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I N VELLBORES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None. STATEMENT
REGARDI NG f5L¥sRb 4201 SPONSORED  RESEARCH OR DEVELOPMENT [ @RQgis:N&toz9s66

appl i cabl e. REFERENCE TO A M CROFI CHE APPENDI X [00031 Not applicable.
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON [ 00041 Thi s invention
relates to isolating the annul us be t ubul ar nbers in a borehole and
he-bor ehol e wARNULARISREATOR kIt ERE AN AR AU ARS T saf 1 BOUGHS
formng annular isolators in place in the annulus between a tubul ar nmenber
and a borehole wall. [0005] It is well known that oil and gas wells pass

t hrough a nunber of z S WF@EMFM%I%TI@&WM gas zones of
i nterest. of y¢aese zones may be water producing. It is desirable to
prevent water from such zones from being produced with produced oil or gas.
Were multiple oil STV/IFMENT REGABRDING HERERAIISISHONSHRE M borehole, it
is desirable to isolate the RESVARCKH OR DEVEILQBMENT control of production
from each lﬁ@ﬁﬁ for ﬁogt Ef &4'ci ent production. External packers have been
used to pr e annbfatPPEE31% or barriers between production tubing and
wel | casing to isol ate \REFERENOBTES A MIOBSIFICHEAPPERDINE nore conmon to
use open r}ol e conpl etionsEﬁH} oil and gas wells. In these wells, standard
casing is B3Nt ed BIHHPP“ “upper portions of the well, but not through the

produci ng zones. Tubing i's gRERGROUNDOF TeE DVENOM@Y the cased portion of
the well down through the various groduction zones. As noted above, sone of

these zones may be, for exanpl EIELRGQFFHEINYENHOMN nust be isolated from
any pr Oduqﬁﬁtﬂhydrﬁ?@iﬁ%ﬁ& rel & %olaﬁﬁ% tHR2AHMGS bMReenZMBs iR HAMSorehole
different natural pressures and nust be isolated fromeach other to prevent
fl ow bet wedthez berelole wallt endymomnpistiedarbt too methodand epragaipspfor Sommiag aomdar.
(0007] O | | ysef ' nt hole wells. In
t hese wel F%lal{bt?%gl p(l\'a\(/?:\gﬁ'l %%%@ﬂﬁlagét%g%@fg?e IJ<'§1B(nﬂ(rj run I%HP szvz:lr]l fally for

t housands [@05F eeftlt is iwebughwn thpt odland gay wells pass| throughsa piiithlean ofl ewies atheethhn the
provi de annul ar i.solator | ong.the | en f the haorizantal production

Dbl ng. & vttt Bt Sis? OF ke, SPE O Bleod Py ek 55 Ml riiFiSR 1R
porti ons désirhble tqpprecint watgr ffameuchl66&on beingpprodived eith prpluedd aiins, gas aWherss

steps are usually tgken to prevent collapse of th bor.ehol.e | I, or flow of
s 1 T o midirorhsiRef % B b M Rt oleyGus AR apa o e ng
and sand s6ikeed allew sepaapROntelyd mbduetiad Goin Bghagat Tot mos! dffiges @mbeuctand

flow. More . . . )
Extemnal packers have been used to provide annular seals or barriers between production tubing

and well casing to isolate various zones. ‘
[0006] It has become more common to use open hole completions in oil and gas wells. In.
these wells, standard casing is cemented only into upper portions of the well, but not through the
producing zones. Tubing is then run from the bottom of the cased portion of the well down
through the various production zones. As noted above, some of these zones may be, for example,
water zones which must be isolated from any produced hydrocarbons. The various production
zones often have different natural pressures and must be isolated from each other to prevent flow
between zones and to allow production from the low pressure zones.

(0007} Open hole completions are particularly useful in slant hole wells. In these wells, the
wellbore may be deviated and run horizontally for thousands of feet through a producing zone. It
is ofien desirable to provide annular isolators along the length of the horizontal production tubing
to allow selective production from, or isolation of, varous portions of the producing zone.

[0008) In open hole completions, various steps are usually taken to prevent collapse of the
borehole wall or flow of sand from the formation into the production tubing. Use of gravel
packing and sand screens are common ways of protecting against collapse and sand flow. More
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1 WD 2004/ 027201 PCT/ US2003/ 029566 nodem techni ques include the use of
expandabl e solid or perforated tubing and/ or expandable sand screens. These
t ypes of ments may be run into uncased borehol ed
after thebﬁgg&ﬁﬂ%ﬁ%g3|tlon Expansi on may be by use of ansﬁﬁﬁﬁg?ﬁﬁﬁgﬁgladder
or by pulling or pushing an expansion cone through the tubular nenbers. It

I s desirable for expanded tubing and screens to mnimze the annul us

bet ween t h&wdemBurdmaspe irshds thmeser tfexpaidable selidvar perdprated tehing andfiar expandeblot
the boreholg alebnd %E@%%of‘iﬁ&hﬁ@l&ﬁén@ﬁp% }unam UERER b&ich@iEs B{deéé(EMded
annul ar flow of fluids tside the product’ion tubling. However, iIn

cases, dueafter they arguhobitipes Bxpansion ninyr kehby ase o mﬂatableriqueuncby]solﬂmgim ed
formati ons t nnul ar QW i

t e bor ehoPrian dupeioh bt AR Ryt 1e3¢ 6eEie B2 Mo woR¥and
typically seesed minimiztde molus Bﬂlwédncﬂlc tubl@O&lémeite anf the borekuld val at toexstualtynal
casi ng packers fo ons presents a nunber of

h | | t
probl ens. g’refreb‘jz#ﬁpﬁ W@E&Plio ghanigp SRPart (aRd fesirict QF Reeivent JEPey %ﬁ‘&k‘@rs

t hey may nﬁaybﬁtﬁd@mcqﬂdmkﬂl&nabmé rH@wé\er,slehmay Bised) dhOto iEEARAMtiecintBE BdrBiibid Nt O
t he packer, and they are not conpatible w th expandabl e conpletion screens.

[0010] Ef f well or pisply wrcensobidefed fosmatinns, expnded tubiag ang ssresns Wilbpetprevehicannular
conpl eti on e Fof #REkos ! and
Chon oxpand e PSleRpler Fof B kol RIS RINEIRSORERTS Jdr, NY AR SERRRT

bor ehol e watbp annFhelHewefforts have had linited success due primarily to the
vari able a nkn r I | of
Uhe. ol covelNudly Qe pfEhationl cFidfoa g aaR ko LAHELE holq Himhclol BESRs1

whi ch nust mingbek bfiptoblintso Bel ave sigreficautly hegs tediable thanuinteimat casinggatier= ielyemayThe

maXi mum si ze .nust ed to.al | ow t ubi t.0 expanded .in a

nom nal or eﬂ'\‘)?n”hﬁ%hﬁ aEﬁH’ ho? Aditee e cememh‘Ei rglg? P q@?/g?cgfrz 38‘91%3? Horgs,
nor mal tubctdﬁgaanlﬁxp.ath%kpermdﬂﬂemﬁplétiohed:ryedso expand t he rubber sl eeve enough to
contact the baqreh and for g forman annul r )

ool ator | B0V | aBteriRys B PapdRer b sy dtcliivs Topees dpk SO ek s

t ool s havenbiggRlceiish dphilable rfﬁnﬁgmes&enslde&/@mrexpanding the fubing 44 f,reés%étﬁmb&ve
significant stress in the rubber h_such_ variable tools and this %ﬁe of

expansi on §xeye tteeoniast Wik the b@EﬁhP]éd’@uofmesF sEfoRts v adihimitefl fugeasdve Rmaribhigpe
of the borghol firRRAd ifkdd¥h atfuaysRhbRRIAARlhY deRREE 2ie HicRIEBS Gifihe s1d690 Mbbt et

woul d be desirable to provide equipnent and nmethods for installing annul ar
i sol at or s limitedsinsa lt@dﬁ%‘ﬁdh‘%@“@éﬁ‘?ﬁ:@?@?% Whishi mushbalimitisk te B Beve dhe tultingte beay

be carrie taﬁmﬁ:
good seal drB{?Eh \R‘}eg’g%%?%‘ uctlon tu ?lnséi egﬁd@ !ﬂh@ge hﬁt@d ?%g&ggdb%@at ﬁ§1 J:l‘n‘ql‘éflJ%l\/lﬁ\RY
OF THE | l\l\lﬂaﬂxbaﬂ]\érle@@izmdémeedpb@slmlﬂ ﬂmweldnqdooutmrowewesd dqomphs,umnmil tuhmgay
be carried_on or ' 0
Forman adfiosen SR gh Wafind e el dibvh Slef U rlapEhE LA e San BFtEm &

seal. To form an annular seal or isolator in variable sized boreholes, ad_;ustable or varable

expansion tools have been used with some success. However it is difficult to achieve significant
stress in the rubber with such variable tools and this type of expansion produces an inner surface of
the tubing which follows the shape of the borehole and is not of substantially constant diameter.
[0011] It would be desirable to provide equipment and methods for installing annular isolators
in open boreholes, particularly horizontal boreholes, which may be carried on tubular elements as
installed in a borehole and provide a good seal between production tubing and the wall of open
boreholes.

SUMMARY OF THE INVENTION
[0012] The present invention provides apparatus which may be carried on or in tubing as it is
run into a wellbore and deployed to form an annular isolator between the tubing and borehole. In a
preferred form, the tubing is expandable tubing and the annular isolator is activated or deployed as

a result of or in conjunction with expansion of the tubing. In one embodiment, an annular isolator
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preferred form the tubing is expandabl e tubing and the annul ar isolator is
activated or deployed as a result of or in conj unction W t h expansi on of

the tubin enbodi nent, an annul ar i sol ator

PCT/ US21) 89 %“é@%g%' formng material is in a corrpartrrent %3;'#29@ Eg‘%’f'h t he
tubing as it is installed in a borehole and is driven fromthe conpartnent
to forman_annul ar isolator in conjunctigon with tubing expansion. The

annul ar i storamgmategalis M2 prmpariment faedoitinthe Lbing astibis anpeallsd ing berchnds omskia t he
tubi ng andy;RRMHBRCHE cMﬂﬂ:JmﬂgﬂF[oefo‘rﬁ) ﬁ%ul@ﬁs&ﬂto@ﬂﬁ%rﬁ[nch&?%%bx@ bflsidd. S

I nherent viscosity or as a result of chem cal reaction ich o verts t he
mat eri al i Feoanqulgt iseleigs foravng material wey o Pladedrinte tiegdnnitys petwsen ithe tubing and
annul us. t I V- |ch eac
With each lg) hqﬁ v%lf @heryﬁ%gﬂs% qu‘tJinﬁﬁ% 1gc§r1ﬁ1)r tfﬁ%%nltg ege%pgg %R%%r on% nc[sulE aﬂl ch
alsor eactchwniclal raﬂ'ChDIGWth]fl Eativelss the nfa(anlai mmra vaaamsl, sa:muscﬂxdloatscﬂrd m:{téﬁhlﬁi plddz in

anot her form esent, .i nvention in des an infl l.e menmher carried on
Fhor Mont o tmpths. RhE PRy o e e S AL s T o olber

i sol at or f@RmEybg akigRror aluStipldhehtical Eorapumehts, WhEchi M redth bith allbRntBRBEH fhidn
inflate it and forman annular isolator. In one formof the invention, the
i nfl at abl @RFBREEASOlRY udes multipl e sections, which inflate at progressively

i ncr easi ngog3gss qﬁean&tﬁefefbﬁn e %%Eﬁt%véf(ﬁbrp h,cluaéé a1 BFle@blelHGnbe? Waried Bh&RSUT €

| evel is designed expand to fill the est expected annulus, while the
ot her sectoutsifis of ﬁmbmgéemnyAamoéfhetahevq dswnb anpular wolgies farmingopaterialy maybe
borehol & YlJeq ikl the! ifidatiALkf T Forlel il Aol Wolalbr "8 8d frm 34 | o
with the tubing 1n a conpartnent’ an drlven romthe conmpartnent 1 nto e

i nfl at abl énvenampche alsﬂaaibleewmbebﬁnqludss n‘gulévlpamstlm whichmaflate| &opiogressivelyat ed

with mater| ' T
posi ti oned < amﬁggp %‘GQs [ &)ﬁ%’ nw%g:r}]]olbﬁ gﬁemoo ul%gsslérﬁyg‘ﬁ? Eemgp %d to
annul ar i sgpanat do fﬁlouhmlar@snax;ecnedlanmﬂusarw}mlbam otirerr sections| ieBate onlyaaftbr dive lowng

[0 nct . adranra i Leries rarold, v Th B BRE peribeE ma v Bt VT B ng

I n one fokaicdnbth tﬁe’ nmnfgfmraabdrypamht gl dnveﬂ ifrogs tHeasotnpaastedt indNHe daflagible
di mensi ons and shapes selected tqQ forma i d t . seal th maxi nmum
bor ehol o STEFRerE AR, T SRS WA 5P e B AEE FPesibl mped o (e

expansi Ontdbnlgatsemmgi SivekbtrBRpRbiabsedh the c?exceedl ng maxn mum al | owabl e
stress. In other a sl eeve has a reduced radial dinension as

i nst al | ed[@934 lub.hhgwﬂsf fonar?ﬁrh?gnmfl%m&w@ﬁdf%atmev@ns materialis an elagomsrissi on
i's increaggdePadn@br éafneuremce irdBAE fuB g W ttlfg ih4thieB Gn smamwﬂdebleyws aétor m
the sleeve is stretched axially as installed on the tubing and In
pl ace by as a1 angelpt wlﬁtpn’g camrlmi@ntvm eprgansion of Bietbingo in oupommy etsi mr@xqghlm on
the ring. hitiof) BARGHVEAGi] I S Bfenkndlrl QUERS {dfecteltd ol L1did Roht b Wich?
radi al dinmensién.” I'n anot rmthe3|dab ering is driven %an
expansi ona ceAEIUD boralxolabllzg/aﬁﬁsrfpbleg sxpansiesh, asd snfn @ shlediee tubing dxpars@aseai t s
CPaLa, | PR Ao BbRN e ARRBL B mAFnARRILEMI fe an R (SR QERE' ©
sl éeve. |n another the sl eeve Fs desi gned 0

has a reduced radial dimension as installed on tubing for running into a borehole where its radial

dimension is increased prior to or in conjunction with tubing expansion. In one form the sleeve is
stretched axially as installed on the tubing and held in place by a slidable ring during tubing
installation. Upon tubing expansion the ring is released and the sleeve is allowed to return to its
original radial dimension. In another form the slidable ring is driven by an expansion cone to
axially compress an elastomeric sleeve and increase its radial dimension. Both mechanisms may
be applied to the same elastomeric sleeve. In another form, the sleeve is designed to fold upon
itself or into a circumferentially corrugated shape upon axial compression, to increase its radial
dimension. Pairs of such elastomenic sleeves, bands or rings may be used to isolate a section of
annulus into which annular isolator forming material carried with the tubing or conveyed down

hole through tubing or a work string may be placed as discussed above.
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itself or into a circunferentially corrugated shape upon axial conpression,
to increase its radial dinension. Pairs of such el astoneric sl eeves, bands
or rings pmy_he d to isolate a section of annulus int ' | ar

i sol ator 1B r’r’i’"ﬁ@gﬁéf erial carried with the tubing or convgﬁﬂsﬁ@\xﬂ%ﬁ& e

t hrough tubing or a work string may be placed as di scussed above. 3 WO
2004/ 027201 PCT/ US2003/.029566 [ 0015] Although t he enbaodi nents of the
present i nl8k on Adheugththe radadimsnis o8 dirc BoeaRh ivartion arg isfensied to pradueg ammlaron
Wi th tubi ng,gRaRs bojultbl Wit htGl SHRARS QMth GPIRed Béi?ﬁanéigﬁlconé) "tool, other
expansi on neans may also be used to advant agg. | nfl at abl e bl adders may be
used for pEXpangign mesanay ale bemsddoto agvantagkp dntatakje bladilers magdei used fagrprahary

carry annu l:s0l ) [ ' | : ' e S
inge or benusdihgPat olsR By b sKens Wilch ) UaRIASAREL KBl RRY |
used to ovixhingrethstonine gleecs; nogsonvbandh  Adjustablenorutaainble siidneeted rexpansivnngne

materials _inpcludin | ast oneri L eeves, rings or bands. .|nternal ressure
Toot 1 ed & nieBBamst beotheff R TPens nBecaions Wi ehe oo aoh fifhe Rngnas
sel ect ed t {holuAfig $REINRES .slob¥dsAHBUTVasSS | Il pids@ire S%Jlie@ tigudhlthe RbisL6f hONS

may be used to aid over expansion of surh gel ected fubing sections.
Final |y, oWetkostiagmay be,uadetogverexpand selestsd (tubpg spctions.  fAxid ipmpggssipp of the

described gphedi (BRE Sedtions mdyURChde@No AR ok AkpaIRINPEY sueh sbidGed AR BLADALYES
even when used in conbination with tubing which is not expanded and/or in a

portion of Finklly, loae eheill inthecart wilb albe eavogmtizrethat wryep! thedesariper anbadimertEwill
DRAW NGS [ Q&) a'ﬁaq%a‘f;%elﬂggy ma)f fhE A5s SRGhiafiAveY with %edambc%%&%fn Ivhth Wi¥ing

earth with an open ho etion and a nunber of annular i1solators
accor di ng which baopexpgrded andioemntaiportion of e Pprehplg svhechthas beea cesedss- sect i onal

il lustration of expandabl iIﬂ@S ﬂ?aﬂ Tk C‘ﬁfﬁ tion carrying
el astoneric rings or band?%lwg‘t e(I(:)u erogx%}?ace (;BfRAf e {;gbi ng. [0018] Figure
3 is a cro@stgect Figneel 111k |austossadectmab fieanofeh dwrahwier inc thel eaetiewitin ah hepen Uiode

surface of _expandabl e twubi i ch has been estretched.to reduce its

t hi ckness ‘E?G?H)i%ﬁnfiﬂ ?Blllrflg iog%'mﬂfwfsﬂfémsﬁ%?r lﬂgf‘gﬁ’fﬁ?seﬂ‘ FERGI%E: [0019] Figure
4 1is a crﬁpgmfactl':icgnﬁl 2iigl m&:&ésa-ilséwiﬂnzgfilltlélﬁﬁmcﬁxdﬁ&[ﬁablaf tubing Uihear3 opéit eold he
prestretched sl eeve has been re| ease anp expansj on cone.. [ 00201 Figure 5
i's an i||mpéqqosﬁmafm&,§lestwewn§apm%r@ﬂ% S5 uteee of Sied -expand

expandabl ejpgig]bi NBigaRd B3 lse-5dcaOM ilRistdtiBR YLar HhforAdiciedd Getle BRfet LuRfacObr an
open borehole 'to forman annular isolator. [0021] Figures 6 and 7 are

cr oss- sectéxarrgable tbing, vehichohas heen prestestehed fnisAvce icibigimess duingsigstaliation of the

sl eeves O%Biﬂgh%éﬁéreﬁdiéf ace of an expandabl e tubing which are fol ded before
tubing expansion to forman annular isolator in an enlarged portion of a
bor ehol e. POYA2] Figumeréds 8 ene-soctipne dlpgmyon of ttho gabodimentselr Bigigng afier the

| at chi ng rﬁg@ﬁhﬁ]ﬁeetlg Bamlelq}c'i@setdm? an expansion cone.

0020] Figure 5 is an illustration of use of an adjustable expansion cone to expand expandable

tubing and an elastomeric sleeve into an enlarged portion of an open borehole to form an annular
isolator.

[0021] Figures 6 and 7 are cross-sectional illustrations of an embodiment including
elastomeric sleeves on the outer surface of an expandable tubing which are folded before tubing
expansion to form an annular isolator in an enlarged portion of a borehole.

[0022]  Figures 8 and 9 are cross-sectional illustrations of latching mechanisms for holding the
elastomeric sleeve of Figures 6 and 7 in place during installation of tubing in a borehole.

[0023]  Figure 10 is a cross-sectional illustration of expandable tubing carying reactive
chemicals in a matrix on its outer surface for instaliation in a borehole.

[0024]  Figure 11 is a cross-sectional illustration of expandable tubing carmrying reactive

chemicals in a reduced diameter portion for installation in a borehole.



el astoneric sleeve of Figures 6 and 7 in place during installation of tubing
in a borehole. [0023] Figure 10 is a cross-sectional illustration of

expandabl e t ubi carrying reactive chemcals in a matri j ter
surface f&©° ?‘H’é‘pgﬁzl"ati on in a borehole. [0024] Figure 11 ff&sﬁgsiuBﬁnz%'(t(

cross-sectional illustration of expandabl e tubing carrying reactive

chem cal s | requced. di aneter porti.on for i.nsta tion in a borehole. 4 WO
2004/ 0272010088 U 2%‘6%)’8‘2@%5'5?%8%% i’ﬁ’ﬁ’ﬁl‘j’Pé’f i’?"‘l“iﬂlbg fubigg arpyng 3 g‘r‘fﬁl‘“&’m 2

il lustrati edduedd danadiPalion ahdfive@d &R an Wipagdadlel stdeidhadidghi presaure i@ G ek,

di aneter portion and cqvered by an,eanlggabl e s| eeve having a pressure
relief val Y9261 1odige 1P gisrae crpss-festional; flipsTatiop qf; gpandaple) wbing i3ving @ ireduced

expandabl e gHled Gohdphtdadsedtid L dMABth a HAIMRLE 'cobRéd BPahespaftbieOfled8 Ha¥ind % @
fluid and covered by an expandabl e sl eeve having a~ pressure rel ease val ve.
[ 0027] Fi gpreesuteseleaseyalyoss- sectional view of the Figure 13 enbodi ment which

illustrat i | i .
ol ator 1 BoRf " MALERs S RARES R Sald! VAP oF L Fidlie) OF Bt PO iflseatcs
i Il ustrati cormughted exprhdableantriogl amigthe loodtion o€ appitas esplator forméngtmaeridlavi ng an

| ar i ing. fluid ied wthin,. i dahl e t ubj
Sl ar | SRR, AL (% A B A 90 PR SORRRp0,
Fi gure 16 invéntidhhatiegarn ftuRoRelator foimiig flubecalmiidduwiehin 4 reeeds dtlexpandabRfithisng rde

expandabl e tubjn as been expanded. 10030] Figures 17, 18, and 19 are
Cross- sect??ﬁ‘n‘&?‘hioﬁwi}’é‘? ?sm?ngglg%\‘ﬁ Wﬁﬁ'gﬂ‘ﬁﬁf‘%ang‘%i ng assenbly having an

el ast onmer i mozdieeVveigihl il tdRahe KhAMDE bf &se ﬂg«ﬁ:& 1aferitaginienPhflg (RXHPARABR
process. (00311 Figure 20 is a cross sectional illustration of an

al ter nat | v&OIEDH kspn expendadhodi ment of  Figures 17, 18 and 19. 100321 Figures
21, 22, anﬁbo?«g ar iphife@ SEr, SIRC th@N@ are! LSt sealonANAuStatidhs S 3t SRAdaBIES hBGEe
with an enbedded spring that nmay be carried on an expandabl e tubing an

rel eased tassemehlynhaying am glagiemesic glpeyeorhighs can beoeyparded fas pag 0 sho bbg expension

t ubi ng. [OI%%%SS Figures 24 and 25 are illustrations of expandabl e tubing
having an Tnflatable bladder and a two part chenmical systemdriven by a
spri ng- | oal@83]pi sFignref2fris iarefdsasgotignal mibistoation b an gempative forin ofethp ambodimentfoft he
tubi ng. 10934 j geir e is a partially cross-sectional view of an

expandabl gﬁ%%‘ohﬁa?y%?defrggnt carrying a conpressed foam sleeve held in

posi tion bigo32]gr i Figwies 2h 23pandi#3 aretressssectianplotustnaticns oif emeladtombric sl¢ay ity .an

100351, 1 S0 o LRSS UL B BB o B
pi st on whiigdlatbSasiarteduitaif echabsioreofilenabiag. of t he
[0033] Figures 24 and 25 are illustrations of expandable tubing having an inflatable bladder
and a two part chemical system driven by a spring-loaded piston for inflating the bladder as part of
expansion of the tubing.
[0034] Figure 26 is a partially cross-sectional view of an expandable tubular element carrying
a compressed foam sleeve held in position by a grid which may be released upon expansion of the
tubing.
[0035] Figure 27 is a cross-sectional illustration of expandable tubing carrying a sleeve which
may be expanded by a chemical reaction driving a piston which is initiated by expansion of the
tubing.
[0036) Figures 28 and 29 are illustrations of expandable tubing carrying folded plates which
may be expanded to form a basket upon expansion of the tubing.
{0037} Figure 30 is a cross-sectional illustration of expandable tubing having an interior
chamber carrying an annular isolator forming material which may be forced into an extemnal

inflatable sleeve upon passage of an expansion cone through the expandable tubing,



tubing. [0036] Figures 28 and 29 are illustrations of expandabl e tubing
carrying folded plates which may be expanded to form a basket upon

expansion of the tubing. (00371 Figure 30 is a cross-sectional illustration
of expand¥P &"%EBINY having an interior chanber carryi ng?SHURAH{0Z}566
I solator formng material which may be forced into an external inflatable

sl eeve upon passage of an expansion cone through the expandable tubing. 5 WO
200- 1/ 0272199381CT/ B2003! 620808-seftdoa'sflustragon @f 3ipandable tbingscaswingiapriaflatable
illustrati f i rryi | t I I., 0N
a1 cessed ot IEHBANR bl Bl SRR by BADHE ruftPBERad A8 e
fluid punmeupetirfoom tthe sisfacé pder fpriusming of Ao rerpangionfcoan thermpghnte oslucahdiatieteough
t he reduced di anﬁf]e . portion of the tubing. [00391 Figure 32 is a

cr oss- sect FONH O ?{?E'L“Eat i on of expandabl e tubing carrying an el astoneric

sl eeve andjoazp)exPRipEiOID & @@lossisRbonaD ilR@aivd dfleRpandilild Gibinglcanpiag ba elasivinehc t he
borehol e using pressure fluid punped fromthe surface. [0040] Fi %ures 33

and 34 ar esleeve aad aacepansign top) Eﬁgfl MR ErpATd Be teliag ae Gentay ikh ég@i bareholg, ysing d

interior PLESSMTRid frRdientkPaRaEON of expandabl e tubing and an external
sl eeve into contact - wth a borehole wall to forman annul ar isolator.

100411 Fi g@e40135 Figuees 38 aad 34 aet fropfatectignal, Blustzationh obsystenpuminieen exibli logd amdl an

annal us. baragrprefeurelt SEkAAR A AR AR AP B and B MO TR G ol et

36, is a doodslesed! iodoal an dnhuistiscdstoon of an alternate system for

pr eexpandi n xterpally carri.ed astonerd c_sl.e .of the.type sh I n
E uroe o DOE" [ Bk pral i HERRTY chrRarE Bk AR R poLes
anot her syfdo@ip drDinnalae &R dorfiinghmategal tie tikedrinylus betwearithe leggdndetfubihgsne @ve  Of
the type zpomn in Figures 6 to 9. [0044] Figures 38, 39, 40 and 41

I 1lustrat of‘flli’QI"d'éaﬁ'oyment of an external sleeve having nultiple sections
whi ch i nf ljea42] at Fighfec¥6etla ErbéscietiinaPIIAREGEOR of &N @lténdte sfBimf@ hrévrpatiddiy an

I sol ator. k00451 Fi 8ure 42 is a cross sectiaonal illustration of an

enbodi mentexXiFERALTY gatied gladlerneria sieeysef theyfype, Fhesmga L1gueg 6t'hiPough an i nfl atabl e

i sol ator. hEa46l ﬁgwﬁ #3 drSssRedOhA iHEIRALLE DS vkt SThEALYsR ﬂ)frp?eeﬂﬁd'nmn?rhnc’f
Figure 42. [00471 Figure 44 is an illustration_of a pair of conduits [ocated
in an annwm@aélmaalwga@ﬁomgwﬂﬁm efthetyae showings Figues 640 8nent . [ 00481 Figure
45 is an i traf Cig saiherifpidhal t | ve
whi ch m;’biﬂfuszﬁkﬁgs ? %’r %’a‘tld annquir is%l %%éodré'ﬁfoghég% @Eﬁféé%%%%‘%ﬁ@%HE

| NVENT| ONmultiple sections which inflate at different internal pressure levels to form an annular isolator.

[0045] Figure 42 is a cross sectional illustration of an embodiment having a conduit in the
annulus passing through an inflatable isolator.
[0046] Figure 43 is a more detailed illustration of a portion of Figure 42.
[0047] Figure 44 is an illustration of a pair of conduits located in an annulus and bypassing an
inflatable isolator element.
[0048] Figure 45 is an illustration of a circumferentially corrugated elastomeric sleeve which
may be used to form an annular isolator.

DETAILED DESCRIPTION OF THE INVENTION
[0049] The term “annular isolator” as used herein means a material or mechanism or a
combination of materials and mechanisms which blocks or prevents flow of fluids from one side of
the isolator to the other in the annulus between a tubular member in a well and a borehole wall or
casing. An annular isolator acts as a pressure bearing seal between two portions of the annulus.
Since annular isolators must block flow in an annular space, they may have a ring like or tubular
shape having an inner diameter in fluid tight contact with the outer surface of a tubular member
and having an outer diameter in fluid tight contact with the inner wall of a borehole or casing. An

annular isolator could be formed by tubing itself if it could be expanded into intimate contact with
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[ 00491 The term "annul ar isolator” as used herein neans a material or
mechani smor a conbination of materials and nmechani sns whi ch bl ocks or
prevents fl | uids fromone side of the isolator to the other in the
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An annul ar isolator acts as a pressure bearing seal between two portions of
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Figure 1, .th ed n exanl produci.n I ch an
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t hrough various earth formations. For exanple, the borehqgle 18 nmay pass

through aZoust 4 2158aF ilaysr 21 GRTllsaring a9ng| 2, p FgRRrOdptive;zpng;23 36‘5&9‘10@5 &l 22,

a nonpr odygliny GogONe A3 ifhkaledlin Fi’iijlﬂé Rethe Q)Elm he18 AR HAY b Bartéd s \that it runs
illustrated in Figure 1, the open ol e 18 has been slanted so that it runs

t hrough t Heousbrikeszopes 2424t vireds snglendnd maay mmessertiplly herizogtadly threnghypil-bearing
hori zont aliy %Ahrs@iﬁgﬂolﬁb} EAPE B th I i1 0B m 3l%5y ﬁh&&tsuap\lvals% bp%ilgoofa} fouddhsd | 1 NG
wells to bedrille o) eet

technol ogy al l ows suc ‘ for thousands away
hor i zont abf fetfawapnhotizontally frapethe surteee ngation of a wisllland altpwesl 4 welktode\gaided tocstdye

gui ded t Ow%tﬁl%ya lsx;ﬁ”gltgg geo ésﬂ'gd e eﬁf;eﬁ)ngﬂ %hrcﬁﬁjbea}eﬁ lz%nJ QJllﬁ (valdcqg b%nexgct{

bearing zone 'w exac ori zont bear I Zones are
nor mal | y haizohta, smmﬂxﬂbean@@ﬁ!ﬁ@a]arﬂ'udnim@yﬂ&ﬂoam@en pI aced to run fromthe

Iomer end cas 1 t hr ou en hole.p rtlon

its up?@%zlendlrneiﬂ%%? ?fﬁ%ﬁ“f&a CF(gpos ealef{eogl Eﬁ Sq?‘ﬁer ngls o 48@}) &Oﬁm
i sol at or gikn hdRqiditon dnidnvetl 18.sAt At oppe? 9nd$ ﬁml tsbihghzs Bnealtd® tbet-awegrmtuymnng 26
and the wall  of bor zon hat

i sol at or sA4 aéhsala% S gggﬁ%rsag\émﬁ%{] 115{)1121 pg?) seals tﬁe annul%s %etween tu mg 2% nc? she wall

of borehole 18 within the shale zone 21. It can be seen that isolators 28 and 29 prevent annular

flow of fluid from the water zone 20 and thereby prevent production of water from zone 20.
Within oil zone 22, tubing 26 has a perforated section 30. Section 30 may be a perforated liner
and may typically carry sand screens or filters about its outer circumference. A pair of annular
isolators 31 prevents annular flow to, from or through the nonproductive zone 23. The isolators 31
may be a single isolator extending completely through the zone 23 if desired. The combination of
isolator 29 and isolators 31 allow production from oil zone 22 into the perforated tubing section 30
to be selectively controlled and prevents the produced fluids from flowing through the annulus to
other parts of the borehole 18. Within oil zone 24, tubing 26 is illustrated as having two perforated
sections 32 and 33. Sections 32 and 33 may be perforated and may typically carry sand screens or |

filters about their outer circumference. Annular isolators 36 and 38 are provided to scal the
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flowof fluid fromthe water zone 20 and thereby prevent production of water
fromzone 20. Wthin oil zone 22, tubing 26 has a perforated section 30.
Section 30 a perforated liner and may typically carry sand screens
or filter é”gﬁé‘lff“zﬂ"é outer circunference. A pair of annul BFT7YS2¢134R836 31
prevents annular flowto, fromor through the nonproductive zone 23. The

I solators 31 may be a single isolator extending conpletely through the zone
23 i f desi menilusﬁbﬁveemﬁfeit\nmtg'zmmndthe waldfaper bazéhodniB. | Belislaers 3813 6aind Gdallow

productlon fro nt o erf rat.ed .1.ubi section 30 . tqg be
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26 is illustrated as havi perforated sections 32, and 3 Sections 32
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separate c I o the perforated sections 32 and 33 and
pr event anﬁgfngg g\t;\(/Irg g‘%% uceéﬂ’%l uids to other portions of borehole 18.
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whi | e screghl iy th%'ﬂo%e% I RehiQ e &@%ﬂar%ﬂ Hichually ¢ nag@gm gg@%@;é@%ﬁﬁ@hs

whi ch can “danage fter expansi on
tubing is ainmﬂaeﬁs\eatamwpbc)premwtctdqmerem hzmnssfoffebcpnmisble Itubmgﬂﬁ ummmg)cxpgndaslence

there are |lim t ha
bor ehol e \Bgrf!f%ﬁe x 8‘1"?‘?% ﬁcrelg n%a{?/’ tz;lt:étaﬁg‘# ﬁg%rgagl%s Ape ﬁd'.? S bhfers
product i oror isokisrg 3arand |3®wre(:ﬁ?d’&ﬂﬂt ‘Bypiqat emmreﬁb]mm ahch dsynﬁaﬂalobamamdamte

o achi ovaPREPREPIRIE PIoR: Co oo RIS e asRaed 3 FRGth LI €ns and

38 are neeagfdns ihIRAIEA thedil Wat thei s&O¢taaDinembes€ Feqaised 1 frhdiinbitdeopeatkaikh phays not
been found conpatible with the t){)pe of production installation illustrated
i n Fi gur e 21° A exRAaAatiR Along WL BR BOMESIIE“Ag the fact that the structural

merbers r qggy4] ed wh RETEBhcea B gﬂﬂ:@f aih Bnptoiel sPAGK BhPmeBb EoMRdtalRNBRBCARlIS: al ong
vmth the tubing strin Wth reference to Figure 2, an inproved

syst em andsohaies seth@s e}%ﬁag@tg_ﬁqg and 35 shewn yniieyrg, is provided. In Figure 2 is illustrated an
expandable tubing 42 positioned within an open borehole 40. On the right side of Figure 2, the

tubing is shown in its unexpanded state and carries on it outer surface a ring or band of elastomeric
material 44, for example rubber. In this embodiment, the ring 44 has fairly short axial dimensions,
i.e. its length along the axial length of the tubing 42, but has a relatively long radial dimension, i.e.
the distance it extends from the tubing in the radial direction towards the borehole wall 40. The
rings are preferably tapered radially as illustrated to have a longer axial dimension where bonded
to the outer surface of the tubing and shorter axial dimension on the end which first contacts the
borehole wall. As run into the borehole, the tubing 42 carries ring 44 and a similar ring 46 which
together may form a single annular isolator such as isolater 36 m Figure 1. The rings 44 and 46
may be installed on the tubing 42 by being cast in a mold positioned around the tubing 42. The

tubing may also be covered by a continuous sleeve of elastomer between rings 44 and 46 which
8



isolators such as elenments 36 and 38 shown in Figure 1 is provided. In
Figure 2 is illustrated an expandable tubing 42 positioned within an open
bor ehol e 4 right side of Figure 2, the tubing S s
unexpande 0%@@&% carries on it outer surface aring orcﬁggﬁﬁw Q\&Gt

el astoneric material 44, for exanple rubber. In this enbodi nent, the ring
44 has falrly short aX|aI dimensions,, i.e. its length along, the axial
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t he expansg %one passed through the ring 46, the ring 46 was forced into
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surface to down hole e pnent. The li nes may pper or_ other conductive

wires for PEQYHIgFERYQ] §izaa Oié@tqowedvleﬁamm%me H‘Eﬂdéltéﬁ wﬁeé@hﬂbﬁMﬁ%Fg
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hol e. Fi ber optic lines %/ al so be used for si transm ssi ons up or
1K

down hol e lingspn the esideafithaiubing gthey thap it the grodpgiion wawfm e ¢apter afithe sbrgver
to down hahg 1y LEP be B Brouf2h Cthe wwe@%gsca laﬂ@s;mymaédp%%dbm@&qmta%m
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[ t ide of
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t he' tubin ra her e produ ctlon w pat h center o
t ubi ng.  have included relatively thin rubber sleeves on the outside of e\pandable screens, which sleeves

extend for substantial distances axially along the tubing. In enlarged portions of open boreholes
such sleeves typically do not make contact with the borehole and thus do not form an effective
annular isolator. In well consolidated formations, such poor art sleeves may contact the borehole
wall before the expandable tubing is fully expanded creating excessive forces in the expansion
process. Due to their axial length, the forces required to extrude or flow such sleeves axially in the
annujus cannot be generated by an expansion tool and, if they could, would damage the borehole
or the tubing.

[0057]  In the Figure 2 embodiment, the elastomeric rings 44 and 46 have radial and axial
dimensions selected to achieve several requirements. One requirement is for the rings to contact a

borehole wall with sufficient stress to conform to the borehole wall and act as an effective annular
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The lines can be routed through the rubber rings 44 and 46 as illustrated
while maintaining isolation of the annulus with the rings 44, 46. [0056]
The Fi gur | ment sol ves several problenms of prior art devices. Such
devi ces ﬁgééagﬁgﬁﬁ)ed relatively thin rubber sleeves on }GH“SHP§W83“6f
expandabl e screens, which sl eeves extend for substantial distances axially
al ong the tubing. In enlarged portions of open boreholes such sleeves
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stress may danpge the horehole Vail, i.e. Ihg formati on, by overstressing
and cr ushi5T§aRsKa YRk éﬁ‘ﬁﬁs# the sffess JRaY EUES ,OI‘?Br%eatFéﬁ]Eﬂ”égéecﬁ’faﬂ@Ie frora 2
bor ehol e Waldn exfardief @¥flabl e or even desirable. Excessive stress can al so
cause col lapse or _conpression of the tubing after an expansi on tool has
passed t hrlB0Rf t heWhemeypandipgfubing inmpimym digmeter porehaless thecalastastarie tingngwstray
be suf fi ciygntaphifle LPANGE ekfdRsiby 3l Rforfli1fRIRE wiidhCire BRIHX RADS WiHicH FBL1d"NESse
passed througﬁ the tubing or been renoved. Excessive stress nmay danage or
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forces greater J S vaj I ' Welg| .
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dimension, the less force is required to compress the elastomeric ring radially from its original

radial dimension to the thickness of the annulus between the expanded tubing and the smallest
expected borehole.

[0060] The tapered shape of the rings 44, 46 is one way in which the requirements can be -
achieved. As is apparent from the above discussion, the amount of force required to radially
compress the rings 44, 46 is related to the axial length of the rings. With a tapered shape as shown
in Figure 2 (or the tapers shown in Figures 10 and 11), the ring does not have a single axial
dimension, but instead has a range of axial dimensions. The shortest axial dimension is on the
outer circumference which will first contact a borchole wall. The force required to cause radial
compression and axial expansion is therefore smallest at the outer circumference. That is, the
deformation of the ring during tubing expansion effectively begins with the portion which first
contacts the borehole wall. This helps insure conformance of the ring with the borehole wall

surface, The same effect can be achieved with other cross sectional shapes of the rings 44, 46
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sel ected as di scussed above. Based on any given radial dinmension and the
characteristics of the selected elastoner, the axial dinension of the ring
i s sel ect agotBoadzaW expansion of the tubing in the snal *ﬂ@ffus 6%9%954‘2?
borehol e w thout generating excessive pressures. The smaller t e axi

di rension, the |ess force is required to conpress the elastomeric ring
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t apered shapReuthg dnd@hdric 8h6al4imerfon h6the BRtev@itumferiMe 6hht Bifgd €QUi renents can

be achieved. As is apparent fromthe above di scussion, %e anount of force

required t WOPRQI aly iy Pf%f?ﬁrtb%}santaﬁé"l?" iggjatoyaccopeng g the fﬁl@dz g@bedimentyinglpde
length of {Agor hBQST tﬁé’ﬂlbstﬁteﬁgﬁ%g g4 ﬁha@ﬁs%ﬁo??&%b d thik thé GHECdiRehRInsd? e
tapers shown 1 n Figures the rin oes not have a single axia

di mensi on, ribgstbeiseledteshid aHens awummganmn ememSl@n @feth%ﬂ@ﬂ@ner'ﬁhélemgns{ @mtprmdal
S'\I;FF”S'TEQ #ao}aﬂé e ass?ﬁ{lt &l cour%é”lﬁa rﬂgér‘é’ﬁ-. a aﬁa%ﬁ‘e Wirllar & Iarccsat 5 QM a]gﬁgéjg%ho! g

requl redts Qa npr ession and' aX|a
t her ef or e sapkipasd wﬁ!hodt hﬁtrmubmr Ifmdjacmmrfmgsem epacIdhaio dlsselyt they celadd fabr[wdt legdh Of

the ring durin ubi n S. with the_portion I ch
first con?'&%rtag tﬁ' %}deﬂ@aﬁﬁ( ‘W%Fq é’latﬁf"% Sl?e &F‘?r&ﬁ‘f?é f&qwm °% i ng
with the bﬁfﬁ&)&hcﬁa%hipresﬁbﬂ frag e;cremesusﬁmmﬂi f RGE theRfor® remﬂaumddmehhnﬂgsher
cross sectional shapes of the rings 44, 46 2004/ 02720

PCT/ uszoos‘?’eéé@%@acgf{ﬂ?ﬁﬂa fi ﬁ'éﬁ‘\'ystﬁﬁ ‘f“eaﬁeﬂs?te%a [EXRaNiAR eﬁde%mtbe BryHum

provi de a grQalfhoRXistlce dlabiBiers QichadirasiRNire ebdRBtidilyIhéteh bréhsmﬁ&ént%ﬁmﬁér
di mension at the outer circunference of the rings. [0061] preferred

that an anvplirar shoyls ba weilable & arcagmodate ke walgre of slagiomen mtwal. which ¢l bewo
or nore of gt e ell ulm@tmf.@%eeatbma&aﬂéom %sghtom& o §0wm51§h@ hRHattd ShbddiGex @l -

di nensi ons rngs sel ected O | ow annul ar expansi on or extrusi on )
of the eI aabpwmen ahseneehel mateyali betwesaphe toetings aslidisPesyed Fheve thers umaysalsambe a

cour se, lil)hr éﬁﬁl?ﬂ(@% §1eL Sid '?)QHJ @é the &6 Bin snt]ﬂ'em gh Qa%e %éa‘éetsf%q%ovflﬁ

expand W|t adj acent rings re space oo c

coul d contaﬂtbeaaplhmexﬂedmrprmdetdveﬂabmm (apdca) dbpve the sleeveaactionbstwetip te twakl ng
such contact, .the foré;agze [ e %unle{ ] for further radial conpression nmay

I ncrease s"ﬂﬁgf"aﬁf m’ln? tf] REFEICr e preferred that adjacent rings 44,
46 be spadeeszparwith méfémﬁaeetm F1gu1bm3 atd 4\wnotheresibottdentofanrenicaral ki Eblator at

| east in t.h rehole ce el ast s, rubber e
essenti al I'$! ql“ﬁ%"gﬁguﬁé@ s § “ﬂ 2 ptipn gﬁ AR Pﬁ?ma?f%ﬁ% '@#’gﬁ f"g‘ﬂﬂémﬁg‘g?‘l 534:)I e
t 0 accommushafiet dnle mhlueref é)tfpaﬁ:laalitrﬁﬁiiﬂfet 64 [E0d Sreistbtchiai &datomehb slb@ve B HMereed

axially by the greatest radial ressL of the rings. | e the
i |1 ust rat ed hafBerdsieisied %‘h”gb(éo %reg%s'é“rﬂ’,‘ FneREpR And;fed ‘?ﬁéé‘ﬂaltdrﬁ‘@e‘t% framhgs,

as di scussRdiaRMIGhs if e weﬁr&ye &t s66h HReral (686K Wilelend BOLIERE 5bidUiadiBd S £BY
section between the two rin Even in such a _case, the design could still

be i npl emBStvdiich BappoprEED %narftepélpfétw@w QHET pufise f ubplay memhe | byeyaldizser i on
bet ween t bt YibreidabaBHSattBheiCHP BIRERL & drlipintead BRELsSHPEIH.OBn the other end of

elastomeric sleeve 56 is attached a sliding ring 60 which is captured in a recess 62 in the tubing 54,

In Figure 4, the elastomeric sleeve 56 is illustrated in its relaxed or unstretched condition free of
the stretching force. In Figure 4, the expansion cone 64 has been forced into the expar';'dablc
member 54 from the left side and has moved past the locking recess 62. As it did so, the tubing 54
including recess 62 was expanded to final expanded diameter. When this happened, the sliding
member 60 was released and the elastomneric sleeve 56 was allowed to retumn fo its unstretched
dimensions.

[0063] As noted above, it is desirable for expandable tubing to reduce the annulus between the
tubing string and the borehole wall as much as possible. The tubing may be expanded only a
limited amount without rupturing. It is therefore desirable for the tubing to have the largest

possible dlameter in its unexpanded condition as it is run into the borehole. That is, the larger the
11



[0062] Wth reference the Figures 3 and 4, another enbodi nent of an external
annul ar isolator is illustrated. In Figure 3 is shown a portion of an
unexpandegv E e tubular nmenmber 54. Carried on the g bﬂ% Boscs
expandabl @éﬁ%@?ﬁg is a pre-stretched el astoneric sl eeveéli@. I’ee\?e 56
has been stretched axially to increase its axial dinmension and reduce its

radi al di nension from the di sions it h when free_of such .external
for cos. OndUIREIBHETEF GXRABSISR he 1AZES Ab S 1115 SKPHIGORSeEIGPRR CAFEgH B the outer

per manent | yuddeas idkhet R it RGuPH B a BatERACRcRdsclibib bhteF diERERED! BY sBing Wahehdigy OF
may be rel easably attached by bonding or crinping as di scussed be%ow. On the

other end &fter dRESELRESbE sigpd inallogpthe strigg foka g 1o Sk brrelple.i Fey tole! dipmeter iss
capt ur ed | PSS aidRebllof (e adetl g hus tnd BhidnBWcR rfbial'difciRloR B QAFLimal

sl eeve 56 is | ustrated in i1ts rel ax or unstretched condition free

t he stret cllenmgnor hus extefmalgelements effectiahp zedvro the allewade hdismdigeof fler eetdal
into the expan . r. 54 fromthe left side and has noved past the

| ocki ng regg%agg%%tﬁ%g%g?% so, the tubing 54 including recess 62 was
expanded t godédhal IespandedintnnatFigires Yashd,tthe ®tdl awpal dihmddiof stpaddabl: tupmpber
60 was rel gsed .and the et}asé{gm&*rigi sl E)eve 6 pas F" lowed fo return to its
unst r et ched” a8t A ipRhe Perghols isawdysst by PrasBciEhing elastomgnc sleays) 3% ipfgrthe shape
expandabl e skd#ai iiFiduee 3.eTHERAEdIRDN @M Pidiall GirRAtive BNslédve 56talbive &e&ﬁﬂ”ni%"&)l Rve e
borehol e wall as nuch_as possi bl e. The_tubi@_f(g may_ be expanded only a

. n 0 .
limited anbugf upippsiad diamstenr faghe wbing ds Ppender 65 dhugbated iptigue dr the slestomsting
to have thgelRrgestioResRi Blufn & ATBEGhal ishapk i wHRKRARARG £ L&, ASmithe | S
run into the borehole. That is, the Targer the 11 WO 2004/027201°
PCT/ US2003 13566 Astaupiutgwhen exprusion conpbthrasins beranth ¢lagtepaeri sleepadt, Bevillffomn
expansi on. SR | § of | | b Soal I n
to a boreh% e mﬁ%%g’gﬁﬁlgpggg?%l% ?g%énﬁgﬁg%é#bio eglsef r@%é&bﬁéﬁéﬁﬁ’cﬁfgflké’guﬁ?

di amet er nesbdctadeso dhat & theplargesteonpedicsl diaméterpf borebeler tha sleaveowitinmontadrtbehbdrehold he
total dia r s .th f ' I | . tubi | us.t he

t hi ckness rrg,%ﬁ: r gd(’:ﬂ téleﬁ i%ﬁéér{\lg}log g Eclnti) %a{:%]f/j%%%eg rr?\(g%“)} ‘gﬁlé%rr'gér‘#is%yt LFgeﬁ%a ?g?( g F'ong m a

el ement s efdodctalwethythe batulde tvaB. &lpbowail! eomprasseing thealeetd1 86 avill exphnd exgxandabl e
tubing elepents. [0064] |I.n the enbodinment of Fiqure and 4, the total

over al | di{éEr?B’E"&P’“ taxailv A, 8‘1{“?}@‘?5&6‘“ g‘&"&@‘“’i"t&?ﬂ? eﬁﬁﬁ’“?eﬁf%“affﬁé?"ﬁ&ﬂéhol eis
reduced byjopssst r Rti€ pssiflecthfthe aliivla il \0€ Fihirds8 and N és SdiRidRed i AOWMpeitnt
Figure 3. The reduct]on_ in radi %IB dj nensi on O{Jﬁiel eeve 56 all ows the tubing
54 to haveboehojey et I g i ParERA O &F 18 KEM PRRETITERY dg 19 Svllipen! deecbosghole

i | 'ustrat egail Bn fcbtitBrith afilfifg TludBt BiMBlichCeases| BRURIaR& iickbdsQpatbeld 56 Sl #k t O
its original _shape in which it extends further radially fromthe tubing 54.

p

As a resul pifigmé e eppahteorebelsevals hhfere sxpropien of Whing o nd# the conebdease; |t
wi Il formyp aBRIEA s, SOWBHIA i nddd 1§ b gfahd BP ERARI Fufthier ARially 16 FHid® Excessive
borehol e. The rel axed shape of sleeve 56 is selected so that for the
| ar gest exipwes.-cbhisprassereaeliadicahercan iy citherof svas waysy dhgisliding ong 6@ canttihadipededvol e
wal I upon bi 1S : (o) aa]g r.auck al , t I G, ent
Cnt'er nal s‘{ﬁr{’e Saggrt %ﬁ)?gsﬁﬁ, gp aNd1iRe LOme &ﬁﬁﬁgd rﬁ‘ﬂhé‘ J4Y athy ﬁ}es%iét:tfeél bl level.

Altematively the ring 58 can be attached to the tubing 54 with a crimp or similar bond which

releases and allows limited movement at axial force above a preselected level. In either case, the
maximum force exerted by the expansion of tubing 54 under the sleeve 56 can be limited while
maintaining a significant stress on the sleeve 56 to achieve a seal with a borehole wall. If ring 58 is
used as a pressure relief device, it is desirable to provide a locking mechanism to prevent further
sliding after the expanding tool 64 has passed through the ring 58. The locking device can be one
or more slip type teeth 59 on the ring 58 which will bite into the tubing 54 when it expands under
the ring 58. Other mechanisms may be used to allow limited pressure relief while retaining
sufficient stress in the compressed sleeve 56 to maintain a good seal to a borehole.

[0066] In Figure 5, there is illustrated a partially expanded expandable tubing section 66.

Section 66 cames fixed elastomeric sleeves 68 and 70 on its outer circumference. In this
12



good seal with the borehole wall. Upon radial conpression, the sleeve 56
w Il expand or extrude to sone extent axially along the annulus since the

vol une of e e mer remai ns constant. [0065] It is pQssi t_the
annul ar ié%(lf;é(f"dz"%%%’PFi gures 3 and 4 is positioned in a c%ﬁéﬁ%ﬁf)}’%?ﬁ%hol e
which is at the nomnal drilled size or is even undersized due to swelling
of the borehol e, |1, on contact with dril]ing fluid. In such cases, .the
rel axed thiﬂ[’j‘ﬁﬁ@gy\ﬁ\e '_%?rg?é’%wﬁg -‘f?aiﬁ ﬂ?“smt*li;ﬂ’i éﬁ"lf“g?cg PEBIRE a4 2t fhe loghtismork
wal | 57 betpéemeidadse 90. B thishibhimeet, af\edjhiifbl€ NRrGKle BATRES expdiaf cbiie76
sl eeve 56, it would then need to expand qr extrude further axi al%to avoi d

excessi ve iseamieysd tomipanddhetibing 86 & therfubing 06 is cxpanded igithenasa ofitha eargasasea The
sliding ring é@gsﬁaepsf B¢ Bt &4 130 pedn easél] Iofve paRStfy 66 bakAp sﬁuedﬁo &
54 e the ring

t he expanded t ubi ng at a preselected force level. ernat | y
58 can be miakex fimaicontact wish berbhalgywalll ingegibn 24.clnj asgn Brof borehélawall G ovhivhi ek not

rel eases apd al | o\ L.t fovenent, at i qQrce. .abg a presel ecte
| evel . In g‘?ep heé’jrarc\ée\gsgel‘%erpf k@%%?ﬁ(ﬁuc%n?%r%“? gc;;(&]énr 5”3)38‘?0? ﬁ}é%gyﬁagnégi @rlle 5?"$%i ng
54 under t bgandi@esone 56 mayrbeheed imtdnfahctidn with anfded apansiog conessughnhd c@@MU8 of
stress on fhe s]eeve g‘? t? ac%%e a seal g/éth a borehole wall. If ri n% 58
is used abiBures TLONF &4 PEFISWE 14 Roth &onas can Be Gurdied o PRE PXDARNA P StRg: OF Rieng
mechani sm idudabeVeRk chnibé Bitfied Edwrthdlgwith ity tubfig 28itia Rebamed kRDpickA jaBy RRsSed
through the ring 58. The | ocking device can he one or npre slip.type teeth

59 on t he $ipPARFiandoQlivhen itgpacheshg end;ofths titiee stumg. yftes expameian pf the RiBingascresAgier

the ring 58, B} AixeROAG S MjudiiYe Bhe UBSHay Be AW fubthirlGflardl B StttBnd Shithef
while retainin sufficient Stress in the conpressed sleeve 56 to naintain a

good seal exteraalisisevendido epsgmgBikingma Fahwite te, barsholee This gan|beglongprd single trip
partially ﬁ%&&ﬁé‘ﬁ’&&o@?%ﬁl% tHeRR8 e Chd Q%aﬁcpthﬁfﬁﬁg hibBig slﬁﬁlg?ﬁ?%'t&il é&c %ed

el astonmeric sleeves 68 and 70 on its outer rcunference.” |
2004/ 1127 2&wnrisT beysixee andthe adiastatile canstcambé deplovel et drsirechlorationgdd th pool és mhown
with an enll)a%f;gl?golgorti on 74 at the location of elastoneric sleeve 70. In
this enbodinent, an adjustable or variable di ameter expanding cone 76 is
enpl oyed t {0063 pankigbies 6t Gb8 agd GGlluskstet dvothen bmhodi®enti lmving panckénal klastoencaic ea
of the enlarged,area 74, .the dianmeter of .the.cone as ,been increased to
over ex panoS? eu%?”ﬁﬁs“égs da18¢ "(:‘:1rasdfaggbnée"?’ﬁntwénéhnﬁk%cr?s?q7g7ﬁgrgztﬁql%{s W?’Pﬁg‘o hol e
wal | in reggpass §4hd 7, n lb@emetic stdevdRD 1 fihiseatedinl its pasitibi atindtAled fd tunnfiaibing
enl arged, sl eeve 6 .l 1 make contact .wth nqrmal_. expansjon of tubipg 66.
The vari aHPf@a%'élF‘?si S@Bﬁeegoiﬁ CHWCEQ e r{o&ﬁﬁ‘%ﬁ% ?%ﬂ“ﬁettﬁblﬁg %’ E'xérge
expansi on G2 ki ihageco 86 iffflad! A Hidity ©1e2840 c6@iRbte®h B othbiHAH SF SleecBOS0)
cones can be carried on one expansi on too&sgstrl ng, or the adjustable cone
can be carkifstamasleetrotles fptehpdngopydiah g6 teseperate dimen ot Bngdedtives- pi cked up by
the ex par[ﬁmpht 0Q!se¥ihanidele 88AE NARLAEE i RED @égéshﬁ depldhRent Sén ihgg_eft Rlde§lof

a

expansi on of e tubing, screens, etc., by i xed cone, the adjustable
cone 76 ndyguses Lgad 7t Sleewe Bhaps esspnially idseticabiorsiestie Sduvhen tubipg df gk nyt mtnves 70

to ensure iRl RILAFSERl, M ddadsif (D96 AN Boved2his 18R B SUNGH PR AaskpHagatrip
intb the borehole. For exanple, the fixed cone can expand t?le entire t U%I ng
string as a pestiaroef tubigni® up to a sliding ring 92 connected to the left end of sleeve 88. As the
expanding portion of tubing 78 contacts ring 92, the ring is pushed to the right and folds the sleeve
88 into the accordion shape as illustrated. In the folded condition, the sleeve 88, has an increased
radial dimension, i.e. it extends substantially farther from the outer surface of tubing 78 than it did
as installed for running in. The sleeves 80, 88 may fold into shapes other than that shown in
Figures 6 and 7. In alicrmative embodiments, the sleeves 80 and 88 may be unnotched or otherwise
configured for folding and may simply be compressed by the sliding rings 84, 92 into a shape like
that shown in Figure 4. In Figure 7, the expansion tool 90 has passed completely under the sleeve
88 and expanded the tubing 78 and expanded sleeve 88 so that the sleeve 88 has contacted a

borehole wall at 94. The sliding ring 92 moved to the nght until the sleeve 838 was completely
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down t he borehole and the adjustable cone can be depl oyed at desired

| ocations as the tool is run back up hole. [00671 Figures 6, 7, 8 and 9

i1 lustrat nbodi ment havi ng an external el astoner] ve_ whi ch
has a var ﬁ‘zﬁr}g&r’@é@z di mensi on which is increased befor eﬁ)kgf)qszlé‘%?oﬁaﬁ\eh
expanded. In Figures 6 and 7, an elastoneric sleeve 80 is illustrated in
Its position as installed for runnin tupin into a bor The. sl eeve 80
i s connect Sf %ﬁ%qﬁﬁé ’BE&H?V?E%“P %% 8hﬂeheomh% ?@paﬁﬂ%““ der Hs o
hol ds the gje %Cﬁ(kltﬂoﬁ%@rﬁﬁmeﬁﬂﬁﬁgﬁl ng ring 84 is connect ed to the other
end of sleeve El astoneric sleeve 80 is notched or grooved at 86 to

generat e hI[PI%]OI’ InFigargs %’é(?t!n%fm[}’@@@'&fh@%é@éﬁd“@l@@@és Feand 92jin Figyras$t ed
n two Staggg; gﬁqipgle@'d fibta Bitioh P tHe ¥ingPArd Hhashted PG RRs B 1AM, o ciadhéifiett 88

was essentia ntica eeve | ng nun

bor ehol e. Isket Yuarsl E\;edamge%)mn}s bethet ssuke 28 Patin 80 and 82 Shovlrmmtmgurb:eﬁtand i7delnof
tubing 78 d a rtion tub| up. to | i.dijng ri,ng 92 .
connect ed %nbgutrﬁ)%pﬁng e’épr?ﬂdaco??e %FIE%\}@; é?vas "ﬁ‘ﬁ‘ e)?‘ﬁsgrllglz 2‘6 hb)!)dr}% e Mt g
78 cont act $ldce.nh thre Bheslfdimggidgsloplhshedlatchmg h@ess g}titneﬁnd: deakowhith extsh®aro

88 into the acc as. illustr N fqld condi {i on he

sl eeve 88, "H&E¥ @?I ﬁ’EHj?ssggmgP&Ei“hP K ﬁ’e‘ﬁglf‘TBR th ng fIfs ]@ﬁﬁ’ée‘iﬂf pa"h‘l‘ﬂ"gl |y
farther freati RihifWcess B! TaB6th He mgnhb 8Gind BiguhaD einbodiingnts,afe tebsbadl 108 dyifi B
running in. The sl eeves 80, 88 may | d intg shapes ot her than that shown in

Fi gures 6 &apved of Hatigned anan ?’EF@“%%‘EH&F eforesd thioushs pxpandablegubinn d0G s Whep thie
unnot ched @Eqf herswaﬁg ring© 184 £Hd" B Wit o flalgee wmeﬁga R Ypistk TR ise N ﬁﬁ%@ed

by the sliding rings 84, 92 into a shape | hat shown in Figure 4.
Figure 7, eloeg éwpmﬂ@ie tubtrig 190 ap itds @m@ed é@«rpwémlcypamﬁlae.rﬂw tlestemeriysecvg 8

and expand ﬁ}% at the sl eeve 88 has
cont act ed ggl ;L}’fig.g%&? %1% leg f@dﬁﬁg&rﬂ?ﬁ]gﬁggggnved to the right
until the §o0g8he %m&@abmthdtefeyencqs> Ri@r@mmmmwommzﬁﬁnbmwe&at
fol ded and st opped. f,urther vement. I n hat. i nt_the.tool 90
passed un q&xpa Pqﬁgn of sleeve gg asex%% In flfll e, 7r lgd result 1h %%esm\{e!a Press sureﬁ fm['csc%lgt?el n
Figures 8 ax]ﬂnﬁon miahnh-esfsﬂfe el dhin be ﬁﬂo’ﬂdﬂd‘lgl u‘ne mpae maheh aadlscmsfegab&ﬂe anct 82 in
Figures 6 | ace duri i al.l atian.of the tubing.are

1 Pustr at e Simring oL be idpoisd o e bk i P 2 whiban DS5Ohit Fesowes iy 08
may be t heslsseBS aO)r ﬂﬁﬁ{@ %Qa@wc&ae@dmmbmg 'Eal WitH £&rirfp, ARE thé .arrhiperdeh@ Whdon 8
and 9, expandabl e tubing 100 |s prowlg \{\{l?ﬁ a,recess 102 for_holding a
sliding riBggues §anddeso that itxelsases and slidesipithy right ispflicientiforsg ds appligd chi ng
recess 106jgpeAr | Wite etbrehice b Mo emglﬂ-adm Iaﬂtnterﬁaec emBodifent & Ak & x?@ndmg
sliding ring in place. In Figure 9, a slid ’n?g)rlng*EIOB has _an edge

shaped t ochemicalimatanals ase ssed to dorm amamsylag isolpdorpp dipstsated. aHdFIBPTerOee@andable
enbodi ment I I I on
cone is fotr%glegh? %rlgﬁs%%ﬁgg gﬂn%?\bﬁ%eedst% and%ﬁ 100. Q{e)nv;]tlﬁftﬂsee&gggﬁsrsg@&eﬁ édl ng
rings 104 anbbdmtmolelwmme@ngees bt argickléd whish anay becesseatiallywhe [sahe a$ naﬁ 4%
slide alo pxaﬁ]ngﬁﬁ'ze FE%Q&%Q{%@& shiface Sf FERAMEFro. Aubfil 154 Bla) Have

expansi on, he e geve
a fluid tight wall between the rings 114 and 116 and may be perforated on the ends of the portion

which is illustrated. Between elastomeric rings 114 and 1186, there is provided a cylindrical coating
or sleeve 118 of various chemical materials carried on the outer wall of tubing 112. In this
embodiment, the layer 118 includes solid particles of magnesium oxide and monopotassium
phosphate 120 encapsulated in an essentially inert binder 122, for example dred clay. The
chemicals magnesium oxide and monopotassium phosphate will react in the presence of water and
liquefy. The liquid will then go to a gel phase and eventually crystallize into a solid ceramic
material magnesium potassium phosphate hexahydrate. This material is generally known as an
acid-base cement and is sometimes referred to as a chemically bonded ceramic. It normally
hardens in about twenty minutes and binds well to a variety of substrates. Other acid-base cement

systems may be used if desired. Some require up to twenty-two waters of hydration and may be
14



96 in Figures 8 and 9 may take the form of sleeve 88 shown in Figure 7.
[ 0070] As noted above with reference to Figures 3 and 4, it is possible in a
smal | borehol e that expansion of sleeve 88 as shown in Figure 7 would

resul t in eGP pressure or force on the expansion t6ofVSPPEE e
relief can be provided in the same manner as di scussed above. That is, the

sliding rin 2 may be adapted to sli Jto.the left in response to
excessive ﬁ%ggé‘ﬁ'fe"é’ li‘)’ﬁe‘tW@f Spages BeRd t%ge? gﬁfc‘?%]erﬁ’ﬁge"g’@d%t ‘b‘éséﬂﬁ%@@l@@ Yy
tubing 78 y§ thb eAcaphildtihg thdtéRl § 1€ aRy Bmﬁﬂﬂﬁ_ﬁﬂil%r?a&ﬂﬂing'aﬂa@eﬁi&?ﬁrhﬁh%@ﬂra%s SO
that it releases and slides to the right i.f sufficient force is applied.
[0071] W t e iudrgpus chemisa) pastigigs gluriag 1estallafion pg BbRg: d2dptsoririhdate 3nd RRYSE
expandi ng ; ARGTHh SR bdTBioR fréth Sortcing! Stshida? nfaRiiTls By RANMERT AL 3124185 bel

i1 lustrat ef ._ll n Figure 10, ex%ar‘fgré%l e 1tubi&ln‘g.iqlzyiads% essentlaa+] y tbﬁie()%véglr?e as
expandabl eintivisiualgchsmaseh companbmis ma be cneapsilated as midracapiles, tubety bdgsretst whicho

el astoneri¢c rings,114 ATl tially the sanme as rings 44
and 46 show arf‘{r%gﬁclléﬁeec@;gngj&%gégsﬁ]ﬁgﬁm@lﬁg%%% Z’rpeﬁsoger'face of the tubing 112.
Tubi ng 112[008] halpon drifihg ardextphwsiun ovaé thréngfhvihetubingd 12 iam hstidkdd arlfigir @, thad

may be perforated on th d f the rii.on. ich i.s illustr d. .Bet yeen
O hst o tnohiitng Bateti 139 3oroKentef Grbied i ing e Emibyt mararaly B Gimirgitior

sl eeve 118ygfr Mathé Gbh6lb i@ andatRt kfdmCte kbleTmekriilng dNehaed Wwedve, ah thidbi ng
112. In this enbodinment, the |ayer 118 incl ildes solid particles of .
magnesi um %60 smaodiBiTely e slasiPrFRe Wsd if 2pd  1oare grd ppaianky ta dofd,thg ghemical

essenti al | ppdtey 1200h pGtionl Ll tHe QherBéANRABoR hastittef bahiplettdl € As BRERAGBh Bccurs,
magnesi um oxi de and nonopot assi um phosphate will react in the presence of

wat er and the vejwae pf chemical pgterials grmands; Bycthe graciay vithyund ipompeation of spter enhihey
crystal | i 2| Bt-a1.2issRldrs HEAATyShe RBGST iRinidRINESL, WO dRlARSL tEpPTOSRRALE |
hexahydrate. This material is generally known as an acid-base cenent and is
sonet i mes areppiianaly bubamprefersidcaicnnrd propemnplacemeat efnthe chamicalp antliey yeachaktdens

i n_about taenky. fthiHE&5e81% thgﬁjﬁi M@ﬁ&ié&a%?ﬁﬁ&b%& s2lof SRl G B8R evEhiBE
aci d- base cenent systeﬁs may be used | esired. Sone require up 16

t went y- t wachevatcalrrsactibn keguiltsdt xmassiva grassuye Wwhich infghin@ragRAkaOARAN112. In many cases
PCT/ US2003/ 029566 . usef ul re l.araqer ' S ed. to be filled ile
1 enbodl EPEe Sreisig o HER of Mty 104 918 BRESBLT BT hfin Aol et of
122, any ablhblemahidrvillallow additidoalgivater and odrgameht fludds oifleveipartt ea td Previde

I ndi vi dual chem artj.cles, dyring, installation t.ubing 112 in wel |
bor e and BT AL Brafeg e Fi afeost S ahSTites e o6 bl M e o move
material s vﬁﬁayusblgatﬂﬁﬂﬁi .sua‘hSzlisdﬂhS gbl_()aeld\_ﬁv&ﬁ)@w;lrds,rﬁfﬁld ﬁldiWith'b 'gjbtglﬁe ﬂh@rﬂfCrﬁbr\t,am f_luic;]
conponents may. be encapsul ated, in m crogapsul es, tubes, bags, etc. ic
separ at e mrﬁmr@?ﬁhet%im FGPPING PIeFRYTesH MEdesied die fﬁialmcﬁl@ may; bg epeApsulpfed i a
[0072]  UpQigatdérsitivi thadiaExiAa6sds byCaffing D heudintd b tuil NG 1d.the desiretidcesdd, at ed
in Figure 2, the encapsulating material 122 is broken or crushed all ow ng

the cheni d#73hat ehlsailistipe ip Gigried Ovf 2 fondyiad &1 pasting theough Feripee ! A ld and tand
react to fcﬂérﬁﬁbél%agrg t b, MALieEdnkit 285 i REHISER: PORUE conkrbl, E%ﬁumgbt%ﬁr%lféa e

enbodi ment, the el oneric rings 114 and 116 are used primarily to
cheni cal etc. like conduit 45 discussed above with reference to Figure 2. In this embodiment, the conduit

115 will be imbedded in the acid base cement after it sets to form an annular isolator. Many of the
advantages of this described embodiment are achieved regardiess of the presence or absence of the
conduit 115.

[0074] Figure 11 illustrates another embodiment using various chemical materials for forming
an annular isolator. An expandable tubing section 124 preferably carrics a pair of elastomeric rings
126 and 128. Between the locations of rings 126 and 128, the tubing 124 has an annular recessed
area 130. Within the recess 130 i1s carried a swellable polymer 132 such as cross-linked
polyacrylamide in a dry condition. A rupturable sleeve 134 is carried on the outer wall of tubing
124 extending across the recessed section 130. The space between sleeve 134 and recessed section

130 defines a compartment for carrying a material for forming an annular isolator, ie. the
15



reactants 120 in position until the chem cal reaction has been conpleted. As
the reaction occurs, the volunme of chemcal materials expands by the

reaction \%ﬁh()&p}d i]ncorporation of water and the final annular isolator is
formed by YHE"HEALd chenicals. Thus, the elastoneric rihgYUPiW342Y4416
are optional, but are preferred to ensure proper placenent of the chem cals

as they reac It |s i rable that the rings 4 and 11 desi gned to

al l ow rel eé‘geétablf’ pﬁli’f‘@F Sgi iTﬁe t"ll"?‘é"ee@élrﬁmieﬁté ecﬁ%‘?]{é@ﬁlp‘)g’é‘%%gﬁgﬁ%glm éi_“F’f‘ug
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total seal fivg ensmalicpartishisarhitheare el dn plaps butieglpeseiddd | Biramatgpaldl32amey dechbe
annul ar 1 uiglsit o1if e ok Qhereeawlﬁéheﬁaa%gra\%ﬁlﬁe}’bxgi@ﬁa‘ﬁﬁﬁ’ T $t ﬂ%)( k8@t foflea Mid h

such a loose fit, the rings 114 and 1 ) nish outflow of nore
vi scous nepaseisair spangy khests. tihwlider spongy owet fopn asusad.abe slodve 134 miay oot onesdad

flow of nore fluid terj,als of | exXCeSSi\ [ £S.S f
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rel eased baxpansivmi coge & foeet alirongit the tibéng 103, tig kdited dismveer gogion d30|io egiandet

[0073] Alsq illustrated,in. Figure 1Q. is.a conduit ) ssin througjr‘u t he

ri ngs 114,3‘1“%w &‘ef‘Ffé"f E‘H'@ﬁilggf" @B%Pf'ff&s %Pex?ﬁ’?@%éffﬂ'% 1 kf’gtfeﬁr’ings Gded
for power, i28G#ll be kxpa AT PsERt drQGibpSinAilad fow. rotkdtive st is dBigébeUpRed
above with reference to Figure 2. In this epbodinent, the conduit 115 will

be i nbedded shatter mstead prexpanding thssrposing the priymepd 32 tofluidsimthe wellhem. olymer

i sol at or . BRYN Gbsolt MGroe AIMAMESSIOFtRTand Bivall Hasverdl igtls RIRA vRhe 2R ASRELGYVed
regardl ess of the presence or absence of the conduit 115. 100741 Figure 11

i | [ ust r at d$2ahtbismemt wilbbayebeen forpsd pyfside the dinal disraatercod thertehieg 124 anditharebiydnioi ng
an annul argohe gl YPhe u%?ehgiéggiziﬂa%@cMhmn%?%é %u&%lé ol AP IR SRR 2

pair of elastoneric ring 6 and 128. Between the lons of rings 126
and 128, tshas 12findd 28 fotmh am anmylay fsalatoar Thewwwkietolater Bus fgoed witakrislexibée andcess

130 is carr. | 1. ahl . -] .ol ryl am de
in a dry cgﬁggﬁgﬁlﬁﬂeﬁ%p@ﬁﬁlgﬁ@ggg élg‘\glse&%gﬁd %?1 %%??‘?eet “on I?'hg%geu%ﬁgge év%/asfzie of
tubi ng l12ftieXoehdierbarges. o0ss t he recessed section 130. The space between

| 13 d d,o0n 130 .defi . t t, f '
i ot al NOER or YRR AR U €31 PGP Miegils EREBE basdp by b
PCT/ US2003549 39 tifebFigereall| exitiodinat.y The sv:Slfable Tidyidratmebel Bdmpd @ite eheetst ditsolid

swel | abl e pol yner 132 from fluids during,.. installation of the tubing 124
into a borBst Whickmay bgcapipden ﬁ‘gfbﬁﬁ;}%emﬁaﬁ“ﬁfgaﬁc(wﬁ?‘ﬁ &sedgn thehigge o

smal | par tjpGEnfpdikbnt Boudd Be Rakidd Withidl @6 eddYs 130€aridl fi8icaed B¢ thel HRatiBIIRI dufihg 132
may also be nmade in solid_blocks or sheets which may fracture on expansion.

It may al sestalatieneithgubine d24.p08 diyustnd WibKERyensh ifigure 1P, thieplagorsericapips 46

sheet form,d 92856 optidial, %Iu??)é?enjea['to NRYd RfterdR MSAARIWHIR red®ons 0B Yark€ard
coating or filmadhered to the outer surface of the material 132. When an

expansi on peferebly designed todimpih g ageuntiof prestyrifat rambe ganerated iy thecwllmgmaarials.
R0 o A0 i B b o
invention in which a fluid may be used to inflate a sleeve. In Figure 12, expandable tubing 136 is
formed with a reduced diameter portion 138 providing a recess in which a flowable annular
isolator forming material 140 may be stored. An outer inflatable metal sheath or sleeve 142 forms
a fluid tight chamber or compartment with the reduced diameter section 138. This sheath 142 as
installed has an outer diameter greater than the expandable member 136 to increase the amount of
material 140 which may be carried down hole with the tubing 136. The outer sheath 142 is bonded
by welding or otherwise to the tubing 136 at up hole end 144. At its down hole end 146, the sheath
142 is bonded to the tubing 136 with an elastomeric seal 148. A retainer sleeve 150 has one end
welded to the tubing 136 and an opposite end extending over end 146 of the outer sleeve 142, The

retainer sleeve 150 preferably includes at least one vent hole 152 near its center. A portton 143 of

outer sleeve 142 is predisposed to expand at a lower pressure than the remaining portion of sleeve
16



128 will be expanded to restrict or stop annular flow The protective sheath
134 is designed to split or shatter instead of expandi ng thus exposing the
pol ymer 132 to fluids in the wellbore. Polymer 132 will absorb |arge

quant i ti e¥DFUHET2Y and swel | to several tines its initi &CTHGIZA0E29%he
material 132 at this point will have been forced outside the final dianeter

of the tubing 124 and thereby into contact with the borehole wall. The

combi nat i okf2ofThetrertiondd ataly deperdy o p diffrent mmatesiaher maxb¢ Beatakbie| expargicat dower1 28
forms an I vl r . ' LIRS : i bl e
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carried wPCHIGR Y&} iscemusaieddo Aeln 195t st ¥tih Bhoehle sRE A fsq S cqumsatigns are
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the elastoneric rings 126 and 128 are optional, but preferred to hold
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material s. 076 reference now to Figure ere Is Illustrated
anot her erfbetirelegvenbr slvathp ipoigarly to distngpish Aromn elabtbwpricy nfajeginld. Eheybeayubed t o
I nflate acsl eqve. ' ' ' f or 1th a
reduced di@r#%? e"?"ﬁ?@?%‘? gglﬁ%l%lr’%%égl?ﬁ%ﬂgg ?%%hzggg&?ﬁ éﬁﬁs%:%tcg c?rlogi\%gﬁ & afntl ar

i sol at or fcompositg indding al polyhfier mastrib esostpositedor Metabutagix tcorhpoaitablBeyrana be

sheath or sl.eev 42 for a flui,d tight . .chanber ,or. copgpartnment with the
r educed dipﬁﬁ‘érﬁtgﬁolléeﬂ'wgi%ﬁmﬁ#eg’ tgﬁ%‘g'tcﬁﬂ’f cea’éeed‘fdr’fgf 'é'g“éo(’i" has an outer
di arretelr qnogs&ke]r mhpaaﬁdmeﬂemmdigﬁgeonmeh llel‘iQﬁﬁi ﬁnrt]d mw«:ﬁ&&eiﬁgﬁg@ﬂﬁﬂﬁ af
material 14 i ch.ma e.carrie own hole with the tuhin . e quter
Cheat b 14 BEaES A £ BrPRERT PSRRI BPErIE Ao i R haBEt e G THD) o
end 144. Abe iflom REWO riphl & B06kalibin Rifigre SNeWhbn tHbAcdnk SedeRRNRS rddacdd\@iatkbdel NO

136 with an el astoneric¢c seal 148, A retainer s|eeve 150 has _one end wel ded

to the tuBfetign 13 anhbesins Gippesting ¥ ebe snceivnl fipmnlicsras dpking 4%, dhe preesupueler
sl eeve 142, TAP140"Eharel. AL fe¥breinfebE R 0ARE MedvB ThaidesnAdd Juf@sily @iy e Nt

hole 152 near its center. A portion 143 of outer sleeve 142 is predi sposed
t o expandadioreholeovdl flatanbeginshwith theeparéoral43 which dnflatesret of fisst pressure lgelVD
2004/ 0272 . e, 2P e 43 .

di fferent %F g&r[él gﬁ%gr?qér‘rg)%ﬁ%%%f %ébé{cggl to g)?%aﬁgssat ?%tsgﬁpqugggﬁggsa%“rl a
exanpl e, sdvendppressumrieved 8 machedet wineh thgaest df eutet dasre d42beghsfto idlates JEplobsr | Nt o
the form,shown in Fiqure, 11. PortJ 143 i ref,er ab adj.acent . t.he.end 146
of 51 eove i3 € bk Riehe, &2 bl st el G2l Ut EHE FER 19 EY
metal | ic pieksed itd eanfermini’coneyt With the\berehdle lmailaMo catuas than@ich corsdce B\urade/ it sayer
154 on itg outer surface. An_el ast I c.slee 154 is preferred. on ortion
143 ©f i Souag e Bk RS REFSBE e BRI R h gRamoraigld it eliee | e

corrugat i §leéeaue makes firm contact with an outer borehole wall over its whole length, the expansion

process will raise the pressure of material 140 to a third level at which the polymeric seal 148
opens and releases excess material. The excess material may then flow through the vent 152 into
the annular space between tubing 136 and a borehole wall. When the expander cone has moved to
the end 146 of the outer sleeve 142, tubing 136 and the outer sleeve 142 will be expanded against
the overlapping portion of the retainer sleeve 150. As these parts are all expanded together, a seal
is reformed preventing further leakage of material 140 from the space between the tubing 136 and
the outer sleeve 142. The material 140 may be any of the reactive or swellable materials disclosed
herein so that the extra material vented at 152 may react, e.g. with ambient fluids, to form an

additional annular isolator between the tubing 136 and the borehole wall.
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‘not conpletely renoved during the expansi on process. The el astoneric sl eeve
154 woul d al so be preferred on any portion of the sleeve 142 which is
per f or at ed. &00771 The inflatable sl eeve 142 and ot her infl atable sl eeves

di scussed WRaPHWAT¥1referred to as "netal" sleeves or shBEU/NS2PE0A6E 1y to
di stinguish fromelastoneric materials. They may be forned of many netallic
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expansi on process will raise the preissure material 140 tQ a third | evel
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150. As these parts are a expanded 't oget her, " a sea Is refo
prevent i ngmﬁianalheﬂuelFeak@gbemBOdmtréra wiluced diafetsrrpertion dpheltubing Wetkeis cotregatedi ng

136 and llgéé{a%ﬁlﬁ:iﬁ%c -’2‘4% 1s§pe? rp&ttﬁgttﬁ% %ﬁgl% rl’?!?;leng?o ) £ {u%% h%%]Ctﬁlt VS

or svvellab eri a SCl ose ereln so ra ma er|
at 152 maylargeaadexpanded diaimkler dab tmmnek}bamﬂeibdiameten‘ ofrtublag 15@dButing catugatisriibfr

i sol ator between t ubj 1 and th r 2004/ 11272111
PCT/ US200376 PSERE I%Og‘i’gﬁ“g “I’?P’ i g‘*"?“% <§ (L?Ei‘fen% reer W&‘Y\gﬁf‘ﬂ?feéﬁ“«ﬁ%ﬁ 42
i s shown t&n'ﬂ@étﬁnaaﬂd&maﬂﬁeﬂed @ feliade stdha MBdcBroftthesalaengeriRhe HERs abduak tdd0 to
be carried into.the borehole. .As disgusse bove this, arrangenent results

in a smal | #EsKRA Wﬁﬁ?ﬁﬁé%ﬁ%ﬁﬂ‘éﬂ‘ Y e uniyl ’P&B‘?%ﬁml‘%‘m? ﬁn%maa 1gg to final

possi bl e tfah@Em A deh Yk GeAFRAFEIRNY, BE chRBIAE ¥PEdmuphddd FMeYseltdd 18U Eubmgeeve
142, that is without the reduced dianmeter tubing section 138. However,

achl eve thSoPaepucesariativeholoraespacsy 167 far gtoragp af expansion fluid. When an expansion cone
is run through the tubing in the embodiment of Figure 13, the corrugations are unfolded driving the

materials in spaces 162 to inflate the outer sleeve 158 in the same manner as described with respect
to Figure 12. Except for the unfolding of the corrugated section 160, the embodiment of Figure 13
operates in the same way as the Figure 12 embodiment. That is, as an expansion tool moves
through tubing 156 from left to right, material 162 reaches a first pressure level at which sleeve
section 159 expands until it contacts a borehole wall. Then the material reaches a second pressure
level at which the rest of sleeve 158 expands. If the whole sleeve 158 contacts the borehole wall, a
third pressure level is reached at which the relief valve arrangement 157 vents excess material into
the annulus.

[0082)  The pressure rehief arrangements shown in Figures 12 and 13, and in many of the

following embodiments, are preferred in expandable tubing systems which use a fixed diameter
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sl eeve 142 woul d have to extend farther fromtubing 136 and the maxi num
unexpanded di aneter of tubing 136 would be further reduced. [0080[ Figure
13 illustrates an alternative enbodi ment which allows a greater unexpanded
di anet er &0 ¥9+8xBAhdabl e tubing 156. In this enmbodi nent FCABHER Y eeve
158 has a cylindrical shape and has essentially the sane outer dianeter as
the tubing 156. O herwi se, the outer sleeve 158 is sealed to the tubing 156
in the sameoneairrepansions Hds ofieredesisshlesthat theymnerfdimnejeraf an expandidefubing stririgibe
enbodi nent res 7 V. nt.i cal
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the unfoldin rrugate ectjon 160, the odinment. . of Figure 13
oper at es |‘FP’1‘ IB% ?‘?f’gbé'“aﬁ‘ member a4 dnciudss 2 redy %“eteéég iqn 166
expansi on ﬁr&ﬁamgwsraparﬁﬂmﬂﬁ RtokdgBiofan k6Rtok FingShitedid), pre@hibly I8 16& THAS2

reaches a first pressure |evel _at whjich sl eeve section 159 expands until it

cont act s luith@hipheld jmplpce byyyelqstaaesi slesyed 70 whidyrompletel v eoyses the Bwd JpBand eyel
at whi ch tetaﬁenaseéiubet&nﬁi SRMEnADHstERR AR the! duter G QF &e%xgﬁuméﬁf%u@%h a(;xt S

t he borehol e wall third pressure | evel is reached which the relief
val ve arr digcnstion Of.WffVétﬁﬂ segalieggondal/dris gonnesied at 3 fiest awh 474t the gRIBRdabithe

pressure rtﬂlﬂ%%opz;a%égﬁai?ﬁzsex 9%’\5110 tﬁa‘%[o‘?n% b‘c@v%dlﬁ%oraad?gaﬂcgaﬁgﬁ\% f1 t he

follow ng e ments, are pre erre I n expan e tubing syst use
a fixed ditathetlemgth HBh\BIEGEAliSaRAtECtRETIFCISE (83520 565 Acemad fsentior 0 simeudon.

It is oft eS|rab hat [ [ f anda . N strlng
be ' the sads ERranol Arpeaipihudl Rt fof e ORINRTE Rl o,
di anet er expand bbmetemtomepc Gleede$70s uBétwaercs)mtdasethunnI?@rmﬂl 17d] apeiten of‘ﬁlibe

pr essur € Fl tlongenc SeQQTJJoS 1s e po%gé dleh Rrovud secLon 176 and a portion 180, adjacent the exposed
portion of sleeve 170, of shroud 172 are highly perforated and therefore designed to expand

relatively easily. The remaining portion 182 of shroud 172 has only minimal slotting (or in some
embodiments no slotting) and requires greater pressure to expand. If desired, both shroud sections
172 and 176 may be covered by a second elastomeric sleeve to improve sealing between a
borehole wall and the shrouds after they are expanded.

[0084]  Figure 16 illustrates the condition of this embodiment after an expander cone has been
driven through the expandable tubing 164 from lefi to right in Figures 15 and 16. As the forcing
cone moves through the tubing 164, the fluid 168 is first forced to flow under the exposed portion
of the elastomeric sleeve 170. As illustrated in Figure 16, it will expand until it contacts and
conforms to a borehole wall 184. In this embodiment, it is preferred that the reduced diameter

section 166 of the tubing 164 be considerably longer than the exposed portion of the rubber sleeve
19



advantages in such systens. It is desirable that a | arge enough quantity of
expansi on material be carried down hole with the expandable tubing to
ensure formation of a good annular isolator in an oversized, e.g. washed
out, and MQagulnai2by shaped portion of the borehole. |f tHMI/B8EKHBI%64 s Of
nom nal size or undersized, there will then be nore fluid than is needed to
formthe annular isolator. If there were no pressure relief mechanism
excessi ve piesBunrepropmlsdedivnof thmranih@f rthnselldngﬂls, sﬂlﬂﬁdim netgrahd6dn andatléeo
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reakin ansion
pressure rid aj‘ntacmtth el moreekﬂaﬂe ﬁrésememehsi lmt:ﬁcrrmbs ardt the hiphlyepeiforited t 0
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as addi t i oNEPILARGAnS 176 §Eﬁj ééoo\"él exee'esgéfo F @dﬁlsgmiél% a {’]Fr%é’f PXRABSIAMBE her
enbodi ment highly tfafoRlASARdudi fvRIE 1198 dnd M0 ifd GontdRWeh BE beRhbleOFalM thd) fluid
expandable tubing as installed in a borehole is used to inflate an annul ar

i sol at or. MpssEiegllaise 5ufﬁawnﬂ»s<$9a¢wgﬁow@a@wfaﬁhe rawpally pedoratad poxtien 182 of gheced

di aneter s 1 o]
form ng rr:af’?lg&rdldglF’2 g?ee Yera ﬁyoﬂg)fn ?uglgd %rterﬁ%wdeg? Pff?%' %g@fd}fh dg i?ﬁétf? acli:te by
an el ast onenilw @bmmmluwaahh&fanwhwshw@bwmm figeresllal dldlﬁBtcapmwdexmends
a substantj diti ona di st h A58 of expandabl e
t ubi ng 1643‘%5530 qpfes?usec me?]?h #or getﬁ’ on@%i'olﬁslozﬂs rouézej(.”fﬂnéIa hnect ed
at a firstjoessy 17W1meefbﬂeﬁceempran@gnlm 171 18)amiyl 9] thére id" kkemhﬁ@nﬁhlaﬂrﬁﬂﬂﬂdﬂ@ﬁt&a
around the el astoneric sleeve 170 for a,dj stance ,at st e %ft H‘g

l ength of Which ProidesprePRREE i of A xlsal glastomeniq deavy, ?H{f ""J’.‘E 31°R éﬁ‘b mg

section ofonSiieh e sitdVR i1eusricdNén Bigdxehﬁﬁemme&ttmng D0tif Sholwhhitalmp bEETAeRal1F64.

Shroud 176 covers and holds in %ace one nd of the el astorrerl c sleeve 170.
Bet ween sHXBRRded By £n 6Pansion toqh 195 eammied oms i Q}ﬁxaamtoﬁ@anéwebé%n@rmu§|léethe 170

i's exposegypaied phiiehd 96 ey iRy il Gxan &r&qrethﬁfaeéi?r@o cHicRGRiAta biiendxRafed
portion of sleeve 170, of Shroud 172 are hi erforated and therefore

desi gned t1§8eTpdrright of tisieypangedspastionis pryided @ ﬁeﬁ@uﬁ@ﬁwesﬁemzd@ﬂe whingud
172 has onlys il BedRla RhOUH digktdnric! éreem is eamaﬂblgﬁ@toateﬂamal Rt b m'fl%b

requi res greater pressure to expan f desired rou secti ons

and 176 rrél‘yllemembdepmdn BY2 i compoted tet wdu@d@nwteslsm%tiwﬂthppmedmmbmg
R S T L o e s S
_conle: _ has m? gnandnel pteﬂolG rtm?ﬁghtf‘etdb@ splipaiwals! cmtdr mhfangto]fﬁﬁn ﬁ?ﬁﬁm gtr@fvhtltxedlrcbg ht ]
in Figures and .. e ci.n one e e
1 0166 e AEoR 3PEod DT Ttz S i s el g Harierip Hep ol i

el ast oner itig 16Wweeuingd dtion’®02i | lustrated in Figure 16, it will expand. unt| | it
o0t orr ot HG8SE °F NRd dhe, bBird iRl s S5t PRRdegd e T BRNR G FUbe bl the
consi der akpankigh @RhdeNB2 i Hﬂat@%ﬂﬂ&@ﬂts&@ﬁﬁdd%d 008 tdies'rHRARE oShuBIRY Sectid® 20 O
2093/ 027201 PCT/ US2003/ 029566 170. proper selection of the ratio of

these | englHye 18 §eqtioni2ft Arer Balhpf %ghqegdeéxﬁawfaﬂ% thegelastomeric member 204 is

compressed axially so that its radial dimension is increased as illustrated in Figure 18.

[0087] Once the elastomeric sleeve 204 has been expanded as illustrated in Figure 18, the
expansion cone 192 may be forced through the tubing string 190 past the tubing sections 200 and
202 expanding all the sections fo final diameter and driving elastomeric sleeve 204 into
engagement with borehole wall 198 as shown in Figure 19. As the tubing string 190 is expanded,
the threaded connection between sections 200 and 202 are firmly bonded together to prevent
further rotation.

[0088) With reference to Figure 20, an alternative form of the embodiment of Figures 17, 18
and 19 is illustrated. In this embodiment the same expansion tool including expansion cone 192,
mandrel 194 and splined end 208 may be used. Two expandable tubing sections 209 and 210 are

connected by an internal sleeve 211. The sleeve 211 has external threads on each end which mate
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provi de a very | arge expansion of the rubber sleeve 170. As the elastoneric
sl eeve 170 expands into contact with the borehole wall, the pressure of
fluid 168 increases and the highly perforated shroud portions 176 and 180
will expaNdda00482720f additional fluid is avail abl e after PEIININHIIWH

hi ghly perforated shroud portions 176 and 180 into contact with the borehole
wall, the fluid pressure will rise sufficiently to cause expansion of the
m ni mal | y pethfinemaletireads pi oectiv@2¢ andn210. shreopslepve 1as aff hﬁtemablﬂailg!tgﬂ@fanﬂm i on
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i nt er f er en@EPY 28 llf’fftératﬁa ngF' Bgr 1&?‘%% angion bref ers d}‘é’g’F %’@hi}ﬁ’ c%50&11
out er sur fﬁbﬁg 209, ilersheeee 211ghd tigrtiing\2 t0ho e:epdu@ﬂnel tutﬁhgamﬂtfame the elastofierzOdeevé

oL 10 D A Rt B I RSP BRI iRy 200 o0 (e
i §

expanded tgogd)e PWithirefeRAMmowto Figigs2 1172 addfB3, theveiaNbbteted @ ditbinidtof e

rotated so that its sp Im&dgend 208 causes ro atlon f t ubi ng section 202
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is increased as illustrated in Figure 18. [0087] Once the el astoneric sl eeve

204 has beséﬁpee%{?ph'f‘i@!é@ bg griginalljsmpnydaciuredy sigege 220 panade e of dwp aps o inslydes 292
may be fo ng axppavgﬁsmené WRLRO2SE T TG OthePAStve 139 fdbi a&nﬁ?&tat%a] e and

202 expan the sections to final dianmeter and driving el astomeric
sl eeve 204oiespondingitpdbeenterdiamater ofen aheypendedubulav@embershd ararger diimptardn 19, As

the tubin tE{ eﬁ%% hggﬁgl@gﬂgtgﬂgﬁh&% by £ada o Qifhiv%‘gr%eﬁ&?ﬁfﬁle §afﬁgt ;38)”5

200 and 2 are er to prevent urt
Wth ref ershanben tits reﬂmgd rcendiyn. an Fagu:re ﬂhahd sieevE @R0rischovihes ewklied orembectén of

Figures 17 nd 19 il ustrat e hi s di nt t e anS|on
t ool incl udi W@“dee% p%( S |d3h]%c%lﬂre'g ? é%r mnm e ijto 169 rg}tl)o spll hgeﬁ dsﬂgg’g
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its up hole end. The rings 228 and 230 may be essentially the same as the rings 58 and 60
illustrated in Figure 3. Shding ring 230 would be releasably latched into a recess formed on the
outer surface of expandable tubing 226 to keep the sleeve 220 in its reduced diameter shape for
running into the tubing in the same manner as shown in Figure 3.

[0090] Figure 23 illustrates the shape and onentation of the elastomeric sleeve 220 after the
tubing 226 has been placed in an open borehole 232 and an expansion cone has been driven
through the tubing 226 from left to right. As illustrated in Figure 4, the expansion cone expands
the tubing 226 including a recess holding sliding ring 230 which releases the sliding ring 230 and
allows the sleeve 220 to return to its natural shape shown in Figure 21. Upon thus expanding, the

sleeve 220 contacts the borehole wall 232 forming an annular isolator.
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WD 2004/ 027201 PCT/ US2003/ 029566 with internal threads on sections 209 and
210. The sl eeve has an external flange 212 and an internal flange 213 near
its center. An elastoneric sleeve 214 is carried on sleeve 211 between the
ext ernal WwaaHE/R1Piand t he tubing section 209. The i nt er FMEI/US2WRGIISEA3 | s
sized to mate with the splined end 208 of mandrel 194. This Figure 20

systemoperates in essentially the sane way as the system shown in Figures
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t ubi ng 226inflaied bladder 42 inrfire cenlelveioesholetvall?ber 220 has been stret ched
| engt hwi se sin t .
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Figure 3 g ring e re easa 2 recess tormed
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borehol e 232 and an ex ansj on conetp been driven _through the t ubi ng 226
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shape shoviienf RoFingaye® from. righh dh laftn diswilxgoliarse ity chamber 3tetlesapemge domileidt246t he
bor ehol e wald, @ 38t 298 FhtH IhePNa@f2P B4R The Bladdc? 'would be filled before the cone 20 moves

under it and expands it further as tubing 240 is expanded.

[0095] 1t is desirable to provide a pressure relief or limiting arrangement in the Figure 24, 25
embodiment. If the bladder 242 is installed in 2 nominal or undersized portion of a borehole, it is
possible that excessive pressure may be experienced as the expansion cone passes under the
bladder. In the above described embodiment in which the chamber 244 is filled with fluid and no
spring is used, the outer wall of chamber 244 may be designed to expand at a pressure low enough
to prevent damage to the bladder 242 or the expansion tool 260. A pressure relief valve may also
be included in the chamber 244 to vent excess fluid if the chamber 244 itself expands into contact

with a borehole wall.



21 WO 2004/027201 PCT/ US2003/ 029566 [0091] Wth reference to Figures 24 and
25, there is illustrated a systemincluding an external el astoneric bl adder
which is inflated by fluid in conjunction with expansion of expandabl e

tubi ng s&¥0i26W/02491 An expandabl e bl adder 242 is carri edP@RUSHO3/MIEE de of

t he expandabl e tubing 240. Also carried on the outside of tubing 240 is an

annul ar fluid chanber 244. In one end of chanber 244 is a fluid 246 and in

t he ot her ¢#36] s AVidorefrrense noy te Pigiire62thgre igdlupkased arhexpaidabld tobide seation 268 i ng
248 is a sljdi . . ' [ ' it hi e 244

hol ds t he g{’)?‘%h%% 1%%@41 eqzagg%mﬁ?g)%gé Jé@?é&%@&? %éeg%éﬁse‘gdr}]lyﬂo a)laper eexl?%ggg%\;mgqrﬁl Us4.
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by a rupture.disk.253. [.0092] In Eigure 25, an. ansi on.cone, 260 is,shown
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I s expandedhitidl thidkhes ksd fevasiblyreapardple RoitsRighN@ickid. Beforaghige tht dirgPrdeNd
248 to drive the_sliding pistaon 250 to the Jeft which injects the fluid 246
t hr ough t h&to ‘?WEQ’LWCJOW§1€ef§§8i‘?ﬂlﬁeﬁﬁéerﬁll‘ea‘ﬂhf% ang/eompresse Yapd beldin pagenys
expanded bg§ Qrcg%etm W'ﬁ'a%ﬁ@somonﬁﬁginﬁleﬁgﬂ?eﬁse bhatorRaditd B 2 bdies SXBRAAAD! €

tubi ng 240 whi carries the bl adder™ 242. t expansi ori_cone conti nues
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pl iast i ¢ nmathekhab oandabdimengi@ndAs hidd9 ddcutringt the nfbing 268 R4l i panibd giesadipf the t he
spring 248, can_be repl ace i t ther stored. .energy devices, such as a
pneunati ¢ @B‘?‘&ﬁgf‘gﬁ?ﬁ?@eﬁ?ﬁd‘b‘ﬁ% %h“g) %%3%7@81%515018tﬁérat ed without a stored
ener gy devjoo®r] FOThecHomI268 malyite ridde iwith résdve sradweilatde catbpbuadctatrita il dst #die 250
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fluid 246. Wil§n itheoopep felis jopfhe (R BB0CHIBPES ter cAmRopgHt of 4n jagidibasq gemgnt s
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t he bl adder 242. The bl adder. woul d be filled before the cone 20 noves under
it and expafseses b Higire hbrmayberingrangatediptq e Laph i geptectipogdeve fike slgevadas pbbl e
to provi dega, PneSd fe Lsldl Bf prltect! thilchdnfea1 HoRANHRRERhtab\dddAE ifsGiHich. 25;\?6‘25

enbodi ment. "It the 'bl adder 242 is installed in a nomnal or undersize
portion ofexpansionehthe dubing 266 thegbersicals would e cxposedte ifermapprefluids and pepgt todorm
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spring is [0838), tOwberan¢chanisvad maybe wed trhempless| thedganh 26Hashgmbidg £66 Bxpaimth at a

pressure | ow enou to preven a t tnlﬂ-b | dﬁler 24%2 t he exp i on
Pool 260, s dios ehanfiemefi v Suhd sbfeeh REE o o R B 1R 2
to vent exoasSlekleutdhld be tdal. cTheleed cadrkciidns elofildebepamaged it breglo oh &pansion,
releasing the foam 268. Alternatively, the foam 268 could be covered by a vacuum shrunk plastic

.\
film. Such a film could also protect chemicals incorporated into the foam 268 prior to expansion.
The plastic film can be prestretched to its limit, so that upon further expansion by a tubing
expansion tool, the film splits, releasing the foam 268 to expand and exposing chemicals to the
ambient fluids.

(0099} With reference now to Figure 27 there is illustrated an annular isolator system using a
chemical reaction to provide power to forcibly drive a sleeve into an expanded condition. A
section of expandable tubing 280 carries a sleeve 282 on its outer surface. One end 284 of the
sleeve 282 is fixed to the tubing 280. On the other end of the sleeve 282 is connected a cylindrical
piston 286 carried between a sleeve 288 and the tubing 280. On the end of piston 286 is a seal 290
between the piston 286 and the sleeve 288 on one side and the expandable tubing 280 on the other

side. The sleeve 282 may be elastomeric or metallic or may be an expandable metallic sleeve with
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with a borehole wall. 22 WO 2004/ 027201 PCT/ U5 2003/0 2956 6 [0096] Wth
reference now to Figure 26, there is illustrated an expandabl e tubi ng
section 266 on which is carried a conpressed open cell foam sl eeve 268

whi ch may We 28493fi¥éd to form an annul ar isol ati on devi cBCTVRMOBEARFER68 i s
a low or zero perneability open cell foam product which restricts flowin
the annular direction. It is elastically conpressible to at |east 50% of it
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fixed to tfmdidr MaweBthti GyldbmadtaliRfeheRavaUl Ot ShREY¥Rs S8R plates OTRGH 86 2
Cylfl ndri C%Led in conjunction with other embeodiments of the present invention such as those shown in
Figures 10 and 11. The plates 310 may be used in place of the annular elastomeric rings 114, 116,
126 and 128 shown in those figures. The plates 310 may be made of metal and may be coated with
an elastomeric material to improve sealing between the individual plates and between the plates
and the borehole wall. Alternatively, the plates may be permeable to fluids, but impermeable to
gels or to particulates. For example, permeable plates may be used to trap or filter out fine sand
occurring naturally in the annulus or which is intentionally placed in the annulus to form an
annular isolator.

[00102) Many of the embodiments illustrated in previous figures carry annular isolator forming
material on the outer surface of expandable tubing. The material may be a somewhat solid

elastomeric material or a fluid matenal which 1s injected into the annular space between a section

of tubing and a borehole wall to form an annular isolator. To the extent such materials are carried
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annul ar ehﬁ%ﬁEll?@v%loi:emt&g&elsiéve&%@omb&.a@om%elt%% shown in those figures. The
pl ates 310 may be nade of netal and h‘é be coated with an elastoneric

materi al {8910Hpr dw epwetian; kg arbediment efifagyre 0 viill ba instAllgd ésamprenthorchelsrat tahe
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fluids, but 1npernea gels or to rticulates. For exanple, "perneabl e
pl at es matubpg lzﬁefcbnn b:ﬁttpa;shbr%ﬁn therexmmsm cone reaphes the danar sleavg 33t the skéve in
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flows through the ports 326 to the outer surface of expandable tubing 320. Altematively, the
sleeve 322 may be designed so that the ends of sleeve 322 slide on or are torn away from the inner
surface of tubing 320 by the expansion cone. As the cone moves, it can compress the sleeve and
squeeze the material 324 through the ports 326. The compressed inner sleeve 322 would then be
forced down hole with the expansion tool. If the outer sleeve 330 is used, the matertal 324 may be
any type of liquid, gas, or liquid like solid (such as glass or other beads) which will inflate the
steeve 330 to form a seal with the borehole wall. If sleeve 330 is used, it is preferred to provide a
pressure relief mechanism like arrangement 157 shown in Figure 13. If the sleeve 330 is not used,
the material 324 may be any liquid or liquid/solid mix that will solidify or have sufficient viscosity
that it will stay where placed, or reactive materials such as acid-base cement or cross linked

polyacrylamide taught with reference to Figures 10 and 11 above which may be injected through
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expanding tubing 336 from left to right. On the expansion tool 344 mandrel 346 are camried

extemal seals 348 sized to produce a fluid tight seal with the inner surface of the reduced diameter
section 338 of the tubing 336. The mandrel 346 includes ports 345 from its inner fluid passageway
to its outer surface. When the expansion tool 344 reaches the point illustrated in Figure 31, the
seals 348 form a fluid tight seal with the inner surface of reduced diameter tubing section 338,
When that happens, pressurized fluid within the expansion tool 344 flows through the side ports
345 on mandrel 346 and the tubing ports 340 to inflate the rubber bladder 342. As expansion of
the tubing 336 is continued, the reduced diameter zone 338 is expanded out to full diameter and the
now inflated bladder 342 is forced firmly against the borehole wall to form an annular isolator.

[00107} In a simpler version of the Figure 31 embodiment, the expandable bladder 342 may be

replaced with one or more solid elastomeric rings. For example two or more of the rings shown in
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forced down hole with the expansion tool. If the outer sleeve 330 is used,
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expandabl e tubing as run is illustrated. A section of expandabl e tubing 336

has a redgedarignlaast er section 338. Wthin the reduced di ameter section 338
are sever qum; t 911%4& ERG syRERTs E&@bw@l | 390, A0hePused Eftter \seéoye O@Adepi%lﬂﬂ;
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346 are cawenadansmmtaéenh& nemal spddbnpreced i perforogiuce a fluid tight seal vm th

the inner [&Hr I)]aC E\WOtL réftt:]rgncre 0 H:%Sr%s gﬁ r’geif a system for over expansion of expandable tubing
using hydroforming techniques is illustrated. In Figure 33, a section of expandable tubing 370
carrying an elastomeric sleeve 372 on its outer surface is illustrated. In order to expand the annular
barrier area 372, a pair of slips 374 are positioned on the inside of tubing 370 on each side of the
barrier 372. Forces are then applied dniving the slips towards one another and placing the portion
of tubing 370 under the rubber sleeve 372 in compression. The axial compression reduces the
internal pressure required to expand tubing 370 and allows it to expand to a larger diameter without
rupturing. The pressure within the tubing 370 may be then raised to expand the section which is in
axial compression caused by the slips 374. As a result of the axial loading and the intemal
pressure, the tubing will expand as shown in Figure 34 until the rubber sleeve 372 contacts the

borehole wall 376, This will cause an increase of pressure which indicates that an annular isolator
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section 338 of the tubing 336. The mandrel 346 includes ports 345 fromits
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to conduit 45 in Figure 2.

[00112] In the embodiment of Figure 35, various matenals may be pumped to form the desired
annular isolator. Chemical systems of choice would be those which could be injected as a water
thin fluid and then attain efficient viscosity to isolate the annulus. Such chemical systems include
sodium silicate systems such as those used in the Angard TM and Anjel® services provided by
Halliburton Energy Services. Resin systems such as those disclosed in U.S. Patent 5,865,845
(which is hereby incorporated by reference for all purposes) owned by Halliburton and those used
in the ResSeal TM, Sanfix®, Sanstop TM or Hydrofix TM water shutoff systems provided by
Halliburton would also be useful. Crosslinkable polymer systems such as those provided in
Halliburton’s H2Zero TM and PermSeal TM services would also be suitable. Emulsion polymers

such as those provided in Halliburton’s Matrol TM service may also create a highly viscous getl in
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[ 001101 Wth reference to Figures 33 and 34, a system for over expansion of
expandabl e tubing wusing hydroformng techniques is illustrated. In Figure
33, a section of expandable tubing 370 carrying an el astoneric sleeve 372
on its out¥P 28UWRAYA is illustrated. In order to expand t¥el/43HUFAFbarri er
area 372, a pair of slips 374 are positioned on the inside of tubing 370 on
each side of the barrier 372. Forces are then applied driving the slips
towar ds on@\2fotVREPUSHSEICHE Ay #o toR dNipged i the gnnyly Wil gy eysterme The pystemybber

sl eeve 372 gl LRGSR 18d @lrroRANRY Btith@th a8 dKGRstvd ffosidyNt
pressure reqéglrred to exgﬂ;ynlégg?ﬁl])l ng é:r?()OQfgﬁ%l allows it to ‘éh@%;u;%% tc}q%m?g?eder

di amet er wifluidonay be sejseted ithpenetie ingy the Sormation ewianfrer dhet yiseholy w103 8atp mgrenhen

rai sed to t Is i aused by the
slips 374. %@ggrg?e@ﬁ?sﬁggp‘ ? u\i\giﬁ%‘a}]tdr%gﬂ “"? ana- tﬁe I'n @F ﬁ%’fgﬁ pressure, the
t ubi ng wi | [00ax}jandhapetslhpunembodingt oEFigdreld§tant 20 haylbuhbairmglaeeuétha?ﬂgs 384
contacts the ot ehol 3 Thi,s wil | g nerease r.essur e
whi ch i ndi 8% %@ SE' rglﬁg\gﬁh i&eyllgzgl baﬁp&}muﬁ;y\)\ﬁ%ﬂggﬁpﬁﬁ‘?gﬁfm“ ar iSolator using
PCT/ US2003 62 8hdtas haﬁumeied]atfoarmal Ttn.eprsinh@a sRifiy oTEihetsAf cdiChe ﬁ.{rﬂﬁeﬂﬂﬂxts?dbd
noved to other |ocations for expa Qrm ot her annul ar 1 sol ators.

desired, tAEmEFINRSEHT BT §ﬁ§%&£ﬁ§%oﬁfrﬁa&% 339 nHy Bates & shopld dilfss B‘h‘c%‘ldon

with the S by 8raf 1 A¥BankiRs BleSidfeS imdRasdad 18R t3Reved &lat bikg aesm@@p&kqev&m%a%@ may
be isolated’to the annular barrier area of interest. A conduit 378 may be

posi ti onedweHddrgride legqod yimarlar Eplatoy Slarkingt Ge aopee ﬂPWgOprﬂélFCEd dhnds o
comuni cat érﬂ&?iuﬁétﬁ B Siiso ik a Lafld Qﬁﬁlafr Es%iﬁt&%%aﬁfﬁtm or ﬁfﬁH gv%ﬁﬂﬁ t-ﬂ-?u)db&ﬁH'ﬁx ed

above with erence’to conduit 45 1in Figuré 2 erence
Fi gur e 35, sanfiavhizhi is pradiiaed fioa thelformatiomb amfl fhaorst in e amnéuq@r esent invention

o o 2| RBLIAT THRRhoR CPRRTE M AN Bk AL G BB PR "

expandabl e*tubrng. Tn there s 1llTustra a sec
expandabl eemarbdllyg:aﬂﬁﬂ etasremmmde wi thé type ahnwxpmrF igupasréetiod. e 88fon dihexpindablag
386. This is t

380 caries tonmeric r| 84 a

ar r angement* lgg%pllmlforvﬁ’taéé"ﬁ FPESE le%Atfot é}‘ Y R 2P %'?‘?mgfto?l gﬁt ug‘nﬁﬁh@go
using a COéla/sﬁ:ﬁﬁdrmm?eleve QMp&mﬁ:IhGﬂa}ClﬁHIﬂenﬂchl toslezee R0 bhBiguiehe 1£mﬂ¢$bmﬂaerdut@ 386
has been co ress bet ween_t h | e 382.and t t ubing .380 to
forma sedf P E@xﬁ%{h@?ﬂ ref‘ Pg%elfe ﬂﬁ@m osf“’pnrglgﬁ%éﬁ‘?ﬂ’ Sh ey heidenticalte ns ¢
t he bor ehoﬂl@nﬂgki oBFiRGe 6] Anlatr ﬁe@m@e\oeawmamaa on AR08 hgacknPdk 1dfPéhdF t he
bor ehol e 382. is desirable that the ri r{%s< 384 and 386 be deswgned to

linmit the $¢ é’§§‘(§r‘@40¥“di b sliding) seplsr B0) beeeen the, inneruefage of 5 va 40P aptihgawter one
or nore poyticeXtRudMY 400, rmymﬂgr@mﬁﬁgaaéaoemm@ isUslBitieMAGHK (H6abaaBsn of the bl Jeeve

injection string 390 which may be simlar to the device 362 shown in Figure
32, is shot¥ andrropnegted tovitt iy oReeXpBeradwlts obping 4360 The minscilf opaystlide eyialip an

i ncl udes Sc%ﬁéeﬁmﬁc% ngﬁhémﬁfugﬁgﬂ%b‘?ﬁ o port 394 through the injection tool
3 0

390. Wth t ection tool position as illustrated, various
annul ar i SIO0HSHr Incupedation mﬁsth@anaﬂes”iﬁrembomepuﬂwé@hdfngmm HiB @“wwpm@nttcbm 40yh

ports 394, nged @%&@&%&%@ﬁw iRher MRAGTer P mo%gpa@g,ggl by t@faslg%wﬂd

t he boreho astomeric ri ngs 4 an eep T he
i nj ected rmtﬂmrmgit A dim dxpansiongoal|indgventte tiennghtuspushes the sleeve 412 which in tum

pushes outer sleeve 408 to the right by means of the pins 414 which slide to the right in slots 416.
When the pins 414 reach the night end of the slots 416, the sleeve 404 will have been folded as
illustrated in Figure 6. Further movement of expansion tool 402 shears off the pins 414 so that the
inner sleeve 412 may be pushed on down the tubing 400. As the expansion tool 402 passes
through tubing 400, outer sleeve 408 and the sleeve 404, all of these parts are further expanded as
illustrated in Figure 7. The inner surface of sleeve 408 preferably camries a toothed gripping
surface 420, like the surface 59 of Figure 4. When sleeve 408 has moved fo the right, gripping
surface 420 will be adjacent the outer surface of tubing 400. Upon expansion of the tubing 400, it
will grip the toothed surface 420 preventing further sliding of the outer ring 408. The ring 406
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A conduit 394 may be positioned through the rings 384 and 386 for providing
power, control, conmunications signals, etc. to and fromdown hol e

equi pnent as di scussed above with reference to conduit 45 in Figure 2.
[001121 | nWOReOEHIEHI nent of Figure 35, various nmateri al s PEAWRIR03IIAPEd t o
formthe desired annular isolator. Chem cal systens of choice would be

t hose which could be injected as a water thin fluid and then attain

ef ficient wiagclesadapted doisbidt it ecspbrse dorenbessive Sypdnsioh gmissiabs sxesteé rhy wmietsivdd
sodium silicate syste ch as, those us in,the, Angard TM and Anjel (r)
services p W%@%#%?C%%%%euﬂ%brﬁ‘ ﬁ?F’S"ﬁ e 3%05%‘ Resin systens such as
those di sci@aed i 'Wih Sferdtat erfiigire 885théd 5 ill¢stfatedlyet motter &Beni fof prepryadiiagd ahy
ref erence for | purposes) .owned Hal | i burtop. and those used in the
ResSeal TMEXIERARY samed e %QH@P&%WO%%%PW T RASHESE 810 §h3ﬁ9ﬁ°ﬂsfgf§f<%able
provi ded byupidgabdol 1 Ghévan b¥iRg eLhaAB&OREA 188 Qb Woht 6F @ SkpankiaR 6ol BobY B folNmL eNs
such as those provided in Halliburton's H2Zero TM and PerntSeal TM services
woul d al soclsgomeria desve S04 vhich way beiderbsal to slaevs WsoftFigiwe 6pisgiarisdcpni the outer

Hal | i burt og, 1.GE I | j :] 28
0 20041 02955 BT R30h 3D YsSBAITY o BVCHAT 7 3By B 308 which il e ifntll o

i nj ect ed i theaing (52 ofiFigude s Qui thé lefitend of sledtve §04 Frattachpd b ghidable rirfg §8r & sk&ve §10
particul arly,. ful .if e rrounding. f i . eX \ye rasit The
"ol ected . PIEUTES hyisgondialetshiea o Atn 300 hirdR o BR3P B ety

t he bor ehoieal bawten3B2vd £10piné denimer shrfiicd ®f fubbig 369 p 8as bhfoteEnfidEr@tonneaedt or

by flow ng through the formation itself,. [[00113]..Th et al pl ate enbodj nent
of Figure %“ﬁﬁ&g%‘aﬁ‘ﬁ@y %‘ém ee‘&“?rﬁfeﬁYea%lg ' 3‘?13 pasi4 F?é?%i‘féﬁ’“g]gﬁ?ﬂwé%‘ 0g in
Fi ?ur e 35. 5T RYthewbilpesMaidd & |pasitivned ajadént s ldfOéndl $TOthe ridB IOk arTHe S 0%
using fine sand as, annul ar iqs}gl ﬁti on. material. A prem xed slurry of fine
sand can bEFISTARDERITTES ELPRIRS tegt pl R BBWESPIRSEN a pair of the petal plate

sets 310. BopIA! atfspeddibn ShasikTiute I7teibodient Bk exfRMA 61802 hioad HomSeft to

pressure is increased. It is believed that such a sand pack several feet

long  woul Tght thyovghdhe ubag $04n e the tasl a8%rcaghes ek pdas F200f Apminnersleeveo M Gt
d d flinds: i i I .80l
produced f &gmet& ish th& HBAAIsTB W@ﬁgggug@isie@mm g@ﬂ%@%ﬁ:& 18/ pu A Ctg%a;telby

catching or fiTtering out natural ) ng san pro rom
t he f or matiimg#¥8dn thefrigbteompressing andh falding sleqve 004 iito the shapeshewrimdéigure 6FVghaane
36, there is il I 0, [ er
carried el t'gg %%??%c%%i%v%ﬁg? IE?lt(8 f}sel%%lé%gﬁé eo%)glioﬁg I g@geﬁgﬁ'@%t Sf.ilteﬁdg‘g?t(%/%fn of
expandabl einndrudieng SIOG prefesdbbslofeli togmateip dredgdpé ob expgaesion tal 502 and Byniathe

expansi on tool, 402. A.fol dabl e .el.ast ric sl eeve 4. which may.b

Cabor cal vt ise plidy<aR B Gpm ST BEbf By B 18 Sont B B eBpheSoy e
tgbi ng 4?&001@0)21 The tobp2 mq:.f aﬁiesﬁh&@h&e lee@éSi()sex@amﬁngp'lt,nﬂmbiﬁ@G%%Mgﬁ&dmdf&mgbed
i dentical t e ring.82 o igure 6. ter metal sleeve 408 _js carrie
on T bt ag S8 MR slehOsy o2 ol ool DY L BhGnsiHiac of wiioe 590 i rAg
seal s 410 fakapeBppitdef themag 598! ThE €ingfs06 MReUR BB en fidpdke toSekcEafe Of

tubi ng 400. An_inner slidi ngL sl eeve 412 i ? positioned at the |ocation of the
out'er sl ecs¥pansion pressures created by undersized boreholes’as discussed above with reference to Figures
3 and 4.

{00118] The embodiments of Figures 12 through 16 and 30 (with the inflatable sleeve 330)
share several functional features and advantages. These are illustrated in a more generic form in
figures 38 through 41. Each of these embodiments provides a recess or compartment in an
expandable tubing in which a flowable material used to form an annular isolator is carried with the
expandable tubing when it is run into a borehole. In each embodiment it is desirable that sufficient
material be camied with the tubing to form an annular isolator i an oversized, washed out and
irrcgular shaped borehole. It is also desirable that the same systems function properly in a nominal
or even undersized borehole. In each of these embodiments, an expandable outer sleeve has

certain characteristics which make this multifunction capability possible.
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408 and connected to it by one or nore bolts or pins 414. The pins 414 may
slide axially in corresponding slots 416 through the tubing 400. [00115] In
operation of the Figure 36' enbodi nent, the |eading edge 418 of expansion
tool 402 We2¢#Ed2Mo fit within the unexpanded inner di aHEVEP2083/039660 ng 400
and to push the inner sleeve 412 to the right. As the expansion tool is
driven to the right, it pushes the sleeve 412, which in turn pushes outer

sl eeve 408 [§M1%he Irulgme I§§ mﬁgn of exnredssi tyking P20 i skawnsin afeopen honehold g3 i n

sl ots 416. ri oth
sl eeve 404 h\e\n‘\{‘gggﬂave een f 98 q)%nl&rslgﬁug’tglﬁg?%%ﬂe %?U%P? %i %'Eur tgﬁ' a first
movenent ofpompéh&mﬂnted indd con@pt \siﬁem snlargq?d hangholsi mstlom:ﬁaﬂtsﬁhet $lextve prtion B3t éy

sl eeve 412 ,ma hed.on down t on to
pasces ¢ hABURNA R AR et e A Sl ] o a e BRI o Pt
t hese par t Sorehdle fMﬂlt B:er éx pan dedmade of b]aktsﬁlér&‘t adtckifl b1 gxpatdable Tl iWHIEH is
surface of sleevs referably carries at othe ripping surface 420
li ke the sGPFeRldsy pRriomtss, Pl Oerijfe frealfdo I, &l %Eﬁr??ffg BTSN o L plesvei 3 1

gri ppi ng s&m%&a oft Q—fd&\&téd 1ttl§p@%rﬁﬂf%veich@vﬂi%ﬂﬂas&iﬁ{ehaﬁﬁeﬂf G fbﬂlcﬂ@@m Upon
expansion of the tu rip the toothed surface

prevent i ng>44efitheslceyp ﬁgﬁ g desisnediio 'Eﬂftt‘é?t PresFEesJisber thirethe pregsuaosquined tyypfate
2094/ 02720 e REMHSARI0FHO 78RRE of TRYA &%@%%@ﬂbﬁag 536 'aQE ik Rurl uﬁ%‘?mﬁe& % the

excessi ve expansi on pressures created under si zed orehol es as di scussed
above wit hbfrrelﬁ@@' &%k seloctrd tpubcesificienido mﬂa[ecm:m gectipn A3§ tof ity mapomumealismghlee
37, there I:S. il lustrated yet another system for preexpanding an externally
carried el asetomarlc sl eeve of the type shown in Figures 6 to 9. A section of
expandabl ef00124}i ngivlﬂﬂﬁferesacestmmmnbé&my e pamdﬂ“dhef erndmpddeicretiols aectg:lntSBBymhnng

int ool T 3Rt ot SRSk PR B ol B Rt e adn e

t ubi ng 500maPnot Gty b @hlargemcbwtmagl Imev an Sfiekulas skaps) ofdth preated (ian \hbilgmhaﬂmme be

identical to the ri 2.0f Fiqure.6.. t eft lee 504 is -

T ehed baomiaey s Aed visBgueindlanaimt st B 1Eon ST Rsiie B STese season nner
surface ofs533udlioRd ibROsonfdrab sudd infulsh shgpes.eaths vémaaepdfqﬂﬂﬂﬁagfﬂuw ehrtied B the Seal
bet ween sl eeve 510 and. the_i.nner  surf ce of 5&?8 500. One or nore It])l ns 514

are connectag 3¢9 showd bs sutficient de “Zﬂ"“Fey £ Sl5RRet ‘F‘Hr?@?ta‘étl vaith gich ineguips shaped s

514 ext enchdidils0 WHg a§ RUbATRPKELAh St ifurmBliBwitle Slpandictirie sk and are
posi tioned g&acent the left end of the ri n% 508. The ring 508 preferably
f

carries griPPiAlhg Incigure 44 5 ibysirpted thespme tubingf3e and slesyg $36 is |arb0€9belpavqn@n 564 the
Fi gure 37 gibo 4 DD o ARARSIOR thoghanailiin Lanbns st i, ht
t hrough the tu%l ngfg% btupl% e toc§ 5082 reach gs an eé: ; %Flghﬁmlrth%er
sl eeve 51Gleeie sectipn 5385‘@g ﬁxpaud‘s‘:dpmg lqontins with ghevhorebolg wadl at hematlleg HiemeFhthas veev e
510, thro u s ri |ng
and’f ol di HeAPas £ o8 PRt & B el vohleCkand hind W6inkl 0w RERET 4.1
reaches t lspamicslabe séotion 515, As the tsbtegzﬁﬁ) wiDexphoied aﬂcxvnhc\gec:hm ﬁmcmtagteti thd'he
Z)C(Igg.ngizgn%f rehfaﬂener %ﬁ%ﬁ%/a%s%% Qlulﬁdseprgsm?r];% é?agéé 13 la%?g%gr ltevel rerﬁx rtl'naesle?::\t]ea &%ngg

540 expands. The section 540 has also expanded into contact with the borehole wall 544. In this

Figure 40, the volume of expansion fluid required to expand both sections 538 and 540 into contact
with the borehole wall is the same as the amount carried down hole with the tubing 530. Complete
expansion of the tubing 530 therefore does not cause further inflation of the sleeve 536.

[00122] In Figure 41, the expanded tubing 530 is shown installed in a borehole 546 which is
not washed out. Instead the borchole 546 is of nominal drilled diameter or may actually be
undersized due to swelling on contact with drilling fluid. In this case, the outer sleeve section 538
first expanded into contact with the borchole at a first pressure level. The expansion fluid pressure
then increased causing the sleeve section 540 to expand into contact with the borehole wall 546.
Inflation of these sections required only part of the volume of fluid carned in the tubing 530. Asa

result, the fluid pressure increased to a third level at which sleeve section 542 expanded into
31



anount of force which can be applied axially before the sleeve 510 stops and
I s expanded by the tool 502. The tool 502 then passes through sleeve 510
expanding it, the tubing 500, the outer ring 508 and the sleeve 504. As
this occurwozhexiagt h 518 grip the outer surface of tubi PETHIR¢H986E St
further slipping of the ring 508. The ring 506 may be adapted to slide in
response to excessive expansion pressures created by undersized borehol es
as di scusseshntbowih wWet horelmfle 5é61c dn ttips Flilugtratem, 48 wldme of f6d b8died e expand all
enbodi ment s__of F| r r.ou 6 d flata 30)
share severif ¥ unc |5g§aalngf gmt ontﬁﬁtd‘egjd$§%°%wgf§3mv£ﬂﬂg’gseTeas? ghalnlq}'ugi%rlaat %‘gab
nor e gener i #nduat of fluid cafrl‘l@llﬂh&ﬂ)lﬁ@53m r Augtesult] theEﬂmdh pebsurdinseasetiwa fomthtleve] at
provi des a recess or artnme |dn an éﬂ& ﬁlgbl eltubl gg in which a

Pl owabl o mateh Sbemusgies w1 Feasr it & EBPFA 4T ried with the
expandabl e [opi23Ng Adetidtdbld SleévéNas MuSratedbiar BRGLE 38101 B¢ haddriaesli tiRBor! fiofeS
desirable that sufficient material be carried with the tubing to form an
annul ar | sc¥RATEP seoHorgWiei pxand at diffarspicriessires afimay pr mgyi mal inglRdppigssuisriehief .
It is also rahle '

or even undare) 708 BAPaRETE o FRILE 1R¥AL Ay, UG AR seaRg A Lol ROFEN
out er sl ee\paeshures and @relel Malchwhuhtomnsgta tbgdmh@t‘rprmk@ {The smhedmlﬂritwrﬁftgums 15
capability [ 3 / 0 29 n_FEigure
36 o sect B B TyEn s, SRt 855 R pHAACH 2 ity raif el o'
havi ng an elhdsamgedoaarnov\mmcbmml-e padict vave. 5131& Flgﬁne |lﬁ1,fllﬁa&1ﬁimldénemk Ry de pifvided
shown having,a first ortion 538 at ed 0 cont act e, enl arged
bor ehol e pd’afhl drPrE3Ye ¢ vsaf e eptﬁk)ef{ P’S Sy§§’§ m %gﬁsa’ﬁeﬁest%maﬁ | 9550 eg‘t%e
expansi gn abmalﬁﬁt:idns fof ﬂfe@éauhan& ﬁm{dei mrfnmmlﬁ.:g 1ﬁ1m| bh & for@Cinadn@iilat ia?latan ina

enl ar ge or eho made of elastoneric material or
expandabl e ?fﬁ? ’Eieg‘ﬁﬂ\,%‘lﬂﬁo Wbﬁ?? % Bé?mep%’rstfﬁ‘rtﬁtbg eddp {emypisioplapisplater t o
al | ow greateh R¥RANSH AiderdifedBoRehor: Rlbut SausBRrexUEait e GrédburBLd Dkt QhicH faj S
preferably covered with an el astoneric sleeve. Qther portions 540, 542 of

the sl eeve dsmegedheangular igplatr fasmimg siesyeeTing. el dedubing orangPEINSIoNAePlt he pressure
required t qog184] atfFighfts 255 BB Oy aﬁ{a%s ﬂTé?@ars q’lhdéﬁ@te@f:mfdhﬂé gca@d il tﬁéjar}nﬁlug Bfa

tubing 530 as It is run in or install I n bor ehol e I's selecte
be suffi ci esssingdhrpygh the @nglaersvlétos%’@mwyslwe p@bod@emaxmﬁrrﬁf&rmmmlguessﬂz e

[00120] W %Q aﬁ@%@&:&@ Qgégﬁ’sg; {é:ﬁ‘ﬁﬁo?f E’t&aﬂsqﬁ' ex%ﬂ&hﬁbxﬁ m%fudﬁ@%g&p%cﬁéﬂﬁd I#?%@Q?&gf

section 53 i sol ator sl eeve section ure
shown. As nlstatish p&etwmdabheu&mg EHoiae as@chohamﬁr seeteop 3331 Amrvluter bélatahleategeej

but may ha an_i.rreqular sh an hei he _bot.t,om
may be fil %ede"m‘jﬁa"‘%&tﬂ‘a&ﬁ&esg t°%'gft DeBRh el b0 g‘“"a?“i‘q"mﬁ?%??i‘“ﬁf“i“| ty
of sl eeve s@aekiemal conddt 236 pavees tlfror.tgh tieosbdeor $H4t dhsucﬂﬂuutﬁsegubzaavma:pasno iBre

volunme of inflating flujd carried t 30 shoul d be suffjcient to
ot ot et nie e somthatnsh bergSehareea A st b FieRa e Foir s e fratled v
| ong as it oflpasalingarranpemest bddecdiotke Blesvead amakihe c@;marrsscur Fofuré b2, A asper

{ gasket 558 may be positioned in an opening 560 through each end of the sleeve 554 as illustrated.

The conduit 556 may be inserted through the gasket 558. The gasket forms a fluid tight seal
between the conduit 556 and the sleeve 554 to prevent flow of fluids between the annulus and the
compartment between sleeve 554 and the tubing recess 552.
[00125] Figure 44 illustrates another arrangement for providing one or more conduits in the
annulus where an annular isolator is positioned. An inflatable sleeve 561 is carried on an
expandable tubing 562, forming a compartment in which an annular isolator forming material may
be camried down hole with the tubing 562. The sleeve 561 has a longitudinal recess 564 in which is
carmied two conduits 566. A rubber gasket 568 has extemnal dimensions matching the recess 564
‘and two holes for carrying the two conduits 566, When the sleeve 561 is expanded into contact

with a borehole wall to form an annular isolator, the gasket 568 will act as an annular isolator for
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[00121] In Figure 40 is illustrated the sane tubing 530 and sl eeve 536 is a
borehol e section 544 which is enlarged, but |ess enlarged than the washed
out section 534 of Figure 38. In Figure 40 the sleeve section 538 has
expanded WwRal@@ATAtt with the borehole wall at a smal | erP@i/B$200E296¢6an was
required in Figure 38. Only part of the fluid volune carried in the tubing
530 was required to expand sleeve section 538. As the tubing 530 was
expanded afiaeportib® of @t arnlub IBtvaen tact@duitshiss ol hhcleeveradl and Bl Grgead $eON
fluid pressure increased to a higher level at which the sleeve section 540
expands. THIUERA%%0n 540 has al so expanded into contact with the borehol e

wal | 544. Lumct]l S AsFHigduERd 45bové, hondmitsUB®s Qhd @%aﬁﬁ%%r&|wﬂeu§ eeweraﬂ btfler
expand both sections_538 and 540 i nto contact t he borehole wall is the

sane as t heondngemtor dHer oRdrsowaY 61 Pydraplicniid opjofer sserialso ) e drigure 42
fi f
fﬁgagf;gce%%%@ﬁfﬁé,g% gr]ae ?ﬁﬁ’ l;sr 1§ ek ?edq9%§rrf' AhidCRH ﬁmaﬂﬁg b gr%rerﬁ‘mﬁ bk

Igure 41, the expanded tubing
instal | ed The eouduit ehmlpesmug]ha@hnqssaf sisores\idd laed timytmay alkbe adlatetl do ior ®hel e

546 is of pom nal..dri.l| I u r

swel i ng ol EYt A a vk Igc%flr I ﬁllgl%nga‘?j? i ofﬁgﬁﬁ?]séa\égglg?wt 33 dﬁﬁ%gg ng\}/’g)e

section 53&ked td d&bexeom@aﬂed aitwd part chehm:al systeirhwith ¢heladtiee park earaéd dovi hdlé w1th
usi n

pressure | evel i ui d ess en i ncrease

D eove! oot B d i EORRRRA e PEu A SRB e rr RSP IRaRS fo S ats fgemice

I nflation ghctiohe SEittRe eleiteits pbeawrrr@dra@w Huip afaly bafuséde open aiteclek vhivid §hich
carried in the tubrnq@%é& ﬁ@g resgHEI the fluid pressure increased to a
third | evehansonfplipfd grnulaz asof géﬂé‘baz]ﬁ%’do iariresucon siges pmpberesgd
PCT/ US200’* %8 P fluctidNbashtro¥ fidw b odmee inide iP4&h Jfithd Rbidtell pkddatih@lsiPibns. t he
vol ume of urd needed to expand a sections 538, 540 and 542 into contact

with the bHreenhrer ongi] Frangemens 9§Flewaﬁ4tmrér PrR3dA twaniraylin lines sithislioan be vseddo
carried ing hrp]lagg ool a alﬁygpwholetg&gugll Pgtgmpressure increased to a fourth

| evel at I ch pressure telief valve released excess fluid into the
annul us at[06147] [W@Ihx@]erem tp Higteet43btheredy iduspated enjelaptomerieglesde S0 Whighimay b88- 41

may have ey od N fimitive T8 sReve RAATIF: SSRLIALH 58 Br AEARMothe HbL1e%6BE

pressures and may or may not pressure r
enbodi nentBEgwé 2Fi @harwv& ZB(atsdlhsBaihéwemtumssme@i/@ as-gotldedsbapah Eath endi@Rds at

different .pr.ess d.a reI| at _a thir .
recouro SRS IHERACHE AR hEhe! Bl e LoBP 3R oL 2 Behicl S bzl
each of whuoahgatismastds Tae oarrdgai:rbﬂiﬂdthaper mﬁem:ruﬁ/eﬂ @urtions $86chagiag ah liinds dimbed
does not have a ress re rel.ief v . The 15, .16 enbodi pen be
vl dou ieapondis Bt Pabr s atCooto 550 thE iRL AP ETREr O bt i ve
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maxi mrum i nflation to forman annul ar | at or arge .i rregul ar
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ridg, etcShaﬁcw@C“ﬂﬁﬁleﬁbeW'%?P“&i sgrcusssi belqw90124] In Figures 2, 10, 33,
34 and 35 (hf19RE IhGisd, il @5 EFisGARAE tSexpRRALIE dutiify ilea @rrmrgﬁégm%ng 60

and a fixed ring like ring 58 of Figure 3. The sleeve 580 is then stretched axially until the

corrugations are substantially flattened against the tubing and the sliding ring is latched into a
restraining recess. Note that axial stretching of the elastomer is not essential to flattening the
corrugations. The flattened sleeve 580 is then carried with the tubing as it is installed in a
borehole. Upon expansion of the tubing in the borehole, the sliding ring will be released as shown
in Figure 4 and will tend to return to its corrugated shape. As expansion continues the sliding ring
will be pushed by the expansion cone as shown in Figures 6 and 7 to axially compress the sleeve
580. The sleeve 580 will take the form shown in Figure 45 and then be further compressed until
the corrugations 584 are tightly pressed together. The wire bands 588 are preferred to maintain the

shape after full compression. The alternative axial compression and radial expansion systems
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passi ng through the annular isolators fornmed by those enbodi nents. Wth
reference to Figures 42, 43 and 44 there are illustrated nore details of
enbodi ment s i ncl udi ng such conduits. In Figure 42, a section of expandabl e
t ubi ng 550VA3MHA27¥duced di ameter section 552. An outer i REFAISEHI3E28366eve
554 extends across the recess 552 to forma conpartnment for carrying an

I solator formng material. An external conduit 556 passes through the

sl eeve 554.shoﬂ11emd?bgtded 36 b3 Traty haweedawitiofhersiaege S8 if desite(d tIhearclodim@n e bk

bet ween rece 5 eev 54. Fiogure 43 vi,des re de il,e
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condui t 55¢,rRBckxpdlled W Vi e'-;x%dme mbﬁ-geae %efek?é’ﬁdﬁfg tbo1pasiss BREVERE aem% ggnnul us
and the conparthnent between sl eeve 554 he tubing recess 552. [00125]
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conduits 566 and the sl eeve 561 and will protect the conduits 566. [00126]
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val ves whi.ch yco on_of annu i sol afors, duri i nstal l.ation
of - pr oaut pai S gosienfie s i B om0l it Flar e et Bk of
produced fByipidperi galeeﬁ&hoioélasttmedcsﬂ&t&ﬁﬂg iP¢a@ duieiNgof R6Ath@RFith wdilBord Uids or_

conduit arrangenent of Figure 44 may pravi glg t wQ hydraul i C Ilnes whi ch ¢
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100127] Wyhas rrﬁlfcﬁrﬁrﬁ}%i b&cdnt GHER comactdd B Bylére. | Silnpf!t ERHRIoRpoRh B SSWRITR Heht
sl%eve 580 "whi ch may

contacted by hydrocarbons This approach may provide additional expansion and isolation in the
embodiments shown in Figures 2, 4, 5, 6, 12, 15, 19, 22, 25, 30, 31, 32, 34 and 35. It may be

desirable to encase the swellable elastomer inside a nonswellable elastomer. Elastomers which

have been expanded by this method may lose some physical strength. A nonswellable outer layer
would also prevent loss of the swelling agent and shrinkage of the swellable material. For example
in the embodiment of Figure 30, the elastomeric sleeve 330 can be made of two layers, with the
inner layer swellable and the outer layer not swellabie. The fluid 324 can be selected to cause the
inner layer to swell. The fluid 324 and inner layer of elastomer would tend to fill the expanded
member 330 with a solid or semisolid mass.

[00131] It is often desirable for the inflating fluids described herein to be of low viscosity while
being used to inflate a sleeve or being pumped directly into an annulus. Low viscosity fluids allow

some of the fluid to flow into microfractures or into the formation to help stop fluids from
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used as an alternative to sleeve 56 of Figure 3, sleeves 80 and 88 of Figure
6, or the sleeve 220 of Figure 21. The sleeve 580 is illustrated in an
unrestrai Red 2004:@$xf0! ded shape. Each end 582 is a sinmplg-gybionsitiosa

el astoneric sleeve. Between the ends 582 are a series of circunferential
corrugations 584. The corrugations 584 have inner curved portions 586 having

an i nner dianeter . correspondi ng to.t i.nne r . .of e porti ons 582.
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with the eﬂwpnsrdabl e tubi ng as the expandi ng tool passes under the sl eeve
580. 00 ot ed b d t d t
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sl eeve, blRdRy cofipise two Jr@ridﬁ aflthal‘tditliha:ial hs‘éﬁioiﬁ Mustedted mdaezguﬂas eqft @flired,
directly into the annulu tween ubin zi\borehole wall to form an
annul ar~ iRagp of spehggdipg I“P at‘ﬂ“’ gy Bﬁﬁ‘? F’S?F WO ProYide &pALafe TePeSISs SREPTage

rings, sl eQuPanmeits for CakyihLehcR Part Ba twoliRttRBemil18§Rerh knihg SbifBY tol HaGhidslEorly
variety of single parts 1i (ﬁ]w ds which are viscous or thixotropic as carr| ed

down hol e &fisr eewwn THes exaple 4e lembadimsatiniceandingto kiguse R  arnt 3r endd be t h
ambj ent  fhalS hort Gee%@uﬁ/hae%ﬁ. an%%moaﬁ’({ehglﬂ&rF@ﬂ!: g ﬂ@pbgufwl ahrQirhdie! ude

fl owabl e solid materials suc ass beads. In nany of the above descri bed
enbodi mentosuldrragy dudatalyst a)the @Iatepg cppiedd thefFigore 12 or 13 embodiment. Excess fluid

vented through the pressure relief mechanism of the Figure 12 or 13 embodiment would be vented
down hole toward the Figure 11 embodiment, which upon expansion would release the catalyst
into the borehole causing the vented fluid to become viscous, semisolid or solid. In similar
fashion, the Figure 30 embodiment could include two intemal sleeves 322 each carrying one part
of a two part chemical system and each having a port 326 located between the pair of elastomeric
rings 328. Upon expansion, both parts of the chemical system would be injected into the annulus
and isolated between rings 328 to mix and react. Altemnatively, any one of the described individual
isolators may include one of the one-component chemicals or swellables to be ejected from the
relief system and form an annular isolator on contact or reaction with the ambient fluids in the

annulus., Under either of these approaches, both a mechamical isolator or isolators (e.g. the
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viscous or semsolid material either directly in contact with a borehol e
wall or used as a fluid to inflate a netallic and/or el astoneric sl eeve.

These arra@,g)eﬁg{)&ﬁzd]ot only provide annular isolation in p%'}/(!ﬁzﬁﬁ’_%&lgag or

enl arged bore e wall, but also allow the isolation to be maimntalned as the
shape or size of the borehol e changes which often occurs during the
production lifetinme of a well. [00130] As is apparent fromthe above

descri bed &flatabievmamber(s))tandsa eheiigah ior swellablsr isoipige (fogpedeanaresult pftthermategials
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i njected fluids becone ver vi scous, sem solid or solid once in place. Many

two part cHelevicaforsyransinn _Oé‘ihé tuing: (Hasyeares gpe of skillin thegriswidlTeqagaige tat many of
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materials or the polyacrylamde naterials, Teact with available water to
form a t hiexparfdabledladdir er packers il may alsotbadesiable te hesransapansplde bladdar imadditionl y st
to cause the ' t, ' | . | YF

chem ool CObSABrYEE ipaflod §RE For SEarhinblFS ddda, SERRCLERRE €6t IHiched #Ber

wat er . Thexpampimeviva emb type twrtandapandebls bladder mayds usedt tofurger txpahe thedsallator
systemto the,. | ocation re,an_annul ar..i sol at or, i eeded. I n the

erbodi mrentt® dEniey GipLre it w1 X hRURE Fo adt Sebanb R R s tloc et frdes
f our separprésgure @idakttegting an iimtalidd albinppsting SFahe@mpR| an symbditie blagdebenagaier i ed
w tth the tubing,as. jnstalled to be m xed upon,ex si,on. of .th ubi ng. In

ot Hor - ermb SAPRERY S51dg drfobies SO ERB TeTe A BT S o1 1ah Pesgrraisd psqefne to
delivery swstogihd éifhodiRmisdisclosed herein. The tubing may be pressured up to block flow in the

tubing itself to allow detection of annular flow past the installed isolator. If excessive leakage is

detected, the bladder pressure may be increased to further expand the isolator to better seal against
the borehole wall,

[00135] In many of the above described embodiments the system is illustrated using an
expansion tool which travels down hole as it expands expandable tubing and deploys an annular
isolator. Each of these systems may operate equally well with an expansion tool which travels up
hole during the tubing expansion process. In some embodiments, the locations of various ports and
relief valves may be changed if the direction of travel of the expansion tool is changed. For

horizontal boreholes, the term up hole means in the direction of the surface location of a well.
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single recess or conpartnent. In these enbodi nents, a two part chem ca
systen1can be used by encapsul ati ng one part of the chem cal system or a
catal yst, ggﬂ§7mﬁubes m crospheres, mcrocapsules, epery§R0iHREsd N the
ot her part of e chem cal system By selecting the sizes and shapes of
such containers, they will rupture during the expansion process allomﬁng t he

materials t ] X an eac For e n t ure.30 e t he
port 326 ca[ﬁmt}g] Hﬁ’ﬁ‘gﬁé}f ow}té’}fusr@"y %aﬁr‘grﬁpﬁﬁhﬁfp@g’g# %H‘&gdm’teﬂtﬁ rem Tave "been
M crocapsul ®seribed with fdter¥t Xd W8 idépeh Bereh@és ﬁlhﬁlhﬁacﬁSntié%emaP a8 Sbthlhé@bgghmgtth@
port. (001321 As noted above, tﬁg¥¢°ne of the annular isolators 28, 30, 36,

38 shown i nngtioglsard structises deseri Kincgrigrm apnylargsalgtorshetvesh tibing and Faging i

i sol ators 'chécu%feﬁaey Mempmﬁé safrA&Hétﬁ&}s ahd aﬂ%ach@sdmay D& bSusl hRhtage with
i ndi vi dual 1solators naémhe arranged cl osel %uto provi de separate recesses or

storage comsetiondphing Which isawt sxpaefled afier ipptallatiors ing boygbolgaaspecti i enagd wsllst em

in the tub| ef. .t NS0

enbodi nment accoli din IE{MF&S%BJTSRE& &6\'5 %%hﬁg %}%%s%lgcgﬁcg&g h‘gm?”%g%f%n?zoe up
hol e from @arneuihoadnpamm: ahd kethedgof wse,lil is apparefd thatraridds dhatgedicarebd madothertito
carry a cata for t mat er. al .carrjed he Fi 12 or 13 enbodi nent.
Excess fl w“ﬂm}l"\}é‘?ﬂc@fi‘e? RIS REEPLES {13?"1 drbé' tf’%?ppﬁ’é‘%ﬁﬁﬁi’@?h of the Figure 12
or 13 enbodi nent woul d be vented down hole toward the Figure 11 enbodi nent,
whi ch upon expansi on woul d rel ease the catalyst into the borehol e causing
the vented fluid to becone viscous, semsolid or solid. In simlar fashion,
the Figure 30 enbodi nent could include two internal sleeves 322 each
carrying one part of a two part chenm cal system and each having a port 326
| ocat ed between the pair of elastomeric rings 328. Upon expansion, both
parts of the chem cal systemwould be injected into the annulus and

i sol ated between rings 328 to mx and react. Alternatively, any one of the
described individual isolators nmay include one of the one-conponent

chem cals or swellables to be ejected fromthe relief systemand form an
annul ar isolator on contact or reaction with the anbient fluids in the

annul us. Under either of these approaches, both a nechanical isolator or
isolators (e.g. the 35 WD 2004/027201 PCT/ US2003/ 029566 inflatable

menber (s)) and a chem cal or swellable isolator (formed as a result of the
materials ejected through the relief systens into the annulus) are forned
in proximty to each other in the sane annulus. [00133] In the enbodi nents
illustrated in Figures 11-16, 24, 25, 30, and 38-41, an annular isolator
formng material is preferably carried down hole in a reservoir or
conpartment fornmed in part by a tubing wall. In Figures 11-16 the inflation
fluid conpartnent is formed between a reduced dianeter portion of the
tubi ng and an outer sleeve. In Figure 30, a conpartment is formed between
an inner sleeve and the inside surface of a tubing. In either case, the
material is carried down hole with the tubing as it is run in or installed
in the borehole. It is preferred that the
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conpartment be entirely, or at least in part, |located within the outer

di aneter of the tubing as it is run in the borehole. This allows a
sufficient volume of material to inflate a sl eeve or bladder, or to forman
annul ar isolator in the annulus, to be carried down hole, but does not
require, or mnimzes, reduction in the tubing dianeter to provide an

overal | systéﬁ#ﬁpgﬁeter smal |l enough to be installed in the borehole. It is

desi rabl e forwhievelctdhRgodrQnidan& it:he | argest possi bl e di aneter as
installed, so that upon expansion it can reduce the annul us size as nmuch as

possi bl e. [00134] MEYFTHier forRing 3R gRnuies Selajop BThVETRFTBIANE Bibing@ndiRoreE use of
an expan@h@ﬂgﬁgne type of device for expansion of the tubing. However, one
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flowin the tubing itself to allow detection of annular flow past the
installed isolator. If excessive | eakage is detected, the bl adder pressure
may be increased t4S¥stan dreprdimgaelaim heheget ator to better seal against the
borehol e wal | idl3RhFRhad ImPBRAYM L pdcRR8 dARRKE described enbodi ments the system
is illustrated using an expansion tool which travels down hole as it

expands exparidislislcava i sagfioandindephotpsaid maxmmm expectpddpmeterwithoyidimgge tthese
systens ORy%eReLaf e equally well wth an expansion tool which travels up
hol e during the tubing expansion process. In sonme enbodi nents, the |ocations
of various poridsompitmangisisiged tpearrie suffigignt iselagon Avging materiah i igflateseid dasvof

travel oftb8ioEXPanshas; E@9§m£§d§ﬂﬁﬁgﬁd' For horizontal boreholes, the term
up hole nmeans in the direction of the surface |ocation of a well. 36 WD
2004/ 027201 PCT/ US2003/ 029566 [00136] Simlarly, while many of the specific
preferr ed empdi Ment s iesebBinh ) GaRie UneIRIFHLRES M b il abF b atise 1
open borehol es, sim1ar advantages may %e obt al ne y using the nethods and
st r uct urtbisd pressuicighrater then edihsecondiesayrainnul ar i sol at ors bet ween tubi ng and
casing in cased boreholes. Many of the same nmethods and approaches nmay al so
be used to advantage with production tubing which is not expanded after
installation4n a deystshoiceordimgpediial |, wheminsaid etflablelsieeve [IG02@ 0P chprlises t he

pr esent &H&%ﬂ%&ﬂﬂngéénQ%F” illustrated and described with reference to
particular ap aratus and met hods of use, it is apparent that various changes
can be nmade thereto wthin the scope of the present invention as defined by

the appended 5?' al mp system according to claim 1, wherein said inflatable sleeve comprises an

elastomeric sleeve,

6. A system according to claim 5, wherein said inflatable sleeve comprises an

expandable metal sleeve surrounding said elastomeric sleeve in said second section.
7. A system according to claim 6, wherein said expandable metal sleeve is perforated.

8. A system according to claim 1, wherein said inflatable sleeve together with the outer

surface of said expandable tubing form said compartment.

9. A system according to claim 8, wherein:
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37 CLAIMS: What we claimas our invention is: |I. Asystemfor formng an
annul ar isol ator between expandabl e tubing and a borehole conprising: a
section of expandabl e tubing, a conpartnment forned in said expandabl e

tubi ng, an annul ar isolator formng material carried in said conpartnent, an
infl atabl e sl eeve carried on the outer surface of said expandabl e tubing,
and a flow paieRionohpaidespandableiuinghish e radgced dianeichfapdt abl e sl eeve, said

inflatable slgRyaaw MYveehdni$icrss cid RAuC@AhingWr fshié be inflated at a
first pressure and a second section configured to be inflated at a second

pressure greater than said first pressure. 2. A systemaccording to claim1,

wherein: sai@ borehals RasdRg BthimbBrwRxpRct ed di aneter, said sleeve first
section is inflatable to said maxi num expected di aneter w thout damage to

sai d sl eeve, ahviiossf spideppadebledyhing is carpugargd pdallyaidy sufficient isol ator

form ng mat ergylinfafableMidead St ﬁtr&E@ﬁqY@orru%jltééforﬁ&f?ti on to said maxinum
expected dianeter. 3. A systemaccording to claim1l1, wherein said sleeve has

athird section inflatable at a third pressure greater than said second

pressure. 4. A syst gReaC&08dinB®h dAmC], dhifeih saiMiiEfafbR skikohipfibaleaph@bkl eeve
first section conprises an axially corrugated netal. 5. A system according

to clai M9l wherein said inflatable sl eeve conprises an elastoneric sleeve.
6. A systemaccording to claim5, wherein said inflatable sleeve conprises
an expandabl e netal sleeve surrounding said el astoneric sleeve in said
second secti d@: 7.A fysysacesrdiag ¢otldiinng wgerelelsaid mfBtablgtslee s gomprped 2 RIsdeBkIb] e
netal sleeve is perforated. 8. A systemaccording to claiml, wherein said
inflatable sl eeve together with the outer surface of said expandabl e tubing
form sai d conlgar t nepistemoaccgrding & daiinde wbereingyd idlatablgisiee @ coppeipesicppandably 5
portion ofi.1sak sh 8xpandabl e tubing has a reduced dianeter, and said

i nfl atabl e sl eeve extends across said reduced dianeter portion. 10. A
system according to claim8, wherein: a portion of said expandable tubing is

corrugated axjsal | ya sy%ﬂ:% according to claim 1, further comprising an expansion device for expanding

said expandable tubing and driving said material from said compartment into said inflatable slecve.

15. A system according to claim 5, wherein the elastomeric sleeve comprises a material

which swells upon contact with fluid in a borehole.
16. A system according to claim 15, wherein the material comprises low acrylic-nitrile.
17. A system according to claim 15, wherein the material comprises an EPDM compound.

18. A system according to claim 12, wherein the elastomer comprises a material which

swells upon contact with fluid in a borehole.

19. A system according to claim 13, wherein the elastomer comprises a material which

swells upon contact with fluid in a borehole.

20. A system for forming an annular isolator between expandable tubing and a borehole
comprising:

a section of expandable tubing,

a compartment formed in said expandable tubing,

an annular isolator forming material carried in said compartment,

an inflatable member carried an the outer surface of said expandable tubing,

39



said infl atabl e sl eeve extends across said corrugated portion. 11. A system
according to claiml, wherein said inflatable sleeve conprises expandabl e
metal. 12. A systemaccording to claim 1, wherein said inflatable sleeve
conprises an elastonmer. 13. A systemaccording to claim1, wherein said

i nfl atabl e sl eeve conprlses expandabl e netal and an el astomer. 14. A system
according to iy path from spid seppEdept e s#id §flatsble sisabes 8 devi ce for expandi ng

sai d expandab] @edsttbirddaf NE RBUuHIVA 133 aid MEtabBRI b3} adhpodioSaleshe GRRAS FdiROEd | Nt O
said inflatable s|leeve. 15. A systemaccording to claim5, wherein the

eIastone*ﬂ%mgq@@V@“éﬁﬁﬁ#?@é§m§mﬁﬁ@ﬁ¥laI whi ch swel |'s upon contact with
fluid in a borehole. 16. A system according to claim 15, wherein the
material conprises low acrylic-nitrile, 17. A system according to claim 15,
wherei n the ndt eriAPFYSEIhISF cgl@glgéﬂaﬂrﬂwseh%eﬁwaen exwdalp\e whingand abUeofi ng to
claim 12%,nmphgRgi n the el astomer conprises a material which swells upon
contact with flTuid in a borehole. 19. A system according to claim 13,
wherei n the &l %H@PEExRABIAGKIteRaZ.a material which swells upon contact with
fluid in a bof @Rph®mer formBd Hysaid@pdnasbld Qb#ENG an annul ar isol ator between
expandabl e tubi ng and a borehol e nprisin a section of expandabl e
tubing, a coﬁﬁﬁ@ﬂ%ﬁﬂ%ﬂﬁﬁﬁhﬁﬁ“&?ﬁ%@@ﬂmé%bﬁﬁﬂgﬁP@W¥W5Whg an annul ar i sol at or
form ng mat er] @dw pK frbfdail @orﬁﬁ’drﬂaeﬁptmr&lﬁ?Mrfac@&shl'aftlhlﬁﬁgia%cﬁ member carried
an the outer surface of said expandabl e tubin ow path fromsaid
conpart nent  ta exgangion Avice farsxpaningtseid tubawnadﬁvlésgqﬁ@a%@l fom spidl ve coupl ed
to said dopfy Ln%@fp }@O%ﬁ@g%@mt&ggoﬁtgdgﬁtmg material fromsaid inflatable
menber at a sel ect ressure |evel . temfor form ng an annul ar

i sol ator bet W%%pmmsyntﬁwwb@w %b%Wé%ld@at@@hﬂ@W%'PW@“ agnudysct j on of
expandablegydel RiiPthpind af @ERAS IR M ank e G hfduBRis@la@XPandabl e tubing, an
annul ar isolator formng naterial carried in said conmpartnent, a flow path
fromsaid conpartnment to the outer surface of said tubing, and an expansion
devi ce for expandi 0g,8ai &lcwmg'ﬁgclﬁﬂldz1d€vhé4é199a1§§ﬁrﬂja‘?%ﬁgo'r rmidgmesal &
conmpartment through saird flow pat outside said I ng, mhereby upon
expanS|dﬁwmﬁa@amﬂﬂmethuﬁﬁméa@dpwhdpe said material flows into an annul us

23. A system according to claim 21, wherein said annular isolator forming material is a

multipart chemical system which reacts after said material is driven through said flow path.

24. A system according to claim 21, wherein said annular isolator forming material is a

material which absorbs water and swells.

25. A system according to claim 24, wherein said annular isolator forming material is a
polymer,

26. A system for forming an annular isolator between expandable tubing and a borehole
comprising:

a section of expandable tubing,

a sleeve carried within said tubing and forming a compartment between said sleeve and an
inner surface of said tubing,

an annular isolator forming material carried in said compartment, and

a port from the inner surface to the outer surface of said tubing.

27. A method for forming an annular iselator between tubing and a borehole comprising:

forming a compartment in a section of expandable tubing,
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bet ween said tubing and said borehole and fornms an annular isolator. 22. A
system according to claim 21, wherein said annular isolator formng materi al
is chemcally reactive with fluids in said borehole. 23. A system according
to claim21, wherein said annular isolator formng material is a multipart
chem cal systen1mh|ch reacts after said nmaterial is driven throu gh said fl ow
path. 24. A s¥ashigagdeflstadiemlpeyotodhegutsr mfaCWéPf‘e‘i"hmg dhesleeyn Ve 31§ at or

form ng seatoemfﬁ{able%t AfirsPBbRhde@hd M6l BAHANKFRtAbRLEH sRBAH SRk Ereaibthad Syst em
according to claim 24, erein said annular isolator formng material is a
pol yner t%ﬁ?“ﬁﬁ”??%ten1for form ng an annul ar isol ator between expandabl e

tubing and a fIRMEROtnpafMERIWiE aGsolator FRElingORat@fal,expandabl e tubing, a sleeve
carried within said tubing and form ng a conpartnent between said sl eeve and

an inner suﬂﬂ%ﬂ@ﬁﬁhe@ama'ﬁﬂﬁﬁﬂ@h #4 annul ar isolator forning materia

carried in sajrfing AP HEOEmin@Rderia fRAY said oMParti@t iNRShsWBIE 6t Mdt he out er
surface of said tubing. 27. A nethod for form ng an annul ar i sol at or bet ween

t ubi ng dRPRtES R Eﬁbﬁleéﬂ@dﬁﬁ‘rtﬁ% figshpressprg apd saigt s5ed Rpraiep A theispeogd Beeton of
expandabl e tubing, 40 attaching an inflatable sleeve to the outer surface of
the tubing, the sleeve having a first. section inflatable at a first
pressure and 28 sechmgthedeecruingtotlpiz o maergin sald sk ghdrivinessidysadatefautieg ¢ han

the fi rsﬁataraﬁﬁ&%ﬁdcm&awagtJo%ngeemhalnggmdmlh@ an isolator formng
material, installing the tubing in a borehole, "and driving the isolator

form ng material from said conmpartment to the inflatable sleeve; and

inflating saig fi r&he&@@&dc@ﬂlﬂ@té E'lainh@ fvhéreh sRHSRE Hf@rnﬁ@saﬁﬁé&kt&q&%ﬁ’g section
with the second pressure. . A nethod according to claim27, wherein said

step of rergrial fgm s aom@aeammorrma?%dﬁgng ArEANSYPEIexPangian wal hrovalid whisat
conprises expanding said tubing. 29. A nethod according to claim27, wherein
said step of driving said isolator formng material from said conpartnent
conpri ses dri3i ng ‘amebadaccyidineds plakrsio whereinisaid hiep afferaiag d compriagnt  30. A

et hod agqrdl Bthchile & ANIRAL TS B BusAuus# Riglublidr M ng a compar t rent

conpri ses ttachlng an 1 nf | e sleeve to the outer surface of said
tubing. 31. A nethod according to claim30, wherein the inflatable sl eeve

conprises an 3jel asy ﬁ@@&da %%g{dygﬁs IR WLog tﬁewghétas;@suéée@c&mﬁa%er in the

borehole. 32. A net g toclaim31l er conprising swelling
t he el asiasieper, [ﬁy’ther comprising swelling the elastomer in the borehole.

32, A method according to claim 31, further comprising swelling the elastomer by

exposing the elastomer to fluid in the borehole,

33. A method for forming an annular isolator between tubing and a borehole, comprising:
attaching an inflatable element to the outer surface of expandable tubing,

installing the tubing in a borchole,

inflating the inflatable element, and

after inflating the inflatable element, expanding the tubing,

34. A method according to claim 33, further comprising:
forming a compartment in said tubing,
filling said compartment with an annular isolator forming material, and

inflating the inflatable element with said annular isolator forming material.

35. A method according to claim 34, wherein said step of expanding said tubing

comprises forcing an expansion cone through said tubing.
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exposing the elastoner to fluid in the borehole. 33. A nmethod for formng an
annul ar isol ator between tubing and a borehole, conprising: attaching an
inflatable elenent to the outer surface of expandable tubing, installing the
tubing in a borehole, inflating the inflatable elenent, and after inflating
the inflatable el enment, expanding the tubing.. 34. A nethod according to
claim 33, fur¥her 2awised aseaeting tp glaim 3y “eewripidsterehinflatipssaiddnflaiabieslemens | | i ng

sai d conpatis® biaphihdsacorlpaMal. | sol ator formng material, and inflating
the inflatable element with said annular isolator formng material. 35. A

met hod according to claim34, wherein said step of expanding said tubing

conprises forging QAmheMvRanstdM) 16 CRRn $4)FAGH saristpbBfiRfsingshidddmpdhrieat hod
according to claim 35, wherein said step of inflating said inflatable

) . : L €p
el enent CORGHESE (Ye8s abpipagsiqn syl Hihdbitdrent . 37. A nethod according to
claim 36, wherein said step of collapsing said conpartnent conprises
forcing an expansi on cone through said tubing. 38. A nethod according to
claim 33, furibher 26wived sserplinginpiayshAurdsheamprising ymapias an daples iselatphr nj ng

mat er i al pdiordfieGndidtRl AevieAd hklhParddhid sdid B kRmbBTber . 39. A net hod
according to claim 38, further conprising punping an annul ar isol ator

barrier formng material through a work string in said tubing. 40. A nethod

according to g ai m 3R WAEHLRIIRY to SRINT 3 VPlrtheSLdiphiGing PIRFIhS SSarRulaiRb NG _
expansion tool, and said step of punping an annular isolator barrier formng

mat er i al barer Sugnganasiakthequgh pyodotinesn sahiubdgexpandi ng sai d tubing. 41. A
nmet hod according to claim33, wherein the inflatable el enent conprises an
el astonmeric material which swells upon contact with fluid in the borehol e,
further conprilsi ngh sl pergrdingte clejma®. oereine material in the borehole. 42. A

met hod accor déaﬂ%&r?stﬁh?%}dﬂpl}i%es thgiggggagmgé@n@g swel ling the el astoneric

material by exposing e el astone material to fluid in the borehole. 43.
A system for sigrstepodpampiasendnanlai isghtar barrich Erpinarmasstiphtheraph e wotkiitnig ogeidls a

bor ehol g, 1;kQ n’gﬁggaga Jdingection of expendabl e tubing, a conpartment forned
in said expanda tub n"g, an annul ar isolator formng material carried in
sai d conpartnent, and

41. A method according to claim 33, wherein the inflatable element comprises an
elastomeric material which swells upon contact with fluid in the borehole, further comprising swelling

the elastomeric material in the borehole.

42, A method according to claim 41, further comprising swelling the elastomeric material

by exposing the elastomeric material to fluid in the borehole.

43. A system for forming an annular isolator between expandable tubing and a borehole
comprising:

a section of expendable tubing,

a compartment formed in said expandable tubing,

an annular isolator forming material carried in said compartment, and

a pressure relief valve coupled to said compartment adapted to release material from said

compartment to an outer surface of the expandable tubing at a selected pressure level.

44, A method for forming an annular isolator between tubing and a borehole comprising;

forming a compartment in a section of expandable tubing,

attaching an inflatable sleeve to the outer surface of the tubing, the sleeve inflatable at a first
pressure and having a relief valve which opens at a second pressure greater than said first pressure,

filling the compartment with an isolator forming material,
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a pressure relief valve coupled to said conpartnent adapted to rel ease
material fromsaid conpartnent to an outer surface of the expandabl e tubing
at a selected pressure level. 44. A nethod for form ng an annul ar i sol ator
bet ween tubing and a borehol e conprising: formng a conpartnent in a
section of expandable tubing, attaching an inflatable sleeve to the outer
surface of tHE“qUﬁﬂhb?LPﬁél%Vgﬂw 'inflatable at a first pressure and having
a relief val weivida itiehs QA6 Brmathg RaSR40Reh thE &I tRe@ etk eiflatBRISA Maf | 1 St
pressure, filli the conpartnment with an isolator formng material, 42

i nst al | it Ssttﬁ%]sﬁﬁl SEYPng PESYERBT%, driving the isolator forming material
from t he conpmivingetittisdlQort foenihdimb@fiaHom ht esvAarakntao thplifhiblaldbassat han sai d
second pressure, agd driving the isolator formng material fromthe
conpar t REFEUTE FeifdnInRldsEcpf resUfeve at a  pressure greater than said second
pressure. 45. A nethod according to claim44, wherein the inflatable sleeve
conprises an _elastoner, further conprising swelling the elastoner in the
borehol e. 46.45A met Welodaceadinede cipi ¥ heremshe inlpghiesleayt AIPRTSFYA swel | i ng

t he el asiiRi¥Rfer, BytheLoRQPSikIAL sk ) Enath @SRy if @ bdrbhdle.i N t he borehole. 47. A

met hod for form ng an annul ar isol ator between expandabl e tubing and a
borehole conprising: attaching a sleeve to an inner surface of expandable
tubi ng and f oM NOA Ae®OARRBIIIRNS claiRfdIVARMRe SR riShe vV alimNRe afktdnitney surface
of said expandabl e tubing, filling the conpartnment with an annul ar isol ator
form ng el’fﬁ‘tsé‘tgi“’aq‘f,las’foé}eﬁ{"nfg‘l%‘“ﬁhfrl?or‘f Bm the conpartment to the outer surface
of said expandable tubing, and driving the annular isolator formng

material from_the conpartnment through the port. 4 i
47. A method for forming an annular isolator between expandable tubing and a borehole

comprising:

attaching a sleeve to an inner surface of expandable tubing and forming a compartment
between said sleeve and an inner surface of said expandable tubing,

filling the compartment with an annular isolator forming material,

forming a port from the compartment to the outer surface of said expandable tubing, and

driving the annular isolator forming material from the compartment through the port.
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