10

15

20

25

SYSTEM AND METHOD FOR THERMAL CHANGE COVPENSATI ON | N
AN ANNULAR | SOLATOR TECHNI CAL FI ELD OF THE | NVENTI ON

woheopszsent i nvention relates in general to beCceusk®s/034920

annul ar isolation systens, and nore particularly to a

system and net hod for thermal change conpensation in

an annul ar isolator. BACKGROUND OF THE | NVENTION Q |

and gas wells nay pass through a nunber of zones

wthin a formaiionsonkgaghrids PRt rhEkARLOLLARRE Of

gas zone(s) of ‘interest. Sone of the zones throug

whi ch the wel | COMPENESS Itay 1de ANMatAANUIAGIUCIATGATAR i S
desirable to prevent water fromthese zones from bei ng
produced with the produced oil or gas. \Were multiple

oi | rRARAL9FagaFTERRES FANAEPENQENALBR DY the sane

borehore, Tt TS5 atso desitable to fsolate the zones to

al | ow separapeesentr dnveh tpoodustliadre s riom geiedirzbneo borehole
for the nost, efficient prqduction. [External cker
hav@nﬁééﬁrus%ﬁoi%F1ﬁ?nﬂ%§'%ﬁﬁﬁhla?ngeaT%r%r:Qégklcuf%rly to a

FTiers

bet wegRchr QACthOMbdbirae andkmell €Bsh§e tompsolsattéon in an
the various zones. It has beconme nore conmon to use
opednhslarcéapletPsns in oil and gas wells. In these

wel l's, standard casing is cenented only into upper

por}sheﬁéR@BthﬁF‘_’ﬁhb’ IRVENE?bNt hrough the producing
ZONnes: t he bottom of the cased
portion ofilt hadwekls dedd st hrougladshechvarigusa number of zones

production zones. The various praqduction zones often
havEi8hiPerefCrRACHCR) Hﬂ%ﬁ%ﬂ#ﬁ§gﬁh§ﬁﬁﬁﬂc AF Ot hrgpd/or gas

frop,gagh)othen 1@ RieVents floW Hetmees, zonesh Addgh Owhich the
all ow production fromrelatively | ow pressure

zoneslOpeavhelaescowyl & oms e o prtudio ar | it usef desipable to

prevent water from these zones from being produced with

the produced oil or gas. Where multiple oil and/or gas
zones are penetrated by the same borehole, it is also
desirable to isolate the zones to allow separate control
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
completions in oil and gas wells. In these wells,
standard casing is cemented only into upper portions of
the well, but not through the producing zones. Tubing is
then run from the bottom of the cased portion of the well
down through the various production zones. The various
production zones often have different natural pressures
and must be isolated from each other to prevent flow
between zones and to allow production from relatively low

pressure zones.
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slant hole wells. In these wells, the wellbore may be
devi ated and run horizontally for thousands of feet

woOhomiwgs3a produci ng zone. It is often desirabPeTis2005/034920

provi de annul ar isolators along the length of the
hori zontal production tubing to allow selective
production from or isolation of, various portions of

t he produci_ng . : e I vario :
Stepe. ar SPEuar yo: aROR T e b Db ert Dol s iy " tbetul in
bor ehahe Wedle andlioe.t held| awest sarid rottheherellbore may be
formation into the producti on tuging. C}ave%p%acking
and96¥AATEEr e8RS ar@icoRRBREPNEEed Yt o FRFot EOPUSGRASst of Teet
col Lap3egAndasapdofihovhg Mg doder aet econigues, | REddideple to
the use of expandable solid or perforated tubing
andpoovérgandabiel mandl setaenss Théoadt ypée of lendtih arof the

el enent,s be run jnta uncased .horehol es an .
expgﬁﬁé&ogl%%é_r t Ay B poicilf%llonrﬁI Expansi on Ay b&Stective
by Ei@dﬁ%t@;@nl Hdoat,alde ddadgerororoby patlong pértions of the
pushi ng an expansi on cone through the tubular menbers.

It Pgodesiingblzenfor expanded tubing and screens to

m nimzethe an b s tubul ar_ el e

t he boreﬁgléxgﬁfrﬁ%?etggﬁgﬁggﬁPﬁséoﬁﬁggpu%héﬁggéih%Pg usually

wal I afen- proovrder orec harli lcad ses upporlie andrelestiei ghlor and/or the
prevent annul ar flow of fluids outside the production

t ubfAGY HehevERRdi nt Ffy it e’ O T D! | | &t | @Foduction
in the,har ehols wali ?écﬁiﬂelﬁnﬂfc%ﬁ%%!'Qéﬁ@gns are commonly
formati ons, expanded tubing and screens will not

pr evertl annulpaotidaaw agathet becdieipse Fendt iand eddon. More
oI LGS A SLIPLICPAETLg SR SIS, coria ox
Sucgeg%aamlde O LA QNS Pr 8§60h8aB1BUMREI Ofcreens. These
prot;EgE' of tubular elements may be run into uncased
boreholes and expanded after they Aare in position.
Expansion may be by use of an inflatable bladder or by
pulling or pushing an expansion cone through the tubular
members. It is 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
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 isclators are
often needed to stop annular flow.
Use of conventional external casing packers for such
open hole completions presents a number of problems.
They are significantly less reliable than internalvcasing

packers, they may require an additional trip to set a
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They are significantly less reliable than interna
casi ng packers, they may require an additional trip to

weeboeaptalg for cenent diversion into the packePCTAaS2005/034920

they are not conpatible with expandabl e conpl eti on
screens. Efforts have been made to form annul ar
i solators in open hole conpletions by placing a rubber

S| os¥es OB o2 naanl eal YDLOBoANG 36T e8NS BT LheN ana chey are

ex _ ress the ru €eveé into
conhaet compatibeebotehokepuatibbldhesepeétdohs shaeensad
limted success due primarily to thggvariable and

unknown BEEQEFS b&RFR0IRS Fhaltant di 3Bt &RV isolators in
thi ?é@ﬁsshcﬁ?t r&%}@éf@ﬁ’foﬂ@ﬁb}bepllia@itn%d sl n?c%b:bteradg_s.;eeve on

to e overall ng di aneter, which nust be limted

t o akpamdabeet ubilgng o ded r waTresns t kadbokékol eexPhading the
maxi num si ze nust a to aIIOM/tubin% t

g0 dsi |
o bXBARGeq o (Po HontREI THPEETer (N sToba. BOraRaIe With the

I'n ¥esbRrd1 QU0 overgizrd 8oreholehavROrnal tubiingd success
expansion is not likely to expand the rubber sl eeve

enodgh poiventart tohdhisore@trdied lRalancaitt fn a2gkapl borehole
o fﬁ%ﬁg%ggm n%lila?t{eg:lse?rql Ofp d .S’g%félgﬁeég war 't?l%l gﬁlzéﬁemust be

bor & djustable ‘or vari e éxpansion to
beeniMseddwi dih&ome tsugdess .t dHovkeerovdrad sl ditfifdicuy t diameter,

to achieve significant stress in the rubber with such

varvabre Resits Pand-hited yiRe ¥ @ paAsi 6HOBPGdIGes antun into
InngE%S%%&%g%ﬁy theyLubibngwhi & Aol ove Lheoshape Bhited to

t he rehole and is not of substantially constant
di agklew. Saobgngsoltat oks r elxpamped priesswr i zeeminald or even

to actuate the isolatar to its_expanded, position. .
Tenﬁ@?%FE?éegha riencadl doGHINS ogH i mpict oversized

thepgiEgsibyeness b 1Suehni 5l at@psnduent oighanges ihkely to

pressure and volunme, that nmay acconpany dramatic

chaagpgnd the rubber sleeve enough to contact the borehole
wall and form a seal. To form an annular seal or
isolator in +variable sized Dboreholes, adjustable or
variable expansion tools have Dbeen used with some
success. However it is difficult to achieve significant
stress in the rubber with such variable tools and this
type of expansion produces an inner surface of the tubing
which follows the shape of the borehole and is not of
substantially constant diameter.

Some isolators rely upon 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
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
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in tenperature. Changes in tenperature nmay have an
even greater inpact in systens in which the materi al

wagew/os5z83gncase the fluid has a significantly #CTfuse@®an34920

coefficient of thermal expansion than the fluid that

i tencases, since tenperature changes nay cause a

change in volune and/or pressure of the encased fl uid.
SUMVARY. THE. | NV ' t e -

i nven ?%%m%gunﬁg E@f?ggﬁﬁj NI By | BERES WP nange in
changeugenpedgati pnesauan afinbhar ensebatioflulid.

accordance with a particul ar enbodi nent, the system

i ncludes a section of generally cylindrical tubing
havipgvars! gpvendi spesRdragound a surface of the

t ubrmg—The steeve cooperates with the tubing to form

a flui d Ehamberacihiegs| edvethaclpigesent f ilfstergoran oprovide a

that i redi sposed to_expand oqut-war,d nder fl uid. :
preggﬁﬁggfﬁE%tWﬁﬁh?%igoghgﬁﬁ ﬁa%ﬂﬁpéﬁgéc%ﬁgpSQ%Egéﬁn thoan
bei gangeafi gussdasueh thatin whetxpanded witen t oa f | phdticular
pressure, the second portion stores energy that is

bi asBEodmenst aithd hEYFLEMNd Presidr @i tH@tipe of generally
Chagp End£9c5?5p9@§§n 0 %Fé: 98 i B1fdeied WOLWIRed Naround a
accordance w th one enbodi nent, the second portion of

t hesgskeeve oty tloapriubanan at Theastlgeard i abbperates with the

corrugat ed region. The_ corrugated regi i ncl ud
corgugsled reqon, The corl ugeled. 0! 0 IR LICOE c1udes o
al opg, the circuf erenge of the-gl eavgeaWieN ER@and outwardly

corrugated region is expanded, the corrugations are
bi asadetoWanddt beetssbireg.f rTivertdfeorfd, uighychodreasean@d a second

pressure withiin the chamber wll. cause th
Cor PAGALPBnS t BImBVd L Ghans t HECR UbTRG: {hFesyPanded due to

t endi pgdt @ reeduce ,t e/ obewdn@f pbheiehasherelso energy that is
conpensate for the decrease_in pressure. In accordance
wi t hiapeehée ewsddiirenthet heusdcprgssure 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
corrugated region. The corrugated region may include
longitudinal corrugations at particular locations along
the circumference of the sleeve. When the corrugated
region is expanded, the corrugations are biased toward
the tubing. Therefore, any decrease in pressure within
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
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
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portion of the sleeve may include a plurality of
radi aly el astic nenbers di sposed between the tubing

wanaetzs3s| eeve, to i ncrease the el astic respoRe®/USE005/034920

t he second portion of the sleeve. Thus, the radialy
el astic nmenbers will be conpressed when the tubing is

expanded, and thesleeve will be biased to sustain the
fluld.ppessyr ¢ wigdi rlbltal'éeeoch%@bersus‘tﬁlhesgﬁﬁsefﬂglé pressure
change in flurd vo . Dependi ng on the specific

feawut]eml rmieemham@erparimCLH%rpcerﬂmdrtwenas gfartgee in fluid
present invention nmay exhi bit sonme, none, or all of
t heVPOFBwi ng t echni cal advant ages. A technica

advantagge?gﬁdg thgh amhexpandailfe | epyve wBys pr omp Uemented,
a conplian cha in which a flowable material may

be B@édl@uléxpaﬁ@bpﬁém§p§éveOindUhﬁwnRﬁ?%ﬁﬂﬁﬂeﬂn¥ﬁﬁﬂl°n may
ggtgﬁg%gfﬁehohﬁ?gf BP Q£PerlﬁecgﬁaQQhaa?%ﬁﬂ%%g%gnayechnlcal

sleeve ve certain
chaga¢tethgeiscs that alelcthwlalalanraldvamtm e be that an
formed in an oversized, washed out, and/or irre uIaL ,
shapsEaBerBASI eS1aHES f IBAH bIRGAXE AT £he CPRPLAERDI eChamber  in

sl egye.fray wéf%%dﬁLJOHﬁQ%EQVE1tHa UQ&%'ﬁkﬁﬂy'%f expand the

shapeés S0 T ong I't does not exceed the maxi num
al | shablre @mﬁns‘bom afn t bensleeveseds wtiithl andhehole wall.

d t , th dabl | ud t .| t
cdvantage, the expaniable ol ceve Lol e 2 Loty cvane

andéPée{?ée%&‘&ﬁfeh%ﬁz%ng%rﬁéyﬁedckbé/ré@tf@@i%ﬂéﬁ changesdlow an
to substantially nmaintain the annul ar seal, even

dur @anguiari aslad t eapoeatipmnethdior %Te@?;@ifélzed washed out,

om0 SR Lo UL G0 BREBUGS s o e

def@ﬁﬂ@ﬁth@léccgm@bvéorméygr%aUQM vdtuneant@iform to such

pressure of fluid in the conpliant chanber. The

coripgagedar 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
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
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
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
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portion may be biased to return to substantially its
original shape or to sonething resenbling its origina

wehep®ds233swever, when the tenperature, pressureCamgims/034920

volune in the conpliant chanber decreases.

Accordingly, a further technical advantage may be that

the annul ar seal between the expanded sl eeve and the

borehole wall may permi ghaingd, RveELHI BEnbeddedde and/or
tenperature and/or reduced pressure conditions. O her

t ectwdleedd advansagescondlitbenseadi |l y apparent to one

skilled in the art fromthe faqllow ng, fjgures .

descri pt?oReT ah@CeraChs. F%%@&%svﬁhi£ éSeﬁqﬁqfly apparent
advant ages Hrveibgen£ndper alred abewe,thrifedSowing figures,
enbodi nents may include all, sone or none of the o
enutes at ot adwant agels .CIBRIEF DESCHRPPFPURCOF FHEle specific
DRAW, FI GURE 1 il | ust es a = tio | ew ;

of 2VOPeRETE wi V%h o&%%gho|ee§%ﬂ%?%?§§n a%?%yé' various
nundeso@fm@nnel amaiysoliaicdnsld n sccor daoee wotth amone of the
particul ar enbodi nent of the present invention; FlGURE

2 ienyserated ad¥pBsddsecetional view of an annul ar

i solation systemsuitable for use within the teachings

of the present invention; FIGURE 3 illustrates a

Cr oBRIBECDESORIPYIEW OFf THE BRAWIMHESI sol ati on system

of FIGURE._2 in a.partially expanded position;

FI GURES BRGURE |} udtratsd T6ié Sanful FrOT Sof arot 073t (He™ ©Ff 2
annybacn 550! atian gystsieof nbl SRR &ith3 ankdl QRRSmber of
SA-5C il lustrate the annul ar isolator of FIGURES ,
AA-dularan ieqpaidett posit | ECORCEURES omie® a particular
illustrate cross-sectiognal Vi .a_gorrugat ed
por?m%ﬂgbme?ﬁeognﬁﬁﬁaprﬁggpgtg$@%$£#$&URES 4AA-.

FIGURE 2 illustrates a cross-sectional view of an

annular isolation system suitable for wuse 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
expanded position;

FIGURES 4A-4C illustrate 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;

FIGURES 6A-6B illustrate cross-sectional views of a
corrugated portion of the annular isoclator 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
available for storing elastic strain energy in an
expandable sleeve; and

FIGURE 8 illustrates a cross-sectional view of an

example embodiment of a sleeve that includes radialy
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4C, in an unexpanded and expanded positi on,
respectively; FIGQURES 7A-7D illustrate cross-sectional

wozew)s2zd33 f urt her exanpl e enbodi nents of corrugaras2005/034920

portions available for storing elastic strain energy

in an expandabl e sleeve; and FIGURE 8 illustrates a
cross-sectional view of an exanpl e enbodi nent of a

sl egve, that Jagludes padi alyel astd G greler Svb@lmetric and/or
conpensating for volunetric and/or pressure changes
caussessdyrd enperragas e chergesblyo aampgpahdalsl ecbboegee to an
. DETAI LED DESCRI PTION OF THE INVENTION FIGURE 1 is a

cr osPHEEh MaF LSFEHv of a borehole 10 with an open

hol e conpl etion and a nunber of annular isolators 12.

For purposes of this docunent, an "annul ar isolator”

| s BETWIEED abESCR IRTHENI G BHE al NOAT Hall i on of

material s_and_ nechani sns V\hl_csg?cr%.nl mze or prevent the .. 1,

flow of TTEVRE frdm S K95 o7 B ¥r OFo & RPTS

ot hefyh i it hgpaANUhaiBe belompar ta dnubshar drembefodm 8f annular
wel | and a borehole wall or casing. An annul ar

i solsebrters slas aFpredsEpesBearingldaldasaimaeny tap "annular
portions, of,th nnul . Si i sal.at.or AiStat 1

b obROTTERF | nithe gﬂn%ﬁu%alra%sgbglge@@%éé@{%ﬂgyekaée Pt ng " ot
| i kfaosriabyl andshapehhaving amiicinemidimfeteror nprevent the
fluid tight contact with the outer surface of, a

tubfiley minbEduARE hATPRg AP oBLER dPanetd iFHRRF to the
ti gg{h&?,nt agt t}ﬂf'et hdhe weldeQfedh bOr ehgheaor nea®ie?d-in a well
An annular 1solator nmay extend for a substanti al

| engtd al bogehoher efdlle. ot ncastoy dande wnmwltae isolator acts
teachi ngs of the péesent i nvention, an_annul ar . £ th
i sof@t r RECPTGVT ded i hi T -an ehpanBal"s sPeeyaorg of the
act yat e, by flsuindpragsre exestech#$ opuacchasher flow in the

bet ween the sl eeve and expandabl e t ubi ng_L,
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
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 1s actuated by fluid pressure exerted
from a chamber between the sleeve and expandable tubing,
and is 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
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
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and is used to formthe annular isolator. The sl eeve,
and therefore the annul ar isolator, also incorporates

woeeatotszs3t hat accommodat e si gni fi cant changesPCIUS2005/034920

tenperature, while maintaining a fluid tight seal
bet ween the tubing and the borehole wall. These
features will be described later, in nore detail. In

Fl bgre api REgNwYth! lad 1hmom ich has b
su?#gggglgflet ﬁg glgrsfhﬂ%r? %ln ugp‘gr porcti énrggf ¢ nic as been

t hebenéhdl ecdOthas dyemhdiqedOwiltth caseng-16 BhilolW Hawe cased

been seal ed to .t he borehole.10 hy cenent. .Bel ow t.he :
casBBrgEJPPi &fookfo eot?%{w%l gblési sa%no%%%nhﬁ(l,ﬁe BeR Qg 20 which
20 whi-ehdexendsadewawerr drand 1hend aerehtyudhr odghous earth
various earth formations. For exanple, in the

i || Gormatednsnbodiaienexampén, hole ther tiboprated embodiment,
bor ehol e .10, passes .t hr oygh t ri ,

oo BUShE A ST LI 0V, B ek b 09 00608 Aurouah
nonpreducthyer zone 23 ecang2 passeshianto mwecond,0i & first oil
beari ng zone 30. :%)en hol e portion 20 has been s|ante

so PRAECIPE rAME tHPoudhdzohedC PG G Var FOUS arfgl @3 passes
For ; examl e e 410l e P9r1hoNz380ei SoSUbs AN 18b1y portion 20

hori zontal through oil-bearing zone 30. Slant hole or
hor hasntederdrs1dningd t echiibladgyi tal tens Shehugdl |zontes be2-30 at

drilled for thousands of feet aﬁyhorizorﬁt 1y from 20 is
UheVShrPASe 1T on of 5 REFFOARY aTF Ol ¥ Vel Poroipe 20 1
gui gﬁ%_sttgn%ti@my t hbRigonitAal etzeBaghl desipedriWy | sone 30.
following an oil bearing zone will seldom be exact li/

hor BZzentalhollsowewehorstaebadi Krodadingg tasiewlaey allows such
nor ma

L1 hor.i ol T [ 2
thawe}&%snﬁﬁn OEIZOQh%_ stfogpe%ﬂ5¥§5 gtlg?im eet away

rougn zone Is Said to be substan Yy
hor hzeatahtaTuki ngrdR hase beenrfalacedotation fobmd herell and
o 1ome X webl " DAY Y NSRS IS P i fMe zome
20 éilpwe a well €o be g y g
if desired. Wells following an o0il bearing zone will
seldom be exactly horizontal, however, since oil bearing
zones are normally not horizontal. Thus, open‘ hole
portion 20 that runs through zone 30 is said 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
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
thereby prevent production of water from zone 22.

Within o0il 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
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well. At its upper end, tubing 32 is sealed to casing
16 by a first annular isolator 34. A second annul ar

woOaleasza33 12 seal s the annul us between tubi ng BETAIS2005/034920

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 fromwater-producing

Zongbéétaﬁgstnﬁﬂﬁgy PreMete REQICt | @ROF iRt erpd FPfRated” as

zone Wthin ol zone 26, tubing 32 has a '
per fisedt ednsedtliion 3docPegior af eddsect iPeF RRE aked betyping or

perforated |liner, and may typically rry sand screen

or P?F?%Féﬁﬁgut{+?%r%uF%F”%$r%ﬁ ergﬁ%e}nﬁﬁk§¥ealﬁs Poles or
"’ pebﬁa@ﬁ%gg" ashmsesh i nithi s doauwent hbkeg. , may be round,
perforated tubing or perforated |liner) neans that the

menbeethaguhsres DFOBHRM n§E t AfolRYRY i Ot RYLESPHgy Shape.
be & r angul ar f ANy gther : hich
suitggggbg g%é. ggeﬁpgrgkgg'%%g %%iqfhtendedtxf???ﬁtln e

t hetmanmerl dan add chatibe hdles exemphde. “Berfexamsdd, does not
"perforated" does not require that the holes be na

rad
by PERFAFSL (S i 8085 A5t 1% mitedend %, PaRGeABRL Gr 2nd does
t hen{ag'r fﬁnié pAL g%aﬁeeﬁléa& bsokaLonrs138 prevents

annu ow to, from “or through nonproductive zone
28. |sol at ppdr3®fmaynbd aar disvgleddrsol 3 @rrewereheli agnular flow

conpl etely through nonproductiv ane 2 8 if,desired
'n FRe FFPHst Fdt ek mEoam v O TV 23 He 2855 §881ators 38
Conﬁhgatﬁé’n Of ssagord isol ator Bkt dpmpdokeely through

i solator 38 allows production fromoil zone 26 intg
per ionareductbivag et i 88 36Ct slasd sl ect i el phe illustrated

ConLE LSRR PRI, | DDAl 541 M ssonstos
bor ehobed2@neWidhib lei 11 szdre 30,38 uwhl ngvs82ptsduction from oil
illustrated as having two perforated_sections,4g a%% to  be
42 ZGBEt | fs 4bnto Pperforated tubing sectilo
selectively controlled and prevents the produced fluids
from flowing through the annulus to other parts of open
borehole 20.
Within 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 circumference of
sections 40 and 42. A second pair of annular isolators
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
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
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and 42 are perforated and may have sand screens or
filters di sposed about the outer circunference of

weeatcioszs3 40 and 42. A second pair of annul ar PEDIUAR@®ES34920

44 and 46 are provided to seal the annul us between
tubing 32 and the wall of open borehole 20 within
second oil zone 30. In an alternative enbodi nent,

t ubimag 32ommy e plidgged hatusiahsisdowiholfee@nd tHrdbudh Clthe oil
case isolator 46 would not be required. Annul ar
i soP&R&i8938zon8, aRd 46 THNIGW séfarBR¥ cbhfewisef extend for
f I owaf, Qilgd nbe perdor %%%'%e%i?nszoﬁ% ang 4 nanqnay include
prevent annul ar flow of pro&uced | uids to other
por hiuars ocofs opem foanekd es20tidasdesict chednapove; tdierided by

hori zontal section of , open hol e 20may conti nue for
t hot¥ERFSUST FHBH a%hr bgh? t es oi Fuggaraisnglsz%?et%?ﬁ 44 and 46,

Tubipg 8% MY bikeybse 8yt endof efultdigisandse 98 £6et controlled
within oil zone 30 and may i nclude nunerous perforated
secbireasiofkioch may be di vi ded by nunerous annul ar

i sol at or such.as Lsolators .44 and 46, to divide oil .
zone 30 ﬁﬁtopﬁﬁFﬁFﬁpgrar%% Sbpel ﬁtrd??%ﬂn%rd%ﬁcﬁF@h.lnClude

I n pabhincldbak erdmdidenisctisméng 83tmBYHACsOTE] sections of
expandabl e tubul ar sections. Both the solid sections
of ftubing 33ZananferPorhpBatedct$PEL A0S aml 420mhy 4 may be

exp I pendi - t ypes ex ion .
req%ggggégglgsxed egggggggﬁscoﬁglan§$%r a%%gﬁiab?% expansion
di aretyei rexipans ornficane mpdesiuged d¢onexpand/dbubi B variable

32. The fixed expansi on cone may be carried on an

expanslEh SEoAX BT IR AP Sl hePis&F o kpafpifetubing 32.

ent irhe taikidng é&ﬁéﬁ‘gi_@ﬁ thaet QI%Jy I15e I A QWA the an expansion
borehol e. Where ‘addi tional expansion is desired at

par tooll atdiguatdohsmpy bebivapd2foapxpdndsttdid eecbhee tubing

my be.carried qn the expansion tool SULLO |0 hote.  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.
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
advantages. For example, expandable tubing 32 1is of
reduced diameter during installation, which facilitates
installation in offset, slanted, or horizontal borehocles.
Upon expansion, solid or perforated tubing 32 and screens
provide support for uncased borehole walls while
screening and filtering out sand and other produced solid
materials which can damage tubing 32. After expansion,

the internal diameter of tubing 32 is increased improving

the flow of fluids through tubing 32.
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Al ternatively, an adjustable cone may be carried down
hole with tubing 32 as tubing 32 is installed and

woizele®d233p by t he expansi on tool when the conePCeASk®S/034920

the end of tubing 32. The use of expandable tubing 32
provi des nunerous advantages. For exanple, expandable
;Eblng 32 is of reduced di anmeter during installation,

ich fagc Iltat I 0 t, e I d
horizont'¢ %ore :%ioﬁégxgg EP§%E§§OE§¥£HE % %o reduce
perEMéaEaduuublmmﬁﬁbemdtebnegnéﬂbr@mddeieupporehbbe wall as

uncased borehol e I1s while screening and filteri
outMéethd aéndp%?ﬁeﬁﬁr odugba SO IalEYi aPS vﬁﬁ%arpag%h only a
darpge; { Upi NGn3ent Af t BEwe¥BaNSI QRrnbhe | H@thading. It 1is
di ameter of tubing 32 is i ncr eased I mproving the Tl ow

of ’therrelﬁotérr@i@@hrtah:tirmgfez Iﬁublsﬁmes?ﬁrab@e%ffme the largest
expandapl

32 .
crpILEALE, (40832 (6T SOUCE e A 10oBELMEED ax cuoins

TheBiUDénQuHalnﬁ% expanseceily. a Thatt ed, arnentlarger tubing
however, w thout rupturing. It is therefore desirabl e

f or 32 ub$ nge 8T e 0CHRPESLRE | 5RGedRTH6EsITIE T atretdY ke after
its, ed I.tian S t

bore gf#% %9@% g%lé%gg%¥$tgg%3@%% FEQ@Sbgrgfwﬁﬁblng 32
exp@@snan;sthenlmmxw 4 ubbngh82e maypcheaabt ehe outer diameter

expansi on. El enents _carried_on he surface of t bin

32 @k thej st¥uR9int 3R8 B6 S@ﬂopg eﬁbf@é@Eﬁi b sized to
di agei &1 eﬁetg%r§hb'Q9)1J$er&§t§ﬁtguﬁﬁé @b@@%k@% nUSFhe total
be sized to allow the string to be run into the

borehanheteﬂ'hest cmhal sdimanet ethé sdimwetsam of tihe actual tubing
d|a te tubi n u thethlc e 0
rad ﬁ& Qﬁﬁsefge%ﬁgﬁagléﬁghns Oﬁroflgéy External

ext ei@ﬁéneéeﬂemhﬁsef fesgtdrvally Jedisce o r@ff&ddwméﬂlp reduce the
di aneter of the actual expandable tubing 32, Sin

t hertlaveble nili anebehpEhtBRpafitiapl ecKBBRAGLAS 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
production, annular flow cannot be prevented merely Dby
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
inflatable packers, however, have not Dbeen found
compatible with the type of production installation
illustrated in FIGURE 1 for wvarious reasons, including
the fact that the structural members required to mount
and operate such packers are not expandable along with
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

11
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may be expanded and the borehole walls are typically
irregular and may actual |y change shape during

wonroeomseizen, annul ar fl ow cannot be prevented ReETRISY008434920

the use of expandabl e tubing 32, including expandable
perforated sections and screens 40 and 42. To achi eve
the desirable flow control, annular barriers or

iso#@%oéﬁbé%aﬂggaﬂﬁ r& heeded,1 Jypi ¢ak anUAr jength of the

i SO ors such as inflatabl e packers, however, haveé

not t ety f oumsrecormiitébl ehei tthibtimg tipeecspbapdeductian sleeves
installation illustrated,.in Fl GJ 1 far, various.

r ed8®d%s "ItncMadeng PR aFEctwf%%tREH% e §d yPgrTions of the

Menbersné eduidred t ehiBYNtmand noper s emSuen pagkersvar eannular
not expandable along wth the tubing string. The

anniéatatevl at 86s a el Ud@r i RCPR YR, syBt ERsNh@petions of the
typi cally,included thi o) id
01)‘/ I?i%%%%Ja%Pg tlflleese QJCEOJ[_‘U skle%edigélsﬁS%gih(egbsrfﬂ'hec@uk?l'eyeborehole

screensS and/ or eeves nma

extgadf orpsebss anthal shsiadgese al ongitde axi aful Bpgtdxpanded
of the tubing. Even after the tubing is expanded such

sl cevesthay ABECRBRECCEREESS Wit htRReSHPARPLBEr PTRESsS.  Due
of the.pogen nd, : POLcEor meaniebhesld Wkt rud
ann%?aFR?%glg gﬁi i%ﬁ%ﬁ?hfgﬁ%r pr%blen1aiﬁ thi% truce or
portiens sfichhesbosedsl eaxthbbe pinortis eeymsubmy cannot be

contact the borehole wall before fhe expandabl e tub
is 9%PF§aE§ﬁaHHe&ncﬁﬁﬂqqﬁf?ﬁuﬁﬁﬁiv ngbrégs%%$%rﬁ9uﬂ§’ would

expagshgl PreCESSenbue b thei tuBxhal length, the
forces fequired to extrude or flow such sl eeves

axi al | y Anotheranpupes efnnetnpbagentfatedopy aped in prior

CxOR0S ghe! SREaAR K RY, 0ub ol AR 1€ navorsan,
i sokatpar ased-dubdY,i Okasyskensohnctilesowcdn nguarfaeendof  the
of elastoneric material, such as rubber, carr.ied on .

t hetvbieg - surksceoBparfd 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
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
borehole wall. A pair of such rings separated by a
continuous sleeve of elastomer may form a single annular
isolator such as disolator 44 in FIGURE 1. During the
expansion process, the tubing is expanded to a larger
diameter and a ring or band such as that described above
may be forced into contact with the Dborehole wall.

Expansion of the tubing reduces the radial dimension and

increases the axial dimension of the rings or bands.

12
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tubing. A s conpared to the annular isolators
descri bed above, the ring or band nay have a fairly

weharetoszsdal di mension (its | ength al ong the arCalus2005/034920

I ength of the tubing) , but have a relatively |ong
radi al di nension (the distance it extends fromthe
tubing in the radial direction towards the borehole

wal l) . AHSFE%Pg%gﬁéedﬁwgﬁﬂéiéﬂ 1aperedrt ankavRied a sleeve,
| onger axi al di mensi on where bonded to the outer

surbéacejatkeéhe tdbspgsand shownér blk¢al odiaensiioameper of a

the end, which first_contacts_the borehgl 1., A pai

of @%Eﬁl??ngg §€E%r5€%ﬂn%y aT%gnﬁFﬁﬁ%u§e§W§%$et&F ¥ideve and
el asf @mMeLpRRY E@F;m@rsd ngl @opnihar tBehdter taweh ias at least
isolator 44 in FIGURE 1 . Durln%ithe expansi on

propessialhe t fbilAgdi swékpanded Hald | &igerotdifretRFessurized
and a,ring,or nd.sych _a : T

B L R e B el et AtV PR bE, e
of theetgbi mgyr educesdehe ar adicalketienengicortiand that may be
i ncreases the axial dinension of the rin

ban@%P%ﬁ@?ﬁePﬁ%ﬂ%a?ﬁeaﬁ%ﬁ}%rlPs&@ﬁcﬁomﬁiigégscgamber' The
zLeggﬁbiHEthgﬁkSE’tﬂbsgggggdéﬁo%mééﬂgaéﬂ&‘%hé“fﬁ@i&ﬂmay form

a portron of the tubing. The area between the
s| eene aamti lizhre tsdlaigomayhéor wperedys | bat sehamrbse two zones
that is at | east rtially filled with a fluid or
ot heF §F%§§6FF%eﬂfﬁ%}%r?aI?°9§sogﬁFﬂ E%rﬂgéﬁ?Pbed fgrperature
nor gndetasl Relwuqg they sl eave mayjddcidide grweakieniets during
portion“that may be expanded using the fluid in the
conpkpanctiéhanbbpvweYRs, cBAYI $aLISen Sofdqdeasdatetiie pressure

sl eeve ,and_t he_fl uj I i sql
operSnb8Rt sodfnk, die (Y LALR A0 PR RonAt il diller.  2s

zong Glesulftor Mehé OBealenperiaten ethbangasceaused byhe heorehole
i njection of fluids during production, v

caudela deevedke iR pre¥sulecandram 3g$u§%b&g%¥ﬁe may be
fluid kB the conpl) ant. Ghagher. faSer and other undesirable

fluids and particulate from being produced with the
desired hydrocarbons.

FIGURES 2 and 3 dillustrate 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
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 is
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.
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a result, the seal between the jacket and the borehole
wal | nmay be broken and the annul ar isolator nmay be

wonedefoszazzve for preventing water and ot her un#esiusabe34920

fluids and particulate from being produced with the
desi red hydrocarbons. FIGURES 2 and 3 illustrate an
annul ar isolation assenbly 200 that may be used to

aCCﬁgP%b§QrangH%ﬁr %S%%%EEQQ qu@é%@ﬂE'Z@@ %9&?520§5have been

descri bed above.” Annular isol ation assenbly 200

i nchodesiedo annul ara¢cumedatse 202sahdt208iakavi nghanges  in
centralizer 206 disposed therebetween. Each o{ annularb &

i soF§fBrEabBECand’ ngy B aé%fﬁ%téﬁlt% eRpaRg angt Petween

seal ;Lhgganmpas 197 bebweeRotivbi nga204 angb bor eholsénce  the
wal [ 1997 In FIGJURE 2 , annular isolators 202 and 203

ar ecenthgitnathonnianical Qpgrastizin eeff pasneilen. UselatayRe 202 and

nul ar isgl atar .202 is | ust a a
pos???oﬁ'eTh% ﬁgtuétléhgﬁf gﬁéuﬁgf&?igiafg}sﬂigéaaﬁgﬁg' focus
203up§naC®®mmﬂb&hedl@wlaa@slngoQIU|d pmewswee,tojj: will De
expand a centr al tglon of the res ectlve

i soracesnMBreovf , TRRER dI2VAifuI aF %§6F¥tdﬁgﬁ' Zlﬁn&j”js art,
203, fhaye been H?d'ﬁhgd EQmﬁGﬁQHH@datFe§HQ§é§nt'ﬁbdlflcatlons,
changes in tenperature, ['e mai ntai ning an’ adequat e
seahlbetmaemveBManﬁéﬁM-addabbaghelémmﬂuSﬂﬁg w8thceregard to
t he conflguratlon and eration of nul.ar isql ators
20228RH1263 1§ ksl %ﬁ? i 8, %( %%aﬂjc?ﬁdpﬁ orFIB”éLilg
wi | bokocys yren annular isolator 202. However, it will

be recogni zed by those having ordinary skill in this

art, thatlahbugh thbecoipdnentstefleaepediment includes two

nodiflc tions, alt rnatlv S or adva ;
diséaggza Wit Pé@ar& to ghﬁ%P§4 |solat%%ﬁg%%llzer disposed
appthedebetanaul arit saird 263, ascwghized that these, and

isolator

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
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, 1if design consideration so
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
installation and retrieval, through the Dborehole.
Accordingly, centralizer 206 is disposed around the
exterior of tubing 204, and extends outwardly therefrom.

Centralizer 206 is provided with a sufficient exterior
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Al t hough the illustrated enbodi nent includes two
annul ar isolators having a centralizer disposed

woOhere@bz3een, it shoul d be recogni zed that theseusamd034920

vari ous other conponents may be nodified, omtted or
relocated within the teachings of the present
i nvention. For exanple annul ar isol ator 203 and/or

centralizer 206 c om fr pyl argy
PRS00, e LRty T OMLAREH Senygncy | pevon
2002604l 8 St bl aberssed2t ansedl0 3t heshamnwrus: Izet wesmlators 202

tubi ng 204 and sl eeve 205 (shown in detail | | GURES .,
4A-aT)  20Rur eREr nbt e, tifolre FﬁéﬁeFﬁévﬁnnﬁ?ﬁ?£$§gﬁgig?%sltlons‘

Coufﬁiges$£9¥gd€g HPeRctPanhGdhran sanaklals iaal P03 from
system 1T design consideration so warranted.

Centomtacer swhly behel aeerelel oweerdbhndnd/ $5ol atloes, debris,

or two, cent i . [d b i.ded it [ ;
O 40 ST ASLLERLE SRV DR R OUSD, O BIAIRL, S i zec

fungtbone i PEet ederpidier eanpoAentisafatmubasenbly within
i sol ation assenbly 200 during installation and ,
r et thevaorehiodsught e heonriresHol 819pé€bFarhgljLriction with the

centralizer_2 .S i r dt e ri
Ut 35a. Ba0e b SoEEESER g ERETES PPt amnular
Centsal bger 206:dmblpy oviddedfwbhh esuifngi datdged within the
exteriordianeter to extend radialy outward slightly
bey%ﬁﬂl%ﬁnﬁmﬁfo¥s%PE?BPiezoz and 203, when annul ar

i sol atorﬁjd%%u_ﬂda&%r%ﬁe i DhAdeiF £8SpPSEtbMeassembly 200 is
unact uat e pos tions. IS serves to pr ot ect annul ar

i soi atoesr208dand 2084 rom EAGURES Wi tand hé, bditeHdt egenerally

wal | and/or other, debris, .during installation an
ret FFEQAPL2RPr e , c@ntr%ﬁ%ﬁ%f 26 rﬁgﬁds:?%y"cgﬁféﬁde any

annghat oph s b ek OnAsEanbby Wl hesbosehehe adsemblies 200.
prevent significant friction with the casing and/or

bor Bache wahblaznd iselptevant aeeelatyi sgPdtomay expand at

assgg?%grggg %&%@%@%ggﬁéﬁhlﬁgge%fmﬁi§nn5@einclude 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 is installed around the
circumference of tubing 204, and forms a fluid chamber
209, between tubing 204 and sleeve 205. Fluid chamber

209 extends between and is defined, at least in part, by
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casi ng and/or borehol e. Al though a single annul ar
i solation assenbly 200 is illustrated in each of

WOR@WIRES32 and 3 , it is generally recogni zed POaUS2005/034920

tubing string may include any appropriate nunber of
annul ar isol ation assenblies 200. Each annul ar
|solation assenbly 200 may expand at different

press fobod %1&% SO BY- NOL 1k Bl Yda JuLSsi € T ldigfer valves

val Ve ire pressure rel1ef valves may
pr02©@théhp systentﬁﬁnnaemaegsmaé preessUr € 1My within fluid

conbi nati ons of these_el enents vi des f X m ,
D PERTREL 80 or HonaLoP AuLEvanidl &r'a SHAcrard g partial
larggléééggUkaElQQBeQQBE Mg ralloow g the Sare excessive
systemto be inflated forman annular isolator in a

nonpna$sore uhtersized Eén@ﬁob@awbﬁﬁoéﬂmbﬁwmlﬂ}SO be referred
excessj ve gressure§ orc SCMQﬁB nmpy damage t he

annt? arCF&oT afBr fo?ﬂ?%% eve r?ng, etc., the

t ubi ng of %%r@&@@nﬁypnsl@@be FRI0GURES 4Atéﬁtubhaﬂﬂﬁalﬁeakened,
annul ar isolator 202 in nore detail. Annular isolato ,
202t s &9rel oRgAEET | DFRRREHPMAIOL| E6RE 2ESrFﬁ8f1r with

is installed a nd .t enee b 20
andr?%?%%kagPlﬁgg gﬁ%%%é&kggggﬁﬁit§£e39%ﬁ%?n56304 §%NJS' when
3|$§y@éa0512rh@imndﬁﬂﬂpmeéﬁﬁk@xtandsakehaﬂe@qmuiqm;224 will
ef i ne at least in part y ai_r of st one
reI|§@1LalQéseﬁééndRéPFéF'vépéegué@§ 17 Z%%Y%ﬁﬁléﬁ% Rorehole
natﬁéi? (ea0-tnifnl Wi 1t hiahui gh shewber 209isb@ortion is
also allow for the selective and partial release o

fIueﬁpéndabthanber“Zﬂglat@béEVeVHQEQ ékseédspyessure.
pressure et L0 SRRTIEnsRDS, Myl Bt e coation
of skeey¥e1¢0500sinnuert-beeal lin w&@wﬂmﬂ 2—t4ac ahd pvibd Oinstalled
greater expansion of that portion, wth
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 1s desirable to form an
annular seal between two zone formations or between two
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
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 Jjacket primarily to
distinguish from elastomeric materials. Sleeve 205 may
be formed of any metallic like substance such as ductile
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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respect to the other portions of sleeve 205. Thus,
when fluid 212 is under pressure, a weakened portion

wa2doowistd3z"fail " or expand first, and bul ge ouPCrms2008/034920

the borehole wall. A thin walled, netal sheath at this
portion is expandable, or "inflatable" under fluid
pressure. .In particul ar enbodi ments, the annul ar

i sol ati QSSPﬂPJ[d 3’9’%&643}15@@@ e@o‘r?ne%ll QRESs2246GeMY05  and

be insta Ied inTie i solators 12, 38, 44 and/or 46
of FhGEURE 204 A@uﬁxﬂkgﬂyw1ahnaléﬂuxﬂﬂ%ﬂZonwasshnmﬁw be any

200 may for an ortion of tubin e Lt .
destYRbl 8%t Jﬁﬁiﬁian %%hupﬁrl§é%1g%wf§5 nsg%ba Gt intlates
forgpliens ofsbetyeepotmo Sectaonsiavt M soBatbAgl &gainst the
zone formation. Sleeve 205 as installed has an inner

di doetehothawaild.gr dat eparberidve oubefinpafsreflofid 212 may
expand bIe t b|n 04, t crease. t of
2121 :%:]f %éé SYS g@ vﬁﬁlc?he Pg ‘H%%h %r%ﬂlljérgc fluids

rri pand

tubwgb%%meSI e@geoaQS i sserbicyedeidi bgarvvesicdlurtg or Fluid 212 may
ot herwi se to expandabl e tubing 204 at an up hol e ind
21431 p ebveLo88. AhyBELPePelidcit6ehLLS" REEA| & 9iass beads.

sl eeve, sheal I, | 8KELiRELPRN idip dhSti i Shclude very

fromel astoneri ¢ materials. Sl eeve 205 may be fornmed
of amylbesghkires|,i Kersubstrarice crcdmas degdsl e ilhen, beads may

st ai nl ess st eel g. 16L r oth r all or a .
ConpDs G (T U0 ' ph b et FPACCOmpOR Chigh . Tn this
et &hbgﬁiﬁéﬁtco%ﬁ%&ﬂeead@ewéﬁyﬁ desah%‘@@r 208 d-arined b¥havior,
sl eeve 205 and tubing 204 is filled with a fluid 212,

mhlbhtnuyubd aﬂpanﬂpendfCDM@a@@t @@§e 6ﬁQSQ$M(FQ|WQ? rate of
sol tha |nflat eeve 205 t m
iSO#%? dﬁﬁ%s? %b ﬁo?gg %1n%{ @Qea%%%fyél expansion

_ or 8hor & (al” n particula
enb@@éﬂ@ﬂ&§enﬁ|wbdlalzlﬁayylnéldﬂeséheﬂbcahasysfeﬁsmetal

which react with anbient fluids to becone_viscous
sem sol i @norstb}} d.amtlieF 2¢dmpgyjment, 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
fluid éhamber, if the solid 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
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 is needed to inflate weakened portion 224 when
fluid 212 becomes pressurized. In particular
embodiments, weakened portion 224 may comprise corrugated

pipe. The corrugations may encompass the full
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al so include flowable solid materials such a gl ass
beads. In another enbodinent, fluid 212 may incl ude

woenos/smaBl spheres, for exanpl e ceram ¢ beadsPCThiS2005/034920

beads may be coated with a fluid to reduce friction.
In this enbodi nent, the beads woul d exhibit fluid-Iike
behavi or, but woul d expand and contract nore closely

to the ﬁﬁ%é&éﬁcéhQﬁiug%Qgeﬂgg the-SlBever4sifee t heat sleeve

t hermal ~expansion coefficient viould I'ikely be closer

t 0 2@t rafia tneedégbandad saftér abot hexpeababdin nenocefbui d
212 may be a seal ant and/or fluid that .changes st at

to a sol iU ofPSeh*TBEPFE. © n%Pﬁi§R§%&§|lﬁﬂﬁ?éﬁ%ﬁ%% Weakened
Couﬂﬁcgr@foﬁ’v ansgidted ¢dr eughotiie osol bet othsenkiseled that is
w thin the fluid chanber, if the solid and/or _
senpradl $posed et gubkpandnipyeelrgstiidy Thewiikaieeortions of
portion 224 of outer sleev i redishossd kened
expahd & e%V?0me?Ep%gsé%&eqpﬁggdﬁﬁeQPeggﬁﬁ}ng d%?%?%nwea ene
of sbeeven 205. n¥éakened1poptrberasd2d may seemematknrodr ato weaken
different material or nmay be treated to exfﬁ%g at

| owkt - pr éddihaRiglFoYa Bkanpl BEtREERefdd poft+bmo224 tgyreaken @
be Qg%gfgg’o?e%kgqﬁégﬁﬁfﬁcr@@%é%é?aﬁﬁg’w%d%ened portion may

anneal ed, before ass y such that reduced pressure,
or per qerdw.dekded tani nitmtecewsdnéed ipomelded2naterial or

when fluid 212 beconmes pressyrized. |n particul ar ,
enbBRF AR s P Abak EnBa SFort it 254 R EopriGe Other portions

cor g Hgated fids,e The 16Qr ryaatd N pBYLepa0oMRAsSot hRay not be
fullcircunference of weakened portion 224 such that

s| eevmp2D5ed endi M1 expandetiagbréplt s expadsi pertions of the

process. For the purposes of the present invention,

"wedk®NEW: portion" refers to a portion of the sleeve

that is predkeposedsco Expandate eaneatit yisbaatorh@02 in an

portions of the sleeve. It is not intended to nean

t hag¢xpaedo@akered tion. FIGURE 5B 1llustrates weakened
portion 224 in its “inflated”, or expanded position.

Sleeve 205 may be covered by an elastomeric sleeve
or layer 226 on its outer surface. Elastomeric sleeve
226 is particularly beneficial on weakened portion 224.
(See FIGURES 4B and 5B.) For example, 1f 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
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
elements of the wellbore. Weakened portion 224 1is
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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portion is necessarily processed in some manner to
weaken it. Al though various nethods are available to

woralsad2za3secti on of the netallic sleeve, the weasnmwd 034920

portion may be provided as an unprocessed thin-walled
material or sheath, that is nore likely to expand than
ot her portions of the sleeve. The weakened portion may

or nay t b I h t eplal gagmaethen
oo, R EIPLLEL B SR IB! i cBpekhCcaiones

anmd i drs gl 8 ,orar2 e Las aomexpandédepes?2bohe IPBGURE minimize

5B il lustrates weakened portion 224 its "inflated"
ort%%béﬁﬁE@q&ﬁﬂQﬁ(W?;%§¢§§ﬂ99§%%9ﬁné4%&%%0%(%a]% Zards -
eIaStOW%H(%ﬁ;fg%fb@[ Lanel a226 s aitli®SnO eI § 2260 is run

El astonmeric ‘sl eeve 226 is particularly beneficial an
wealkereda peetlilbpre24in (She RIGIRES AR apandBtjororillustrated

exanpl j kene ryLon 224 i u ; ;
oS Al IR RO, J | BpERLEUGR e proviaed in
borghol g Maldoddn eEse e s r ugatdsans arle nathe illustrated
conpl etely renoved during the_expansi on p;oces

El astanbiniants| edbe 226CRBLPEPAREEbe- e F@i&ﬁﬂﬁH“%nvill be

portion of . the sl eeve ich i r .
OO B8 20 AR Bl et S pe expanced e
pr o eciiameskended p@ tdIh 224 oo tdpenliv omasitEioned,  an

el enents_of the well bore., Wa portion_ 224 is
t)ﬂﬁ%ﬁﬂﬁ%ﬁﬁtﬂq?ﬂﬁalﬁég aﬁ&egxpgﬁgggpe,ggndl?s forced downhole
fﬁ:&ﬁ%ﬁ e 181 gMaun duertemcariacto Wobktbhie wal FIGURES 4A-

ehol e, or "other debris present in the we|lbore.
Shar®. or shsir dyebj espandedl dcattfer 8fLér elpumstsiissl oghrough  the

SoTmgE AN IET BALLLPZAAL 300 oLt alppig sbaovsy | annuter

224; $ 91 Sush hazar @s.edve 0pes abkpandannillarg i sotht itaibing 204,

assenbly 200 is run
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 Dby
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 208 originally stored
adjacent corrugated portion 228 to be swept, or squeezed
toward weakened portion 224.

Since the fluid is forced downhole toward weakened
portion 224, it is anticipated that the majority of the
fluid in chamber 209 will 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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5 into a wellbore in the unexpanded condition
illustrated in FIGURES 2 and 4A-4C. The tubing may be

wonreesiodzd3i n one or nore of various sizes. |n PO®US2005/034920

illustrated enbodinent, it is contenplated that the
tubing will be provided with a 7" outer dianeter and
may be expanded to 1 .0 a dianmeter of 8.03". Once

gr ;b%%galt%/expoéxgé%%ﬁg, Ip%&t@éﬁ%aw I 160N8hadbde ¢ See cEtE@dRRlownhole

orce ownhol e through tubing 204. (Fromtop
t 0 thednt onmwers Ken@JRESpdAt14C. ) 24t he expandetheone l2pstrated

i's pushed throu t.he portion o bin 04.th [
en§ﬁﬁﬁﬂﬁ%ﬁ%9'aggm%%'%£V%§%%Qﬁ%1%ﬁaiog?%%l%%%%ézggamber 209
expands atopg ‘é’bbl%o&liﬁ!alﬂgzlﬁo_% Addiitionadf ylehbeh. However,
pressure of fluid 212 in fluid chanber 209 s

| ncries edralSpecinaxally, aluttedordlpsdtsiahibughithin  the
t he portion of _tubin h j ; oun :

cof?%%ﬁﬁ%%ﬁ%o??igﬁez gégé g g%@%?ﬁ?gﬁ%f fﬁﬁ?%g¥?ﬁ’rlg may be
adj@sentaphe eer rdegdlgronshé neneades. iEwddtnor easehi mhat more

pressure causes the corrugations of sleeve 2

becohel & i ghttpr@sk drefedi 8RN Ofhat Tt u@lalegggptg?ctognonweakened
228. by ggs $hi9bhky (sesBLEURERAhol T X paRdaIned portion

SO causes a portion of the fluid 212 in the
corz2gated ; 25 portion 228 of fluid chanber 209

originally stored adjacent corr ted_partio 0
be. SwoptE ort TSR EH Ebuet o Akl 2BPT] onf 53400 weakened
Singe the,flpbd i stharcgdedawnbol eft owand dveakenedis further

portion 224, it is anticipated that the majority of
theincB@asedid i n Beaabse 209eakenedni R TiPhe” <4dr eghas 2

uphol e . from weakened por}i 2 h or ' y .
beh%??%+%?o?%€ﬂ%%igﬁoth%§¢$ﬁ?d c %%£§§ﬁ%0 e u?%atPﬁ Fluid
t heoyghwa® ©f ot hieneheadres, uphel evdalemateakenedoportpemds, or

224 is substantiallygreater than the portion_ of th
chatbeflaseal ed GBWRRBFLYS r ofrPHEAKRSNed 6t ti GPEEpLy y wall.

theﬂl%ié‘%iégt Sggins with weakened portion 224 which inflates
at a first pressure level. When weakened portion 224
contacts the borehole wall, the pressure of fluid 212
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.
To ensure that such contact is made, it is desirable to
have an excess of fluld 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
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
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enbodi ment, it is envisioned that the fluid chanber
209 will store approximately 5 in3/inch of |ength.

wolavesxs23335 t his val ue nay be adj usted subst anPCalusS005/034920

within the teachings of the present invention.
Moreover, it may be desirable to design the annular
i solator such that nore fluid is stored per inch of

e | : ion 4 '
pidyiete scizar varsoonison it s slasariee

eﬁpamldmgcb(hé 21d passeshoheoughlweakened portion 224,
the pressure of fluid 212 is . further.]j eased,. :
Because f\%akgﬁgd pJg]rJtlfSo aztzelfjl ha%mggé%égﬁébosi o tS reliet
expaatvabenrtheRRSs W diidping slédvehanberow’ldd tubing 204
i ncreases, - the weakened portion expands, or "inflates"
out Wikl \art oRAREECRRELBorEIRAE WALFPOFRA dthoreprlreen.  The
wi t h. weaken p i 4 [ i.nf | fi ;
pr e%]S‘El?go %]\'G;Jg .g g%gv\ééké&rﬁ%g%ggrr{éi on Zd?asf:soeﬁc%’ac%rzétﬁ%mtlons
borehobeovwabk, at ML piressigie ofedl ubdt@é2n; t2@ sleeve and the
i ncrea til [

ses until a second pressure |evel _is re%&egd?% release

whi EROBRGer POMEVERs D UIRT &P eRYEC 268 LYY

i ”f{zf‘t eglhﬁdp!r%h}%ﬁl dipensiconsRave ireenr xel ectety th€aches a
weakened portion 224 and el astoneric layer 226 will be
pr essedet atwivedf omakaguronedoe . wi tifF tHe bdreheteognized that

wal | . 25 To ensure, that such g{ont act .is made, it is g
desFi8bFe T6° halr arexcEes® of A"l d 1212 “avai Pabl e- 0 fPFOV1AC

thepgebsupxcess) fdoi dualbl iapdlquter sl egve 2mImkesween the
firmcontact with an outer borehole wall at its

weakeaedepandi bhe2kubinpe expansi on process will raise

the pressure,of fluid 30 t hj e Wh C
one or bg%h%BFrtehé“yepl}ees%%rzég?éé??g \%Iﬁ/gg ggg%nylvggddeﬂsmh 2
andprebease exeessrf| walv@d2. 2The exxesssitai dp2d@svmy could

then flow thr h the | '
i Nt 8CERE gﬁhuﬁﬁgigpa§%2ggﬁagéﬁfngSaﬁgﬁbﬁf gﬁ'V%h%psexpansion

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 into 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 valve 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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tubi ng 204 and a borehole wall. In the illustrated
enbodi nent, pressure relief valves are forned by

wonrbwspsmg3sl eeve 205 over tubing 204 with an  PCT/US2005/034920

el astoneri c sl eeve di sposed therebetween. The
el astoneric sleeve is therefore conpressed, and
functions to provide a fluid tight seal between the

sl ef]‘.’ﬁnaﬂq the, t YbiLAgmpERWERKEr pet Mg cdeSisdn adso At OWSVarious
for the re?ease of fluid fromthe chanber if the fluid

reathesda prredekeownned; thgi muh vahaé. hecame | viegy viscous,
recognj zed. that there are.vari,ous no i n.t he .
art®s %lb§%%+ﬁe é?ﬁréoiéﬁreﬂ“?uﬁ%%¥%ﬁ§|i yetdﬂyﬂ% of fluid

sealhpetyeermé hgnslieeye and the tubing. If there were
no pressure relief nechanisn¢ such as, pressure relief ,
val ves 2B8nubxtesiFobappBsstie cOMPHbETurS$ReERbi gfunctional

212_during e nsi e e Sl |, tubi :
e R S LN
f orgescoThagaesdl poradlah B2 obf aptecwvé £20bi hp04spring like

rupture of tubing 205 . 0., k d ti 24
e b 6% oppAge TR CL o PHOUERPAAG (/a6 | bressure

Pr eéﬁéﬂ{%gegeld‘e‘qse\@l ¥es 208 dLlaase exaasgesl | hd fAlAd chamber
into t annul us to avoi d 'excess pressures and forces

The9 pr essurieg griefuval vesoperatbots gufédids makedse pumped

fluid fr t.he fluid ch er_ during expansj . t
expHFET of CPUicng? S5 1 RBA TS & Bart chi SRopPdsdTe Feasons
af t gryer dse. Wl acesswianes whish saxtpart oegear these fluids are
enbodi nent of the present invention, the pressure

rel iegevaede imiyp beheebigrbeleo Ftel @BRESRFuitEMRUMEHES that

|1 uLg-chetbeq Wiet, |0, Sasuce cochon, L Acyre or e

t herexpasdable dpbidie to substantially cool the surface of
tubing 204, the annular isolator 202, and fluid 212 in
chamber 209. 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
weakened portion 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.

The decrease in pressure 1is 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
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
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In accordance wi th anot her enbodi nent of the present
i nvention, excess fluid that is intended to be

wdizewharygaedf rom t he fluid chanber nay be used B6TAIS2005/034920

sealant. Various fluids are known in the art that
beconme very viscous, sem -solid and/or solid, to

-prevent the flow of fluid through the annul us .

Annul ar isol ator 202 exhjbits. several i
e
of ¢ ugat-adoper twHNL 223 yof asseee 28bghafécspting different
l'i ke qualities that conpensate for volunetric and/or ,

pr egmn etkhangeneehiged Wy dmiendturef chimgestpy and fluid,
flu d _chanb 2 [ r io per:ati ons,

i Egele 208l p0op st oongbe gl ot 1 gt
a vaid etyeebroeasornshd hgtaadteywel Kmewseiad tpreowided by the
Often these fluids are inserted into the borehol e at
amAEH L e A es that correspond with the surface.

The tenpgratyee jof) Jdte fddd dsmpBYi@BBEalE tPIGURES 4A-4C and
substantially cool the surface of tubing 204, the

anmA-a5C, sel ategror202coandddted dPRT21irh ef pogvided (See

e I e e

mayr becbhatghbedapputabnsers f or bRdthy sweakendthent, however,
portion 2247is broken, as weakened portion 224
retthet senmyd f FORrEAEtEer choFelgRl [24fle 1fo {Agated downhole

reQﬁﬁ%Q QégﬁéHéﬁipﬁit?Ene l'e, rsuch g1 iepRenAdddhized that

change nay resu ui d at” 90F is punped into a

vel tohaygagean aotiteoh t elfper atar e ogft igpprloxi nandl ya  single

200 b SexT s Ln prostre s causel Sl LSithun  ene

rel@é§§%19%§heﬁ§ha933 | pruglure ahveharher. 209.Mmdbséver, the

flurds have a higher coefficient of thermal expansion

t hahoomt adbn arfd ther eformigatidd camrtEan f @syverbe hagphole, or
downhole from weakened portion 224, and remain within the
teachings of the present invention.

The combination of corrugated portion 228 and 229
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
uphole from corrugated portion 228 will result in failure
of the seal between sleeve 205 and the borehole wall.
Moreover, corrugated portion 229 may be designed to
“absorb” high pressure within fluid chamber 209 through
plastic deformation. This compensates for high pressure
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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metal when subject to decreased tenperature. _
Therefore, the volune of fluid within the chanber w ||

woanisroaz33f ast er than the chanber itsel f, and eauas2@s/034920

rease in the pressure caused by the fluid.
gﬁ(r:t hernore, si nge therate of thermal of expansion of
the material that forms that borehole wall nay also be
si gni fi cdinel yardhdriter efit flhaRri thees SSPECELYE & trapped in the
coefficients of the, getal and fluid, tenperature
changed Scarl Mt "ihe G439 ofePfadanmil ubsast ard: part, upon

t herakorgheddewaual iy 8f the é?g%%gggyi 2391'%9} 2;'?5 expanded.

annul ar isolator. In the illustr

FI GIRES #RUT afd 3ASGum sehand warfuigatad gleﬂéglhleg}) 229 can

' ovjded, (See FI GURES 4C and 5C, specifi
?ﬁg{ﬂa?g%%t idolﬁrgqusq( mOPSFFngEﬁ to° cglalsﬁﬁlagé‘%p%orstaviardm%actors,
c3ueihodiirent 1 chgveyerfand hgr seeQodcorrygat ed
e ihciﬁuzzggi sﬂﬁca?e% downhol e £ om we%kenedgﬁgrt ity length

gngg‘rl“gt s&hddPgsEe G8tobni reditthad cmwcrcmgﬁmgit p@rtaizg%articular

. i a.si e corrugated portion 228 _
ay” b6 b ovi et u LI T 5 LS cEnPAGS SOt Rt Lcipated in
pr esleatanmybns i amd /dbrEbved , chidigbdocat i on of the

d portjon nmay be uphole, or downhole from
ﬁgérkﬁﬁ?t %PFPE%hl‘Z‘?Z,l¥Bnd>freﬁﬁrﬁuwtﬁdnpphrémhmmand 229

. i t 0. i.nation of .

e e ——

f unaie s aspr égmUr ethegutlednise r s ta{_‘rreyl‘ﬂcb@n%ﬁ{g%%rd. Both
/, sure, exerted upo o

ol Coat s pat: CORS058 (FEi At shurts, et be to limit the

t r avsfrerlriecbidyough di thah-232 40 €94 ¢ ugﬁéegxgg(%;ile%%ﬁgd within

o, mnimze the threat that overpressur

229, 1, _ i
an%l}lud“éj1 Chegbegn 08 -f r om corrugat ed portion 228 will

[t ith fallur t.he al between sl eeve 205 and _
trﬁzuborlelﬁolgh\i/\gl I%}a erﬂgfovgrg,e PPt S pSAiTgatEs  portion

mapalje desigmetidured 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 bressure 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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"absorb" high pressure within fluid chanber 209
t hrough plastic deformation. This conpensates for high

wores®3Izas330 within fluid chanber 209 caused byChiugzn05/034920

tenperature and/or pressure of fluid 212, expansion of
the annul ar isolator toward the borehole wall,
shrinkage or partial collapse of the borehole wall,

and/ or nmany ot her_ factar.s. . The t flyj sure ;
That s T avped 1o TF0CS chanber wll af s Hesend, - Lt i
at deastally paetogupardt henspeetewitdratinich thg not only be
expandabl e tubing is expanded. The gnoun pressure

. f ,
{ heftn Kord Sdat BHE pBRY | O "228 AR TEOHARAI SRR ng SPeCLEically,
Ope{ﬁ%' 92;135 hased,dpeR csewer aJhafraCh@fLﬁhti Rl ugiBg iesa and

| engt stiffness.” Thus, the length and stiffness
canclbe nottbmnetagcder diidd adb alfpar epEbiagsdegikgng it flatter

based up t he anmount of .pressur t gl ]
anrdib SRl dPe ui AceRaApesity ot LERRRERILD K¢ weaxened
corgigat &4 pout ionss288vand032% efdwest ivelyp caonyorm to such

differential pressures across nultiple chanmbers, so _ ,
t hatrréguknanisderesre ndhedanayeds Bdt hfpradt iclangarried in

el astic f or mat | r se I 1 rahl ;
or courradee P erehie BRLT et Be iRy fo inflate
fl usdeshanbop 2090 ldoriddct nantter suthe idoegsileeamhaped holes

corrugated portion may be configured to acconplish a
saf®y ¥ uls, &6 pt %%nﬁ“ﬁhee%Fﬁe@ cﬁgﬁbéwgg?%ﬂm' allowable

excgedi ng: g, M nidyessiy e, The dovwpsiseaBkirable that the
corrugated portion nmay be ( designed to absorb excess

pr essne e $ystdres f [Dinttchanbe@ropsinly pliast pc nominal or even
deformatipn of corr ted portion 229, .before t

Sy TaT PedduBors i iBssur o BVETTAOITL wippgante  outer
recophi¢ed dshahad laaddeach cenbigutatipniet ammdiar make this
i solators may be used in series, to conpensate > for

hi ghett bfesstites fapehelabyviuPessSihaf- a singl e annul ar

Although specific orientations and configurations of
annular isolators are illustrated and described within
this specification, such embodiments are not intended to
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
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, if the “high pressure side” and the “low
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
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i solator could handle. In accordance wth another
enbodi nrent of the present invention, a recess or

woanpastasent may be provided i n expandabl e t ubPa@/UR2NH5/034920

in which flowable fluid 212 that O is used to form an
annul ar isolator is carried with the expandabl e tubing
when it is run into a borehole. In this enbodi nent it

is desirable f sufficien [ 12 - i ed
mﬁtgeﬁﬁ%ftubingﬁ%o %%%n1g%ﬁg%kghg?aisozﬂ%ﬁﬁ#?%ﬁ( corrugated
ovepstgednandhorinEsttet ot rdor eboregatedi segerersal 232 having
recogni zed that the borehole may not only be enlar

: d,
butMAAyiRASe T IUIHGATT $Rdpe. SpBciHTRITE ?ﬂég% of each
w d gr.eaf:ey, t hei M L MR T a
bot%%ﬁ?ﬁé?p%g f%%%gglm??% éﬁtgﬁﬁggkﬁ%kinéwftigpa??%%ﬂgés From
t hahhéhestap: ivig c gradimdgl pf  tihee f laeiidsianitt y cofr rugakededregions
portion 224 of sleeve 205 allows it to rmto such
irréégrar apB8t ?ﬁegﬁ%Qﬁ%?%%tﬁlEW% E%%Q§§PE%§H:$3 tons may

exppadabbeihdhi, NG pdR4dshele by siEdd.Cci emGURE T 6Al alBustrates
sl eeve 205 into contact with such irregul ar shaped
hol €beso redng ionshindodzeitreexcbedipfie Wi mapd corrugated

al | owabl e_ex si an. of e .ot ks al :
des??ggﬁgnthg?%théﬂ%an%f%§§ en%gsbnchéﬁrprig%rlix Aaen by
nontRphneL o8Vesnendarisi zethuigr el migdAcionrsi 7y yof corrugated
expandabl e outer sl eeve 205 has certain .
chaPasEePnstd4® Whcchl FERECEAFSImAnt i PlnciRdpiormed state in

capgﬁgbkgy passi bl e, ALLheugbr speptEiREOr 68Nt A1 1Q8Srates the
and confirgurations of annular 1solators are
i | | yelaat edshng, destrdthedxpathiont biys speeisicat cone 211 and

such enbodi nents are not intended t jmt_ the scope

of the SF@Q@WF%M% i&ﬁrrﬁﬁﬁtéfé%?p%éd-it o e%%rgbed above,
appsgehat gdrtPabti B 1 R&at i, wanfisatd opfangdher force of
orientation of the conponents descri bed herein nma

al t erpdnsiigni fégamt Ryl windi fiheheh i @acRinegs vgfe tﬁ% bfelUid 212
during the expansion process.

As described above, corrugated portion 228 has
corrugations 230, which exhibit spring-like qualities to
sustain a pressure (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,
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
inward, to return to substantially their original shape
of FIGURE 6A when the high pressure of £flulid 212 is
reduced and, consequently, the volume of fluid 212 is

reduced. As a result, while the overall volume of fluid
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present invention. In many instances, the |ocation and
orientation of the conponents will be driven, at | east

wono@ase33zbased upon the pressure differential BCT/US2005/034920

experienced in the borehole. Thus, the uphole, and
downhol e designations descri bed herein may be reversed
for exanple, if the "high pressure side" and the "Il ow
pr %?%ﬁax%@% 208 hhe Banubancksol aher vanemeppasitieief 212 in
t hose descri bed herein. FIGURES 6A and 6B il lustrate a
cr ossalsmned opootipsoRdtoma0be hewogkaebi 2 hydt egchanged.  In
portlon 2 i n nor edet ai In the |I
mbddft Frefy nﬁ%%?r%ﬁ%?%%r%o; £38n iﬁgllncﬁﬁ egﬁﬁﬂd'Chamber) due
COFE&Q@&&Qef@QhQ@ScB&ﬁg@&Vlm$lﬂﬂﬁlMLxe®prdugatbomﬁe elastic
230. The startin 50|nt of each corrugated region 232
i s @@mma’rrmrew 100e degir8egat PENPPRE T SNErt | AT PUITHRILY, the
or g ageny d,£9LRES ddy anatRehed porti
A At - CER cors Taatad Pegt as TS hr Avrgegod portion
SpaEBd1ﬁ§ﬁrbebmaiﬁﬂalﬁe&UREd6Ahelhos&raﬂe@dﬂﬁaon of the zone

relati onshi p betwee u in 204 an ru d portio
zzscerftlsfplé%\l/%lséoé%g#sa qEo Q*E)?/ g §H§ gn OF water
CO%@%thJP”&ud&@ffé@@é'Pﬂ@l@é”o of corrugat ed portion

228 are 1llustrated in an undeforned state in Fl GURE

6A. | n cohmth astorEuGHREJGBreldiest r %% tiyes at least five

and T HETRY b G Or e GALEBRe 230, e oRGhepaiptemine

aboygsh sugbrdahataat i gredmEwbPe theoiestyt 0b thades ceelastic
of expansion cone 211 and the hl%h pressure of fluid

212enkrINg the E@WW prdkles§heas el Pedoabdg, present
corrgggﬁgg Eortl %%% Qasmgggﬁggﬁﬁbonéhgggcté@hgElc is the

exhi i Spring-1ike qualltles to sustain a pressure
(e.gumbéi Mdf otomrugatzenpr és¥ur éntbsdpdwiithi rache corrugated

fluid chanber, in res se to_a chan
region 232. The Aﬁﬂker of corrugatlons is the number of
waves present in 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 1is
analogous to the amplitude of the wave that comprises a

single corrugation. A fifth measurable characteristic
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in fluid volunme. Specifically, as the interna
pressure and volunme of fluid 212 is decreased by the

wonpesmsessa of anmbi ent fluids and associ at ed t e RpEUALISO34920

reduction, corrugations 230 of corrugated portion 228

are biased to return fromtheir slightly deforned

shape to substantially their original shape or
sonpLbi NG Sivid af 110 diheids obFgkRal sakare .(e.the thickness of
accounting for plastic defornatlon% . Thus, .

cor theatdlmere230s whiecidrfe e doehvasd, the retten diameter
to substantially their original. s F 6

V\/neﬁlft %&‘%i%ﬁe% eés%r&?etgfe %nu%%drz |%€%%dég§%§ngfleeve at a
congegdenbhy sphhedvalune tokt tburtigatdons.reduced. As a
result, while the overall volune of f]uidin chanber

209 may BachedBedSUldelol REGFCHIiF 2 described  above

wea rti 2 be .substant i al |l ;
o BERETRRED, VoA DE TN LA Yot ion 226
chaner )phiei do® tempenattienchmgesplimebhrncmazet)odupressure

to the elastic 5 deformati on of the corrugate .
por FNBRESSACEHISEh MY, - FReSBANGT ar CB8APSHr dVi de pyaterial of

thecgxpandgg vegkened-ponbéen 224 ey be h@iiial nedthe  more
and the zone or portion of the zone continuously

i sokatredobtipnevemresend producddwiiaitaghtesdberl o8her the more
undesi rabl e .fluids. . 0 _Each co ted [.on
hase%rﬁgagfth#i%%rﬁ% 2hrab é“r‘]:‘% B hal ASH LI PPy, FIGURES
chapackeri stiiastruhechndeterm saceachatpleugaheddiment of a
section' s ability to store elastic energy, in o
accepdangetect hoehbieeachithgs ofladid ispdsems, additions, or
Inv%ﬂ&'%gbnA1HJ tbgeﬁéﬁ%a o 88§F§§£géasﬁd%ﬂf%&*§bé without
L5 nunber "of corrugations 230 1 ncluded I n"each

cor degatredngediram 282e Fhepeunhertbé domvengsatononsFés example,

t he nunber of waves present i si ngl e, corrygat ed
reg?3ﬁh2BQQrFBQ?EiénﬁVE?:Eﬁ%hgg%rr@agteﬂn?£@$%n]%ﬁﬁ?(ﬂor less
cor pugat,gd cRer t i Qnyi22& hass i hregsconkugaidsorite for the

second asur abl e

particular application. Additionally, each corrugated
region 232 may include more or less corrugations. Other
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
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.

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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-0 characteristic may include the period, illustrated
as "P", associated with each corrugated regi on 232.

woheoeps?2dzad i s the angul ar di mensi on of the enPCTAIS2005/034920

corrugated region 232 from beginning to end. For

exanpl e, each corrugated region 232 may include a

period of : 5 approxinmately 15 degrees. A third

neadwgdlning noh arcaicttera Std ccomyugacéddee@icQr 1UGatb0R beginning
angle,, illustrated as A", which is the angle of

decPCré hafgf edkh FUTE | SPETERtesl Aepdent h4l2. In the

doph e D ot T8 e tga PoaCEgde n a
e , e ;
thg%@W@MMi@wmd@%@HMpmmﬂwdwmmfmmwm;$Mﬁm.
nmeasur e [ | ogous,_to the anplitude of the wave

t hat coggﬁkggé gﬂgi%gf%sEﬁ?F%@a?i IR portion 420 that

nEainbabH%sCﬁ@%ﬂ@%eﬁdﬂﬂdﬁﬁﬁéd'E%gﬂkhéi41@05ﬁe5ﬁeoEorrugation
the sl eeve. The thickness of the sleeve is the .
di f F8FEnc L PetYERSied hecairas dl2aretse oflsdrmsed eepproximately

and.the i r. di ter, of t | eeve at | ocation ,
spaggdgfpgﬁgfh%%%%?ﬂuégiﬁgﬁgsu%%gﬁﬁﬁ%%éﬁr fyErning point of a

charactegestiic rdgioni ded akove wefeimimespd et d68r 88 adiacent
to which a _corrugated portion_228 nmay provide '
conpBREHERER FrEY ATUMEERI ¢ add ofhpr dddiwsd netimshesmbodiment,

causgdnby dEPPRsAL LS Cg%g;%de% the, materi g’r

_ eﬂgkéﬂﬁi inward
conpl i ant chanber. For éexanple, the nore corrugations

predéhnecthon toweundatbd tebiog Eﬁzithe EFESREgeg%¥GB

the corr Lan y. .store. Accordin , A-
iIIustra?gahggeﬁ§a6ﬁgqﬁaﬁﬁﬁ§feﬁmﬁagﬁéﬂFtﬁﬁ gortion 430 that
cor { Hgah&ds peighen RA&uMdd | £8§1ORS, 489ditd WS Qbrrugation
oni ssions may be made to corrugated portion 228 '

Wi t BRGE - dEPFEigiad ek oeghenscdpe ofre heiisposet omppFoximately
exappl §.

7 egE080 SOLFUOECURLLLN BT e TS e o
t hecorrugated region 432 to a beginning point of the next
corrugated region 432.

Another distinguishing characteristic of corrugated
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
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
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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particul ar application. Additionally, each corrugated
region 232 may include nore or |ess corrugations.

warheroszsanpl e enbodi nents of corrugated porti Bas/US2@S5/034920

illustrated in FIGURES 7A-7D. FIGURE 7A illustrates a
corrugated portion 400 that includes three corrugated
regi ons 402 of five corrugations 403 each. Corrugated

regi ppsr402par e di,spesed sapprioxi mielgy 120 degigasded. The
apart, as neasured from a begi nning point of a
corragatedlsectiwre 40Z t6laldedihnithg peheendf afh fluid that
adj acent _corrugated cti,on_ .40 nt i1l ust ed

enbb Tt freht, ]tr_he%glgr rgggﬁjon%h‘—’foﬁr?k%f#r’udé_’1 | r?daeng%enrgr%tgl lc):/orrugated
| nwgp g dbrectinen trwardh therdnbiay betwogn EheURmsABle of the
illustrates a corrugated portion 410 that includes

ei ghhemberugRtenregibRsdg12fof R EWEREBPREgEPPERSCAES 2ETO-

each. Cb&ggggheggfﬁgiQQSd%%%éﬂééé#ﬁ&ﬁﬁﬁdview of an example

appr oxi nma 45 degrees apart, as neasured from
abegihboidhgepoi otf of @leore ugaldetdheégiiowlatzst oradialy elastic

begi nni ng point of an adjacent carrugated region 412. . . .

I n PRBPRFPusPraled &?ﬁ@%aﬂéﬂﬁg EHAED R fions (oF ininizing
prokiydg i prasganrer ahlbyshnvaretdi reailion davergh dde occur  in
tubing string. 5 FIGURE 7C illustrates a corrugated

portéspon26 that & nclecksnsawelive ddirggatveduregi onsThus, the
422 of ,one corrugation,each. Corrugated.region : .
arerﬂ?§6g¥e8856338xFW§P§Ff §§Qﬁ§:£§§?:§§ﬁt%a%§ ffctionality
neagyr gdstropea hegiveniiighpaidyaref b Cthd uget edysegl oportions
422 to a beginning point of an adjacent 10 corrugated

regPénthe slerthe | RRA$EAYL & ASHIGHIHEMRST Raef2 may be used
cor , i i ; .
5%9%%25{2%8%5&4?& L8 %E?g}ﬁg%y?;gwt@ difecthPPugations

t owar d I'ng string. ustrates a
cor gggatredepornboor . 43RatdHatl vi rdlasdes eigiltecoriUYyaned include

regi ons 432 of one gorrugation ; L5 each. Corrygated
regFBR3"E32" &PELUPEpo %ﬁﬁﬁQDdQ%QWﬁ%P tne” s188ve" and the

portion of the tubing string encased by the sleeve. Any
members that store elastic strain energy that 1is biased
outward when the member is compressed, may be used within
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. Each such section
could be wused 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
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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45 degrees apart, as neasured from a begi nning point
of a corrugated region 432 to a beginning point of the

waentc/0sza38 ugat ed regi on 432. Anot her di sti ngui BOTMIG2005/034920

characteristic of corrugated 10 portion 430, however,
is that each corrugation protrudes in a generally
outward direction fromthe tubing string encased by

t he sl eeye incl udi car,rugat ed Lan : se

each cor m%tllﬁélﬁm%fr &éafgc&lft vvlélfgg‘h%%gt hg§(rges$g%%i:l deployed,
volwie; of cbhyi duabtebnexpansyoindsipalent iRttyr2ekpansion of
decreased. The design or selection of_a particul ar

corthrjaesdancedd ssebWPoRdi s thigseB2UhBAYt WOl 3TatG gembers are

the system Fir it §s i ehal 3to0 .
subsTHnt T A e%’rm%htd 0 éelsais)%?\géstgrgir% en(zér]g{/ﬁ}lﬁd't hgs shown in

sysﬁ"mtg]p\mlrmot hernwahds, ddnf3 dhiast imrdeséfasybal sttaaget energy
as much elastic volunme change in the fluid chapher .as
o557 bPESERRL MO0t NEF M ST 1 FARFGS. FITHARER op Dghdint urges
Sys{ﬁ%n?fﬁgfgdtotB%fQQﬁLg@nSBQHEQ MoNid¥ngRidi e for the loss
restdual volume of fluid within the chanber, after the
el asf i tlstdainlemer gptivscaxpbrdésdbinhe anssitdidals \egme Thus,

of fluid is the anmount f1uid. t ns.in t

o R SebSEREReE, Syt Rl AR ISR ecsoure o
thegdifEgsenti @l cbeiweesnd hendpsi de ofbidwedhanber mdirn  to
the outside of the chanber af)proaches zero. FIGURE 8

i s sulsoasstsetlVohbf 9F&WBRLaRM@R&Npl e enbodi nent of
For! coVeng0aklBl LG Ligs LATLALY UAN | GUBINEICe O, the

for maintai ning pressu mnimzing fluid
pr essaitei hgss ot hahe wpidets eotthet mi st der upriav idespangethod  to
to a decrease in fluid volune. Thus,  the radi al

el ageTReneABEr £ O4cddpiish ?lﬁ%n%%ﬁebcpaﬁctqco?rﬁi%§ g& near an
g?s%%%gg raqgﬁiéM&fnﬁf%ﬁqﬁ L0 Y itrd ugahedPospéONsically,

eeve. Radialy -elastic nmenbers 502 nay be used

the systems and methods described herein provide a
meéhanism 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
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
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
elastic strain energy that is bilased toward the inside of
the fluid chamber.

Thus,  the sleeve 205 of the preéent invention 1s

configured to store elastic strain energy. In one
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as an alternative to or in addition to the
corrugations descri bed above. Radialy elastic nenbers

woeQfvermays3s ncl ude tubi ng "springs" inserted bet Re®WSLIW6/034920

sl eeve and the portion of the tubing string encased by
the sl eeve. Any nenbers that store elastic strain
energy that is biased outward when the nenber is

co y S it hinqts [ ;
COMBLERAEofTY B 416, WIDKR IS LERGN, D8 Bl portions
t ubgkar treyl i sleecal nenbens arethdmstembedimebbeverthis  is

various other configurations are availabl e, i ncludin N
& SPAPREPHEABERS PYark S SETE ST AL hermers o Bfyse within
any [0S e386t 1 onz EaghSichseptton£o8bd the tuseehd ® methods
store elastic energy in a radial direction. Radial

. Y ..
el asfi stueriner ssBOU2 Aapshécopdermtedirandvaéipbdgorwithin the
mechani cal strepgth to cause def.l ect] of th | e
to geﬁS }EEFcu?gr %h%pé?r%ﬁ%tr native t?7L,er'adi al%f% ekdmple,  a

el agfbevEENDERS1 5@2ngRy e sedlredidld «ebnt gortd di ghwould  be
pressure gas that nmay be increased or decreased to

al tenfEhelanbune oftakd | eeevdh ekAPbitedtBpithenansr 1f the
o eexe g cadi aly 188! | G drIeisngre Lhtadn, In  this

deployed, rguration 1s cylirndric After
expambbonmehtt he téxpandabhews Lbédg, poheivadi atguld “stretch”

el astic nenbers are conpressed, and the sleeve.500 i§ .

def 6Pred; g?sl%m%i]ﬁ’ Eﬁ%f@gﬂé wheR tf_ﬂ?% lngerlo_r t_u%lng was
Conék?&ﬁ@%ﬁ°”an@V@§t'Eh@trﬁiﬂiﬁneﬁﬁy tBest o18daw thbRber was
radialy elastic nenbers 502 that urges the sleeve to

def othprivhser gerestsordagssnsale tomet kabogsesft /| uklge elastic
bet ween t he .t ubi d the sl eeve,, Thus

ol _ ’
Yené@ QFGRET PP Ut oﬁgg%gg§e%9%9%9%%53%eb¥oS&Mgﬂé%gree of

decpease; csleranaRQ0 dmy (Beghi agrdnlahdral ugsfb@mation) .  The
substanti&l&gits ori ginal shape. A s described

t hr ebghodE t Epﬁmﬁki¢¢cﬁppéﬁ;'$%%d to store elastic strain
energy that would be biased toward the interior of the

fluid chamber.

Although the present invention has been described in
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
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
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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teachi ngs of the present invention provide a nethod to
conpensate for thermal changes that occur at or near

wano@maed3ar i solator within a borehole. More PCT/US2005/034920

specifically, the systens and methods described herein
provide a mechani smfor maintaining pressure, or
mnimzes pressure loss within the fluid chanber, that

wou t herw se t, duest 58P A e t;
S R T L

pr oxtdedyedndabtber seapenavanl abieh wat hcanehetype tool, an
teachi ngs of the sent_invention. .In accordance w.th

par ?FEEPﬁﬁbé%M%§?§ &2 % h&Spr BEEMt %%v%&g‘rﬁr t ffgpand  the
conmpensatben+hok cheaper aluna rehang dd accHPd | 56£6hbYe wall.
storing elastic strain energy that is biased to

sushai rexpeeskirle (biadderedsty mhyei Pe lwigd of or pressure or
Pregsufe) it Abn ke Ll hanhalg 1L J8RPONSEoL OcBanple, an

chang@”i vol anme.” The “corrug portions an

t heekpdhahyiel astidigrenhey sbaceomardi t ihsidby the tubing at
storing elastic strain energy that, is biased toward ,

t hethasilasashophherrgi dicREHBERT FHiRLATHe R1vebeeposnstalled

of BESOBa?ﬁgntté”%SEJiBQ | 8 & O Y8 A& SHA®10sed herein.
el astrc strain energy. In oneenbodinment, this is
acconpl i shiethdy negr r bgatede poutédnsipof tbhebsbekvefldwn in the

anot her enbodi nent, thi.s is, acc |ished by Jncludin
r adFBPY D€l a$FPL mbfbér s Ul tdrﬁtr?ct%“sloe’fgxﬁé?rma%hgﬁ%gpast the
be gcegnizad fdataiher methedscdlsivkoridgksyeh is detected,

el astic energy are available within the teachings of
t hetpeeddrddeny epir ¢ psurFomagx Afpl EncheasedvEo nidltithely expand

3 Lo yalh ed porti ga.uayl dbs. SULLGELeh ! 8 SLA e wany.

enout ergy, | e thin-wal
portion wererddanErenoxgielén thi snanpbodf mehl, diheve described

thin-wal |l ed portion would "stretch”

embodiments, the system is illustrated using an expansion
tool which travels down hole as it expands expandable
tubing and deploys an annular isolator. Fach of these
systems may operate equally well with an expansion tool
which travels up hole during the tubing expansion
process. In some embodiments, the locations of various
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
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
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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(e.g., elastically deform when the interior tubing
was expanded and/or the fluid in the fluid chanber was
wotheroaese pressurized. I n sonme enbodi nents, t RET/US2005/034920
el astic deformati on woul d al so be acconpani ed by sone
degree of plastic deformation (e.g., permanent
deformation). The elastic defornmation would tend to
st ometeleagtarelest raftreenaigyalhati ywul fl Bepbirasede, o5 ecially
toward the intﬁrior of the fluid chanber. Although the
pr e<En S5 ELdi$ -has been described in severa
enbodi nents, a nyriad of changes, variations,
alterations, transformations, and nodifications may be
suggested to one skilled in the art, and it is
i ntended that the present invention enconpass such
changes, variations, alterations, transformations, and
nodi fications as falling within the spirit and scope
of the appended clains. For exanple, many of the
abovedescri bed enbodi ments include the use of an
expansi on cone type of device for expansion of the
tubi ng. However, one of skill in the art wl
recogni ze that many of the sane advantages may be
gai ned by using other types of expansion tools such as
fluid powered expandabl e bl adders or packers. It may
al so be desirable to use an expandabl e bl adder in
addition to a cone type expansiontool. For exanple, if
a good annul ar isolator is not achieved after
expansion with a cone type tool, an expandabl e bl adder
may be used to further expand the isolator to achieve
sealing contact wwth a borehole wall. An expandabl e
bl adder may al so be used for pressure or |eak testing
an installed tubing string. For exanple, an expandable
bl adder may be expanded inside the tubing at the
| ocati on where an annul ar isolator has been installed
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according to one of the enbodi nents di sclosed herein.
The tubing may be pressured up to block flowin the

woulervg2asssel f to all ow detection of annul ar fPOWUSa®E/034920

the installed isolator. If excessive | eakage is
detected, the bl adder pressure may be increased to
further expand the isolator to better seal against the
boneha e svalllaTMeD arsmt her exanple, in many of the

above descri bed enbodi nent s, %?F systemis 'lluitrat%%olator
usi ng aﬁ-expdh3|%hs?%%l #RFch FﬂVé1 odwn ABPE-8

ex%aé{q\r?é :%ﬁ: Wl ng i rdepl ey an aﬁnnlﬁﬁehole wall,
i sol at or. 1%ese systeégpnay operate equally

mekbm@ﬂﬂsxngexpan5|on tool which travels up hole

d t he tubi
ehoot eSS Y| S BHE o AT Sl o QAP

portions, weakepedjjpiddansarpants saandurebief d@l ¢hs tubing,
may be changed if the direction of travel of th

expansi oropeohting cHahbedeFSPHA z%t%ﬂmﬁo?elfréluééi chamber;
the termup hole neans in the direction of the surface

| ofdt% on of a well. Simlarly, while many of the

speci fi ccy ef el eede enhadilndnhy h(ar eifitwive peehion that is

described wth reference to _use reh
si myeHti A o Seﬁ@@n%eOBBvﬁf 588§| &uﬁ pfessure from

met S¢afd Skﬁgﬁbg&esa%%§95'§6@bﬂ@r§bﬂt§©nf@%Ehg configured
annul ar 1sol ators befween tubing and casing in cased

borshdil esthany wifent hexpamdenet Hods ‘r;md ﬁbw:‘éadf’ﬂé%sﬁﬁl;ﬁ the
al so be used to advantage with pr c
isn’%ﬁc%&%aﬁfﬁ 15t eﬁ’ac aFfat? aniq}1 a ore b&}&gdmb lustain
esﬁﬁﬁéafiﬁlﬁnp%@%@dr@ewﬁiHﬂHNEHéSflﬁi&EEhhﬁbei iA response
system for form ng an annul ar isol ator between

pr otuct i o nadi gy Bhdld HorEMd e wal |, conprising: 5 a
section of generally cylindrical tub|ng;

2. The system of Claim 1, wherein the second
portion comprises an at least partially corrugated

region.

3. The system of Claim 2, 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 first value.

4. The system of Claim 3, wherein the £first
pressure relief valve 1is 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
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a sl eeve disposed around a surface of the tubing, and
cooperating with the tubing to forma fluid chanber;

wanaetoizs3sl eeve i ncluding a first portion that PC$/U$2008/034920

predi sposed to expand outwardly under fluid pressure

fromthe fluid chanber, and a second portion being

configured such that, V\,hen expanded due to fluid

pr esdgr e f luhie sehamdeportzhen St los eSF ened g)@ﬂé@éufé exceeds a
bi ass%%oih% su taln the fluid pressure within the flui

chanber, éSponse _ .5 to a change in fluid vol une.

2 . The system of Caiml , wherein the second portion
conprises an at |east partially corrugated region. -0

3 . The Syst efhef s@ssgiem 2f, Flaimhet, odmprd 5hngha £irst eng of

pre%ﬁérgle%%%easv%kxﬁ1dls gﬁfd tmgggvégseéég:g ?ﬁg sleeve

t he sl eeve, theée i rst

con&ndumeck tegi it etﬁase;efdowdd xféplﬁ%t he fiuigh cha .
when_: 25 the fluid pressure exceeds a first vg})‘gk. He first

. THBlY§stem of Claim3 , wherein the first pressure
reI ief valve is adjacent a first end of the sl eeve,
and further conprising a second pressure relief 30

val ve di 8posetihbet sgenenheottubicngiand A,he \$lB&ME) the first
adJ cent a second end of the sl eeve, and wherein the
Ad-presddr SFEITBISAI v ie§pé61|ﬁ3f|V§'mredth© féluidas epressure

f|LMébéM@§VV£ tbﬁré%U'ﬁhfﬁﬁﬂﬁgﬁde%ﬁEtrg%gé q%&&%f region is

pressure exceeds a second val ue. The sy
O HFMmELguygdr dion Q*@rﬁdrwheanctkm 51uhe sfiz_e@/ﬁmé reaches a

dovggpg f the cond end, of the sl eeve, and
wher el n thé’%g]élcéndgl\%al FEGRYr S3LHP PRNY h@teiater than the

first wvalue.

7. The system of Claim 2, 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.

8. The system of Claim 2, wherein:

the borehole has a maximum expected diameter;

the first portion of the sleeve 1is expandable to
approximately the maximum expected diameter without
damage to the sleeve; and

the fluid chamber is sized to carry a sufficient
amount of fluid to expand the first portion of the sleeve

to at least the maximum expected diameter.

36



10

15

20

25

30

value . b . The systemof Caim2 , wherein the first
; LO portion is configured to expand when the fluid

wonres®3Iras3reaches a first val ue and t he corr ugaCeas2005/034920

region is configured to expand when the fluid pressure
reaches a second val ue, the second val ue being greater
than the first value. 1 .5 7 . The systemof Caim2 ,

wherein gli me *8”3 8Etéﬁe cerregatgd pegi QeSin  the first
selected to allTow for expansion of the corrugated

r egbont bovd déEf diirat sbeeod  cor megdtsineds with hgespect to other
corrugated region when the fluid iéo ssure e

pr ceeds, .
a fRPEELQRF ST ahliSst BFBYES oft%endlgy™i n-the dé;%}ngartlon to

corgugatiops £hat-cUiges ctkheneorhugatienN Sl (bdrtion, under
substianti al Iy undeforned configuration. 8 . The system

of Sraan Pluidheresauress the borehol e has a maxi num
expected dianeter; the first portion of the sleeve is
expandabl e to approxi mately the maxi num expected

di ameter1gi t howé dajmgen t oft helsimeere; ahdrehe fihe dat least
chanber is sized to carry a sufficient C anognt of

f | upart b2 BkPaR@rEREatrAstrasdirt i of "¢ hESsPREVES I of the
Efg?%$§9§ gﬁ%&gﬂ%@%xQ§CE§gs@;¥8¥fﬂgé%ed1b§g§¥§§e@dg further

inthe first portion of the Sleeve is
weakemediwihy respsetohd otherugatédonsegfonhec§l eelve second

to allowthe first portion to expand to a greater .
ext RPE L PN I RBOSECIRF p%?l?%?ﬁl,m%%g‘( ghGal gicg and eighty

Pfeéé&£§§s_%Q-tﬁ@ef§¥§EeEb9£u&£€éaWzegiwherein the at

east "partially corrugated region of the second
portion of the sleeve conprises a first corrugated

region, f?q f%ﬁéh%&stem of Claim 2, 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.

12. The system of Claim 2, wherein the corrugated
region includes at least one corrugation that projects
inward, toward the tubing, when the sleeve is in an

unexpanded state.

13. The system of Claim 2, 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.
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conprising a second corrugated region of the second
portion di sposed at approxi mately one hundred and

weiglstop2adegrees to the first corrugated regi onPCTAS2008/034920

systemof Claim2 , wherein the corrugated region
i ncludes at | east one corrugation that projects
outwardly fromthe sleeve, beyond a circunference of

uncorrugajed poLti of é@eﬁzﬁgﬁﬁ2390;%&P@he¥m§ﬂ> sing an

sl eeve i577n an uneXxpanded s e systemo
d aba2tomwheeeisiddhe: catspgated aregaon dutelmdesrtce of the

| east one corrugation that projects in , toward the
t UbR MBSV RhER FHENE| EBFe RESEnoah CURBXPaniEl SLARES 13

The systemof Claim2 , wherein the corrugated region
conprises a first corrugated region, and further
conpri si hg.setbad amdteni rdfcottagat el: r eghonsint hehe second

first corru ed. regi.on _bei ng separ at ed of .

t heBQEESRR S ERr & B Rigar Bt raerons By PRfRE] Fe radialy
appeoxkaBtel yeaperbundiegoand tmetiyetegtres. td4bidhe and the
systemof Caim2 , further conprising an el astoneric

sl eegeodfspestdoBnOAntBat 6-C8HEFace of the sleeve

adj acent the first portion of the sleeve. 15. The

systemof Claim1l , wherein the second portion of the

sl eeve cospri she aspsieml idfy Ofaimdi Bby eltestdim the radialy
nmenbers di sposed between the tubing and the seco

. nd
por?ﬂ*_éﬁtbf: fnﬁ@bgrese\pet_e 1%.;e-r<|:]l%a1§% A TAR T e o] gpressure gas
&Tf%ﬁé@ Qﬁg'§EXe%k§§Eﬁgaq§ﬁﬁﬁk§%§{eoPr@e%Q%%%%Qi to alter

a high pressure gas that nmay be selectively

i nctkeasethaamtdeof eated dar ialrnt ecathedadmunthef radialy elastic

defl ection cau%gd %é the radialy elastic nenbers on
t he™STa&VE. °17-"A FefhRdE = conpri sing:

17. A method, comprising:

installing a section of expandable tubing in a
borehole, the expandable tubing having a sleeve disposed
around a surface of the tubing, and cooperating with the
tubing to form a fluid chamber;

the sleeve including 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 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; and

expanding the tubing using a tool disposed within

the tubing.

18. The method of Claim 17, further comprising

inserting a sufficient amount of fluid into the £fluid
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installing a section of expandable tubing in a

borehol e, the expandabl e tubi ng having a sl eeve
wdizeoszdsar ound a surface of the tubing, and PCT/US2005/034920

cooperating with the tubing to forma fluid chanber

the sleeve including a first portion that is

predi sposed to expand outwardly under fluid pressure

f r omhisimbefr Uil thabbee, tard fi SBCORG POSE i jdg

configured such that, when expandg%gdue togfﬁlﬁ{ﬂcj5n sleeve to a

pre B REPEEEENY PSMateF Stortds dsareiplichat i s

bi ased to sustain the fluid pressure within the

chanber, in response to a change in fluid volume; and

expandi ng 5t he Thebi mgthsiingoa tGbdimli spusedheidinn the second

tUbEB?tiéﬁ' The method of Cla£n1 7, further conprising

inserting a sufbrciem adunftof HaGtd iRR%idkly corrugated

fl uirdghanber to inflate the first portion of the

sl eeve to a maxi num expected di aneter of the borehole.

19. The nmethod of Claim 17, wherein the second 5

portion ggnmpri-g€s | east partially corrugated

regi on. Zg. T%ggnéﬁ%%%é%f ai L widr ei WhERE18ecbhg second
porppohioh tdfe sheewdceampdrisesrasPsualbhiy-ofi£fadigy

; LC%elgstic nbers di sposed between tH% eipahdgbfgg radialy
t ubf n3°ahd Fﬁ§&§§ﬁbn§lEBPﬁﬁén-%@tW%%nsﬁéEweexgandﬁbée tubing
met fiod ohe GabsM@0poFl LHEL s CONRT L LG, Charging the

radialy elastic o O P e 9 1%

sel ected to determ ne the anount of deflection caused

by the radialy,_ el ast,c nbers on the inflatable
sl eeve. %g 'I%ée né?%%bogf ﬁeai%aﬁ? faftt heraxdmpr | stangprising
i P&tolﬁetigil’rgglg ah&| 258 0ABY 1 61586KE nOALBPSOWE B SUH13GY that is
0 e sl eeve.

selected to determine the amount. of deflection caused by

the radialy elastic members on the inflatable sleeve.

22. The method of Claim 17, further comprising
installing an elastomeric jacket on an outer surface of

the sleeve.

23. A system, comprising:

a section of tubing;

a sleeve disposed around a surface of the tubing to
form a fluid chamber therebetween; and

the sleeve including a first portion that is
predisposed to expand substantially under fluid pressure

and a second portion that includes a corrugated region.

24. A system, comprising:
a section of tubing;

a sleeve disposed around a surface of the tubing to

form a fluid chamber therebetween; and
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23. A system conprising: a section of tubing; a

sl eeve di sposed around a surface of the tubing to 5
woanwa2B3Bui d chanber therebetween; and the sl eevaiS2005/034920

including a first portion that is predi sposed to

expand substantially under fluid pressure and a second

portion that includes a corrugated region. ( 24. A

system _conpri siyngs, a section af, t ubiaRgica slkeeees disposed

disposeg'a ound a surface of the tubing to forma , _

f 1 et wehanbenet heahet weed; taedas peeval ey ofoepefaFijng with
el astic nenbers di sposed between, the tuhin he
sl édve Td "G GRE %engﬁﬁetvf? e 4% qrﬁng%glnedgst%qé eeve
to deformthe sleeve.
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