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present invention relates in general to borehole annular isolation systens,
and nore particularly to a system and nethod for thermal change
conpensation in an 5:annular isolator. BACKGROUND OF THE I NVENTION O | and
gas mells ﬁ%x §?3thrOUQh a nunber of zones within a formation to reach
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t hrough which the 10 well may pass may be water producing. It is desirable
to prevent water fromthese zones from being produced with the produced
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borehole, it is also desirable to isolate the zones to allow separate
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annular isolator.

BACKGROUND OF THE INVENTION

0il and gas wells may pass through a number of zones
within a formation to reach the particular oil and/or gas
zone (s) of interest. Some of the zones through which the
10 well may pass may be water producing. It is desirable to
prevent water from these zones from being produced with
the produced o0il or gas. Where multiple oil and/or gas
zones are penetrated by the same borehole, 1t is also
desirable to isolate the zones to allow separate control
15 of production from each zone for the most efficient
production. External packers have been used to provide
annular seals or barriers between production tubing and
well casing to isolate the various zones.
It has become more common to use open hole
20 completions in o0il and gas wells. In these wells,
standard casing 1s 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 wvarious production =zones. The wvarious
25 production zones often have different natural pressures
and must be isolated from each other to prevent flow
between zones and to allow production from relatively low

pressure zones.



Open hole completions are particularly useful in slant hole wells. In these
well's, .the well bore may be deviated and run horizontally for thousands of
feet through a producing zone. It is often desirable to 5 provide annul ar
isolators along the length of the horizontal production tubing to allow
selective production from or isolation of, various portions of the
produci ng zone. In open hole conpletions, various steps are usually "%"'10

taken to PYRPEHB2ED| | apse of the borehol e wall and/ orPGHES208Y8$926f sand from

the formation into the production tubing. Gavel packing and sand screens
are comonly used to protect against collapse and sand flow. Mre nodern
techni ques include the use of expandable solid or 15 perforated tubing
and/ or expandabl e 8rfAd sSwWleensomglrisions ypee dfantisularlel epenis!l ndy be run

anc ndabl e Sz ar Lol o !
may b6 by use OF"in TAF| SRS bl Ader 6 By Cul 11 ho S BUEhi RV ate

expansi on coneleviinbagh aimé tmwinul Apr20omertber s folrt thodeshdablet f deegxpanded

t ubi ng and screens ,to mninize the annul us_ between.the tubul ar. el enents and
t he bgr ehol e V&8P t 85??3???/9 cSitact tﬁg bot elf61TE: vﬁ?Fl{%ﬂpero °de

mechankcal suppewtdandanagiar ctisslatpreverfloagnulkae flewgeh flodi deneut side
t he production 25 tubing. However, in many cases, due to irregulanities in

t he borehol e WRITEZ8Rta} npl BEQARGHSS! i dEEREPY or nEt i orftioexp Yy6i ng and

screens will not,spreyent sanpular fdaweibh bhe Porehnl 6o fAldshics feason,
annul ar isolators are often needed to stop annular flow. 30 Use of

convent i onal exodraahgcasierg packers for such open hole conpletions

presents a number of pLoRl g%, Yo S WUAiGANLYLess T ld,a8hg than

i nternal casing

10 taken to prevent collapse of the borehole wall and/or the
flow of sand from the formation into the production
tubing. Gravel packing and sand screens are commonly
used to protect against collapse and sand flow. More
modern techniques include the use of expandable solid or
15 perforated tubing and/or expandable sand screens. These
types of tubular elements may be run into uncased
boreholes and expanded after they 'are in position.
Expansion may be by use of an inflatable bladder or by
pulling or pushing an expansion cone through the tubular
20 members. It 1s desirable for expanded tubing and screens
to minimize the annulus between the tubular elements and
the borehole wall or to actually contact the borehole
wall to  provide mechanical support and restrict or
prevent annular flow of fluids outside the production
25 tubing. However, in many cases, due to irregularities in
the borehole wall or simply unconsolidated formations,
expanded tubing and screens will not prevent annular flow
in the borehole. For this reason, annular isolators are

often needed to stop annular flow.
30 Use of conventional external casing packers for such
open hole completions presents a number of problems.
They are significantly less reliable than internal casing

packers, they may require an additional trip to set a



packers, they may require an additional trip to set a 2 WD 2006/ 052333

PCT/ US2005/ 034920 plug for cenent diversion into the packer, and they are
not conpati ble with expandabl e conpletion screens. Efforts have been nmade to
form annular isolators in open hole conpletions by placing a rubber sleeve
on 5 expandabl e tubing.and screens and then expanding the tubing to press
the rubber sleeve into contact with the borehole wall. These efforts have
had |imtedoqueoass due primarily to the variabl e angcynknoswsiaet ua
borehol e shape and dianeter. The thickness of the sleeve nust be 10 limted
since it adds to the overall tubing diameter, which nust be limted to
allow the tubing to be run into the borehole. The maxi num si ze nust al so be
limted to allQw tald NGrld tb@1i9%R8NE8 1 hHs 2L REMHARK P! %@nthwd%&»él zed
borehol e. I n washed out or oversized 15 borehol es, normal tubing expansion

i s not Iikelyruﬁ:G@mpahdblﬁemﬂﬂbbépagﬁ@éVE<Eﬁﬁd@ﬁlp0 eoneans. t he borehol e
wal | and forma segkfoggsfgggé % g“w%g&g en%oﬁﬁ q]atggélat%%rlable si zed
bor ehol es, adjustable or” varia Te expan5|on tools & peenused wWith sone
20 success. Hoygter hblel salipfikicéohs thy aph]aeillegSIagnh:fubﬁaﬂt skdgwsSonn t he
rubber with such variable tools and this type of expansion produces an

i nner Sur f ace BPAREPLEDI TP 8R9 AFF6GRSt P hdbe nofeiifﬂ%“%d?%hépé and is

not of subst anfyialyl ¥ ocYresantt hdi %‘Iﬁﬁo@i SZEe@mntéobeheaétr@hxhume
pressurized fluid to actuate the isolator to its expanded position.
Tenper at ure chwsgdslexperilencebhevmntbi & tcanha ¥pabedt Hémispfesticgeness of
such i sol at or g, due,tQ,eDAPOES L MLASSYECaRRIuRAUTE ad1Bh TREAGEQTPANY

dranmati ¢ changes
shape and diameter. The thickness of the sleeve must be

10 limited since it adds to the overall tubing diameter,

which must be limited to allow the tubing to be run into
the borehole. The maximum size must also be limited to
allow tubing to be expanded in a nominal or even
undersized Dborehole. In washed out or oversized

15 boreholes, normal tubing expansion 1is not 1likely to
expand the rubber sleeve enough to contact the borehole
wall and form a seal. To form an annular seal or
isolator in variable sized boreholes, adjustable or
variable expansion tools have been used with some

20 success. However it is difficult to achieve significant
stress in the rubber with such wvariable 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.

25 Some isolators rely wupon pressurized fluid to
actuate  the isolator to its expanded  position.
Temperature changes experienced downhole can impact the
effectiveness of such isolators due to changes in
pressure and volume, that may accompany dramatic changes

30 in temperature. Changes in temperature may have an even
greater impact in systems in which the material used to
encase the fluid has a significantly different

coefficient of thermal expansion than the fluid that it



30 in tenperature. Changes in terrperature may have an even greater inpact

in systens in which the material used to encase the fl
signifitantly different coefficient of thermal expansi

uid has a
on than the fluid

that it 3 WD 2006/ 052333 PCT/ US2005/ 034920 encases, since tenperature
changes may cause a change in volune and/or pressure of the encased fluid.

SUMVARY OF THE I NVENTI ON 5-The teachings of the present

i nvention provide a

syst em andwielbgd$:9r t hermal change conpensation in asrr@Bisleddszd sol at or .
In accordance with a particular enbodinment, the systemincludes a section

of generally cylindrical tubing having a sleeve di sposed around a 1 10

surface of the tubing. The sleeve cooperates with the

tubing to forma

fluid chanber. Flggsééeqy 3&&&%&a@urg'5§£nﬁﬁitﬁ§y]ééﬁge'§ predisposed to

expand outwar d der” ¥ pressure from
portion being &ohtmgLHmd105u@heshare athdrheegpanded Hlsid

fluid chamber, and a second

0 15 f|UId pressure,

4 he second portion stores energy that is biased to sustain the fluid

pressure within the chanber, in response to a change
accordance w t bygneRefrodimreaNVENDEOecond portion of

n fluid volune. In
t he sl eeve may

conprise an at Teast partially 20 _corrugated region. The corru gted regi on

may incl ude | ongi t uth$hale@6r+eRfAt Ponsths Bﬁ???%%léPVFBEh??oﬁgo

fig @the

circunference Qf,-ihe §1|1c?eﬁ{§thé/g‘efof heneafd Lo Sthe &G Uhdat inPandesd, the

corrugations are biased toward the tubing. Therefore,
pressure withi AneBlahe ictedaber - wi | | 1R auBeCAIRRNEET r Hdahi
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the tubing. therehydndi ngud ostedupe ibbeusol ue flcchBl EhagRexdfly

conpensat e for ecréase in press

cylindrical tubing having a sleeve disposed around a

10 surface of the tubing. The sleeve cooperates with the

tubing to form a fluid chamber. The sleeve includes a

first portion that is predisposed to expand outwardly

under fluid pressure from the fluid chamber, and a second

portion being configured such that, when expanded due to

15 fluid pressure, the second portion stores energy that is

biased to sustain the fluid pressure within the chamber,

in response to a change in fluid volume.

In accordance with one embodiment,

the second

portion of the sleeve may comprise an at least partially

20 corrugated region. The corrugated region may include

longitudinal corrugations at particular locations along

the circumference of the sleeve. When the corrugated

region 1s expanded, the corrugations are

biased toward

the tubing. Therefore, any decrease 1in pressure within

25 the chamber will cause the corrugations to move toward

the tubing, thereby tending to reduce the

volume of the

chamber to compensate for the decrease in pressure.

In accordance with another embodiment, the second

portion of the sleeve may include a plurality of radialy

30 elastic members disposed between the tubing and the

sleeve, to increase the elastic response

of the second

portion of the sleeve. Thus, the radialy elastic members

will be compressed when the tubing is expanded, and the



I n accordance with another enbodi nent, the second portion of the sleeve may
include.a plurality of radialy 30 elastic nenbers di sposed between the
tubi ng and the sleeve, to increase the elastic response of the second
portion of the sleeve. Thus, the radialy elastic nenbers wll be conpressed
when the tubing is expanded, and the 4 WO 2006/052333 PCT/ US2005/ 034920
sleeve will be biased to sustain the fluid pressure wthin the chanber, in
response tBOF'EMYe in fluid vol ume. Depending on t RETUSEOIPIRf eat ur es

i npl enented, 5 particular enbodinents of the present invention nmay exhibit
sonme, none, or all of the follow ng technical advantages. A technical

advantage may be that an_expandabl e sl eeve may provide_a conpliant chanber
in which a Plo\RaY%e WateriRd Ba§s®e dSedStdtekpardet heluddsIF&ASM/Rd form

an annul ar seal; Wiith a,borghgber wakh. -Apphier ¢@chniGalnpdvant age;npy be
that the inflatable sleeve may have certain characteristics that allow an
annul ar seal twwhms.ormed in an oversized, washed out, and/or irregular

shaped bor ehol e. Trbee feln )ﬂ,lgl l&liy Q{e t hsg)e%§f'&gf I @%gplllfegl eﬁ?(eléi‘%%t %Idl owit to
conformto such irrébu ar”shapes so long as it does not excee the’ maxi num
al | onalsl e expamsitdrcudfrt hemsb@&iavant sAs oft | Eheanptésentadvianteagse ont haay

dabl e sl eeve .may_include at | ted portion that 20
Conpencat s f O WBFMERIT afthor B ecddr & chifes coa4aaoby. 1ANerdt ur e

changes, to subsiantiqakly maant@ddhriitel anavhatagealmaevese duatg wari abl e
tenperature and/or pressure conditions. Specifically, during high pressure

condi tions, tHxREdeRdat eBll g5 | BAY mBF WEBneR s|Ggwtliignt chamber in

which a flowable material may be used to expand the
=10 sleeve and form an annular seal with a borehole wall.
Another technical advantage may be that the inflatable
sleeve may have certain characteristics that allow an
annular seal to be formed in an oversized, washed out,
and/or irregular shaped borehole. The flexibility of the
15 inflatable sleeve may allow it to conform to such
irregular shapes so long as it does not exceed the

maximum allowable expansion of the sleeve.
As still another advantage, the expandable sleeve
may include at least one corrugated portion that
20 compensates for volumetric and/or pressure changes caused
by temperature changes, to substantially maintain the
annular seal, even during variable temperature and/or
pressure conditions. Specifically, during high pressure
conditions, the corrugated portion may become slightly
25 deformed to account for a greater volume and/or pressure
of fluid in the compliant chamber. The corrugated
portion may be biased to return to substantially its
original shape or to something resembling its original
shape, however, when the temperature, pressure and/or
30 volume in the compliant chamber decreases. Accordingly, a
further technical advantage may be that the annular seal

between the expanded sleeve and the borehole wall may be



25 defornmed to account for a greater volunme and/or pressure of fluid in the
conpliant chanber. The corrugated portion nay be biased to return to
substantially its original shape or to sonmething resenbling its original
shape, however, when the tenperature, pressure and/or 30 volune in the
conpliant chanber decreasés. Accordingly, a further.technical advantage may
be that the annul ar seal between the expanded sl eeve and the borehol e wall
may be 5 WY 286ERHE2333 PCT/ US2005/ 034920 nai nt ai ned?PCHYRASPIH#9”hg r educed
tenperature and/or reduced pressure conditions. O her technical advantages
will be readily apparent to one skilled in the art fromthe foll ow ng
figures, 5 descriptions and clains. Mreover, while specific advantages
have been enunmepabeaingsbve, evel i od8rikirboledereS nbymberdtute al fndswhe or
none of the e t e Rl EF DESCRI PTI ON OF THE DRAW NGS
FIGURE 1 ill us?ggﬁégﬁ:&cera%\s{%@sgg?%%%?n% ew of a borehole with an open hole
conpl eti on and a nubtierr ofeclanmalaradvsotages swihl abeordadtey wepparment

particul ar enbodi nent of the present invention; 15_F RE 2 illustrates a
cr oss- sect i onal-vi®w oﬁk]&ﬁedanﬁhl ggei §5Fa?ir’3r8ﬁ’ Sy eﬁoig’\]‘fﬁb‘? e t3PTT¥e within
the teachingsdebcthst presenind nwanrtingn; Fl @dREo3ek) | ushiBé eSspecific

cross-sectional view of the annular isolation sgstem of FIGURE 2, in a
partially 20 e<paRtREEositd6h; MSSURES SEANEERFPRust PRPESone BARLOST

isolator, of the.anular ingl atign,aust gm of ELFRES 2 @huk 3;o#1 GURES 5A-5C
illustrate the annul ar isol ator of
enumerated advantages.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates a cross-—-sectional view of a
borehole with an open hole completion and a number of
annular isolators 1in accordance with a ©particular
embodiment of the present invention;

15 FIGURE 2 illustrates a cross-sectional view of an
annular isolation system suitable for use within the
teachings of the present invention;

FIGURE 3 illustrates a cross-sectional view of the
annular isolation system of FIGURE 2, in a partially

20 expanded position;

FIGURES 4A-4C 1illustrate one annular isolator, of
the annular isolation system of FIGURES 2 and 3;

FIGURES b5A-5C illustrate the annular isolator of
FIGURES 4A~4C, in an expanded position;

25 FIGURES 6A-6B illustrate cross-sectional views of a
corrugated portion of the annular isolator of FIGURES 4A-
4C, in an unexpanded and expanded position, respectively;

FIGURES 7A-7D illustrate cross-sectional views of
further example embodiments of corrugated portions

30 available for storing elastic strain energy in an
expandable sleeve; and

PIGURE 8 illustrates a cross-sectional view of an

example embodiment of a sleeve that includes radialy



FI GURES 4A-4C, in an expanded position; 25 FIGURES 6A-6B illustrate
cross-sectional views of a corrugated portion of the annular isolator of
FI GURES 4A- 4C, in an unexpanded and expanded position, respectively;

FIGURES 7A-7D illustrate cross-sectional views of further exanple
enbodi nent s of corrugated portions 30 available for storing elastic strain
energy in an andabl e sl eeve; and FIGURE 8 illustrates a cross-sectional

view of an" f%& 5t enbodi ment of a sl eeve that incl ud&I/USAYE4P4920 6 WO
20061052333 PCT1US2005/ 034920 el astic nenbers for conpensating for

vol unetric and/or pressure changes caused by tenperature changes to an
expandabl e sl eeve. 5 DETAI LED DESCRI PTION OF THE I NVENTION FIGURE 1 is a
cross- sect i onaflastey oheBPoT ehof e COBPENFIHIREh SpEN YRIWESESHBI P rand a
nunber  of ann%ﬁéssdx%ol ahohSed 2 caEQédpLHyp()%@ spfathis %%Hg%@t £ &N grannul ar
isolator” is a material or mechani sm or nglnatlon of LO materials and
*hechani sns whi e¥pardibiezeleever event the fIOM/of fluids fromone side of
the isolator to the other, in the annulus between a tubular nenber in a
wel |l and a borehole wall or casing. An annul ar isolator acts as a pressure
beari ng seal bptwerskny wesprIPTONS oFf THReIRBEMIMON us. Since annul ar isol ators
must bl ock flow Tn theé annular space, they nay have a ring like or tubular
shape having an i fH&URE anée ICAOPPTUFRFHIPRL ORract i tiPasheleodler

surface of a tphyl ap,nepher and havhfg@Rouled di appter bR fddid td ght
contact with the mall of a 20 borehol e or casing. An annul ar isolator may

extend for a &sbisttantsi Ak -1 eRGL hPwkaResa OBoitBRS| document, an "annular

isolator" i1s a material or mechanism or a combination of

TUL0 materials and mechanisms which minimize or prevent the
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

15 annulus. Since annular isolators must block flow in the
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 wall of a

20 borehole or casing. An annular isolator may extend for a
substantial length along a borehole.

In accordance with the teachings of the present
invention, an annular isolator is provided in which an
expandable sleeve 1is actuated by fluid pressure exerted

25 from a chamber between the sleeve and expandable tubing,
and 1s used to form the annular isolator. The sleeve,
and therefore the annular isolator, also incorporates
features that  accommodate significant changes in
temperature, while maintaining a fluid tight seal between

30 the tubing and the borehole wall. These features will be
described later, in more detail.

In FIGURE 1, borehole 10 has been drilled from the
surface of the earth 14. An upper portion of the



I n accordance with the teachings of the present invention, an annul ar
isolator is provided in which an expandable sleeve is actuated by fluid
pressure exerted 25 from a chanber between the sl eeve and expandabl e tubi ng,
and'is used to formthe annular isolator. The sleeve, and therefore the
annul ar isolator, also incorporates features that acconmodate significant
changes in erature, while maintaining a fluid tight seal between 30 the

t
t ubi ng andwq]gorgg@gg%' e wal | . These features will be Xe¥ESPH¥RR%er, in

nore detail. In FIGURE 1, borehole 10 has been drilled fromthe surface of
the earth 14. An upper portion of the 7 WD 2006/ 032333 PCT/ U820051034920
borehol e 10 has been_lined with casing 16 which has been sealed to the

bor ehol e 10 by ResgBAte Be| bar t hrer akEird port ¥ S 9bdbembieh1Bars Pafopen

hol e portion 2Qhigh +exiRNdse owmar do ?B? thaantat ergd] %, t Breugh sar i ous
earth 5 formations. For exanple, in the illustrated enbodi nent, open hole

portion 20 of homshohecfObpasBesethPobghad omrafehobeapbprngigoné02¥highshal e
| ayer 24, a firs i i , N ti .zone nd
extteglr:]l% %I§%AMﬁg1%h%§ ét%@g]q%le E@frg 4 Kyaq:l%gl% fégtﬁ

passes into a Sec earing zone ortion has been
sl ant eds so t hatfdrinattiass t hr Boghezameke 221180tlad i Vardtous eangdrémdikentexanpl e,

open hole portion 20 is substantiall orizontal _fthrough oi]-bearing zone
30. Slant hol €967 M€ cRPEH Yt i ?ﬁ r%f []lé?: ?Znﬂ 9] Papsesuchr il st o be

drilled for thousardafihgetzaway245 hordrzanrt aldyed rom t he suré@ceihocation
of a well and allows a well to be guided to stay within a single zone if
desired. Wel| s HegiriBgi AENan26i | 2Baki AGPPEABUGF1TE 2@PRI0AP benex REEE§S

horizontal , however . $LPER4OL!1 PS&LINY zone 30. Open hole portion 20
w10 has been slanted so that it runs through zones 22-30 at
various angles. For example, open hole portion 20 is
substantially horizontal through oil-bearing =zone 30.
Slant hole or horizontal drilling technology allows such
wells to be drilled for thousands of feet away
15 horizontally from the surface location of a well and
allows a well to be guided to stay within a single zone
if desired. Wells following an oil bearing zone will
seldom be exactly horizontal, however, since o0il bearing
zones are normally not horizontal. Thus, open‘ hole
20 portion 20 that runs through zone 30 1is sald to be
substantially horizontal.
Tubing 32 has been placed to run from the lower end
of casing 16 down through open hole portion 20 of the
well. At its upper end, tubing 32 is sealed to casing 16
25 by a first annular isolator 34. A second annular
isolator 12 seals the annulus between tubing 32 and the
wall of open borehole 20 within shale zone 24. It can be
seen that isolators 34 and 12 operate to prevent the
annular flow of fluid from water-producing zone 22 and
30 thereby prevent production of water from zone 22.
Within oil zone 26, tubing 32 has a perforated
section 36. Perforated section 36 may be a perforated

liner and may typically carry sand screens or filters



zones are normally not horizontal. Thus, open hole 20 portion 20 that runs
through-zone 30 is said to be substantially horizontal. Tubing 32 has been
placed to run fromthe lower end of casing 16 down through open hol e
portion 2D of the well. At its upper end, tubing 32 is sealed to casing 16
25 by a first annular i'solator 34. A second annular isolator 12 seals the

annul us be&»gg&m%gggng 32 and the wall of open b0rehq%§g%$%%%$€in shal e

zone 24. 1t can seen that isolators 34 and 12 oper Yent the
annul ar flow of fluid from water-producing zone 22 and 30 thereby prevent
production of water fromzone 22. Wthin oil zone 26, tubing 32 has a

perforated section 36. Perforated section 36 y.be a,perforated, |iner and
may typically 8%?%/ $Eh S eend S FIPESY 5 gﬂg\otiﬁr%l g%&%%%aacead as
PCT/ US2005/ 0349284 abeutthis odtmetitr cyef. gr encperfbeatef m typeinfpor afred” as

used in this docunent (e.?._, perforated tubing or erforated |iner) neans
that the menbePehEerHoi%ksiorer bpBRRrAFS tthl‘?‘rtoublﬁei fSPRE HA%sPARGSbePT ound, 5

rectangul ar, sgggﬁﬁqjgs ortRfc@dly other suifrabl enshape. nayPefor at@ghg,i s not

intended to Iimt the manner_1n which the holes are nade. For exanpl e,
"perforated" dsestapgularequitettadat ¢he Ofol ¥y bethBde BV tgELrordtanfy and

does  not |1 bplpe, ANAROSERALL Olndfifadipli85 140 tARB! ha bl AN AT disol ators
38 prevents annul ar ow to, from or through nonproductive zone 28.
| sol ators 38 tby belasséngl Badsol afor extepté ng"ponfpimtteldy tdwesugivt

nonproductive zone, 28 | f gl_e i red, dD Ehemi lLustrate ,en‘godi ment ., , however ,
t he combi nat i oﬁe%‘fl%eeclblﬁ% |§6 aE’%% 152527808 e pfpr%%ﬁ‘g P9olPafor?se al | ows
production frofp®ilimit the arrangement of the holes.
10 A pair of annular isolators 38 prevents annular flow
to, from, or through nonproductive zone 28. Isoclators 38
may be a single isolator extending completely through
nonproductive zone 28 1if desired. In the illustrated
embodiment, however, the combination of second isolator

15 12 and the up-hole isolator 38 allows production from oil
zone 26 into perforated tubing section 36 to Dbe
selectively controlled and prevents the produced fluids
from flowing through the annulus to other parts of open
borehole 20.

20 Within o0il =zone 30, tubing 32 1s illustrated as
having two perforated sections 40 and 42. Sections 40
and 42 are perforated and may have sand screens or
filters disposed about the outer circumference of
sections 40 and 42. A second pair of annular isolators

25 44 and 46 are provided to seal the annulus between tubing
32 and the wall of open borehole 20 within second oil
zone 30. In an alternative embodiment, tubing 32 may be
plugged at its downhole end, in which case isolator 46
would not be required. Annular isolators 38, 44, and 46

30 allow separate control of flow of oil into perforated
sections 40 and 42 and prevent annular flow of produced
fluids to other portions of open borehole 20. As

described above, the horizontal section of open hole 20



zone 26 into perforated tubing section 36 to be selectively controlled and
preventss the produced fluids fromflow ng through the annulus to other
parts of open borehole 20. 20 Wthin oil zone 30, tubing 32 is illustrated
as * having two perforated sections 40 and 42. Sections 40 and 42 are
perforated and may have sand screens or filters disposed about the outer
circunfer ections 40 and 42. A second pair o bsol ators 25
44 and 46Qg§§m%&%9?5ed to seal the annulus between tu Fﬁgﬁﬂg§&§%§ t he wal |
of open borehole 20 within second oil zone 30. In an alternative

enbodi nment, tubing 32 may be plugged at its downhole end, in which case

i sol ator 46 d . regui.r lﬁﬂﬂ l.ar ,Eso r 4, d 30
aIIOM/Separatgﬁg ntggﬁnb%m?lggkoﬁggf |Efo Bgrfgég?eﬁjégg'ﬁioﬁ§e4oég%d 42
and prevent anbebaing| aenef Pr.oducBabirfd uBds nay oflhkewpse t ieriendf Hpen
borehol e 20. descri be ove, the horjzontal tion of open hole 20 9
WO 2006/ 05233§%B&‘1*7T3f5§208 /%i%zowl r}lylnco%%fnﬁgnFor hSHgaﬁ‘&Ps‘/ of "F&8¥€t hr ough
the oil beari ngméones 3@erTubhtgd 32emmyohs kemisth extenchbd odiviidedsands of
feet within oil zone 30 and may include nunerous, perforated sections which
may be %ividedHBWeBOW%ﬁ%ﬁ&ﬂ§“ﬁﬂﬁﬁﬂ8F°F§ol§T%Ws?ssﬁgﬂl%ﬁp§%cﬁ%1%?§ 29 and 46,
to divide oil zgng;i30ad nd o Mbid pie BIRATUNel peentiebbedorpredyctipga I n
particul ar enbodi ments, tubing 32 may include expandable tubular sections.
Bot h the sol i drsedestor-of 10 tubing 32 and perforated sections 40 and 42

may be expandabl e. Hepending, P tRApbYRREN!, SXRBAALOM2 M GAY " Efc1ful | xed

expansi on cone and/or vari a
expandable tubular sections. Both the solid sections of
10 tubing 32 and perforated sections 40 and 42 may be
expandable. Depending on the types of expansion

required, a fixed expansion cone and/or a variable
diameter expansion cone may be used to expand tubing 32.
The fixed expansion cone may be carried on an expansion
15 tool string and may be used to expand the entire tubing
string as the tool is run down the borehole. Where
additional expansion is desired at particular locations
in tubing 32, an adjustable cone may be carried on the
expansion tool string in addition to the fixed cone.
20 Alternatively, an adjustable cone may be carried down
hole with tubing 32 as tubing 32 is installed and picked
up by the expansion tool when the cone reaches the end of

tubing 32.
The use of expandable tubing 32 provides numerous
25 advantages. For example, expandable tubing 32 is of
reduced diameter during installation, which facilitates
installation in offset, slanted, or horizontal boreholes.
Upon expansion, solid or perforated tubing 32 and screens
provide support for uncased borehole walls while
30 screening and filtering out sand and other produced solid
materials which can damage tubing 32. After expansion,
the internal diameter of tubing 32 1is increased improving

the flow of fluids through tubing 32.

10



di anet er expansi on cone nmay be used to expand tubing 32. The fixed
expansi on cone may be carried on an expansion 15 tool string and may be used
to expand the entire tubing string as the tool is run down the borehole.
Where additional expansion is desired at particular locations in tubing
32, an adjustable cone ‘nmay be carried on the expansion tool string in

addi tion tg&/&ﬂﬁﬁ/{%&%?d cone. 20 Alternatively, an adjustable cone nay be
carried down o€ with tubing 32 as tubing 32 is insfﬁ?ﬂgﬁmﬁﬁﬁwﬁﬁcked up
by the expansion tool when the cone reaches the end of tubing 32. The use
of expandabl e tubing 32 provides nunerous 25 advantages. For exanple,
expandabl e tubing 32 is of reduced dianeter duringPLnstallation, whi ch

facilitates instalitatior$HFrSetiors|SFREEGaPoF AEPLEENEEl HordSEs.  Upon

expansi on, sol e OknREN{OrBEEfbdrilbi i 32 FNdasET €88S poREAYL dE wauppQrst for
uncased borehole walls while 30 screening and filtering out sand and ot her

produced sol i dnugat égi Bosswhileh cal®laldgend uBRHg 2. eparededxpahsi én, the
i nternal diane : t ubi 32 | S.dnerea Kb{Pr Oy, by fl ow,of .fluids

t hr ough t ubi ng&%l.é)éldo %%Iogg‘ée/ ok 3‘5%05”%%28%0 4‘3‘%‘6“1{561 s desirable for
expanddbl e tubthgr&reo datiurélet hioranhwhirsy bé2ween hae ngh82 langetstie
borehole wall as ch as ssihle.. The tubin y. be .expanded .onl.y a
linited anDuntPoﬂ%agﬁéfgjﬂﬁﬁﬁ5uﬁnrdﬁfbﬁFﬁ@PaFtelsqgnﬁﬁgFgPoﬁg &%%?%@ble f or
tubing 32 to hayeig head angestchep@sskehbee di ankderis n ths UNe@Ardedngondi ti on
as tubing 32 is run into the borehole. That is, the |arger tub%&g 32 is
bef ore expansi%%,1§tﬁ?ﬂQ§Fg§FPEE%+W@'§§“ﬁ&?r88raFP%+nge%%dﬁ§i6#? I“&fent s
carried on theegs{fcH . of r1URRds38arried on the surface of tubing 32

L0 as it is run into a borehole increase the outer diameter
of the string. The total outer diameter must be sized to
allow the string to be run into the borehole. The total
diameter is the sum of the diameter of the actual tubing
32 plus the thickness or radial dimension of any external

L5 elements. Thus, external elements effectively reduce the
allowable diameter of the actual expandable tubing 32.

Since there are limits to which expandable tubing 32
may be expanded and the borehole walls are typically
irregular and may actually change shape during

20 production, annular flow cannot be prevented merely by
the use of expandable tubing 32, including expandable
perforated sections and screens 40 and 42. To achieve
the desirable flow control, annular barriers or isolators
44 and 46 are needed. Typical annular isolators such as

25 inflatable packers, however, have not been found
compatible with the type of production installation
illustrated in FIGURE 1 for various reasons, including
the fact that the structural members required to mount
and operate such packers are not expandable along with

30 the tubing string.

The annular isolators included in prior systems have
typically included thin rubber sleeves on the outside of

expandable screens and/or tubing. The sleeves may extend
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LO as it is run into a borehole increase the outer dianeter of the string.
The total outer dianmeter nust be sized to allowthe string to be run into
the borehole. The total dianmeter is the sumof the diameter of the actual
tubing 32 plus the thickness or radial dinmension of any external 15

el ements. Thus, external elenents effectively reduce.the allowable dianeter

of the act% 0§%§%§gabl e tubing 32. Since there are Ijmits to which
expandabl e bl ng may be expanded and the borehol e %T’P%zogt’/oé“gtzﬂ’/pi cally

irregular and may actually change shape during 20 production, annular flow
cannot be prevented nmerely by the use of expandable tubing 32, including
expandabl e perforated secIioqf.and screens 4Q .and 42.. To achiev t he

a

desirabl e flowf€BntHBFtaRNRY st BAI5Er £ 1679 SheatBre! 46 A aFe® needed.

Typi cal annul ak,hsk at opsesushtas 2hei Blibati@ble pagkessa bBeweveleehdwe not
_been found conpatible with the tyge of production installation_ illustrated
in FIGURE 1 fomayari@BushekassvditaPhclidithgtRehevidest phaEtiene ofr ukhr al

menbers required Lo,OUBLy, aRGuaPeAle SUCh rBRRKEIS aF Loty EXRAREAPL e al ong
with 30 the tubing string. The annular isolators included in prior systens

have typicall ysbhetemed Ahian Futider drodden, ohnt Aeipubsitéeons okxpamdabl e

screens and/or _tubing. The sl eeye n 1 06/,05233
oCT Usa00n) 0948905 Ek, DE=1 BYES: TR E¥LE N orjlcgo\(’\{eﬁe%:qaxé% g‘ég‘a’i’%l%f t he
tubi ng. Even alhel therdrébi apei seexpaiutad stohisd edes fumay nekpaméed cont act

with the wider portjons of the bhorehole and, thus, rr(:?a]a/ not form an
ef fective annuFaP2EIREAXASTHSIVAs T2TFGFt ABr CPRoBFBASTI tAFCTTTt i Ofee of t he

. borehol e, thesg prLOF §if3%”¥%ﬂ§¥h,CQ%kaQbrEQ§ beaehPl® to extrude or
w10 flow such sleeves axially in the annulus cannot be
generated by an expansion tool and, if they could, would

damage the borehole or the tubing.
Another type of annular isolator used in prior
systems includes a ring or band of elastomeric material,
15 such as rubber, carried on the outer surface of the
tubing. As compared to the annular isolators described
above, the ring or band may have a fairly short axial
dimension (its length along the axial length of the
tubing), but have a relatively long radial dimension (the
20 distance it extends from the tubing in the radial
direction towards the borehole wall). The rings are
preferably tapered 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
25 borehole wall. A pair of such rings separated by a
continuous sleeve of elastomer may form a single annular
isolator such as isolator 44 in FIGURE 1. During the
expansion process, the tubing 1is expanded to a larger
diameter and a ring or band such as that described above
30 may be forced into contact with the borehole wall.
Expansion of the tubing reduces the radial dimension and

increases the axial dimension of the rings or bands.

12



wal | 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 LO flow such sleeves axially in the annulus cannot be
generated by an expansion tool and, if they could, would damage the
borehol e or the tubing. Another type of annular .isolator used in prior

systens | gsring or band of elastoneric materi . SUch as rubber
carried oﬁﬁé e%@ﬁtgr surface of the tubing. As conpargénP%%?W%%%ﬂnular

i sol ators descri bed above, the ring or band may have a fairly short axi al
dimension (its length along the axial length of the tubing), but have a

relatively long radial, di | one (Lhe li St I ds fr he tubi ng
in the radial dirg%9%%%rpga%%dgft%e J%%é%ﬁ%g%%gﬁlf%ciﬁgggi%gglggg%’
preferably taperedattehavelizsposrderaaxiral diheensiuoar whetametizonded te t he

out f f .the tubing -and. short i al . di nensi the_end which
Fiet contact S4HEoDs chor BRoRBoUaF || APBart cof PEGRRCT] ROS SApaYS: 8%y o

continuous sl ague tefvighaphpmesrivey éafighiaryi R@lbarnghat iksakatersgsuch as
isolator 44 in FIGURE 1. During the expansion process, the tubing is
expand@d to aHagtdaflydi Bttt  addba Rin§letdband UcKeTas AUsESUdageri bed

above 30 may he forged ial o, LontRCMELDLEHE: DofGhol £ BN ne1B¥PaRLoON oOf
the tubing reduces the radial dinmension and increases the axial dinension
of the rings eilesyndsnai? WB120@6/ @52883kPETE USXBTI/034326t Amevhebet ype of

a2 150! g RhUIER., Sheot T LhoPHEL cofbERgRec LA tNByguter
tubi ng may forcomdieetpém et wHeamkeantibat slsewt drehgthe fluid may form

10 an annular isolator that operates to separate two zones
or sections within a zone of a formation. Temperature
changes caused by the 1injection of fluids during
production, however, may cause a decrease in the pressure
and/or volume of the fluid in the compliant chamber. As

15 a result, the seal between the jacket and the borehole
wall may be broken and the annular isolator may be
ineffective for preventing water and other undesirable
fluids and particulate from being produced with the
desired hydrocarbons.

20 FIGURES 2 and 3 1illustrate an annular isolation
assembly 200 that may be used to accomplish annular
isolation of production zones, as described above.
Annular isolation assembly 200 includes two annular
isolators 202 and 203, having a centralizer 206 disposed

25 therebetween. Each of annular isolators 202 and 203 may
be actuated to expand and seal the annulus 197 between
tubing 204 and borehole wall 199. In FIGURE 2, annular
isolators 202 and 203 are each in an initial, installed
position. In FIGURE 3, annular isolator 202 1is

30 illustrated in an expanded position.

The actuation of annular isolators 202 and 203 is
accomplished by causing fluid pressure to expand a

central region of the respective annular isolator,

13



5 partially filled with a fluid or other pressurized material. As will be
described in nore detail below, the sleeve may include a weakened portion
that may be expanded using the fluid in the conpliant chanber. The

conbi nati on of the expanded sleeve and the fluid may form 10 an annul ar

i solator that operates to separate two zones or sections within a zone of a
formation L re changes caused by the injectiaon _of fluids during
productlon“;[ﬁ!g%@vg%zSu may cause a decrease in the preséﬁ?@mn%H@?%?’volune of
the fluid in the conpliant chanber. As 15 a result, the seal between the

j acket and the borehole wall may be broken and the annul ar .isolator may be

i neffective for preventing. water ot her, undesirabl e i ds and
particul ate fr%ﬂ’?%‘ﬁfg &a Buegda{?\f“ffrjﬂ H@Olﬁggfrgegoﬁya?%c%b%olﬁ%‘fe gf?eiﬂ GURES 2

and 3 illustragegameannulay | sdimeBatasseshbyt200i dihat sryhfee usedh to
acconplish annul ar isolation of production zones, as described above.

Annul ar i sol at FemPeRsaFsly Wod s Maindadning aRnadsauateol saadr SPSENd 203,

havi ng a cent r@uﬂ)%ﬁj 2064 d| spRsed,2aHdier ebgiween, ggach of sappyl arsol ators
202 and 203 may € actuated to expand and seal the annulus 197 between

t ubi ng 204 andctmfighulaginal lantd99pekat KIGURE anmalrﬁrmlmola‘fsmsat?&Zs £aP and

203 are each i n |n|t|al stalle i ul ar
i sol ator 202 i20§36 F11Gs5 ri?%%lﬁﬁ’a%hgx%%ﬁ ggﬁééﬁtg gU Tﬁ@léctucilon of

annul ar isoIat@p@n20£maﬂdu20&jmﬂata¢coap2|shedfhwewamslngtfluudlpreﬁsure to
2006/ 052335 POTFERE005R03H 2P Nor BBUES CEEHURY Pkt ar e dFors 202 and
203 have been that all of the components, features, modifications,
10 alternatives and/or advantages discussed with regard to
annular isolator 202 may be applied to annular isolator
203, as well.
Although the illustrated embodiment includes two
annular isolators having a centralizer disposed
15 therebetween, it should be recognized that these, and
various other components may be modified, omitted or
relocated within the teachings of the present invention.
For example annular isolator 203 and/or centralizer 206
could be omitted from annular isolation assembly 200, and
20 annular isolation assembly 200 could still be used to
seal the annulus between tubing 204 and sleeve 205 (shown
in detail in FIGURES 4A-4C). Furthermore, more than two
annular isolators could be provided upon a particular
annular isolation system, 1f design consideration so
25 warranted. Centralizers may be placed between annular
isolators, or two centralizers could be provided on
either side of one or more annular isolators.
Centralizer 206 functions to protect other
components of annular isolation assembly 200 during
30 installation and retrieval, through the borehole.
Accordingly, centralizer 206 1s disposed around the
exterior of tubing 204, and extends outwardly therefrom.

Centralizer 206 is provided with a sufficient exterior

14



nodi fied to accombdat e substantial changes in tenperature, while

mai nt ai ni ng a

n adequate seal between tubing 204 and borehole wall 1

99.

Since the 5 configuration and operation of annular isolators 202 and 203

are very sim
202. However,

| ar, the description below w Il focus upon annular iso
it will be recognized by those having ordinary skil

art, that_all of e conponents, features, nodifications, 10 altern
wheadn

and/ or adv
applied to an

scussed with regard to annul ar i S6TA5EWS820my
nul ar isolator 203, as well. Although the illustrated

| at or

in this

atives
be

enbodi nent includes two annular isolators having a centralizer disposed 15

t her ebet ween,

it should be recogni zed that these, and various ot her

conponent s nayd¥ﬁﬂQﬁﬂ§|ft@d egveifled rafiat el o @iERF i tHiiohtHY t &5oiPdgs of

the present i
206 could be

NYSUIQN FonEoPéafﬂ)i %rﬁﬁ%bar whef! %ﬁlﬁla%g%o rsC b

om tted from annular 1solation assenb 20 an

ralizer
nul ar

i sol ati on asseatd y2200 ageul th stthIEIll beaspedtive smctumeanrmﬂswstmsween

t ubi ng 204 an
nore than two

d.sl 205 h I R 4A- 4 h
szhﬁﬁﬁvg?r ISE%S oo ec ngnul%g'r J.E %J EZ%2 dC) 03Flfrt

Fofs™Cou rOV|de upon a pa icarrar

annul an isolatc&ntaﬁ¢steﬂth|fth&esb@mehohsldﬁgkﬂw and$0r25oﬁﬁﬂféﬂﬁeﬁi;s,

Centrali zers
coul d be prov

may be Iaceﬂ%betmeen nnul ar h;olﬁtors or two centra

i %n 1P8F EhERE LU ¢+6r'® hPUT S | SO e ST

er nor e,

lizers

Centralizer 208§ upshdOnsot Ocphetect sahhigsar GeBpensnt $isebmBnpularnigol ation

assenbly 200

Accordingly,

and extends o

suff|C|ent ex
10

15

25

30

during 30 installation and retrjeval, through the bore
cldrr r APrehal €206t G sPEPEDRSs 81 @R iR Tthel T B5% 69T oFiBh (Libi

Uémrgl Y 1888 £f i Penofent i zer 206:hs proyided with 2

terio
isolator assembly 200 from becoming lodged within the

casing and/or borehole.

Although a single annular isolation assembly 200 is
illustrated in each of FIGURES 2 and 3, it i1s generally
recognized that a tubing string may include any
appropriate number of annular isolation assemblies 200.
Each annular isolation assembly 200 may expand at
different pressures and may or may not include pressure
relief valves. Where desired, pressure relief valves may
protect the system from excessive pressure. The
combinations of these elements provides for maximum
inflation to form one or more annular isolators in a
large irregular borehole, while allowing the same system
to be inflated to form an annular isolator in a nominal
or undersized borehole without causing excessive
pressures or forces which may damage the annular isolator
forming sleeve, ring, etc., the tubing or an expansion
tool.

FIGURES 4A-4C illustrate annular isolator 202 in
more detail. Annular isolator 202 includes an elongate,
longitudinal sleeve 205 that 1is installed around the

circumference of tubing 204, and forms a fluid chamber

hol e.
i ng 204,

209, between tubing 204 and sleeve 205. Fluid chamber

209 extends between and is defined, at least in part, by
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14 WD 20061052333 PCT/ US200S/ 034920 di aneter to extend radialy outward
slightly beyond annular isolators 202 and 203, when annul ar isolators 202
and 203 are in their respective unactuated positions. This serves to
protect annular isolators 202 and 203 from5 contact with the borehole wall
and/ or other debris, during inst aI | ation and retrieval. Mreover,

centrali Zelo 2%962 %3? ds to "center" annular isolator assenbl éﬁw thin the
borehol e, to Ppr significant friction with the ca"s‘frrtlllc"f2 #7182 bor ehol e

wal |, and to prevent annular 10 isol ator assenbly 200 from becom ng | odged
W t hi n the casing and/or borehole. Al though a single annul ar isolation
assenmbly 200 is illustrated in each of FIGURES 2 and 3, is generally

recogni zed tha® BaifbPhAges®sTome ey Ii%elﬁdé’a&r‘fstgoépprolfﬁjileﬁfe YRS of
annul ar isol athppn RSEEMY 1891290 4 ERCS-BANYAl. Isehaaapnw%ﬁmml?ooo may
expand at different ‘pressures and may or may not include pressure relief
val ves. Were desived, 205, ebsir alsel dbfow dloreshenypelprbivet anthepayisitadm f rom
excessi ve PressifscINg 29.6QTLORILENR Q! AdiesCLeTED] 3. BT oxides Jor

maxi num inflatfon to Tormone of nore annular iso a arge

i rregulsar bor eboéesumshitheralihow ﬁguimecrseamrsﬁwemayt elbe baftafedrdd form
an annul ar |so¥ator i.,n a nomnal ..or ggr i zeg borehol e wi thout causing
excessive 25 pFRsEHEd 6F Por%@gpjvﬁﬁn(?h Wgajémage t he annul ar i sol at or

form ng sleeve, ring, p&tGon tde §14HRY 205 ans €XPABSE Doha 1100l weditARES 4A- 4C

illustrate annul ar i sol ator 202 in nore detail. Annular isolator 202
i ncl udes an el Bhgaddov FPY oBEPIERN nSKPEPEERRe 265 Ehaft POTEASPal I"eidbar ound
the respect to the other portions of sleeve 205. Thus, when

=10 fluid 212 is under pressure, a weakened portion 224 will

“fail” or expand first, and bulge out toward the borehole
wall. A thin walled, metal sheath at this portion is
expandable, or “inflatable” under fluid pressure.
In particular embodiments, the annular isolation
15 assembly 200 illustrated in FIGURES 2-4C may be installed
in lieu of isolators 12, 38, 44 and/or 46 of FIGURE 1.
Accordingly, annular isolation assembly 200 may form any
portion of tubing where it 1is desirable to form an
annular seal between two zone formations or between two
20 sections within a single zone formation.
Sleeve 205 as installed has an inner diameter that
is greater than the outer diameter of expandable tubing
204 to increase the amount of fluid 212 which may be
carried down hole with expandable tubing 204. Sleeve 205
25 is bonded by welding or otherwise to expandable tubing
204 at an up hole end 214. Sleeve 205 may be referred to
as a "metal" sleeve, sheath, or jacket primarily to
distinguish from elastomeric materials. Sleeve 205 may
be formed of any metallic like substance such as ductile
30 iron, stainless steel (e.g., 316L) or other alloys, or a
composite including a polymer matrix composite or metal

matrix composite.
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circunference of tubing 204, and forns a fluid chanber 209, between tubing
204 and sl eeve 205. Fluid chanber 209 extends between and is defined, at
least in part, by 15 WO 2006/ 052333 PCT/ 052005/ 034920 a pair of elastoneric
relief valves 208. Relief valves 208 help to contain a material (e.g.,
fluid) within fluid chanber 209, but also allow for the selective and

parti al rg‘ll.oe@&ﬁo_g% fluid fromchanber 209, to alleviate excessive 5
pressure tRer&lm>>RPuid chanber 209 may al so be ref er F&d/VRYREW n as a
"conpliant chanber.” A portion of sleeve 205 is intentionally weakened, to
all ow for greater expansion of that portion, with respect to the other
portions of sleeve 205. Thus, when LO%{ §i ((:}L 212 is_under presgﬁre, a
weakened portion 22W&y flulds Fhambgr o é nd FPEdt , PRnFlE6TEe ol t3Bard the

borehol e wal | ¢4 tdi ppmel & egh1 et a)itgheatdald thics RANiLHORalS beexpandabl e,
or "inflatable" under fluid pressure. In particular enbodinents, the annul ar
i solation 15 a¥BenBfyl208id4 |9Rtr atedt 19 GURES SRUd ddipthel gt ed in

lieu of isolat %?ﬁ%oﬁ%&yéé apshhor 46 Qhnfl GURE sbiatAcorgi ngly, ul ar

i sol ati on asse ormany portion of tubing whefe it is desirable
to forman anbuotenokeataliet welen fawd izoder f enbedingitor Hetiwedl2t way 20

sections within_a, singl.e zone fornmation, .Sl e 05..as installed has an
i nner di aneter lf]'ﬁ]a'tlée i%hegn}leceailtiersytshgﬁst H}ell((%t gér’(g%iiza‘?fé%era“%fleenfpaﬂl&a e tubi ng
204 to increaseot becampurtisabuf) uisém2421ivhi oh meyibe cRIdidedzdowmakol e with

expandabl e tubi ng 204. Sl eeye 205 25 .i,s, bonded wel di ng_or of herw se to
expandabl e t ubPhgP Stuge gxoi‘i %%I%%m?giFl§f%M%65 Ma5SphRe? erred to

as a "netal" sleevep, sheather OEmpSEKRINtYr I4MfHd Y210 may include very
=10 small spheres, for example ceramic beads. The beads may
be coated with a fluid to reduce friction. In this
embodiment, the beads would exhibit fluid-~like behavior,
but would expand and contract more closely to the rate of
the tubing and the sleeve, since the thermal expansion
15 coefficient would likely be closer to that of a metal.

In still another ebmodiment, fluid 212 may be a
sealant and/or a fluid that changes state to a solid or
semi-solid. In this embodiment, force could Dbe
transmitted through the solid or semi-solid within the

20 fluid éhamber, if the so0lid and/or semi-solid were
sufficiently elastic.

The weakened portion 224 of outer sleeve 205 is
predisposed to expand at a lower pressure than the
remaining portion of sleeve 205. Weakened portion 224

25 may be made of a different material or may be treated to
expand at lower pressure. For example, weakened portion
224 may be notched, perforated, or heat-treated, e.g.
annealed, before assembly such that reduced pressure, or
force 1s needed to inflate weakened portion 224 when
30 fluid 212 becomes pressurized. In particular
embodiments, weakened portion 224 may comprise corrugated

pipe. The corrugations may encompass the full
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di stinguish fromelastoneric materials. Sleeve 205 may be forned of any
metallic |ike substance such as ductile 30 iron, stainless steel (e.g.,
316L) or other alloys, or a conposite including a polymer matrix conposite
or nmetal matrix conposite. 36 WO 2006/ 052333 PCT1t JS2005/ 034920 The fluid
chanber 209 fornmed by sleeve 205 and tubing 204 is filled with a fluid 212,
whi ch may be an type of liquid, gas, or liquid like solid that inflates
sl eeve 205WP3MEP23n annul ar i sol ator agai nst the 5 BETAI0s03ed0 . | n
particul ar enbodi nents, fluid 212 may include chem cal systens which react
with anmbient fluids to becone viscous, semsolid or solid. Fluid 212 may
al so include flowable solid materials such a glass beads. |n another

enbodi nent, flaimupi2renyei oél vdekeeey pbOtdenl 122¥phenas, thet elaepke

ceram c beads., . [he beads d,w t fl.uid to reduce friction. In
this enbodi rre2nO;E, rteﬁ‘élﬁsea%’gg%dﬁﬁedd%g%?b’?&f%lif?adl-sﬁ%k‘ep%ﬁ%%?br, but woul d
expand and contractFofbtBechbaospdsed mf hder areseht fheedtidmg “ard kehedsl eeve,
since the thernal,expansign 15 coeffici%nt woul d Iikelxsbe clgser to that of

a metal . In st894t1gRot et TbhodPrent PHIGPE 292 maY b&1§°V8edt afd/ or a

fluid shat changesspbate t& axsald ot rseHiigothsh dihdNipsoaadad eent,
force could be transmtted through the solid or sem-solid within the 20

flui d chanber ,thef sfgeveel i 4t ah¥l/#At slérhendsi Boweean ST jtdiemdakeapdst i c.
The weakened I 4 ri.Sl i i t nd at a
g&%&&%ﬂt %% nQfe OU 811 S g%?}é-@sggé i3 s&ﬁee%%g&%evgo Qae%ggﬁ

| ower pressure than remal ni ng ion of sleeve 2 akened portion
224 25 may be imade kftlouwilf fwrdousmaeshpdd erenmayabéableatedwesken a

section of the metallic sleeve, the weakened portion may
= 10 be provided as an unprocessed thin-walled material or
sheath, that is more likely to expand than other portions
of the sleeve. The weakened portion may or may not be

comprised of the same material as other portions of the

sleeve.
15 . FIGURES 5A-5C illustrate annular isolator 202 in an
expanded position. FIGURE 5B illustrates weakened

portion 224 in its “inflated”, or expanded position.
Sleeve 205 may be covered by an elastomeric sleeve
or layer 226 on 1its outer surface. Elastomeric sleeve
20 226 1is particularly beneficial on weakened portion 224.
(See FIGURES 4B and 5B.) For example, if weakened
portion 224 is corrugated, elastomeric sleeve 226 will
help form a seal with a borehole wall in case the
corrugations are not completely removed during the
25 expansion process. Elastomeric sleeve 226 would also be
beneficial on any portion of the sleeve 205 which is
perforated.
Elastomeric sleeve 226 is optionally provided to
protect weakended portion 224 from the environmental
30 elements of the wellbore. Weakened portion 224 is
typically thin-walled and expandable, and is susceptible
to damage due to contact with the wall of the borehole,

or other debris present in the wellbore. Sharp or sturdy
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expand at | ower pressure. For exanple, weakened portion 224 may be notched,

perforated, or

heat-treated, e.g. anneal ed, before assenbly such that

reduced pressure, or force is needed to inflate weakened portion 224 when

30 fluid 212 becomes pressurized. In particular enbodinents, weakened

portion 224 may conprise corrugated pipe.. The corrugati ons nmay enconpass

the full 3o WR@986/ 052333 PCT/ US2005/ 034920 ci r cunf of weakened
%%% t% P%ﬂﬁgb@%gghsion

he purposes of the present invention, "weakened portion"

refers to a portion of the sleeve that is 5 predisposed to expand nore

readily than othertport|02gcg£hthe sl ee ehckt LS pot inte

portion 224 s
process. For t

t he weakened

at sleeve 205 remains expanded afte

ererLore u ure. Or weakene

Portisn i°8-

Qged t ne%n t hat
ssarily processed i nsone rhher” To weaken

it.

Al t hough vari opsriRinneds , asfd aybd 3 tediler itco seaken2a6 lselpdd cro afirdile zeetal i c
«| eeve, the weakened portion nmay 10 bgpgrovided as an ungrocessed

t hi n-wal | ed naEkg ieRPosETe sk MIT KPSt

CHer 449 K& §UEB

XPARAS t han ot her

portions of the slgevgeribgoMeakenethiPolddion idRY 2=RBYyNObobes Gorpri sed

of the sanme material as other portions of the sleeve. 15 FI GURES 5A-5C
i | lustBate annitter #setbirreom | khanunexpriised ¢osiittion HlogEased

[Jlustrates wegkepechOrs | &y 224-40) | tone ! Bhbal&dnay ObeeXRaRdadaPOGI L ON.

Sl eeve 205 nmay be covere ,
outer surface.ofd astromeoie Sifeeweri0s226iias .part foul B¢ y Heneftireital on

on 224. (See,FI.GQURES 4B an B.,). _For _.example, if.yeakened
portion 224 iseéhﬂ BEEd}teP§§t%ﬁ%&?@éiﬁaggvé%ffG'aﬁﬁI{qﬁagﬁb Vﬁr§1§eseal

weakened porti

with a borehol

.0

30

by an el astoneric sl eeve ayer

grovalded @i€RsSe Uheouter diameter and may be expanded to
a diameter of 8.03". Once properly positioned, an
expander cone 211 (See FIGURE 3) 1s forced downhole
through tubing 204. (From top to bottom on FIGURES 4A-
4C.) As the expander cone 211 is pushed through the
portion of tubing 204 that is enshrouded by annular
isolator 202, sleeve 205 expands along with tubing 204.
Additionally, the pressure of fluid 212 in fluid chamber
209 1is increased. Specifically, as the cone passes
through the portion of tubing 204 that is surrounded by
corrugated portion 228, the pressure of fluid 212
adjacent the corrugations increases. The increase in
pressure causes the corrugations of sleeve 205 to become
slightly deformed such that corrugated portion 228 bulges
slightly (see FIGURE 5A). The expander cone 211 also
causes a portion of the fluid 212 in the corrugated
portion 228 of £fluid chamber 209 originally stored
adjacent corrugated portion 228 to be swept, or squeezed
toward weakened portion 224.

Since the fluid 1is forced downhole toward weakened
portion 224, it is anticipated that the majority of the
fluid in chamber 209 wiil initially be stored uphole from
weakened portion 224. Therefore, it may be beneficial to
design the fluid chamber 209 such that the volume of the

chamber uphole from weakened portion 224 is substantially
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corrugations are not conpletely renoved during the 25 expansi on process.

El astoneric sl eeve 226 would al so be beneficial on any portion of the

sl eeve 205 which is perforated. Elastoneric sleeve 226 is optionally
provided to protect weakended portion 224 fromthe environnental 30

el ements of the well bore. Wakened portion 224 is-typically thin-walled and
expandablQvog&gm§§nsusceptibIe to damage due to contact with the wall of
the borehol e, ~or other debris present in the well bor BSTVEREPHR20st urdy 18
WO 2006/ 052333 PCT/ US2005/ 034920 objects could therefore puncture or damage
weakened portion 224, and el astoneric sleeve 226 helps to mnimze the

exposure of weakened portiaon 224 to such hazards, |In_operatiqn, annul ar
i sol ation ass8RBRFEDOBRFS Fifh PGS 04 W&FI 5EFEPER %ﬁgagﬁéxggﬂﬂg Tondi tion

illustrated irRol GUREReReaNd pbAt46n Th@4t.ubi ng IRRY thes previdetrifeqone or
-nmore of various sizes. In the illustrated enbodinent, it is contenplated

that the tubi gPAfirene Iy o deyviFidned 7Ahadutldie dof Ghet erhamPied0 e

expanded to . Q;a; diagpl ef,0f 0,83 a1 yOBCE 1Py OPEY | ¥r PPSIL4 PNedy o RDye £XPander
cone 211 (See &I%URE % i%gﬁércededgwnhoﬁé t hrough tubi ng 202. (%ron1top to

bott o on Fl GURES 4velutC. maps bée askpatddr sepetaritigld ypuwhedinhridugh t he
ortion of tubin 4 that, .is u . nul i sal at.o 02,
P Qgﬁgh:%g s o@ t}{eh pt u%@‘h? gggeg%p\%g .ﬁér%cm/e?r, 1Qc %ae% k;e

sl eeve 205 exp s af'ong wi I'ng itiona t he” pressure of
fluid 212 in Bksidalghanber de20$h i she nammealsed. i Splediolri caldhy, tlast tiher€one

asses through the,portion, of tubi 204 _that is surrounded b corrugat ed
Bortion 228, thelfréssaFerat P?Bianggzogolﬁﬂ?%%eﬁ?h#ﬁ% Eﬁmuﬁﬁg¥%ﬁﬁé °

increases. ThgokpLs€ase ithan is stored downhole from weakened portion
L0 224,

As the expander cone 211 passes through weakened
portion 224, the pressure of fluid 212 is further
increased. Because weakened portion 224 has a
predisposition to expand when the pressure in fluid

L5 chamber 209 increases, the weakened portion expands, or
“inflates” outwardly towards the borehole wall.
Inflation begins with weakened portion 224 which inflates
at a first pressure level. When weakened portion 224
contacts the borehole wall, the pressure of fluid 212

20 increases until a second pressure level is reached at
which other portions of outer sleeve 205 may begin to
inflate. If proper dimensions have been selected, the
weakened portion 224 and elastomeric layer 226 will be
pressed into conforming contact with the borehole wall.

25 To ensure that such contact is made, it is desirable to
have an excess of fluid 212 available. If there 1is
excess fluid 212 and outer sleeve 205 makes firm contact
with an outer borehole wall at its weakened portion 224,
the expansion process will raise the pressure of fluid

30 212 to a third level at which one or both of the pressure
relief valves 208 may open and release excess fluid 212.

The excess fluid 212 may then flow through the lower

20



pressure causes the corrugations of sleeve 205 to becone slightly deforned

such that corrugated portion 228 bulges slightly (see FIGURE 5A) Th
expander cone 211 also causes a portion of the fluid 212 in the cor
25 portion 228 of fluid chanber 209 originally stored adjacent corrugated

portion 228 to be swept, or squeezed toward weakened portion 224. Since the

fluid is forced downhol e toward weakened portion 224, it is antici

that the mBPSPEEF the 30 fluid in chanber 209 wi | PCTHSI0PHIH$R0 e

uphol e from weakened portion 224. Therefore, it may be beneficial to

the fluid chanber 209 such that the volune of the chanber uphole fr

weakened portion 224 is substanti all 19 WD 2006/ 052333 PCT/ US2005/
éﬁ%%r
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t he weakened portion expands, or "inflates" outwardly to

of fluid from the chamber if the fluid reaches a
predetermined, maximum value. It will be recognized that
there are various ways known in the art to provide
pressure relief functionality to the seal between the
sleeve and the tubing.

If there were no pressure relief mechanism, such as
pressure relief valves 208, excessive pressure could
occur in fluid 212 during expansion and the expansion
tool, tubing, and/or borehole wall could experience
excessive forces. The result could be collapse of tubing
204, rupture of tubing 205 (e.g., at weakened portion
224), and/or or stoppage or breakage of the expansion
tool. Pressure relief valves 208 release excess fluid
212 dinto the annulus to avoid excess pressures and
forces.

The pressure relief valves are configured to release
fluid from the fluid chamber during expansion of the
expansion tubing, and then hold a particular pressure
afterwards. In accordance with a particular embodiment
of the present invention, the pressure relief wvalve may
be designed to release fluid from the fluid chamber when
the pressure reaches 1,500 psi prior to expansion and
2,000 psi after expansion of the expandable tubing.

In accordance with another embodiment of the present

invention, excess fluid that is intended to be discharged
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at a first pressure |level. Wien weakened portion 224 contacts the borehol e
wal |, the pressure of fluid 212 2D increases until a second pressure | evel
is reached at which other portions of outer sleeve 205 may begin to
inflate. If proper dinmensions have been sel ected, the weakened portion 224
and el astoneric |ayer 226w |l be pressed into conformng contact with the
bor ehol e Wﬁ&&mm@?ngo ensure that such contact is made, it is desirable to

{
have an exceiR¥EF%¥ I uid 212 available. If there is eXPEULN(049%0 212 and

outer sleeve 205 makes firmcontact w th an outer borehole wall at its
weakened portion 224, the expansion process wll raise the pressure of
fluid 30 212 to a third |level at which one or both of the pressure relief
val ves 208 may 8Beh@ ‘Pé1é§§@£8§c@§¥ b HFL P a'fﬁéaéﬁéess§ﬁfh?%F212 may

then flow thrgaghqat harkoweiown20 MO 2906052333 REIIHS2 0054 P3¢9280upy essur e
relief valve 208 into the annul ar_space between tubin%1204 and a borehol e

wal | . a I'n theepirsRticht 8adevbodPhift , tor SR efhef T10u vds Bleld or med by

crinping sl eeyg, 203, MRS JwBhag.204 5 with an el astoneric sleeve di sposed
t her ebet ween. The el astoneric sleeve is therefore conpressed, and functions

to provide a flui ddeiglar séaplakenectla hexbiedve amryarsd fubfhiondovever,
the design al g gllove [or bhedaianse pof Lluldilfoplng ehagherold the

fluid reaches a- ﬁﬁepre et erm ned, naxi mum va ecogni zed t hat
t here are var iodusonaysa tavwortionhhe@28r bft slpeowi 885 bhaessspeinel 1Lfe

functionality to_the seal between thg f%leev angrthe tg?lng. |f there were

no pressure r@PPLECHRENEM S O 34 I voiumetrlc and/or "pressure

changes caused by temperature changes in fluid chamber
e 10 208. During production operations, fluids may be pumped
down tubing string 204 for any of a variety of reasons
that are well known in the art. Often these fluids are
inserted into the borehole at ambient temperatures that
correspond with the surface. The temperature of the

15 fluids may operate to substantially cool the surface of
tubing 204, the annular isoclator 202, and fluid 212 in
chamber 208. The temperature change may cause the
internal pressure and/or volume of fluid 212 to decrease.
The end result may be that the annular seal formed by

20 weakened portioh 224 is broken, as weakened portion 224
retracts away from the borehole wall due to the reduced
pressure. As an example, such a temperature change may
result if fluid at 90°F is pumped into a well having an
ambient temperature of approximately 250°F.

25 The decrease in pressure is caused, at least in
part, due to the change in volume of fluid 212 as it
relates to the change in volume of chamber 209. Most
fluids have a higher coefficient of thermal expansion
than metal, and therefore, will contract faster than

30 metal when subject to decreased temperature. Therefore,
the volume of fluid within the chamber will contract
faster than the chamber itself, and cause a decrease in

the pressure caused by the fluid. Furthermore, since the

22



15 pressure relief valves 208, excessive pressure could occur in fluid 212
during expansion and the expansion tool, tubing, and/or borehole wall could
experience excessive forces. The result could be collapse of tubing 204,
rupture of tubing 205 (e.g., at weakened portion 20 224), and/or or stoppage
or breakage of the expansion tool. Pressure relief valves 208 rel ease
excess fI % ,nto the annulus to avoid excess pressures and forces.

The pressure 2% val ves are configured to rel ease POBUSYHPP om t he
fluid chamber durrng expansi on of the expansion tubing, and then hold a
particul ar pressure afterwards. In accordance with a particul ar enbodi nent
of the present invention, the pressure relief valve may be designed to

rel ease flui dPEBNPENEREFHRY @EaﬁﬁE?nﬁheh 3h e Predsiil Flaich&:rMs 500 psi

prior to expagshon 81,2, 090 pSinaAf Lefoxpansign: el cidia pxgasdaple, tubi no.

I'n accordance wi th another enbodi ment of the pr ésent entlon, excess
fluid that |stbanehdedreﬁp¢nth$chaﬁ@é@lezusV@f2@@6/@5@383aﬂﬁﬂfb@E&05/034920
fromthe f|Ui§ chanber bee%s%%ﬁe%mg sea% nt J_\é;%rro fluhds are known
inthe art thaf ngﬁﬁgivery Seor TREGT. SO £/ B S8 i TR0 r event
the flpw of fbuddthbhéﬁ0@® thReaQﬂuluey 5fAmheIaEausqh&waﬁeaoznextnéﬂts
several functional fea ures and advant ages. For exanple, the corrugations
of corrugat ed2pBRt3ort Y8f - sl eeve 205 have spring like qualities that

conpensate for vol tetfé CiangdsOFfa i SSHIRIineRaNgTs Trlsed a-tenpaiat ure
changes in fluid chanber 10 209. Duri producti on operations, fluids may be
punped down ©AbPhg 8t FRAGNS0ZOF BRI Fﬁéﬂﬂo§$¥ﬂﬁrﬁé¥& 6f prascipg  (See

FIGURES 4C and 5C, specifically) that functions similarly

\ﬁ”LO to corrugated portion 228. In this embodiment, however,

the second corrugated portion 229 1is located downhole

from weakened portion 224. It should be recognized that

corrugated portion 229 1is optional, and a single

corrugated portion 228 may be provided within the

L5 teachings of the present invention. Moreover, the

location of the corrugated portion may be uphole, or

downhole from weakened portion 224, and remain within the
teachings of the present invention.

The combination of corrugated portion 228 and 229

20 cooperate to function as a pressure regulator, with fluid

chamber 209. Thus, force and/or pressure exerted upon

corrugated portion 228 from the annulus, can be

transferred through fluid 212 to corrugated portion 229,

to minimize the threat that overpressure of the annulus

25 uphole from corrugated portion 228 will result in failure

of the seal between sleeve 205 and the Dborehole wall.

Moreover, corrugated portion 229 may be designed to

“absorb” high pressure within fluid chamber 209 through

plastic deformation. This compensates for high pressure

30 within fluid chamber 209 caused by high temperature

and/or pressure of fluid 212, expansion of the annular

isolator toward the borehole wall, shrinkage or partial

collapse of the borehole wall, and/or many other factors.
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that are well

known in the art. Often these fluids are inserted int

borehol e at anbient tenperatures that correspond with the surface.

tenperature of the 15 fluids nmay operate to substantially cool

of tubing 204, the annular isolator 202, and fluid 212 in chanber
t enperature change may.cause the internal pressure and/or vol une of

212 to decrease.

o the
The

t he surface

209. The
fluid

The end result may be that the anpghakgsadsodor med by 20

weakenedwpapesios¥i3224 i s broken, as weakened portion 224 retracts away from

the borehole wall due to the reduced pressure. As an exanple, such a

tenperature change may result if fluid at 90F is punped into a well having

an anbient tenperatu appr t Ihe _decrease ip pressure
at Ieaé? ggog%ﬁtgPdgghgg k gﬁgf tg?% %o?r?EPe %Tu 212 as it
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relates to thﬂuﬁhamgambervwhmhead&oc@&pbed 2@9 IMestt i updst haugom hi gher
coefficient of ther grog t%}han netg g herefore, will contract
faster than §@en§F§ wwéﬁ biEBt 16 FEEPR @%ﬁ H%é?%t&?eex?ﬁegﬁﬁore t he

vol une of fl uipd Wnduhe tdre §Mﬂﬂﬁ*e wiHdt C@crr_tmfattedf

itsel

f

®idrharp ¢ heaghanber
and cause a decrease in the pressure caused by the fluid.

Furt her nor e, hsindée (HE1NG2 ORET2HHBI 055310 I8CT/ YBID05FUSRBD0 LaEEPES of t her ma

of “expansi on ;of l;;p@naaaeg'qlenyaﬁt GoETs iRk sBor ehal g wal | may, gl 50 be

srgnlflcantly
tenp@mdtwﬁeféheﬂ@esa@ahernpdefleﬁeascqedtﬁgth@ anpabtdcubaand
therefore

fluid,

erent than’the respective coefficients of the’net
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portion 229 ithepaonuled frn9¢er fluid chamber.
0

21

30

The combination of corrugated portions 228 and 229
effectively carry differential pressures across multiple
chambers, so that the chambers are not damaged. Both
plastic and elastic deformation are used to limit the
overall pressure differential that are experienced within
fluid chamber 2089.

In this manner, the downstream corrugated portion
may be configured to accomplish a safety feature, to
prevent the fluid chamber from exceeding a maximum
pressure. The downstream corrugated portion may be
designed to absorb excess pressure in the fluid chamber
using plastic deformation of corrugated portion 229,
before the system fails due to pressure overload.

It will be recognized, that a stacked configuration
of annular isolators may be used in series, to compensate
for higher pressures in the annulus than a single annular
isolator could handle.

In accordance with another embodiment of the present
invention, a recess or compartment may be provided in
expandable tubing 204, in which flowable fluid 212 that
is used to form an annular isolator is carried with the
expandable tubing when it is run into a borehole. In
this embodiment it is desirable for sufficient fluid 212

to be carried with the tubing to form an annular isolator
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FI GURES 4C and 5C, specifically) that functions simlarly j"LO to corrugated
portion. 228. In this enbodi nent, however, the second corrugated portion 229
is |located downhole from weakened portion 224. It should be recogni zed that
corrugated portion 229 is optional, and a single corrugated portion 228 may
be provided within the-L5 teachings of the present invention. Mreover, the
| ocation of the corrugated portion may be uphole, or downhole from weakened
portion 224020652338 mmin within the teachings of the PEBERMS0BMENti on. The
conbi nati on of corrugated portion 22B and 229 20 cooperate to function as a
pressure regulator, with fluid chanber 209. Thus, force and/or pressure
exerted upon corrugated portion 228 fromthe annulus, can be transferred

t hrough fl ui digl12an o cversiged echngdoti ove2%g  ovd nporehcde .t he Threat that

over pressure of the annulus 25 uphgle fromcorrugated portjion 228 wl |
result in fai PGRE 3oty t’ﬁ%c%%%zeﬁlet%’\?% el 965 a2 hBOIBOPé‘ﬁ& Fhal | .

en sl eeve

Mor eover, coredgatgsd padt aiay2AQvenyn bertesilgnedhhoe . " absesbtidw gy pressur e
within fluid chanber. 209 throug& r3rglast%c dgfor tion. This conpensates for
hi gh pressuret3® WrERPn™AYuPE HFERHEF 268" c4GL80 by hiYgret fféfatdit®  and/ or

pressuse of flkykdpddom &XPANSS Ot 10kdt Retanaut 8ings SRARIQY foverLtddie
borehole wall, shrinkage or partial collapse of the borehole wall, and/or

many ot her faghaksthe28omp 2066,092B3LY PCTIISPDOSIRBHYG20 Fheveminnd of f1 uid
pressure that%gr£{@@p§g4{Ef&E?gﬁééqu5cggm@§§ T&'Eo?%%%f@?ReQ@1&§§ﬂleaSt in

part, upon the speed w t he expandabl e tubi ng 1's expan The
amount of pressueguldiat scapesigat hepordlivoe 229 €hnid RaAdlcerddedngiroper ati on
I's based Uponezscgggcriaaglef agﬁ&rﬁg 204 should be sufficient to inflate
L0 sleeve 205 into contact with such irregular shaped holes
so long as it does not exceed the maximum allowable
expansion of sleeve 205. It is also desirable that the
same systems function properly in a nominal or even
undersized borehole. Accordingly, expandable outer
L5 sleeve 205 has certain characteristics which make this
multifunction capability possible.

Although specific orientations and configurations of
annular isolators are i1llustrated and described within
this specification, such embodiments are not intended to

20 limit the scope of the present invention. For example,
it will be appreciated that the location, configuration
and/or orientation of the components described herein may
be altered significantly, within the teachings of the
present invention. In many instances, the location and

25 orientation of the components will be driven, at least in
part, based upon the pressure differentials experienced
in the borehole. Thus, the uphole, and downhole
designations described herein may be reversed for
example, 1if the “high pressure side” and the ™low

30 pressure side” of the annular isolator are opposite of
those described herein.

FIGURES 6A and 6B illustrate a cross section of

isolator 202 through corrugated portion 228, in more

o
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including its length, and stiffness. Thus, the length and stiffness can be
nodi fi ed according to a particular design, based upon the anpunt of
pressure anticipated in the annulus and/or fluid chanber. .0 The

conbi nation of corrugated portions 228 and 229 effectively carry
differential pressures across nultiple chanbers, so that the chanbers are

not danmag plasti'c and el astic deformation ar sed to limt the
overal | pﬁ\ggszﬁ(reéga?3fferenti al that are experienced w ?ﬁfwgzof"’%”ﬁoui d chanber

209. In this manner, the downstream corrugated portion my be configured to
acconplish a safety feature, to prevent the fluid chanber from exceeding a
maxi num pressure. The domstream,corruggjtégg portion may be 2( ) designed to

absorb excess $t&ddure i A hea uild loss uSPRYA ISRt ¢ eRIFdaREEdon of

corrugated portiqno829og hekanges hensyst emm fafdtedduedionRr 833U Qvegr | oad.
It will be recognized, that a stacked configuration “of annular isolators

may be used i musldripds, qerregapensat 83025 iTHeorSH N ppestur e§ iemchhe
annul us t han aco%{u%ggeggggg%n 239! 3405k dnhBOg) €1,bN AECALdanGe th

anot her enbodi nen resent invention, a recess or conpartnment may be
providéd in expandabteinqubpngnR04f i thawhedhatéowalboeribaitdd2k2dilmats 30 is
used to form annul ar isal}ator iosd.carncci e%wvc\),i tch rtrhe eépandabl e tubing when
it is runint ‘or BhofROTHFF TR S EESai et GXFGUFRGEST FaE8 P omaY
sufficient fl Lﬁ,éjzpabzfidg@, bepsesd ifhrwdi by tBe°t ubFnguRE doriniamstanrelsar
isolator 24 WD 20061052333 PCT/ US2005/ 034920 in an oversi zed and/ or. washed
out borehol e. he i elgéherahty rBeBEfiLedYHAY t e Dborddkbl €HHIFEEdonl y be

portion 228 of sleeve 205, prior to expansion by
=10 expansion cone 211. Thus, corrugations 230 of corrugated
portion 228 are illustrated in an undeformed state in
FIGURE 6A. In contrast, FIGURE 6B illustrates the
relationship, after expansion by expansion cone 211 and
the deformation of corrugations 230. As described above,
15 such deformation may be the result of the force of
expansion cone 211 and the high pressure of fluid 212

during the expansion process.
As described above, corrugated portion 228 has
corrugations 230, which exhibit spring-like qualities to
20 sustain a préssure (e.g., limit or minimize pressure
loss) within the fluid chamber, in response to a change
in fluid volume. Specifically, as the internal pressure
and volume of fluid 212 is decreased by the injection of
ambient fluids and associated témperature reduction,
25 corrugations 230 of corrugated portion 228 are biased to
return from their slightly deformed shape to
substantially their original shape or something similar
to their original shape (e.g., accounting for plastic
deformation). Thus, corrugations 230, which are biased
30 inward, to return to substantially their original shape
of FIGURE 6A when the high pressure of fluid 212 is
reduced and, consequently, the volume of fluid 212 1is

reduced. As a result, while the overall wvolume of fluid
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enl arged, but may have an irregul ar shape. Specifically, the width may be
greater .than height or vice versa and 5 the bottommay be filled with
cuttings making it flatter than the top. Accordingly, the flexibility of

weakened portion 224 of sleeve 205 allows it to conformto such
The volune of fluid 212 carried in

shapes.
sufficient to inflate LO sleeve 205 into contact with such irregul ar shaped
so MEhYOE2338 does not exceed the maxi num al | ovRIVES20080p@RIsi on of

is also desirable that the sane systenms function properly in

hol es

sl eeve 205. It

a noni na

or even undersized borehole. Accordingly, expandable outer

sl eeve 205 has certain characteristics which make this nmultifunction
capabi | i ty posshbfkambn RoFgRagpeei Feducnd efbat vohsmanat cbhtigilat ilons of

annul ar

such enbodi nen
i nventi on.

i sol at

configuration
altered signif

many i st ancesdet &endtaeat b@ntasdcdbrugdtent abirenons. thEc@@f@mgeL@t,s t\Me| |

driven,

in the borehol @MY, Sehk BHABIEE
herein may be peyef
"l ow 30 pressure si
descri bed her etpnt FIUGURES @ACAAHECBBLP | PUaTend ethe

i rregul ar
expandabl e tubi ng 204 shoul d be

15

pLa S ' 'Arttatoaag@g and ge GLibe %ﬁgslggn Agia%ﬁ%aeci fication,

are n i nten to20 limt t

pr esent
For texamHreer, |prwsbthehagpremﬁadedthhafluh@ tlomaidgn,due

and/ or orientation of the coqgone ts destcrlq1 erei.n my be
reseﬁ %

FRahPFReT LY (F ngFEa&ﬁlﬂb% e P

In
be

at least in part, based gon t he pressure differentials experienced

the annul ar isolator are opposite of those

202 through cogryaghed RALLL PP r1lBa0" e 25

ey

-

.0

L5
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Each corrugated region 232 has at least five
measurable dimensional characteristics, which determine
each corrugated section’s ability to store elastic
energy, in accordance with the teachings of the present
invention. A first measurable characteristic is the
number of corrugations 230 included in each corrugated
region 232. The number of corrugations is the number of
waves present 1in a single corrugated region 232. For
example, each corrugated region 232 of corrugated portion
228 has three corrugations. A second measurable
characteristic may include the period, illustrated as
“P”, associated with each corrugated region 232. The
period is the angular dimension of the entire corrugated
region 232 from beginning to end. For example, each
corrugated region 232 may include a period of
approximately 15 degrees. A third measurable
characteristic may include a corrugation angle,
illustrated as “A”, which is the angle of decline that
each corrugation creates. A fourth measurable
characteristic may include a corrugation depth, measured
from the top of a corrugation to the bottom of a
corrugation. Stated differently, this measurement is
analogous to the amplitude of the wave that comprises a

single corrugation. A fifth measurable characteristic
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WO 2006/ 052333 PCT/ US2005/ 034920 detail. In the illustrated enbodi nent,
corrugated portion 228 includes three corrugated regions 232 having
mul ti pl e corrugations 230. The starting point of each corrugated region 232
i s approximately 120 degrees from5 the starting point of the adjacent
corrugated regions 232: In another enbodi nent, two corrugated regions nmay
be provid apart by 180. FIGURE 6A il lustrat e r tionship
bet ween tgﬁ?ﬁggg%ﬁgand corrugated portion 228 of s|é§§£”%@8?5§%for to
expansi on by 10 expansi on cone 211. Thus, corrugations 230 of corrugated
portion 228 are illustrated in an undeforned state in FIGURE GA. In
contrast, FI kL ustr l,at| LR, a r.ex Lon_by
expansi on cone 1%%5% &et%egﬁéﬁﬁﬁégiiiﬁiﬁ)e %@%?Egatighg ﬁgéeﬁﬁéggeggribed
above, 15 suchhdefdremmti ds rmhy bE fifkeenesubtteéen hehéopoeenf diexpaasi on cone
211 and the hi ressure of flujd 212 dyring the expansion process. As
descri bed aboVe, %ﬁﬁ»Fﬁ&ﬁ?éaaBSr¥F8nlﬁﬁ%rh§éam ¥ U&Eﬁssg%ﬁfaw%ﬁc% exhi bi t
spring-like qualdaties igaced0 reust 8h8 @ PheRIULAs(e. 9., linit or mninize
pressure loss) within the fluid chanber, in response to a change in fluid
vol une>® Speci fi cal E§Ch asMEREUF MR nalFhpFeSkinetisnd Joftmedsst fRBPEC 212 is

decreased by tfg i 811 O Oficg AL €51 Al ds 23BdrAS80&H abef: {SPes@t ure

reduction, 25 corrugations 230" of corrugated portion 22B are biased to
return from t eiyr midvghel yooptosavtdorhipe volumgbsianandléy phessunei gi na

shape or sonethin iml 4.9 tdhel Lgi bape., ( : ountjipng for
. d dradly-d PEL{End
pl astic defof#gpggﬁ)?a%%%s, %orr gé?ioﬁs %g ?amﬁlc% are %?gégﬁggoofnmard,
to return to shlst andnrdlilaptt hechiandrdrgi nal stwape erémpl&GURE tha whesrd he hi gh
pressure of fluid 212 is . .
e 10 corrugations present in a corrugated region 232, the more
energy the corrugation may store. Accordingly, FIGURES
6A-6B illustrate merely one example embodiment of a
corrugated portion 228. Modifications, additions, or
omissions may be made to corrugated portion 228 without
15 departing from the scope of the invention. For example,
each corrugated portion 228 may include more or less

corrugated regions 232, as 1is appropriate for the

particular application. Additionally, each corrugated
region 232 may include more or less corrugations. Other
20 example embodiments of corrugated portions are

illustrated in FIGURES 7A-7D.

FIGURE 7A illustrates a corrugated portion 400 that
includes three corrugated regions 402 of five
corrugations 403 each. Corrugated regions 402 are

25 disposed approximately 120 degrees apart, as measured
from a beginning point of a corrugated section 402 to a
beginning point of an adjacent corrugated section 402.
In the illustrated embodiment, the corrugations protrude
in a generally inward direction toward the tubing string.

30 FIGURE 7B illustrates a corrugated portion 410 that
includes eight corrugated regions 412 of two corrugations
413 each. Corrugated regions 412 are disposed

approximately 45 degrees apart, as measured from a
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reduced and, consequently, the volume of fluid 212 is reduced. As a result,
while the overall volune of fluid 26 WO 2006/ 052333 PCT/ US2005/ 034920 in
chanber 209 nay be reduced, the volune of fluid 212 in weakened portion 224
may be substantially unchanged. In this manner, pressure |oss (inside the
fluid chanber) due to tenperature changes, is mnimzed, due to the elastic
5 defornati8 ‘@k Q@ corrugated portions. Accordlnglypcﬁhgmwﬁﬂmubar sea
provi ded BV 9 g&panded weakened portion 224 nmay be maintained and the
zone or portion of the zone continuously isolated to prevent the production
of water and other undesirable fluids. _O0 Each corrugated regi on 232 has at

least five neasy rﬁrbi@b%dmr&swnal c@baﬁ?e@tte%r irelglies, 4nbi b depegimmg g each
corrugated section's ability to store stic energy, in accordance wth

t he teachings @Plﬂhecﬁre@en@djﬁﬁﬁehtFGﬁTuAaFﬁﬁsﬂ“ﬁﬁéghréb¢e chapacth& i stic
s the 7 LS nuiher ol cof r yaadd a2 3dddclydeddn SAcheglinaat ed o egi on

232. The nunbe corrugations Is the nu waves- present 1n a single
corrugat ed regivene23Rly E@Marexan¥¢Q¢J£ea¢@wacdrU@attmbrngys&mlzsz of

corrugaged portion ﬁ%ﬁ{ ﬂ&ﬁgtggééggs gg ?£%§§Cgbqﬁﬂ§9%ﬂkﬁm

characteristic my i he perio assocré%ed W th
each corrugatednbegdéﬁrﬁﬁﬁaveTherrp@atemjregﬂdme aa@ubarodeneasrm@atﬁoﬂ:he
entire corrugated §glon 232 from begi 'ng¥to end. For exa ach

corrugat ed regfBRl235HRYIF R LERIFer € 281 8p3FY |ﬁﬁP€? ﬁ% grees. A

third measurabhe (eHALACIRHIrSY | 65 MAYasEddIde-oa 6ObEYEAhE QY €,0f a
illTustrated as "A", "which is the angle of decline that each corrugation
creates. A foupphrhgﬁgﬁ$g@péon 422 to a beginning point of an adjacent

w 10 corrugated region 422. In the illustrated embodiment,
each corrugation protrudes in a generally inward
direction toward the tubing string.

FIGURE 7D illustrates a corrugated portion 430 that

includes eight corrugated regions 432 of one corrugation

L5 each. Corrugated regions 432 are disposed approximately

45 degrees apart, as measured from a beginning point of a

corrugated region 432 to a beginning point of the next
corrugated region 432.

Another distinguishing characteristic of corrugated

: 20 portion 430, however, is that each corrugation protrudes
in a generally outward direction from the tubing string
encased by the sleeve including corrugated portion 430.
Because each corrugation protrudes outwardly, the

residual volume of fluid after expansion is potentially

z !5 decreased.
The design or selection of a particular corrugated
cross section 1s based upon two goals of the system.
First, it is beneficial to store a substantial amount of
elastic strain energy in the system. In other words, it
3 0 is a design goal to get as much elastic volume change in

the fluid chamber as possible, without otherwise risking
.failure of the system,. Second, the design should

minimize the residual volume of fluid within the chamber,
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characteristic may include a corrugation depth, neasured 30 fromthe top of
a corrugation to the bottomof a corrugation. Stated differently, this
nmeasurenent is anal ogous to the anplitude of the wave that conprises a
single corrugation. A fifth measurable characteristic 27 WO 2006/1152333
PCT/ US2005/ 034920 may i nclude a thickness of the sl:eeve. The thickness of
the sleeve_is the difference between the outer dianmeter of the sleeve and

the i nner JCHE%EPDf the sleeve at a location spacedCFAUSAP/p20
corrugations. 5 Each neasurabl e characteristic described above determ nes

the degree to which a corrugated portion 228 nmay provide conpensation for
vol unetric and/ or pressure_ changes caused by tenperature changes in the

material of tRAEFonpiitantléAbhberSt o o8I0, the FRRERA corr Ud&ti ons

present in a cegiigaliedysBghONo23F1 ke 1®r @heenglcvntt NGF cenpygatdn My
store. Accordingly, FIGURES 6A-6B illustrate nerely one exanpl e enbodi nent
of a corrugat&endiErs i o 228 WbHid i ehaneors, addrefdhs ther coruEtass may be

nade Lo corrugated QOT Lo 228 WiROULNLB, fepartdgg hiomihgescape ol Lhe

i nvention. For® exanpl'e each corrugated portion 8 may 1 nclude nore or

| ess corrugat edamzgyi ansl 2BQ, outssiide afptbpr thambdmrapreacpeast tend ar
application. Additi Y., €ach corrugated. .region.232 y _i ncl.ude .nore or

| ess corrugations. Egaﬁk}% 2% é?ar?pl%roe os(ﬁcr%r? gllofméagrro gafﬂéd eﬁioaﬂpll ns are
illustrated i nefbddiRent7Af7R. sBEeGIRESTA thhtusthaleses codidlgateichadrct i on 400

that includes three corrugated, regjons 402 of five corrugations 403 each.
Corrugat ed r egPeRE=0> Ogr éOQSmGF%Ws’Ed’gaEgTLUQi REEEPYTA 20 TR ZAPH t, as

measur ed fluid pressure 1loss) that would otherwise occur in
. 10 response to a decrease in fluid volume. Thus, the
radialy elastic members accomplish the same functionality

as described above with regard to the corrugated portions

of the sleeve. Radialy elastic members 502 may be used

as an alternative to or in addition to the corrugations

15 described above. Radialy elastic members 502 may include
tubing “springs” 1inserted between the sleeve and the

portion of the tubing string encased by the sleeve. Any

members that store elastic strain energy that is biased

outward when the member 1s compressed, may be used within

20 the teachings of the present invention. In the
illustrated embodiment, tubular, cylindrical members are
illustrated. However, various other configurations are

available, including C-shaped members, and elastic solid

members or almost any cross-—section. BEach such section
25 could be used to store elastic energy in a radial
direction.

Radialy elastic members 502 may be open ended and
rely upon mechanical strength to cause deflection of the
sleeve to a non-circular shape. Alternatively, radialy

30 elastic members 502 may be sealed to contain a high
pressure gas that may be increased or decreased to alter

the amount of deflection exhibited by the outer sleeve.
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froma beginning point of a corrugated section 402 to a beginning point of
an adj acent corrugated section 402. In the illustrated enbodi nent, the
corrugations protrude in a generally inward direction toward the tubing
string. 30 FIGURE 7B illustrates a corrugated portion 410 that i ncludes

ei ght corrugated regions 412 of two corrugations .413 each. Corrugated
regions 4 .sposed approximately 45 degrees apart, as neasured froma
28 WO 2005835@@?3 CT/ US2005/ 034920 begi nni ng poi nt &F TUSMBP3%At ed regi on
412 to a beginning point of an adjacent corrugated region 412. In the
illustrated enbodi nent, the corrugations protrude in a generally inward
direction toward the tubing strin?. 5 FIGQURE 7C illustrates a corrugated
portion 420 that #R&hu Byl velasirugBerbeFegiddss Edpsof dewd cgeer ugati on

each. Corrugatai6egiing ((22: 860 dbsposedaApproxi mkely 30.denreessapart,

as nmeasured froma beginning point of"a corrugated regio
begi nni ng poi rtheof exprradjbdeerftublitige orthggaradi layi ohagi2; hembdres i blrast r at ed

enbodi ment, each_corrugatjgn o] i a. ge inward. direction
Coard the Uty meePrE . SRR cERE irrTT usft ot 2o BEEBa T8 hate ! SR 430
that isncl udessTaught scor rugatiets r egifoingiré32o00f enestocr vgakinnengdgeach.
TeasUrod fromE CEGIRA 1 ernEShaA) BorF tijat BERPER on hasie: 2B88, mni ng
poi nt of the next s1ee4&Uget @&drd@gi AR 43der ANt b&iipdH siltieNFdi-ShhAg1 055

characteristic of corrugated 20 portion 430, however, is that each
corrugation prdt fdgéd vohume qesietasn FheutwWakeP itk diicos 1eedm: t h&hvabi ng

string encasgf by thg,sleavsd nehyding cRls ugahed Potd i ed3lre to

10 decrease, sleeve 500 may be bilased to return to
substantially its original shape.

As described throughout this specification, the
teachings of the present invention provide a method to
compensate for thermal changes that occur at or near an

15 annular isolator within a borehole. More specifically,
the systems and ﬁethods described herein provide a
mechanism for maintaining pressure, or minimizes pressure
loss within the fluid chamber, that would otherwise
result due to a drop in temperature at or near the

20 annular isolator. Several embodiments are provided, and
others are available, within the teachings of the present
invention.

In accordance with particular embodiments of the
present invention, the compensation for temperature

25 change is accomplished by storing elastic strain energy
that is biased to sustain pressure {(or at least minimize
loss of pressure) within the fluid chamber, in response
to a change in fluid volume. The corrugated portions and
the radialy elastic members accomplish this, by storing

30 elastic strain energy that is biased toward the inside of
the fluid chamber.

Thus,  the sleeve 205 of the presént invention is

configured to store elastic strain energy. In one
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Because each corrugation protrudes outwardly, the residual volune of fluid
after expansion is potentially 2 :5 decreased. The design or selection of a
particul ar corrugated cross section is based upon two goals of the system
First, it is beneficial to store a substantial anount of elastic strain
energy in the system In other words, it 3 0 is a‘design goal to get as nuch

el astic volydpseasge in the fluid chanber as possi bl i ot herw se
risking .tfailure of the system Second, the design sﬁga/ll%&&ﬂﬁingzﬁl ze the

residual volume of fluid within the chanber, 29 WD 2006/ 052333
PCT/ US2005/ 034420 after the elastic strain ener gy is expended The

resi dual volune of , fluid i the anp f. |ns theflwd
chamber, adj ac@MOH e Eor igat e p%r I?pglnlsfhwﬁe rcm‘ gnt Oar1nc Sween t he

i nside of the &fchanber sagdvé he outlsi dexrnfthele @lﬂﬁ)ﬂiﬁemeﬁ’ppr oanhes zLer 0.

FIGURE 8 is a cross-sectional VI w of an ex |l e enbodi nrent of a sl eeve 500
that includes P&cPHNSBPYsOYc 10renbePe &8 El?gg e St TP SSui ' Bi8s sur e

(or mnimzingepd| glge@r esstf eshossd boateydy itk et REIAW S HRGC Uke tiHbAEO
response to a decrease in fluid volune. Thus, the radialy elastic nenbers
acconpld sh t heoEaREOF MLt WHRI F135Tis NSV 6@ AGve-aRleh edarnd 6 t he

corrugated por£ég&§lng%f 5Pe ?eee\éecesgq.gl alyeghkastic Weréﬁ%@%m’beébe used

as an alternative to dition to the corrugations 15 above.
Radi al y el asti elefrerd)er snﬁnzdlmaa/ i acl uddn-wabilag " QEitigs” i meeld ed beet ween

(he, o1 ove 20, LB L L0 B LS LB, Sl Shcge i 1 ol ggve An

menber is Conpifle:BrS-eda,llﬁﬁy Qﬂ)rlt&e:dl Wi tdrten long  enough. In this
w. 10 embodiment, the thin-walled portion would T“stretch”
(e.g., elastically deform) when the interior tubing was
expanded and/or the fluid in the fluid chamber was
otherwise pressurized. In some embodiments, the elastic
deformation would also be accompanied by some degree of
15 plastic deformation (e.g., permanent deformation). The
elastic deformation would tend to store elastic strain
energy that would be biased toward the interior of the

fluid chamber.
Although the present invention has been described in
20 several embodiments, a myriad of changes, variations,
alterations, transformations, and modifications may be
suggested to one skilled in the art, and it is intended
that the present invention encompass such changes,
variations, alterations, transformations, and
25 modifications as falling within the spirit and scope of
the appended claims. For example, many of the above-
described embodiments include the use of an expansion
cone type of device for expansion of the tubing.
However, one of skill in the art will recognize that many
30 of the same advantages may be gained by using other types
of expansion tools such as fluid powered expandable
bladders or packers. It may also be desirable to use an

expandable bladder in addition to a cone type expansion
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20 the teachings of the present invention. In the illustrated enbodi nent,
tubul ar, cylindrical nmenbers are illustrated. However, various other
configurations are available, including C shaped nenbers, and elastic solid
menbers or al nbst any cross-section. Each such section 25 could be used to
store elastic energy in a radial direction. Radialy elastic nenbers 502 nmay

be open enggde@fichsss € Y upon mechanical strength to c Hg@ flection of the
sl eeve to a non-circul ar shape. Alternatively, radial 3 S%ﬁ%’l‘%?%& menber s

502 may be sealed to contain a high pressure gas that nmay be increased or
decreased to alter the anount of deflection exhibited by the outer sleeve.

30 WD 2006/ 052333, PCTLUS20054034920.. When, Jadiaby & asli £, fRIbELS gee first
depl oyed, their configaration is cylindrical. er expansi on O the
expandabl e t ubidigievidtie natenl exglaastioo mentler 2 aceneconppessedhl, andnt he

sl eeve 500 is defor , as, shown in 5 FIGURE B, In_this configuration,

el astic strain® ‘%ﬂei 3’]38[ ed WY hPR ratfichl TOel BETRE Tne RS 5528 hat
urges the sl egys 41@0@b0uBhi e OS&IEIing0 coaRREnSAL €n fHIbdhhdiessalaf, 1 uid
vol une between the tubing and the sl eeve. Thus, where tenperature

fluctudions chius8<PHAPHE RIS THYdetiasks UP¥bvECS0PrREFUER BFrased to
return to SUbféa?ﬁPtﬂéét'i}ﬁﬁ: bs Qﬁé‘&lrr]!@sld %ﬂ%ﬁ?ﬁ? é@rﬂe@crlﬂw d:upughodt, this

speci fication, the teachings of the presenf invention provide a nmethod to
conpensat e foresgpadadllecipangasrt hay decgrranded arairdanths Anhdhar atsol at or

wthin a borengle.i MuGoRPERLEL 62 | nuibie 1 3¥3LESP A JIRIDAdR. degey bed

provi de"a nmechanism for naintaini ng pressure, or mnimzZes pressure
according to one of the embodiments disclosed herein.

w10 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 1is detected,
the bladder pressure may be increased to further expand
the isolator to better seal against the borehole wall.

15 As another example, 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

20 which travels up hole during the tubing expansion
process. In some embodiments, the locations of wvarious
corrugated portions, weakened portions, ports and relief
valves may be changed if the direction of travel of the
expansion tool is changed. For horizontal boreholes, the

25 term up hole means in the direction of the surface
location of a well.

Similarly, while many of the specific preferred
embodiments herein have been described with reference to
use in open boreholes, similar advantages may be obtained

30 by using the methods and structures described herein to
form annular isolators between tubing and casing in cased
boreholes. Many of -the same methods and approaches may

also be used to advantage with production tubing which is
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|l oss within the fluid chanber, that would otherwise result due to a drop in
tenperature at or near the 20 annul ar isolator. Several enbodinents are
provi ded, and others are available, within the teachings of the present
invention. In accordance with particular enbodi ments of the present
invention, the conpensation for tenperature 25 change is acconplished by
storing elastic strain energy that is biased to sustain pressure (or at

| east m QigHodduszd:9Ss of pressure) within the fluid cGaniseios034pzor esponse to
a change in fluid volume. The corrugated portions and the radialy elastic
menbers acconplish this, by storing 30 elastic strain energy that is biased
toward the inside of the fluid chanber. Thus, the sleeve 205 of the present
i nvention i s naonrfkpguded &Otet direstellastionsin ad no@rsragye, lespenéalldt WO

2006/ 052333 RCT/USZgOSIEf4920 enbodi ment, this is acconplished by
corrugated portiii§® BF-the sleeve. In another enbodinent, this is
acconplished by including radialy elastic nenbers within the sleeve. It
shoul d be recogni zed that other nethods 5 of storing such elastic energy are
avai lable within the teachings of the present invention. For exanple, a

sl eeve including a thin-walled portion would be sufficient to store enough
el astic strain energy, if the thin-walled portion were |ong enough. In this
10 enbodi nent, the thin-walled portion would "stretch" (e.g., elastically
defornm) when the interior tubing was expanded and/or the fluid in the fluid
chanber was otherw se pressurized. In sone enbodinents, the elastic
deformati on woul d al so be acconpani ed by sone degree of
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15 plastic deformation (e.g., permanent deformation). The elastic
deformation would tend to store elastic strain energy that would be biased
toward the interior of the fluid chanber. Al though the present invention
has been described in 20 several enbodinents, a nyriad of changes,
variations, alterations, transformations, and nodifications may be

suggest atLAVM®ne skilled in the art, and it is intended that the present

i nventi on enconpass such changes, variations, alterations, transformations,
and 25 nodifications as falling within the spirit and scope of the appended
claims. For ex @g&?érﬁ’foﬁ?o%i@% an Qﬁ?ﬁgroi\é&hto‘i’%%{wéeﬁgo%&%BH'tﬁﬁ@%%n{l 2%ovdfd he
use of an expansion cone pe of device for expansion o e tubing.
However ,waieodprisikgd | in the art will recognize that many 30 of the sane
advant ages may be gai ned by using other types of expansion tools such as
fluid power edt xiirihefatybatantiallyrybipdrieyl tybidéers. It may al so be desirable to

20061 052355 AT URA000) Uo s FHpoR b8 e MBS TR il o)
is not faghadlediclabhiter;, adpansi on with a cone type tool, an expandable

bl adder may be used to further %gﬁand the isolator to achieve sealing
contact with the ge¢veripelading|a firssposfion thah s passligposehgcrapanhgutyiaelly grdsidd £ or

N R R L 0

an annul epandedldat a6 fladbprlessife, ithst@bhé@ortdacaire argrgpthane Khsedhe segrhiadharent s
di scl osed herein. 10 The tubing may be pressured up . to block flow jn the
t ubi ng ifuépressuse yithimitgeiud chenbefin seppanssrtora dangmisy flyid @olume such that the

fluid volume within the first portion remains substantially unchanged.

2. The system of claim 1, wherein fluid in the fluid chamber is free to move between the

first and second portions.

3. The system of claim 1 or 2, wherein pressure in the fluid chamber is sustained by a

change in volume of the second portion.

4. The system of any of the preceding claims, further comprising a first pressure relief
valve disposed between the tubing and the sleeve, the first pressure relief valve being
configured to release fluid from the fluid chamber when the fluid pressure exceeds a firs:

value.

5. The system of claim 4, wherein the first pressure relief valve is adjacent a first end of
the sleeve, and further comprising a second pressure relief valve disposed between the tubing
and the sleeve adjacent a second end of the sleeve, and wherein the second pressure relief
valve is configured to release fluid from the fluid chamber when the fluid pressure exceeds a

second value.
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installed isolator. If excessive | eakage is detected, the bladder pressure
may be increased to further expand the isolator to better seal against the
borehole wall. 15 As anot her exanple, in many of the above descri bed

enbodi nents, the systemis illustrated using an expansion tool which
travel s down hole as it expands expandabl e tubing and depl oys an annul ar

i sol at or6. EacThheosystdmesé claiys b emhereay thepbrsateed efutht [sleewelis daivnholarnfrenpheisi on

tool 20 which travels up ho]e, duri t he, tubing e si gn rocess. In sone
onbod: netead et JectBnane e i B sceors vl At Baes B ned
portions, ports and relief valves may be changed if the direction of travel

of the expansion tool is changed. For horizontal boreholes, the 25 termup
hol e nmeahs i nThensysttimr eCanyoof ik prévedingrdaime, wherea thedirglf paatiowe sl conSgwieflde | y,

while many o he specific preferred . enbodi nents herein, have been.descri bed
Wt or Bivant s 1 BG4 Rt Bsrre Rttt A SevaT A1 GF ARVEHFL BRI B OREEERT ol ed
30 by usjongphhiewhE! the 4R PRdsstld RAENIHS ASe BRIVl RE theNBERIdVal R bei) greaBRthhA

i sol ators between tubing and casing in cased boreholes. Many of the same

met hods thadirsipplueaches may al so be used to advantage with production tubing
which is 33 WO 20061052333 PCT/ US2005/ 034920 not expanded after
installation in a borehole, especially in cased wells. 34 CLAIMS: 1. A

system for forgRd §@ted oARNHb Aihe pQleain@ cIAR VB Y BEUEdIndpoktit Em@ids an
borehole wall, conprising: a section of substantially cylindrical tubing; a

sl eeve datdeastpattialtyocmtiigateduegiase of the tubing, and cooperating with the
tubing to

9. The system of claim 8, wherein dimensions of the corrugated region are selected to
allow for expansion of the corrugated region and deformation of corrugations of the
corrugated region when the fluid pressure exceeds a first value, and storage of energy in the
deformed corrugations that urges the corrugations toward a substantially undeformed

configuration.

10.  The system of claim 8, wherein the at least partially corrugated region of the second
portion of the sleeve comprises a first corrugated region, and further comprising a second
corrugated region of the second portion disposed at approximately one hundred and eighty

degrees to the first corrugated region.

11.  The system of claim 8, wherein the corrugated region comprises a first corrugated
region, and further comprising second and third corrugated regions, the first corrugated
region being separated from each of the second and third corrugated regions by

approximately one hundred and twenty degrees.
12. The system of claim 8, wherein the corrugated region includes at least one corrugation

that projects outwardly from the sleeve, beyond a circumference of uncorrugated portions of

the second portion, when the sleeve is in an unexpanded state.
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forma fluid chanber; and the sleeve including a first portion that is

predi sposed to expand outwardly under fluid pressure fromthe fluid
chanber, and a second portion being configured such that, when expanded due
to fluid pressure, the second portion stores energy that is biased to
sustain the fluid pressure within the fluid chanber in response to a change
in fluid?3vol Ufte systein dffeddimt $)evhetdinilet ooatugared végidr mchides 4tileast opoedriugatioremai ns
substantjally unchanged. 2. The systemof claim1l, wherein fluid in the
fluid CHERHENIERS Tyad towariipe e nithgeslegveigin dpHpexpandsg S'f?gerti ons. 3. The
systemof claiml1l or 2, wherein pressure in the fluid chanber is sustained
by a change in volune of the second portion. 4. The system of any of the

pr ecedi ngt. cl alhessystenraftray of dregressiding daifrisy wherpinessure relief val ve di sposed
bet ween t he tthqg @n%ﬁthe sl eeve, the %irst‘pressure relief valve being
configured tdlf BPEhRs Ips & mPx R eXReFSd Ypichanber when the fluid pressure

exceeds a f1 e fird BoHfon SF thd BRo® BATMRanfl iafbrbxinthelyahB mdEnbi Spedtessur e

relief valve Iis adjacent a first end o he eeve, and further conprising

a secondlipmetsswitboutelaimafe tathesledvespoded bet ween the tubing and the sl eeve
adj acent a second.end of t.he.sleeve, and wherein the cand pressure.relief
valve is conftﬁﬁ&%é‘gcgﬁnl?eélléa?ézgdftf’lﬁagyfar SHCIGR! pgpg %ﬁﬁ?‘r‘geﬁo %R@?\‘?ﬂﬁeﬁfsfui d
pressur epcﬁ"ﬁ&?@fjtﬁe @ee&&%%%a&’ﬁhé‘ﬁraxfﬁﬁn@xp&% dfy@tem of claim5, wherein the
first end of the sleeve is dowmhole fromthe second end of the sleeve, and

wherein the second value is greater than the first value. 7. The system of
ai ns, ,wherei.n the fir

ft di t ti is. i d t
xband whon' ¢ HE PO hABEaL e Treseeeccting popreloitdEbORE SL oM e
regi on igedkendd @ik ?éipeét% SARAPH6NE Bf iR Idel &t FalRIvE BR WISt AN &ﬁe@aﬁ&?&i‘d
val ue, the second value being greater than the first value. 8. The system

of any ofreatereextent thedithgysesbad perfionherder equahBuslgeessdrepor ti on conpri ses an  at
| east partially corrugated region. 9. The system of claim8, wherein
di rensions of the corrugated region are selected to allow for expansion of

the corrygat ethe 8GicaNoPRE) SethepIRiRE HimSOfuHeRtdRRSsiR at BRstofREE Y@aled
region when the fluid pressure exceeds a first value, and storage of energy
in the defosedreniaconteusyafacontthelsteeveadjecent the fusimoutdget ofahe sieewsar d a
substantial |y undef or ned
17.  The system of any of the preceding claims, wherein the second portion of the sleeve
comprises a plurality of radialy elastic members disposed between the tubing and the second

portion of the sleeve to store elastic strain energy in a radial direction.
18.  The system of claim 17, wherein the radialy elastic members are pre-charged with a

gas, the pressure of which may be selectively increased or decreased to alter the amount of

deflection caused by the radialy elastic members on the sleeve.
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configuration. 10. The systemof claim@8, wherein the at |east partially
corrugated region of the second portion of the sleeve conprises a first
corrugated region, and further conprising a second corrugated region of the
second portion disposed at approxi mately one hundred and eighty degrees to
the first corrugated region. 11. The systemof claim$8, wherein the
corrugatl@d r égmethodormmprseg:a first corrugated region, and further

conpri sing seco and third corr ted regions, the first r at.ed. region
bei g separ atBUFIRIGREON GresprdR ia dha toritelr. dir il PhfRdRng,

appr oxi gRiRkY IRR6sdaUSn R 3idadeVIthy nfh, 888 codperatilpewid ThetibRg ©l B8,
wherein the corrugated region includes at | east one corrugation that

pr oj ect luolichearbet,y from t he sl eeve, beyond a circunference of uncorrugated
portions of _the second,portion, when t.he sleeve .is in an. un angded st ate.
36 15, The PeRiFareIEHEs s AP it RECBRagReep R BRGE Bt

| east ORgeseE MHARUthOMuid RRAMBErOLRS laSsebHR HEtioh MG cbityurétPisidh thaf)8bhdnne

sl eeve is in an unexpanded state. 14. The system of any of the preceding

cl ai ms, ewpanded due tq fluidiypesshrs), thehsesorad perkipagioresxgrergyetiaidis duaseeé tq suskaan ther st
portion pf the sleeyve is expandable to r.oxi mat el y. t he maxi mum exgpect ed
Gi amet ot PREUEe BAgLT CBABRe Bistnnse EiAcne T i volinpaichbaRe B o
carry aveiintd witRiRthAARYPSrtidh rémhihdsdRtaBl AR GhchReedt ikt portion of the

sl eeve to at |east the maxi num expected di'aneter. 15. The system of any of

t he precedi ngxpandingsthe whengusing seool disposedorithimthegfibinge sl eeve is weakened
wWth respect to other portions of the sleeve to allowthe first portion to
expand to a greater extent than the second portion, under equal fluid

pressurey. 1Ghe Hhs/st @amP19, Faxth@fcoltpeisig SR et QUfALTRER: arhohit REFufamy | si ng
an el astoneric sleevc disposed on an outer surface of the sleeve adjacent

t he fir dhe hoidichambeftotimidate theefirst partion Thibe slesvetn omazimun £xpaseedptianetd ofy

cl ai s, tv\/nlgre}i}rél t he second portion of the sleeve conprises a plurality of
radi al y & 28 %C  nenbers di sposed between the tubing and the second portion
of the sleeve to store elastic strain energy in a radial direction. 18. The
systemof claim 17, wherein the radialy elastic nenbers are pre-charged with
a gas, 2lhe phessethed of adiinch9 ray2lhevhsedinche wedopdi prrtiemsetpoisesdat pbdgastd t o

alter the apount of ,deflection caused by the radialy elastic menbers on the
sl eeve, Pt y corrugated region.

22.  The method of any of claims 19, wherein the second portion of the sleeve comprises a
plurality of radialy elastic members disposed between the expandable tubing and the second

portion of the sleeve to store elastic strain energy in a radial direction.
23.  The method of claim 22, further comprising charging the radialy elastic members with
a fluid that is selected to determine the amount of deflection caused by the radialy elastic

members on the inflatable sleeve.

24.  The method of any of claims 19 to 23, further comprising installing an elastomeric

jacket on an outer surface of the sleeve.
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-37 19. A nethod, conprising: installing a section of expandable tubing in a
borehol e, the expandabl e tubing having a sleeve disposed around a surface
of the tubing, and cooperating with the tubing to forma fluid chanber; the
sl eeve including a first portion that is predi sposed to expand outwardly
under fluid pressure fromthe fluid chanber, and a second portion being
configurd®d sukbystdmatcomphsing: expanded due to fluid pressure, the second
portion stores ener that is biased to sustain the fluid pressure within

t he chanber,£Vﬁ°?%%%%H@@g%o a change in fluid volume such that the fluid

vol ume wi thi ny theyd | KigfosBPr drb@l L WiMS DDHANLIA |15 WHENANIREL @Rfhber
expandi ng the tubing using a tool disposed within the tubing. 20. The nethod
of cl ai rtha®betiveert;lard conprising inserting a sufficient amount of fluid into
the fluid chamher to inflate the first portiqgn of the sleeve to maxi rum
expect ed di arfsigrlipyof PEPbGratignembes dpheeder e BF odin A oS sfechand
wher ei N doBBers@eOREh PRI LbRR 2AQ MY IGKS & 8efBim iRAIevepartial Iy corrugated
region. 22. The nethod of "any of clains 19, wherein the second portion of
the sl eeve conprises a plurality of radialy elastic nenbers di sposed

bet ween t he expandabl e tubi ng and the second portion of the sleeve to store
elastic strain energy in a radial direction. 23. The nethod of claim 22,
further conprising charging the radialy elastic nenbers with a fluid that
is selected to determ ne the anount of deflection caused by the radialy
elastic mnmenbers on the inflatable sleeve. 24. The nmethod of any of clains
19 to 23, further conprising installing an elastoneric jacket on an outer
surface of the sleeve. -38 25. A system conprising: a section of tubing;, a
sl eeve di sposed around a surface of the tubing to forma fluid chanber

t herebetween; and a plurality of radialy elastic nmenbers di sposed between
the tubing and the sl eeve and cooperating wth the tubing and the sleeve to
deformthe sleeve. -39
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