, a | owthe oy ourdfadheofinrer fsu;d'ﬁa@ reeft kel Toweny conenlRBareamid vat h an
upper facil r heei r

further sher%r&glgn?g%‘?{mﬁhéfrgﬁ% PIHE% gh ’L'g‘?/:feay%e urg&%ébq%kyshear Lerews
4a. OPERAPVEY Ra#iare P;‘Q)(S&Imaé!ﬂ?éﬂé?h ione tami:ulgezza t he pI ug, run in
conjunction Wil {&ber Céh&abfc%ﬂemnﬁlrpﬁnéﬂ&féi”16&5180%!@6@.69,'&“&6&1%

casing or tubhing conduit on conductor Line at a slow spéed, e.g. around
7500 ft/hiCQiPR¥7 HAgET n@RAmuAR mgb%gmrbefaws;sﬁﬁgfaceumﬂ n‘gh’c%l
as shown icortiag:ts a\hesmz&test;imdﬁmllmbﬂemhhmbe sAntfiddy afsemd ylower

activated e nni.n I el ease tomatically when a predeterm ned
setting | oaalté sjj%s g%tbearzgngséfcﬁ Sl:g ocedur e

Extending substantially the length of the plug is an

\ inner mandrel 12a, the outer surface of which is in contact
with the inner surface of the main mandrel 16a.

Further provided at an upper facing edge of the inner
mandrel 12a is a fishing neck 3a, a lower facing surface of
the fishing neck 3a being in abutment with an upper facing
surface of the inner mandrel 12a. The fishing neck 3a is
further shear pinned to the running head 2a via a plurality
of shear screws 4a. '

OPERATION
Running Procedure
N |

Referring to Fig 2a, the plug, run in conjunction with
CCL, Collar Correlation Locator, is conveyed into the casing
or tubing conduit on conductor 1line at a slow speed, e.g.
around 7500 ft/hr (2287 m/hr) maximum. The plug may be run
using a running tool, as shown in Fig 4.
» - When at the required depth the setting assembly is
activated. The running tool releases automatically when a
N predetermined setting load is reached.
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Referring to Fig 2b, setting force is ‘provided by an el ectric witelihe
pressure setting assenbly (not shown)g using a slow burn power charge. The
| atter tool is an industry standard, well proven,over many years of field
use. Setting novenent produces an axial upward pull through a core 31 and
an axi thr o n external sleeve 32, which abut an upper edge of
the fi an upper edge of the setting sleeve la
respectively. The setting sequence is as follows. As the core 31 of -the
setting toolpdfePridgdep Pt bBe wdwify) gbeeue {32 HeoPyabad wipvnan t he!
setting sleeve la is pushed down, the first she screws 5a shear, and the
Tock T IR Ha e LIng PECSTHIS RRLTIRG IRRRTAY 2650F SBPER) GHPIRA doun
agai nsta t bBeow Ysurpr poger3Ochatdese The tlatteri tiond the lusindudargown

agai nst_.t he. packin I 1 a e thr aug ipg 13a and
Gauge 1Rt Vot SPRPEn, S8er " By Yakrancd S Np ™ BBef LEHR 2R 21 .
pi nned mavermant | ppodages 2an byisheupwesdepyllydhvouglt jJa gere hdlsandi ng

tool prgguggsagn e RRSh PP lektieRdll Ghedd | 821 NI A ML MRADET S

la, 6a, 7a, 1lla, 13a, 1l4a, "15a,are being driven down the interior running
head 2PReBHpeAgRgOFa thfi FipaiRg cRetla 35 ANd RRNYPPSX 18888 *bnERe3a and
the accestsOing C8DSSvOVEL rdspéceivelyed upwards. The fishing neck 3a and

i nner nmandr 12a $Q _nove upwards, as_the re coptained inside,th

runni ng heag{qﬁ gﬁgkﬁﬁsns (Tg’ézle 164 ?’%sﬁ%ﬁ%@éry, hetriﬁ s‘jfﬁi% %%c?%Ba and
runni ngtheadelbibgi tgodt tize il Ind s aandc thes ekreritad |slweveod2 28a,
simlar e er n ' e ' e by
furtherpé%?%§sd§9§'(gﬁgfgeiiégpfgéﬁﬁﬂﬁiEgiﬁﬁfﬁ?gﬁhéﬂegﬁ%%F ?ﬁg gﬁégF screws
5, a sclReRr sEexewsc b sskearx heaad: Hig*ﬁa Iegk heinghéa XREEHRLS 780WRhe | over,

cone 25phé S 10N £188 houBewg Wbmr ds aGolra¥event downlagditns©Weheends !

the Sllgfséggp¥9h82 5%53i%héégtigitught%riving the housing 7a down

against the packing element 1la, and hence through lower

gauge ring 13a and gauge ring support 1l4a into upper cone
i5a. . _
The upper cone 15a is shear pinned to the slip cage 21la
by shear screws 17a (4 off). As the setting tool produces an
equal and opposite reaction, while the exterior members 1la,
6a, 7a, 1lla, 1l3a, l1l4a, 1l5a are being driven down the interior
running head 2a, stop ring 8a, main mandrel 16a, split ring
18a lower cone 23a and the accessory cross over 25a are
pulled upwards.
The fishing neck 3a and inner mandrel 12a also move U
upwards as they are contained inside the running head 2a and
main mandrel 16a respectively, the fishing neck 3a and
running head 2a being attached by shear screws 4a.
The lower cone 23a, similar to the upper cone 15a is
shear screwed to the slip cage 2l1a by further screws 17a (3
off). Following the initial shear of the shear screws 5, a _ i
second shear occurs of these three further shear screws 17a.
The lower cone 25a is then free to move upwards and drive out »



on the inner wall of the conduit. The four shear screws 17a r et ai ni ng the IR
upper cone 15a are last to shear and thim allows thé upper end of the slips
19a to be driven out to the conduit wall. The packing elenent 1la is
sufficiently stiff to allow the |ater shearing nechanisns to take pl ace

wi thout Seyid ifedg, %%P”Eﬁé'ﬁlﬂg%eibé' whli ch € aRRC I G f PR npd e dOWN

t he tubi ng wall I Smis engage setting notion Is
confi ned Wmmlﬁm%'ﬁerﬂ dgihe gyt 1a, 6a, 10a, 7a, 29a, 30a and

24a. : iThe packi ﬁeel ﬁa@ﬁt th sﬂ;éar\/\fslcl::ew@mrwsl—@wlm@etngz WQpdy tebrié | de?.Ee
annul 3r space -between the upper e rings e
sondurt | RHE TRHY EasShEnt Ra0nERLeaAL TouE, £ SRR s o

into the p&akltrqzjtm alhminterd Ioutt mm)ug:tetdrmcmzstk wsap‘tl ngs 30a and | ocked | n by
| ock ring 6a, S

allowa gertal n angﬂg{:ﬁigb E ebgﬁg ?’q{éob%%c%{rgfgg an? %?ﬁtfrr?nné{%a]u n enough
energy to GRE rkatier (kearing meghanisnagteapale plpas widhork ket Bingent
1la. Wen diie d1etdntettid nedr fa 0Pk | 11l G @i elimORt Fifa ladih! the

decr ease a a corr sponding gap will open up at a point indicated by 'E
on Fig 1. el ement 1l1la on the retrievable bridge plug according
to the present onwnthend]d@ aneChahismt 46" drygeged, ssettlﬁgi snotiaors ifat

when a pr n ' plLie
suffici ent%éggé]tq{égf €8 ? %rﬁds(}g%ﬁ%'gel%? Lkbgt?tr%eﬁ o ma l‘it aldna gmg%al at
hi gh or | @83r e%%%lrénddﬁﬂﬁer ahe gpacking elemesb 1Bﬂe§§43-rle cefpressnand| s

actually anfigd &@tWaEE éa'tfa i Sﬁﬁé a1 PESSSH Beﬁ'w%feh' tﬁﬁé Ofiph8RUS

t he el enent |n ar eas ush the el astoneric haterial {owards ang/l
pot ent i al 3MhILQRAT. 9% ’ﬁ’&bﬁ%l%‘ﬁa&n d ki@ AR | Rt nforfuit nipRerpWaldst ed
to'\est abl izh the nmechumigadk- sétcingd tordéai tisit @ ranshdlttethe idicoc €hei ng
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in by lock ring 6a, a predetermined load can be stored in the
system which will allow a certain amount of slack off to
occur, but still maintain enough energy to maintain the
activated sealing capability of the packing element 1lla.
When the tool is fully set a gap indicated by ’D’ on Fig 1
will decrease and a cbrrésponding gap will open up at a point
indicated by 'E’ on Fig 1.

The packing element 1la on the retrievable bridge plug
according to the present invention has an "activated" type of
seal. This means that when a pre-determined minimum load is
applied to the seal it will make sufficient contact with all
its containing boundaries to maintain a seal at high or low
pressure differentials. = These pressure differentials
actually assist in maintaining a seal, as the pressure
distribution loads the element in areas which push the
elastomeric material towards any potential leak path.

Each new size of packing element 1la should be tested
to establish the minimum pack-off load to initiate a seal.
. The disc spring 30a load is variable and can be designed to

cope with any calculated pack-off losses i.e. when a certain
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el enent size is known to require a m ni num pack-off | oad+of* say “15: Q00 1 Bs .t
(6818-kg), the bridge -plug can be semith a stored l'oad of 30,000 | bs
(3636 kg). This would allow half the stored'load to be |ost w thout |osing
the sealing capability. Pulling Procedure The " set" position of the

retri eyalhalpr igiges pié'%?wﬁa'tBt FRRA LY 4 ok {kﬁu:hhgaéﬁtbfﬁg 1load et ween

the | ock ri 6a and the [ ower cone 23a and he mai n mandrel 16a
at a b&ay ﬁg‘g&ﬂ%tlbé (6838 akgd . ol é’z?dgﬁlepjél‘ﬂrp%’én)% 8eti Wit & K have
a tendemybeao 15 ehesopbbet 1b|snger63$t Kdle. Iomiseﬂduma taha cwina ImNdigl

16a coI nwar d ut it ecause [ ort.ed b di anmet er

on the¥ tﬁﬁ%@r-eﬁ'bfga.t ngﬂ?? LJES’B%\Pts ?/ﬁf"ﬁ)gﬁ ﬁrbeSQI?a?%aged -
into tlmapfam.}il.l:i.ltg.neck 3a of the retrlevable bridge plug it is jarred

upwar ds thus shearing screws 4a. Continued upward novenent renoves the
support that the inner mandrel 12a gives to the collet on the nain mandrel *
16a. Puiding,Hroceduress is no | onger | ocked in between bearing point K

and |l ock ring 6a. Continued upward novenent causes a pick up shoul der on

t he i nner dre|l 12a to cqntact oul de on ndr 16aA. As
the main nma IL s8¢ g RO Bg t pﬁ@ ﬁﬁvéggﬁ‘enﬁ? gﬁgs ¥%a, 23a
and sl masint@d ek oyt r bcinbny othet sethiéng lebdadbetwees tihen. 1c£ihoul-1:ia3gs P and
Q indi SALE y t cont anount
of drag enggiuntpér e%"éﬁen re I‘Iggl %gat ﬁgﬁgrgltd%gl Eetl(ilte Q&B@;%%@a

SECOND at\VROheENmg | potnt :Kedindicaged ps Elgeéond smRonenfis £

retri evrdy 'aﬁgerhHQea&CQréiid&dyO ti&]emé]E@S@ﬁé bﬁlié‘tl (ffln B sasegrad
enbodlg%nt differs frr%mtheflrst e in.the second

the padieMeF cFR HrER e RIEs ey ﬁ%%fw?ngn%fisn.% £ Fg

3, theyamnodts becauseled._t ais seoppodrted by a diameter on the inner
mandrel 12a.

When a pulling tool shown in Fig 5, is engaged into the
fishing neck 3a of the retrievable bridge plug it is jarred
upwards thus shearing screws 4a. Continued upward movement
removes the support that the inner mandrel 12a gives to the
collet on the main mandrel 16a. The lower cone 23a is no
longer locked in between bearing point K and lock ring 6a.
Continued upward movement causes a pick up shoulder on the
inner mandrel 12a to contact a shoulder on the main mandrel
l6a. As the main mandrel 16a is picked up the packing
element 1lla, cones 15a, 23a and slips 19a are stretched out
to their released position. Shoulders P and Q, indicated in
Fig 1, may or may not make contact depending on the amount of
drag encountered when retrieving the bridge plug.

DESCRIPTION OF A SECOND EMBODIMENT

Illustrated in Fig 3 is a second embodiment of a
retrieval bridge plug according to the present invention.
This second embodiment differs from the first embodiment in



enbodi nent. of a retrieval bridge plug according to the present

i nvention conprising a setting sleeve |bqpaving a plurality of shear screws
5b spaced therearound at or near ‘a | ower end thereof. Al so at or near the

| ower end of the setting sleeve Ib there is provided a | ock ring 6b having
a ratchet anJ Bet we e lo he settin | e ve | b.and
the | ock rﬁba 7 ehe F%cgvivﬁa%dpaﬁﬂﬁﬁg g8¥‘i‘8“ fig PE&’VlgFﬁ CYE: ?’ré‘eng
A Iowepfeuﬂxqpeﬁprxngthe | ock- ri ng housing 29b, abuts an upper facing.

surfake of a fir %é&)@zc%%qﬂ nbg_rl |ogb au{éy@r gmﬁg?‘;y&é&ce of stelté%xf 4 I st

annul ar nenber I ng an u per 'f aci ng surface of a packing elenment
g

Mb. The smRadimensfafce aof rﬁﬁé'lﬁﬂjél&ceh?l perprivgi mreerdinge do t the

first annulgred@iteint@bbiand ddipriwsig f §C|§é1:t3.|."~ﬁ§ ageeéle!l h% Iﬁ&hﬁg ng
housi ng 29b are so sha ed as to receiye an u

oy bnd g bzt it "SR End0e ST 48 AR bRR Endaddeolnd®a 8 Br. nenr &
in the i nne'lromxrfend ofhétreof OCRlsonathows nyeBb thie Olowenr ende 6Dwathecnd

Lhoreol eyttt S0l 1hechRsk 13 HhiAlied W AR ringd2ElopEhils o

support 14b er surface of which®'s so S0 as to receive~ :
| oner gaugeratehetl 3mechanisn. anBapy@ensu‘Fh%céOUBﬂ rend ondr gaeg@atitigal3b

al so bei ng dieARUIIB HndV thk K Mg BB frrofid 'i?rd?ﬁ%d“%rﬁ gt ehlb. A
second recess IS grOV| ded on the |nner surface of the e r|n upport
14b at or rRfardthechpFende BPusitdfe3Psui tAibt VeHr £7 g@&n&oékrl ng

9b. A Iomerri:sg:lngusﬂn{;aeebqf dbit sy aang euppeg famwgt sﬂdi&faaiwwf aa et

facing surf C dI’IC ne. \ ovel. f ng.e of
the first a?ﬁ&lgér M%%b 'ﬂ'% e\ Pbefr n%t éA\‘Iméaé: :Ng)c séﬁ% qsu%q:
assenbl y 3CGmnulaphemegimbers #i0iy abbtmyga@mmpgenugawnakesumcte)r afofa a
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facing surface of a housi ng . Provi ded between an out er surface of
the first PRSI %céq.ngrﬁpb@ﬁa%tpfa@%rﬁlrst annular member 100b and the

lower facing surface of the lock ring housing 29b are so
shaped as to receive an upper gauge ring 24b therearound.
‘Purther, a first o-ring 9b is provided within a first recess
'in the inner surface of the lock ring housing 29b at or near
‘the lower end thereof.

" The lower end of the packing element 11b abuts a gauge
‘ring support 14b the outer surface of which is so shaped so
as to receive a lower gauge ring 13b therein, an upper
surface of the lower gauge ring 13b also being in abutment
~with the lower surface of the packing element 11lb. A second

L/ ‘recess is provided on the inner surface of the gauge ring
support 14b at or near the upper end thereof suitable for
receiving a second o-ring 9b.

A lower facing surface of the gauge ring support 14b
abuts an upper facing surface of a first cylindrical member
29b. At a lower facing end of the first cylindrical member

. '29b, attached thereto ig a disc spring assembly 30b. The
disc spring 30b may advantageously take the form of a |

. Belville washer. The lower end of the disc spring 30b abuts
an upper facing surface of a housing 7b. Provided between an



i nner surface at the upper edge of the'housing 7b is a housing connector

| Ob. A lower facing surface of the hougiyng 7b abuts an upper facing surface
of an upper cohe 15b which is shear pinned via shear screws 17b to a slip
cage 21b. The slip cage 21b has a plurality of apertures spaced

substanti al | equal |y therearqund suitable . for _allqw,hg,_ . .the

expansi o?l‘?te%r & %ﬁ'fc't ?gn agbrﬁFalﬂtﬁs}‘ﬁ%iﬁailpsmﬂBefh (ﬁ h?BﬂgI‘?.‘n In the

i nt eri orimfier hawiddengasl eeve hippexr pedgedaxf athenrhogsingd 72b. isher

runni ng ﬁﬁegﬁég bSnRbLagPedoh0 the lock ring 6b by a brass set SCFEM/(HQ£
urther, a

shown) . ower end of the running head 2b abuts an upper facing

surface of a Bt dWeFn§agangasuskaceof &he ROusiag (T RIS RR (YRREEN ¢
upper fagaofingushreacel of hgn! @fketi 86nE0LSH Ngh LW . is /shéwepimtedgrialr f ace

of the runni ng_ head 25 furt her ﬁbuts a ngig drel116b. The i.,n mandr el

16b has SRERFrHCFEERsL7Pnterd SHIR, CRISIAER: t PR ALR TR P13t ring +
18b, a |pkeraliacyng eofir f aapenturés spspacedng shdthstdmitialily an equeekly aci ng
edge of £ r_eone oVvi bet: 0 r s . t mai n
mandr el ﬁ%ﬁrgﬁgg?ﬁe Io%%j?@aél%i;éof 'f%g S |l%§)§'8§n21ghlgs a%%l%ne%b. On
an i nnercentragtion ofiea| plaralihy 08hsiHe? cl9B peewethepughourth recess

ff)_r recei vizggxﬁ, taer tilfhtf&xfi!dtig %--t%@eséeﬁ\ﬁﬁgcé?ggaégﬁbs i%hwoﬁ?w%to the
slip cage vig a_pluraljty of shear screw ,17b. 0 provided between a
bor L1 on Evathed; firan 2k r abe shnpidseneatt 26 151 Brsashah udts dhPhoe. o

t he | oneringnéb2dly, d brageisetescreng (Adb. shownher Famthgrsurd dbswed t he

| ower co 2 t . 4N e_of C Y. - qver_, 25b,

t he accegégrégcggés%%%ﬁggﬁéﬁé% %gggsglgf?ﬁ ks %lgsifigﬁﬁ?ies%ﬁ?e s(yuff%ce

t hereof atopr niagr 8he appeweddgnd hefethecsialy ervng r 8beialiutdimgf idn h _
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the | ower cpne 23b Such that the portion o e inner surface of the | ower:
cone 23bfafyng: surfage of the running head 2b further abuts a main

mandrel 16b. The main mandrel 16b has a third recess in the
outer surface thereof to receive a split ring 18b, a lower

facing surface of the split ring 18b abutting an upper facing
edge of the upper cone 15b. _

Provided betweén an outer surface of the main mandrel
16b and the lower end of the slip cage 21b is a lower cone
23b. " On an inner surface of the lower cone 23b there is
provided a fourth recess for receiving a fourth o-ring 9b.

- The lower cone 23b is shear pinned to the slip cage 21b via a
plurality of shear screws 17b. Also provided between a
portion of the inner surface of the slip cage 21b and the
outer surface of the lower cone 23b, is a retainer ring 22b.

A lower facing surface of the lower cone 23b abuts an
upper facing edge of an accessory cross-over 25b, the
accessory cross-over 25b having a fifth recess in the outer .
surface thereof at or near the upper edge thereof capable of
receiving a fifth o-ring 28b. The fifth recess faces a lower
portion of the inner surface of the lower cone 23b such that
the portion of the inner surface of the lower cone 23b and at



| east a porti‘on of the outer surface of” the accessory cross- over 25b are
in contact with one another. A |lower endief the main mandrel 16b is
provided with a collet finger 29b, an angl ed upper facing surface of which
contacts a corresponding | ower facing surface of the | ower cone 23b at a

beari ng po E?oezq._q Y. [ i nner
mandr el B'ts Ee ter surfac?‘%ﬁl%@é%] sllgﬁlééc;g% 2%){(’@ ﬁe€%}8g¥n§1€€§s
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pl ug accor gbﬂgn%ggt %gg 1ﬁﬁb§ﬁ5’gﬁherei s substanti al I y the same as t hat

of the first e fore, not be discussed in det ai |
herein. It shouE@t@dﬂ@Becﬁmanﬁﬂ@llrlcl tbeor engtiheof| &hengpheands3oan 30b

al so acts t:.ﬁnb%p'h&\fﬁlﬁéle 18 eaﬁié‘goﬁt'éft 5QPratet B¢ RHidHe s Uth OBontact
retrieval. Finally, it shoul 'd be a preciated that, the_enbodi ment of the

i nvention Métdi ﬁB@f dPpeFe SUrtpee Pg EheeRapp mapdselex8hpl e only and is not
rrﬁanlt dtg limt whertm&p;?ﬁvitdm laweflhl Qi%)pét zta/cmg efget ofultid yinnér
shou e a that_the exanples, have heen CL ergnce
to a verti %‘%F’ %h ﬁ%%orlﬁ ubi ﬁbsg%)ﬂ%ufl?(:kl—g&’évgr ,el?"%gzsi rﬁ/ée)iﬁfq \(l)gn&?%%/g%eégsed
i n angl ed ¢hehdristvingl| neckddbt bedmd riof cabutmentewdth am "ugpemnfaciogn”
shoul d, theyekae e Eaes!ipe aﬁxﬁﬂ?ﬁ.lbﬂg'ﬁéb Tha "tiShind n ggﬁ/' 3b Sis

Clainms 1. retrlev DI | use in casl ng
further. shear plnned to the running head 2b v1a a plurallty

N of shear screws 4b.

The operation of the plug according to the second
embodiment, is substa_ntially the same as that of the first
embodiment, and sha11: therefore, not be discussed in detail
herein.

It should be noted that the inclusion of the biasing
means 30a, 30b also acts to improve the releasing function of
- the bridge plug on retrieval. _

- Finally, it should be appreciated that, the embodiment
of the invention hereinbefore described is given by way of
example only and is not meant to limit the scope of the
invention in any way. Particularly, it should be appreciated
that the examples have been described with reference to a
vertical casing or tubing conduit. However, the invention may
'be used in angled or horizontal conduit, and references
herein to "up" and "down" should, therefore, be construed
accordingly.



conduit, conprising a plurality of outernost s I cal

menbers dependent from one anot her, amg a pl ura |
substantially cylindrical nenbers dependent MH :Ii HD Illf packi ng
el ement, an outer surface of which engages an [ e he casing

or tub| uit, in use, so as to provide a seal thereat, a plurality of
slips drspé?sed around the outer surface of the plug, and further
conpri si ng bi asi ng nmeans - held longitudinally between two of the _
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casing or tubing conduit, the biasing means providing a
predetermined force to the packing element greater than that
required to provide the seal whereby the plug is retained
within the casing or tubing conduit.

2. A retrievable bridge plug as claimed in claim 1, wherein
the biasing means is in the form of a disc spring.

3. A retrievable bridge plug as claimed in claim 1, wherein
the baising means is a Belville washer.

4, A retrievable bridge plug as claimed in any preceding
claim, wherein the packing element is made £from an
elastomeric material.

5. A retrievable bridge plug as claimed in any of claims 1
to 4, wherein the plurality of outermost substantially
cylindrical members comprises a setting sleeve, an inner
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facing surface at a lower end of which is in contact with an
outer surface of an upper end of a lock ring housing, a lower
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6. A retrievable bridge plug as claimed in claim 5, wherein
the plurality of innermost substantially cylindrical members
comprises a running head, a lower end of which abuts a lower
facing surface of a stop ring, a lower facing surface of the
stop ring abutting a further upper facing surface of the
housing, wherein a further lower facing surface of the
running head abuts an upper facing surface of a main mandrel,
the lower end of the main mandrel being provided with a
collet finger, an angled upper facing surface of which abuts
a corresponding angled lower facing surface of the lower
cone, further comprising an inner mandrel, an outer surface
of which is in contact with an inner surface of the main
mandrel, an upper surface of the inner mandrel being in
abutment with a lower facing surface of a fishing neck.

7. A retrievable bridge plug as claimed in any of claims 1
to 4, wherein the plurality of outermost substantially
. cylindrical members comprises a setting sleeve, an inner
facing surface at a lower end of which is in contact with an
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further symmetrical lower facing surfaces which contact a
corresponding upper facing surface provided on an upper end
of a lower cone, a lower end of the lower cone being in
contact with an upper facing surface of an accessory cross-
over. '

8. A retrievable bridge plug as claimed in claim 7,
wherein the plurality of innermost substantially cylindrical
members comprises a running head, a lower end of which abuts
a lower facing surface of a stop ring, a lower facing surface
of the stop ring abutting a further upper facing surface of u
the lock ring housing, wherein a further lower facing surface
of the running head abuts an upper facing surface of a main
mandrel, the lower end of the main mandrel being provided
with a collet finger, an angled upper facing surface of which
abuts a corresponding angled 1lower facing surface of the

lower cone, further comprising an inner mandrel, an outer S
surface of which is in contact with an inner surface of the .
main mandrel, an upper surface of the inner mandrel being in x

abutment with a lower facing surface of a fishing neck.
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casing or t&l i@ciﬁlcbﬂ.émexﬂs heari eduthed cmﬂ:mroﬁ)emmn lengeigerse ree immer

figures 1 as?urgaé bf( t{:)l'ie (c slr% fo'rgq:rt.l%l%g conduit, in use, so as to

provide a seal thereat, and a plurality of slips disposed

around the outer surface of the plug, the method comprising
- setting the plug at a desired position in the casing or
tubing conduit by urging the outermost and innermost members
relative to one another in their longitudinal directions, in
so doing anchoring the slips and locating the packing element
on the inner surface of the casing or tubing conduit, and
providing a predetermined force to the packing element
greater than that required to provide a seal by means of
biasing means held longitudinally between two of the
outermost members, whereby the plug is retained within the
casing or tubing conduit. '

11. A retrievable bridge plug for use in a casing or tubing
conduit, as hereinbefore described with reference to figures
% 1 and 2(a), (b), (c), or figure 3.

12. A method of locating and retaining a bridge plug within
a casing or tubing conduit, as hereinbefore described with
reference to figures 1 and 2 (a), (b}, (c), or figure 3.




