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uses in the drillirg and ¢ on of wellbores fir. an underground
formation and in the mm&m&m&%@ fluids fromsuch cells. " 15 BACKGROUND
OF THE | NVENTI ON z Fl oil, natural gas and water are obtai ned
from a subterranean geol og®®f ormation (a "reservoir”) by d=filling a well

t at penetrates the fluid-bearing .o formati on Once the well has bee n
drilled to a certain dept EXPANDANGHE EURGNG nddD BETEEPorted to p=event
col | apse. Conventional well drilling nethods involve the installation of

a casing string and cenenting between the 1 ~~ 1 a Substitute sheet - 19
Novenber 20D2 SCHL: 0033 68 . 0210 casing and t:-the borehole to p=ovi Ce

support =o= the borehole ShRHET 4 @,L‘Ajéger.roc%tf@;%ﬁaghngo§t,rl ng =n
place, the drilling to rearer—gpﬁwmm—ﬁfer—mﬁ—subsequent
casing string is jnstal the.n xt dri | must _pass._ throu h the

i nner di‘anet er oth e~ ekgPﬁbqglh t qﬂgﬁhef edch thantE PRIBASEAGCFequires
a reduction in-the, bor hoIe dlanEter This re t red ction in the

bor ehol e di aREPEHSEPRAL &P R MR 97 r‘""\?e"rey |5;9/§e”%'§qt°u ar= SGr@ﬁBF%"Ei%\%t ers
to permt a reasonable pipe dianmeter at io the depth where the wellbore
penetrates t A0 %r%%@cPﬂ@V%6+9ﬁ&4(ﬁPD}Hﬁ§tﬁ@€drF0PeFa58é? pof dhof&kednd
multiple casing strings results in nore tine, material and expense being
used than ifJanwd¥y ofén s?2@l borehole could be drilled fromthe surface to
t he producing formation. 15 Various nethdds have been devel oped to
stabilize or conplete uncased boreholes. U S. Patent No. 5,348,095 to
Wrrall et al. discloses a nethod involving the radial expansion of a
casing string to a configurati on MEELD OF THE INVENTION

crstue3eTT>>6tT '" *166 “Mm tute sheet -19 Novenmber 2002 CRGCSS

This invention reiates to equipmeﬁt that can be used
in the rilling and completion of wellbores in aa
underground formaticn and in the preduction of fluids from
such wellé.

15

BACKGROUND GCF THE INVENTION

Fluids such as oil, natural gas and water are cbﬁained
from a subterranean geologic formation (a “reserveir”) by
€rilling a well that penetrates the fluid-bearing

20 formation. Once the well has besen drilled to a certain
depth the borehole wzall must be supported to prevent
collapse. Conventional well drilling mekhods involwve the

installation of a casing string and cemenzing hetw=en tns



~0 | arger dianeter. Very large forces are needed to inpart the radial

def armation desired .n this nethod. In an ef fort to decrease the forces
needed to expand the casing string, nmethods that involve expanding a liner
tzar has 2 1 ~~ T n Substitute sheet-19 Novenber 2002 SCHL: 0033 6B .
0210 longitudinal slots cut into it have $astityie shosted19 NovBmbaa2802s Nos.
5,366, Gl2 and 5,667,011). These nethods involve the radial defogdmigyss of
the slotted liner into a configuration with an increased di ametergdygsqg
runni ng an s expansi on mandrel through the slotted |iner. These nethods
still require significant anobunts of forces to be applied throughout the

entire length of. the slaotted |iner. A_probl em sonetine encountered . while
drilling a wef3*¥&F i1 (F]Féqﬁ %sos‘eb‘ Earﬁ?l?hévﬁeuirgd‘;oﬁ't% ‘sou'b'ilg}"er aq:noe'é?ﬁ Shes.

The loss of drilling fluids usually |eads to increased expenses byt can
result in a b%?%%ecol PEp&e ﬁﬁﬂe%t%’o%tar yca'sf’ipsghi%'l‘]%bi“'tpéﬁﬁ&?dvg:}‘et he
drill string or other tools that were in the well. Various additives are
commonl y used?5 Mighith SRE23FF| FERYRT | TAUSYERE Y s&4ITe3T £3C8ss s

circulation zones, such as cottonseed hulls ar esﬁ,:)r/nt hetic fibers. Once a

vel | is put iSYOFECHREEE 6ASARTI RETING oFS sHfFald o orfeh&eftoduditAgPE6r mat i on

can lead to undesired fill within the wellbore a..”.d ca n damage val ves
and ot het proWsét Pessr shapeabetis privs AT SReEheds they 626688 -at £8npted for
sand control . 3 .' Substitute sheet -19 Novenber 2002 SCRL: 0033

this manner each change in casing requires a reduction in
the borehole diameter. This repeated reduction in the
borehole diameter creates a need for very large initial
borehole diameters to permit a re;sbnable pipe diameter at
10 the depth where the wellbore peneprates the producing
formation. The need for larger boreholes and multiple
casing strings results in more time, material and expense
being used than if a uniform size borehole could be drilled

from the surface to the producing formatiocn.

15

Various methods have been developed to stabilize or
complete uncased boreholes. U.S. Patent No. 5,348,095 to
Worrall et al. discloses a method involving the radial
expansion of a casing string to a configuration with a

20 larger diameter. Very large fecrces are needed to impart
the radial deformation desired in this method. In an
effort to decrease the forces nesded to expand the casing

string, methods that involve expanding a liner that has



68. 0210 the present invention is directed to overce®~ir~g, o. at |east
reducing the effects of one cr rlore of the problens set forth above, and
can be useful in other applications as s well. SU-2p.RY OF Tf: E | NVENTI ON
“:according to the present invention, a tecrnigq~,:e is provided for use of
an e~,roandabl e bistable device in aio b hpl e. . The bj '
is.stable in a first contracted configuragﬁﬁﬁﬁﬁﬁﬁsgggéb nggggﬁggﬁ%ggp
configuration. F~ exer~pla~-y device is generally tubul ar, hav?ﬁgLéD?é?ger
di ameter in the expanded corfiglLration than in the contracted 8.0210
ccnfiguration. The technique also may ~s utilize a conveyance nmechani sm
able to transport the bistable device to a Iccation in a s~:bterranean

borehol e. Fvrfibeginodénal helbistad emteviice heare beenopsbpusedd (UnSvari ous
configurations for a variety of applications. 3U BRI EF DESCRI PTI ON OF T~

Ds' t AWNGS Theatsxestines. W) 3sdhereafdner shesdesani bedThietl netleseance to the
acconpanyi ng drawi ngs) wherein |ike ref~=erce n~.:.nerals denote |ike

el enents) andindolvé EnSUbsdidute et ionl@iNerenbes: 20821 Se&F 33
ss.oalo Fic,2:res A and 13 are illustrations of the forces inposed to nake

a bistable stEyckuseraSid LU 27 80823 a8Navahorce-gof Hoctian Lurves of
two bistable structures; Figures 3 - 3F illustrate expended and col | apsed

states of. thr i siabl g S M aci.Qu Lckn at ifsie s hgu.es 4A
&@DQA%@?S&. Hd1 mrt:ﬁgﬁ tha éé&l@ké&.fﬁefa %sdeegn{:'r}]‘%lés

and 43 illustrate tabl e e~-pandable tubular in 1ts expan

col | apsed st alesiy FLanies 46.an3;40nt! Lusthateoa Blatable mxnandable 1 s

tubular in c apse states wthin a well bore; ures 5~ and
onad o8 1 PRy IR, Hhel eATEE 1iBRa s VBl e I D AR S ey S
_ patker Typée o eployment ‘devi ce;
2 problem sometimes encountered while drilling a well
.ﬁ is the loss of drilling fluids into subterranean zones.
The loss of drilling fluids usually leads to increased
expenses but can result in a borehole collapse and a costly
“fishing"” job to recover thé drill string or other tools
that were in the well. Various additive; are commenly used
15 within the drilling fluids to help seal off loss
circulaticn zones, such as cottonseed hulls or synthetic

fibers.

Once a well is put in production an influx of sand
20 from the producing formation can lead to undesired £ill
production related equipment. Many methods have been

attempted for sand control.



Substitute sheet - 19 Novenber 2002 SC.:Z: 0033 68.0210 Figures 7A - 7~
| I'ustrate an expandabl e swaGe type of deployne.”~.t device; Figures 3A - 8D
| lustrate a piston type of deploy:r~ent s device; Figu es 9A and 9H
|lustrate a plug t~-pe of deployment device; Figures 10A and 10H
illustrate a ball type of ~o deploynment device; ure -natic
of a wellbere utilizing an e_xpardabl e b§U§$tﬁ‘HﬁPéh€gbul1§ ovemjger%%{&ére 12
i|lustrates a notor driv en radial roller . deployment device; SGRLE0R33ur e
13 illustrates a hydraulically driven radial roller deployment dé§r€eéi0~o 6
1 1 Substitute sheet - 19 Novenber 2002 SCt 3L: 0033 68. 0210 Figure 14
illustrates a bistabl e expandabl e tubular hav ing a wapp-:~g; Figure 14A
is aviewsimlar to Figure 14 in which the ~s wapp'irg conprises a
screen; Figure 14His a view simlar to Figure 14 show ng another alternate
enbodi nent; |10 Fi gheep2d€ehs Inwerehicsi nisl direot&dgupeotérshnnnhng & ciher
alternate enbodinent; Figure 14D is a viewsir.” ilar to Figure 14 show ng
anot her alterraise eabedingnitie |&k fRdk=axe 4% 5 Mo¥ei 8W ShE bashiamdi gure
14 s'..:owir_g another alternate enbcdinment; Figure 1~ is a perspective view
of an alternglhVveozenhelndPOCidl® .cdn e Lberplesenbehavenbbticatilons as
Substitute sheet - 19 Novenmber 2002 SC.x'l.: 0 033 68.21J L'lJL:re 15A is a
cross-sgc tigg.yqal view of an alternative

SUMMARY OF THE INVENTION

According to the present invention, a technigque is

rrovided for use of an expandable bistable device in a

10 borehole. The bistable device is .stable in a first
contracted configuration and a second expanded
configuration. 2an exemplary device is generally tubular,
having a larger diameter in the expanded configuration than
in the contracted configuration. The technique also may

15 utilize a convevance mechanism able to transport the
bistable cdevice to a lcocation in a subterranean borehole.
Furthermore, the bistable device can be constructed in

various configuraticns for a variety of applications.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will hersafter be described with
reference to the accompanying drawings, wherein like

refererice numerals denote like elements, and:



enbodi nent of the present inven~-ion. s ~ figure 16 is a partial
perspective view ~of a_n alternative e.-nbodi nent of the present invention.
Figures 17A-3 are a partial perspective view and a partial c=oss-sectional
“end vieta respectively of an io alternative enbodi ment of the present
invention. Figure 18 is a partial cross-sggbstinel sheet-vigavowwmiser:2002
ta..-~,Et,-1,. nbC,_=e e. .c~:"2:WO0.~ th E p~e~crw. |InvCnt 5@ .53
While the invention is susceptlble to variolLs nodifications andgg_ga1g
alternative fours, specific enmbodinents t::ereof have been shown by way oz
exas~nple in the cr aw ngs and are he=ein described in detail. Tt should be
under st ood, howaver, that the descriptior_herein of .o specific

enbodi ments i s not inter ~ded to 1 imt the i;.ve.” tion to the particular
fer:;,s disclosed,_buy nheaét%t gtsrar~) {{% ,_,Substl_tq_t eet -

Novenber 2002 SCJ-lIf‘(%§§S6§’ 163 At &nt Lh‘?%at‘oovb%v%‘r rESEi cetl 0-~s,
equivalents, ar_d alternatives falling within the spirit and scope o: the
i nvention as ‘dBTASTEd LRy "RKE & BéﬁH%lal‘El%t‘fﬂtC“ﬁjETAl LED DESCRI PT20N OF
EXEMPLARY EMBODI M- ~TTS Bi stabl e devices used in the present invention can
take advantage of a principle illustrated in FiGores 1~ and 1E. Figure 1A
shows a rod 10 fixed at each end to rigid supports 12. If the rod 1Qis
subj ected to an aXighrfordeand 2B Heqy norae-deffdeotions cyyea PR Fvgure 1B.
As the axial force is increased rod 10 ultimately reaches its Eul er

buckl i ng |i nbt.s&abdldesteutsutespne of the two stable positions sho~, -n as
14 and 15. If the buckled rod is now clanped in the buckled position, a
force at rig:t anBiesrés 33 +hEF lidigsodasecaxpeatied thd rolllapserdve to
.either of the stable positions but to no other position. 4v"~:en the rod
IS subj ect edstetasl| af etldeé dbLecddlantsdtl Inowe thhrangbuanthl clg?sss

ratios;

Figures 4A and 43 illustrate a bistable expandzble

tubular in its expanded and collapsed states;

Figures 4C and 4D illustrate a bistable expandable

15 tubular in collapsed and expanded states within a wellbore:

Figures 5A and 5B illustrate an expandable packer type

of deplecyment device;

20 Figures €A and 6B illustrate a mechanical packer type

of deplovment device;



f3 before deflecting to its row stable position. zo Bistable systens are
characterized by a force deflection curve such as those sho~~-n in =
ig,:res 2~ an d 2B. The e:~cterrally applied force 1o causes t a rod 10 of
Fig. 13 to nove in the direction x ar_d reaches a maxi nrum 1B at 9 '
Substitute sheet -19 Novenber 2002 SCH-: Qgﬁéitﬁ%s@@éﬁ)—ﬁgr@o@h&ﬂr2@@25hi =tin
g fro: ona stable configuratio:: to the other. Further deflectiep [ggs4res
less f once because the syste::~ n ow has a negative spri.”. g ragg. ¥9
when the fcrce becones zsro the deflection to the secor_d stable positfron s
i s sponteneoas. The force deflection curve for this exanple is synz.;
~etrical and is illustrated in Fiqure 2A Hy introdgcipg either_a -
precurvature to t BR2IFBRS of*an 10 HSYVSTHAEEr PR BYORRCEReEi BREFReTYRT c*F

defl ection curve can be_made asymmetric as sho-,an in Figure 2B. In this
system t he f BEREOYDERRr€RYEERt 0 cause the rod to assune or_e stable
position is greater than th a force 20 re~;uired to cause the reverse
deflection. Tre force 20 nust be greater than zero ~s for the systemto
ha~e bistable characteristics. Bistable st n:ctures, sonetines referred to
as toggl e devi cesFidaves [Bfen BPedlilnstndusta , pisrosunirelend ceplagmfdrexi bl e
di scs, over center clanps, hol d-down devices a=d .0 quick rel ease syste_ns
fo= tension @éables; (such as in sailboat rigging backstays). 10 Substitute
sheet -19 Novenber 2002 SCfii:4033 68. 0210 Instead of wing the rig=d
supports as shown in Figures 1A and 1F, a cell can be constrl:.cted where
the Yestraint is provided b~,r curved struts connected at each end as shown
in Figures 3A - 3Hgu-desbaehhagtir pgsiPluatue?? 2 plug type of deplovment

device;
Figures 10A and 10B illustrate a ball type of

10 deplcyment device;

Figure 11 is a schematic of a wellbecre utilizing an

~ expandable biétable tubular; .

15 Figure 12 illustrates a motor driven radizl zoller

deployment device; and

Figure 13 illustrates a hydraulically driven radizl

roller deployment device.



s have the saT~e thickness as shown in Figures 3A and 33, the force
deflection curve is linear an d the cell |engthens when conpressed fromits
oven position Figure 3B to its closed position Figure 3A. If the cel

"~ struts have different thicknesses, a5 ShO-n~ in Figures 3C - 3F, the ~o
cell has the force deflection~characteri sSubstitsteaheet # 10 Novem!zB, 20802d does
not change in length when it noves between its two stabl e positsoms: odms
expandabl e bi stabl e tubular can thus be designed so that as the~rggli@ 10

di mensi on expands, the axial length re.nains cons~ant. In is one exanple,
if the thickness ratio is over appro:cimately 1 2:1, the Y~eavier strut
resists |ongi tudi nalo.changes 3¢.c2agl st beatall opladlicl-dosiiin strut
di : neai or _s, the openi'ng and ¢l osing forces can be changed. For exanpl e,
Figures 3C and 3D il]lustrated a thickness ratio of ao approximately 3:1,
and Figures S‘%Valnnc? fF‘“irlaIp%sTf%gate a Tt hi c:;res s ratio of approxi:~at
ely 6 : 1 . expandable bcre bistable tubular, such as casing, a 11
Substitute sheet - 19 Novenmber 2002 SC '-iL: 0033 68. 0210 tube, a patch,
or pipe, ca® be constructed with a series o. ci rcur.ferential bistable
conetted cells 23_as shown.in Figures 42. .and 4B,_.where .each t_hi rut 21
is cch~ected to glgﬁffkﬁgérﬁ? igvlﬁ%ﬂi§W%)%ﬁt§ﬁﬂﬁﬁﬂdﬁﬁ B ﬁ@&cgfiéﬁcz a
s tubular can _be podified by chan igg the length of the cells and ry
connectit g &AERPFEH SFmE€F¥§Svﬁt$%?1?ﬂﬂmniant link. rFUrthex, the force
defl ection characteristics and tY~e longitudinal flexibility can al so be
altered by the design of the cell shape. Figure ~A illustrates an
expandable io b,istabl a tubular 24 in its e.~cpanded configuration while
Figure 4~ illustrates the, expandabl e bi,st.gbl e tubular 24 in its contracted
or col | apsed conf?b%?%fii%ﬁ t?ﬂW%qWﬂ%iqﬁiﬁﬁ 58t?69ufﬁelﬁeFﬂ?w&BFIapsed is
used to identif¥ t he cor figu;ﬁ%{on of the bistable eler~ent or device in
the i s stabl 8*8t3¢% it 9%E&eFia. -neter, it is not meant to inply
that the el enment or device is danaged in any way. In tre collapsed state,
bi stable tubular 24 is readily introduced into a well bere 29, as
illustrated in Figure 4C. Upon placenent of the bistable tubular 2~ at a

desired ~o wel |l bore location, it ii;s expanded, as_illustrated in Figure 4D.
12 10 Figure 14C is a view similar to Figure 14 showing

gnother alternate embodiment;

Figure 14D is a view similar to Figure 14 showing

arnother alternate embodiment;
15

Figure 14E is a view similar to Figure 14 showing

another alternate embcdiment;

Figure 15 is a perspective view of an alternative

20 empbodiment cf the present invention.



Substitute sheet -19 Novenber 2002 SC:iL:0033 68. 0210 The geonetry of the
bi stable cells is such that the tubular cross-section can be exparced in
the radial direction. to increase t:~e overall di~=neter of the tubular. ~s
the tubul ar expar_ds radially, the bistable cells deforms elastically
until a specific geonetry is reacred. rtghpdtgute@haet +he Novetedelr@002! | s
nove, a.g. shap, to a final expanded geonetry. Wth sone naterggas: @l or
bi stabl e cell designs, enough energy can be released in the el asgg o310
deformation of the cell (as each bistable cell snaps past ~o the specific
geonetry) that the expanding cells are ab' _e to initiate the expansi on of
aajoir_ing bistable cells past the critical bistable cell geonetry.
Dependi ng on the deflection curves, a portion or ~eve:z an entire 1 ength
of bistabl e expandabl a tubul ar can be expanded froma single i5 point. In
like manner if ragighrecopiessiye-foyscezcaienaieried of an skpandedve

bi stable tubular, it contracts radially and the bistable cells deform

el astical ly uRbbl:iReZe 6fiihead-aa0Lhvenzisnleached. At this point the
bi stable cells snap to a final collapsed structure. In this way the
expansi on of the bistable tubular is reversible aad repeatable. Theraicre
t he bist~ble tubular can be a 13 Substitute sheet -19 Novenber 2002
SC.iL:0033 68 . 0210 reusable tool t:~at is selectively, cha~!ged between
the a}handed statg; do s~ éd Q= baliclaflgddeg=cA Pads-i&p epld-apsed state as
shown in Figure 43.7s In the coll apsed state, as i-~ r*igure 4B, the
bistabl e expandabh & HHDWMod sebAsoly chBsgréahi riddedi el | bore and

pl aced into position. A deploynment device is then used to , change the
configuration fromthe coll apsed state to the expanded state. 1D In the
e~cpanded state, as in Figure 4A, design contro

Figures 17A-3 are a partial perspective view and a
partial cross-sectional end view respectively of an

10 alternative embodiment of the present invention.

_Figure 18 is a partial cross-sectional end view of an

.« - N P * - []
alternative embediment cof the present invention.

15 While the invention is susceptible to various
modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawirngs
and are herein descriked in detail. It should be
understood, howewver, that the description herein of

20 specific embodiments is not intended to limit the invention

to the particular forms disclosed, but on the coatrary, the



of the elastic ma~erial properties of each bistable cell can be such that a
constant radial Force can be applied by the tubular wall~.to the
constraining wellbore sur~ace. Tr~e ~5 material properties and the
geonetric shape of the bistable calls can be designed to give certain
desired resLIts. Gne exanpl e of resigninggfigstitgeichast =1dNdvether@sopts i s
an e~: pandabl e bistable t~ular string with nore than one zo di €L0033

t hroughout the iergth of the string. This can be useful in boreho }@Sogué
very:_ng di aneters, whetrer des=gned that wa ,~ or as a result of

unpl a: : ned occurrences such as fornation ~:;ashouts or ke .seats within the
bcre' ~o| e. 1~ Substitute she l gb enber 2002 SC_LL 0033 S8 0220
"I~is al so c%r’r‘l HeEHehets ctr°alco\70ﬁena|l PECHaSrFatOTd haFar S D 1T ottt :

bi st abl e expandabl e devi ce_ | qcat ed |ns|de a cased section o the mhlle
Soter port ] LSRR Tl Ao RihBe0 CEe FEIEbr THO RETRS i gl 11
illustrates s one exanple of this condition. A wel]bore 40 is drilled from
the surface ABvaRFiHr 25iaféscsd BYsEResRRPFRFEA4 e openhol e secti on
46. P~ e;cpandabl e bi stabl e device 48 havi ng segnents 50, 52 with various
dianeters is placed in the well. ?he segment with a | arger diameter 50 is
used to io stabilize the oper~hole section 40" of the well, w-:ile the
segnent having a reduced di aneter 52 is |ocated |n5|de t he Cased section 44
of the well. Bistabl® : ACIZTNC EZEMP < 4P M

designed to a||OM/SECtI0nS of the bis~abl e expandable ' tubular to be

j oi ned together i Bistabier fryioes usedd in ey Ryafsnty ivensdws peinci pl e as
illustrated in :figure 4~ and 43. This bistable con.zector 24~ al so

i ncor por at es takki stigbheagel bf despgimadmie alllossriatedo iex Fagdreadial &yd' o
usi ng the same r;~echanis:n as For the bistable expandabl e tubul ar co;
rpone: ~t. Exés~pl atgubeslAabshewsannest drs fhaed atdicarmdt endskbghigid | ar ger
that. t?~e expandable t~~bul ar sections that are being joined. The

bi stabl e cersupptotsi $2. If the rod 10 is subjected to an axial ferce

10 it begins to deform as_shown in Figure 1B. As the axial
force is increas;d rod 10 ultimately reaches its Euler
buckling limit and deflects to one of the two stable
positions shown as 14 and 15. If the buckled rod is now
clamped in the buckled position, a force at rlght angles to

15 the long axis can cause the rod to move to either of the
stable positions but to no cther position. When the rod is

subjected to a lateral force it must move through an angle

3 before deflecting to its new stable position.

20 Bistable syvstems are characterized by a force
deflection curve such as thoese shown in Figures 22 and 23.
The externally applied force 16 causes the rod 10 of Fig.

18 to move in the direction X and reaches a meximum 1B at



15 Substitute sheet -19 Novenber 2002 sc::z: ao3s 68. 021 then placed
over the ends or t?". e two Sections a.:d r.-~echan ically attached to the
expandabl e tubul a= sectio:~s . ~2echanical fasteners such as screws, .
rivets or bands can be used to cor~nect the corrector to the tubular
sections. The 5 bi Stable connector t~. - @ualiue siscatesi @Nedemnber 2002 an
e~-pansion rate that is conpatible with the expandabl e tubul arg§£chig@Rs, so
that it continues to connect the two sections after the expansi gy _ghijphe
two seb~nents and the connector. Alternatively, the bistable corrector can
have a dianmeter s:;laller than the two expandabl e tubul ar sections joined'.
Then, the cor_~,ector is gngggged,inside on:gﬂ%tendg.ofvgue L~~buggrs and
mechani cal | y*FastEiRed Ofs SGtsca89ed 78 FhovE* bt FEF - dH e “Robr g
involve the rnachinir g of the ends of the tuhular sectior s on ejther
their inner e GH-SHFFaEEs BEC1 o i S SHRTILAFr G062 PRCRHPEN FRe
corrector is located. A cor..”. ector des~Gied to fit into the recess is
pl aced in t YS9y FTRE BoTSSRELVP TRAATF FRI8N2DR W& NEERaAFPESE| y
attaci:ed to the ends as described above. In this way t-"e coru--~ector
forms a rel &9apslep EEGShtRgpBeEbamiekd diP Viiiteh SBRE-AUBGER: esPesE bA’? 16
Substitute sheet -19 Novenber 2002 SC~~: 0033 68.021 A conveyance device 31
transposts tise spostarabesexpa: ~dabl e tubul ar | e=~gt hs acd bi stable
connectors into the wellbore and to the correct position. (See Figures 4C
a_nd 4D). The conveyance device may utilize one or nore s mechani sns such
as wireline cable, coiled tubing, coiled tubing with wireline conductor,
drill pipe, tubi ogeoforasidefr ]l dep @:ym:metfdevthiasSéxam.plbeiincorporatedi
into the

symnetrical and is illustrated in Figure 2A. By

introducing either a rprecurvature to the rod or an

10 asymmetric cross section the force deflection curve can be
made asymmetric as shown in Figure 28. In this system the
force 1% required to cause the rod to assume one stable
positicn is greater than the force 20 reguired to cause the
reverse deflection. The force 20 must be greater than zero

15 for the system to have bistable characteristics.

Bistable structures, sometimes referred to as toggle
devices, have been used in industry £for such devices as
flexible discs, over center clamps, hold-down devices and

20 quick release systems for tension cables (such as in

sailboat rigging backstavs).

10



to bottom hol e assenbly to expand the bi stabl e expandabl e tubul ar and
connectors. (See Figures 4C and 4D). Depl oynent devices can be of

nu., .erous types such as an infl atabl e packer elenent,. a necha.”_ical
packer el enment, an expandabl e swage, a piston apparatus, a nechanical is
actuator, an electrrcal sol enoi d, a plug gyenAPRRESLLSY NSvEmber gooa cal |y
shaped devrce pul I ed or pushed through the tubing, a ball type apparatus O
a rotary type expander as further discussed below. 'o pn infl at 3®&#¥e Packer
elenment is showy in Figures 5A and 5B and is a device with an infé&tQl®

bl adder, element, or bellows incorporated into the bistabl a e~cpa:~dable

tubul ar s~.stern bottom hole assenbly. In the iliustraticn of 17
Substitute sheet - 19, Noveaber 2002 3Gl 0833 6BrpoHREOak €hownin ™ 25 is
located i i gure 5A, t..e a;latable pack el a ~. inside the entire Iength,

or a portion, rof,the if_dddals col lapsedas B ecbistablectubulas 3k a. . . d
any bi st abl e expandabl e connect ors (:got show.:? . Once the blstable S

expar . Cabl e tugyiaé Y SLBIR @ed B egu,@&ts@epigva&%eéi%@ then
|nflatable packer elenelt 25 iI's expander radially by punping fTuidinto

e device aga3noyndd.d i ¢ wé’é 3ihe h“f'af* a4 ul d-gar 51be augped

fronlthe surface throur dri Il |pe a nechani cal “punp, or io

via a doy nhql & eltkctrl cal t%u%ggl chi s Doye (;‘Fr\c/%‘%‘%% £l i1 o %gbl:ﬁe

the infl atabl& pac er “el ene; expands; it e “bis
= tain, ~ansi on

expandable tu ul ar to. al so_expa: di a
di anet er, qrqg’FféggﬁFéoﬁaEEeg efen%n % %éd }F% |s H§?§“ FFS in the
~S tubular to reach a criti

where L t abl ffect
nitiated, ziFThéBPEEARFES Exsﬂna B Tt G SR onBar caE 0 | 15

fir aI dranet . c final
%osed pos;tlox Flgure 3A. If the cell struts have

different thicknesses, as shown in Figures 3C - 3F, the

10 cell has the force deflection -characteristics shown in
Figure 2B, énd dees not change in leagth when it moves
between its two stable positions. 2n expandable bistable
tubular can thus be designed so that as the radial
dimension expands, the axial length remainé constant. In

15 one example, if the thicknéss ratio is over approximately
2:1, the heavier strut resists longitudinal changes. By
changing the ratioc of thick-to-thin strut dimensions, the
opening and closing forces can be changed. For example,
Figures 3C and 3D illustrated 2 thickness ratio of

20 approximately 3:1, and Figures 3E and 3F illustrate a

thickness ratio of zpproximately 6:1.
An expandable bocre bistable tubular, such as casing, a

11



i nfl atabl a packer eleme nt 25 is deflated and renoved fromthe depl oyed
bi st abl e expandabl e tubul ar 24. zo A nechani cal packer elenent is show. - in
:'figures 5a and 0'3 a:~d is a device with a defornmabla plastic elenment 25
t hat expanGS radially When ConpreSSed in the axial 18 Substitute sheet

-19 Novenber 2002 SC-:L: 0033 68. 0210 déﬁ@&&&t@%he@ﬂﬁ 15N &Rntserooopr ess the
el enent can be provided through a co: npressio:~ nmechanism?27, sLCh as a

screw rnecha: ~.is::~, cam o. a hycraul is piston . The rlecrafif&ht 0pdEker
el ement depl oys the bistable expendable s tubul axs and connect or§8i 92l he
same way as the inflatable packer elenent. The deformabl e plastic el enent
25 applies an outward radial force to the inner circunference of the

bi st abl e expan#abl & babtharsr antbsozecher spnakkanted whem &nséxii¢s tad
expand froma contracted position (see Figure ~0 6A) to a fir al depl oynent
di aneter (seeiFicgwEer&B)iaB-vexpaidakioanswage £a13BCpA_aknsibgures 7A - 7J
and conprises a series of fingers 28 that are arranged radially around a

coni cal mandeehy30s i HKEUTA HU o/ Ca8R0WRShdEEruES28Ndst 0P Ve OV to
respectively. W _:en the mandrel 30 is pus'~ed or pulled tarough the

fingers 28 theypexpand-radial IpnHybwatdsa;as i Flaseraied, id: Higues 73 ar_d

7D. An expan abl e swage 1s used in the sane manner as a nechani cal packer

elenment fo dephoy.2 dl3hablf @eiandabl enl il AT 2800 20, CONNIPGHA ARl ston
In Frgures - an

;
type apparatus 1S show - d conprises 'a ser_es o

pisto. " s 33.1a0kpadadialibg Ly SHOSE LUt Sheat 4 d&Navenper; ,2002

Further, the force deflection characteristics and the
longitudinal flexibility can also be altered by the design
of the cell shape. Figure 4A illustrates an expandable

10 histable tubular 24 in its expanded configuration while
Figure 43 illustrates the expandable bistable tubuiar 24 in
its contracted or collapsed configuration. Within this
application the term “collapsed” is used to identify the
confiéuration of the bistable element or device in the

15 stable state with the smallest diameter, it is not meant to
imply that the element or device is damaged in any way. In
the collapsed state, bistable tubular 24 is readily
introduced into a wellbore 29, as illustrated in Figure 4C.
Upornl placement of the bistable tubular 24 at a desired

20 wellbore location, it is expanded, as illustrated in Figure

4D.

12



68. 0210 outwardly and used as a necha_”"_is:~ to expand the bistable
exp, ar: dable tubular s ar_d con-~ec tors . Wen ever gi zed, the pistons 32
apply a =adially directed force to deploy the bistable e:~-paadabl e tubul ar
- asse..wWy as per the in=latable s packer eleme.~t. Figures 8A a:~d SC
illustrate the pistons retracted wle Fi gsgtitdBhastd e@mb@mbbhgg@z stons
extended. The piston type apparatus can be actuated hydraulically,
mechanically or electrically. m. A plug type actuator is ill ussCEl=cP3I N
Figures A and 9B and conprises a plug 34 that is pushed or pull edg&.lrammh

t he bi stabl e expandabl e tubul ars 24 or connectors as shown in r”ig~=re 9~.
The plug is sized to expand the bistable cells past treir critical point
where they will sroap débecss fisnaheexparaded dhanet e ascshghatinden Figure

93. i A ball type actuator is shown in Figures 10~ ar_d 10B end operates
when an over s dald- A6 's%ceueaeeathaeugﬂat he=i el e of fhie, bista:~le
expandabl e tu ars 24 and ~o connectors To prevent fluid | osses through

1S S o SIS S ot b 1080, o9 e g e |

bi st abl e expand ar-’s acts as a se allcms
the ball 36 t d=aul I : bst te et -.19_Novenb
2002 SCFT. L: "%o%%%% ‘bﬁ%"’octaeﬁPS%Sg fﬁgP%?Jsﬁ’ AbTeE liDtrf)utlaabLh gﬁ Gt e
The effect of h the histab d
e L g armis

critical blstable h_ g?mnn% Lg expa:aion s to take pl ace as shoT, ~n
in Fig~re 10§‘:”‘6t E‘t e SERSLEbF & B fahtab| & F-ubiidErs B4nd é&FF‘ ctors are
expanded, the el astqmer sleeve 38 and ball 36 are Wi rawn., aadi aI roller
type act uat oF¥PEPEECHROBE T ed 1o} & WD At FHE 151 §¥Q%Pe béE&PELe sect i ons.

Figure 12 illustrates a notor driven expandable radial roller tool.
cell designs, enocugh energy can be released in the elastic

deformation of the cell (as each bistable cell snaps past
10 the specific geometry) that the expanding cells are able to
initiate the expansion of adjoining bistable cells past the
critical bistable cell geometry. Depending on the
deflection curves, a portion or‘éven an entire length of
bistable expandable tubular can be expanded from a single

15 point.

In like manner if radial compressive £forces are
exerted on an expanded bistable tubular, it contracts
radially and the bistable cells deform elastically until a

20 critical geometry is reached. At this point the bistable
cells snap to a final collepsed structure. 1In this way the
expansion of the bistable tubular is reversible aad

repeatable. Thersfcore the bistzble :=ubular can be a

13



The tool conprises o:~e cr ntre sets oz ar ns 53 that ara . expanded to a
set di‘:.rieter by neans of a nechanismand ' pivot. On the end of each set
of arms is aroller 60. !'s - Centralizers 62 can be attached to the tool to
|l ocate it correctly inside the wellbore ar_d the bistabie tubular 24. A
notor 6~ provides the force to rotate th I ;. kBl HHes ning the
rollers) circu~"a~erentially ins=de the §%¥?@g§é$§$ﬁe1g£¥geof tﬁgg$ollers)
is such as to allow ~o the rollers) to rotate freely when broug®iliiRde
contact with the in ner sur=ace cf tr~e tubul ar . Each roll er €xm21k
cor_ically-shaped in section to =ncrease the ccntGet area of Yoller surface
to the iraer wall cf the tubular . The 21 Substitute sheet -19 Novenber
2002 SCHL: 0032.681:02! Dot Dl tredts iy @elecicizaliyycretgatt petwee?. the he tool is
rLn irside the ccll apsed bistable tubular . The tool is t?:e n rote=ed by
t' _he notor @4pzasdaroties =H6Q e T8Yedcouewas diyd t Ohs 0Fd Bdpdd® i nr_er
surface of the bistable tubular. Once in s contact with the tubular, the

rollers are piyekeds ot wat dl-y =3 gkeakar distance to apply a:~ outwardly
radial force to the bistable tubular. The outward novenent of the rollers

car be accv:nplisied via centrifugal force or an appropriate actuate=
r~echani s: a coupl ed betwee n the notor 64 and the io rollers 00. The final

pi vot position is.adjusted.t.qo_a.poL wher e t he bj st e .tubul.ar, be
expa~ded to the ff%gtjlhedicéa%t"%rsfﬁ. gf'gg?bo?gi%" {}ﬁ'éﬁjﬂeon’gl't u“dﬁ%r%élgltfgfafqoved
t h=ough~ the col | i_stabl e_t ubul ar fMgAeathe i ot or..continues to

apsed ~s his . A
route the pi ,e’;"%?n%%sl% té‘rs?dﬂl’aol F&r §25ThE FHTTeTE FatToWE LRarPsReharfeal
path o'S J.n57.de the bistable tubylar,.expanding.the histable cells in
Phelt pat . BHASE Ik SEagRsSPubol ar s ARy ot 2 3R BoBR Fon 1
stopped a~:d the roller ~q,rztracted, The .tool .i.s then wthdra~- fromtre
b: stabl e t ubtfERSHYEE E@PrigﬁﬁﬁEéO%e©§?¥a?ﬁ?tﬁ%%;agﬁ§§'ééﬁgﬁetﬂséaeto i nsert
the tool. 22 f Substitute sheet -19 Novenber 2002 SCHZ: 0033 68. 0210
rigure 13 i I RATR%eS 4 Rydra~~lically driven radial roller depl oy- me=~t
device. The tool co:aprises one or nore rol le=s 50 th at are brought into
contact®with the in.~e~ :

In the expanded state, as in Figure 4A, design control
of the elastic material properties of each bistable cell
can be such that a constant fadial force can be applied by
the tﬁbuiar wall to the constraining wellbore suriace. The

15 material properties and the geometric shape of the b%stable

cells can be designed to give certain desired results.

Cn2 example of cdesigning foxr certain desired results
is an expandable bistable tubkular string with more *han one
20 diameter throughout the length of the string. This caa be
useful in boreholes with varying dizmeters, whether
designed that way or as a result of unplanned occurrences

such as formation washouts or keyseats within the boreshole.

14



surface oz the bistable tubular by neans of a hycL aulic s piston 70. The
e~.:twa=d radial force applied by the rollers can be increased to a pci at
where the bistable tubular expands to its fir_al diameter. Centralizers 62
' can be attached to the tool to locate it correctly inside the well bere and
bi stabl e tubular 24. The rollers 60 are -gupshtitahéat L ¢ NaGegBepR002 he t ool
is run into the collapsed bistable tubular 24. The rollers 60 %r,,g$%§

depl oyed and push agair_st the i~!'side wall of the bistabl at nga 13 to
expand a portion of the tubular to its final dianeter. The entir 8¢ 8810 s

t hen pushed or pulled longitudinally through is the bistable tubular 24
expanding the entire length of bistable cells 23. Once the bistable tubular
24 is depl oyddhis slise® erpabedeansidzia! e g7 diss BFiarasl 6t Maveed and
tl:e tool is withdraw,: fromthe well bo~e by the conveyance devi ce 68 used
to insert it poxnright ofi hye~bishebhxisEndsd o gldvéce ®cattied ttoskdeaa be
rotated via a notor as it traT~els lcr_gitudi: a |y t:zrouch the b'_stabla
tubul ar 24. 2&sedSskstibat eZstieetwellld Widvierber 282 pSCE3LN003316820240
?ower to operate the dept cy:re:.t device can be draNn r fromor_e or a
cor~, bi nati oAnCan §AUEEES S&Ehi®s oFleet kietdl. povwenre 1pphiedseribes _rom
the surface or stored in a battery arrangenent along with the depl oyner.t

device, s hydneabkbepDOVWSF ©HOVIclakibY osUr f AcRetindow whoke gumBSeaturbi nes
or a fluid accunmul ator,” and mechani cal power supplied thro~~gh an

appropri ate kipkagge aghreies 4y S @ohekib=8PR! tedeal sEBe: SHriAcDrastored
downhol e such as in a spring nechanism |0O The bi stabl e e~. ~pandabl e

tubul ar syst gauhso desigieth:sad he dinkghrakadia. n0st gh1ef gbhecdepd oyed
tubular is e~cpanded to mainta.i'n a maxi num cross-sectional area along the
having segments 50, 52 with various diameters is placed in
the well. The segment with a larger diameter 50 is used to
10 stabilize the openhole section 46 of the well, while the

segment having a reduced diameter 52 is located inside the

casad section 44 of the well.

Bistable collars ox connectors 24A (sée Figure 4C) can
15 be designed to zllow sections cof the bistable expandable
I tubular to be jeoined toéether into a string of useful
lengths using the same principle as illustrated in Figure
4A and 43. This bistable connector 24A also incorporates a
bistable cell design that allows it to expand radially
20 using the same mechanism as for the bistable expandable
tubular component. Exemplary bistable connectors have a
diameter slightly larger than the expandable tubular

sections that are being joined. The bistable connector is

15



expandabl e tubul ar. This Feature e::ables nono-bore wells a to be
consttructed and facilitates elimnation of problens associated with
traditional wellbore casing systenms where the casir_g outside dianeter must
be stepped down na~y tinmes, restricting access, in long wellbores. zo The
bi st abl e expandabl e tubul ar system can Ignafptd stedt' 0 Nogerab@t 2002at i ens
such as a:. ex= a ndable open role liner (see Fig~re 14) where the bistable
e~~a.” . dabl e tubular 24 is used to support an open hol e crnatisgxikgo3z
exerting ar_ 24 Substitute sheet - 19 Novenber 2002 SClilL: 003%3.82102l0
e:~tern al radial force on the wellbore surface. ~s bistable tubular 24 is
radially expanded in the directio:~ of arrows 71, t'.”. e tubular :roves

| nto cont act yi h 1) SUSAce LOS L Ng: vild hore 20.. (Wase padi al for ces

help stabilize the s formations and alTow the drilling of wells with fewer

conventional _casing Sttj %%%,Cigﬁagge&ggée%%-d’é‘ylealt%%#(i?n canpLLse a

material, e.'g. "a " Wwrapprn r edu e rate 0 Ffuird 'oss fromthe
wel I bore into the formations.  The wapping 72 ca.n be : lade.froma variety
of material $EFIHEPIIFRG ~8xp5ﬁd§b¥% SRR R atd 6 5o Phs PONEF| GOt b
materials. By reducing fluid loss into the orna%%ﬁr s, tre expense of
drilling fl SRS E&n CRBRPER~LREICHRFT Y % KERST “MO%FAG EPFELPREr oM d: or

borehol e col | apse _can be mni:~ized. 1 ~s Liners also can be used withir_
vel | bore t ubRilstelEoFOPBEPBIESEERATR B dér CESEERSFr 5PeBRY 2R One exanpl e of
a corrosive environnent is the enviroru-;Zent that results_when carbon

di oxi de i s @@ansdoBnhaAReetoRt FeALiRLenWaTHr 6B8cPIERR®RRAER i on. Car bon
di oxide (C02) readily reacts zo with any water (~=0) that is prese.”.t to
form car bo: tjduiardsections, so that it continues to connect the two ;

secticons after the expansion of the two segments and the

connector.

Alternatively, the bistakle comnnector can have a
diameter smaller than the two expandable tubular sections
joined: Then, the connector is inserted inside of the ends
of the tubulars and mechaﬁically fastened as discussad

15 above. Another embodiment would involve the machining of
the ends of the tubular sections on either their inner or
outer surfaces to form an annular recess in which the
cornnector is located. A connector designed to fit into the
recess is placed in the recess. The connector would then

20 be mechanically attached to the ends as described above.

In this way the comnector forms a relatively flush-type

connection with the tubular sections.

16



(~=C03). O her acids can also be generated, especiall__ if sulfur conpounds

are present. “ubulars used ~o0 inject the carbon dioxide as well as t'.-iose
used in p=oducing wells are 25 Substitute sheet - 19 Novenber 2002 SCFI L:
0033 68) 0210 subject to gre tly el e~alLed ccrrcsicn rates. The p=ese nt

invention can be used for placing prot ecShB?titbielrh‘?{e%t—aﬂgq'\lé\Péﬁb@dO@”' ar 24,

wthin an existing tubular (e. g. tubular 73 Illustrated wth das~"ed |ines
in Fire 14) to s ninimize the corrosive effects and to extend ERELE3RES|
life o~ the wellbore tubulars. ~~other application involves use 68-8520

bi stable tubular 24 illustrated in :figure 14 as an expandable ~o
perforated liner. The open bistable cells in the bistabl e exx~andabl e

tubul ar al |l ow u: ~pegbrirevesicé| Os-{icoOP 1 heraneppat sORhehbietpbdd ding a
structure to stabilize t?:e borehoie. ~s Still another application of the

bi stabl e tubghae~d4sis aso@laexpaiyialy e-sapdssepeencehgeecbhe hiisd e
cells are sized to act as a sand control screen or an expandabl e screen

el ement 74 cgpibscatfixed-d ocnde-bisdableserropandabbe Fighbld e aha
ill~ atrated in Figure 14~ in its collapsed ~o state. The expandabl e screen

ol emer. ~t 74,4680 ey AURIL AN & WelARNGL QUDd bbbl g tibudar 27 It

has been fo,~rd that t osition o oop stress forces onto the wall of

a borehql e w in.itself.. st.aki.Liz f kO 26, Qupstitute
sheet - 19 I\b://\%%%%%gﬁ%% %—{%O%éé%gl 51 E%ggmg&gﬂ%l FERTS ate %?bi nf | ux
ef sand frcmthe nrods, :cing.zones, .ever if_.no. additional, screen elenent is
used. not hep{‘é?gl"g c‘%ﬁ%‘r{)ﬁ“(ﬁeqtlﬁ’? 610&%8?81 u%ﬂ%ﬁ BPTs BEHLS"

casing.

A dep;oyment device 33 can be incorporated into the

10 bottom hole assembly to expand the bistable expandable
tubular and connectors. (Ses Figures 4C and 4D). -
Deployment devices can be of numerous types such as an
inflatable packer element, a mechanical pécker element, an
expandable swage, a piston apparatus, é mecﬁanical

15 actuator, an electrical solencid, a plug type apparatus,
e.g. a conically shaped device pulled or pushed through the
tubing, a ball type apparatus or a rotary type expander as

further discussed below.

20 An inflatable packer element is shown in Figures 5A
and 5B and is a device with an inflatable bladder, element,
or bellows incorporated into the bistable expandable

tubular system bottom hole assembly. In the illustratiocn of

17



s reinforced expar_dable |liner were the bistabl e expandaal e tubul ar cel
structure is reinforced wwth a cenent or resin 75, as illustrated in Figure
143. The cenent or resin 75 provides increased structural support or
hydraulic isolation fromthe formati on. The bi stabl e expanCabl e tubul ar 24

al so can be used as en expandabl e connecéd&gtuié(gﬁgép_t@gmi‘,gm%agb@ional
| engths o~ casing 70'a or lob of different dianeters as illustrated in

Fi gure 14C. The tubular 24 also can be used as a is structural S¢8pa?933oi nt
to provide increased strength fo= CXI Stlng 53Ct1 OnS O Casing. P58-0tder
application includes usir_g the bistable expandabl e tubul ar 24 as an anchor
within the wellbore from'o which other tools or casings car_ be attached,
or as a ~~fi gHiglurg" 5apothe nicalddblich@abkstaétérerta?ficierlstacsia: e
utilized to retrieve itens lost or stuck ir_ a wellbere. The bistable
expandabl e t yaslide 24eiéntits nldrapsed 27porSubstisfitehshiei-id® Novenber
2002 scxy,: 0 03 3 68.0210 ce::=i~. ~raLion is insertedi ntoalcst item

77 a:~d the Bo@rEPRgULth cdSoididi-0al @drlYaarz oVend ahyy Hi i1 al4D. T_n the
expanded configuration the bistable tubular exerts radial forces that

assi st in retrhening d NedAstedrlseMothensb)j st add & twluldrs @lse can be run

into the well Tn i1ts expanded configuration, placed over and coll apsed in

the diregctiop,gf aALIQWS.,; d;llad%ogggtleas%ii;@mgg r]idr?:éacﬂ: A LM L@ attach and

retrievé it as rllustrate gure 14~ "Once lost item 77-1s gripped by

bi st abl e tubal h24thé tinggﬁzggﬁﬁibufgﬁ&iglveggerm_rgug_@ ‘r@%a%re% 29. The above

descri bed bis%gélé expan ars can be :jade 1 .vari ety of

{TﬁBGfg:s S~ch, 88:7 KUY 99 @RBLORE | 8k &l ¥ ShAanehRAS JLhiouan the wall of a
Figure 53. The inflatiocn f£luid can be pumped from the
surface through tubing or drill pipe, a mechanical pump, or

10 via a downhole electrical pump which is powered via
wireline cable. As the inflatable paéker element 25
expands, it forces the bistable expandable tubular 24 to
also expand.raaially. 2t a certain expansion diameter, the
inflatéblé packer element causes the bistable cells in the

15 tubular to reach a critical geometry where the bistzble
“snap” effect is initiated, and the bistable expandable
tubular system expands to its final diametex. Finally the
inflatable packer element 25 is deflated and removed from
the deployed bistable expandable tubular 24.

20

A mechanical packer element is shown in Figures 6A and
63 and is a device with a deformable plastic element 2%

that expands radizally when compressed in the axial

18



~s pipe thereby creating an eh-pandabl e bistable device in its coll apsed
state; cutting patterns into a tubul ar pipe thereby creating an expandabl e
bi stabl e device in its expanded state and t::en conpressing the device into
‘its collapsed state; cutting appropriate paths through a sheet .o o.
material, rolling the material into a tubyl.ar. AN q)npd Al ends
to forman e~. par_dabl e bi stabl e device ?#wﬂﬁwggggg?gpggéaégﬁﬁégnggcutting
patte~r.s into a shee~ of material, rolling the material into aSc8baf@33
shape, 28 Substitute sheet -19 Novenber 2002 schL: 0033 68. 0210 F&i#Rhg
the adjoin=n g e=~ds to form an expandabl e bi stable deYice in its expanded
state an d the_~. conpressir_g the device into its collapsed state. s The
materi al s of cdametrichi ohhéofothe dn stoxiplresexpardabesetttbukarsecan i ncl ude
those typically used within the oil and gas industry such as carbon steel.
They can al sopbeviddé ohrspeli aldynmlelseys=( seehanssa O0;ek)chrasanel ,
hastel |l oy or tungsten-based alloys) if the application ~o requires. The
confi gurati ongcebehedidnidie, hisd,akl-eat ubukan124 piecbhl ustra~i ve of the
cperaticn of a basic bistable cell. Qi her configurations may be suitabl e,

b~.a the concgptnisiPLESEtes: i Ale50 a@bhg-éé%hé r@.@@t%f@re%‘{@bﬁ'e‘as'

Figure 15 illustrates an expandable tubihg B0 forned of bi-stable cells 82.

Tha tubing 80 ' .dH%E% oLt kgn t.,Seel. i, Fi gur whi ch
clay be i@n thté&g%i%girﬁ%o% h"la‘si ott)%“%s'ghggééggéf‘fa;?t%%iénlge, ld%ﬁoatecﬁéﬁ)e
thinr_ing of U] .t t uhi T. ' i xt ends
general | 3 I orfgal uéd'l néa%l%yegiﬁd%ygggg%%%é? ,Eﬁae%]lcé;re,ep%r? : t%)I oégélggﬁe

ot:~eY circuito . An.one 29 Substitute sheet-19. Novenber. 2002
SCHL: 0033 68.50'?%31%%%&?9%%%?) f% it Wﬂ“Fsgr%eld“beozftcllcncué“t“:tee‘r?@s? % lpgm“gﬁe end

S’bz' the t~~hiysa:hQ Lh88L085 o QuBI PG B CURRedVsrd, GAhI90AL! [8eRatD
in turn to expand from a contracted position (see Figure

10 6A) to a firal deplovment diameter (see Figure 6B).

An expandable swage is shown in Figures 72 - 7D and
comprises a series of fingers 28 that are arranged radially
around a conical mandrel 30. Figures fA ana 7é show side

15 and top views respectively. When the mandrel 30 is pushed
or pulled through the fingers 28 they expand radially
outwards, as illustrated in Figures 73 and 7D. An
expandable swage is used in the same manner as a mechanical
packer element to deploy a bistable expandable tubular and

20 connector.

A piston type apparatus is shown in Figures 8A - SD

and comprises a series of pistons 32 facing radiallwv
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fcr the tubing 80. _Tn such an e~:,bodi:~er.t, a co:rnunication |line 86 may
pass t?~.rough the corr~",-a,: _ni cation lire path 84 s along the tubir_g
80. In this way, the co:nrrlunication line 86 stays within the general
outside diar:ete= of the tubing 80 or extends only slightly outside thi's

di aneter. Al though the tubing is shown widg jpsfinee bhbetefy RBUEHBEr 8dd2 it may
include a plurality that are spaced about the ~o C|rcunferenceF€£

t
tubi g 80. The thinned portion 84 may be used to house a condu 6%ﬁg§33
show _) through which corun~.~nication |ines 86 pass or which is"Us Yor
the transport of fluids or other materials., such as m xtures of fluids and
solids. Ls AS used h2rein, tf:e term~~COilTTILInl Cd=10:1 .'11:1e" refers
to any type ORtrgmgu¥i eadiwied idfe ST ES16MeEPr PEPARGdERRIPESCEFR er optii C,
ccnbi nations of these, and the like. ~o Figure 15A illustrates an
ef . e: ~: | ar ~~expercable poriarsandesiogned cPosr eciier eneeyd 2RI 8IS wit h
the cabl e placenent, device 88 is at |least partially housed in the 30
Substitute shéetonsl132 Nevmlitbey z2G0213¢HEL r6688d 68crc929 ddnlov exheporti on
0. the t;:b" _rg 80 so tzar tae extent to w~ic?: it extends beyond the
outer di anetletsecible: expaian] 8@ubslbkesaenetblFxas rmdestiof iceilzadble
alterr_ative enbodi nents cL devices 89 are el ectrical devices, nmeasuring

devicess s nphensr paigRs,. SEigupes. sAbaedspeci Ilwswaiypler edRpbhge
val ves, sa:~plirg devices, a device used in intelligent or smart well

conpl etion, tepPesadding iSRNSeESreBl BSSERE S8 sEW Lhd lawerRt rol devi ces,
flow rate nmeas~.:renent devices, oil/water/gas ratio neasure:re~ t devices,
scal e extended. The piston type apparatus can be actuated

hvdraulically, mechanically or electrically.

10 . A plug type actuator is illustrated in Figures 22 and
98 and comprises a plug 34 that is pushed or pulled through
the bistable expandable tubulars 24 or connectors as shown
in FPigure 9A. The plug is sized to expand the bistable
cells éasf their critical point where they will snap to a

-

15 final expanded diameter as shown in Figure 9B.

A ball type actuator is shown in Figures 102 and 103
and operates when an oversizad ball 36 is pumped through
the middle of the bistakle expandable tubulars 24 and

20 connectors. To prevent fluid lossss through the cell slots,
an expandable elastomer based linsr 38 is run insids the
bistable expandable tubular system. The liner 38 acts as a

seal a=nd allows the ball 36 to be hvdéraulically pumped

20



i 0 detectors, equipnent sensors (e. g., vibration sensors), sand detection
sensors, water detection sensors, data recorders, viscosity sensors,
density ser_sors, bubble poi:~t sensors, conposition sensors, resistivity
arfay devices and ser_sors, acoustic devices ar_d se nsors, of er telenetry
is devices, near infrared ser_scrs, gam@ubaptutieélendtor B Nbvémbe2@2C tOr S
( C(r2 detEE'"CO-S, Gv Yll.iol2 lu2a~1"Jry I:.ni tS , d04Tn: lole
controllers. E~ca-nples of rneasure:ner_ts that the devices rni3fEL¥RA&S are
flow rate, pressure, tenperature) differential pressure, der_sity3+08%kive
arlounts of liquid, ?0 gas, and solids, water cut, oil-water ratio, and

ot~ er mea s ar er~e:~t s . 31 Substitute sheet -19 Novenbe~r~02~ 03 3

68. 021 0 As showmcuch ncie reisfrabger tepulite2 Qvandidonnd&8togay lEhee)gideed to

fluid inside and outside of tubing 80 via openings fornmed by the cells 82.
Thus, the thishesfmitigd ahe3dbalaalisbhehdgesopend ngis b el dxmmdakile cages 21
, 22 of the cells 82. s Also nate that the cor,~nunicaticn |line 86 and

associ at ed COgtbulutd Qat 20l kibRaepabhs 84s nay eeef.taemi th W di 10k eEeke | ength
of the tubing 80 in certain alternative designs. For exanple, if a device

88 is placed Eé&dﬂd’@@!sﬂc@ﬂt@@a@n%sgibi@epchl%pi NG 18Qw ity 3519@.“‘%:-:1:“”598&' on
| i ne passageway 84 may io0 on y need to extend ~rom an er of the tubing to

the nasition of dde doveeeBDaFhgure Afnlld daeral ey ate%pgggagéfltsug'tpgts

80 forced of st able cel avin in struts

22. At | east g%%n% Qetﬁgh grgt%%&§%4~e R g as 9%&, §drglakhe~ely wi der

than ctrer struats c the tu IrTg er strut my bé used for

various PUTPYIES HED B5LOUIO% AN UMY GaLI R8chl08R, 1 ol Uding cabl es,

0., devi ces, SUCH "85 -~ seRsor

Radial roller type actuators also can be used to

10 expand the bistable tubular sections. Figure 12
illustrates a motor driven eﬁpandable radial roller tool.
The tocol comprises one or mere sets of arms 538 that are
expénded to a set dizmeter by means of a mechanism and
pivot. On the end of each set of arms'is a.roller 60.

15 - Centralizers 62 can be attached to the tool to locate it
correctly inside the wellbore and the bistable tubular 24.
A motor 64 provides the force to rotate the whole assembly,
thus turning the roller(s) circumferentially inside the
wellbore. The axis of the roller(s) is such as to allow

20 the roller(s) to rotate freely when brought into contacst
with the inner surface of the tubular. Each roller can be
conicallv-shaped in section to increase the contact area of

rollexr surface to the inner wall of the tubular. The

21



Figures 1 7A and 173 illustrate t~,..bing 80 having a s~rut 90 that is
relatiaely wder than the other thick struts 22. n passageway 92 fcrned in
the strut 90 32 Substitute sheet -19 Novenber 2002 sc.~,: ooa~ sa.oalo
facilitates place~ne.”~.t of a coomranica=ien line ir. the well and th rough
the tubing 80 ar_d may be used fo= ot helSupstitptesehget F tp-Noyamher2Q02 3 cross
sectio.”. al view showing tl:e passageway 92. Passageway 92 i ssgrLabbesnati ;
;e enbocinment s of a com,~unication |lire path 84. A passageway&9-0pBy ae
configured to generally follow the curvature of a strut, e.g. one of the
thick struts 22, as further illustrated in Figures 17A an d 17~. ~o Figure

19 illustrates athinped peithon 84 Naving -adeyet r@bb-ld@gi An W £0; 8o

relatively narrower opening. The corli-nunication line 86 is forned so that

L rits through die.pelal byelynardagianent el ghg; e whodero: L oxer
g-- byin g e R

port~,on, e. erting one side edge and then"thé ot hér” i

Corr~u_~ication.line 86 Lg held 1nplacesdue tn tog 98¥§L§éi- design as is
" The w dth of e~ C TondirT

apparent Frcmt e yrgures. t. ~e~ conmunrcatron lire 86 is
greater than the width of the opening. Note ti.af.the co, :~murjcat=on lire
a6 may comer®&e35tpandl én‘d?rl?‘?gf § %‘ri %ﬁ‘enﬁﬁs*fﬁo%? Eﬁ%u%%‘: tve 5 dift ferent
20 forms (e. g., a hycraulic, an elect=ic .and a fiber cptic 1i ne bundl ed
Cogethet) . SRPEACECHE hottor S tr rcor Mot LG BaFSEen T iR L EALY
incorporate a connection for the cepft~unication |ir_es, 33 Substitute
sheet -19 NGvERBRFEDOHPSTRRS FP35PE8Y422 P REY R~ T Hat Ta PP L SRHSH it@at i on 1 ne
passageway 84 nmay be ~:sed in conjunction wt: ot::er t~. ~es of _expandabl e
tubir_cs, sthe: BlgkakiRseBilahe dRFaRBABRE STRYFRRF Y iSerthsy g@1d&diSscl osed
in US ?atent No. 5,356,012, issued Nove.~er 22, 1994 to Lohbeck, the

fol ded tubi A§=tYpercI™RI ishadavdat CRBET BT UBYL 259K Cq AT FRRTRPFLRTE 1970

to Kinley, US. Patent a
actuator mechanism coupled between the motor 64 and the

10 rollers 60.

The final pivot positicn is adjusted to a point where

the bistab;e tubular can be expanded to the final diamecer.
The tool is then longitudinally moved through the collapsed

15 bistable tubular, while the motor continues to rotate the
pivot arms and rollers. The rollers follow a shallow
helical path 66 inside the bistable tubular, expanding the
bistable cells in their path. Once the bistable tubular is
deployed, the tool rotation is stopped and the roller

20 retracted. The tool is then withdrawn from the bistable
tubular by a ccnveyance device 68 that alsc can be used to

insert the tool.
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No. 5,337,823, issued August 16) 1994 to Nobileau, U S. Patent No.

3,203, 451, issued August 31, 1965 to Vincent. ~o The particular

e: rnodi ments disclosed herein are illustrative only, as t?~e inver _tior_

" may be nodified and practiced in different ~' ~-ut e~:ivaler L :,~ar_ners
apparent to those skilled in the a!~t haguBgtittfeesHeat —ef9 Nowdmbére2@@2achi ngs
herein. Furthernore, no limtations are inter_ded to the details of
construction or design herein shown, other that as described i rS¢Ee:R T, s
below. .It is ther2fo: a evider~t that the pa=ticslar ernoodi nent&.0210

di scl osed above may be alterad or nodified and all such variatioZs zo are
ccnsidered w=~.thin the scope and spirit of t a invention. Accord=ugly, the
prctection sought Faweid 135 a3 useirakest B hndiaelttaiDy delvem FHial
Substitute sheet - 6 March 2003 CLAIMS What is clained is: 1. An apparatus
for use in a weldborao1RMRLSIERGI can expandad] ecdrist adde (Iavide rearf | gured
for deploynent proxinmate a well bore wall, the expandabl e bi stabl e device
having a pl Ur_ﬁéif%vsofsob't%.ta%bla%ecsl:bﬁgﬁfr@:ﬁvg@dcdﬂwcgwmld% tiwd-ar shape,

the plurality of bistable cells being stable in a collapsed configuration

and in an exp%{}_gé}g:bc%%f it%]lér %%irsrggblg. t%’%\g{&pw HUS 2S£ eCi od iR 16l aim 1,

wher ei n each € ce rrses east” two el ongated nenbers

connected to _each _other. 3. The ap g i%ﬁ%-i L2 in

t he coll épse(?lgs%r?f'l ggr'at |T§ﬁ gg““a’glﬁgfé@%%ngﬂfoélﬁ ubu é;argaghﬂegﬁfg,?%% and
the expanded configuration_ i;s_a second ge al.hy tu f, C L ation
having a | ar &?rn %’leaﬁfﬁfg?afﬁgnt?h% FoHEt g"gje%?eer ézll'%/ey btlﬁglf‘l%&re gg‘%#"?é%r ation. 4.
The apparatus as recited in.clajm3, further, c Li,Sin conveyance device
able to tran&BPREhECekfintibre Bt eI dgfm%g%ﬁ&zf eg?rganl Eation in
the well bore. 5. The apparatus as recited i.n claim4,. wherei.n the apparatus
further corrptait§é§h§8dég %ﬁeﬁ?o Gl ?@cﬁflee o SPAFECALY SREARS Bﬂeof t he
expandabl e bistable device fromits fhrst eneral ly é%bular configuration
to its secon¥egéReral #yatobtrariediiyd aricon. T6¢ FRe18pFaP3t8%%as recited
in claim4, wherein each cell conprises a first nmenher and a second nenber, -
the first nmeABeFiahdy tFRESTHIAY FEhitee &26R E8nPrPsERGCathPdcPbl#RSeMd two
ends, and further wherein thé first menber is nore flexible than the second
nmenber. 7. Théshpphe atwlaubar rti t &S Aol 80 amer Ehant derieyed andd
second nenbers are nechani cally connected such that the second 35
Substitute shesk as®E.NH Q00T ifenbellhPAdefs HéFbrRARI BrPwiax A fhia st
menber. 8. The apparatus as recited in claim7, wherein the first nenber
has two stabexrdediaimmtiathef ithst tebabpe postEFoRibet NG IWRERE + h&E r st
menber mid-point is adjacent to the second nenber 'mi d-point, the second

st abl e posi téoriPeiyRp Wi ehisre Pushed pEnPet 1A dl peghtudsnali lapldwetobr om

t he second nmenber md-point to forma gap between the first nmenber

nm d- poi mt anthé liel seddied tdniderr Rddeppending the entire length of

]
bistable cells 23. Once the bistable tubular 24 is

deployed in its expanded state, the rollers 60 are
retracted and the tool is withdrawn from the wellbore by
the conveyance device €8 used to insert it. By altering
20 the axis of the rollers 60, the tool can be rotated via a
motor as it travels longitudinally through the bistable

tubular 24.
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9. The apparatus as recited in claim®6, wherein the second nenber has a
greater thickness than the first menber. 10. The apparatus as recited in
claim6, wherein the thickness ratio of the second nenber to the first .
menber is greater than approximately 3:1. 11. The apparatus as recited in
claim6, wherein the thickness ratio of tSubsgetositbeteMENovembée2d02 st
menber is greater than approxinmately 6:1. 12. The apparatus as % El in
claim4, wherein the bistable device further conprises a wwappF § agggghed
to the outer surface of the bistable device. 13. The apparatus a 318¢1%ed
in claim12, wherein the wapping conprises an expandabl e screen. 14. The
apparatus as recited in claim4, wherein the bistable device further

conpri ses a def or fgbEs Hat €PPaR-At tRRMRPUYTERE BBY EFSsERR R SF2¥he

bi stabl e device. 15. The apparatus as recited in claim 14, wherein the

def or mabl e métem aheconpai seELIRE bl WL IGTECLrE68S Thel apparetastakcslecited in
claim 15, wherein the elastoner is selected to be resistant to crude oils,
brines, and poids enpplh¢@retkhsr didorandegasriete ser 1Ftoqé® FpEar at us as
recited in claim4, wherein the bistable device in its second generally

t ubul ar confbgttati oar campeneres ad guigumadltiht ghef ep boptenis . d8bGice,Substitut e
sheet - 6 March 2003 18. A nethod of stabilizing an uncased section of a
wel | bor g i n BudHadeL greswsl fargwEidedn byceupEase ngr duvankaliengramsexpandabl e
bi st abl e device having a generally tubul dar shape that conprises a plurality
of bistable egibsnePlGEiNF NG hics.ablecdeyi £6d atedhadTd1 Sdwiar t he
wel |l bore while in a first stable state: and radially expandi ng the bistable
device to a sesonkestale Gt ahebavbpgiacgenaiade Aty gonfiguration
wi t hout substantially reducing axial length. 19. The nethod as recited in
clai m 18, fuﬁax@ﬁer@@@yoﬂlqléaga%t taehbngracar aP R 0 dhenetkesusyr face of

t he bistable device. 20. The nethod as recited in claim19, wherein
attachi ng conprd s§s-:aid ahhag;an. expandabl e screen. 21. The nethod as
recited in claim18, further conprising applying a deformable nmaterial to

t he outer surface of the bistable device. 22. The nethod as recited in
claim2 , Wherein applying conprises applying an el astoneric matérial. 23.
The method as recited.in i i di al xpanding; L ses
expandi ng t he bi ghtéab?’ésdgglb'%eg%%g%d%%éra 1{1%1{/1%6]: %& is)réglen a?aﬁé?g?'ﬁ‘?&% A

nmet hod for i_nstall.i i LLhip I, i.n. ,
conprising: f %r %hr?&@gﬁhe%%ﬁ%g% eé'bi%%éa%%g\ﬁdgga\%mﬁgﬁkalgl %%%:I?(?%/C?Of

bi stabl e cel s, _t.he_expan i e A hayLpg negral l'y tubul ar
shape; surrgﬁnEF%g“fa%é %x%%’%%g%rf?e"s}b% able ﬁglgllcg%\ngt ﬁﬁgﬁge%%ndabl e liner
el ement attag n - surf.ac f o] e i.ce;, 37
Substitute seﬁgggd-gg%gl\/ﬁﬁ%gfé‘m3 '{)}Fiasgifgega%gg %%%%%g%b?gg%g?%%lweel dvice at a
position within a tubular while.in a.first s e ate;, and expanding the
expanddbl e Ps?SbFé“ g’\:/?%tee? o aﬁscéL&&rFr&%s,etsatﬁ?gké?% lect}l’(t?o'f’‘ho?‘aD theénsl i ner

el ement agai nst an ig’n@r di amerer. of ;the.tubular. 25 The nethod as recited
in clai m24>SPOFTREFT COM? i SR T3 6ERN HGROPE PpFas 1St R T HhevieEE in t he
wel I bore such that.the ends. of the adjacent bis%ablqdd vices overlap and
forma cont FAGATTON-BHFOTHE 4T PR SRe At S5gar nat s i et er of the
tubular. 26, The nethod as recited in_cl ﬁi m 24é further conprising creating
each bi st abFE®¥ 1787 P S8 REEESGr ¢Onn8ceicttPE ¢ ck strut. 27. A

nmet hod for facilitating use of a Wellbore, conprising: inhibiting sand
influx into a well bore, wherein inhibiting conprises:

20 The bistable expandable tubular system can be applied
in numerous applicaticns such as an expandable open hole
liner (see Figure 14) where the bistzble expandable tubular

24 is used to support an open hole Icrmation by exerting an

24



pl acing a bistable device at a desired position in a wellbore; and
e¢xpandi ng the bistable device at least partially through a nonstabl e range
towards a stable state until the bistable device is able to exert hoop
stress forces against the wellbore. 28. The nmethod as recited in claim29,
further conprising attaching a w apping tRutstitibeskeetsul d Aovember B0 st abl e
menber. 29. The nethod as recited claim 30, wherein attaching conprises
attachi ng an expandabl e screen. 30. A nethod of facilitating us¥ 0433
wel | bore, conprising: 38 Substitute sheet - 6 March 2003 i sol at&&@230
portion of a wellbore wth an expandabl e bistabl e device having a generally
tubul ar shape forned by a plurality of bistable cells that permt the
expandabl e bi stadtreeldenvddielt dobeeseohethe et )lartelatiedt et weeys dicaablact ed
state and an expanded state. 31. A nethod of sealing a portion of a

wel | bore tubutaibulRorar iis Bgcib0Cat expamddd siraile dider i i aaxroekl bore
tubul ar adjacent to a zone to be seal ed; and expandi ng the bistable device
agai nst the wel | horee thupbubar nbyeS0Vh Y ddierdu s haldie (Y ike- Adteo¥ghnang
nonst abl e regi on towards an expanded stable state. 32. An apparatus for use

in a wellborgeCeme SbNY: TRe¥E! L hat £ caniid Hay Rg i 1igastnane bistable
device. 33. The apparatus as recited in claim 34, wherein the bistable

devi ce conpriges,a;phurahist y1 ody bind ableigeld & qrah Higtablke,cel |
conprising at |least two el ongated nenbers that are connected to each ot her
y.’

at thei r_ends.,ag. deylgecbeing stahle i n oo Gbsh geaer abhy-t ybulatay

configuration a a second gener bul ar configuration, erein the

second gener . uhu nf jguratio L.arger di - n..t he first

General [y tuBCrEF tant A G h dBshar 02 SRR R P 1 e

wherein the apngrakus, {ukther, GATIIaes 1980veyancs deul ee ableto
ransport thé apparatus tTo a location 1 n a borehole. ) € apparatus as

recited in claim36, wherein the apparatus further conmprises a. depl oyment
devi ce that iRrtaFd the eiﬁﬁth%ﬁ% - éaﬁﬁaﬁszaB%ef%ngi%%a%ﬁ%? evi ce. 36.
A systemfor facilitating c nicati.on_along a wellbore, . conprising: an
expandaM e t68Fﬁ§éﬁﬁ%i?ﬁé%?%%ﬁﬁ%ﬂﬂ%ﬁ&ﬁgéﬁ Fpﬁgopaégﬁﬁgﬂﬂﬁflﬁgm “&ufstict ut e
sheet - 6 March 2003 37.__A systemqr facjlitating. comruni cati on al ong a

wel | bor e, coﬁ%r?%'Y&ﬁn%ufkﬁhé;§&§ﬁlénFﬁthﬁ FotHet ot a %?%r%ﬁ??ﬂfeon

bi stabl e cell s,.  fthe expandabl e {ubi ng haying.a conmuni cation |ine
passageway. 98l1{HE s{?‘é“ﬁ&ﬁ &8 g"(?l té uFﬁac?"gﬁi nf* @,r*/ﬁér%’% m &

comuni cation, | ine passageway is defined P{ a_thi-nned portion along the
expandabl e t GhF L2 HeR ARELFLEPECREREI GPLIRTHITHT M TRt EdFsndabl e

bi st abl e tubing; and a device nounted to the tubing. 40. The tubing of
claim4l, wherein the device is selected froman electrical device, a
measuring device, a neter, a gauge, and a sensor. 41. A nethod of routing a
conmuni €at i on Iiﬁénﬁﬁsaa&éPlFaEOgﬁrPé?ﬁng%Eﬁﬂ(ﬁﬁ%ﬁ?Qﬁ?(%H@&ﬁééﬁléOEUDing in
awell; routing at least a portion of a communication |ine adjacent at

| east a por tRFPSFESt RECBXPANTAHT @St ei PP t et BxpA5E Ryrarmd eerpandabl e

t ubi ng.
corrosive environment is the enviromment that results when

carbon dioxide is used to enhance oil recovery from a
producing formation. Carbon dioxide (CO:) readily reacts
20 with any water (E:0) that is present to form carbonic acid

(H2CO3) . Other acids can also be generated, especizlly i

Hh

sulfur compounds are present. Tubulars used %o inject the

carbon dioxide as well as those used in producing wells are

25



42. The nethod as recited in claim43, wherein deploying conprises running
an expandabl e tubing forned of bistable cells into a well. 43. The nethod
as recited in claim43, wherein routing conprises routing a cable along an
exterior of the expandable tubing. 44. The nethod as recited in claim44,
further conprising attaching the comuniSwistifute shest -+ ©9 Noeembpraded| e
tubing as the expandable tubing is deployed in the well. 40 sSSHIstOORE3t e
sheet - 6 March 2003 45. The nethod as recited in claim44, furtlgen210
conprising form ng a conmunication |ine passageway in the expandabl e tubing
to receive the communication line. 46. The nethod as recited in claim47,
wher ei n for nd g LMY $8%sRALNENg 1 heg CUPANY: G i2Qh dd neTakORGea kR CK
strut forned between a plurality of bistable cells. 47. The nethod as
recited in claiindsg, Lt Rer . ,CORPEL S Qv idi 1JeVhGE taghed to the
expandabl e tclt] viér?g.'%zll;cg%g rrétgﬁggféas I'?JSekcc.it'{tqg'%d/&:idlr? %Icgcil%%%, %\?\E%r’e?n provi di ng
conprises ailaching a,BRASOM 2449 e, MBS hod s Leqibedaln claim 49
wherei n providing conprises atfaching an i nstrumént. . An eXpandabl e
device for yse i.n_a,wellbor comprd sing:._.an expandabl g.condujj . fornmed of a
val | “havi ng SEarar L Lar Eraf e TR CRebagn TR ER AT [S4STSabbr TP on of
the plurality of ;slots having an argcuate shape when the, expandab] e conduit
isin a?conF?&&FéaesFﬁFe?oﬁﬁgsﬁﬁﬁa%ﬁgé&ﬁﬁaﬁpg g8vﬁﬁgeﬁg F%%i%%%g?L claim 1,
wherein the_arcuate shape transitions to an expanded shape as the
expandabl e ¢dABUPE F&er %I HPPIR PTG, 52. The expandabl e device as
recited in claim?2, wherein the arcuate shape conprises a wave shape. 53.
The expandabl e device as recited in claim?2, further conprising a
communi cation |ine routed along the expandable copduit. 54. The expandabl’e
devi ce as recit eAFPHIRT ATR L CAMCreiAVPRESExPaRd3bD! BNE RidiiaPi®npri ses a
passageway in which the communication line is received. 55. The expandabl e
devi ce as rEEPEERE |4 ct BruiEEatRdr ERef 1EBRPr 14 Ay & R EE Bl ed to the
comuni cation line. 56. The expandabl e device as recited in claiml,
furthe® corpe¥ierafsd dematralfite AREBrPAFtaREe otmth Hgirarkieudds tegdeace of
t he expandabl e conduit. 41 Substitute sheet - 6 March 2003 57. The
expandabl e shATEbe rtadiuled iedlovarnr st wheted nfldve ffefortebl e materi al
conprises an el astoner. 58. The expandabl e device as recited in claim 2,
wher ei n t hef axpdTidab e iden duiotvi dongr & sebruc barrl sty ediebifdzeThéeexpandabl e
device as recited in claim2, wherein the plurality of slots are forned at
| east in partrahpls.plurality of pivotal links. 60. A nmethod of forming an
expandabl’e conduit, conprising: cutting a pattern of slots through a wall
of a conduits and arranging at |least a portion of each slot in an arcuate
shape. 61. The nethod as recited in claim1l, wherein arrangi ng conprises
form ng each sl étiild anwanershppklcaB2i ol mitehdd sasblecttedlan Zz4d aim 11,
wherein cutting conprises orienting the pattern of slots in a generally
| ongi t udi ndk disr eat egpaatiehfjet fend auhddn wWiireTh&enkibodbhs ce€Tided in
claim1l, wherein cutting conprises cutting the pattern of slots in a
sandscreenaré4siihe tethot as 4 edr@Eddmnrallaiserkin whesri exEatiddBige
conprises cutting the pattern of slots in a liner.

screen element 74 can be affixed to the bistable expandable

tubular as illustrated in Figure 14A in its collapsed

20 state. The expandable screen element 74 can be formed as az
wrapping around bistable tubular 24. It has been found
that the imposition of hoop stress forces onto the wall of

a borehole will in itself help stabilize the formation and
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65. The nethod as recited in claim 11, wherein cutting conprises formng a
patter'n of slots to create a plurality of bistable cells. 66. An apparatus
_for.use in a wellbore, conprising: an expandabl e conduit configured for
depl oynent within a well bore, the expandabl e conduit having a plurality of
expandabl e cells that may be transitionedSiitihvdeshaet-ond Noveebes802 and an
expanded state by application of a force directed radially out v&Fh: 84%F ei n
during expansi on each expandabl e cell passes a transition point t&t02dd ows
the force to be decreased during transition to the expanded state. 42
Substitute sheet - 6 March 2003 67. Theappar atusasrecited inclaim 17, wherein
t heexpandabl ecomekd to-€ @RISR $ARASEE BeR. 68. Sehphasmt tisassecidae g ncl ai m
17, wher ei n t heexpandabl econduit conpri sesa
vel | borel i ner; &% Sheanpanat usasuactt 86ai Ns&tad-Mellamarhier e Rised.
eachexpandabl ecel | conpri sesal ongi t udi nal strut anda
fl exi bl elink.70. Theappar at usasrecited i ncl ai m20, wherein each
fl exi bl el i nkunder goespi vot al noti onduri ng expansion. 71. The apparatus as
recited in claim2Q,..wherej bhs £l exi 4. i I e d B fompriror to
expansi on of the é%ﬁéﬁ éb?ggégg ﬁ%%é.é§§¥ﬁ%ﬁ%2§ﬁ%§fﬁgﬁgﬁggxigéi?%dagnéclaim
20, wherein the force.nay_be.r ved. o ch.of .1 lur al.i f.cells is
R SHoparRE S T i v e ened Bekiadrtfore.

noved pa%t t F& Y ans h* pol h ‘appar a use ih~a we

conprising: an.expandable _device deployable in a | bore, the expandabl e
v ce haui g EogPar SETEy® o LGSt b af e Lo e B G BSBFoEeF oo
conprising a_thin strut that [s, flexed between a contracted state and an
expanded stapé'mFthé ui?%%??% e FOYTHRS o2 74 TP PhECRSPEr AF LTSRS rRited i n
claim 24, wherein each thin strut is coypled to at |east opne thick strut
that remain BAPFéX&8 H%???Efﬁqeﬁﬁﬁ%QQﬁ¥%jfSFHBOFﬁiﬁrsPV FaBtbf t he
contracted state to the expanded state. 75. The apparatus as recited in
clai m 25, whéFelAtieRht XM rFid rifTMaEi9fvotal |y coupled to at |east one
thick strut. 76. The apparatus as recited in claim24, wherein the
expandaldl e device rermains at a substantially fixed axial |ength during
transition fromthe contracted state to the expanded state. 77. The

appar at us as reci Tl piftadine®a el i AUPRE2F P4 k{b3e Faft iRe ofsecheést hi ck
strut to the thin strut is at least 2:1. 78. The apparatus as recited in
clai m 24, WP e?FPa AR APPRHFICE 168y FYECEBNHP | 331 at ¥adh bl 932 e Xragdds| e
tubular. 79. The apparatus as recited in claim?29, wherein the radially
expandabl e tedbutesing HasordIébeod. didfersubsiiatpenhers 111819Waeckd2003
80. A nethod of applying a radial force against a wellbare surface with an
expandabl e deviRigunoddQ.si Age tubnilay aé akparckiblke dsdt@sniath a
plurality of cells expandabl e between a contracted state and an expanded
st at e; 1sel ecgimurtthrelgeepetry jofintheo cetteidcinadessade toenisshefpand

aut ononously once expanded past a transition point; and radially expanding
t he expandal#-e sdevigceepasbntsheft caasngi on point and agai nst a surface of
the well bore wi thout reaching the expanded state. 81. The nethod as recited
in claim31, wherein form ng conpares expanding the plurality of cells

wi t hout axial shortening of the expandabl e device. 82. The nethod as
recited in clai m3bdshehesebbiéar hdmngiomnpidss es ifr mhegotilseakxpandabl e
device as a tubular. 83. The nethod as recited in claim 31, wherein formng
conpri ses fekpengdabbe exparstald£ sevdrcaraha sdnitser eke. w84lhdhe Fwmirhod as
recited in claim31, wherein form ng conprises formng the expandabl e

devi ce:as awhekthbetBeti t@sls & Jddweidm ket ae &eektaddl Nogl asna 31, wherein
sel ecting conprises selecting a geonetry that utilizes a conbination of
thick strutsseodphed £&1 hid) (RiidH ShB®isARrexpandable=system L£Qpri sing:
a tubul ar nenber configured for use in a wellbore, the tubular nenber

having | ongjit ugdi pah s ruatures exdanding:t be LeggkhiQfathe fwhyl ar menber
and openi ngs oriented between the | ongitudinal structure such that

expansi on ofnt hes {ubii are nhen 1expands sthe 4L 4r al Lt ¥, 0f . openi ngs wi t hout
deform ng the | ongitudi nal” structures. )
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87. The expandabl e systemas recited in claim37, wherein the tubul ar
nenber conprises a sandscreen. 44 Substitute sheet - 6 March 2003 88. The
expandabl e systemas recited in claim37, wherein the tubul ar nmenber
conprises a liner. 89. The expandable systemas recited in claim 37,
wherein the tubul ar menber conprises a pSubstlititeysheet pitddieuemiered02
connecting adjacent |ongitudinal structures. 90. The expandablSCEy1EI8 as
recited in claim40, wherein the plurality of pivotal l|inks are garoRiged to
undergo plastic deformation during expansion of the tubular nenber. 91. The
expandabl e systemas recited in claim38, further conprising a

conmuni cati ophkng roui s & ang dhedt uhubas mesber 277 g expandabl e
systemas recited in claim38, wherein the tubular nmenber conprises a
passageway ig.uhiehs the communigeation-Ling 75 Jeceiveds %, The expandabl e
systemas recited in claim38, furfher conprising a device coupled to the
comuni cati on L1ng et fE%:%{&H%Qd@QE?bSE’ééﬁQ g, el %a&sclr%'dq;ﬁ?,
further conprising a erormabl e materia surroundi ng an outer surface of

t he tubul ar nber .. .95, xpan L id i n-&l.ai m45,
wherein the %%%#m q%e“ r%%grs?a ‘aicgrgfg?ifgg%’? ﬁgpéfl}s%%rrelrt.ee%& fe expandabl e
systemas recited.in _cla.m37, wherein the tuhul arn menher .conprises a

pluralify ofP i et diamefafe TR iTS BXpanted State 97~ A-fethod of
utilizing a tubular, within a wellbor c rising: radially expanding the
tubul ar wi t P ICBBEé,guéﬁBlﬁﬁi n?g“f%‘?‘??gr;g)"sﬁrb t°|°31 By SE n%FaﬁJ{?ethe axi al
| ength of the tubular. 98. The thod as recited in_claima48, wherein
radial |y exPHIGCRGOPUPENBFTEBRPIT STC? zﬂQ%ﬁ;ﬁ%@ﬁbﬁ&e&noﬁﬁn?hbgm?% 2 wal I,
of the tubular. 45 Substitute, sheet, -. 6 Nhgcgg2003,99. The_nethod as
recited i-n EE&REPL2NEWRBFEL RV Rret Nt3F MIPSETHEsed ArPERGi hEE exfiftfabl e
cells such that radial expansion can occur w thout axial shortening of the
tubul ar. 108°SFhétRBt hod: BsSTERFIRPY FiatEhe1FubRRerer i nbf ntah hshg
conprises linking a plurality of longitudinal bars with flexible I|inks.
101. THe nerR&dig¥efebi¥@ech iweldahel 29 -wherein radi al |y expandi ng
conprises expandi ng a sandscreen. 102. An expandable device for use in a
wel | bore, conprising: a wellbore conduit having a plurality of expandable
cells, each cell having a thick strut and a conpliant |ink, wherein radial
expansi on of theTheldlrre dearfiined dgiteslrhencanéaboaptvutiaids eni s
transitioned froma contracted position to an expanded position. |03. The
expandabl e Hevhads akn reeciawsicetivh ofl apRREZS GHeRedrA: teetkomliant link is
arcuate. 104. .The expandabl e device as'recited in claim53, wherein the
axi al | engtépefontiea ey Fre@esomatns tamakal thesvaht ief lay todmdeant during
radi al expansion of the well bore conduit. 105. The expandabl e device as
recited i n mizg nmisgewhersiaringe anheskasdablie hasstalble cavese ab feast two
times greater than the thickness of the conpliant |ink. 106. The expandabl e
devi ce as rmxdliltagsedh stlagiem S3ctuhgr pahtéheswebidox ecwdoricit pigenpri ses a
passageway in which a communication line is deployed.

therebv creating an expandable bistable device in its

expanded state and then compressing the device into its
collapsed state; cutting appropriate paths through a sheet

20 of material, rolling the material into a tubular shape and

[N

joining the ends to form an expandable bistable device

-
-

its collapsed state; or cutting patterns into a shee: of

material, rolling the material into a tubular shape,
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107. The expandabl e device as recited in claim53, wherein the wellbore
condui't conprises a sandscreen. 108. A nethod of form ng an expandabl e
conduit, conprising: formng a conduit wall with a plurality of expandable
cells; and structuring each expandabl e ce%l wi.th ?}t? | east. one undef or med

| ongi tudi nal section and at |east one thi RUBSIHE shest ~JIZNowerh %ﬁged
to nove the conduit wall between a contracted state and an expan cfztfr} e.
46 Substitute sheet - 6 March 2003 109. The nmethod as recited in clam
59, further conprising determning a force deflection characteristic of the
conduit wall Dby. selecting a thickness ratipo of the at Iqefq‘sfﬁ]gbne undef or ned
| ongi t udi nal 38t Th T & C4F~FEastCdne® t Hi " &t PP Trethof as
recited in claim®60, wherein selecting conprises selecting a thickness
ratio of at |e¥&CD:iN ifF1 eXpREdFEt AbE AR GNEY TINRI L ThTE0 E¥Fher ei n

sel ecting conprises selecting a_thickness ratio of at least 3:1. 112. The
met hod as recdaEd s AngcailmS66°IwABFRY S Sft®ct i ng conpri ses sel ecting a

thi ckness ratio of at least 6:1. 113. The nethod as recited in claimb59,
further conprising determning a force deflection characteristic by
selecting a cell shape. 114. The nmethod as recited in claim®64, wherein

sel ecting conpri s6sesekeeriajsacf wumuretdfort Hert Ithe Stisaebdki |l e t he
conduit wall is in the contracted state. 47

CACA LA e, A AxphndAbl 80 AybAL 4rd, n A(fclAdE tACBe. AEDY cAl Y ADSed, witRiAS. Af,
.Af . Ae. A A@. Au. A@D ANL. A9. A9. Ar. A; 9. A A(. A5L. A

CAY AR AL, L AtBl. AYIARRAl géb . Dndls AAlsuch as carbon steel. They can

01[ 01Km{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] c"a] ca] eakeabe"na&d] o8] spdLialtgakaabosalis34hi bA2Dmond | dnconel,

}xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calca
] ca] ca] ca] caheateal 6] sl wal gt Albas?B&b110FsP 25 the application

10 requires.

The configurations shown for the bistakle tubular 24
are illustrative of the operation of a basic bistable cell.
Other configurations may be suitable, but the'coﬁcept

15 presented is also valid for these other geometries.

Figure 15 illustrates an expandable tubing 80 formed
of bi-stable cells 82. The tubing 80 defines a thinned
portion 84 (best seen in Figure 15) which may be in the

20 form of a slot, as shown, a flattening, or other thinning
of a portion of the tubing 80. The thinned portiocn 84
extends generally longitudinally arnd may be linear,

helical, or follow some other circuitous path. In one
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'1{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
dUc alc aU] Cc a]Jca]ca]ca]ca]ca]ca]ca]ca!Al|#@Hu}-5P%

Ha@yv{vqgj e [ V] ca] ca]ca] ca U c”a] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca

Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]calvz, >Cr zA5h"{qu gb]
X] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]Sdjstib}e shest]-c 63 Na}/erapea?%a ca) cal ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca! *aMIP 5gD ? x SCEL:0033

'l wmhc] Xl gb] X] ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cablj o210

Ul cray ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

PG -"h" " " #SHH#ALIINBSSSS! % %8BRI&2' p' ' (P(((}xsnid_Z]]]ca]ca]ca]ca]ca]cal
ca] ca] ca] cal Q;i%:%é]ﬁ@}cal eal C@ﬂaa]é‘dalpe&]tqahcakeehea] g%ﬁa&@al £akcal calgal cal
cajca!' ((())L) FXFEAELLOM+- K, ,, - L------ / { vpkf a\ V\]]ca]ca]ca]ca]caU]c

o o oo | XEPBLE 2590 B m%t‘@%%%] eathosteatanteal ol eaianloal caf o2l o2
| cal cal cal calcal eal caleal cal oal oal sal.salsaleal el ead ool C@J%mwaca&al cal ca

] ca] cal] ca] caJca] ca {S)erd
» <F<H<N<<<< ===>>>77-
] caU] ca] ca] ci]‘gﬁ] %Q] IB‘%P]' c%%sc“a ‘af] igli]“!:%f@aﬁécalca%]:ca] aﬂa:‘]: gela] %%a]’ﬁpaﬁLgﬁ]

7Ar AXAAAAAYBD F5qu K cal ca al] cal cal.ca] ca] ca ca
] ca] calUfca] c& %%? ca' "ca‘]%al] a] caf’gﬁ%‘ g’%a] ]c’écl]‘lc"ca%'?: “] L‘%ac’% ]165'}%63 5F]
FA FOFFFGKGGEEEER2 He
LTI JLJJJJ%@}@W«@BL%@E}?@%% IEPPERLaPLRT £ a0t Off Hi% &'CdPea) ca] ca
] ca] ca] ca] ca ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca! LLM=Ms MMM NeNN
NOHOK RSPSL AR FRE Y115 £25 cd}ica|Hdedea) ca] ca] ca] ca] ca
] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! YSSSSOT
GT| TTTTT. Up B Ranasih\ihg \RRIRKRR XK XEIYePrY Y ishi a7 Jhiresic ps4liea] 84) cal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
IYYY(VZ ZZZW[l[tx @an yigager arplurality that are spaced about the
*A - a<aa, bt b} bzupkf a\ VU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca
] ca] cajica] ca:]-o:a:]ucrﬂec:@]nca] od] thchtkbiafta) i allicapdabpbtbonc8écodddddeke
ca] ca] ca] calkealealic xpc abcakca] cahdal ttajroelstaiwrd] cakoabbalbathi 2j gjjjjj 3kj k
Kkl RETTTTT 4npmymmmm nhnnnoHooo| w mhe”YU] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cafeahcalicdalioa] tapea] 88| med < ajcafdajcdcaped] tafcahea] cal 009ppppp
pal ggqgr Errrrr8sossst 8titttuJuTuuwvvv}xsni d*YU] ] ca] c*a] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] cakeappakeaptaftajda] cn:xa]cnm-]a:a]maa:]e:a]ada] cajhcha] ea] aakeatea|en] ca!l vv

, WgWMAMMMAK JX VKX XX 2y Pyyyy3zpzzzz7{t {{{{]| || "| a] | w mhc~YU] ] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] gal:itab) eaficapradea)] cal ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal
cajca'al||}D}}}}}/ ~Q—~~~3i QL9=+g}xsnid_ZU] ] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
{9%d] MOh/fl o vql gb] XU] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca]ca]calca]ca]c .
a]ca] ca] ca] ca] capea} sad cadLalc ] calrgaleamahead Lbod LRkovgamjd ZU] ca] c
a) cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca]
ca] ca] ca] cajs"adFad $oe ce¥ Hommlii-c@tion line such as electri
| 6on} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
1 ca] ca] ca] caleal €8] £al calLalhalica] eaheahE@ bkKaL Srap sdrhehy galcal cal ca] ca]
ca] ca] ca] cajca] ca] ca] caj ca] ca] ca] ca] caj ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] calHGN! >5: pvsf E/ } xsni d_Z] ca] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Y&E6>NTt z+u! +
O xsnig_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! aWhj pa) e
}xsni d_Z] ca] ] ca] AC a calc LG alc alcalca] ca]ca
oozl cal] cakh ;]ucg% aahoghealealeal ool calealral s aalenl glealseals
<KTZzX] H3qE} xsni d .Z ca cal calca ca calca ca ca] ca] ca]ca] ca
caj ca]X]ca] g ca']gcéafc arcs (‘35} %a%ca% c%} %] cg%ca ‘CI‘—_%]L%TE} %Q% Z} ca} ] c!a] c!a] c!a

| cal cal cal %3%3%1765%“"% 458068 £5° Calﬁ"’}é%?m AT Eo ok p)s - Col calea
' 100 ()-3X ' 109& ()-3 ' 10%s& () 31];

(9409 ()-M a0( %09 ()-M (9%0%gg& () - M/ &10%]& ()- &10% & ()-sYd0%& ()-U
{Y: z 109B& ()-! gl09BB& ()-!xgl0% Yp V& ()-!10%BB& ()- 10g 10g




10gF: 10%g& () - K, baB{Y:y: 109B& ()-109B& ()-! & 10%b& ()- F109B& ()- 109B& () -G
109B&" () - D~dE{ Y: y9' 109B& () - @tf

109B& ()-S!' F109B& ()-f109B& ()-109B& ()-f109B& ()- W 5dE{Y: &3109B& () -

1s! 109B&' () -/ 109B& ()--109B& ()-,+ 109B& ()- (s!10%& ( %Q)FS pb@ 91098 H3

H& ()-0109B& ()- 10B 10B 10B; s10¥B& () - FRLbYEte(She@h— /B&vqmb%ZOOZ

a?b@ Fz#1098BB& () - Z@0YB& ()-9109B& ()-& 10%B& ()-9109B& () CHL:0033
10%XBXB& ()- Ez !]aBb@! @ 109B& ()- 109B& () - 68.0210
109B& ()-f 109B& ()-1f!109BB& ()- ~109B& ()-]Al|}"?b@1 109B& () -

/> 109B& ()-S+109B& ()-!' " $109BB& ()-!' $109%&' ()-y#S

109%&' () - #@BCDEHMIE@ PO¥Y&ieh- c£0BR20BeADRy B0 so that the extent to

s109B& ()-7109B&' ()-5109B& ()-3109B& () - Hu}-5} " ?nmb@10% & ()- @ 10% & () - &
10% & () -y glofia¥ (k- bxOkTEABYEROL] - tisd TANOLE Wi ameter of the tubing 80

W& () - 5PYaBmb@@610% & ()-,s!! 109%& ()-SI 10% & ()-!"T

10% / & () - YMEQY1&'scpn8B3 1ﬁ&ﬁﬂb1és tEErd®@a3n alternative embodiments

10% & ()-1Z10% & ()-.-10% & ()-+f 10% & ()-)10% & ()-S
1096&7()'@msh&VEQ@ﬂbesl@Q@éfé'eiééWﬁiﬁiﬂ-éeﬁﬁﬁbslohebgﬁﬁﬂng devices,

“10% & ()-7 10% & ()-5Z10% & ()-X}[<b@ 109%&' ()-!$10%e& ()-!$10%&' ()- 10%& (
)-10%& (9 - ! KmetdQU&' fdnuges @¥a@d®@s. More specific examples comprise

valves, sampling devices, a device used in intelligent or

smart well completion, temperature sensors, pressure

sensors, flow-control devices, flpw rate measurement

devices, olil/water/gas ratio measurement devices, sczle
10 detectOrs, equipment sensors (e.g., vibration sensors),

sand aetection sensors, water detection sensors, data

recorders, viscosity sensors, density sensors, bubble point
sensors, composition sensors, resistivity array devices and
sensors, acoustic dévices and sensors, other éelemetry
15 devices, near infrared senscrs, gamma ray detectors, H.S
cetectors, C0; cdetectors, cownhole memory itnits, downhole
controllers. Examples of measurements that the devices
might make are flow rate, pressure, temperature,

cifferential pressure, density, relative amounts of liquid,

20 gas, and solids, water cut, oil-water ratio, and other

measuremnents.
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10F: 10%&' ()-!H, 311 10%& ()-! +@ 10%&' ()-y % 109%& ()-!y
% 10% "t" & ()-!y109%& ()-ABCrzdE@ 10F 109%&' ()- Sy109%& ()-! S 109%& ()-!

0" S@0%: ()-'d S@O0% ()- 10 10A5zX9E@ :
104109 ()-'/ 109 ()-! M@, &LOYNE ()-! "109%& ()-! 109%& ()-,z10% ()-~\= 10l
109B& ()-!q 0- 109kBkB& ()-!V- 109 : P : & Eibsfitateddet) - VO NOVBNEYRI02 . -
109 () -hhazX9~\ = 10f 3+109B& ()-s! y&f #109BB& ()-M H'y 5. 0210
109BB& () -! 0&SH109BB&' ()-: ! TH109BB& () - 109B& ()-aMr{Y7 10! .
09S109BB& ()-!s9S10%n | mj& ()- 10B 10B 10BS; s109B& ()-! 4

1098B& ()-!", 109BB& () - TPAB{Y7 10! .

09!, 109BB& () -, ' 19EEY= ADHEE (FLIUER0UBRS (FEF1BIER? (Fay be expesed
g109%B& ()-59~_@ Y7 10! 0/ 109B& () - - 1,0%3&':(%- y*109B&' () - ! #S&109BB& () -
$S&10%& () - $1DoBR (S - DEHs® Bovd ORESSEgoR S 5 BRq )80 0B pnings

formed by the cells 22. Thus, the thinned portion 84 may
bridge openings as well as linkages 21, 22 of thes cells B2.
5 2lso note that the communicaticon lirne 86 and associated
communication line path 84 may extend a portion of the
length of the tubing 80 in certain alternative designs.
For example, 1f a device 88 is placed intermediate the ends

of the tubing 80, the communication line passageway 84 may

10 only need to extend from an end of the tubing to the

position of the device 8D.

Figure 16 illustrates an expandable tubing 80 formed
of bi-stable:éells 82 having thin struts 21 and thick
struts 22. At least one of the thick struts (lzbeled as
S50) is relatively wider than cother struts cf the tubing 80.
The widex strut 90 may be used for various purposes such as
routing of communication lines, including cables, ox

devices, such as sensor arrays.

Figures 17A and 17B illustrate tubing 80 having a
scrut 90 that is relatively wider than the other thick

struts 22. A passageway 92 feormed in the strut 90
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purposes. Figure 173 is a cross sectional view showing the

passageway 92. Passageway 82 is an alternative embociment

5 of a corrmunication line path B84. A passageway 94 may be
configured to generally follow the curvature of a stxrut,

e.g. one of the thick struts 22, as further illustrated in

Figures 17A and 173.

Figure 18 illustrateé a thinned portion 84 having a
dovetail design with a rélatively narrower opening. The
communication line 86 is formed so that it fits through the
relatively narrow cpening into the wider, lower portion,

e.g. by inserting one side edge and then the other.

15 Comnmunication line 86 is held in place due to the dovetail

} design as is apparent from the figures. The width of the

communication line 86 is greatexr than the width of the

opening. Note that the communicaticn line 86 may comprise
a2 bundle of lines which may be cf the same or different
20 forms (e.g., a hydraulic, an electric, and a fiber cptic

line bundled together). Also, connectors for connecting
adjacent turings may incorporate a connection for the

communication lines.
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in COﬂjLﬁCthﬂ with other types of expandable tubings,

such as those of the expandable slotted liner type

No. 5,366,012, issued November 22,

rr

5 disclosed in U.S. Paten
1594 to Lohbeck, the folded tubing types of U.S. Patent No.
3,489,220, issued January 13, 1870 to Xinley, U.S. Patent z
No. 5,337,823, issued august 16, 1934 to Nobileau, U.S.

Patent No. 3,203,451, issued August 31, 1965 to Vincent.

10

The particular embodiments disclosed herein are
illustrative only, as the invention may be modified and
practiced in different but eguivalent manners apparent to
those skilled in the art having the benefit of the

15 teachings herein. Furthermore, no limitations are intended
toc the Getails of construction or cesign herein shown,
other than as described in the claims below. It is
thersfore evident that the particular embodiments disclosed
above may be altered or modified and all such variations

20 are ccnsidered within the scope and spirit of the
invention. Accordingly, the protection sought herein is as

set forth in the claims below.
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plurality of bistable cells arranged in a
generally tubular shape, the plurality of

bistable cells being stable in a collapsed
configuration and in an expanded configuration.

2. The apparatus as recited in claim 1, wherein each bistable
cell comprises at least two elongated members connected to
each other.

3. The apparatus as recited in claim 2, wherein the collapsed
configuration is a first generally tubular configuration and
the -expanded configuration 1s a second generally tubular
configuration having a larger diameter than the first
generally tubular configuration.

4, The apparatus as recited in claim 3, further comprising a
conveyance device able to transport the expandable bistable
device to a desired location in the wellbore.

5. The apparatus as recited in claim 4, wherein the apparatus
further comprises a deployment device able to initiate
expansion of the expandable bistable device from its first
generally tubular configuration to its second generally
tubular configuration.

6. The apparatus as recited in claim 4, wherein each cell
comprises a first member and a second member, the first member
and the second member each comprising a mid-point and two
ends, and further wherein the first member is more flexible
than the second member.

7. The apparatus as recited in claim 6, wherein the first and
second members are mechanically connected such that the second
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10. The apparatus as recited in claim 6, wherein the thickness
ratio of the second member to the first member is greater than
approximately 3:1.

11. The apparatus as recited in claim 6, wherein the thickness
ratio of the second member to the first member is greater than
approximately 6:1.

12. The apparatus as recited in claim 4, wherein the bistable
device further comprises a wrapping attached to the outer
surface of the bistable device.

13. The apparatus as recited in claim 12, wherein the wrapping
comprises an expandable screen.

14. The apparatus as recited in claim 4, wherein the bistable
device further comprises a deformable material attached to the
outer surface of the bistable device.

15. The apparatus as recited in claim 14, wherein the deformable
material comprises an elastomer.

- 16. The apparatus as recited in claim 15, wherein the elastomer is
selected to be resistant to crude oils, brines, and acids
encountered in oil and gas wells.

17. The apparatus as recited in claim 4, wherein the bistable

device in its second generally tubular configuration comprises
a plurality of diameters.
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wellbore while in a first stable state; and

radially expanding the bistable device to a second
stable state having a generally tubular
configuration without substantially reducing
axial length.

19, The method as recited in <claim 18, further comprising
attaching a wrapping to the outer surface of the bistable
device.

20. The method as recited in claim 19, wherein attaching comprises

attaching an expandable screen.

21. The method as recited in claim 18, further comprising applying
a deformable material to the outer surface of the bistable
device.

22. The method as recited in claim 21, wherein applying comprises

applying an elastomeric material.

23. The method as recited in claim 18, wherein radially expanding
comprises expanding the bistable device to a plurality of
final diameters.

24, A method for installing liners within a tubular located in a
wellbore, comprising:

forming an expandable bistable device with a
plurality of bistable cells, the expandable
bistable device having a generally tubular
shape;

surrounding the expandable bistable device with

an expandable liner element attached to an
outer surface of the bistable device:;
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element against an inner diameter of the
tubular.

25, The method as recited in claim 24, further comprising locating
multiple bistable devices in the wellbore such that the ends
of the adjacent Dbistable devices overlap and form a
continuation of the liner element against the inner diameter
of the tubular.

26. The method as recited in claim 24, further comprising creating
each bistable cell with a thin strut connected to a thick
strut.

27. A method for facilitating use of a Wellbore, comprising:

inhibiting sand influx into a wellbore, wherein
inhibiting comprises:

placing a bistable device at a desired position
in a wellbore; and

expanding the bistable device at least partially
through a nonstable range towards a stable
state until the bistable device is able to
exert hoop stress forces against the

wellbore.

28. The method as recited in claim 29, further comprising
attaching a wrapping to an outer surface of the bistable
member.

29. The method as recited claim 30, wherein attaching comprises

attaching an expandable screen.

30. A method of facilitating use of a wellbore, comprising:
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31. A method of sealing a portion of a wellbore tubular,
comprising:

locating a bistable device within a wellbore tubular
adjacent to a zone to be sealed; and

expanding the bistable device against the wellbore
tubular by moving the bistable device through a
nonstable region towards an expanded stable
state.

32. An apparatus for use in a wellbore, comprising:
a wellbore conduit having at least one bistable device.

33. The apparatus as recited in claim 34, wherein the bistable
device comprises a plurality of bistable cells, each bistable
cell comprising at least two elongated members that are
connected to each other at their ends, the device being
stable in a first generally tubular configuration and a second
generally tubular configuration, wherein the second generally
tubular configuration has a larger diameter than the first
generally tubular configuration.

34, The apparatus as recited in claim 35, wherein the apparatus
further comprises a conveyance device able to transport the
apparatus to a location in a borehole.

35. The apparatus as recited in claim 36, wherein the apparatus
further comprises a deployment device that initiates the
expansion or collapse of the bistable device.

36. A system for facilitating communication along a wellbore,
comprising:

an expandable tubing having a communication line
passageway.
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38. The system as recited in claim 39, wherein the communication

line passageway is defined by a thinned portion along the
expandable tubing.

39. A wellbore tubular, comprising:

and expandable bistable tubing; and
a device mounted to the tubing.

40, The tubing of claim 41, wherein the device is selected from an
electrical device, a measuring device, a meter, a gauge, and a
sensor.

41. A method of routing a communication 1line in a well,
comprising:

deploying an expandable tubing in a well;

routing at least a portion of a communication
line adjacent at least a portion of the
expandable tubing; and

expanding the expandable tubing.

42, The method as recited in claim 43, wherein deploying comprises
running an expandable tubing formed of bistable cells into a
well,

43, The method as recited in claim 43, wherein routing comprises

routing a cable along an exterior of the expandable tubing.
44, The method as recited in claim 44, further comprising

attaching the communication line to the expandable tubing as
the expandable tubing is deployed in the well.
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46. The method as rec1ted in claim 47, wherein forming comprises
forming the communication line along a thick strut formed
between a plurality of bistable cells.

47. The method as recited in c¢laim 44, further comprising
providing a device attached to the expandable tubing.

48, The method as recited in claim 49, wherein providing comprises
attaching a sensor.

49, The method as recited in claim 49, wherein providing comprises
attaching an instrument.

50. An expandable device for use in a wellbore, comprising:

an expandable conduit formed of a wall having a
plurality of slots therethrough with at
least a portion of the plurality of slots
having an arcuate shape when the expandable
conduit is in a contracted state.

51. The expandable device as recited in claim 1, wherein the
arcuate shape transitions to an expanded shape as the
expandable conduit is radially expanded.

52. The expandable device as recited in c¢laim 2, wherein the
arcuate shape comprises a wave shape.

53. The expandable device as recited in claim 2, further
comprising a communication line routed along the expandable
conduit.

54, The expandable device as recited in claim 2, wherein the

expandable conduit comprises a passageway in which the
communication line is received.

55. The expandable device as recited in «claim 2, further
comprising a device coupled to the communication line.

56. The expandable device as recited in «claim 1, further

comprising a deformable material surrounding an outer surface
of the expandable conduit.
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59. The expandable device as recited in claim 2, wherein the
plurality of slots are formed at least in part by a plurality
of pivotal links.

60. A method of forming an expandable conduit, comprising:

cutting a pattern of slots through a wall of a
conduit; and

arranging at least a portion of each slot in an
arcuate shape.

61. The method as recited in claim 11, wherein arranging comprises
forming each slot in a wave shape.

62. The method as recited in claim 11, wherein cutting comprises
orienting the pattern of slots in a generally longitudinal
direction along the conduit.

63. The method as recited in claim 11, wherein cutting comprises
cutting the pattern of slots in a sandscreen.

64. The method as recited in claim 11, wherein cutting comprises
cutting the pattern of slots in a liner.

65. The method as recited in claim 11, wherein cutting comprises
forming a pattern of slots to create a plurality of bistable
cells.

66. An apparatus for use in a wellbore, comprising:

an expandable conduit configured for deployment
within a wellbore, the expandable conduit
having a plurality of expandable cells that
may be transitioned between a contracted
state and an expanded state by application
of a force directed radially outward,
wherein during expansion each expandable
cell passes a transition point that allows
the force to be decreased during transition
to the expanded state.
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71. The apparatus as recited in claim 20, wherein each flexible
link is arcuate in form prior to expansion of the expandable
conduits.

72. The apparatus as recited in claim 20, wherein the force may be

removed once each of the plurality of cells is moved past the
transition point.

73. An apparatus for use in a wellbore, comprising:

an expandable device deployable in a wellbore,
the expandable device having a plurality of
expandable cells, each expandable cell
comprising a thin strut that is flexed
between a contracted state and an expanded
state without plastic deformation.

74, The apparatus as recited in claim 24, wherein each thin strut
is coupled to at least one thick strut that remain unflexed
during transition of the thin strut from the contracted state
to the expanded state.

75. The apparatus as recited in claim 25, wherein each thin strut
is pivotally coupled to at least one thick strut.

76. The apparatus as recited in claim 24, wherein the expandable
device remains at a substantially fixed axial length during
transition from the contracted state to the expanded state.

77. The apparatus as recited in claim 25, wherein the thickness
ratio of the thick strut to the thin strut is at least 2:1.

78. The apparatus as recited in claim 24, wherein the expandable
device comprises a radially expandable tubular.

79. The apparatus as recited in claim 29, wherein the radially
expandable tubular is a sandscreen.
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transition point and against a surface of

the wellbore without reaching the expanded

state.

81. The method as recited in claim 31, wherein forming compares
expanding the plurality of cells without axial shortening of
the expandable device.

82, The method as recited in claim 31, wherein forming comprises
forming the expandable device as a tubular.

83. The method as recited in claim 31, wherein forming comprises
forming the expandable device as a sandscreen,

84. The method as recited in claim 31, wherein forming comprises
forming the expandable device as a wellbore liner.

85. The method as recited in claim 31, wherein selecting comprises
selecting a geometry that wutilizes a combination of thick
struts coupled to thin struts.

86. An expandable system, comprising:

a tubular member configured for use in a
wellbore, the tubular member having
longitudinal structures extending the length
of the tubular member and openings oriented
between the longitudinal structure such that
expansion of the tubular member expands the
plurality of openings without deforming the
longitudinal structures.

87. The expandable system as recited in claim 37, wherein the
tubular member comprises a sandscreen.
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88. The expandable system as recited in claim 37, wherein the
tubular member comprises a liner.

89. The expandable system as recited in claim 37, wherein the
tubular member comprises a plurality of pivotal 1links
connecting adjacent longitudinal structures.

90. The expandable system as recited in claim 40, wherein the
plurality of pivotal links are arranged to undergo plastic
deformation during expansion of the tubular member.

91. The expandable system as recited in claim 38, further
comprising a communication line routed along the tubular
member.

92. The expandable system as recited in claim 38, wherein the

tubular member comprises a passageway in which the
communication line is received.

93. The expandable system as recited in claim 38, further
comprising a device coupled to the communication line.

94, The expandable system as recited in <c¢laim 37, further
comprising a deformable material surrounding an outer surface
of the tubular member.

95. The expandable system as recited in claim 45, wherein the
deformable material comprises an elastomer.

96. The expandable system as recited in claim 37, wherein the
tubular member comprises a plurality of different diameters in
its expanded state.

97. A method of utilizing a tubular within a wellbore, comprising:

radially expanding the tubular within a wellbore;
and

maintaining substantially constant the axial
length of the tubular.

98. The method as recited in claim 48, wherein radially expanding
further comprises creating expanded openings in a wall of the
tubular.
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comprises arranging expandable cells such that radial
expansion can occur without axial shortening of the tubular.

100. The method as recited in claim 12, wherein maintaining
comprises linking a plurality of 1longitudinal bars with
flexible links.

101. The method as recited in claim 12, wherein radially expanding
comprises expanding a sandscreen.

102. An expandable device for use in a wellbore, comprising:

a wellbore conduit having a plurality of
expandable cells, each cell having a thick
strut and a compliant link, wherein radial
expansion of the wellbore conduit results
when the compliant link is transitioned from
a contracted position to an expanded
position.

103. The expandable device as recited in claim 53, wherein the
compliant link is arcuate.

104. The expandable device as recited in claim 53, wherein the
axial length of the wellbore conduit remains substantially
constant during radial expansion of the wellbore conduit.

105. The expandable device as recited in claim 53, wherein the
thick strut has a thickness at least two times greater than
the thickness of the compliant link.

106. The expandable device as recited in c¢laim 53, wherein the
wellbore conduit comprises a passageway in which a
communication line is deployed.

107. The expandable device as recited in claim 53, wherein the
wellbore conduit comprises a sandscreen.

108. A method of forming an expandable conduit, comprising:

forming a conduit wall with a plurality of
expandable cells; and

structuring each expandable cell with at least
one undeformed longitudinal section and at
least one thin strut that can be
transitioned to move the conduit wall
between a contracted state and an expanded
state.
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