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present” i nvention relates to a packer apparatus. and_ onre pariietarty—to
patker apparatus with an expandabl e seal as errbl‘g1 EK SMEETS Xt 8G on
jigckets for providing a seal between the padker l;E)par us and the casi ng n
a el | bore. It is well known tHat peeripi :agede..of tot paged i -»
and preparing subterranean wells for productl ‘a’ﬂ(F Ilp g Kek.. tospfruumé] .t.
a well bore on a work string or production t I e _pur se o #@gdpq.q}ge,r
is to support the work string or production AN GG BE et 1,00
equi pnment such as a screen adjacent a produc gﬁ\bémctratlmeda% lt%p%';éal "t'h4
annul us between the outside of the work stribg—or—preduet+on—tubrmg—and the
inside of the well casing to prevent novenent t of fluid t hrough the annul us
past the packer |ocation. Various packers are shown in US patent
specification nos. 5,311,938, 5,433,269 and 5, 603,511, and reference shoul d
be nmade to these docunents for further details. The packer apparatus
typically carries annular seal elenments which are expandable into sealing
engagenent agai nst the bore of the well casing. The seal elenments shown in
US patent specification nos. 5,311,938 and 5, 348,087 expand radially in
response to axial conpressive forces while the seal assenbly shown in US
pat ent specification
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PACKER APPARATUS

The present invention relates to a packer apparatus, and more
particularly to a packer apparatus with an expandable seal assembly having anti-
extrusion jackets for providing a seal between the packer apparatus and the casing
in a wellbore. | .

It is well known that in the course of treating and preparing
subterranean wells for production, a well packer is run into a wellbore on a work
string or production tubing. The purpose of the packer is to support the work
string or production tubing and other completion equipment such as a screen
adjacent a producing formation, and to seal the annulus between the outside of the
work string or production tubing and the inside of the well casing to prevent
movement of fluid through the annulus past the packer location. Various packers
are shown in US patent specification nos. 5,311,938, 5,433,269 and 5,603,511,
and reference should be made to these documents for further details. The packer
apparatus typically carries annular seal elements which are expandable into sealing
engagement against the bore of the well casing. The seal elements shown in US
patent specification nos. 5,311,938 and 5,348,087 expand radially in response to

axial compressive forces while the seal assembly shown in US patent specification



no. 5,603,511 i.s set into sealing engagenent by applying a radially outward
force to the inner diaméter of the seal elenment which causes the seal

el ement to expand radially outwardly into sealing engagenent with the

casi ng. US patent specification no. 5,603,511 discloses a
radi al | y expandabl e seal assenbly that is designed to naintain sealing
erab'a/gement at tenperatures and pressures & around 325[err] F (163 C) and
10, 000 psi. However, packer apparatus may often experience pressures and

t enper at ur esnass,608/513ds s&, iffDsqaling engageifent by 4pplyingreesadially outward foroge
have recogni sed the need for a seal assenbly that will prevent seal el enent
ext rusi on antd thednoen diameterofihe seal elementwhichicansesdha seql element togxpande |

bet ween t he tupi string and the well casing.at, tenperatures of up to

200l err] P (D el e sealine Deastipen WiBat AR LT o 15, 000 psi
W have now devi sed a ' : ker. a S ' a
set position froma ru%é%tg%@eﬁfg%ﬁég\?& QW?SNQS#SEB%%\?QM@%Q%ﬁ%‘%@
mai ntai n seakéd) QANPGRS deéksighed b@;ﬂa%&hﬁﬂsdéliﬁ@%?d%érﬂeﬁtm té@ptiaies aadh
time it is set at a ténperature as high as 400[éerr (204 C) and a
pressure as pregbures of ar@ifd 325°.F (163° C) and 10,000 psioridoweypers packérappatatus i on
provi des a packer_ apparatus for sealing the annul us, hetween 6 t ubi g &gél ng
and a casi ngmaAy-9Rer-expericacepressures andicmperagigs as bighcand.00d psi amg P

mandr el adap oA be connected ip the tubing.strings an

nesenbly i oL BIREHNETG sBove By Sebiiiebd e fosiFion el ARBMRY hef A
packer appar | | | fo1l i Lol ; hig ssai d
ool assonbl Praveat Sl teriett GRAIHPEN bloRtERHIR GRInd WAl bl iRl &
packer i s inrégledbsle sedl'HebgearPtie! tubihgastiingand gheweli casihgadt temperinines f apitogl y
engages said casing when said packer is in said set position; an upper seal
wedge di sposd@02FdR04%6) dne at differential ipressusesi of umpieel5,00Qpsivedge bei ng

positi oned above said seal assenbly when said, seal assenbly ig in said-
runni ng position; and yﬁ&%@@%@%f%neﬁ@%aa@%wpw%@é&wge

when <al o pacReVeCipna R aet NS, ROl siing rRBTRn e A SR B e BBORH

and | over se fifn 3&dl ement with the casing disposed in the wellbore each
-3-  Dbet ween%g{l east a pg{rng[?ncgr?go?lesa‘lwghseal as%ew@@ly and sai d packer

mandr el out ertirael itfisset ata teﬂgjeﬁétime axpigh chs 4000 FY(R204° €3 andial pressurevas High asit o
seal ing engagenment with said casing when said. packer apparatus is noved
fromsaid run®0@ psi. sai d set position. E “t  The packer appar at us

i ncl udes a packer mandrel havin n .out et sﬁrfa e. A seal assenb IS,

di sposed about the outeIP‘glﬁrquE&a?“f‘Nﬁmﬁf?}bR@“%& @ierﬁﬂpﬁfﬁ%%ogésé%dge
and | ower se r | e K | :

runni ng posi %%ﬁﬁﬂ?@g%ﬁg%%f&s)gam%\@ glgalléﬂ_g%sl é’ggsg a %Ae t ems'éégyﬁ]b'ﬁ
assenbl y and atg?ardtey%mﬁﬁgés: Vipgakker madidpéllddaprd totevbrinetteddinlthe htsinf! v.

When t he pack apparatus is in the running position, wherein the packer
may be | ower estring; améxpandableseakbassembly, dispgsad abaut an dutensaefacelof saubpacker

i nner surface an Ihe, outer surface of the seal assenbly. To radjally
expand the mandrel, said packer apparatus having a running position and a set position,

wherein said seal assembly and said casing have an annular gap therebetween

when said packer is in said running position and wherein said seal assembly
sealingly engages said casing when said packer is in said set position; an upper
seal wedge disposed about said packer mandrel, said upper seal wedge being
positioned above said seal assembly when said seal assembly is in said running
position; and a lower seal wedge disposed about said packer mandrel, said lower
seal wedge being positioned below said seal assembly when said packer apparatus

is in said running position, wherein said upper and lower seal wedges slide



- seal assenbly qutwardly into sealing engagement with the casing;, the packer
apparatus is noved from'the running to the set position. To do so, the
packer mandrel is noved downwardly with respect to the seal assenbly, which
causes the upper and | ower seal wedges to slide between the packer nandrel
outer surface and an inner surface of the seal assenbly to radially expand
t he"seal assenbly outwardly. The seal wed3es are capable of radially
expandi ng the seal and are al so capable of inparting axial conpressive
forces i nto Hebweesreat leastacpdrtipn of shidadeal #ssembiyp and saidgslicket maadtel@uterf or ces
and the conpressive forces inparted into the seal assenbly by the upper and
| over seal wutiges tasqdially expandesaid seal assemhly optwardly intatsealing sagagemeninb| y

wi Il maintain, sealing engagenent with the casing aj .a tenperature as, high
ho. 400 er ] Btk 594 Oping Hiich Fid patkes Apparptgs S U0y §om Fup running o $5id s
The seal as oh.preferably inctudes a generally cylindrical sealing

el ement and *géneral ly annul ar anti-extrusion jackets received in recesses
defined at the upper aflf pRWef a finélﬁ&essﬁghd:l{&rﬁé:ﬂﬁ&maviﬁ@ﬁnro%@&sses
extend radially inwardly TromtHe outer surface of the sealing el enent and
I ntersect tsarfappeA seallassembly édisposedrabolt thooutba surfacehof theqrmaskers

general ly L-shaped. The anti-extrusion jackets preferably have a generally
rect angul ar raaudrel. sAnuippar sead wadge saddoweriseal wesdge are disposed about the

-4- recesses., The ant|-ext.rysion j.acket.s. prgferabl ave,a circynferenti al
gap therein %k?waﬁ?gﬁn‘?ﬂ@ ® %Bﬂﬂ?@g? ﬁ‘eé'}HPgﬁéEa wedes {srpé)sﬁg}ned
position, t | I~ ' ' Iheog nt
Posi {100 L bclfend Sl ASscy A e Rl Sl Aot BEILAS R
jackets and gsbemblal Whenehe packer apparahss igmﬂi@fdmmgl?aéitieﬂ,rrwnbremme the gap
in the jackets so that when the seal expands, the anti-extrusion jackets
and the bri depeket nxag e lowvetedcamtaised in lewellbere, aghp existsbetween thecasingout er
circunference of the seal_ elenment at the upper and_ | ower ends thereof to

pr eveﬂt e]>c<t rinaeisirface apd th euersprfage of thegseal asspmblyn 'ﬁ”qméi%bﬁ expand theent
. Rt n o !

| ackets ar o BrLRSe B olfaHE: info FFiE RneRepéit Pt e BrdRtn HE B e

seal assem'%ﬁ@?@&gﬁ%& fiehd ﬁﬁtmhﬁtsefgtﬁlomne vg&%ﬁﬁ&.ﬁ%‘iﬁ%&m@gm& s

moved fromt e running po A orter that the

i nventi on mamaidreliymaoted downwaedly twids respeet torthe deateRbermbhy, ediichichiisesahe be
descri bed, by way of exanple only, with reference to the acconpanyi ng

drawi ngs, whénpstand lower seal wedges ta siigle tetween theophckep manidael euterssuréaset i on
el evati on vinaeng of ., one enpodi ment glf t he Packer, ar at ys, of the present
i nvention i gn innek surtace ¢f the seal assembly to radiatygxpand theseal ass rtial

et posi 11 oroutwalty: "THE St Weflped A€ BAGHE LrIRANG HDadink e sed Fnbiark A1 |
of the appar@pdﬁlecﬁfiﬁip@tii:n%&i%l:compressive forces irlx:t:c:)'tﬁe alSRQUmbEy $Sat @i Vi ew

S
taken fromlines 4-4 of FlI G 5 shows a“plan view of

an anti - ext reombineé radially outwardeforqes andithe cofpréssiive fobeesHmparted into the
FIG 6 shows a_ cros -s'ejgti onal view fromlines 6-6. . FIG 7
shows a cr ossakassembi by e vpper anddower sea) oxedges expand e seal sufficiently

such that the seal assembly will maintain sealing engagement with the casing at a
temperature as high as 400° F (204° C) and a pressure as high as 15,000 psi.

The seal assembly preferably includes a generally cylindrical sealing

element and generally annular anti-extrusion jackets received in recesses defined at
the upper and lower ends of the sealing element. The recesses extend radially
inwardly from the outer surface of the sealing element and intersect the upper and
lower ends thereof, so that each recess is generally L-shaped. The anti-extrusion

jackets preferably have a generally rectangular cross section and are received in the



the J-slot, fromthe apparatus of FIGS. 1A-1F. FIG- 8 is a
bottorh pl an view of the 'seal assenbly of the apparatus of FIGS. 1A-1F.
-b5- FI GS. 9A and 9B show a schematic portion of the packer
apparatus of FIGS. 1A-1F set in a casing disposed in a wellbore.

FI.G 10 shows the devel opnment of one J-slot fromthe apparatus of FIGS.
1ANTE. Certain term nol ogy mdy be used in the foll ow ng
description for convenience only and is not limting. For instance, the
wor ds " i nwapebegsesarThe anti-emtrdivh jacketsipreferablynhavecaeircumfitentialygaprtherein
respectively, the geonetric centre of a referenced object.

Ref erring ns::/that when ﬂlmhgssemhbr’] m@@ﬂeﬁ iimtodhe sot positipnsthe }:’AE ixthgd

2A- 2F, 10 i w4 P .10, J :
schemt " cal Ayt al fant Jasfiets cxpant o4 idee Dement B B reGei TSy MBS PERIEL d | n
i sposed ¢ nEFLYS 4800 for’ G A% A% aticls eho e sBlffe Sioiatts |

internal t WQ%%&?&@% Wikl ﬂﬁ%a%%ﬂh@)j}hdl&ts% thaaheh e Sénl lextphnids,

string 11 t her eabove,” and may further include a | ower end 20
havi ng t hr eghisati-esterisiondatksts and thebridge elenient gvilli dontdct hexguter wallardand
which will extend therebel ow. Thus, packer apparatus 10 is adapted to be

connect ed t sheeutirespiserpiremfngenceef thetsgal elgment atile upper and lower ends

Tubi tring 11.ab d _bel, k tus 10 dyct |

{Ubi g or eSOk G PIENG HBIST: Bibdhe ARRHO SRR 1S5 714 GBLTHES 1 nd of
nel1 8 For priafibnttBRept kR di'h baluB Ryt cdBiohy I AR RRAOHD

packer appafjadkets die prefdrablyiiRotaticaltiHeddislly fetRichibléad ehtisy thersealuct i on
equi pnment such as a screen adjacent a producing formation and will seal the

annul us bet \assemblyctoradiallyaetrict insvardlydwhen the padkien gppardtustis moveddeomithe
wel | casing di sp&ged in a well bore. Packer apparatus 10 defines a central
f1 ow passagdehto MgTUPRMZRABEAN-cati on of fluids through packer apparatus 10

d bi [ 11 b d th bel ow. FILGS.  1A- 1F
2Eowt gal: Egr ) ;E)nggat us tl}i}cef’rrﬁ%r &'\éf Flf%n{n"tslﬂgﬁgﬁ m?ﬁy%é PeLe iﬁillbhunderstood,egne
-6- 25 and deiiEdimeft HersOWiIPAGHBe ARRABRA Sy Wiy IT cxanf Bl wiltf!

position 30.
reference to the accompanying drawings, wherein:

FIGS. 1A-1F show a partial.gross-section elevation view of one
embodiment of the packer apparatus of the present invention in a running position.

FIGS. 2A-2F show a partial cross-section elevation view of the
packer apparatus of FIGS. 1A-1F in a set position.

FIG. 3 is a top plan view of the seal assembly of the apparatus of
FIGS. 1A-1F.

FIG. 4 shows a section view taken from lines 4-4 of FIG. 3.

FIG. 5 shows a plan view of an anti-extrusion element of the
apparatus of FIGS. 1A-1F.

FIG. 6 shows a cross-sectional view from lines 6-6.
| FIG. 7 shows a cross-sectional view of a drag block sleeve showing
the J-slot from the apparatus of FIGS. 1A-1F. |

FIG. 8 is a bottom plan view of the seal assembly of the apparatus of
FIGS. 1A-1F.



FIGS. 1C, AE, 2C and 2E schenamtically show a cross-section of casing 13. It

wi || be understood that ‘casing 13 extends in a downward and upward
direction in wellbore 12, but is not showmn in FIGS. 1A, 1B, 1D, 1F, 2A, 2B,
2D and 2F for the sake of clarity. Packer apparatus 10

I ncl udes a packer mandrel 35 with an upper end 40 and a | ower end 45. Lower
ent-45 conprises | ower end 20 of the pack$s apparatus and has threads 21.
Upper end 40 nay be threadably connected to a hydraulic hol d-down assenbly
7 50 which has thr cag3GR6OASiidHl shivw cheribBelRitibR ofthe pivias pfarats the
tubing string, thereby adapting packer mandrel to be connected in

t ubi ng stri off FIGS. PAeldésetrmra:lcasin@&spogedanrwweﬂhorwn upper packer mandr el
55 and a | ower packer rrandrel 60. é)acker mandrel 55 has a

upper end 62 and a | oWd@. ershow&thmdevplmemeo onekslod fiom the apparatus ©f) ower

packer ﬁﬁb 23 ﬁ%’plts upper end 66 thereof. Lower packer nmandrel 60
has a | ower per mandrel 55 has first, second and third inner

and 75, rashecti vol y. i Refiindlosy ey 6E R Alfhe folobng HRHREER 0. 10

surface 68, cofideriehdediily and is ot HfEREAFoR iistdrdce, tHewoelsy ihwardlgtandce 70.
A volunme tube 80 is seal ingly received in second i nner surface 70 near the

| oner end 6Z4outwardhrarpaliectionstoivard andaway frotn, respectieclg)thecgaometric
upwar dty through ypper nmandrel, 55 and seal ingly engages an inner surface
82 of hydra®en pdefrsepecesoligdt y 50. Vol une tube 80 thus defines a

ortion of central fl assa 2 . whi,ch . extends | on | h
Backer appar at us 10. R rcl'ow?iothe drawings and more spgmhcgfly%o HGE iR“ﬂ*‘

and 2A-2F, a packer apparatus 10 is shown. Packer apparatus 10 is shown

schematically in FIGS. 9A and 9B as part of a tubing string 11 disposed in a
wellbore 12. Wellbore 12 has a casing 13 with an inner surface 14 disposed
therein. Packer apparatus 10 may have an upper end 15 which has internal threads
16 defined thereon adapted to be connected to tubing string 11 which extends
thereabove, and may further include a lower end 20 having threads 21 defined
thereon for connecting with tubing string 11 which'will extend therebelow. Thus,
packer apparatus 10 is adapted to be connected to and made up as part of a tubing
string 11.

Tubing string 11 above and below packer apparatus 10 may be
production tubing or any other known work or pipe string, and may include any
kind of equipment and/or tool utilized in the course of treating and preparing wells
for production. It will be understood by the skilled man that the packer apparatus
10 will support production tubing and other production equipment such as a screen
adjacent a producing formation and will seal the annulus between the outside of
the production tubing and the inside of a well casing disposed in a wellbore.
Packer apparatus 10 defines a central flow passage 32 for the communication of
fluids through packer apparatus 10 and tubing string 11 thereabove and

therebelow.

FIGS. 1A-1F show packer apparatus 10 in a first or running position



Upper packer mandrel 55 has an outer surface 86 defined thereon defining a
first 'outer packer diameter 88. Quter surface 86 may al so be referred to
as a seal -supporting surface 86. Packer apparatus 10 further includes a
radi al | y expandabl e seal assenbly 90 di sposed about packer nmandrel 35. As
sho in FIGS. 1A-1F, seal assenbly 90 is closely received about outer
pacKer surface 86. Seal assenbly 9Qghas an outer or first axial
surface 92 and an inner or second axial surface 94 defining inner

di ameter 25 and FIGS. 2A-2F show packer apparatus 10 in a second orsét posiion3092p 95
exi sts between first axial surface 92 ‘and casing 13 when packer apparatus
10 is in rufIGY 1094E, 2ChakB2E Selmaticadlytdhowoa cedssesebtion of tasing 181 Itipikkr
end 96 and a second or lower, end 98 with a_|ength 99 therebetween., First
end 96 def i rhesunderstoed that casingl3rexdends ina dowawanbandupwarddizeation ing

defines a secqgnd or .l radj al _su e, 10 I I r faf 4 a
ass;anbl y 90 Wél brﬁég’t 6‘%5@%‘&%‘:3%%?&%&5%ﬁﬂ;(al?iéa&%gg’g?ﬁﬁg%ﬁ?ﬁﬁh&;
surface, or japRpr ting surface al ong e entire |l eng ereo
when packer %gga?gt us_'lO is in running position 25. Seal
assenbly 90 may conpripsker gspirat§ 16! ifckdes &?ﬂckéﬁh&ﬂd:%l 95tth a8 uppérsénd
axi al surface 106 and a second or inner axial surface 108. Sealing el enent

104 is pref éand/a lowerehd 4BnLewer end 46 roemprises lewernend 20 lof dse pawker not
limted to, NBR FKM _ VI T@I of the |like. However, one skilled in the art

wi || recognidpparates anfbhas, A t Hppetsns4Q maycke thieadabby connestedios
experi enced, it abl e materials may be used. Seal i ng

el enent 104 5@{§$¢i&&%mm%l%nd ITO and a Second or Tower end IIZ.
First end 110 defines a first or upper radial surface 114 and second d
112 defines a second or |ower radial surface 116. Seal assenbly 90 fArt her

i ncl udes anti-extrusion jackets 117 which may conprise a first or dpper
anti- extrusion jacket or element 118 and a second or | ower anti-£xtrusion
j acket or el ement 120. The details of the anti-ex¥rusion

j ackets are shown in FIGS. 3, 5, 6 and 8 As shown therein, ti-extrusion
j ackets




9 118 and, 120 .are substantially identical in configuration, and so wll
Be referred to collectively as anti-extrusion jackets or elenents 117. As
wi |l be explained hereinbel ow, however, the radial position of the upper
jacket 118 in seal assenbly 90 is different fromthe radial position of
the |ower jacket 120. Anti-extrusion jagkets 117 are circular, or ring
shaped, but do not forma conplete circle. Jackets 117 are thus

ar cuat el ys0swhpeld hasi tbxeadsei of fafined hherain:afaptaddteebsngoBRgStes

ends 125 GRGPSERSS 1R CURINGNARFIY AiG &AGHT BRPILET oo, BRRFOMEL) Have
E’;‘EQEEZELEi'géa%ﬁ%iz?ﬁﬂﬁkg%'pﬁeéﬁgéi 5 é%f?f a%%éﬁ%.ﬁ%'?ﬂ? WAL ackei s
radi al I>/y I nwar P?eFr }%ﬁﬁ{ﬁe%gﬂgas%&gff g?:eﬁ%gzrg}h r e%(r)ﬁgﬁg(gtf:%\éﬂﬁlda’s'a:&% "

end 140 apdsa : &hd 21ha S ' '
gﬁdl 4§§C0@?15;1? enﬁa;l]}g' be %ﬁ%@dbﬁﬂ?‘-’ecéﬁﬁebﬁéda tér stowdd bkl a

second en r 140 and 144 of first and second tongues 136
and 138 hguegaa1aied |£n0ibs 1dBpbberealetoramaist. prebresbipacker gremimsl

than 60[err] but less than 70, but may vary and be |l ess or greater than

60- 70 depgpdinag an 1dwexli @@t ev. of Upperj makdrel 55 has first, second and

third inner surfaces 68, 70 and 72 defining first, second and

third diameters 74, 76 and 78, respectively. Inner surface 70

is recessed radially inwardly from surface 68, and surface 72

is recessed radially inwardly from surface 70. A volume tube

80 is sealingly received in second inner surface 70 near the

1owér end 64 of upper packer mandrel 55. Volume tube 80

extends upwardly through upper mandrel 55 and sealingly engages

an inner surface 82 of hydraulicﬁhold—&éwn assembly 50. Volume

| tube 80 thus defines a portion of central flow passage 32 which
extendé longitudinally through packer apparatus 10.

Upper packer mandrel 55 has an outer surface 86 defined
thereon defining a first outer packer diameter 88. Outer
surface 86 may also be referred to as a seal-supporting surface
86. Packer apparatus 10 further includes a radially expandable
seal assembly 90 disposed about packer mandrel 35. As shown in
FIGS. 1A-1F, seal assembly 90 is closely received about outer
packer surface 86.

Seal assembly 90 has an outer or first axial surface 92

and an inner or second axial surface 94 defining inner diameter



A groove 150 is defined in outer surface 130 and preferably extends from
first'end 122 around the entire circunference of anti-extrusion jackets
117 to second end 124. 10

Preferably, outer surface 130 of anti-extrusion jackets 117 is coextensive
with, outer surface 106 of sealing elenent 104 so that surfaces 106 and 130
COWI’I se outer surface 92 of seal assenb8y 90. Additionally, the exposed
surfaces 134 of jackets 117 are preferably coextensive with the upper and

lover radi @3 SArgfaﬁ%Se)éﬁé»baﬂ@behlﬁrsﬁﬁxﬁBsﬁﬂfm% aﬂ@oasuiQiIB whéhpacker exposed
surfaces 134 and Tadial surfaces 114 and 116 of sealin el enent 104 define
upper and | eypparatasilGiis mumhningpasitiom2s Seal ass¢mbba90 chas|a,fisb or upper
Referring nowto FIG 4, anti-extru n jackets 7ar ecel

recesses 15Zndd6 andia sec 1 1 ﬁ@’eépﬁar@ witlpa, en@b ﬁﬁ&rﬁ\?%
referred to Cir erentlal f cess
154 and a sﬁm 115} & b Sndiel SEEERTug ﬁ@%cg@@s@d?&%ﬂ% fLeHighd oF
recessed cessgpﬁfl %esl‘?ﬁorlﬂnéfs‘iﬁfa% e D3 fARh] Qé%%nﬁa%99%'@lds@@%§@ﬁed

surface 157 first arcuate portion 1 Second
arcuat e por tibeit 46 préfebiy engapes batee phbker surfacbsomseal-supporting|susfacp 86 at

first arcuate portion 158 and thus includes a leg 162, which nay be
referred to alengflie¢ntiredength 994hersofiwhgn packer apparatus 10 is in running position
25.

Seal assembly 90 may comprise a sealing element 104 having a outer
or first axial surface 106 and a second or inner axial surface 108. Sealing element
104 is preferably formed from an elastomeric material such as, but not limited to,
NBR, FKM, VITON® or the like. However, one skilled in the art will recognize
that depending on the temperatures and pressures to be experienced, other suitable
materials may be used.

Sealing element 104 has a first or upper end 110 and a second or
lower end 112. First end 110 defines a fifst or uppér radial surface 114 and second
end 112 defines a second or lower radial surface 116. Seal assembly 90 further
includes anti-extrusion jackets 117 which may comprise a first or upper anti-
extrusion jacket or element 118 and a second or lower anti-extrusion jacket or

element 120.
The details of the anti-extrusion jackets are shown in FIGS. 3, 5, 6

and 8. As shown therein, anti-extrusion jackets




axially fromupper end 110 and a leg 164, referred to as radial * | eg 164,
extending radially inwardly fromouter surface 106 wuntil it intersects
axial leg 162. Radially inwardly extending grooves 166, having a slightly
greater arc |length than tongues 136 and 138, are defined in |leg 162 of
recessed surface 155 so that tongues 138 and 138 may be received therein.

Ret€ssed surface 155 is al so.general L-,shaped at second_, arcuaie porti.on
160, RecellBa Mt iRy 358 sundEashaaiiv igkirdsal i contiguralicy’Tana

B L

' 1 . 70 | ,
LI, RN 155, O GO A AR el
170, 51288, BHEALY RS0 RN TAkER 164 b sl aghBiigron”

el enent 194 daifrReent! GGRwS Athe WG Iodsidikh | HE| tHES18wet T §hcREEUARS.
portion 172 and a second arcuate portion 174. Recessed surface 157 is

general | y ahtshapesduatobothckieest 1andagecendcidati 08¢ idgaBHapéds. bt Bor st
portion 172, recessed surface 157 has a leg 175, referred to as axial |eg

175, extendtngicem abl yedupleteovweirebe. 1lPackets LR hife thier meduntedy
radial leg 176, extending
shaped anti-extrusion jackets having first and second ends 122
and 124 defining a gap 123 therebetween. Anti-extrusion jacketg
117 may also be defined or described as toroid or doughnut
shaped having a citcumferential gap or split 123 therein which
defines first and second ends 122 and 124.
As shown in FIG. 6, anti-extrusion jackets 117 have a
generally rectangularly shaped cross section with outer surface
130, inner surface 132 and opposed side surfaces 134. Anti-
extrusion jackets 117 may have fi¥rst and second tongues 136 and
138, respectively, extending radially inwardly from inner sur-
face 132. First tongue 136 has a first end 140 and a second end
142. Second tongue 138 has a first end 144 and a second end
146. First ends 140 and 144 of first.and second tongues-136

and 138 have an arc length 148 therebetween which preferably is

greater than 60° but less than 70°, but may vary and be less or

greater than 60°-70° depending on the diameter of the jackets.

A groove 150 is defined in outer surface 130 and preferably
extends from first end 122 around the entire circumference of

anti-extrusion jackets 117 to second end 124.



radially inwardly fromouter surface 106 until it intersects axial |leg
¥75. Radially inwardly extending grooves 177, having a slightly greater
arc length than tongues 136 and 138, are defined in leg 175 of recessed
surface 157 so that tongues 136 and 138 may be received therein.

Recessed surface 157 at second arcuate portion 174 has a leg 178, referred
to~d&s axial leg 178, extending axially from lower end 112 and a | eg 180,
referred to asPrefleabblyy k8Ger esurfaiegl38di of | wntiwaxtinusicym jackets
surface 106 until it intersects axial leg 176. Legs 178 and 180 have

| engt hs gladt érs coextengiva 78ibhdonkrer rayfaas vif§. of RIMPFLLEBRNET4
of lower recess 156 is positioned radially 180[err] from secogéjcé)og&i on
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element 104 define upper and lower radial surfaces 100 and 102
of seal assembly 90.

Referriﬂg now to FIG. 4, anti-extrusion jackets 117 are
received in recesses 152 defined in sealing element 104.
Recesses 152 which may be referred to as circumferential
recesses, comprise a first or upper recess 154 and a second or
lower recess 156. First recess 154 defines a first recessed
gsurface 155 and second recess 156 defines a second recessed
surface 157. Recess 154 has a first af‘cuate portion 158 and a
second arcuate portion 160. Recessed surface 155 is substan-
tially L-shaped at first arcuate portion 158 and thus includes
a leg 162, which may be referred to as axial leg 162, extending
axially from upper end 110 and a leg 164, referred to as radial
leg 164, extending radially inwardly from outer surface 106
until it intersects axial leg 162. Radially inwardly extending
grooves 166, having a slightly greater arc length than tongues
136 and 138, are defined in leg 162 of recessed surface 155 so
that tongues 136 and 138 may be received therein.
Recessed surface 155 is also generally L-shaped at second

arcuate portion 160. Recessed surface 155 at second portion 160



substantial] |y coextensive wth recessed surface 155 of first portion 158
of upper recess 154. Surface 185 is substantially coextensive with
recessed surface 157 of first portion 172 of |ower recess 156. As
shown in FIGS. 3 and 10, upper and | ower jackets 118 and 120 are di sposed
in recesses 154 and 156, respectively, 33 that gap 123 in upper jacket 118
i s~&ligned with bridge elenent 182, and gap 123 in |l ower jacket 120 s
rotated aba®oxd mated y 16830[ EPERTTRdr ck? orAindadiagned od t A68ri dgELEPERBL
184. As described earlier, second paortions 160 and 174 of recegses
154 and 158diabLyeinVaEdly BremePubey ékFgﬁGebépﬁeéﬁ R hnelterento ?ﬁg'

L-sh d brid I ts ikew t 60 d 70 but_ will
navo o GPeBaRES) GHEPAR (TR CLRTALY | Ro SEFAGAR: AR oF RhcaRd
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€h seal” assenbly 90 is radially expanded to engage

casi ng 13pof€ﬂén eBgSof22c088sd@dswffdd® BB - extrusi on jackets will al ways
be di sposed in bridge elenents 82 and 184 and will never reach the ends of

the bridge el eregkss 156 at lower Badkel2apfiasealdind0 ellenentr 1odc|deddnes
first, or upper and second, or |ower pusher shoes 196 and 198,
respect i vekeygesaed BuraceorlSippandanichalagiesl,a of irsthearssatewpdgsdonod 72nd
202, respectively. Upper seal wedge 200 has an inner surface 204 defining
an i nner dndneaeisezosd aagcuate| portioand Feal i Regeseed| wgriassut 1ippers

packer mandrel 55. Upper seal wedge 200 is threadably connecfed at
generally L-shaped at both first and second portions 172 and

174. At first portion 172, recessed surface 157 has a leg 175,
referred to as axial leg 175, extending axially from lower end
112 and a leg 176, referred to as radial leg 176, extending
radially inwardly from outer surface 106 until it intersects
axial leg 175. Radially inwardly’ extending grooves 177, having
a slightly greater arc length than tongues 136 and 138, are
defined in leg 175 of recessed surface 157 so that tongues 136
and 138 may be received therein.

Recessed surface 157 at second arcuate portion 174 has a
leg 178, referred to as axial leg 178, extending axially from
lower end 112 and a leg 180, referred to as radial leg 180,
ektending radially inwardly from outer surface 106 until it
intersects axial leg 176. Legs 178 and 180 have lengths greater

than legs 175 and 176, respectively. Second portion 174 of
lower recess 156 is positioned radially 180° from second portion

160 of first recess 154 and second portions 160 and 174 each



a joint 208 to.upper packer mandrel 55 at an upper end 209 t her éof, and has
a lower end 210 that is positioned above upper end 96 of seal assembly 90
when packer apparatus 10 is in running position 25. Upper seal wedge 200 is
thus fixedly attached to, and noveable w th, packer nmandrel 35. Upper seal
wedge 200 has a first outer, or seal endd@enent surface 212 defining a
first outer dianeter 213 stepped radially outwardly from surface 86 of
packer nepdeferablyAspamp katwesmp Q7 f 70% hHemtnghe raafnadngrrgbe smay
provi ded on upper seal wedge 200 between inner surface 200 and first outer

surface 242ry and be gredi#fier ogedlesiedgRar0@0a308, Saepeddangeronuskade
216 | ocated above and dlsplaced radially outwardly fromouter surface 212,

athird og%gheﬁgrgagg 248alh@cat-ed above and displaced radially outwardly
from second outer surface 216 and a fourth outer surface 220 |ocated above

and di spl aced pzdiagkl \elements 182 and 184 are received in #écefsésanglyy
fromthird outer surface 218. Thus, surface 216 defines a diameter 217

havi ng a gagnibédatgisediond it idnanaeer andl374suirkapectifeldyli nas @hown

di aneter 219 having a magnitude greater than dianeter 217 and surface 220
defi nes aidi &¥ct.ed, 22%idgevielgmentiesglisRudadgnsat prefleanabillye hawmgnistiled amf-

di aneter 219. A first dowward faci ng shoul der 222 is defined between
first andtdéeddyd loshapedir tuoes Zertdoems?land Atbusortefdigvnwar ghapedi mypr-
shoul der 224 is defined_by and extends between second oquter surface 216
and thirdfagesr 383fand 2185, reaperyively.thi ARedobrhdde fokeTRPHo @Y er

226 is defin and extend between third, and ourth _outer__surf,aces
218 and pf?%era¥’&é’pem ytsrmUpp}é‘?a%e%ﬁeMe %’E)%e as SUFFRER o&?ér

surface 0 above and recesse radla nwar

ot er - sur Pabet SRS S0 MR RE BR B S tebd MBEP Rl ' She Beas

bet ween S$ E@&%ﬁ %%%f%¥’&BBér recess 154. Surface 185 is substantlally
coextensive with recessed surface 157 of first portion 172 of
lower recess 156.

As shown in FIGS. 3 and 10, upper and lower jackets 118
and 120 are disposed in recessee‘154 aﬁd 156, respectively, so
that gap 123 in upper jacket 118 is aligned with bridge element
182, and gap 123 in lower jacket 120 is rotated approximately

180° therefrom and aligned with bridge element 184.
As described earlier, second portions 160 and 174 of
recesses 154 and 156, respectively, preferably extend between

60° and 70°, so the L-shaped bridge elements likewise span

between 60° and 70° but will have an arcuate length slightly

less than the arcuate lengths of second portions 160 and 174.
The gaps 123 in upper and lower anti-extrusion jackets 118 and
120 are preferably positioned at the approximate center of the

arcuate length of bridge elements 182 and 184, respectively,



Upper pusher shoe 196 is disposed about upper seal wedge 200 and has a
first or upper end 230, a second or |lower end 232, an outer surface 234
and an inner surface 236 defining a first inner dianeter 238. CQuter
surface 234 is preferably coextensive with outer surface 92 of seal
assenbly 90 when packer apparatus 10 is in running position 25. Pusher
shod 196 is slidable relative to upper sgmrl wedge 200, and is disposed
t hereabout so that inner surface 236 sealingly engages fourth outer
surface 220 Wﬁe&ﬂi@ﬁzaokéﬂh peas 18G9 in running ?Bﬁﬁ% 2510¢hd ﬁﬁ:d&?éleﬁgﬂi 6§ga0(5”
upper head portion 240 efined at the upper end thereof and a second or
| oner head 123 will be spmaller thanzlie artmfateledgtit of liddgoelementsi1 82 and dB84 winqer
head portion 240 defines . a second inner diameter 246 radially recessed

i nwar dl y froverl yssmbiy R8s sdishy expanded s engagecensing 13 s, endsel Znand er
eane” 500, LIRS He BRI aebta T b A 57 vl el ah 5
di al | ' i r et g . ] .238. Thus, a d d
faci ng Shoul orasY bittAedatealtt Bl oldd of BE BligRe BERGHS“ 0. 1Py S48 and
238, and an upward facPMeﬁb?pd:dﬁs ¥ frther HRAadRNGRY, orifpper bR Secdif, \wpen

di aneters 238 and 248. An anti-extrusion |lip 250 extends radially inwardly
from head polowespushr shoes $96and d98prespectistiyl and fifst,cor vpjr ahd seedndysxenbl y

90. Al [ 252 is_di d about |
200 200 aower RIS Ao e e, s oo 0 SRE S 5
254 di s .aul i ¢ hold-d ]y .50 d h h
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196. Spring 2joint 208toapyseripackermaandrel 55 abad uppesend 209 thdre6L and/Rg al 96

downward so that |ower end 232 thereof is in constant engagenent wth seal
assenbly 90 lowten end 21Qshatiis posifioned above pppén ¢énsh36 pf sealissemblyedPpwienvel y.

Lower seal wedge 202 has .an ypper .end 270, | ower end 272 and .an i nner
surface 274 %C%Fﬁﬁmwsilﬁdéﬂg&'@ﬁﬁgﬁpmm.ﬁ;owp% wedgs209ds thus ¢| osel y
recei ved aboglef0duaoRld 09hYd SRSVAA6R witR, Padker Kehdf@ny. ebpgér’r scal %Je%rg% Yoo
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has a first outer, or seal engagement surface 212 defining a first outer diameter 213
stepped radially outwardly from surface 8§ of packer mandrel 55. A ramp or ramp
surface 214 having a ramp angle 215 is provided on upper seal wedge 200 between
inner surface 200 and first outer surface 212.

Upper seal wedge 200 has a second outer surface 216 located above
and displaced radially outwardly from outer surface 212, a third outer surface 218
located above and displaced radially outwardly from second outer surface 216 and
a fourth outer surface 220 located above and displaced radially




shown in FIG 2C, lower seal wedge 202 is slidably di sposed about the
packer mandrel 35. Upper end 270 of seal wedge 202 is

16 positioned bel ow | ower end 98 of seal assenbly 90 when packer
apparatus 10 is in running position 25. ‘Lower seal wedge 202 has a
first outer or angular seal  engagi ng sd ace 278 which may be referred to

as~& ranp or ra surface 278. Ranp surfa}g.:e 278_extends downwar fro%
upper endoubwargty sddrome e rsh2 OREEY aBPEFRGC 0 TR dI FYF omS Surf&ce

packer naaELRoass AiABetets 412 "BAUERE, 4 noeny CPRR gtk Rs" sin Si-YREer

packer ma ; _ y I'rs Ftion
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288, defli 291 ?}a@ji?ﬁe'[éarmé Staid | gkt 88UItHAREHhd OmAgn Sta g8t bY diesfetdian
di aneter 213 of surface 2 of upper seal wedge 200. Lower seal
wedge 2031bas a second outer surface 292 defining a dianmeter 294.
Shoul der 288 extends between ranp surface 278 and second outer surface
292. Second ouerfiwgt adewnwazde faeitey dsivowkdelt y 222omshdafdaed?d®tvaen
term nates at an upward faci ng shoul der 296 which is defined by and
extends |fdtreteandesecondubatesusiiarfaces? 2a2d and I3L6d ot ere aampagrd
‘facing shoulder 224 is defined by and extends between second
outer surface 216 and third outer surface 218. Finally, a
third downward facing shoulder 226 is defined by and extends
between third and fourth outer surfaces 218 and 220,
respectively. Upper seal wedge 200 has a fifth outer surface
227 located above and recessed radially inwardly from fourth
outer surface 226. BAn upward facing shoulder 228 is defined by
and extends between surfaces 220 &nd 227.
Upper pusher shoe 196 is disposed about upper seal wedge
200 and has a first or upper end 230, a second or lower end
232, an outer surface 234 and an inner surface 236 defining a
first inner diametexr 238. Outer surface 234 is preferably
coextensive with outer surface 92 of seal assembly 90 when
packer apparatus 10 is in running position 25. Pusher shoe 196
is slidable relative to upper seal wedge 200, and is disposed
thereabout so that inner surface 236 sealingly engages fourth
outer surface 220 of upper seal wedge 200.

Pusher shoe 196 has a first or upper head portion 240

defined at the upper end thereof and a second or lower head



Third outer surface 298 defines an outer dianmeter 300. Third outer
surface 298 extends downwardly from shoul der 296 and terminates at an
upward facing shoul der 302 which is defined by and extends between third
outer surface 298 and a fourth outer surface 304 which defines a dianeter
306. . Fourth outer surface 304 extends downwardly and term nates at a
dowawar d faci ng -15- 17 shoul der 312
defined by and extendi ng between surface 304 and a fifth outer surface
308. Fi f t poftitre242 definedatihe lower emd thereofl. ddpperrheadartion 240dlefings al | y
inwardly from di ameter 306. .Lower pusher shoe 198 is,disapsedﬁﬁgﬁyt
and sl i dabl eecasidsinner diameter 246 xadiallyrecarsed dnwardly from figst ner Aigmet

Seal g Siﬁagﬁébﬁ%%gmmf o disﬁ?r%ﬁleghf‘qr”ﬁé&% ingier 2o deBEETbY TSt
s o0 .
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316. Quter ace coext ensi v outer surface 92 of

seal assenbliynGQYiuerer 248G4aTall¢ecesséd inwdtdlys frofh fikstihie diameter®3825Thus,
Lower pusher shoe 198 has a first or upper ‘end 322 and a second or | ower

end 324. Adfdownward fapiss shoabder247tis defifed by andefiterds between dianasters 260

and a second or_|ower head-portion 328 is defined af. |lower end,324. First
or upper he#8dZ38; pod ap pwasd facing shawlden 249 mf?n%f byan thesge betvicsls sed

radially i rpardey 258 9 24" Kn aie! Bffrusion lip 250 extends radially inwardly from
head portion 242 and engages upper radial surface 100 of seal assembly 90.

An upper biasing means 252 is disposed about upper seal wedge 200
above pusher shoe 196. Biasing means 252 may comprise a spring 254 disposed
between hydraulic hold-down assembly 50 and upper pusher shoe 196. The lower
portion of hydraulic hold-down assembly 50 may be referred to as a stop ring 256
which engages an upper end 258 of spring 254. A lower end 260 of spring 254 is
adapted to engage the upper end 230 of pusher shoe 196. Spring 254 is always in
compression and thus urges pusher shoe 196 downward so that lower end 232
thereof is in constant engagement with seal assembly 90 both in the running and
set positions 25 and 30, respectively.

Lower seal wedge 202 has an upper end 270, a lower end 272 and an
inner surface 274 defining an inner diameter 276. Lower seal wedge 202 is closely

received about and sealingly engages upper packer mandrel 55. Preferably, as

shown in FIG. 2C, lower seal wedge 202 is slidably disposed about the packer
mandrel 35. Upper end 270 of seal wedge 202 is




di amet er 320. .Second or |ower head portion 328 defines a third- inner
dianeter 332 radially recessed inwardly fromfirst inner dianeter 320.
Thus, a downward facing shoul der 334 is defined by and extends between
first and second dianeters 320 and 330, and a upward facing shoul der 336

i s defined by and extends between firs&6i nner dianeter 320 and third inner
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Tover  cakbamstEs, 10 4B AP BO SFLdeq | of nl 396 Stop Ting.

out er surace HOHH! S VEASH ABAoREInZ andiRE Lo 0! ey, Skl
etween | SURRIbRRrErrERSE TTE FRELA WYDhe MERLonH By o OB A e O e
reans 3465@%&88”@255.9 RantP ¥ 248 Y| did H s RSl 35Foid Neppet OVRE

end 352. ring i's 1 n"conpression when packer apparatus 10 1s in

runni ng pegpt bensdalt eedgac2peshal $haealdy opvRadlyyserbhainneppsuréade32?
thereof is in constant engagenent with radial surface 102 defined by | ower

end 98 of 292akhageetfh wridD.thus radaiiy iowrwidilys foomeocteer asuafacaeBéend

353 thereof to a

' of upper packer mandrel 55. Ramp surface 278 may have a first
ramp portion 280 having a ramp angle 282 and a second ramp
portion 284 extending downwardly from f£irst ramp portion 280
and having a second ramp angle 286. Ramp 278 and terminates at
an upward facing shoulder 288. Preferably, the radially
outermost part of ramp 278, where ramp 278 intersects shoulder
288, defines a diameter substantially equivalent to or slightly
less than diameter 213 of surface 212 of upper seal wedge 200.

Lower seal wedge 202 has "a seéond outer surface 292

defining a diameter 294. Shoulder 288 extends between zramp
surface 278 and second outer surface 292. Second outer surface
292 extends downwardly from shoulder 288 and terminates at an
upward facing shoulder 296 which is definéd by and extends
between second outer surface 292 and a third outer surface 298.
Third outer surface 298 defines an outer diameter 300. Third
outer surface 298 extends downwardly‘ from shoulder 296 and
terminates at an upward facing shoulder 302 which is defined by
and extends between third outer surface 298 and a fourth outer

surface 304 which defines a diameter 306. Fourth outer surface

304 extends downwardly and terminates at a downward facing



slip assenply 354 that is in turn connected to a drag bl ock assenbly 356.
Slip assenbly 354 and drag bl ock assenbly 356 are of a type known in the
art. Thus, slip assenbly 354 may include a slip wedge 358 di sposed about
packer mandrel 35 and a plurality of slips 360 disposed about slip wedge
358.. A lower end 362 of slip wedge 3547my engage a generally upwardly
f asing shoul der 364 defined on the outer surface of packer mandrel 55 when
pafke& apphoa%d%ﬁl@lzs@EﬁlnﬁﬁnbﬁgaﬁésP¥F%ﬂd289 b%ﬁ%ﬁ?ﬂe?u§§§°$ré?grﬁﬁaya
ext ends aroun e entire_circunference f packer mapdrel . ker
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and 367, respectively, defined the outer surfagce frand
polsi ti one@i3BGFErT ?18p5?¥?ss?ﬁu§?§§7fgymﬁm%§é,ts 1 C 1"’}"&;&§| %e%ﬁa’e
relative to mapdrel 55 .nm e.gkLot: LA 4t o] t lyi-de
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bl ocks 370, i es a bl ock sleeve 372 with a pair of autonmatic
J-slots 3%ad8hig1¢d eddifedi Nwith SEehsthavatarskarifaceg BB afdlawkongedady

382. A pair of radially outwardly extending |ugs 376 are defined on
wedge 202. Lower pusher shoe 198 has an outer surface 314
defining an outer diémeter 316. Outer surface 314 is pfeferably
coextensive with outer surfaceé 92 of seal assembly 90 when
packer apparatus 10 is in running position 25. Lower pusher
shoe 198 has a first or upper end 322 and a second or iower end
324. A first or upper head portion 326 is defined at first end
322 and a second or lower head portion 328 is defined at lower
end 324. First or upper head portion 326 defines a second inner
diameter 330 recessed radialli? inwa%dly from first inner
diameter 320. Second or lower head portion 328 defines a third
inner diameter 332 radially recessed inwardly from first inner
diameter 320. Thus, a downward facing shoulder 334 is defined
by and extends between first and second diameters 320 and 330,
and a upward facing shoulder 336 is defined by and extends
between first inner diameter 320 and third inner diameter 332.
A lower anti-extrusion lip 337 extends radially inwardly from
upper head portion 326 and engages lower radial surface 102 of
seal assembly 90.

Lower seal wedge 202 is threadedly connected at its lower

end 272 to a stop ring 340 at a threaded joint 338. Stop ring



| ower packer mandrel 60. As is known in the art, lugs 376 are preferably
di sposed 180[err] apart and rest in short legs 380 of J- slots 374 when
packer apparatus 10 is in running position 25. A typical drag bl ock

sl eeve, with automatic J-slots 374 is shown in cross sectionin FIG 7. A
devel opment of the J-slots is shown inlBIG 10. The dashed lines in FIG

10Nndi cate that the long | eg may not be machined gonpl etely throug 4 but
need onl 94Pe hdseparnOuUERTt FUNiEeR 132 | §HIPREE TEH ALY Qﬂﬁ%ﬂﬁé A
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Friction _beryeen.dnag bhocksy 348 &asbpg Bxdokda & agokeeckerdsastl.y
356 in plg.lceé h?ﬁ% P%% pack%?gnandre is nmoved upwardly. Packer mandrel 35

i s nmoved l@ﬁ"r@ aigle r eat Bl s8mphessiciyswhéh gacker apparatus 10 is in
20 positioned above long | egs 382 of J-slots 374. The upward pul

running position 25 to urge pusher shoe 198 upwardly so that

upper end 322 thereof is in constant engagement with radial
surface 102 defined by lower end 98 of seal assembly 90.

| Stop ring 340 is connected at a lower end 353 thereof to a
slip assembly 354 that is in turn connected to a drag block
assembly 356. Slib assembly 354 and drag block assembly 356
are of a type known in the art. Thus, slip assembly 354 may
include a slip wedge 358 disposed about packer mandrel 35 and a
plurality of slips 360 disposed about é‘.l.ip wedge 358. A lower
end 362 of slip wedge 354 may engage a generally upwardly
facing shoulder 364 defined on the outer surface of packer
mandrel 55 when packer apparatus 10 is in running position 25.
Shoulder 364 preferably extends around the entire circumference
of packer mandrel 55. Packer mandrel 55 may also have a pair of
lugs 366 having upper and lower ends 365 and 367, respectively,

defined on the outer surface thereof and positioned 180° apart.

Thus, slip wedge 358, which is slidable relative to mandrel 55
may have slots therein to allow wedge 358 to slide relative to
the packer mandrel. Such a configuration' and the operation

thereof are well known in the art.



is then rel eased and packer mandrel 35 is allowed to nove down- : wardly.
Upper seal wedge 200 is fixedly connected to packer mandrel 35 so that as
packer mandrel 35 noves downwardly, seal wedge 200 |ikew se noves
downwardly. Upper spring 254 will urge pusher shoe 200 downwardly which in
turn. causes a downward force on seal ad®enbly 90 and | ower pusher shoe
2027 The down- _ward force is transmtted into | ower spring. 348 whi ch urges

stop ring 340 $hiP t AESeRRYYe 3543 Ma¥nkRacPnnestRedde© Fhmghieck jaaremply |t

expands slips 360 outwardly  until the slips_ultimately engage and grab
casing 1356 withpa gp 1&&%&@ o3 18gh 368ue PHAF Wlﬂcﬁﬁﬁﬁfﬁw 37% PTET i ps
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cannot nmove downward 1 n set position 30, seal assenbly 90 will engage

upper end18ﬂ&r0§abné@rmaﬁakemedge A2 it 5l | e OYEE, I Biidps SV a§Le278
as seal assenbly 90 is wurged downwardly. Because t he packer

appar at UsphéfePabily Uapspossd iemr%@a@ﬁl anBOeese imeshuter164sfage 88 ot

the seal assenbly 90 is encouraged to engage the casing first at the upper
and | oWerg1ots 374 when packer apparatus 10 is in running position 25.

A typical drag block sleeve, with automatic J-slots 374 is
shown in cross section in FIG. 7. A development of the J-slots
is shown in FIG. 10. The dashed lines in FIG. 10 indicate that
the long leg may not be machined completely through, but need

only be deep enough to allow the lugs 376 to travel up and down
therein.

The operation of the packe£§appar;tus 10 is as follows.
Packer apparatus 10 is lowered on tubing string 11 into well-
bore 12 having casing 13 disposed therein. The drag blocks 370
engage inner surface 14 of casing 13 as packer apparatus 10 is
lowered into the wellbore. Once packer apparatus 10 has reached
the location in wellbore 12 where it is desired to move packer
apparaﬁus 10 to set position 30, tubing string 11 is pulled
upwardly, which causes the hydraulic hold-down assembly 50 and
thus the packer mandrel 35 to be pulled upward. Friction
between drag blocks 370 and casing 13 holds drag block assembly

356 in place while the packer mandrel is moved upwardly. Packer

mandrel 35 is moved upward and rotated so that lugs 376 are



21 ends 96 and 98 thereof. As the packer mandrel continues t6 nove
downwar dl y, upper and | ower seal wedges 200 and 202 will slide between and
thus be inserted between seal assenbly 90 and surface 86 of upper packer
mandrel 55 so that inner surface 94 thereof I s engaged by ranp surface 214
and first outer or seal engagenent sur f8ce 212 of upper seal wedge 200,

o
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extends fynftel e:?§ts8“€h36| Bt Eﬁd{@&ghﬁn@freie@s mﬂoldb&maﬂ&w PEEKET
apparatus 10 is in set position 30 In the set position, anti

ext rusi oRjgddde 2060 ONi képise m@é@rdmﬁm W g pean sl rsdh @B 4lewi PR Auddje
upper seal wedge 200 and anti-extrusion lip 337 on |ower pusher shoe 198
engages mmishdriesh?eb 200! dwemweaailywedhicR04An Thusn icaddes sat ¢gosnward
tion, seal assenbly 90 is engaged by ranp surface 214, seal surface 212, -
and shoul fitrce29n oéesbahswenhdy200, andd Lioweanpagber shoe B02ntThexdewson

lip 250 and | ower head portion 242 of
ward force is transmitted into lower spring 348 which urges

stop ring 340 and thus wedge 358 downward. As wedge 358 moves .
downward, it expands slips 360 outwardly until the slips
ultimately engage and grab casing 13.

Packer mandrel 35 continues to move downwardly after slips
360 engage casing 13. Lower end 210 of upper seal wedge 200
will engage and begin to slide between seal assembly 90 and
outer surface 96 of packer mandrel 55, thus expanding - seal
assembly 90 radially outwardly. A3 the packer mandrel continues
to move downward, upper seal wedge 200 and upper pusher shoe
196, which is being urged downward by spring 254, will also
cause seal assembly 90 to slide downwardly. Because lower seal
wedge 202 is slidable relative to upper packer mandrel 55, and
is fixed in place and cannot move downward in set position 30,
seal assembly 90 will engage upper end 270 of lower seal wedge
202 and will slide over ramp surface 278 as seal assembly 90 is
urged downwardly.

Because the packer apparatus has both upper and lower seal

'_wedges, the outer surface 92 of the seal assembly 90 is

encouraged to engage the casing first at the upper and lower



pusher, shoe 196. Shoul der 222, anti-extrusion |lip 250 and head portion 242
provide a substantially continuous surface at upper end 96 of seal
assenbly 90 with no gaps to prevent any seal extrusion. '

-22- Seal assenbly 90 is also engaged in the set position by
ragp .surface 278 and shoul der 288 on | ofer seal wedge 202, and by

3ﬂfcheE?L€$%§29%i%u%ifaﬁ?ﬂaﬁﬁﬁﬁgbﬂff aﬁﬁéﬂ%ﬁﬁ?a §r?%a%ﬁ§%ée5¥5 i
' 9

backer  apfira: fewieriivs slbepodind ot e 19e38p, 28R A 182 EE, o,
n ar cuat B ERGPREVEEE pi B e Eolkca DGOSR RUL "bbsibly’ 987 RRS

184, Thuss?g?hgggsglg@e%&®e}8%gﬁmiri%éﬂ@ﬂél_@ﬁgﬁﬂﬁ {igc Chshas BhirkbBe 94

| ocation o aps 1237i'n the anti-extrusion jackets so that bridge

el ements g8érapd 484@@6%%@ bye ¥lainps iy farek ef1n 1hid aptr d2 0ot é¥edl $eall

extrusion at the casing Extrusion of the seal is thus substantially

conpl et el gnpgagenehed dwrdaicee 202 | ofexippest O8eaBC aidyel 180G nd ahd), byl akgp
with bridge elenents 182 and 184, wi || engage casing 13 to prevent seal
extrusi onsatrfabke RIS nd ilower seeflacedged 20nce The wppéet andndoperdgeal

el enents, along with the pusher shoes and seal wedges encase the upper and
| ower endvwedpesh&huearadiaddyt espandehhpadruerndagmetegsofingegdsiargerply
When packer apparatus 10 is_in the set position, seal assenbly 90 _sealingly

engages c&9i il fpreespehst Sl nafseEblY a 99edradiald vt cRBEVATALE AftFar
7t 1o GBGPEBINS Wiy EDenEagibRer SappUPkEds SPAoRPRRE. RERILSFEdSS Pt e
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radially iuendly 8Pd 1&iA85€99, and upper seal wedge 200 preferably
extends for at 1eést one-half the length of seal assembly S0
when packer apparatus 10 is in set position 30.
In the set position, antiextrusion 1lip 250 on upper
pusher shoe 196 will engage shoulder 224 on upper seal wedge
200 and anti-extrusion lip 337 on lower pusher shoe 198 engages
shoulder 296 on lower seal wedge 202. Thus, in the set posi-
tion, seal assembly 90 is engaged by ramp surface 214, seal
surface 212, and shoulder 222 of seal wedge 200, and is engaged
also by anti-extrusion lip 250 and lower head portion 242 of
pusher shoe 196.' Shoulder 222, anti-extrusion lip 250 and head
portion 242 provide a substantially continuous surface at upper
end 96 of seal assembly 90 with no gaps to prevent any seal

extrusion.



the grab on casing 13. Likew se, upward pull w Il cause upper seal wedge
200 to be pulled upwardly from between outer surface 86 of upper packer
mandrel 55 and seal assenbly 90 until lower end 210 thereof is positioned
above upper end 96 of seal assenbly 90. Lower spring 348 will urge pusher
shoe. 202 up- wardly as the packer nandrgé I's nmoved upwardly and the seal
aséethy 90 will slide off of ranp surfac¢é 278 of |ower seal wedge 202.

When | ugs 376 reach the top of, J-s|lots 374, rqtation w, || pccur and.l ugs
376 will be positione&e%lmmgh'o% xsaég%emeddntﬁewdwmgymw@aﬁdr el
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nmandrel 35 apftimesls sugfse fibthe S8 positidhas prévint wayg gesl edfusioiathe lewer end

conpletely axially retracted, seal assenbly 90 1s closely received about

packer nandBSI(:fSEabasdemth 9% Whetepacker k appar%xs][ﬂ(kisein setpesition 30pgapAad3
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assenbly 90.  The automatica retractabl e jackets _
location of the gaps 123 in the anti-extrusion jackets so that bridge elements 182

and 184 and anti-extrusion jackefs 118 and 120 prevent seal extrusion at the casing
13. Extrusion of the seal is thus substantially completely prevented because anti-
extrusion jackets 118 and 120, along with bridge elements 182 and 184, will
engage casing 13 to prevent seal extrusion at the casing inner surface and since the
jackets and bridge elements, along with the pusher shoes and seal wedges encase
the upper and lower ends of the seal element between packer mandrel 35 and
casing 13. £ &
When packer apparatus 10 is in the set position, seal assembly 90
sealingly engages casing and will operate to maintain a seal at a temperature and at
~ apressure as high as 400° F (204°C) and 15,000 psi respectively. Ifit is desired to
remove the packer apparatus from the wellbore or to set the packer apparatus at a

different location an upward pull is applied so that packer mandrel 35 will begin to

slide upwardly. Shoulder 362 on packer mandrel 35




-24- wll.apply force directed radially inwardly so that the seal assenbly
will radially retract until inner surface 94 of seal assenbly 90 is closely
recei ved about packer nmandrel 35 along the entire Iength 99 thereof. The
anti-extrusion jackets 118 and 120 are preferably made fromtitani um which
has strength sufficient to prevent extruwsd on and has the characteristics
necessary to apply the radially inward force required to cl ose seal

assenbl y 931dr anghgsacited IehdeEl s3spsweigeh3s8gandsvickd spylbewadgr S&8
assenbly 90 and the casing when packer apparatus_10 is in _the running

posi ti on. URoevallamshiperied Favretrace radiatlyr iswvardlynandugisleasse
necessary to withstand the extrene tenperatures and pressures in the

wel | bor e, tR%d IHAIPT CATUDI 3 of LEpREIRRN VURWRFSi REliuVildi sAuSEoURPeT

di rected radial |y i nwardl 0 cayse .the se assenbly to retract, may. be
at o Saar webge " ol b, BRIIS, BBy o bE ke, St HArasR
lrjzgults nt6p si bl e V\At%;grior akeg hayi n igdiall ex ndaS__IrT eals.S
The radi al%y S piRED RS AT PV Bhel 52B8enBYY PO GRS JETeR a
| t Lat ai ! t
Seal L0 SELY ot ke B! 91 pSETLLBLAT SAUSIE T o CURAY ShA S5 2kbar
bet ween t g dead190 660 LuReRI dgridg S3683wiid i@rgé%tﬁﬁh& (o UBELY up-

radi al expansion~of the seals and It does not appear at any conpressive

forces arqudrfiyf t£sl ithe0 pdkereahahdsdlt B andvdd NapRERaL yofaddetRackaial
mandrel. It was found that such an arrangenent was not feasible when the

seal nust amEenbliyn FNgegEleslide afifergler fawp e santapee A8 copf 160 rF seal
(204[err] © and 15,000 psi respectively. The thickness of the seal elenent
required twedgs 0 .n Weal ilngsefegemacth dhesdkop @ihidislicemp &t untaidion
pressure was such that the seal was danaged because the seal wedge was
requi red Wil sagun haddiugse IMngidlobe posigdloned above short lggsha3A0
found that one solution to this problemwas to g{@(r)vi de the packer

appar at us fF d1 e Soik- iBarkeT srRNdRedh 3Basatpper S&td Haske dayen | angk dyras
t hat urge t,}1e ends of the seal asienblg intg eng& enment. with the casin
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-25-  sealgpmedgg and | ower seal wedge are both inserted between the packer
mandrel and the 1 nner surface of the seal along at |east a portion of the

length of the sgal) agsgelbyy $odinal heeffRlei &faéi%qqy %&99%%%'1‘9%?%%%@

the casing by radially expanhding the inner dianeter of the seal asse

whi ch causam tdit @iErarh ar@icfed &Ercif it tweedX RAitked GhafiEIR0E 3N EdSEEWN
Once the seal assenbly engages the casing, it nmay be necessary to inpart

mor e ener gassentbilyt hooseal Wherenseat twetigdshe200al adsend yade Wwodhpletelai n

its seal with the casing at 400[err] F (204 C) and 15,000 psi. Sonetinmes as

much as axially retracted, seal assembly 90 is closely received about
packer mandrel 35 and gap 95 is defined between seal assembly
90 and casing 13. At least one, and preferably both of anti-
extrusion jackets 118 and 120 are automatically retractable
anti-extrusion jackets which apply a radially inward force
sufficient to cause seal assembly 90 to automatically close
around packer mandrel 35 when slip wedges 200 and 202 are

axially retracted and removed from between packer mandrel 35

and seal assembly 90. The automatically retractable jackets



20, 000 pounds downward force or nore applied by the tubing string may be
Tequired to inpart the necessary energy to expand the seal and hold the
seal assenbly 90 into sealing engagenent with the casing at such a high
tenperature and pressure. Wen such a downward force is applied,
conpressive forces applied by the springs, the pusher shoes and by the
showul ders and ranped surfaces on the upp@ﬂ'and | oner seal wedges tend to
try to radially expand the seal beyond that which would occur gjnply, due to
the radial willapplyofored direeted nadiallyiinwandly sothatitbe seal|assesbly \Eﬂ‘ﬁﬁ@ﬁlﬁ ve

forces provide additional ener i ch helps to. urge,and hdld,.th I
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mai nt ai ns séa casl ng.

appar at us 1@xgfisiohanA'Rsehé chatdertistics nesessary o apphyntheaadiallyrinwardforce
wel | bore and wi Il successfully maintain sealing engagenent wth th§§casi ng
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-26-  CLAI Mswhich Is capable of repedtediyc applyingsufficient farce shirectedragiadlydowardly

tubing string and a casing disposed in a wellbore, the packer apparatus

conpri si ng: to cause the seal assexpbbyto reteactimay Bessedd to be connected in the
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posi tion andexaRASBIB séall shoWarin BSpatdtt5,603151 D deseribed a8 asehling assemblyhen
said packer 1§ 1n said set position; an upper seal wedge

di sposed abothtt smintains sealingremghgement af ttmpepaturesearid presyrenof 43570si t i oned
EE T T R Y
When sl d” pallRehO0hSEF & cAlSPd By 1k Befly Thdrel BmBiof U B ralihd EOETRAY

d | |l i '
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assenbly an outer surface to radially expand said seal

assenbly out mengnt of thegackemnaandehgtwas fouridthapsuthcasamangement seasdiot
packer apparatus is noved fromsaid running to said set positian. 2.

The appar at ufeasible whenthe s¢ab must maintain engagement amc!qapqa@tlmeiaaémryssure of
400° F (204° C) and 15,000 psi respectively. The thickness of the seal element

required to maintain sealing engagement at such a high temperature and pressure
was such that the seal was damaged because the seal wedge was required to travel
the entire length of the seal.

We have found that one solution to this problem was to provide the
packer apparatus of the present invention which has upper and lqwer seal wedges
that urge the ends of the seal assembly into engagement with the casing first. Seal
damage or destruction is substantially avoided since neither the ﬁpper nor lower

seal wedge is required to travel the entire length of the seal assembly. The upper



di sposed about' sai d packer mandrel. 3. : The packer apparatus of
claim?2, said |ower seal wedge having an angul ar seal engaging surface
defined thereon extending radially outwardly from said packer nandrel outer
surface. 4. The apparatus of claim 1, wherein said upper seal
wedge is fixedly attached to said packer mandrel and novable therewith, so
t hat” sai d upper seal wedge slides betweer?3said seal assenbly and said outer
surface of said packer nmandrel when said packer mandrel noves downwardly
rel ative tosealiwedgeaandlowsrisegl wedge are both inserted between the packer mandrel

-27- 5. The

an upper dpu fﬁ@ Ith% iner l&P 8 aéghé%&o alggg iét 3 {;;)tgggn gg%éie%gg‘gﬁgﬁﬁ?ﬁg an
o oposed. abauebly; SRnEMEEN Yo Yilling eneassmnt ity Pl Y BRI 0 °C o
assenbl y. eﬁp?%c}ing the inner &teref ﬂfe‘k%gpfrssﬁﬁﬁl iCH'Edu3eS thOTet diaSeter

bi asi ng neans i asing sal d upper and [ower “pusher shoes into engagenent

with said seakadialyeRpand and engage the casing,The apparatus of claimb5 further
conprising a first spring disposed about said upper seal wedge wherein said

first spring engages &ncsiberscalassembly¢ngages thercasing itmay beqesessarpier end
o, 57 PSR U5 AL ST g
sai @ second E3FENY ﬁﬁﬁé’&@%ﬂg'*‘? 40°F (AP &8 5081 S0melthit B i & 0.

an upper en ' | ' : ith a
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| ower end of Said seal asse : er dppdrat us of

claim 1 wherequirehtolimpat tirsseoeldary energyito@xpand the seal and holdithesseal ng
el ement havi ng upper and | ower ends and inner and outer surfaces, said
i nner sur f ad&Sem lg'aSQiuﬁeaﬂalugg engagementwithghe casingyat sectea high temneratuise d

outer surface ,of said ker ngrel ; . . ,a first,anti-extrusi,on
Paeret il s oqodpresind N dospivart e intpplisd. SompreSsixs oo Appyed

cket di _ . pper”
i sposed 1 n by e TpHines W pusher shoes and by th SEAER Hnd it M RcbE Gt The
seal ing el enfyper aBAIGwEPESAL wd'ge@tega% itBntd ﬁamrge&?ﬁnﬂ&hé‘ SedlBe§ond Whdtace

substantial |l y coextensive with said outér surfa sai d sealing el enent,
wher ei n which would occur simply due to the radial expansion of the inner diameter of the

seal. Such compressive forces provide additional energy which helps to urge and
hold the seal assembly 90 in sealing engagement with casing 13. Thus, the present
invention provides a packer apparatus that seals against a casing by applying
compressive forces and radially outwardly directed forces to a seal assembly so
that radial expansion of the seal assembly creates and maintains sealing
engagement with the casing.

Packer apparatus 10 of the present invention can be set numerous
times in a wellbore and will successfully maintain sealing engagement with the
casing.each time .it is set in a wellbore at the extreme temperatures and pressures
contemplated. Use of automatically retractablé anti-extrusion jackets, which will
automatically retract each time the packer apparatus is moved from the set to the
running position, is also an improvement over prior art jackets in that the prior art
discloses jackets which must have an additional spring or other biasing element

wrapped therearound to radially retract or close the seal assembly.



said anti-extrusion jackets engage said casing at the upper and ‘|l ower ends
of said seal assenbly to prevent sealing el enent extrus—FgWﬁmrd—paeke
is in said set position. ”"m’

-28- 10. The packer apparatus of claim9, whe um”"
said.jackets exerts a force directed radially inwardly o s&i & sea |sng*

el érent so that said seal assenbl y retrae2& radially inwardly and cl oses
about sai d packer mandrel when said packer apparatus is noved from said set
to said runChAIMSsi tion. 11. A packer apparatus capabl e of
being alternated between a first, or running position and a second, or set
position, for sealing between a tubing string and a casing, the packer

ot er a%ﬂff ack = "% A packer apparapes gﬁ%bgﬁ%ﬁﬁﬁgﬁ%'@#a@bﬁnﬁ ed
anda casi ng g KHOG 4’%0%24@(6@04‘%%%53 ovelBLEE (Pl AL abflan ctueen’

when said paé&iﬁgns%gpaar &r hianlifel $35ad fobdeGrrdcfid Mthe Wibingistringi d
seal assenbly Is radi y expanded i'n said set position so that an outer
surface of s@id aeeokpmmweal meinbl;g(%)ahmed abeuvlar asfengurface (86 el
assenbly conpri sing: enerally annul ar seagl.i ng

el ement  havi said packer mandrel €35, WP&@@!@H&WIQ maml%&@%ﬂo@nds
sur face of 43534 aset DRsoRda0), Sthereia s arcemhiy (A @ SEidioesBe Sy '
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recess definggk meng 49) did whefeli Sad el BsanblyNI0) Bealifslp erigagst saltasbhy

an arcuately shaped first anti-extrusion jacket having first. and second

ends defi ni nél3) vekegn sdid patier(@6)isdnspidssed positioni (30); j ansupper seakwedgei(200)
an arcuately shaped second anti-extrusion jacket having II rztgilgd second

ends defi ni n@lSBOWhQ‘\'é @uslenanksh dved £39), spidmper seal

o <ot P PEhor SR @18 bl Hefurhbly 1007 e S5 Seel Bkl iy (5 RnlsBit
el enent, at fuu?ﬁﬁgggﬁtlﬁfx )ngétralar d @Qﬂ%ﬁ&@m@zms‘f)&é&%&ﬁ%ﬁp Irbel ng

an autonatica ctabl e jacke rein“sard automatTcally
radial ly ret mﬁa&ll(%) %ﬁi@bﬂ%&ﬂ&w&dﬁﬁ%@lﬁbﬁ@%&ﬁwﬂ telow saidwseall y on

said sealing elenent so that when said packer apparat us is noved fromthe

set positi onassomhiye (9@)rwheny saidpiackerappaca tus:il0)dsdn said nupningpositign (25),

retractabl e anti-extyusion jacket wll

[29. Cause swhereja sal wanacl@wer seAl ayedges £200,202) slide betyeeen H et &,

packer mandr Sl)rtfo% of said seal assembly (90) and said packer mandrel outer surface (86) to
radially expand said seal assembly (90) outwardly into sealing engagement with

said casing (13) when said packer apparatus (10) is moved from said running (25)
to said set position (30).

2. Apparatus according to claim 1, wherein said lower seal wedge (202)

is slidably disposed about said packer mandrel (35).

3. Apparatus according to claim 1 or 2, wherein the lower seal wedge
(202) has an angular seal engaging surface (278) defined thereon extending
radially outwardly from said packer mandrel outer surface (86). |
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create sai d gap. between said seal assenbly and said_casing in said runni ng
p05|t|on 12. The packer apparatus of claim 11 V\/nerel n both

of
said first and second anti-extrusion jackets are autg L“ H!'J
retractable anti-extrusion jackets. 13. us of .

claim1l, wherein said automatically retractabl e anti-extrusi on j acket is

cohﬁi sed of titanium 14. Th27-packer apparatus of claim 11l
wherein said anti-extrusion jackets have a generally rectangul ar cross
section. . Apparamsmecerding tipelain s 200r 3;| whereihlthetupper seal avedlgat

| east one automatically radially retractable anti-extrusionjacket further

conpri ses a (gﬁ%ﬁéb@,dﬂ,‘é atached-tadiaid pyckenmandrel (35) and moxablg therewithyrseost
f th d t b d d
oceas i n il ieid Bhber A edEe (g0 sdidks befvodh fid b8 Ya'gseom G0y e S,
| acket is d f
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sai d anti - exhévs downwatdly relative to said seal asser"ri’B ker apparatus of claim
15, wherein said automatically radially retracta | & anti-extrusion jacket

has a groove defined in the radially outernost surface thereof 18.
The packer paratus claim1l, each said recess having a substantlally

L- shaped cr s sectio nmrﬁwéracasmhngt@glaand & B I Which apparatus
;ﬁfgffyhgﬁdf'ﬁé 3% oS biicisB5F 11 80) y05sRA a0oR i e, Skl iR | o

h db 'd d
Isnaggl d glec d porti o%é&#sal reces?d)sal g?dt?&g %%éw?npgnﬁo%&gcel v

surface subgushésd stidey(198)puisposéd sbonitishid mveitsealawedgetz @Gnlenghgingd al and
radial legs of the first portion of said recess, sard brldge el"enent bei ng

di sposed betlawenend (98) of said seal assembly (90). - 30-
said anti-extrusion jacket and said sealing el ement and being aligned wth
said gap, wherein said bridge element has an arcuate | ength greater than

ant 1 “oxtrusitn ) acket <MARAAES AEOUEEE G B0l ofclabins Tlp SHRRNE: B0Rudpe i o

casing. biasing means (252, 346) for biasing said upper and lower pusher shoes (196, 198)

into engagement with said seal assembly (90).
a0

7. Apparatus according to claim 6, wherein the biasing means

comprises a first spring (254) disposed about said upper seal wedge (200) wherein

said first spring (254) engages an upper end (230) of said pusher shoe (196) and _

urges a lower end (232) of said upper pusher shoe (196) into continuous

engagement with an upper end (96) of said seal assembly (90).

8. Apparatus according to claim 6 or 7, wherein the biasing means
comprises a second spring (348) disposed about said lower seal wedge (202),
wherein said second spring (348) engages a lower end (324) of said lower pusher
shoe (198) and urges an upper end (322) of said lower pusher shoe (198) into

continuous engagement with a lower end (98) of said seal assembly (90).

9. Apparatus according to any of claims 1 to 8, wherein said seal
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19. . The packer apparatus of claim 11, wherein said seal .assenbly
Is radially expanded by sliding a wedge having a surface radially stepped

outwardly fromthe outer surface of said packer rrandr'e”mmmm"i,mﬂ al
assenbly and said packer nandrel at both the upper and!lf Hml d

seal ,assenbly. 20. A packer- apparatus for seal f nd bdtwéen*a
t ubihg string and a casing di sposed in a-28Il | bore conpri sing:
a packer mandrel; an expandabl e seal assenbly di sposed about

sai d packer assemblyl(90)wemprisess aa seatinglelernent (i 04) haviagdippendnd ldwert endsngage
sai d casi ng when sai d packer apparatus is noved froma running {)osition to-

a set posit (b, ) anddaner-andeontes surbaess (108:J.06), said inner surface (108) of sgid

i | tdi t said ,pack drel ;  and .
it ot cal PpAling PIRBERS () heing Sosely teretved Roas Said, e surfacs (B of said
defined i ' J . d |
ends 't her o ok dfandtel (AP st B oRERNORIaA A TTTY) Epd AT “CF erant
extrusion abh%hmﬁ@%ﬁ&&%ﬂl%ﬂ) defifed atthe UPREY end (EROYITHASM se?il'ﬂg\/él&heﬁﬂ”'

sai.d automatically retractabl e anti-extrusi on jackeéts apply a radially
i nwar dly di {#04) dnd arsecondh antiietrasioni jacket I( E2@)disposedtinta ciccuinfeearitial secesb| y

When oai d pib e 0dfiedtatithe Iowerndet1i3) efsaig sealing elemen 61 OA)s pactupaid ok s d
25 o acker Sxehinpiet (118 o0 By bu BB 1o8) sindaisatesit
appar atus  Ofyiph 84l Riler i fRb 11 06) oF S x?fmgrogﬁ,;’@ﬁue& saiaamgied by

expandi ng the 1 nner di aneter adiaMl'y ou

-31- 23.  extrusion jatieete PPET) Fngagesaid casiip {23y dahe uppepand keer dfdspegd
into sealin erﬁlgag_errent wi th said casing by said radial expansion of said
i nner di ame%&) saidseabassembly @0)doprevent sealing elepient dxtrosivhawhendsaidf sai d
seal assenbly. e e The packer apparatus of claim20, wherein
sai d seal aéé@k?ﬂéﬁbﬁs&%a@d’%}m%@{i ng a wedge between the packer
mandrel and an inner surface of the seal assenbly at both the upper and

| oner ends of said seal assenbly.

10. Apparatus according to claim 9, wherein at least one of said jackets

(117) can exert a force directed radially inwardly on said sealing element (104) so
that said seal assembly (90) retracts radially inwardly and closes about said packer
mandrel (35) when said packer apparatus (10) is moved from said set (30) to said
running position (25).
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