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O1. FIELD OF THE INVENTION This invention. relates to equipment that can be
uses in the drillirg and completion of wellbores fir. an underground
formation and in the production of fluids from such cells.  " 15 BACKGROUND
OF THE INVENTION z Fluids such as oil, natural gas and water are obtained
from a subterranean geologic formation (a "reservoir") by d=filling a well
t at penetrates the fluid-bearing .o formation Once the well has bee n
drilled to a certain depth t a boreholes wall must be supported to p=event
collapse. Conventional  well drilling methods involve the installation of
a casing string and cementing between the 1   ~~ i a Substitute sheet - 19
November 20D2 SCHL:0033 68 . 0210 casing and t:-the borehole to p=oviCe
support =o= the borehole structure. After cementing a casing string =n
place, the drilling to greater depths can commence. Alter each subsequent
casing string is installed, the next drill bit s must pass through the
inner diameter of the casing. In this manner each chance 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 reasonable pipe diameter at io the depth where the wellbore
penetrates 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 formation. 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 



~o larger diameter. Very large forces are needed to impart the radial
deformation desired .n this method. In an ef fort to decrease the forces
needed to expand the casing string, methods that involve expanding a liner
tzar has 2   1 ~ ~ T n Substitute sheet-19 November 2002 SCHL:0033 6B .
0210 longitudinal slots cut into it have been proposed (IT.S. Patents Nos.
5,366,G12 and 5,667,0I1). These methods involve the radial deformation. of
the slotted liner into a configuration with an increased diameter by
running an s expansion mandrel through the slotted liner. These methods
still require significant amounts of forces to be applied throughout the
entire length of the slotted liner. r A problem sometime encountered while
drilling a well io 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 the
drill string or other tools that were in the well. Various additives are
commonly used t5 within the drilling fluids to help seal off loss `s
circulation zones, such as cottonseed hulls or synthetic fibers. Once a
well is put in production an influx of sand ~o from the producing formation
can lead to undesired fill within the wellbore a..^.d ca n damage valves
and other production related equipment Ma^y methods have been attempted for
sand control . 3   .' Substitute sheet -19 November 2002 SCRL:0033 



68.0210 the present invention is directed to overce^~ir~g, o. at least
reducing the effects of one cr rlore of the problems set forth above, and
can be useful in other applications as s well. SU~2p.RY OF Tf:E INVENTION
:according to the present invention, a tecrniq~,:e is provided for use of
an e~,roandable bistable device in a io borehole. The bistable device
is.stable in a first contracted configuration and a second e=cpended
configuration. F~ exer~pla~-y device is generally tubul ar, having a larger
diameter in the expanded corfigLration than in the contracted
ccnfiguration. The technique also may ~s utilize a conveyance mechanism
able to transport the bistable device to a lccation in a s~:bterranean
borehole. Fvrtherrnore, the bistable device can be constructed in various
configurations for a variety of applications. 3U BRIEF DESCRIPTION OF T~
Ds'tAWINGS The invention will hereafter be described with reference to the
accompanying drawings) wherein like ref~=erce n~.:.merals denote like
elements) and: 4   f r Substitute sheet - 19 November 2002 SCFih:0033
ss.oalo Fic,2:res lA and 13 are illustrations of the forces imposed to make
a bistable structure; s rFigure 2A and 23 show force-deflection curves of
two bistable structures; Figures 3 - 3F illustrate expended and collapsed
states of three bistable cells with various thickness ratios; ~o Figures 4A
and 43 illustrate a bistable e~-pandable tubular in its expanded and
collapsed states; Figures 4C an3 4D illustrate a bistable expandable is
tubular in collapsed and expanded states within a wellbore; Figures 5~ and
5B illustrate an expandable packer type of deple~.^.nent device; zo Figures
6A a_~d 6B illustrate a mechanical packer type of deployment device; 



S   Substitute sheet - 19 November 2002 SC::Z:0033 68.02l0 Figures 7A - 7~
illustrate an expandable swaGe type of deployme.^.t device; Figures 3A - 8D
illustrate a piston type of deploy:r~ent s device; Figu_es 9A and 9H
illustrate a plug t~-pe of deployment device; Figures 10A and 10H
illustrate a ball type of ~o deployment device; Figure 11 is a sche.-natic
of a wellbere utilizing an e_xpardable b3.stable tubular; . ~s Firure 12
illustrates a motor driv en radial roller . deployment device; ar_d Figure
13 illustrates a hydraulically driven radial roller deployment device. ^o 6
1 1 Substitute sheet - 19 November 2002 SCt3L:0033 68.0210 Figure 14
illustrates a bistable expandable tubular hav ing a wrapp-:~g; Figure 14A
is a view similar to Figure 14 in which the ~s wrapp'irg comprises a'
screen; Figure 14H is a view similar to Figure 14 showing another alternate
embodiment; Io Figure 14C is a view similar to Figure 14 showing Brother
alternate embodiment; Figure 14D is a view sir.^,ilar to Figure 14 showing
another alternate embodiment; IS Fig-axe 14y is a v iew similar to Figure
14 s'.:owir_g another alternate embcdiment; Figure 1~ is a perspective view
of an alternative zo er,Ibociime:~t cf the present inventicr_. 7
Substitute sheet - 19 November 2002 SC:x'I.: 0 033 68.21J L'lJL:re 15A is a
cross-sec tic.^.al view of an alternative 



embodiment of the present inven~io n. s ~ figure 16 is a partial
perspective view ~of a_n alternative e.-nbodiment 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 embodiment of the present
invention. Figure 18 is a partial cross-sectional end view of ar:
ta..-~,Et,-1,. nbC ,_ =e e. .c~:^2:W 0.~. th E p~e~crw. lnvCnt7.on. ~s
Vvhile the invention is susceptible to varioLs modifications and
alternative fours, specific embodiments t::ereof have been shown by way oz
exas~nple in the crawings and are he=ein described in detail. Tt should be
understood, howaver, that the descriptior_ herein of .o specific
embodiments is not inter_ded to 1 imit the i;.ve.^_tion to the particular
fer:;,s disclosed, buy on the contrar~) tze 8   Substitute sheet - 19
November 2002 SCHL:0033 68 . 0210 intention is to cover a11 mcdificetio~s,
equivalents, ar_d alternatives falling within the spirit and scope o:: the
invention as defined by the a;pended claims. 5 DETAILED DESCRIPT20N OF
EXEMPLARY EMBODIM~'~TTS Bistable devices used in the present invention can
take advantage of a principle illustrated in FiG-ores 1~ and 1E. Figure 1A
shows a rod 10 fixed at each end to rigid supports 12. If the rod 1Q is
subjected to an axial force io it begins to defor.^~ as shown in Figure 1B.
As the axial force is increased rod 10 ultimately reaches its Euler
buckling limit and deflects to one of the two stable positions sho~,-n as
14 and 15. If the buckled rod is now clamped in the buckled position, a
force at rig:t angles to is the long axis can cause the rod to move to
.either of the stable positions but to no other position. 4v"~:en the rod
is subjected to a lateral force it must move through an a:~g?e 



f3 before deflecting to its row stable position. zo Bistable systems 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 move in the direction x ar_d reaches a maximum 1B at 9
Substitute sheet -19 November 2002 SCH~:0033 68.0210 t::e onset of shi =tin
g fro: ona stable configuratio:: to the other. Further deflection recuires
less f once because the syste::~ n ow has a negative spri.^.g rate ar_d
when the fcrce becomes zsro the deflection to the secor_d stable position s
is sponteneoas. The force deflection curve for this example is synz.;
~etrical and is illustrated in Figure 2A. Hy introducing either a
precurvature to the rod or an io asy-:nmetric cross section the force
deflection curve can be made asymmetric as sho-,an in Figure 2B. In this
system the force 19 reruired to cause the rod to assume or_e stable
position is greater than th a force 20 re~;uired to cause the reverse
deflection. Tre force 20 must be greater than zero ~s for the system to
ha~e bistable characteristics. Bistable st n:ctures, sometimes referred to
as toggle devices, have been used in industr,.for such devices as flexible
discs, over center clamps, hold-down devices a=d .o quick release syste_ns
fo= tension cables (such as in sailboat rigging backstays). 10   Substitute
sheet -19 November 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 - 3F. If both struts 21 and 22 



s have the saT~e thickness as shown in Figures 3A and 33, the force
deflection curve is linear an d the cell lengthens when compressed from its
oven position Figure 3B to its closed position Figure 3A. If the cell
struts have different thicknesses, a5 ShO~n~ in Figures 3C - 3F, the ~o
cell has the force deflection~characteristics shown in Figure 2B, and does
not change in length when it moves between its two stable positions. An
expandable bistable tubular can thus be designed so that as the~radial
dimension expands, the axial length re.nains cons~ant. In is one example,
if the thickness ratio is over appro:cimately 1 2:1, the Y~eavier strut
resists longitudinal changes. 3y changing the ratio of thick-to-thin strut
di:neaior_s, the opening and closing forces can be changed. For example,
Figures 3C and 3D illustrated a thickness ratio of ao approximately 3:1,
and Figures 3E and 3F illustrate a T t hi c:;res s ratio of approxi:~a t
ely 6 : 1 . expandable bcre bistable tubular, such as casing, a 11
Substitute sheet - 19 November 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 4?. and 4B, where each t hin strut 21
is cc^~:ected to a thick strut 22. TY~e longitudinal flexibility of sucz a
s tubular can be modified by changing the length of the cells and ry
connectir_g each row of cells with a ccmpliant link. rFUrthex, the force
deflection characteristics and tY~e longitudinal flexibility can also 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 expandable bistable tubular 24 in its contracted
or collapsed configuration. Within this application the term "collapsed is
used to identify the cor_figu=ation of the bistable eler~ent or device in
the is stable state with the smallest dia.-neter, it is not meant to imply
that the element or device is damaged in any way. In tre collapsed state,
bistable tubular 24 is readily introduced into a wellbere 29, as
illustrated in Figure 4C. Upon placement of the bistable tubular 2~ at a
desired ~o wellbore location, it is expanded, as illustrated in Figure 4D.
12   



Substitute sheet -19 November 2002 SC:iL:0033 68. 0210 The geometry of the
bistable 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 tubular expar_ds radially, the bistable cells deform s elastically
until a specific geometry is reacred. rt this point the bistable cells
move, a.g. snap, to a final expanded geometry. With some materials and/or
bistable cell designs, enough energy can be released in the elastic
deformation of the cell (as each bistable cell snaps past ~o the specific
geometry) that the expanding cells are ab'_e to initiate the expansion of
aajoir_ing bistable cells past the critical bistable cell geometry.
Depending on the deflection curves, a portion or ~eve:z an entire 1 ength
of bistable expandabla tubular can be expanded from a single i5 point. In
like manner if radial ccmpressive forces are exerted on an expanded
bistable tubular, it contracts radially and the bistable cells deform
elastically until a zo critical geometr_.~ is reached. At this point the
bistable cells snap to a final collapsed structure. In this way the
expansion of the bistable tubular is reversible aad repeatable. Theraicre
the bist~ble tubular can be a 13   Substitute sheet -19 November 2002
SC:iL:0033 68 . 02l0 reusable tool t:~at is selectively cha~!ged between
the a}handed state d5 s~'iOTn~"1 1:1 F1g13re ~A and the collapsed state as
shown in Figure 43. s In the collapsed state, as i-~ r^igure 4B, the
bistable expandable tubular is easily inserted ir_to tre wellbore and
placed into position. A deployment device is then used to , change the
configuration from the collapsed state to the expanded state. 1D In the
e~cpanded state, as in Figure 4A, design control 



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
geometric shape of the bistable calls can be designed to give certain
desired resLlts. Gne example of resigning for certai:~ desired results is
an e~:pandable bistable t~ular string with more than one zo diameter
throughout the iergth of the string. This can be useful in boreholes with
very=_ng diameters, whetrer des=gned that wa_,~ or as a result of
unpla::ned occurrences such as formation ~;ashouts or ke_.seats within the
bcre'~ol e. 5 1~   Substitute sheet -19 November 2002 SC:iL: 0033 S8. 0Z20
'I~:is also can be beneficial when i~ is desired to hare a portion of t::e
bistable expandable device located inside a cased section o the well while
azoter portion is located in an uncased secticn of the well. Figure 11
illustrates s one example of this condition. A wellbore 40 is drilled from
the surface 42 and cor~~prises a cased section 44 and an openhole section
46. P~ e;cpandable bistable device 48 having segments 50, 52 with various
diameters is placed in the well. ?he segment with a larger diameter 50 is
used to io stabilize the oper~hole section 40' of the well, w~:ile the
segment having a reduced diameter 52 is located inside the Cased section 44
of the well. Bistable collars or connectors 241 (she Pigure 4C) can be
designed to allow sections of the bis~able expandable ' tubular to be
joined together into a string of usefu_ lengths using the same principle as
illustrated in :figure 4~ and 43. This bistable con.zector 24~ also
incorporates a bistable cell design that allows it to expand radially 'o
using the same r;~echanis:n as For the bistable expandable tubular co;
rpone:~t. Exe:~pla=y bistabl c connectors have a diameter slight ly larger
that. t?~e expandable t~~bul ar sections that are being joined. The
bistable cer_.ector is 



15   Substitute sheet -19 November 2002 sc::z: ao3s 68. 021 then placed
over the ends or t?^.e two Sections a.:d r.-~echan ically attached to the
expandable 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 biStable connector t~.-picaliy is designed to rave.an
e~-pansion rate that is compatible with the expandable tubular sections, so
that it continues to connect the two sections after the expansion of the
two se5~nents and the connector. Alternatively, the bistable corrector can
have a diameter s:;laller than the two expandable tubular sections joined'.
Then, the cor_~,ector is inserted inside of the ends of the t~~bulars and
mechanically fastened as discussed is above, mother embodiment would
involve the rnachinir_g of the ends of the tubular sectior_s on either
their inner or outer surfaces to form an annular recess in which the
corrector is located. A cor..^.ector des~Gned to fit into the recess is
placed in the recess. The cor;~ector would t?:en .n be :mechanically
attaci:ed to the ends as described above. In this way t~^e coru-~ector
forms a relatively flush-type connection with the tubular sections. 16
Substitute sheet -19 November 2002 SC~~:0033 68.021 A conveyance device 31
transports the bista~ale expa:~dable tubular le=~gths acd bistable
connectors into the wellbore and to the correct position. (See Figures 4C
a_nd 4D). The conveyance device may utilize one or more s mechanisms such
as wireline cable, coiled tubing, coiled tubing with wireline conductor,
drill pipe, tubing or casing. A deployment device 33 can be incorporated
into the 



to bottom hole assembly to expand the bistable expandable tubular and
connectors. (See Figures 4C and 4D). Deployment devices can be of
nu.,.erous types such as an inflatable packer element,. a mecha.^_ical
packer element, an expandable swage, a piston apparatus, a mechanical is
actuator, an electrical solenoid, a plug type apparatus, e.g. a comically
shaped device pulled or pushed through the tubing, a ball type apparatus Or
a rotary type expander as further discussed below. 'o pn inflatable packer
element is showy in Figures 5A and 5B and is a device with an inflatable
bladder, element, or bellows incorporated into the bistabl a e~cpa:~dable
tubular s~.stern bottom hole assembly. In the iliustraticn of 17
Substitute sheet-19 November 2002 SC~L:0033 6B . 02l0 i er em ::` 25 is
located i i gure 5A, t..e a;latable pack el a ~. inside the entire length,
or a portion, of the ir_itial collapsed s ate bistable tubular 24 a..^.d
any bistable expandable connectors (:got show::? . Once the bistable s
expar.Cable tubular system is at the correct Ceplovment depth, the
inflatable packer elemeTt 25 is expander radially by pumping fluid into
t:.e device as shown in 3 Figure 53. The inflation fluid car. be pumped
from the surface throur:z tubing or drill pipe, a mechanical pump, or io
via a dow-nhole electrical pump which is powered via wirelir_e cable. As
the inflatable packer eleme;~t 25 expands, it forces the bistable
expandable tubular 24 to also expa:~d radially . A t a certain e::.-~ansion
diameter, the i.^.flatable packer element causes tra bistable cells in the
~s tubular to reach a critical geometry where the bistabla "snap" effect is
initiated, znd the bistable expandable tubular sy stern expar_ds to i is
fir_al diameter . c finally the 



inflatabl a packer eleme nt 25 is deflated and removed from the deployed
bistable expandable tubular 24. zo A mechanical packer element is show:- in
:'figures 5a and 0'3 a:~d is a device with a deformabla plastic element 25
that expanGS radially When CompreSSed in the axial 18   Substitute sheet
-19 November 2002 SC~:L: 0033 68. 02l0 directicn. The force to compress the
element can be provided through a co:npressio:~ mechanism 27, sLCh as a
screw rnecha:~.is::~, cam, o. a hycraul is piston . The rlecranical packer
element deploys the bistable expendable s tubulaxs and connectors ir~ the
same way as the inflatable packer element. The deformable plastic element
25 applies an outward radial force to the inner circumference of the
bistable expandable tubulars and connectors, allowing them in turn to
expand from a contracted position (see Figure ~0 6A) to a fir al deployment
diameter (see Figure 5B). 3~ expandable swage is shcw^_ in Figures 7A - 7J
and comprises a series of fingers 28 that are arranged radially around a
conical mandrel 30. Figures 7A and 7C show side . ~s and top views
respectively. W'_:en the mandrel 30 is pus'~ed or pulled tarough the
fingers 28 they expand radially outwards, as illus=rated in Figures 73 ar_d
7D. An expandable swage is used in the same manner as a mechanical packer
element to deploy a bistabl2 expandable tubular and zo connector. A piston
type apparatus is show:- in Figures EA - SD and comprises a ser_es of
pisto.^.s 33 facing radiall-~ 19   Substitute sheet - 19 November 2002
SCi3L: 0033 



68.0210 outwardly and used as a mecha_^_is:~ to expand the bistable
exp,ar:dable tubular s ar_d con-~ec tors . Vven ever gi zed, the pistons 32
apply a =adially directed force to deploy the bistable e:~-paadable tubular
asse.^.wly as per the in=latable s packer eleme.~t. Figures 8A a:~d SC
illustrate the pistons retracted wile Fig~~res BB and 8D show the pistons
extended. The piston type apparatus can be actuated hydraulically,
mechanically or electrically. m . A plug type actuator is illustrated in
Figures A and 9B and comprises a plug 34 that is pushed or pulled through
the bistable expandable tubulars 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 sr_ap to a ~s final expa~:ded diameter as sho-~un in Figure
93. i A ball type actuator is shown in Figures 10~ ar_d 10B end operates
when an oversized ball 36 is pumped through the middle of the bista::~le
expandable tubulars 24 and ~o connectors. To prevent fluid losses through
the cell slots, an expandable elastompr based liner ~9 is rur~ inside t'~e
bistable expandable tubular system. The liner 38 acts as a seal a ~d allcws
the ball 36 to be hyd=aulical ly p~.:mped 20   Substitute sheet-19 November
2002 SCFT.L: 0033 63. 02l0 through the bistable tubular 24 and connectors.
The effect of puripi::g the ball 36 thro~:gh the bistable expandable
tubulars 24 and ccnnectors is to expand the cell seo:etrf beycnd th=
critical bistable point, allowing full expa:aion s to take place as shoT,~n
in Fig~re 10B. Or_ce the bistable expandable tubulars and correctors are
expanded, the elastomer sleeve 38 and ball 36 are withdrawn. aadial roller
type actuators also can be used to io expand the bistable tubular sections.
Figure 12 illustrates a motor driven expandable radial roller tool. 



The tool comprises o:~e cr mcre sets oz ar ms 53 that ara . expanded to a
set di:.rieter by means of a mechanism and ' pivot. On the end of each set
of arms is a roller 60. !s - Centralizers 62 can be attached to the tool to
locate it correctly inside the wellbore ar_d the bistabie tubular 24. A
motor 6~ provides the force to rotate the whole asse:rbly, thus turning the
rollers) circu~^a~erentially ins=de the wellbo=e. The axis of the rollers)
is such as to allow ~o the rollers) to rotate freely when brought into
contact with the in ner sur=ace cf tr~e tubul ar . Each roll er can :oe
cor_ically-shaped in section to =ncrease the ccntGct area of Yoller surface
to the iraer wall cf the tubular . The 21   Substitute sheet -19 November
2002 SCHL:0033 68.02I0 rollers are i:~it=ally retracted a..^.d the tool is
rLn irside the ccll apsed bistable tubular . The tool is t?:e n rote=ed by
t'_he motor 64) a:d rollers 60 are moved outwardly to contact tie inr_er
surface of the bistable tubular. Once in s contact with the tubular, the
rollers are pivoted outwardly a greater distance to apply a:~ outwardly
radial force to the bistable tubular. The outward movement of the rollers
car be accv:nplisied via centrifugal force or an appropriate actuate=
r~echanis:a coupled betwee n the motor 64 and the io rollers o0. The final
pivot position is adjusted to a point where the bistable tubular can be
expa~ded to the final diameter. .'re tool is then longitudir_ally rioved
th=ough~ the collapsed ~s bistable tubular, while the riotor continues to
route the pi;;ot arr~s and rollers. The rollers follow a shallow helical
path o'S J.n57.de the bistable tubular, expanding the bistable cells in
their path. Once the bistable tubular is ceployed, t:~e tool rotation is
stopped a~:d the roller ~o rztracted. The tool is then withdra~~ from tre
b:stable tubular by a cer.~eyance device 68 that also can be used to insert
the tool. 22   f Substitute sheet -19 November 2002 SCHZ:0033 68.02l0
rigure 13 illustrates a hydra~~lically driven radial roller deploy-me=~t
device. The tool co:aprises one or more rol le=s 50 th at are brought into
contact with the in.~e~ 



surface oz the bistable tubular by means of a hycL aulic s piston 70. The
e~.:twa=d radial force applied by the rollers can be increased to a pciat
where the bistable tubular expands to its fir_al diameter. Centralizers 62
can be attached to the tool to locate it correctly inside the wellbere and
bistable tubular 24. The rollers 60 are ~o initially retracted and the tool
is run into the collapsed bistable tubular 24. The rollers 60 are then
deployed and push agair_st the i~!side wall of the bistabl a tubular 24 to
expand a portion of the tubular to its final diameter. The entire tool is
then pushed or pulled longitudinally through is the bistable tubular 24
expanding the entire length of bistable cells 23. Once the bistable tubular
24 is deployed in its expa:~ded state, the rollers 60 are retracted and
tl:e tool is withdraw;: from the wellbo~e by the conveyance device 68 used
to insert it. ~y altering ~o the axis of the rollers 60, the tool can be
rotated via a motor as it traT~els lcr_gitudi: a'_ly t:zrouch the b'_stabla
tubular 24. 23   Substitute sheet -19 November 2002 SCF3L:0033 68.0210
?ower to operate the dept cy:re:.t device can be draNn r from or_e or a
cor~,bination c:. sources such as: electrical power s.:pplied either _rom
the surface or stored in a battery arrangement along with the deployner.t
device, s hyd.:aulic power provided by surface cr dow:vhole pumas, turbines
or a fluid accumulator, and mechanical power supplied thro~~gh an
appropriate linkage actuated by move~ner.t applied at the surface or stored
downhole such as in a spring mechanism. IO The bistable e~.~pandable
tubular system is designed so the internal dia.-neter of the deployed
tubular is e~cpanded to mainta.i'n a maximum cross-sectional area along the



expandable tubular. This Feature e::ables mono-bore wells a to be
constructed and facilitates elimination of problems associated with
traditional wellbore casing systems where the casir_g outside diameter must
be stepped down ma~y times, restricting access, in long wellbores. zo The
bistable expandable tubular system can be applied r'~Tro~s arpl icatiens
such as a:. ex= a ndable open role liner (see Fig~re 14) where the bistable
e~~a.^.dable tubular 24 is used to support an open hole crmation by
exerting ar_ 24   Substitute sheet - 19 November 2002 SCIiL: 0033 sa.o2lo
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
into contact with the surface fo=:ring wellbore 29. These radial forces
help stabilize the s formations and allow the drilling of wells with fewer
conventional casing strings. The open hole liner also can comprise a
material, e.g. a wrapping 72, that reduces the rate of fluid loss from the
wellbore into the formations. The wrapping 72 ca_n be :,lade from a variety
of materials ~o including expandable metallic and/or elastomeric
:materials. By reducing fluid loss into the formatior_s, tre expense of
drilling fluids can be red~~ced and the risk of losing circulation ar_d; or
borehole collapse can be mini:~ized. 1 ~s Liners also can be used withir_
wellbore tubulars For purposes such as corrosion protection. One example of
a corrosive environment is the enviroru-;Zent that results when carbon
dioxide is used to enhance oil recovery from a producing formation. Carbon
dioxide (C02) readily reacts zo with any water (~=0) that is prese.^.t to
form carbo:~ic acid 



(~=C03). Other acids can also be generated, especiall_ if sulfur compounds
are present. ^ubulars used ~o inject the carbon dioxide as well as t'.-iose
used in p=oducing wells are 25   Substitute sheet - 19 November 2002 SCFIL:
0033 68) 0210 subject to gre tly el e~aLed ccrrcsicn rates. The p=ese nt
invention can be used for placing protective liners, a bistable tubular 24,
within an existing tubular (e. g. tubular 73 illustrated with das~^ed lines
in Fire 14) to s minimize the corrosive effects and to extend the useful
life o~ the wellbore tubulars. ~~other application involves use of the
bistable tubular 24 illustrated in :figure 14 as an expandable ~o
perforated liner. The open bistable cells in the bistable exx~andable
tubular allow u:~restricted flow from the =ormation while prod ding a
structure to stabilize t?:e borehoie. ~s Still another application of the
bistable tubular 24 is as an expandable sand screen where the bistable
cells are sized to act as a sand control screen or an expandable screen
element 74 can be affixed to the bistable e:~~pandable t~.Lbular as
ill~.atrated in Figure 14~ in its collapsed ~o state. The expandable screen
elemer.~t 74 can be yormed as a w=upping around bistable tubular 2^-_. It
has been fo,~rd that the imposition of hoop stress forces onto the wall of
a borehole will in itself help stabilize tae formation and 26   Substitute
sheet-19 November 2002 SCHL:0033 68.0210 reduce c. eli~nir.ate the influx
ef sand frcm the nrod~,:cing zones, ever if no additional screen element is
used. mother at~lication of the bistable tubular 24 is as a ~o 



s reinforced expar_dable liner wrere the bistable expandaale tubular cell
structure is reinforced with a cement or resin 75, as illustrated in Figure
143. The cement or resin 75 provides increased structural support or
hydraulic isolation from the formation. The bistable expanCable tubular 24
also can be used as en expandable connection system to join traditional
lengths o~ casing 7o'a or lob of different diameters as illustrated in
Figure 14C. The tubular 24 also can be used as a is structural repair joint
to provide increased strength fo= CXlStlng 5$CtlOnS Of Casing. P.~-~other
application includes usir_g the bistable expandable tubular 24 as an anchor
within the wellbore from 'o which other tools or casings car_ be attached,
or as a ~~fishir_g" tool in cahich the bista'cle craracteristics a:e
utilized to retrieve items lost or stuck ir_ a wellbere. The bistable
expandable tua~lar 24 i:~ its collapsed 27   Substitute sheet -19 November
2002 scxy,: 0 03 3 68.0210 ce::=i~.~raLion is inserted i n to a 1 cs t item
77 a:~d the n e~cpa:~ded, as indicated by arrows 73 in Figure 14D. T_n the
expanded configuration the bistable tubular exerts radial forces that
assist in retrieving the lost item. The s bistable tubular also can be run
into the well in its expanded configuration, placed over and collapsed in
the direction of arrows 79 around lost item 77 i:~ an attempt to attach and
retrieve it as illustrated in Figure 14~. Once lost item 77 is gripped by
bistable tubular 24, it ca.~ be io retrieved throuch wellbore 29. The above
described bistable expandable tubulars can be :jade in a .variety of
man_zers s~ch as: cutting appropriately shaped paths through the wall of a
tubular 



~s pipe thereby creating an eh-pandable bistable device in its collapsed
state; cutting patterns into a tubular pipe thereby creating an expandable
bistable device in its expanded state and t::en compressing the device into
its collapsed state; cutting appropriate paths through a sheet .o o.
material, rolling the material into a tubular shape and joinir_g the ends
to form an e~.par_dable bistable device ir~ its collapsed state; or cutting
patte~r.s into a shee~ of material, rolling the material into a tubular
shape, 28   Substitute sheet -19 November 2002 schL:0033 68.0210 joining
the adjoin=n g e=~ds to form an expandable bistable deYice in its expanded
state an d the_^. compressir_g the device into its collapsed state. s The
materials of construction for the bistable expandable tubulars can include
those typically used within the oil and gas industry such as carbon steel.
They can also be made of specialty alloys (such as a morel) ir_conel,
hastelloy or tungsten-based alloys) if the application ~o requires. The
configurations shown for the bistable tubular 24 are illustra~ive of the
cperaticn of a basic bistable cell. Other configurations may be suitable,
b~.a the concept is presented is also valid for these other geometries.
Figure 15 illustrates an expandable tubing 80 formed of bi-stable cells 82.
Tha tubing 80 defines a thinned portion 84 (best seer. in Figure 15) which
clay be in the zo foam of a slot) as shoW:~, a flattening, or other
thinr_ing of a por tion of the tubing 80. The thinned portion 84 extends
generally longitudinally and may be linear, helical, or follo~.a some
ot:~eY circuitous path. In one 29   Substitute sheet-19 November 2002
SCHL:0033 68.0210 er~odimer.t) t he thirr_ed porticn ettencs from one end
o-_' the t~~bir_g to the other to provide a com~^,hr.~i cation lire path
"04 



fcr the tubing 80. _Tn such an e~:,bodi:~er.t, a co:rmunication 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 this
diameter. Although the tubing is shown with one thi:ned portion 84) it may
include a plurality that are spaced about the ~o circumference of the
tubi^g 80. The thinned portion 84 may be used to house a conduit (not
showr_) through which corun~.~nication lines 86 pass or which is used for
the transport of fluids or other materials., such as mixtures of fluids and
solids. Ls AS used h2rein, tf:e term ~~COriITTILInlCd~l0:1 .'11:1e" refers
to any type of communication line such as electric, hydraulic, fiber optic,
ccmbinations of these, and the like. ~o Figure 15A illustrates an
ef.e:~:lar~~ thir_ned porticn 84 designed to receive a device 88. As with
the cable placement, device 88 is at least partially housed in the 30
Substitute sheet - 19 November 2002 SCHI,:0033 68 . 0210 thir~:ed portion
o. the t;:b'_rg 80 so tzar tae extent to w:~ic?: it extends beyond the
outer diameter cf ti:e tubing 80 is lessened. Exarroles of certail
alterr_ative embodiments cL devices 89 are electrical devices, measuring
devices, s m=tens, gauges, sera ors. More specific examples ccnprise
valves, sa:~plirg devices, a device used in intelligent or smart well
completion, temperature sensors, pressure se:~sors, flow-control devices,
flow rate meas~.:rement devices, oil/water/gas ratio measure:re~ t devices,
scale 



io detectors, equipment sensors (e. g., vibration sensors), sand detection
sensors, water detection sensors, data recorders, viscosity sensors,
density ser_sors, bubble poi:~t sensors, composition sensors, resistivity
array devices and ser_sors, acoustic devices ar_d se nsors, of er telemetry
is devices, near infrared ser_scrs, gamma ray detectors, H;S G~etE?C tOr S
( C'(r2 detE.'CtO~ S, G^v`Yll.iol2 Iu2a~1'Jry l:.ni tS , d04Tn:1ole
controllers. E~ca-nples of rneasure:ner_ts that the devices rnigrt make are
flow rate, pressure, temperature) differential pressure, der_sity, relative
arlounts of liquid, ?o gas, and solids, water cut, oil-water ratio, and
ot~_er mea s a r er~e:~ t s . 31   Substitute sheet -19 Novembe~r~02~ 03 3
68. 02l0 As show=: in ti:e f igur e, tLle Cve JiC.. 88 :gay be expcsed to
fluid inside and outside of tubing 80 via openings formed by the cells 82.
Thus, the thirned portion 34 :oaf bridge openings as well as _i:~:cages 21
, 22 of the cells 82. s Also nate that the cor,~municaticn line 86 and
associated co:n.-nunication line path 84 nay extend a portion of the length
of the tubing 80 in certain alternative designs. For example, if a device
88 is placed intermediate the ends of the tubing 80, th a co~r~^urication
line passageway 84 may io only need to extend ~rom an er_d of the tubing to
the nasition of the device 8D. Figure 16 illustrates an expandable tubing
80 forced of bi-stable cells 82 having thin struts 21 a:~d thi ck is struts
22. At least one of the thick struts (labeled as 90) .s relati~~ely wider
than ctrer struts cf the tubirg 80. T!~e wider strut 90 may be used for
various purposes such as routing oy communication lines, including cables,
o. devices, such as sensor arrays. ~o 



Figures I7A and 173 illustrate t~,..bing 80 having a s~rut 90 that is
relatiaely wider than the other thick struts 22. n passageway 92 fcrmed in
the strut 90 32   Substitute sheet -19 November 2002 sc.~,: ooa~ sa.oaio
facilitates place~ne.^.t of a commranica=ien line ir. the well and th rough
the tubing 80 ar_d may be used fo= other purposes. Fig~.:re 1?~ is a cross
sectio.^.al view showing tl:e passageway 92. Passageway 92 is an aiternati;
;e embociment s of a com.,~unication lire path 84. A passageway 9~ may 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 a thinned portion 84 having a dovetail.design with a
relatively narrower opening. The corli-nunication line 86 is formed so that
it fits through the relatively narrow opening into the w'_der, lower
port~,on, e.g. by inserting one side edge and then the other. i5
Corr~u_~ication line 86 is held in place due to the dovetail design as is
apparent Frcm the yigures. The width of t:~e~ communication lire 86 is
greater than the width of the opening. Note ti:at the co.:~municat=on lire
a6 may comer=se a bundle of li.^.es which may be cf the sa::ve ox different
2o forms (e. g., a hycraulic, an elect=ic, and a fiber cptic 1i ne bundled
together) . Also, cor_nectors for cor_necting adjacent tuwings may
incorporate a connection for the cem^~unication lir_es. 33   Substitute
sheet -19 November 2002 SCuL:0033 68.421D Note that the ccmrlurication line
passageway 84 may be ~:sed in conjunction wit: ot::er t~.~es of expandable
tubir_cs, s~~c:~ as those of the expandable slotted liner type s disclosed
in U.S. ?atent No. 5,356,012, issued Nove.~er 22, 1994 to Lohbeck, the
folded tubing types of U.S. Patent No. 3,439,220, issued January 13) 1970
to Kinley, U.S. Patent a 



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:rnodiments disclosed herein are illustrative only, as t?~e inver_tior_
may be modified and practiced in different ~'~-ut e~:ivaler_L :,~ar_ners
apparent to those skilled in the a!~t having the ber_efit of the teachings
herein. Furthermore, no limitations are inter_ded to the details of
construction or design herein shown, other that as described in the claiT,s
below. .lt is ther2fo: a evider~t that the pa=ticslar ernoodiments
disclosed above may be alterad or modified and all such variatioZs zo are
ccnsidered w~~.thin the scope and spirit of t a invention. Accord=ugly, the
prctection sought hewein is as set Forth in tre claims below. 34'
Substitute sheet - 6 March 2003 CLAIMS What is claimed is: 1. An apparatus
for use in a wellbore, comprising: an expandable bistable device configured
for deployment proximate a wellbore wall, the expandable bistable device
having a 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 is 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 35
Substitute sheet - 6 March 2003 member hinders deformation of the first
member. 8. The apparatus as recited in claim 7, wherein the first member
has two stable positions, the first stable position being where the first
member mid-point is adjacent to the second member mid-point, the second
stable position being where the first member mid-point is displaced from
the second member mid-point to form a gap between the first member
mid-point and the second member mid-point. 



9. The apparatus as recited in claim 6, wherein the second member has a
greater thickness than the first member. 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. 36   Substitute
sheet - 6 March 2003 18. A method of stabilizing an uncased section of a
wellbore in an underground formation, comprising: providing an expandable
bistable device having a generally tubular shape that comprises a plurality
of bistable cells; placing the bistable device at a position in the
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; 37
Substitute sheet - 6 March 2003 placing the expandable bistable device at a
position within a tubular while in a first stable state; and expanding the
expandable bistable device into a second stable state to hold the liner
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 bistable 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: 38   Substitute sheet - 6 March 2003 isolating a
portion of a wellbore with an expandable bistable device having a generally
tubular shape formed by a plurality of bistable cells that permit the
expandable bistable device to be selectively actuated between a contracted
state and an expanded state. 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. 39   Substitute
sheet - 6 March 2003 37. A system or facilitating communication along a
wellbore, comprising: an expandable tubing formed of a plurality of
bistable cells, the expandable tubing having a communication line
passageway. 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 line 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. 40   Substitute
sheet - 6 March 2003 45. The method as recited in claim 44, further
comprising forming a communication line passageway in the expandable tubing
to receive the communication line. 46. The method as recited 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 claim 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 claim 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. 41   Substitute sheet - 6 March 2003 57. The
expandable device as recited in claim 7, wherein the deformable material
comprises an elastomer. 58. The expandable device as recited in claim 2,
wherein the expandable conduit comprises a sandscreen. 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 conduits 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. 42
Substitute sheet - 6 March 2003 67.Theapparatusasrecited inclaim 17,wherein
theexpandableconduit comprisesa sandscreen.68.Theapparatusasrecited inclaim
17,wherein theexpandableconduit comprisesa
wellboreliner.69.Theapparatusasrecited in claim 17, wherein
eachexpandablecellcomprisesalongitudinalstrut anda
flexiblelink.70.Theapparatusasrecited inclaim 20,wherein each
flexiblelinkundergoespivotal motionduring expansion. 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. 43   Substitute sheet - 6 March 2003
80. A method of applying a radial force against a wellbore surface with an
expandable device, comprising: forming an expandable device with a
plurality of cells expandable between a contracted state and an expanded
state; selecting the geometry of the cells such that the cells expand
autonomously once expanded past a transition point; and radially expanding
the expandable device past the 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 utilizes 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. 44   Substitute sheet - 6 March 2003 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 links
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 claim 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. 45   Substitute sheet - 6 March 2003 99. The method as
recited in claim 12, wherein maintaining 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 longitudinal 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. l03. The
expandable device as recited in claim 53, wherein the compliant link is
arcuate. l04. 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 claim 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.
46   Substitute sheet - 6 March 2003 109. The method as recited in claim
59, further comprising determining a force deflection characteristic of the
conduit wall by selecting a thickness ratio of the at least one undeformed
longitudinal section to the at least one thin strut. 110. The method as
recited in claim 60, wherein selecting comprises selecting a thickness
ratio of at least 2:1. 111. The method as recited in claim 60, wherein
selecting comprises selecting a thickness ratio of at least 3:1. 112. The
method as recited in claim 60, wherein selecting comprises selecting a
thickness ratio of at least 6:1. 113. The method as recited in claim 59,
further comprising determining a force deflection characteristic by
selecting a cell shape. 114. The method as recited in claim 64, wherein
selecting comprises selecting a curvature of the thin strut while the
conduit wall is in the contracted state. 47
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