01 MAR 2004 -1 RETRI EVABLE WELL PACKER This invention relates to toopg gﬂﬁﬂMé
equi pnent - for conpl eting subterranean wells, and in particular to
retrievable well packers for rel easably sealing the annulus between a
tubing string and the bore of the surrounding well casing. In the course of
treating and preparing subterranean wells for production, a well packer is
run into the well on a work string or a-producti on tubing. The purpose of
the packer is to support production tubing and other conpletion equi pnent
such as a screen adjacent tRBEIRIEVABLENWEIOr PEtGKIERand to seal the annul us
bet ween the outside of the production tubing and the inside of the well
casing to block novenent of fluids through the annulus past the packer
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surfaces whi ch cooperate w th conpl enen ng surfaces,

wher ebyahdén parhutarsbirptrievable wdll pbb&emﬂber&ieﬁaﬂaly Béalum thepamgulas gegesent
agai nst the well casing bore in response to relative axial novenent of the
vwedgi ngadubingd&deng aRd tha dese of Hisseucendiag Weliasi#id-seal el enents which are
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the packaekerdspandntcsthahivel et Wik strieg@r & pigatictiod thbiegs Tdlel pgrpelserafrthe
may be produced either hydraulically or 01 MAR 2004 - z nechanjically
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packer gén'fn%ﬁrédi'%déégwhlch cooperate with complementary opposed wedging surfaces,

whereby the anchor slips are radially extendible into gripping engagement against the well

casing bore in response to relative axial movement of the wedging surfaces. The packer
also carries annular sea! elements which are expandable radially into sealing engagement
against the bore of the well casing in response to axial compression forces. Longitudinal
movement of the packer components which set the anchor slips and the sealing elements

may be produced either hydraulically or



the seal. This is made nore difficult in deep wells in which the pdikMAR 2004
and its conponents are subjected to high downhole tenperatures, for
exanpl e, as high as 600'F (316C), and hi gh downhol e pressures, for -
exanpl e, 5,000 psi (34.5 MPa). Mreover, the packer should be able to

wi tthstand variation of externally applied hydraulic pressures at |evels up
to as nuch as 10,000 psi (69 MPa) in_ Both directions, and still be
retrievable after exposure for 1ong periods, for exanple from 10 to 15
years or nore. After such |ong periods of extended service under extrene
pressure apd.heRApPeLatyre conditions, it is desirable that the packer be
retrievable fromthe well appropriate manipulation of the tubing string
to cause the packer £6tBé t%él§&§§6faﬁdsuﬁ§éaléthﬁoﬁlﬁﬁélﬂélPgbeﬂét with

the anchor thsl ipsiandssaal vel-ements sheing &%hmagh%dségﬁﬁhgl@R%hgehgntaVOId
sei zure agai nst wel | gore r strlctlons that are smaller than the retracted
seal assenBP9? FBRo&Ranfife thgt "¥IrdkddS GRi BRCh@diicat §RitSANBNERBICE -or the

like. 01 MARr2004r3 @un%eakkyntpannmmqmttmacba&&eareeuaed flgkcik@ngnt erm
pl acenent |n hlgh t enper at ur e, 3 pressure wells. Conventional permanent

packers ar & 8eSFgndadi neddén 5o0d g”fﬁéﬁ°?h§§ BEcHENSERRERBEL 1y fixed to
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package nosaabhyehasouargathmatamnba¢kupgrmeSpqtkshoes tihat rbuipdgagt he gap

between thg.pagker and;hg 339,309 R1¥; 48,3 SUPRLL SLrygtyre
which the packer and its components are subjected to high
downhole temperatures, for example, as high as 600°F
(316°C), and high downhole pressures, for example, 5,000 psi
(34.5 MPa). Moreover, the packer should be able to
withstand variation of externally applied hydraulic
pressures at levels up to as much as 10,000 psi (69 MPa) in
both directions, and still be retrievable after exposure for
long periods, for example from 10 to 15 vears or more.
After such long periods of extended service under extreme
pressure and temperature conditions., it is desirable that
the packer be retrievable from the well by appropriate
manipulation of the tubing string to cause the packer to be
released and unsealed from the well bore, with the anchor
slips and seal elements being retracted sufficiently to
avoid seizure against well bore restrictions that are
smaller than the retracted seal assembly. for example, at a

makeup union, collar union, nipple or the like.




for the seal element to keep it fromextruding out into the annul ud! MNEKML
problemw th that arrangenent is that the |arge netal backup shoes act

like a set of slips and wll not release fromthe casing wall. Present -
retrievabl e high pressure packers use nultiple Cring backup shoes that

are difficult to retract when attenpting to retrieve the packer. A further
limtation on the use of high pressure yetrievable packers of conventional
design, for exanple, single slip packers, is that if there is any slack in

setting of the packef,rQnht1dly fbeamientJmuarent ofydde packesngsone of
the conpression force on the el ement package I's relieved. This réduces the

total COMpessiARdRIGR eXxeHigth ObddisraSidl | el g S bl MeeReing, mandr el
and the casing, therefore pernitting a | eakage passage to devel op across

the seal papkags:idsNVdiRantiHEASHFe d&d fdaabie ﬂ@@rkeéSWaytl lize
backup shoes on the top and bottom seal elenents. 01 MAR 2004 --

Consequentdhat ithdvakesdiy eodmraaedtlsetitde Seathel @iendg m}:kagadl n such
a packer because of the drag produced by the netal backup shoes. That is,
during setthengagdmentin tttee sddlpirgarsf ethamaiesnand ddmskasgal el enents drag
against the well casing bore until anchor slip bite against the casing
bore i s adchiweared., |demmdrerbe Epprecs atwslt thmtmial lsdibstantemdvglgr eat er
external setting force. either hydraulic or mechanical, wll be required
t o overcofne g tWhveadra Jmpo e hyems el e ifed aiok upemdrodsg on PéEmanpnind
bottom el enents.

packer is that its element package normally has large

metal backup rings or shoes that bridge the gap between

the packer and the casing and provide a support structure

for the seal element to keep it from extruding out into

the annulus. The problem with that arrangement is that

the large metal backup shoes act like a set of slips and

will not release from the casing wall.

Present. retrievable high pressure packers use

multiple C-ring backup shoes that are difficult to retract

when attempting to retrieve the packer. A further

limitation on the use of high pressure retrievable packers

of conventional design., for example, single slip packers,

is that if there is any slack in setting of the packer, or

any subsequent movement of the packer, - sdme of the

compression force on the element package is relieved.

This reduces the total compression force exerted on the

seal elements between the mandrel and the casing,

therefore permitting a leakage passage to develop across

the seal package.

Conventional high pressure retrievable packers

utilize backup shoes on the top and bottom seal elements.



The netal backup shoes which prevent extrusion of the seal el enentd % MAR 2004
per manent packers also interfere with retrievability. That is. during
conpression of the seal elenents in a permanent packer, the seal elenents
are -conpressed longitudinally. with the conpressed seal material filling.
t he:annul us between the mandrel and the-casing wall and the backup shoes
preventing extrusion of the seal elenents out of the established
conpression zone. In such permanent packers, the seat elenents are renoved

by milling. (Bnmseqﬁélets)ealxel eiedd Sndl RAGUR0SRAS thaNRRh1PE1bMbhY
retracted w thi rl(the rift dinmension- Conse entl¥‘ the radially projecting
Re

seal el enent & WSS ag’a‘f nECh 1 RASTRD PafE e 8dd thRedpaskapodneed Bt the

somewhat | i keedrchdrackipssteses 1 hephd ties i @uQ ikige swel bngagke@sn ACCOREI NG tO
wel | packer for use in packing

t he present invent there is ovi ded

a wel havingrl B éﬁﬁf%%ﬁ;?ﬂfes 1&% Hangel GBEP&PtSoﬂyaﬁaﬁGFb¥5ta @nchor
slip assenbl yrelal e ired dard uaﬂsﬂrrtnlgcumvahlm mauet edaieﬁt tRAgL 4 sih pal
travel al ong.gy.seal uppart rface of sai mandrel . and
force transnlﬁ?ﬁhglnggﬁgggéﬁgle "Eiimqﬁ §RBHBF‘§FFﬁ Egéﬁnbly and said
seal elenentSaésxnﬂﬂgﬂikkyr&nﬁ&ﬂdQ/axqmﬁmdungesaidgseakcele@Eﬁﬁeﬁssenbly
into set en |nternal rface of the well casing. cover
sl eeve bei ngg%gﬁr%ecfcg%q}s%%&h% rlelll Sr reF'dh@?% ub? n&Y S HoR et f r om
an extended Pagist |1@1an¢d/\mycrth%|@l'selatbaekepenhoeslpqsmrtheutdmc&d ShaetOt/ed €d

by said sl eekgemdh M AR 20U4 5 to a retracted position in which the seal

el ement support surface is uncovered; at |east one shear pin releasably
The metal backnp shoes which prevent extrusioa of

the seal elements in permanent packers also interfere with
retrievability. That is, during compression of the seal
elements in a permanent packer, the seal elements are
compressed longitudinally, with the compressed seal materiatl
filling the annulus between the mandrel and the casing wall
and the backup shoes preventing extrusion of the seal
elements out of the established compression zone. In such
permanent packers, the seal elements are removed by amilling,
since the seal elements and backup shoes cannot be fully
retracted within the drift dimension. Consequently, the
radially projecting seal elements drag against the casing
bore, and the backup shoes act somawhat like anchor slips as

they bite into the well casing.

According to the present iavention, there is
provided a well packer for use in packing a well having a2 -
well casing, comprising a tubular body mandrel. am anchor
slip assembly, a seal element assembly movably mounted for
longitudinal travel along a seal element suppert surface of
$aid body mandrel, and force transmitting means coupled to
said anchor slip assembly and said seal element assembly for
radially expanding said seal element assembly into set
engagement against an internal surface of the well casing, a:
cover sleeve being mounted on said body mandrel for
longitudinal movement from an extended position in which

said seal element support surface is covered by said sleeve,



securing said cover sleeve to said body mandrel at said extended poqf1pmpﬁmk
and stop neans di sposed on said body nandrel adjacent said seal elenen
support surface, said cover sleeve being engageabl e agai nst said stop

nmeans at the limt of its travel to the retracted position. wherein said
cover sleeve has a tubular sidewall and an annular head radially offset
fromsaid sidewall, said annul ar head'bé'ng di sposed in slidable

engagenment with said seal elenment support surface, and said cover sleeve
head bei ng engageabl e against said stop nmeans when said sleeve is noved to
t he retracbed pesiricard @mdimheheﬁn shidhcotier sehtewtemsnt i sippsect ed by a
| ongi t udi nal and i ncl udlng r adi ecting | de_ | nount ed
on said body* Eﬁﬁaréﬁ uggioyer§di dé I&&aﬁglﬁé ggg%&eﬁ ﬁnf%y a%%?ggslot The
stop neanSSaayrdngpmese amvamnuuaévsh@uldeﬁd bodpedandreii gt boalyd mandr el ,

d I |.d ti di W, t h it | d, I
clemont | SEBPERECEuPPAIE SHng oAy SAEPoRCAIFI S DEPREER: Thet iR TOTL detail by

way of exatphéreM tldjaelkateradadt gethcederonpasyppgrdr sut figse, saidhich:

Fig. 1 is a longitudinal viewin eleﬁitlon and sec% g of a retr vable

vel | packeF°§ﬁ505§eﬁ§etHé‘ﬂéa?ﬂFé%ea et AB2pPBEeRR 1T NV ERR| ea%%t e

casi ng of aiwmek| olfoiest arapkedvitdether ebeasabte seaitmmth QMQreamlsquMﬂl

and a tubinﬁ strlng ex%endlng éo the Qgcke ;y5|ve and
er

f ewail an an at9¥ﬁ
t aken toge form “a Ion i tudinal ¥iew'in sec ion o e re rlevable

wel | packe;daadlseaﬁf33$eﬁbby shitheidavahli onasthosnrmyglahehasadlbeimgenbl y

rel axed an@iEBSsQQCK%rsﬁﬁhBﬁlﬁeEE§8L99e9§ Lpgh said seal element
support surface, and said cover sleeve head being engageable
ag;inst said stop means when said sleeve is moved to the
retracted position, and wherein said cover sleeve is _
intersected by a longitudinal slot, and including a radially
projecting guide lug mounted on said body mandrel, said
guide lug being received within said slot.

The stop means may comprise an annular shoulder

formed on said body mandrel, said annular shoulder
projecting radially with respect to said seal element

support surface.

The invention will be aescribed in more detail by
way of example, with reference to the accompanying drawings,
in which:

Fig. 1 is a longitudinal view in elevation and
section of a retrievable well packer embodying the features
of the present invention set in the casing of a well bore to
provide a releasable seal with the casing wall and a tubing
string extending to the packer;

Figs. 2 to 6, inclusive and taken together, form
a longitudinal view in section of the retrievable well
packer and seal assembly of the invention showing the seal
asgsembly relaxed and the packer slips retracted as the
packer is run into a well bore;

Fig. 7 is a longitudinal view in quarter section

of a well packer showing the relaxed position of seal



packer is run into a well bore; Fig. 7 is a longitudinal viewin quareMAR 2004
section of a well packer showi ng the rel axed position of seal 01 MAR 2004

- 6 elements in the run position; Fig. 8is aviewsimlar to Fig. 7

showi ng.the conpressed, expanded position of the seal elenments in the set
position; Fig. 9 is aviewsimlar to Fig. 7 showing the seal elenents in
the rel axed, released position; Fig. 406is a |ongitudinal viewin-quarter
section of a well packer constructed according to the present invention
showi ng the relationship of the seal elenments, force transmtting

appar at us anckrerchorisl tips tmntMESEUhonposition Fig. 11 is a | ongitudi nal

view in quarter SeCtIPP%or lQrvEQYFEQm 10, §@0¥4£g fh§h5ﬁiﬁé Fﬁep03|t|on

of the seal elenents ransm apparat us” and anc I'ps in

t he set Fxnﬁdmnrﬁsfé@ aﬂpasdadlmmg;tudmnaf Vh@msemlthgmentsecnlbhe of a
wel | packer, showing,. {he. relative positions of the seal elenments, force
transnlttlng a ara%us and slip elenents in the rel eased position; Fig. 13
is a cross- sectlon viBig of Saiseal vetenehrilaf thef psesenshowient £BA, taken

al ong the 'ger(}el BrdmerfsFig tnd r§b9¥‘é5‘9 PeBiNG @ FOLltPEnteinforcing wire
I n the outsi upper elenent, wth reinforcenent nmeans enclosed within the

coil; Fig. 14 is a seBtgonkf VFe%/é?ﬁ&%é?d%%aklbleﬁ3ln quarter section
of a well packer constructed according to the present

invention showing the relationship of the seal elements,
force transmitting apparatus and anchor slips in the run
position;

Fig. 11 is a longitudinal view in quarter section,
similar to Fig. 10, showing the relative position of the
seal elements, force transmitting apparatus and anchor slips
in the set position;

Fig. 12 is a longitudinal view in gquarter section
of a well packer showing the relative positions of the seal
elements, force transmitting apparatus and slip elements in
the: released position;

Fig. 13 is a cross-section view of a seal element
of the present invention, taken along the line 13-13 of Fig.
2, showing a single ccil of reinforcing wire in the ocutside
upper element, with reinforcement means enclosed within the
coil;

Fig. 14 is a sectional view similar‘to Fig. 13,
and partially broken away, showing spherical reinforcement
balls enclosed within the core of a dual reinforcement
spring;

Fig. 15 is a view similar to Fig. 14 in which the
deformation resistant reinforcing material is elongated
pellets having radiused end portions.

Fig. 16 is a view similar to Fig. 15 in which




and partially broken away, show ng spherical reinforcenent balls endlToMf2004
within the core of a dual reinforcenent spring;, Fig. 15 is a viewsimlar
to Fig. 14 in which the deformation resistant reinforcing material is -
el-ongated pellets having radiused end portions. Fig. 16 is a view simlar
to Fig. 15 in which 01 MAR 2004 -7- the elongated pellets have truncated
end portions; Fig. 17 is an el evational- view of the top wedge renoved from
t he packer mandrel; Fig. 18 is a top plan view of the top wedge renoved
fromthe pab&eelomgdrel; pElgetidhbseatsanthend edewitimmegnent ed | ock
ring assenbly taken along the lines 19-19 of Fig. 4; Fig. 20 is a sectional
view of the slip carFigr 1@ndsl enceleedgecasdemilew toakathenltany wddge i ne
20-20 of Fig. 3; Fig. 21 is a sectional view of a releasable lock ring
assenbl y t akenvatioAgonhthki pacReér2haofirkilg. 5; and Fig. 22 is a sectional

view, partially broken away, which illustrates the radially stepped seal
el enent  support surFagesl8f ishe preseden miemt iodh.then tdme wiakre i ption
which follows, |ike parts are marked throughout the specification and

drawi ngs wFeRovae fsamethefepelies mapeirgls, respectively. The drawi ngs are
not necessarily to scale and the proportions of certain parts have been

exaggerated to betteFifr| 43t £§t &8 gefairsalandemeiuresasimaed nvedti on. As

used herein, the , )
ring assembly taken along the lines 19-19 of Fig. 4;

Fig. 20 is a sectional wview of the slip carrier
and lower wedge assembly taken along the line 20-20 of
Fig. 3;

Fig. 21 is a sectional view of a releasable lock
ring assembly taken along the line 21-21 of Fig. 5:; and

Fig. 22 is a sectional view, partially broken
away, which illustrates the radially stepped seal element
support sgrfaces of the present invention.

| In the descriptipq yhich follows, like parts are
marked throughout the specification and drawings with the
same reference numerals, respectively. The drawings are
not necessarily to scale and the proportions of certain
parts have been exaggerated to better illustrate details
and features of the invention. As used herein, the
designation "S" refers to internal and external O-ring
seals and the designation "T" refers to a threaded union.

Referring now to Fig. 1, a well packer 10 is
shown in releasably set, sealed engagement against the
bore 12 of a well casing l1l4. The tubular well casing 14
lines a well bore 16 which.has been drilled through an oil

and gas producing formation, intersecting multiple layers



designation "T" refers to a threaded union. Referring nowto Fig. 1,

packer 10 is shown in releasably set, seal ed engagenent agai nst the bore-
12 of a well casing 14.. The tubular well casing 14 lines a well bore 16
whi'ch has been drilled through an oil and gas producing formation, -
intersecting nultiple layers 0 1 MAR 2004 of overburden 18,20 and 22, and
then intersecting a hydrocarbon producing formati on 24. The nandrel of the

packer 10 i ' ring, 26 leading to a _well head for
conduct i ng c’f)fr c%%%ggﬁ fi urlF glssa'firdcj)?né#ge 'hyad’?doc%%%rffrb%%ﬁehcgtjfw n@tion 24 to
the surfacewathea e 34l *nérgb{ﬁgﬁ{gh f*‘#ﬁg‘ﬂé%#?éitQP prQduci ng
formation i$ perforateé)to al I ow we TUl ds” such as ol and gasto fl ow

fromt he hygchear hen heard e Ul on A doghd % chsifgd4ringo the

wel | bore 12. The packer 10 is rel easably se st 't

casing 14 hylamedrCor it asssip prificd SR aL! Smntrassenbly 30
nount ed on the packer body mandrel is expanded agai nst the well casing 14

for provi tyagoeafrbaind ddghing el ritet wWhen 4 he, packefysmnds el rgad the wel |
casing so that formation pressure is held in the well bore bel ow the seal
assenbl y andwiar mmid @t find dssiate Jfroraed dddasddhes hate wodheifgcker to
flowto the surface through the production tubing string 26. The packer 10
is run intdorm@tieln isorme aitwrsetd dry =i tde el Inemhaini < ad udhingé ngit ool or
by hydraulic means. The anchor slips of the anchor slip assenbly 28 are
first set aagaigest tchd we!d |foasitiy Hywldowerthdyy expaing) dfomfiathen 24

designation "S" refers to internal and external Oring seals and th%1 &ﬂ‘mm
a

through the casing 14 into the well bore 12.

The packer 10 is releasably set and locked
against the casing 14 by an anchor slip assembly 28. A
seal element assembly 30 mounted on the packer body
mandrel is expanded against the well casing 14 for
providing a fluid tight seal between the packer mandrel
and the well casing so that formation pressure is held in
the well bore below the seal assembly and formation fluids
are forced into the bore of the packer to flow to the
surface through the production tubing string 26.

The packer 10 is run into the well bore and set
by either a mechanical running tool or by hydraulic means.
The anchor slips of the anchor slip assembly 28 are first
set against the well casing, followed by expansion of the
seal element assembly. The packer includes force
transmitting apparatus with a ratchet lock assembly which
maintains the set condition after the mechanical setting
force or hydraulic setting pressure is removed. The
packer 10 is readily retrieved from the well bore with the

assistance of a retrieving tool and by a straight upward



seal el enen
wth a ratc
mechani ca

packer 10 i
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het |ock assenbly which naintains the set condition after the
setting force or hydraulic setting pressure is renoved. The

s readily retrieved fromthe well bore with the assistance of a

tool and by a straight upward 01 MAR 7004 9 pull which is
hrough the packer nmandrel to“a™ rel ease assenbly 32 which
upper slip to retract and the seal elenments to relax, thus
Eg keF,fgr, retrieval to the surface. Referring now to Figs.
g gPith
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string 38 byethéevnél ¢asehassaniflaye32. The | ower tubing string 38 is
continued below the p r.wthin the || si.ng porting a sand
i i ?g?gtaﬁpg D08t Sakdes suzp6 &granf T
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i shed ni ppl'e screen an Mgl e. The
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d_ni ppl d re t Lke are concentric ., wth
ggk%?gga?ﬁog 5§bﬁag@t3§ﬁlaﬁg gpg10§2 haV1n6 erCFUmﬁ§ sﬁﬁ%ng 26.
H®f¢s3§eﬂ86ynanhydréghﬁetaduuaﬁoproagsenbhyf4©w(Emgsa@h whi ch

i ncludes fofge isa@§"1§hhan t&SSGIRIY 42,597 ggﬁkxéngasqtgt 'ﬁ@_gr LaGas to the

anchor slip assenb

seal el enent a 0. Th u
coupled to a lower production tublng strlng 38 by the

release assembly 32. The lower tubing string 38 is
continued below the packer within the well casing for
supporting a sand screen, polished nipple, tail screen and
sump packer, for example. The central passage of the packer
bore 36 as well as the polished bore, bottom sub bore,
polished nipple, sand screen and the like are concentric
with and form a continuation of the tubular bore of the
upper tubing string 26.

The packer 10 is set by a hydraulic actuator
assembly &40 (Fig. &) which includes force transmitting
assembly 42 for applying setting forces to the anchor slip
assembly 28 and seal element assembly 30. The hydraulic
actuator assembly 40 is concentrically mounted about and
onto the packer mandrel body 34 between the release assembly
32 and the anchor slip assembly 28. The setting forces are
coupled to the anchor slip by a lower force transmitting
assembly 44 and an upper force transmitting assembly 46.

Referring now to Fig. 2, the seal element assembly
30 is mounted directly onto an external support surface 48
of the packer mandrel body 34. The seal element assembly 30
includes an upper ocutside packing end element 30A, a center
packing element 30B and a lower outside packing end element
30C. The upper end seal element 30A is releasably fixed
against axial upward movement by engagement against a cover
sleeve 50. The cover sleeve 50 is movably mounted on the

body mandrel 34 for leongitudinal movement from an extended



actuator assenbly 40 is concentrically nmounted about and onto the DQF¥@QR2W4
mandr el body 34 between the rel ease assenbly 32 and the anchor slip
assenbly 28. The setting forces are coupled to the anchor slip by a | ower
force transmtting assenbly 44 and an upper force transmtting assenbly
46.- Referring nowto Fig. 2. the seal elenment assenbly 30 is nounted
directly onto an external support surfacel®48 of the packer nmandrel body
34. The seal elenent assenbly 30 includes an upper outside packing end

el ement 30A, a center packing elenment 30B and a | ower outside packing end
el ement  30CPOPHe 1ffperd Serith &84 L fe| Bifent? .30A iwd ircdl edsabtor § i xelee agai nst
axi al upvar demgugmantt hay WICAJTEIE i AUAINST o3 GRYE! 303 eeve 50, Jhe fg’é{er
sl eeve 50 is nDV%ny ngunte on the body nmandrel 3 or Tongitudin
movenment froRCAR "dXferddd Q%Y MRR J0@L TGS Jbsi tsiedd, edemeTwR § seWh by o
in which thetcaverl sipeeve lyengages fie (uRRehaQULSIrGe 503)f eéh%m;‘;m 1?9#’ to a
retracted posk%%gq Fh%.sﬁ) wﬂjch(&grnits the seal elenent as enb y to
travel upwardfy “Afand e *xt erddl QUrracd et RE packerl e armbdrel s dodse 84,
The cover sl égvenB0 oirs mogleead@lalry pS@aGUSRd £ obY¥ h@NG 0@k MRS Fhear; RINS 2 O
t he body nang&glnggdat t he . extﬁnd%q gosition at which it engages the upper
out si de” seal - ~efensnt "36ATIPR i &P4lPadfefFBRE 2 2Ehé NEe HIDDE| Te Pitts ik e |/
under goes IoﬁgbmaditnéDAconrime$$1ﬁsnabya’mlgemuﬁperth@rgealt@qrﬁ@ﬂtgiarg%emb]Fly
assenbly 46 L r r,mi amount _of . coppressi on and expansi on have
been achievegahFh%?geegggggfﬁgg%gﬁggggﬁéﬁfS?%“pgng EdUBY eBr S|P F Gfeans 54
whi ch is nouhfedsahtthespackembdodybmandiél al34retintethe nprehaoned of

enbodi ment, tBRpPEORi8RPENRAL S phsdohdfhab! ¥eepn achieved.

Improved sealing engagement is provided by prop
means 54 which is mounted on the packer body mandrel 34. In
the preferred embodiment, the prop apparatus is a radially
stepped shoulder member 54 which is integrally formed with
the body mandrel, with the prop surface 56 being radially
offset with respect to the seal element




stepped shoul der nmenber 54 which is integrally formed with the body g1 MAR 2004
t

mandrel, with the prop surface 56 being radially offset with respect
the seal elenment D1 MAR 2004 - |l support surface 48. In this
arrangenent, the prop apparatus 54 forns a part of the tubul ar body
mandrel 34. The seal elenent prop surface 56 is preferably substantially
cylindrical, and the seal elenent suppprt surface is also preferably
substantially cylindrical. As can be seen in Fig. 2, the seal elenent prop
surface 56supposubst:afibical kg .coneenihiisc asrtdhgeensealerel ggmsy  support
surface 48. As the shear pins separate in response to the application of
setting foappathtoaghit ieriher @e pamamsinttiel nybadsentdod i artdee agd al | y

of fset prop surface 56 is injected under the upper outside seal elenent
30A and afBe aadérefbhecognprap segfagleedntis3@Befeufadtigntially as shown
in Fig. B. Preloading of the seal element assenbly 30 provided by the
cover sl eegebstantpplilescyBandriicailal anaditile seedneitensgint rupmertel enent s
which nake it easier to get the elenments up onto the prop surface 56

wi t hout dafugfaget he elereprefeRadilyl sydNtentigd ¢y iimghicedbn ndvenent
of the seal elements fromthe |ower 0.D of the packer mandrel surface 48
to the upp€pnCPP 8RNt BB Figp Jur fAde JE 1 £1lesendt &Ry ¥ BRI ¢ Fanp
menber 58 which is disposed internmediate the mandrel 34 and the prop
appar at us BUPSTRBTIL MY YnERPERSE Hrad il Shtestdil SHFEEE GPPRATEh sl opes

transversegxr¥%g2 aggpect to the seal el enent

(0]

As the shear pins separate in response to the
application of setting force through the force
transmitting assembly 46, the radially offset prop surface
56 is injected under the upper outside seal element 30A
and also under the central seal element 30B, substantially
as shown in Fig. 8. Prelcocading of the seal element
assembly 30 provided by the cover sleeve 50 supplies the
initial radial movement of the seal elements which make it
easier to get the elements up onto the prop surface 56
without damaging the elements. Radial deflection and
transition movement of the seal elements from the lower
0.D of the packer mandrel surface 48 to the upper 0.D of
the prop surface 56 is assisted by an annular ramp member
58 which is disposed intermediate the mandrel 34 and the
prop apparatus 534.

The ramp member 58 has an external surface 60
which slopes transversely with respect to the seal element
support surface 48 and the seal element prop surface 56.
Preferably, the slope angle as measured from the seal

element support surface 48 to the external surface 60 of



01 MAR

support surface 48 and the seal elenent prop surface 56. Preferably, the-
sl ope angle as neasured fromthe seal elenment support surface 48 to the
external surface 60 of - 12 the ranmp nmenber 58 is in the range of from
about 135 to about 165. The purpose of the ranp surface is to provide a
gradual transition to prevent danage to the upper seal elenent 30A as it
is deflected onto the radially offset 12prop surface 56. Referring to Fig.
22, a trarde T "emhar R is iy dVidadrigst weernetdre placker Lddhdrel surface
48 and the sloping ranp surface 60, and a second radius R2 is provided
bet ween tr?é’or“aﬁr&ﬁr'f addBPUHRP TN ddicaltare sfystacerdp 5arPEREiISS. The
two radius surfaces Rl, R2 conplenent each other so that there is_a snooth
novenent % qﬁpptétra%‘ézlrbr%tp?é’ﬁn%@@”faﬂﬁn‘%%et‘b%c'r{@?eﬁaﬁﬁ?él
surface 48 .to the dially of fset_pro urface 56 without damage to the
seal el emsnt 1t er"{og B¥dt 4% eé?ﬁ?ﬂ Rt s radiatlyi 9ef§eEnal |

radi us of trranssi tzifo%esté)f .06 inch (1.5m) radius is provided, and the
second, rél & vel y 9 arge radius is approximately 0.5 inch (12.7mm) radi us.

According to this gy nent gent sl qpi ng ranmp surface 60_provides
an easy transition forf_a%]%gl p?re‘ﬁooglrd%i uipz?c/fera géraﬁna s’e‘é{@%‘f‘gnﬁﬂ l‘éﬁAR?o be
,def l'ected i@t&c{)ﬁ%é’c@qﬁ@étlé/erpqé@tpaﬂeq:p it d A5 %5L16r—f£éet Qg grlf‘ngpﬁhg‘ngl e1s
lncreased, It ecomes nore | nmportiant to radius the corners of the~ _
transiti Prbl@dlqﬁ%%égp%sz&:é 6h US| Hes iy d@égi%“ﬁé igased primarily
on the size of the packer. Referring nowto Figs. 7, and 9, the

provided between the ramp surface 60 and the radially

offset prop surface 56. The two radius surfaces RL,R2

complement each other so that there is a smooth movement

of the upper end element seal 30A from the packer mandrel

surface 48 to the radially offset prop surface 56 without

damage to the seal element material. For a slope angle A

of 135°, a relatively small radius of transition Rl of

.06 inch (1.5om) radius is provided, and
the  second. relatively large radius is
approximately 0.3 inch (l12.7mm) radius. According

to this arrangement, a gently sloping ramp surface 60
provides an easy transition for the preloaded upper end
seal element 30A to be deflected onto the radially offset
prop surface 56. As the slope angle is increased, it
becomes more important to radius the corners of the
transition, and the specific radius values are determined
based primarily on the size of the packer.

Referring now to Figs. 7, 8 and 9, the
longitudinal dimensions of the sealing elements 30A,30B
and 3OCJ‘aﬁd the length 0f the prop surface SG6 are so

selected that the upper outside end seal element 30A and



| ongi t udi nal di nmensions of the sealing el enents 30A 30B and 30C, and pﬁARZW&
| engt h-of the prop surface 56 are so sel ected that the upper outside “end
seal elenent 30A and 01 MAR 2004 - 13 the central seal elenment 306 are
conpressed agai nst the seal elenent prop surface 56 and the | ower outside
seal elenment 30C is conpressed against the body mandrel support surface
48 when the seal elenent assenbly is gXxpanded into sealing engagenent
against a well casing, as shown in Fig. 8. In this split |level seal support
arr angenentheatenitgadt serd flanrtatscHlB amnmemingradredimmriend skeal el enent
30A, is supported on the elevated prop surface 56 and is subjected to a
radi al squeezé edgpeadsipeed groddae t3fe agwt theonfdwpe atdtsidevesaihough t he
| ower nost out si de seal elenment 30C may be subject to |ongitudinal

separ at i on€48™gntr é8f tiSofcaMr@siRd Fddsdurihg by imfndesl Ruppestul t of
external |y applied pressure fluctuations. Another advantage of the split

| evel seal SUEFERENH 8sHHSEY tThar SfTde fERMaNS affeniHy rifdiefrardeduteto
support surface 48 of the packer nmandrel provides an annul ar pocket 62
(Fig. 9) i GEELMABCRTERISTEAT a%Elt's 2 4% Ir &aHct%d AHoH el e eF hhd
retrieval Qf the packer. That is, upon release, the seal elenents 30A 30B
are pushed off of the prop surface 56 and slide onto the | ower mandrel
seal support surface 489M1rnn Eﬂg ann ocket 62. Thus the

el ements are perm tted to leSX|c5c’amnl IloerYg% l %Eﬁ aIﬁ%PQ%ﬁtofgﬁr&f?%e%en'ﬁﬁieZ%tpocket
62, and awgy.ghr @Met G dHd tsfl e antmdergly RdE tddd%anehst Lyghed
30A, is supported on the elevated prop surface 56 and is
subjected to a radial squeeze compression force in the set
configuration, even though the lowermost outside seal
element 30C may be subject to longitudinal separation as a
result of internal slack during setting, or as a result of
externally applied pressure fluctuations.

Another advantage of the split level seal
element support arrangement is that the radially reduced
support surface 48 of the packer mandrel provides an
annular pocket 62 {(Fig. 9) into which the seal elements
are retracted upon release and retrieval of the packer.
That is, upon release, the seal elements 30A,30B are
pushed off of the prop surface 56 and slide onto the lower
mandrel seal support surface 48 within the annular pocket
62. Thus the seal elements are permitted to expand
longitudinally through the annular pocket 62, and away
from the drift clearance thereby permitting unobstructed
retrieval.

As shown in Fig. 2 and Fig. 7, the upper outside

seal element 30A has a substantially shorter longitudinal



retrieval. As shown in Fig. 2 and Fig. 7, the upper outside seal el erfPFhMAR 2004
30A has a substantially shorter |ongitudinal 01 MAR 2004 E - 14 dinension
than the central seal element 30B and the | ower outside seal elenent 30C. -
The | ongi tudi nal dinension of the prop surface 56 is selected so that both
t-he upper outside seal elenent 30A is fully supported and the central

seal elenent 308 is at |east partiald yssupported on the radialtly offset

prop surface 56 in the set, expanded position, as shown in Fig. 8. Even

t hough t he a @i utEidle @ralcalemEnts@0C ahd e s68taRk eRal 1ogbgnent
30B may be subjected to |longitudinal excursions as a result of pressure

fl uctuati orfitdilte seall ng angagesmnt  mfe theh i Q41 shdeeg8abnebenent 30A
is mintained at all tines. The | ower outside seal elenment is reinforced

with a net alhebaoiam sshdadl.S6Thies nedladcthat kap sthoe Bdehpthyi desea radi al
bri dge between the body mandrel 34 and the well casing 14 when the seal
el ement assardsiiys sseadx pelrmierh § AR eigafenentsagaonsedt asdi nher nal bore
sidewal | of the well casing, as shown in Fig. S. The purpose of the netal
backup sho€e¥niad 1Seddr isdfmarie PP 1 heaawekns heppatkat lyandpedraad the
casing and prOV|de a support structure for the | ower outside seal elenent
30C to pré&rerthq trAdich lextrifdialy RTAR Iwefzemublisihetieenethe packer

mandrel and the well casing The di nmensions of the seal elenents and the
prop expanded position, as shown in Fig. 8. Even though the

lower outside seal element 30C and the central seal
element 30B may be subjected to longitudinal excursions as
a result of pressure fluctuations, the sealing engagement
of the upper outside seal element 30A is maintained at all
times.

The lower outside seal element is reinforced
with a metal backup shoe 64. The metal backup shoe 64
provides a radial bridge between the body mandrel 34 and
the well casing 14 when the seal element assemblv is
expanded into engagement against the internal bore
sidewall of the well casing, as shown in Fig. 8. The
purpose of the metal backup shoe 64 is to bridge the gap
between the packer mandrel and the casing and provide a
support structure for the lower outside seal element 30C
to prevent it from extruding into the annulus between the
packer mandrel and the well casing.

The dimensions of the seal elements and the prop
surface 0.D are selected to provide a minimum of 5%
reduction in radially compressed thickness to a maximum of
30% reduction in radially compressed thickness as compared

with the lower cgutside seal element 30C when compressed in



surface O.D are selected to provide a mnimum of 5% reduction in rabi MAR 00
conpressed thickness to a maxi numof 30% reduction in radially corrpressed
t hi ckness as conpared wth the | ower outside seal el enent 30C when
conpressed in 01 MAR 2006 - 15 the set position, for exanple as shown in
Fig. 8. The backup shoe 64 is preferably constructed in the form of

annul ar netal discs, with the inside 8Psc being nmade of brass and the
outer nmetal disc being nade of Type 1018 mld steel. Both netal discs are
mal | eabl e &g shfctdds tigh chEds ercvwsisaras forovn tightigon8orming fit

about the | ower edge of the outside end seal elenent 30C. Additionally,
the ductile feature Braidagd t9'9rrM tig nrefrokuly shors toudeefleéh and
fold over as shovvn in Fig. 9in the released position. The force

transnitti fgCadSHIGE FTUWHITH TRt bl Sqhe WWeth itp fhede odine seal
el emrent pa ka, e include | ower el enent retainer ring 66 nmounted for
| ongi t udi n% (%Q Ar?g 91%\%"?1‘;5?1? PNbngs tfé“"see%lmeeq%]rré?&s%u%b?g BadeaeE 48

of the pac 4 | ene ret ai col | ar s npvabl y nount ed
on the exté nqsrbﬂ'rafea{rb’é fSif Tet%‘?%rmeﬁ JEET Re dﬁﬁjrlr%lli’%%l agfli fting
Ve o R R PR (g e FeHETEDS L B
oo X endeg o1 0yl 90 LApTIALE SHLgLobeetpp <o
retainer CQ\'dda;rtlo@?aﬁ%}/,e 4 ualdys enoageahl e lsé‘%g&e{ecpoéé' f05n BBAREA

backup shoe to deflect and fold over as shown in Fig. 9 in

the released position.

The force transmitting assembly 46 which applies

the setting force to the seal element package includes a

lower element retainer ring 66 mounted for longitudinal

sliding movement along the seal element support surface 48

of the packer mandrel 34. An element retainer collar 68

is movably mounted on the external surface of the retainer

ring 66 for longitudinal shifting movement from a

retracted position (Fig. 7) in which the element retainer

collar 68 and retainer ring 66 are engageable against the

backup shoe 64, to an extended position longitudinally

spaced from the outer backup shoe (Fig. 9) in the released

position.

The retainer ring 66 and element retainer collar

68 have mutually engageable shoulder portions 66A, 684,

respectively, for limiting extensicon of the element

retainer collar along the external surface of the retainer

ring. A split ring 70 is received within an annular slot

72 which intersects the external surface 48 of the packer



respectively, for linmting extension of the element retainer collar g map2004
the external surface of the retainer ring. Asplit ring 70 is received
within an annular slot 72 which intersects the external surface 48 of the
packer 01 MAR 2004 - 16 nandrel 34. The split ring 70 limts retraction
novenent of the |lower elenent retainer ring 66, thus indirectly limting
retracti on noverment of the el ement rcetg@iner collar 6B, as shown' in Fig. 9.
According to this arrangenent, during a release operation, the shoul der

66A of Ihendhalnels Il nth OO p £I0A0ER, 16 PPhiLo! 100 I0:20 ROGURERR further

retraction novenent. The elenent retalner c ar contl nues novi ng

until its st opshuders Gih 0n0ages: ibe s10p 6H0ULLGE BRAiredBi§ OpPENs an
annul ar pocket 74 into which the nmetal backup shoe 64 is folded (Fig. 9)

as the pack@fiting & ¢i+Lvethbn ROPehhease ohetdEeRaskerethigeret ai ner
collar 68 is shifted away fromthe netal backup shoe, thus opening the

annul ar pasketar/4s Thes re{@bn baskepgshge 64 is then deflected out of the
annul us between the packer and the well casing, and into the receiver

pocket 74 so that iAcobidim@tiobshisgciribegeneht, cheaingce asikhee packer
10 is retrieved. Referring again to Figs. 2-6, the hydraulic actuator

assenbl y 4fbdcatinp) echd ostideldor cecAransohet iogainssenbhy 48 for radially
extendi ng the anchor slip assenbly 2B and seal elenent assenbly 30 into
set engagempmjesgareasiplie mehg HOrendRetervenng forfhgr detraheibydraul ic
actuator includes a tubular piston 76 which

movement. The element retainer collar 68 continues moving

until its stop shoulder 68A engages the stop shoulder 66A.

This opens an annular pocket 74 into which the metal

backup shoe 64 is folded (Fig. 9) as the packer is

retrieved. Upon release of the packer, the retainer

collar 68 is shifted away from the metal backup shoe, thus

opening the annular pocket 74. The metal backup shoe 64

is then deflected out of the annulus between the packer

and the well casing. and into the receiver pocket 74 so

that it will not obstruct the drift clearance as the

packer 10 is retrieved.

Referring again to Figs. 2-6, the hydraulic

actuator assembly 40 is coupled to the force transmitting

assembly 42 for radially extending the anchor slip

assembly 28 and seal element assembly 30 into set

engagement against the well bore. Referring to Fig. 4,

the hydraulic actuator includes a tubular piston 76 which

carries annular seals S for sealing engagement against the

external surface of the packer mandrel 34. The piston 76

is also slidably sealed against the inside bore of a

tubular release sub 78. Hydraulic pressure is applied



carries annul ar seals S for sealing engagenent against the externaI[H MAR 2004
surface of the packer mandrel 34_ The piston 76 1is also slidably seal ed
agai nst the inside bore of a tubular release sub 78. Hydraulic pressure is
applied 01 MAR 2004 - 17 through an inlet port P which pressurizes an
annul ar chanber 80. As the chanber is pressurized, the piston 76 is
driven into engagenent with a slip tubé 82 which is slidably nounted about
t he packer body mandrel 34. The slip tube 82 is releasably coupled to the
- rel ease subhZ8ughyaa shear sorewP84hant boeksuirigeS6.anAapaiuwlaaf annul ar
slots are fornmed in the surface of the slip tube 82, and as the shear
screw 84 sepambhtesB80shodkdshepohiindrs 6 phesshgdlkzed.ndh&6 pdiseaoredd ved
within the annular slots, thereby transmitting the setting force to the

| oner tubébafirhEggeisgo Rebegeigd tagaith Boskilg. tabe B Woweh tigbul ar

wedge is connected to a | ower spreader cone 90 which is positioned between
the packerSkhfaPél Bererrdl abguffatbcaRdckre brder Mandsele 34 t Adss| i p
carrier 92. The |ower spreader cone 90 is formed in two conplenentary hal f
sections 98AIDOBUbLThE2shEp raReRsalPays pBPyeds tondihgdaselgasieursalt tAB of slip
anchors 28A which are nounted for radial novenent through w ndows 94
formed i n PHe2t GRBPAr SSFRY 84r PPEr 1esk r%ﬂgléstheAn&WBé}oéfa&W@H@F'sllps

28A may be arled bul ar__ sl |p arrier prOV| ed thin
oopr opt i ot BLOES: PEERGRANRS HEGEF SEARR0RE SRS Wil FHE SaehGih i ps
bei ng prefggr%ge E%ch of the %qchor S|IBS |n% q

gar screw separates lﬂ%rtions of the
lock ring 86 are received within the annular slots,
thereby transmitting the setting force to the lower
tubular wedge 88.

Referring again to Fig. 3, the lower tubular
wedge is connected to a lower spreader cone 90 which is
positioned between the packer mandrel external surface and
the internal bore <¢f the slip carrier 92. The lower
spreader cone 90 is formed in two complementary half
sections 90A,90B.

The slip anchor assembly 28 includes a plurality
of slip anchors 28A which are mounted for radial movement
through windows 94 formed in the tubular slip carrier 92.
While the number of anchor slips 28A may be varied, the
tubular slip carrier 92 is provided within an appropriate
corresponding number of windows 94, with four anchor slips
being preferred. Each of the anchor slips includes upper-
and lower gripping surfaces positioned to extend radially
through the slip carrier windows with the wall of the slip
carrier 5etween the paired windows confining a leaf spring

which resides in a recess of the anchor slip assembly.



and | ower gripping surfaces positioned to extend radially through mmeMHiW&
carrier windows with the wall of the slip carrier between the paired

wi ndows confining a |l eaf spring which resides in a recess of the anchor -
slip assenbly. 01 MAR 2004 - 18 The |leaf spring biases the anchor slips
radially inwardly relative to the wall of the slip carrier 92, thereby

mai ntai ning the gripping surfaces retygcted in the absence of forces

di spl aci ng the anchor slips radially outwardly. Each of the gripping

f
curlaces, M3, MUAZ QALY SIS oo SLlOBLA, Sfe< WL E1) B oKl R PP 00
gri ppi ng gg& qﬁ%%lﬂgﬂéﬁgxubi ebfugﬂgqgf {g ?dg@§e¥e§ge radi ally
nter sur

curved to conformw e cy |ndr|cal ace 0 e well casing

bore agai jgli WG d ‘%héz?r skl 90 zi pOSItIO E@g%%egn'ghéhﬁb§850e

position. The | ower “spreade t ween e external

packer margdr glo S aae AL IAe tawein e Of i pd NeagldPr aautésrang features
an upwardly facing frusto- conical wedging surface which is generally

conpl enentgaich d0 drikke oyl s f feddg 1o %&Hii@z@@apﬁgtc@?léh'tgd”e”ber
28A. The lower cone is connected to the tubular wedge 8 by a threaded

union T. KetipgGnordgenRiiciofpidel doveripd iyl ebnvedgei8Bebsnl i mted by
t he ratchet coupllng 96. In the run in position as illustrated in Fig. 3,

t he t ubulddrreantittemante dgendiSt ahith sPprmacatiecOnNer Yohar gadkibt y10r et raet ed, and
are bl ocked agai nst further dowward novenent relative to the slip carrier
by the stgripmigng assefdides 9bncluding the horizontal gripping edges,

are radially curved to conform with the cylindrical

internal surface of the well casing bore against which the

slip anchor members are engaged in the set position.

The lower spreader cone 90 is positioned between
the external packer mandrel surface and the lower bore of
the slip carrier and features an upwardly facing frusto-
conical wedging surface which is generally complementary
to the downwardly facing cam surface on the slip member
28A. The lower cone is connected to the tubular wedge 88
by a threaded union T. Retraction movement of the lower
tubular wedge 88 is limited by the ratchet coupling 96.

In the run in position as illustrated in Fig. 3, the
tubular bottom wedge 88 and spreader cone 90 are fully
retracted, and are blocked against further downward
movement relative to the slip carrier by the stop ring
assembly 96.

The slip carrier is releasably coupled to the
spreader cone 90 by anti-preset shear screws. According
to this arrangement, as the piston 76 is extended in

response to pressurization through the port P, the lower



The slip carrier is releasably coupled to the spreader cone 90 by {1 MAR 2004
anti-preset shear screws. According to this arrangenent, as the piston 76
is extended in response to pressurization through the port P, the lower 0 1
MAR 2004 - 19 wedge 8B and slip carrier, together with the anchor slip
dassenbly is extended upwardly toward the seal elenent assenbly 30. The '

el ement retainer collar 68 is coupl ed1go- the upper wedge 98 and upper
spreader cone 100 by a tubular setting cylinder 102. As the el ement

retainer c LSsdLiVEN.I en i 64, the
resilient g%%?é g?eﬁéﬁtélggAféggggﬁd %ggggﬁggrg%kﬁokg?tggﬁﬁgﬁ-%%%%?ession

until a prgdetgpiined appPuRbeQf upadiahyexpanshopnhbaseheer1cRicpduced.
Longi tudi nal novenent of the seal elenent assenbly 30 is opposed by the

cover sl eeyges&RAbupt Bb.t heneSheaheRitNEc2di88PAE3LEarBEN i& RLRGARY Nided
anount of conpression and expansi on have been achi eved, the shear pins

separat e apdetdgpdppPREdgut s8denaeabpelreaprbatisr eehkeebedbal eng the sl oping
surface 60 of the transition nenber 58 and rides upon the radially offset
prop surfacebublr Ibetseql cglenmar asgenbly 30 undergoes further
conpressi on and expansi on as the head SOH of the cover sleeve 50 engages a
radially offset shouhdethdOdlemehherepacker gandeel 58A4 st deiseal ielwnents
continue to expand into engagenent with the well casing 14, the top
porti on ofethegemnchowishi psewbht:kupdehup 64.t heeuppsi lgpneaderalcone and
drag against the well casing, thereby causing the anti-

elements 30A,30B and 30C undergo longitudinal compression

until a predetermined amount of radial expansion has been

produced. Longitudinal movement of the seal element

assembly 30 is opposed by the cover sleeve 530 until the

shear pins 52 separate. When a predetermined amount of

compreassion and expansion have been achieved, the shear

pins separate and the upper outside seal element 1is

deflected along the sloping surface 60 of the transition

member 58 and rides upon the radially offset prop surface

56. The, seal element assembly 30 undergoes further

compression and expansion as the head 50H of the cover

sleave 50 engages a radially offset shoulder 104 on the

packer mandrel.

As the seal elements continue to expand into
engagement with the well casing 14, the top portion of the
anchor slips will ride up on the upper spreader cone and
drag against the well casing, thereby causing the anti-
preset pins on the slip housing 92 to separate. At that
point, the lower spreader cone 90 is driven into

engagement with the anchor slips. The anchor slips are

then driven radially into gripping engagement with the



preset pins on the slip housing 92 to separate. At that point, the(1oMkR 2004
spreader cone 90 is driven into engagenent with the anchor slips- The
anchor slips are then driven radially into gripping engagenment with the @
1 MAR 2004 - 20 well casing. Continued pressuring cinches the el enents
tighter and the set is retained by the segnented C-ring 146. The relative
positions of the anchor slips and sgﬂj el enments in the run, set and

rel ease positions are indicated in Figs. 10, 11 and 12, respectively. The

radi al I'y Qfdisetcdd Oy SUrdACE: RBed SpPESLERL £Y c AlthiberrEak) crboRNt s 30 are
shi el ded from engagenent agai nst obstructing surfaces by the cover sl eeve

50 in the ¢ightddOSdd Ofhe TEEL COYCFc 84 ERYE EPUSHPT OLSRESERECS@]InE! ement
package when running into the well bore as ¥he tubing string 2671s

mani pul at gdggup and down, which is normally <carried out while nmaking up and
breaki ng tubing string connections. The cover sleeve 50 also protects the

el enent package, as showeistfig. pd2itbes dhecpackeehbassibpen amel eased
and is being retrieved fromthe well. As shown in Fig. 11, the backup shoe

64 bridgesedlhaepmhts betveencthe packend nbatkese 3doandibhe wald casing
14. The primary purpose of the backup shoe 64 is to prevent extrusion of
t he | ower iowdieratsedliel ebesat BOC linéndt he, anegspestidheybackue shoe 64 is
deflected and retracted into the receiver pocket 74 as shown in Fig. 12
as the packetiakly ebffevedprBecaus€aocé bheis epdeneyted, bhd baekyealhoe to

act as an anchor slip, a garter spring
elements 30 are shielded from engagement against
obstructing surfaces by the cover sleeve 50 in the run
position. The cover sleeve thus protects the seal element
package when running into the well bore as the tubing
string 26 is manipulated up and down, which is normally
carried out while making up and breaking tubing string
connections. The cover sleeve 50 alsc protects the
element package, as shown in Fig. 12, when the packer has
been released and is being retrieved from the well.

As shown in Fig. 11, the backup shoe 64 bridges
the annulus between the packer mandrel 34 and the well
casing 14. The primary purpose of the backup shoe 64 is
to prevent ex£rusion of the lower outér seal element 30C
into the annulus. The backup shoe 64 is deflected and
retracted into the receiver pocket 74 as shown in Fig. 12
as the packer is retrieved. Because ¢of the tendency of
the bhackup shoe to act as an anchor slip, a garter spring
assembly 106 is embedded in the upper ocutside seal element
30A to prevent extrusion into the annulus. The annular

garter spring assembly 106 helps to centre the seal

element assembly 30 for uniform compression and expansion,



assenbly 106 is enbedded in the upper outside seal elenent 30A to p@qwmmqmg

extrusion into the annulus. The annular garter spring assenbly 106 help

to centre the seal elenent assenbly 30 for uniform conpression and

expansion, 0 1 MAR 2004 - 21 thereby avoiding the formation of uneven

extrusion gaps- To provide reliable service at high differential pressure

| evel s, for exanple, at 10, 000 psi (?g MPa) . it was necessary to provide
6

a reinforced garter spring assenbly as shown in Fig. 13, and in the
alternatlve enbodi nent g,as sho i n Flgs 14, 15 and 16. The failure nobde
of a non-r BT ATIPE UV AL EalFDEI EREAR EEENeRf r HERBRNORX LENE 18N SBS -past t he

t t ded by th Addj ti onal
Gartor Spring. - relri b EEEUEHE Soki SBVENBATVAND BrebadPe CAeRR At |

(he oarterozering collapscs andomuigs. | nLe, (BEoRA,. e sgal o eremt 1

then free Fo extrude In e gap

'ty st hat ;a,substant iall d gar
2Ssenbiy 106 CAREE SnPEveathy e os?ﬁédZSa'e?-g;ﬁgm roved ganter spring

relnforC|ngOga£§réﬁ$w;0§n abh'TBthEngaEReEp itgrn %ferrlng to Flg 13,

the garter spring is forned by a’si ngl e nme Is wound in a

hel i cal COéhbé&Qm&RtghabstﬁHQEdQEdF gh|@4th§5 ?gél glen%%% 30A ngar the

outside corner. That is def ormati on fesistant relnforC|ng naterlal

108 is conphetgkyaenshaosed ntt-bien the gggicahehgﬁQslgfe&Q?u%ﬁE&?%f’Sprlng
coil 110. According to one effective arrangenent

the element past the containment means provided by the
packer body. Adding a conventional garter spring,
reinforces the seal element and prevents extrusion until
the garter spring collapses and moves into the gap. The
seal element is then free to extrude into the gap behind
the failed portion of the garter spring.

It has been determined that a substantially
improved garter spring assembly 106 can be achieved by
enclosing a deformation resistant reinforcing material 108
within the garter spring. Referring to Fig. 13, the
garter spring is formed by a single metal wire which is
wound in a helical ceoil 110 which is embedded within the
seal element 30A near the outsidé corner. That 1is, the
deformation resistant reinforcing material 108 is
completely enclosed within the helical turns of the garter
épring coil 110.

According to one effective arrangement, the
deformation resistant reinforcing material is enclosed
within a second helical wound coil 112, which is enclcsed
within the outer garter spring coil 110, as shown in Fig.

l4. Adding one or more concentric garter springs to the



deformation resistant reinforcing material is enclosed wthin a segqnug 2004
hel i cal wound coil 112, which is enclosed within the outer garter spring

. coil 110, as shown in Fig, 14- Adding one or nore concentric garter il
springs to the 01 MAR 2004 - 22 inside of the primary garter spring 110 !
reinforces the assenbly and increases the pressure at which the packer

el ement fails. However, nore than two2%oncentric coils are difficult to
depl oy. The unsupported inside dianeter of the snaller garter spring 112

al l ows theigai8er osprhag praaaltiynataraert @pedlngana® ardideotes€ whél occur,
but at a proportionally higher pressure. Further reinforcenent is

provi ded, assshbwy knd Engreb&esbychepheeiscalrebaltd svhlilkth #Hesopsakigrt 0 one
alternative enbodi nent, the deformation resistant reinforcing material is
in the forelemesltoigatied példwetverll@oreashgimovowa cdagerntbic oot hat

enbodi ment, the pellets 116 preferably have radi used end portions 116A.

Yet anot herer dififoradrent depddivirentThies usisowmported ginsigle giamgteh t he

el ongated pellets 116 have truncated end portions 116B. The length of the
pel | et s 116fi $hepsepddgll ganterhsnrdnge 1d fldmwsbdite Tantenhos®TBNGi nes
the cross sectional diameter of the pellets. Preferably, the cross
sectional @PapFdpatien thve cpdiliadse BrE 47d lume “Wall Loawri byt iyhtey | ess
than the inside diameter of the innernost garter spring 112. The

rei nf or ci n§TRBPECLEN2LGY, NI e PLSSHES-n the form of the spherical balls

114 or the pellets 116, is preferably constructed of a deformation
resi stant nateri al Further reinforcement 1s provided, as shown in

Fig. 14, by spherical balls 1ll4. According to one
alternative embodiment, the deformation resistant
reinforcing material is in the form of elongated pellets
116, as shown in Fig. 15. In that embodiment, the pellets
116 preferably have radiused end portions 116A. Yet
another reinfeorcement embodiment is shown in Fig. 16, in
which the elongated pellets 116 have truncated end
portions 116B. The length of the pellets 116 is
preferably in the range of from about 2 to about 3 times
the cross sectional diameter of the pellets. Preferably,
the cross sectional diameter of the pellets 116 and the
balls 114 is slightly less than the inside diameter of the
innermost garter spring 112.

The reinforcing material 108, whether it be in
the form of the spherical balls 114 or the pellets 116, is
preferably constructed of a deformation resistant.material
such as poly-ether-ketone polymer, ceramic or a metal such
as tungsten carbide.

Referring to Figs. 4, S and 6, the seal assembly

30 is removed with the tubing string prior to releasing



such as pol y--ether-ketone polyner, ceramic or a netal such as tungbt MAR 2004
carbide. Referring to Figs. 4, 5 and 6, the seal assenbly 30 is renoved
with the tubing string prior to releasing 01 MAR 2004 - 23 the packer. A _
retrieving tool is attached to the work string and run to depth. The '
retrieving tool is latched into the latch profile |ocated on the upper end
of the packer 10. Upward pull on the $etrieving tool causes lugs on the

retrieving tool to engage a shifting & ceve 117 in the packer. Further
upward pull shears the shear screws 119 on the shifting sleeve 117

al | owi ng t bber phease .s| edevettievninwe twe laliisgritngdheel ecess: ik n t he
shifting sleeve 117 with the lock ring 118. The lock ring 118 is then
free to di séngageande rmandiceldedth.ComMhienved ripwarng puidl ishdatsclead ews 119
in the retrieving tool allowing the dogs to retract. Continued upward pul
i s transfeintg tbhet R@topadic@t itlier dwmyie telde opadker uppedr sin®BHE THee upper
split ring 70 shoulders on the retainer ring 66. Its shoul der 66A

shoul ders BACKRE Lét-ai NeWagKomuddr BBADE Fetasbevisgetian) druoe kg4 for
the shoe 64 to retract. Continued upward pull draws the upper wedge 98 out
from undePht hBet 5§ [FdAMIG FOUhESENgageHa Thd fifdper sd@fe itksnup the
slip carrier 92. The slgp carrier 92 then_ pulls the slip fromthe | ower
wedge 90. PP&sBaFESoadifvg SheTap«eed o ithéheas s dhe &1aam Sfreaent ed by

t he | ower ul ar wedge .88 when . pressuring _frombelow. To prevent buckling
col | apse owgt re Ité’\%e%?‘ﬁfﬁih“& SWEFYE 887 iaglpé’lﬂ’@sit?’ﬁ‘olr@]t%sﬁr ovi Ve

to mowve up aligning the recess 120 in the shifting sleeve
117 with the lock ring 118. The lock ring 118 is then
free to disengage the mandrel 34. Continued upward pull
shears screws 119 in the retrieving tool allowing the dogs
to retract. Continued upward pull is transferred to the
packer through the packer mandrel 34. The upper split
ring 70 shoulders on the retainer ring 66. Its shoulder
66A shoulders on the retainer shoulder 68A, thereby
opening the pocket 74 for the shoe 64 to retract.
Coﬁtinued upward pull draws the upper wedge 98 out from
under the top portion of the slip 28H. The upper wedge
picks up the slip carrier 92. The slip carrier 92 then
pulls the slip from the lower wedge 90.

Pressure loading is applied to the tubular
column presented by the lower tubular wedge 88 when
pressuring from below. To prevent buckling collapse of
the lower tubular wedge 88, it is desirable to provide
radial support along its length. This is accomplished by
a split support assembly 134 consisting of a split support
ring 136, which is split into three segments, and an

internal slip assembly 138. The lower tubular wedge 88



radi al support along its length- This is acconplished by a split sufpbMiR 2004
assenbly 134 consisting of a split support ring 136, which is split into
three segnents, and an internal slip assenbly 138. The | ower tubul ar wedge
88 01 MAR 2004 - 24 has a tubular, reduced di aneter extension 88A which
rides on a tubular 140, which is concentrically nounted on the packer
mandrel 34. The colum loading is reljeved by the support assenbly 134,

with the |oad forces being conducted through the split ring assenbly 136
through the release sub 78, through a threaded union T to the cylindrica

housi ng 13§aFoatﬁ@bﬂéﬁfonFEQHﬁgétgﬁagﬁﬁef2§Xtﬁﬂ§4Qﬂwﬁ8At%ﬂ&ﬁ%ffM%%§

ext ensi on 88A_has hellcg4 thr % 142 which bear agalnst‘gfn hel i cal

t hr eads 142“03r??88 8- ¥hgc< 1&@ Gﬂﬂ?ﬁﬁﬁﬁ%ﬁ?]&ﬁi@%&?? cHet Q%reads
whi ch mat e k rat ;grea& fo i nsj de b the i nt er na
slip assenbfy f§8ma? 0 iﬁ g & Eﬁa&qq Qﬁl§rﬁ§ e 28A s
' s and ?ﬁgpﬁ%%i?%spﬁséhiﬁéﬁﬁi o arad e %%Fﬁq?cecg%ca?et%fe” the
this is cathiganOthePYhLl ULl aces 4G 145, %%Oma%qﬂ%%ﬁ% wenare

machi ned externadlly on € spre ddEr cone:
transmtted,osghe nAGl A% LBedl |3l ondUr A0 GS, | opi ng

tﬁ#. e]f S .
face of the anchor rat er an on the conica |ane o the slip
and cone. nbf;s¢ARt aeb \ees PR btseteemlc%adne@t%@ts%rb q{zdé he sld papd. cone as

found in conventional packers, the |oad forces be transn1tted by

contact of ttBa1ski peda@akRenth®n 88A has helical threads 142 which
bear against non-helical threads 144 carried by a C-ring
146. The C-ring 146 has ratchet threads which mate with
ratchet.threads formed on the inside bore of the internal
slip assembly 138.

The ioad carrying capability of the anchor slips
28A is increased by increasing the cross sectional area of
engagement between the slips and the upper spreader cone
100. Referring to Fig. 17 and Fig. 18, this is carried
out by flat surfaces 146,148,150 and 152 which are
machined externally on the spreader cone. That is, the
load forces are transmitted to the slips across the flat
surfaces and onto the sloping face of the anchor slips
rather than on the conical diameter of the slip and cone.
If contact was on the conical diameter of the slip and
cone as found in conventional packers, the load forces
would be transmitted by contact of the slips against the
cone. Full force transmitting contact is provided by such
conventional packers only at one diameter. However, by
transmitting the forces through the flats on the surface

of the cone and mating flats on the slips, the contact



cone. Full force transmtting contact is provided by such conventioEft 2004
packers only at one dianeter. However, by transmtting the forces t M@h
the flats on the surface of the cone and mating flats on the slips, the
contact 01 MAR 2004 - 25 area is substantially increased. Mreover, in
addition to providing increased |oad capability, the flats also inprove
the centralizing capability. The inventizgn-may be nodified within the scope
of the appended clains. 01 MAR 2004 CLAIMS: 1. A well packer for use in
packing a well having a well casing, conprising a tubular body mandrel, an
anchor sli araasemblsyx,bsatasﬂﬂlalalyemmﬁreasaelnbl ylon@wadelry, niourddstli fioon to

| ongi tudi nal travel al.on el t R ort rface of i

mandrel , an8°P8r&d Wﬁ%ﬁﬁé%%ﬁﬁng neéﬁgg@oﬁﬁﬁe Eﬂéﬂé?%;ﬁﬁ&héﬁiﬂ%pégﬁanbly
and sai d seaheelemmna lassienploadfadrilirtadi al | y expandlng sai d seal el enent
assenbly into set enent al nst_.an _i nt er.nal G I

casi ng,ya cover sl ee%%beﬁ%genﬂtl%un ec?yor?esgllo lr}ai 3ﬂre q{het hsecwé of

| ongi t udi nalt heowaepenid fd anhaimsext ended p03|t|on |n mhlch sai d seal el enent
support surface is covered by said sleeve, to a retracted position in

whi ch the seal elenent support surface is uncovered; at |east one shear
pin releasably securing said cover sleeve to said body mandrel at said

ext ended position; and stop neans di sposed on said body nmandrel adjacent
sai d seal elenent support surface. said cover sleev-e being engageabl e
agai nst said stop neans at the



limt of its travel to the retracted position. wherein said cover 9l1eaNe 0
has a tubul ar sidewall and an annular head radially offset fromsaid
sidewal | , said annul ar head being disposed in slidable engagenment with
said seal elenent support surface. and said cover sleeve head being
engageabl e against said stop nmeans whenqgaid sleeve is noved to the
retracted position, and wherein said cover sleeve is intersected by a

| ongi tudi nal slot, and including a radially projecting guide |ug nounted
on said body; ppgpglrel . said guide lug being received within said slot 2. A
wel | packer—as defined in claim1l. wherein said stop means conprises an
annul ar shoul der forned on said body nandrel, said annul ar shoul der

projecting fadially witp.[gspeciet OrsRl flsSeRl £IGPRY S URN thaumgace.
well casing, comprising a tubular body mandrel, an anchor
slip assembly, a seal element assembly movably mounted for
longitudinal travel along a seal element support surface of
said body mandrel, and force transmitting means coupled to
said anchor slip assembly and said seal element agsembly for
radially expanding said seal element assembly into set
engagement against an internal surface of the well casing, a
cover sleeve being mounted on said body mandrel for
lpongitudinal movement from an extended position in which
said seal element support surface is covered by said sleeve,
to a retracted position in which the seal'eleuent support
surface is uncovered; at least'one shear pin'releasably
securing said cover sleeve to said body mandrel at said
exténded position; and stop means disposed on said body
mandrel adjacent said seal element support surface, said
cover sleeve being engageable against said stop means at the
limit of its travel to the retracted position, wherein said
cover sleeve has a tubular sidewall and an aanular head
radially offset from said sidewall, said annular head being
disposed in slidable engagement with said seal element
support surface, and said cover sleeve head being engageable
) against said stop means when said sleeve is moved to the
| retracted position, and wherein said cover sleeve is
intersected by a longitudinal slot, and including a radially
projecting guide lug mounted on said body mandrel, said

guide lug being received within said slot.

2. A well packer as defined in claim 1, wherein said
stop means comprises an annular shoulder formed on said body
'mandrel, said annular shoulder projecting radially with

respect to said seal element support surface.





