;tuvwe3eDLD66TL* EXPANDANBLE TUBI NG AND METHOD CROSS REFERENCE TO
RELATED APPLI CATION The follow ng is based on and clains the priority of
provi si on it i on nunber 60/ 242,276 filed Cctober 20, 2000 and

provi M\W‘\\ tion nunber 60/263, 941 g khdte difeutar ¥o Ribvebet 2002ELD OF
THE | Is invention relates to equi pnent that can be used in the
drilling anﬂWP%npletion of well bores in an underground formation and in the
production of fluids fromsuch wells . IS BACKGROUND OF THE | NVENTI ON
Fluids such as oil, natural gas and water are obtained froma subterranean
geologic formation (a "reservoir") by drilling a well that penetrates the
fluid-bearing 20 formation I e Iy 0 a certain
dept h the borehol e wal | nu§Fﬁggﬁgé§§g$§eét@%ﬁ%geggﬁ? g%#ﬁg%ée. Convent i onal
well drilling nethods involve the installation of a casing string and
cenenting between the Substitute sheet -19 Novenber 2002 SCHL: 0033

68. 021 0 casing and the borehole to provide support for the borehole
structure. After cenentingcROSSSRAPERENCPOTO NRRLATED Abericationg to
greater depths can commenc€. ATter each subsequent casing string is

nstalled, the nexindribliBitag HUShaR@aSoh NiYORILERS! BRET HELBHELEI off the

casing. Tn this manner eac ge In casing requires are n the
borehol e dianmeter. This.repeated reduction i borehol [ ter creates
a need for \”Qspy%ﬁtﬁp?%i?$ ?icatlon number @O}EEZ,Q5§ £ feg ngoger 58,

2000 and provisional application number 60/263,541 filed

January 24, 2001.

10 FIELD OF THE INVENTION

This invention relates to equipmeﬁt that can be used
in the drilling and completion of wellbores in an
underground formation and in the production of f£luids from
such wells.

15

BACKGROUND OF THE INVENTION

Fluids such as oil, natural gas and water are obtained
from a subterranean geologic formaticn (a “reservoir”) by
drilling a well that penetrates the fluid-bearing

20 formation. Once the well has been drilled to a certain
depth the borehole wall must be supported to prevent
collapse, Conventional well drilling methods involve the

installation of a casing string and cementing between the

l VIO
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borehol e dianeters to permt a reasonable pipe dianmeter at io the depth
where the wel | bore penetrates the producing formati on. The need for |arger
borehol es and nultiple casing strings results in nore tine, material and
expense being used than if a uniformsize kppefitesiant-d1PRoterbepdob2om
the surface to the producing formation. is Various nethods have Qﬁ% 20033
devel oped to stabilize or conplete uncased boreholes. U S Patentngg'0210
5,348,095 to Wrrall et al. discloses a nmethod involving the radial™"*
expansion of a casing string to a configuration with a zo larger dianeter.
Very large forces are needed to inpart the radial deformation desired in
this method. loasimefdst tthe hsmtedse tohermoricks swEmpnt tiereiendarsiiole
casing string, nmethods that involve expanding a liner that has 2

Substi t ut e shegiructSiioyerite? (heSEHing) G3 3 aE8 ng?2 B diongiitudilzade  Ssltdies cut
into it have been proposed (U S. Patents Nos. 5, 366,012 and 5, 667,011).
These net hods dxivialivgy tdie ol flr debeh¥nidadn comlehees! otlfedd igaesh into a
configuration with an increased diameter by running an s expansi on nandr el
through the slQifRfnidiielcasitRs@tiBhBods Shislthineayi e e n@ditf isgant apunt s
of force to be applied throughout the entire length of the slotted liner. A

pr obl em sonet | unt hloe s deibd i | L& @ l.0ss af
drilling 1o hg%i%n%%%%u%thgoﬁ%ﬁ\égp?ezéﬂgg%l JHameres <|3’ff i Ffa%gnﬁﬁui 3

usual ly leads, tq increased e b .result . or | e.cal l,apse
and a Zostly * ﬁghfﬁﬁnéfbﬁafépgggg§grE%hégg%PglggpPﬁ%S%o? 5%%§F%ﬁ§o 3 Ehat
were in the well._ Varioys additives ar ,connnnl¥ ased W thin the grilling
fluids to helﬁh§e§Pr8%P o a@FF@EPathﬁsz6ﬁ8§? EGcRefYEdPPoRBetFhul I's or

synt hetic

borehole diameter creates a need for very large initial
borehole diameters to permit a reasonable pipe diameter at
10 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

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

string, methods that involve expanding a liner that has



fibers. Once a well is put in production an influx of sand 20 fromthe

producing formation can lead to undesired fill within the well bore and can
damage val ves and ot her production rel at ed equi pnent. Many net hods have
been attenpted for sand control. Subst ig ﬁtu’ié‘ fdet-1 90 NXRYT 280892

SCEZ: 0033 68. 021 0 The present |nvent|on (IS |recte to overconlnq?
| east reducing the effects of one or nore of the problens set fo % bo

and can be useful in other applications as s well. SUMVARY OF THE | Q]V
According to the present invention, a technique is provided for use of an
expandabl e bi stable device in a ro borehole. The bistable device is stable
in a first cortorartteiicmy ighots iort dntka isedent dgrmmdobrasdd gilf a%i on. An
exenpl ary device is generally tubular, having a larger dianeter in the
expanded conf imgiteaidisomNd=hars,i36d, 08 2 @rd &ctealy ,@dnf)i.guriiesen mefiteodsechni que
also may is utilize a conveyance nmechanismable to transport the bistable

device to a | Qealdi1oR ithed rdilAr RRANI RN e cheUiRedad a.iddie bivd abl e
device can be constructed in various configurations for a variety of

appl i cat | ons: 5%5 f%%g‘\%tv%%?ﬁ%l% | QN O cHd JXAW NG L BRe 107y W |

her eaft er reference to the acconpanyi ng draw ngs, wherein

Cc
;;k;ogggg;efnggﬁg TRral s denols LhERGHOTRY $16800a 41neR SN riRke

still require significant amounts of force to be applied

throughout the entire length of the slotted liner.

A problem sometimes encountered while drilling a well

10 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 additiveé are commonly used
15 within the drilling flulds to help seal off loss

circulation 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 fill
within the wellbore and can damage valves and other
production related equipment. Many methods have been

attempted for sand control.



68. 0210 Figures 1A and 1B are illustrations of the forces inposed to nake a
bi stabl e structure; s Figure 2A and 2B show force-defl ection curves of two
bi stabl e structures; Figures 3A - 3F illustrate expanded and col | apsed
states of three bistable cells with vari ous,hbiitale @sset -9 NevemBelR002 es 4A
and 4B illustrate a bistabl e expandable tubul ar in its expanded adky, . 0033

col | apsed states; Figures 4C and 4D illustrate a bistabl e expandabl

tubul ar in coll apsed and expanded states within a well bore; Figures A and
5B illustrate an expandabl e packer type of deploynent device; Zo Figures 6A
and 6B illustrate a nmechani cal packer type of deploynent device; 5

Substitute sheet -19 Novenber 2002 SCHL: 0033 68. 0210 Figures 7A - 7D

illustrate an expandabl e swage type of deployment device; Figures 8A - 8D
illustrate a pistorthe mRredentepiniariitons idfe 1€@cqﬂdgLﬁcés°‘9¥¥%m@% or at

illustrate a plug type of deploynent device; Figures 10A and 10B illustrate
a ball type oflexsdeptdymer weyiciedtiywie ohk o astherfhttile girplseld bore
utilizing an expandabl e bistable tubular; is Figure 12 illustrates a notor

driven radi al getd IﬁrrujeFHmuﬁa,ntazﬁE\dam;beamﬂeEhzguﬁﬁ loxHdd ugiglaices idns as
hydraulically driven radi al
s well.

SUMMARY OF THE INVENTION

According to the present invention, a technicue is

provided 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. An 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 conveyance mechanism able to transport the
bistable device to a location in a subterranean borehole.
Furthermore, the bistable device can be constructed in

various configurations for a variety of applications.

20 BRIEF DESCRIPTION OF THE DRAWINGS

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

reference numerals denote like elements, and:



roll er deploynent device. 20 s Substitute sheet - 19 Novenber 2002
SCFI L: 0033 68.0210 Figure 14 illustrates a bistabl e expandabl e tubul ar
having a wrapping;, Figure 14A is a viewsimlar to Figure 14 in which the 5

wWr appi ng conprises a screen; Figure 14B is @,pstiide Shadi -219NbVensBEreob2
showi ng another alternate enbodinent; io Figure 14Cis a view ﬂlgéﬁf.&653
Figure 14 showi ng anot her alternate enbodinent; Figure 14D is a vi '0
simlar to Figure 14 show ng another alternate enbodi nent; -~s Figure‘Lﬁ%qs
a viewsimlar to Figure 14 show ng another alternate enbodi nent; Figure 15
is a perspective view of an alternative zo enbodi nent of the present
i nvention. 7 Substitute sheet -19 Novenber 2002 SCHL: 0033 58.021 0 Figure
15A is a cross-sectional view of an alternative enbodi nent of the present
invention. s Figur&ip®ries dfpand dB garss pgdduista arionsofofarths tfonests ve
enbodi nent of the present invention. Figures 17A-B are a parti al
perspective viewosred zoparikeala dtricsakdectditanaltuerd vi ew respectively of an
~0 alternative enbodi nent of the present invention. Figure 18 is a parti al
cross-sectional end view of an
5 Figure 2A and 2B show force-deflection curves of two
bistable structures;
Figures 3A - 3F illustrate expanded and collapsed
states of three bistable cells with various thickness

ratios;

Figures 4A and 4B illustrate a bistable expandable

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 deployment device;

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

of deployment device;



alternative enbodimert of the a present invention. 15 Wile the invention
is susceptible to various nodifications and alternative fornms, specific
enbodi ments t hereof have been shown by way of exanple in the draw ngs and
are herein described in detail. It should nggmg@rg-te@d)wﬁnmﬂber zmﬂ t he
description herein of zo specific enmbodinents is not intended togdd
invention to the particular forns disclosed, but on the contrary, @ed%lo
Substitute sheet - 19 Novenber 2002 SCHL: 0033 68 . 02I0 intention isto
cover all nodifications, equivalents, and alternatives falling within the
spirit and scope of the invention as_defined by the appended clains. 5

DETAI NED DESCRI PTI &{9tr sEXERPrARY ENBESCRERTS2B §¥€Bf1éaa>é\ﬁ E¥89¢s &&Pen tthe
present invention can take advantage of a principle illustrated in Figures
1A and 1B. Fi gepéoyaesiiowevaceod 10 fixed at each end to rigid supports 12.
If the rod 10 is subjected to an axial force io it begins to deform as
shown in Figure 1B. As the axial force is increased rod 10 ultimtely
reaches its Euler buckling limt and deflects to one of the two stable

posi tions shown asriguaed 8a. -l Bpt hei1huekhed nopiksonowypkaspedeblovhent
buckl ed position, a force at right angles to ~s the |long axis can cause the
rod to myve tgogktRer of the stable positions but to no other position.

When the rod is subjected to a lateral force it nust nove through an angle
f3 before deflecting to its new stable position. zo Bistable systens are
characterized by a force deflection curve such as those shown in Figures 2A
and 28. The external Ly appbjed fosse; 18, causes N8 190 30e0h e Fhdp1 4hnkQe

move in the directid Aehes max I frum

o
LS.
3
&

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

10 deployment device;

Figure 11 is a schematic of a wellbore utilizing an

expandable bistable tubular;

15 Figure 12 illustrates a motor driven radial roller

deployment device; and

Figure 13 illustrates a hydraulically driven radial

roller deployment device.

20



Substitute sheet - 19 Novenber 2002 SCHL: 0033 68. 0210 the onset of shifting
fromone stable configuration to the other. Further deflection requires

| ess force because the system now has a negative spring rate and when the
force becones zero the deflection to the seggagufd stdedd POF November 2602
spont aneous. The force deflection curve for this exanple is symeidgGalqand
is illustrated in Figure 2A. By introducing either a precurvature tébtdﬁio
rod or an io asymetric cross section the force deflection curve can ‘bé
made asymetric as shown in Figure 2B. In this systemthe force 19 required
to cause the rod to assunme one stable position is greater than the force 20
required to cause FREUFEyddsd lduptaatiosn 2 PAs LRl Ee SXP RGP Lse tg¥BEEET t han
zero is for the systemto have bistable characteristics. Bistable
structures, sbawtinges webppied:;to as toggl e devices, have been used in
industry for such devices as flexible discs, over center clanps, hol d-down
devi ces and Zo quick rel ease systens for tension cables (such as in
sai | boat rigging backstays). 10 Substitute sheet -19 Novenber 2002

SCHL: 0033 68. 0210 Instead of using the rigid supports as shown in Figures
1A and 1B, a cell gagube ceRstkuat edewheidillhe tesFigumt 18 phowhded Bie
curved struts connected at each end as shown in Figures 3A - 3F. If both

struts 23 andy23ppiRgVeohpeisastat Beekaass as shown in Figures 3A and 3B,
the force deflection curve is |inear and the cell | engthens when conpressed

fromits open position Figure 3B to its

Figure 14B is a view similar to Figure 14 showing

another alternate embodiment;

10 Figure 14C is a view similar to Figure 14 showing

another alternate embodiment;

Figure 14D is a view similar to Figure 14 showing
another alternate embodiment;
15

Figure 14E is a view similar to Figure 14 showing

another alternate embodiment;

Figure 15 is a perspective view of an alternative

20 embodiment cof the present invention.



cl osed position Figure 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, and does not change in |length when it
noves between its two stable positions. Ansg[sgﬁn@ag}{éétbjﬁgnb{,@mbgbg@m can
thus be designed so that as the radial dinension expands, the aXigdgl
remains constant. In is one exanple, if the thickness ratio is over 0210
approximately 2:1, the heavier strut resists |ongitudinal changes.q%/
changing the ratio of thick-to-thin strut di nensions, the opening and
closing forces can be changed. For exanple, Figures 3C and 3D illustrated a
thi ckness ratio of zo approximately 3:1, and Figures 3E and 3F illustrate a
t hi ckness ratio of approximately 6:1. An expandabl e bore bistable tubul ar,

such as casing, a I, UbSdAd till & shests <l NRHND&Y; KPP %Gﬁtaﬂ%%%a@;%ve

0210 tube, a patch, r pi pe, can be constructed wth a series of
circunferenti al ec AL hown i n Fi gures 4A and 4B,
where each thi mlpc{ tnfe%t(;Olcf(s)q"gloen ec sgegwt?' a nh| gé'strut 22. The | ongi t udi nal
flexibility of such a 5 tubular can be nodified by changing the | ength of
the cells and by connecting each row of cells with a conpliant |ink.
Further, the force deflection characteristics and the Iongitudinal

erX|b|I|ty can al sqg be altered by the eS| n of the cell ape Fi gure 4A
i|lustrat®s an expdrnd@ise 1 i5 & Raré FP?&tllF‘fel t"sle@&ﬁ
configuration while Figure 4B illustrat es the expandabl e bi st abI e tubul ar

24 inits confl&CEE@tdYec SMPRFLEETCoRT §hraPFERSIW ERVETERCS -appl i cati on
the term"coll apsed” is used to identify the configuration of the bistable
el ement or device in the is stable state with the smallest dianeter, it is
not neant to

Figures 17A-B 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

alternative embcediment of the preaeng 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 drawings
and are herein described in detail. It should be
understood, however, that the description herein of

20 specific embodiments is not intended to limit the invention

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



inply that the el enent or device is danmaged in any way. In the coll apsed
state, bistable tubular 24 is readily introduced into a wellbore 29, as
illustrated in Figure 4C. Upon placenment of the bistable tubular 24 at a
desired Zo wel | bore location, it is expand ur 4D.
12 Substitute sheet -19 Novenber 2002 so%ﬂbSt%g%é %%ééiozﬁé ﬁg‘ﬁ%ﬁg«gt 990.261

the bistable cells is such that the tubular cross-section can be eX”iﬁg

in the radial direction to increase the overall dianeter of the tub ft 21 0hs
the tubular expands radially, the bistable cells deforms elastically,

until a specific geonetry is reached. At this point the bistable cells

move, e.g. sndmterdipr iimltexqririeddedadificaNitnsomdmrEreds &R or

bi stabl e cell designs, enough energy can be released in the elastic

def or mat i on ofalitkeernedilvesast sdddindbivsittdtilre tded IspsEps gpabtsdape ek dpeci fic
geonetry) that the expanding cells are able to initiate the expansi on of

adj oi ni ng bi staklentded apatdfinee oni tdralapgiiesidad e lealns .geonetry.

Dependi ng on the defl ection curves, a portion or even an entire | ength of

bi st abl e expandabl e tubul ar can be expanded froma single i5 point. In like
manner if radial conpressive forces are exerted on an expanded bi stabl e
tubular, it contracts radially and the bistable cells deformelastically

until a zo critical oGeRRIf¥D| SeSEREPEEON ADF { X EMPOARY msobmmi@ée cel I's

snap to a final col

bi stabl e tubular is;tevensi blg:and (gReALAPLE LRe5E8hYr § A8 Qs ?:Qhe

tubul ar can be a 1
take advantage of a principle illustrated in Figures 1A and

1B. Figure 1A shows a rod 10 fixed at each end to rigid
supports 12. If the rod 10 is subjected to an axial force
10 it begins to deform 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 shown as 14 and 15. If the buckled rod is now
clamped in the buckled position, a force at right angles to
15 the long axis can cause the rod to move to either of the
stable positions but to no other 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 systems are characterized by a force
deflection curve such as those shown in Figures 2A and 2B.
The externally applied force 16 causes the rod 10 of Fig.

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



Substitute sheet -19 Novenber 2002 SCHL: 0033 68 . 0210 reusabl e tool that
is selectively changed between the expanded state as shown in Figure 4A and
the col |l apsed state as shown in Figure 4B. s In the collapsed state, as in
Figure 4B, the bistable expandabl e tubul argjsstRgeidheet 2@ Negernbéo2002
wel | bore and placed into position. A deploynent device is then ug%i L9033
change the configuration fromthe coll apsed state to the expande %€é5§10~0
In the expanded state, as in Figure 4A, design control of the elasti¢

mat erial properties of each bistable cell can be such that a constant

radial force can be applied by the tubular wall_ to the constraining

wel | bore surf &8e onset-efnghéftangpfEpdr PResSARBLENECRESFEEALE O8NPt t he
bi stabl e cells can be designed to give certain desired results. One exanpl e
of designi ng behecer Farhhdesfefdectdont sepsinnsekpandibreebibscabse thbul ar
string wwth nore than one ao dianeter throughout the |ength of the string.
Thi s can be usgktbm hobohekobkesewhthveasyprhggdravet and, whket hee destgned
that way or as a result of unplanned occurrences such as formati on washouts
or keyseats WphbBbRekbhgebor ehel @eflldctiSHbEbI tHeessbeed stQbhNevpsheridQ02
SCHL: 0033 68. 0210 This al so can be beneficial when it is desired to have a
portion Qf thesbkstablgesxpandabl e device located inside a cased section of
the wel] while another portion is located in an uncased section of the
well. Figure 11 illustrates s one exanple of this condition. A wellbore 40
is drilled fromthe surface 42 and conprises a cased section 44 and an

The force deflection curve for this example is
symmetrical and is illustrated in Figure 2A. By
introducing either a precurvature to the rod or an

10 asymmetric cross section the force deflection curve can be
made asymmetric as shown in Figure 2B. In this system the
force 19 required to cause the rod to assume one stable
position is greater than the force 20 required 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 backstays).

10



openhol e section 46. An expandabl e bi stabl e device 48 havi ng segnents 50,
52 with various dianeters is placed in the well. The segnent with a | arger
dianeter 50 is used to ~o0 stabilize the openhole section 46 of the well,
whil e the segnment having a reduced di anet egydstitiite dneedl-ad Novarfiset 20 ased
section 44 of the well. Bistable collars or connectors 24A (see Figure 4C
can ~s be designed to allow sections of the bistable expandabl e tSfAH:A03D
be joined together into a string of useful |lengths using the sane F&§.0211 e
as illustrated in Figure 4A and 4B. This bistable connector 24A al so
incorporates a bistable cell design that allows it to expand radially zo

using the same mechapuaRSd Usie dHsS Akl W & d WHdwa sepnponent.

Exenpl ary bi stabl e connectors have a dianeter slightly larger than the

expandabl e tu eGh tihat axe {hei Qi Ia%gil ek ggét‘;gg ector
is 15 Subst?g' eeghgéﬁgﬂ§% venbe} % SCliL s 0210 then pl aced
over the ends _of the sectiq i cal att c e to _the
expandabl e tuﬁlﬂs§Fa§ &ct it on?r%rézéjﬁlbgal é%t&er?g;r é’l)éssu erlls csceagv?/st eraic\l}et s or

bands can be used to nnect the connector o th ubul ar_ secti
bi st abl e conné%FsttfngEIﬁ¢ iFL HEESgAed 7t 3 havé% % 5&b§ﬁ§“§ﬁ @ @nghﬁ
conpatible with the_ expandabl e tubular sections, so that it continues to
connect the t W8Vee&hiEoREMES e HRESEX BENSPENT0L Tt Fd ILKE Ss SdmeALs 38nd thRe
connector. to Alternatively, the bistable connector can have a di aneter

smal | er than thecewdeéipatdabl curvieulsr lépeeronsdj sheeg¢elthdenathens
connector is inserted inside of the ends of the tubulars and nmechanically
f ast ened as divhensseslipressed from its open position Figure 3B to its
closed position Figure 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, 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 remains constant. In
15 one example, i1f the thickness ratio is over approximately
2:1, the heavier strut resists longitudinal changes. By
changing the ratio of thick-to-thin strut dimensions, the
opening and closing forces can be changed. For example,
Figures 3C and 3D illustrated a thickness ratio of

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

thickness ratio of approximately 6:1.

An expandable bore bistable tubular, such as casing, a

11



t5 above, Another enbodi nent woul d involve the machining of the ends of the
tubul ar sections on either their inner or outer surfaces to form an annul ar
recess in which the connector is |ocated. A connector designed to fit into

the recess is placed in the recess. The cogggﬁ&lg{g it d 1oneoverab&e2002
mechani cally attached to the ends as described above. In this way the
connector forms a relatively flush-type connection with the tubulS&HL:0033
sections. 16  Substitute sheet -19 Novenber 2002 SCHI ~: 0033 68. 02K3-R210
conveyance device 31 transports the bistabl e expandabl e tubul ar | engths and
bi st abl e connectors into the wellbore and to the correct position. (See

Fi gures 4C andu$d),. albatednVveyandee]eiane ity orbitliize edNeridth BDs@ries of
mechani snms such as wireline cable, coiled tubing, coiled tubing with

wireline Cond%q&%ﬁhfg&bhklaup%asku%uegcehn@agbagceélgeaboxgeaho%%Vhae 33
can be incorporated into the io bottom hole assenbly to expand the bistable

expandabl e t“?Héﬁ&e@”QACQHBeikor%he&%egaghgﬁﬁg égfg@d 24D 5 Q%QF%%%%atto
e

devices can b nUmerous typeés such as an |n | at abl e packer el enent
nmechani cal pack nt e able. s Q par.at us
nechani cal is a?ﬁ&g# g%rﬁﬁ g?écﬁglchngéFgﬁgﬁ ! %1§Fa§ ?ygg SﬁpSPSPUE e.g.
a conically shaped device uII d_or she through t he tubj a_ bal | pe
appar at us or Eungachﬁ?pB e?BaﬁééFd gyfﬁ ?ﬂgfnglgéﬁsggﬁgﬁblgﬁ thg ﬂﬁlig

i nfl atabl e packer_ elenment is shown in Figures_5A and 5B and is a device

with an infl afBBI BYbFABOEFt1IBPRBAP, TBY B§|F%&és|Wtﬁhpsr§9@alﬂﬁﬂé {fak-

bi st abl e expandabl e tubul ar systen1botton1ho|e assenbly. In the
illustrati on Bargher, 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 bistable tubular 24 in its expanded configuration while
Figure 4B illustrates the expandable bistable tubular 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.
Upon placement of the bistable tubular 24 at a desired

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

4D.
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Substitute sheet -19 Novenber 2002 SCFIL: 0033 58. Q10 Figure 5A, the
i nfl atabl e packer elenment 25 is located inside the entire length, or a
portion, of the initial collapsed state bistable tubular 2A and any

bi st abl e expandabl e connectors (not shown)g,kfigGetdhRebLlsioabrerbexacoxabl e
tubul ar systemis at the correct deploynent depth, the inflatable packer
el enent 25 is expanded radially by punping fluid into the devi ce S3IsHdas
in Figure 5B. The inflation fluid can be punped fromthe surface tHsaWg®L0
tubing or drill pipe, a nmechanical punp, or ~o via a downhol e el ectrical
punp which is powered via wireline cable. As the inflatable packer el enent

25 expands, it foreags the fistale «pPandabhn d wiilar 24 dRl g edgand

radially. At a certaln expansion dianmeter, the inflatable packer el enent

causes the bi %t %Il%rc%l Iqsssi_][lsfetectgoins cra'ﬂblﬂ:leare%%n;dﬁe?cphrg tg,{é tllab | ,9eonet ry

where the bi staple snap” e I's 1hitrated, I stabl'e "expandabl e
tubul ar system,expands to its final dianeter. .Finally the inflatabl acker
el ement 25 i sS4EPFELEE &7 TGRSR FRSMYIE o Idgf&fy Tst° Iq@ee%b%ﬁ’gg I'e
tubul ar 24. zo A nechani cal packer_ el enent .is shown in Figures 6A and 6B

and is a devi 38 Whehtabydesr eaprads Fscialdremite B8 sttekl e Gfddds dedar |y
when conpressed in the axial 18 Substitute sheet -19 Novenber 2002

SCHL: 0033 68. 62a6tdiradyj emtithe Epece fie eIPessy tilfe relrehast: &4nthés

provi ded t hrough a conpressi on nechani sm 27, such as a screw mechani sm

cam) or a hydpaihtcthesbdstabie cells move, e.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

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 even an en;ire 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 collapsed structure. In this way the
expansion of the bistable tubular is reversible and

repeatable. Therefore the bistable tubular can be a

13



mechani cal packer el ement depl oys the bistabl e expandabl e s tubul ars and
connectors in the sane way as the inflatable packer el enent. The defornabl e
pl astic el enment 26 applies an outward radial force to the inner
circunference of the bistable expandabl e tghpdtne sHedt COMREvsHBer 2002W Ng
themin turn to expand froma contracted position (see Figure ~0 6A) to a
final deploynent dianeter (see Figure 6B). An expandabl e swage i ¥ 50 3i3n
Figures 7A - 7D and conprises a series of fingers 28 that are arrarf§ed210
radi ally around a conical mandrel 30. Figures 7A and 7C show side ~s and
top views respectively. Wien the mandrel 30 is pushed or pulled through the
fingers 28 theyeadiand doadi &t qut wandstiaelyl khahgatetdtvdergwes 7B and
7D. An expandabl e swage is used in the same manner as a nechani cal packer

el ement to de%&ya&%éé $hallee gXRaRdabLe FYbuk-ar 2andnao tHRNREALALsA Pi st on

type apparatus I's shown in Figures 8A - 8D and conprises a seriés of

pi stons 32 facing radi I¥ 1 i t,ut e sheet -19 Novenber 2002
SCHL: 0033 68.55%%%;%AJ%b Iy gﬁngégggaggé mechani smto expand the bistable

expandabl e tubul ars and connectors. \Wen energi zed, the pistons 32 apply a
radially directed force to deploy the bistable expandabl e tubul ar assenbly
as per the inflatable s packer elenent. Figures 8A and 8C illustrate_ the

pi stons retracted W [FBEFFLLeRs8s S58T8D &Rot Fadpret 4Rs ERPeRdEFaPIRe
pi ston type apparatus can be actuated hydraulically, nmechanically or
el ectrically. expandabdg typelactmatsﬁsﬁiyiﬁnagrﬁa@eantﬁ Fhguwed LoargnandB
and conprises a plug 34 that is pushed or pulled through the bistable
expandabl e tupllkarsl 24tor poshheohor sAasephovmenn degiuce 94, tTkee pbed te
sized to expand the bistable
change the configuration from the collapsed state to the
expanded state.

10

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 radial force can be applied by
the tubular wall to the constraining wellbore surface. The

15 material properties and the geometric shape of the bistable

cells can be designed to give certain desired results.

One example of designing for certain desired results
is an expandable bistable tubular string with more than one
20 diameter throughout the length of the string. This can be
useful in boreholes with varying diameters, whether
designed that way or as a result of unplanned occurrences

such as formation washouts or keyseats within the borehole.

14



cells past their critical point where they will snap to a ~s final expanded
di aneter as Shawn in Figure 9B. A ball type actuator is shown in Figures
10A and 10B and operates when an oversized ball 36 is punped through the

m ddl e of the bistable expandabl e tubul ars ghsftfe edUS NoQEMbelf 2002 event
fluid | osses through the cell slots, an expandabl e el astoner based |IQ§{ 38

is run inside the bistable expandable tubul ar system The |iner

a seal and allows the ball 36 to be hydraulically punped 20 Subst§8-®2d 0
sheet -19 Novenber 2002 5CHL: 0033 68. 0210 t hrough the bistable tubular 24
and connectors. The effect of punping the ball 36 through the bistable
expandabl e tulliizar 2124 aac tenbectedrisciiad wheexpénd st ldesietdd georetvey abeyond
the critical bistable point, allowing full expansion s to take place as
shown in Fi gup@rtdBn @fceHahdikitshak expupdadakl detilad drecsuedl donvidet er s
are expanded, the elastoner sleeve 38 and ball 36 are w thdrawn. Radi al

roller type a%talé@ttors%c%h%?t e@nthe yeed t«ﬁna gxBandxt &%zbsls;tzﬁttlse loldRulear
sections. Figure 12 illustrates a notor driven expandable radial roller

tool . The tool Cgﬁpha%sgegngeetlwsfs'aga etlgr.”Sthhgtatldtarlgl@gmts to a

set dianeter 6y nean mechani'sm-and pi vo € en each set of
arns is a roller i i zers E can b ﬁgghed t the tog Eo

| ocate it corPE@tF?aWﬁ Fd8 ﬁ e FPBEF& SR t 86 48

notor 64 provides the force to rotate the mhole asseml y, t us turnlng t he
rol lers) circtiP8 EREi SPF¥eFRstde2PReCRBPFbEFE. aTﬁ658§|§eSFlPﬁe FoPPEraR is
such as to allow ao_the rollers) to rotate freely when_brought into contact
with the i nnePPSBRPaBeSBELLAB £hbul AR, eEﬁé%dﬁélﬁePlﬁéﬁbB@ €6MiLEsl k- shaped

in section to increase the contact area of
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 i1s located inside the

cased section 44 of the well.

Bistable collars or connectors 24A (sée Figure 4C) can

15 be designed to allow sections of the bistable expandable
tubular to be joined together into a string of useful
lengths using the same principle as illustrated in Figure
4A and 4B. 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



roller surface to the inner wall of the tubular. The 21 Substitute sheet
-19 Novenber 2002 SC8L: 0033 68.0210 rollers are initially retracted and the
tool is run inside the coll apsed bistable tubular. The tool is then rotated

by the notor 64, and rollers 60 are noved guhstite!shebd—Cl@NIGEEMbée200er
surface of the bistable tubular. Once in s contact with the tubular, the
rollers are pivoted outwardly a greater distance to apply an out wiidl-¥033
radial force to the bistable tubular. The outward novenent of the rggl lb8h$
can be acconplished via centrifugal force or an appropriate actuator
mechani sm coupl ed between the notor 64 and the io rollers 60. The fi nal

pi vot position_is adjusted to a_ point mh%re t he bi stabl.e tubul.ar can be
expanded to t F&en RIRES Ve EPPh&08Sorh $hehENO SR8 AN noved

t hrough the col |l apsed is bistable tubular, while the notor continues to
rotate the pi wechanisaddy astieened tRe the PEPENABPLEWTAPYREF SRCRePPEa

path 66 inside the bistable tubular, expanding the bistable cells in their
path. Once thdebhsndgkd tfalstlearriss suepl 6pedCreEns t govertst ari bands seppped
and the roller zo retracted. The tool is then withdrawmn fromthe bistable
tubul ar by a ceedeyancendevicehe8cbhatcabsotoabhbetubedatosenséphnst heTheol .
22 Substitute sheet -19 Novenber 2002 scHL~0433 68. 0210 Figure 13
illustrates aphydaagbi eahh¥cdbkveppiadial, $s~8esigned to have .an

expansion rate that is compatible with the expandable

tubular sections, so that it continues to connect the two

sections after the expansion of the two segments and the
connector.

10

Alternatively, the bistable connector 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 mechanically fastened as discussed

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
connector 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 connector forms a relatively flush-type

connection with the tubular sections.

16



IS zo roller deploynent device. The tool conprises one or nore rollers 60
that are brought into contact with the inner surface of the bistable
tubul ar by nmeans of a hydraulic piston 70. The outward radial force applied

by the rollers can be increased to a poi nt g\Rsiithtd §ifedl—S1RRbYeibBEDB2
expands to its final dianmeter. Centralizers 52 can be attached to the tool

to locate it correctly inside the wellbore and bistable tubul ar BEHLFHO33
rollers sO are initially retracted and the tool is run into the colG8EHEdD
bi stabl e tubular 24. The rollers 60 are then depl oyed and push agai nst the
inside wall of the bistable tubular 24 to expand a portion of the tubular

to its final di ameterconthe fiHd r@&tnd 315 dhenduiehedy Middade
| ongi tudinally through the bistable tubular 24 expanding the entire | ength

of bistable Cgaépt%ﬁ%?a-bl@%%ﬂdl%lbil%r?ﬂrﬁs IRl 12 1S AGH NG d RAtlS the

expanded st at e rollers 60 are retracted and the tool Is wthdrawn from

the well bore by .t 0 C evj .Q_i nserd_jt.. | t,eri t he
axis of the rol lelﬁ’é%ré%o%%g%c%a cdéj(r%%t?%%r %’t%%get %\I/-Ll'a g(ér%ét t&l%eﬁt 4ﬁ %\gg] S
| ongi tudi nal Iy _t hrough the bistabl e tubular Substitute sheet -19

24. ,23
Novenber 2002 48¢Fi L 10535988 YT PSR o TBe Hite 1 Bfe OF&p |Gy FEFE devi ce can

be drawn from one or a conbination of sources such,as: electrical power
suppl i ed %i t hBEheSHSIRe SYGH &Ee Wi edidtedablea FRELEA taiagge At edl ong
with the depl oynment device, s hydraulic power provided by surface or
downhol e punpspbingbiish wirgliing ¢oacugigrat rilanpimechambdan power
supplied through an appropriate |inkage actuated by

casing.

A deployment device 33 can be incorporated into the

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

15 actuator, an electrical solenoid, 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 illustration of
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novenent applied at the surface or stored downhole such as in a spring
mechani sm 10 The bi stabl e expandabl e tubul ar systemis designed so the
internal dianeter of the deployed tubular is expanded to mai ntain a maxi mum

cross-sectional area along the expandabl e SHQ#ItQ‘lre-shEéits-erﬁB%rﬁb@I“@@mes
nmono-bore wells Is to be constructed and facilitates elimnation of

probl ens associated with traditional wellbore casing systens wher$CH}0033
casi ng outside dianeter nust be stepped down many tinmes, restrictings.0210
access, in long wellbores. ao The bi stabl e expandabl e tubul ar system can be
applied in nunmerous applications such as an expandabl e open hole liner (see

Figure 14) wherggthe i st@ahd e exnandsid ddiis &l eifbrts A5eds tho&apRort an
open hale formation by exerting an 24 Substitute sheet -19 Novenber 2002

SCHL: 0033 68. ogll,gjzgé_ta{gaédjgﬁdé al e PE AN I B MEIJDOTE: SULd G ¢ A48

bi stable tubular 24 is radially expanded in the direction of arrows 71, the

t ubul ar noves [n 0 i t.h ur form I e These
radi al forces %%%gaéié;%i 1-Ttazéé\é' t%eé%e?%% %@%@ﬁfﬁd%%%ﬁﬁﬁ%lsﬁﬁ ng of
wells with fewer copventional casing strings. The open hole liner, also can
conprise a mat¥PIdaRlq copngcatiso\nPs ﬁa?l)r'edﬁ)@ﬁf e ﬁ?ftset 18 uid

|l oss fromthe wellbore into the formations. The w apping 72 can be nade
froma vafi et \exanfaaiid Pl FISFEh G Sedfard&hIcex Idep lemament

el astonmeric materials. By reducing fluid loss into the formations, the
expense of driddptiy fihe dafdatabd o edrked gA¢mends RiSsKk sofeXrgsidaf

circul ation and/ or borehole collapse can be mnimzed. ~s Liners also can

be used wi t hi rraskldldgr eyt ghwlceng ffadnigduiposesheudkvasec ausr ghicom prot ection.

One exanple of a
Figure 5B. The inflation fluid 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 packer element 25
expands, it forces the bistable expandable tubular 24 to
also expand radially. At a certain expansion diameter, the
inflatéble packer element causes the bistable cells in the
15 tubular to reach a critical geometry where the bistable
“snap” effect is initiated, and the bistable expandable
tubular system expands to its final diameter. 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
6B and is a device with a deformable plastic element 26

that expands radially when compressed in the axial
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corrosive environment is the environnent that results when carbon dioxide
is used to enhance oil recovery froma producing fornmation. Carbon dioxide
(Q02) readily reacts zo with any water (H20) that is present to form
carbonic acid (H2C03). Qher acids can al SguBgtitﬂfé‘Qﬁ@éth19 ReREMbar byo2 f
sul fur compounds are present. Tubulars used to 1 nject the carbon dioxide_ as
wel |l as those used in producing wells are 25 Substitute sheet HLz 0033
Novenber 2002 SCHL: 0033 68. 0210 subject to greatly el evated corrosfdnd210
rates. The present invention can be used for placing protective liners, a
bi stabl e tubular 24, within an existing tubular (e. g. tubular 73
illustrated wdhrdashed. | Thesfoncéi gurecrgyess shen elameepttbancber osi ve
effects and to extend the useful life of the wellbore tubulars. Another
appl i cation i nvebvegedsenpbugheabtshmb€siobuhesrhadi shl 23 reted 48 &igure
14 as an expandable io perforated liner. The open bistable cells in the

bi st abl e expangdabl.e hetnid sl | Qi Undesd ried sl 11 0 fLoomt herfor mati on

while providing a structure to stabilize the borehole. ~s Still another
application of j u i Expandab agg:
where the bi st%%#gargie %%k%%%ig?zéegéw%%age‘%:oggsand cont%%]féscr e%ﬁé%%an

expandabl e screen elenment. 74 can be affixed to the bistabl.e ex ahl.e
Cubular o |1 I I Y e R 137 | e T e 2 Sra i Tb e
expandabl e screen el enent 74 can be for %&28 a wrapping around bistable
Cubular 24, ) AR DA e Cat TGS AT 1 I ok S R s
onto the wall of a borehole will in itself help stabilize the formation and
26 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

10 6A) to a final deployment diameter (see Figure 6B).

An expandable swage is shown in Figures 7A - 7D and
comprises a series of fingers 28 that are arranged radially
around a conical mandrel 30. Figures 7A ana 7C 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 7B 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 - 8D

and comprises a series of pistons 32 facing radially

18



Substitute sheet -19 Novenber 2002 SCHL: 0033 68 . 0210 reduce or elimnate
the influx of sand fromthe produci ng zones, even if no additional screen
el enent is used. Another application of the bistable tubular 24 is as a s

rei nforced expandabl e |iner where the bi st &jpstierdansal 9 Ngvehder 2600
structure is reinforced with a cenent or resin 75, as iIIustrate% ' .%bggre
14B. The cenent or resin 75 provides increased structural suppor )
hydraulic isolation fromthe formation. io The bistabl e expandabl e aBatar
24 al so can be used as an expandabl e connection systemto join traditional

| engt hs of casing 76a or 76b of different dianeters as illustrated in
Figure 14C. Tiemtwandlar a2dl aised @sn ahoegdeaiss 40 sxpandcticabissplile | oi nt
to provide increased strength for existing sections of casing. Another
appl i cation i redpadembls ngbuiersi shabkenarepandabl eWhehulkaer@d zas, ashanchor
within the well bore fromzo which other tools or casings can be attached,
or as a "fishipAgtdneol32i apphiych rhdihldtabieecchatatbecestbcgepleyuthei zed
to retrieve itens lost or stuck in a wellbore. The bistabl e expandabl e

tubular 24 inpkisa¢ald aRpadddble BUBGLEFURESBRBE) aslfebNoyBEDeRr2008n1e
SCli L: 0033 68.0210 configuration is inserted into a lost item77 and then

expanded ,as igghgggfqleﬁnﬁﬁu%ﬁégrge Ehoung ééDi%iQsEPgtﬁxeﬁnggstons

configuration stabl e tubu exerts radial forces-that assist in

retrieving the gost it.em .The_s bistaPée tyb éar | s an.be run into the

well inits e§5 ﬁ885980§§%g8r5%98ﬁ?5p c%ﬂaog r5%§% §%§|%b§§8nFn t he
extended. The piston type apparatus can be actuated

hydraulically, mechanically or electrically.

10 A plug type actuator is illustrated in Figures 9A and
9B and comprises a plug 34 that is pushed or pulled through
the bistable expandable tubulars 24 or connectors as shown
in Figure 9A. The plug is sized to expand the bistable
cells past 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 10A and 10B
and operates when an oversized ball 36 is pumped through
the middle of the bistable expandable tubulars 24 and

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

seal and allows the ball 36 to be hydraulically pumped

20



direction of arrows 79 around lost item77 in an attenpt to attach and
retrieve it as illustrated in Figure 14E. Once lost item 77 is gripped by
bi stabl e tubular 24, it can be io retrieved through wellbore 29. The above

descri bed bi stabl e expandabl e tubul ars cangpgstitedesHdat & 1PNoeémbef 20@mner s
such as: cutting appropriately shaped paths through the wall of a tubular
~s pipe thereby creating an expandabl e bi stable device in its col Fapse@033
state; cutting patterns into a tubular pipe thereby creating an expéhdadie
bi stabl e device in its expanded state and then conpressing the device into
its collapsed state; cutting appropriate paths through a sheet zo of

material, roll{ &@?S@%%i&aﬁﬂé%%w@y% SNBRHAEC £ 9L 81 Norhbes epgls: t O

form an expandabl e l'e device Inits collapsed state; or cutting
patterns into S . iad,,kaly] i Ln ar
shape, 28 Su fstﬁgk?ﬁéler?ih%% elgéﬁ) %v%%@%%%@ﬁé%%% %’gp%}(%%p}lm ni ng
the adjoining ends,to forman expandabl e bistable devigce in jts_expanded
state and thent"r&}%%?%isf%gm} YRR i 13 ecx(ﬁﬁ%%séaesﬁf%ﬁe.gesoﬁ%ery
materials of construction for, the bjstabl e expandahle tubul ars. can incl| ude
those typical I5® & i e bl §C?%star%y1%‘ﬁ’é'hga ujzjar%’ﬂi‘farﬁle%‘ .
They can al so be nmade of specialty alloys (such as a nonel, inconel,

hast el | oys or thimostkn- Rl &8 |Gy i 41 tHFHiguwplitEat | Snc®d Fhehieblerhe
configurations shown. for the bistable tubular 24 are illustrative of the
operation of axXmmwidakiissttatihel aarsd landdvemeasteirisgarst iensamigd bettsii t abl e,
but the~concept is presented is also valid for these other geonetries.
Figure 15 il usiasaictseranleepandabland waillg 380 drer mddhdrawn.

Radial roller type actuators also can be used to

10 expand the bistable tubular sections. Figure 12
illustrates a motor driven expandable radial roller tool.
The tool comprises one or more sets of arms 58 that are
expanded to a set diameter by means of a mechanism and
pivot. On the end of each set of arms‘is alroller 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 contact
with the inner surface of the tubular. Each roller can be
conically-shaped in section to increase the contact area of

roller surface to the inner wall of the tubular. The

21



of bi-stable cells 82. The tubing 80 defines a thinned portion 84 (best
seen in Figure 15) which may be in the ao formof a slot, as shown, a
flattening, or other thinning of a portion of the tubing 80. The thinned

portion 84 extends generally |ongitudinal |l g,g86tuteshded 4 1 MRavember oad ., or
foll ow some other circuitous path. In one 29  Substitute sheet-s 20033
Novenber 2002 SCHL: 0033 68. 0210 enbodi nent, the thinned portion €eX ﬁ$
fromone end of the tubing to the other to provide a comrunication 17" 10
path 84 for the tubing 80. In such an enbodi nent, a comrunication |ine 86
may pass through the conmmunication line path 84 s along the tubing 80. In
this way, the norians caté dmiltiisd 186 rataps bacd kgl the Foedr dls gursilgeside

di aneter of the tubing 80 or extends only slightly outside this dianeter.
Al t hough t he ttiHe nglilersteivbistdbleneudhilared Fhwet itowl84,s ithemy otackedde a
plurality that are spaced about the io circunference of the tubing 80. The

t hi nned porti gy &hammeter Wed dr@l helderas Gondiiet movel shewal dilr adgh whi ch
comuni cation |ines 86 pass or which is used for the transport of fluids or

ot her materi algn3eh ta% AnHdH ehrdhckl Yirdsnangdigebibde thdbuAsrusednbar ehn,
the term"communication line" refers to any type of conmunication |line such

as electrjc, Rydnaul G ekl Rele YRk arCORRENALI2B20L NS G020 LG, LG

ao Fi.gure 15A ustrates an exenplary thinned portion esl gne

recelve @ devioe, 88 o5 atbtLe (620815l a6CBEtharteY S8 ety Sodte €8°!

the bistable tubular. The outward movement of the rollers
can be accomplished via centrifugal force or an appropriate
actuator mechanism coupled between the motor 64 and the

10 rollers 60.

The final pivot position is adjusted to a point where

the bistable tubular can be expanded to the final diameter.
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 conveyance device 68 that also can be used to

insert the tool.
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Substitute sheet -19 Novenber 2002 SCHL: 0033 68 . 0210 thinned portion of
the tubing 80 so that the extent to which it extends beyond the outer

di aneter of the tubing 80 is | essened. Exanples of certain alternative
enbodi ments of devices 88 are el ectrical dgyhsRste gm@gumlgmo@ﬁb@ezoozs
nmeters, gauges, sensors. Mre specific exanples conprise valves, sanpling
devices, a device used in intelligent or smart well conpletion, tsrgmerad33e
sensors, pressure sensors, flow control devices, flow rate neasurenggio210
devices, oil/water/gas ratio nmeasurenent devices, scale ~o0 detectors,

equi pnent sensors (e. g., vibration sensors), sand detection sensors, water

det ecti on sensors, I‘dagﬁa]_,é eﬁ)rdﬂ@stf{ééggs% tﬁr&em ] I\r/c?tyﬂgnéft\y elnascg{asj_

bubbl e poi nt sensor conposiTTon Sensors rray devices and

sensors, acoustl evi f and se sors, o toeol erEeotHrla/ ~S sglew ces. nhear

i nfrared sensd"'rqsl AT CTorE dec[ Lt FFE P EE LB S1°F €
downhol e nenory _uni ts downhol e cqnt roI | ers. | es of asurenents that
the devices mxgHtlskkdhred 3t AFS aﬁrepu%?tes‘é'ifr"e c rlr_g Jtﬁﬂ{ Sklﬁ ARt al

pressure, density, relative anpunts of |iquid, zu gas, and soljds, water
cut, oil-watesuzfigag hdhn msq?ééﬁjrté%g@é: by meamh @ @ty dnedic 19

Novenbe~~02 03 3 68.0210 As shown in the figure, the device 88 may be
exposed to fl giictiarsi’de artheoumdivde bfradilfilng BT eviarrdpgead iys ther msd Usrs he
cells 82. Thus, the thinned portion 84 may bridge openings as well as
| i nkages 21, 23anohd HeeldsedBZ2o a Alcdntnehertehathe e stabhenitedivilanr | i ne 86
and associ ated communi cation |line path 84 may extend a portion of the
I ength of theekiphingg 80 iftsCEHikRIN AliRtrali Veedtia0izers 62 can be
attached to the tool to locate it correctly inside the
wellbore and bistable tubular 24. The rollers 60 are
10 initially retracted and the tool is run into the collapsed
bistable tubular 24. The rollers 60 are then deployed and
push against the inside wall of the bistable tubular 24 to
expand a portion of the tubular to its final diameter. The
entire tool is then pushed or pulled longitudinally through
15 the bistable tubular 24 expanding 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 68 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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For exanple, if a device 88 is placed internediate the ends of the tubing
80, the communication |ine passageway 84 may io only need to extend from an
end of the tubing to the position of the device 80. Figure 16 illustrates

an expandabl e tubing 80 forned of bi-stabl ; avh afdva bogbs 21
and thick is struts 22. At |east one of th?@ﬁ#lﬂgﬁegﬁé&ts ?I abeh{gfas 90) is

relatively wider than other struts of the tubing 80. The w der stSGHL:dAP3Ay
be used for various purposes such as routing of communication |ine$8.0210

i ncl udi ng cabl es, or devices, such as sensor arrays. zo Figures 17A and 17B
illustrate tubing 80 having a strut 90 that is relatively wi der than the

other thick struts BbrerA tRATRGSWRY the (RPIRYmeht! Bevsidellca?0 b32 drawn
Substitute sheet -19 Novenber 2002 SCHL: a033 68. 02/0 facilitates placenent

of a conmuni catign drid@d B IREpISIL idRd Jehiseugh ekheububiaag 84 cerdimy be
used for other purposes. Figure 17B is a cross sectional view show ng the

passaggmay_QZ B%%S%ggﬁﬁéf%agf%h%@ %&Eﬂ(%g%iﬁgg% gdBQEQEO§e fii a

comuni cat i on®LIM passageway e configured fo generally
follow the cugrvature of a strut, e.g. one of the.thick struts 22, as
further i1l usPParedy arEegerment Ridng 13sR rhoerber BB Mt ce a

t hi nned portion 84 having a dovet ail dgsigg %ﬁth a rglat%v&ly narr ower
openi ng. SThe B¥AFRAHILES POWSFi RECE6IRE PYr FEITEE6St A&t IPYRAPLE PHPBSgh t he
relatively narrow opening into the wider) |ower portion, e.g. by inserting
one si de edgeturBipgencrha éﬂﬁéﬁ.aC§“@BHﬁEﬁF¢aﬁﬂénmPFHEHBGagsPﬁﬁﬁa in place

due to the dovetail design as is apparent fromthe figures. The wi dth of
t he communi casippliedAet8Boighgrratppronahathelnjaticofcthated by

movement applied at the surface or stored downhole such as
in a spring mechanism.
10
The bistable expandable tubular system is designed so
the internal diameter of the deployed tubular is expanded
to maintain a maximum cross-sectional area along the
expandable tubular. This feature enables mono-bore wells
15 to be constructed and facilitates elimination of problems
associated with traditional wellbore casing systems where
the casing outside diameter must be stepped down many

times, restricting access, in long wellbores.

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

24 is used to support an open hole formation by exerting an
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opening. Note that the conmunication line 86 may conprise a bundle of |ines
whi ch may be of the sanme or different ~o fornms (e. g., a hydraulic, an
el ectric, and a fiber optic line bundled together). Al so, connectors for

connecting adjacent tubings may incorporat g Bs@afsddt UM d Rovémder 2002
comuni cation |ines. 33 Substitute sheet -19 Novenber 2002 SCHL: 0033

se.02i0 Note that the comrunication |ine passageway 84 rnay be ussaHin:0033
conjunction with other types of expandabl e tubings, such as those ofg.tg¥o
expandabl e slotted liner type s disclosed in U S. Patent No. 5, 366, 012,

i ssued Novenber 22, 1994 to Lohbeck, the folded tubing types of U S. Patent

No. 3,489, 220, _.issued , Tanuary. 13, 1970.to_ Ki U. S.-_Pat ent "

5 337 893, | SSHFARGuEP e FE6ES NGl ‘e”ae&fll’%%. BEATE No A% Hissable

i ssued August 31, 1965 tq Vincent. io The particuylar enbodi.nents. di scl osed
herein are il INYOWEE vé &F yadellive SFRAATEDAD #EV F SRS A e P T £OwS

practiced in different but equival ent nmanners apparent to those skilled in
the art havi nghéhisehabplagt moNes-4dnt@aCRIITES Eh¥itén they stirdans £oradng
limtations are intended to the details of construction or design herein
shown, ot her meddbased@dcri Bbgsenrelddad| dorsesehedr btabs lilzer e evi dent
that the particul ar enbodi nents di sclosed above may be altered or nodified
and all such \farimations ZodamélownsheededlWinbi nft kelisope téindes@irrit of
the invention. Accordingly, the protection sought herein is as set forth in
the clai ns8 bekewveddional 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 can be made from a variety of materials

10 including expandable metallic and/or elastomeric materials.
By reducing fluid loss into the formations, the expense of

drilling fluids can be reduced and the risk of losing

circulation and/or borehole collapse can be minimized.

15 Liners also can be used within wellbore tubulars for
purposes such as corrosion protection. One example of a
corrosive environment is the environment that results when
carbon dioxide is used to enhance o0il recovery from a
producing formation. Carbon dioxide (CO;) readily reacts

20 with any water (H,0) that is present to form carbonic acid
(H2CO3) . Other acids can also be generated, especially if
sulfur compounds are present. Tubulars used to inject the

carbon dioxide as well as those used in producing wells are
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Substitute sheet -19 Novenber 2002 SCHL: 0033 68. D210 ChAIMS L~l hat is
claimed is: s 1. An apparatus far use in a wellbore, conprising: an
expandabl e bi st abl e device configured for deploynment proxinate a well bore

wal |, the expandabl e bi stabl e device havi ”Suﬁst!;cﬁtef%Hére@l—ifg/Nef/elhbésze
cells arranged in a generally tubular shape, the plurality of bi grabl.@033
cells being stable in a collapsed configuration and in an expandedgg, g210
configuration. is 2. The apparatus as recited in claim1l, wherein each

bi stabl e cell conprises at |east tw el ongated nenbers connected to each
other. zo 3. The apparatus as.recited iE claim?2, whereint col | apsed

.reci h
configurationSPéjchiF?tgﬁéﬁéﬁgl?;EVBBE aFOEBHFFSGr5PF8ﬁ'an3th8r§§S§ﬁded
configuration is a secor_d 35 Substitute sheet -19 Novenber 2002
SCHL: 0033 68. dnvengérar gRny beuBgrar fesnPigaiBEi BACREGEAYCalLBREEr i anet er
than the first generally tubular configuration. 4. The apparatus as recited
in claim3, fhitheble tuhpilesi A4.awtbhiypyancextevineg hbbelen (eagsport the
' expandabl e bi stable device to a desired location in the wellbore. 5. The
apparatus as tebuled 7B clatustdateliewtth dhshed AppasainsFigutéel4tonpri ses
a depl oynent device able to initiate expansion of the expandabl e bistable

device fxomihsninisk GRBCESLIYsivOULPFeEOl40ET 041 ORLEAG] EBe SEEOREL

general |y tubul ar configuration.
life of the wellbore tubulars.

Another application involves use of the bistable
tubular 24 illustrated in Figure 14 as an expandable
10 perforated liner. The open bistable cells in the bistable
expandable tubular allow unrestricted flow from the
formation while providing a structure to stabilize the

borehole.

15 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 expandable
tubular as illustrated in Figure 142 in its collapsed

20 state. The expandable screen element 74 can be formed as a
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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~s 6. The apparatus as recited in claim4, wherein each cell conprises a
first menber and a second nenber, the first nenber and the second nenber
each conprising a rnid point and two ends, and further wherein the first

nenber is nore flexible than the second m@%éﬁtgt’eonsél'@atlh’@ ﬁgg%gﬁ%%d%

recited in claim6, wherein the first and secon ers are nec
connected such 36 Substitute sheet -19 Novenber 2002 SCHL: 0033 6§03k 4
that the secor_d nmenber hinders defornation of the first menber. 8. Thé
apparatus as recited in claim7, wherein the s first nmenber has two stable

positions, the fjrst stahle position Qei where the first nmenber ,
Mo poir t s TRGUSERT Bo THEASEGTE HETHer Mid SHEPNE 2 Fhe L EREEiRg o
posi tion being where the first nenber md-point is_displaced fromthe
second menber ZRF@&Spoiee & & 5emREGdS cPEtWEEH SBRe SEFER tt & Si®SE- ni d- poi nt
and the second nenber md-point. 9. The apparatus as recited in claim§6,
wherein the second nenber has a greater thickness than the first nenber. 15
10. The apparatus as recited in claim®6, wherein the thickness ratio of the
second nmenber to tReokthest appibertisngpéatbe bhahabppr axbudeel Y431%. azoall.
The apparatus as recited in claim6, wherein the thickness ratio of the
second ngnber rkonEhecklr skpaRARBLel $igeealvRErkhaneappE@ubIRL ekpabddbld/

tubular cell structure is reinforced with a cement or resin

75, as illustrated in Figure 14B. The cement or resin 75

provides increased structural support or hydraulic

isolation from the formation.

10
The bistable expandable tubular 24 also can be used as

an expandable connection system to join traditional lengths

of casing 76a or 76b of different diameters as illustrated

in Figure 14C. The tubular 24 also can be uséd as a

15 structural repair joint to provide increased strength for

existing sections of casing.

Another application includes using the bistable
expandable tubular 24 as an anchor within the wellbore from
20 which other tools or casings can be attached, or as a
“fishing” tool in which the bistable characteristics are
utilized to retrieve items lost or stuck in a wellbore.

The bistable expandable tubular 24 in its collapsed
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Substitute sheet -19 Novenber 2002 SCH-: ~033 68. 0210 12. The apparatus as
recited in claim4, wherein the bistable device further conprises a
wrappi ng attached to the outer surface of the bistable device. s 13. The
apparatus as recited in claim12, wherein gfigg —CPRVERDeRP002

expandabl e screen. 14. The apparatus as reC|te |n claim4, ere t %
bi stabl e device further conprises a deformable material ~o attache %@gg

outer surface of the bistable device. 15. The apparatus as recited B

14, wherein the deformable material conprises an elastoner. is 16. The
apparatus as recited in claim15, wherein the elastonmer is selected to be
resistant to @p@dQQ@KE§IODrﬂﬁegnS@ﬁGE§cﬂ@§0eﬁcé@ﬁfeﬁé@“iﬁ7oﬁpdaﬁ@egas
wells. 17. The apparatus as recited in claim4, wherein the ao bistable
device in itsex@audédgasedaﬂi¢a&@Uub&rawmnﬁbgﬂﬂaﬁhoﬁiguwprﬂé@s alpl shality
of dianeters. 38 Substitute sheet -19 Novenber 2002 SCliL: 0033 68.0210
1B. A netr-~odegbastialli kbaifiguaatibncahedbsechbde efibalwel khetesi padhal
under ground fo=rnation, conprising: providing an expandabl e bi stabl e devi ce
having a s gemgkakkythdbubasishapa tBakieornEi 6B aoBkuRakinty @hebi stable
cells; placing the bistable device at a position in the wellbore while in a

first stable BEQESblﬁnguEQléﬁdEQEbycgﬁpﬁadkﬁﬂ iH@obtﬁEaQéﬁldQM'EEsto a

second stabl e state having a generally tubular configuration wthout

substanti al v redusbad. gkt abuLE0OLh. 45,194 The.rELAOH Fo Lech! £d L ol ai m

18, further c hé out ér ~sur ace o

bi st abl e devi
attachi ng coﬂg

as_recit Cc

| whe
+F§‘é§l%?t%gh?Fr@W§ fe ertihnatret tifed) 7y 5on 40°EELome to

attach and retrieve it as illustrated in Figure 14E. Once
lost item 77 is gripped by bistable tubular 24, it can be

10 retrieved through wellbore 29.

The above described bistable expandable tubulars can
be made in a variety of manners such as: cutting
appfopriétely shaped paths through the wall of a tubular

15 pipe thereby creating an expandable bistable device in its
collapsed state; cutting patterns into a tubular pipe
thereby 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
joining the ends to form an expandable bistable device in
its collapsed state; or cutting patterns into a sheet of

material, rolling the material into a tubular shape,
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Substitute sheet -19 Novenber 2002 SCHL: 0033 68 . 0210 21. The nethod as
recited in claim18, further conprising applying a deformable material to
the outer surface of the bistable device. s 22. The nethod as recited in

claim 21, wherein applying conprises applyi REI [ 23.
The nethod as recited in claim18, wherein Sﬂ%&?&tf’%ﬁ%ﬁﬁ%@ﬁ%&%n
expandi ng the bistable device ~0o to a plurality of final dianmeters.s2b2¥
met hod for installing liners within a tubular |ocated in a well bore,
conprising: ~s form ng an expandabl e bistable device with a plurality of

bi stabl e cellsg,_. J i I Vi i ]f?%&ﬁr : ar
shape; zo sur?%ﬁ%gﬁﬁgﬁgﬁgq% 5§ﬁ§§§%39§?23§bF§% e%%bg&:'t anegk%éﬁﬁgg%é
i ner el ement attached t,Q az oute urface _of e_bistabl e device; 40
Substi tute. SheleR Rov e HAI0r S Bir 20655 SBE" GRTBYSosc g (e
expandabl e bi stable device at a_position within a tubular while in a first
stabl e state; 9Yd<E dRFEnditTy e 2BEFINESBIFE bi st abl e device into a second
stable state to hold the |iner elenent against an inner dianmeter of the
tubular. 10 25. The nethod as recited in claim24, further conprising
| ocating nmultiple bistable devices in the wellbore such that the ends of
t he adj acent bi st afhe neviecéslseverfl apnandutoimmafoontheubtiisoabde t he |iner
el enent agai nst the inner di'ameter of the tubular. 15 26. The nethod as
recited in cl expalddablier thbuleespeaai Dgcludat thgseachphicatabl asedl vivhih a
thin strut connected to a thick strut. zo 29. A nethod for facilitating use
of a wellborecneoBplii 8hB9gaélindustry such as carbon steel. They can
also be made of specialty alloys (such as a monel, inconel,
hastelloy or tungsten-based alloys) if the application

10 requires.

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

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 portion 84
extends generally longitudinally and may be linear,

helical, or follow some other circuitous path. In one
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Substitute sheet -19 Novenber 2002 SCHL: 0033 68. 0220 inhibiting sand infl ux
into a well bore, wherein inhibiting conprises: placing a bistable device at
a desired position s in a wellbore; and expandi ng the bistable device at

Least partially through a nonstable range ggu@fgie sheet abloeNeveathber2004 t he
bi stabl e device is able to io exert hoop stress forces against thgeyr.g033
wel | bore. 3G The nethod as recited in claim?29, further conprising6 02
attaching a wapping to an outer surface of the is bistable nenber. 31. +Re
met hod as recited claim30, wherein attaching conprises attaching an

e: cpandabl e screen. ao 32. A nethod of facilitating use of a wellbore,
conpri sing: 42mbadiient yt ehendeinnad peieiftfereerds cHonaze 68nd ph1bhe
isolating a portion of a wellbore with ar__expandabl e bi stabl e device

havi ng a genertalbing ubul Ere stiper ftor metbwden Slapriunicafi g stibe epath| 84
that permt the expandable s ,bistable device to be selectively actuated
bet ween a contfactte stwbin@riD an Bxppundedrs et di3®ntA retdmdnat i cealomg a
portion of a wellbore to tubular, conprising: |ocating a bistable device
within a wel | bores tadbuhar mhaasitodgh azor@rinurhie aeiadred; irgndash expandi ng
t he bi stabl e device against the well bore tubular by noving the bistable

devi ce thy ough 1PN B 1RPIgN t awandS ARvRXPaiHte ¢ bl it Ade. 1214 34.
An apparatus for use in a wellbore, conprising: a wellbore conduit having
at |east one @é“§#§y%‘%?éﬂ¥% thd general outside diameter of the tubing
80 or extends only slightly outside this diameter.
Although the tubing is shown with one thinned portion 84,
it may include a plurality that are spaced about the
10 circumference of the tubing 80. The thinned portion 84 may
be used to house a conduit (not shown) through which
communication lines 86 pass or which is used for the
transport of fluids or other materials, such as mixtures of

fluids aﬁd solids.

15

As used herein, the term “communication line” refers
to any type of communication line such as electric,
hydraulic, fiber optic, combinations of these, and the

like.

Figure 152 illustrates an exemplary thinned portion 84
designed to receive a device 88. As with the cable

placement, device 88 is at least partially housed in the
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Substitute sheet -19 Novenber 2002 SCHL: 0033 68. 0210 35. The apparatus as
recited in claim34, wherein the bistable device conprises a plurality of
bi stabie cells, each bistable cell conprising at |east two el ongated s
menbers that are connected to each other agypdigite shads- 19 owsbec2¢0d ng
stable in a first generally tubular configuration and a second geS@Hai0d033
tubul ar configuration, wherein the second generally tubul ar confi gusséio2mo
has a | arger dianmeter than the first generally tubular to configuration.
36. The apparatus as recited in claim35, wherein the apparatus further

conprises a cqiy g&g@#e@% e S0l d O B AP R tsd heh APPAf@taisdox ad ocat i on

in a borehole. apparatus as recited in claim36, wherein the

apparatus further ;canpri Sc?%é“sn eSJE%?' devise &%ﬁeﬂp\@;;é ?tthfblng 80

expansi on or c¢ pse ot evi ce.
facilitating co ni cation al ong .a well bore, stitute
sheet -19 Novérb W%mpﬁﬁg%eﬁ & ﬁftzfﬁ"ne Jev? mg‘? Sy a
comuni cati on Ilne passagfway 39. A systemfaor faC|I|tat|ng connunlcatlon

along a s wel %o Bs e SHRchh ﬁé’r?&atﬂeé’%cl?ﬁ n@FFHER DSV ifSFral ity

of bi stable ceIIs the expandabl e tubi ng having a communi catior_ |ine
passageway. tmeM@rSThga§Q§§enﬁ§§SP§@ite@hrﬁ Srechids apradias tdreprise

comuni cation |ine passageway is defir_ed by a thinned
valves, sampling devices, a device used in intelligent or

smart well completion, temperature sensors, pressure
sensors, flow-control devices, flow rate measurement
devices, oil/water/gas ratio measurement devices, scale

10 detectors, eguipment sensors (e.g., vibration sensors),
sand detection sensors, water detection sensors, data
recorders, viscosity sensors, density sensors, bubble point
sensors, composition sensors, resistivity array devices and
sensors, acoustic devices and sensors, other Eelemetry

15 devices, near infrared sensors, gamma ray detectors, HsS
detectors, CO, detectors, downhole memory units, downhole
controllers. Examples of measurements that the devices
might make are flow rate, pressure, temperature,
differential pressure, density, relative amounts of liquid,

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

measurements.
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portion along the expandable tubing. ~s 41. A well bore tubular, conprising:
and expandabl e bi stabl e tubing; and a device nounted to the tubing. zo 42.
The tubing of claim4l, wherein the device is selected froman electrical

device, a neasuring device, a neter, a gaugfpsttiie shexfST Nodémb itute
sheet -19 Novenber 2002 scxz:ao33 68.0210 43. A nethod of routin :D033
communi cation line in a well, conprising: deploying an expandabl e 68sP230i n
a well; 5 routing at |least a portion of a communication |ine adjacent at

| east a portion of the expandable tubing; and to expandi ng the expandabl e
tubi ng. 44. The nepBodhasmr ¢ai ted ifAgalkai, i3, dekeeei BadaployengxpoBRE Ses
runni ng an expandabl e tubing fornmed of bistable cells into a well. IS 45.

The method ascheent;ed kAs¢hal BhA3ouhenel BEr eUbing gONMPEES8BeheHbLNY a
cable along an exterior of the expandable tubing. ~0 46. The nethod as

recited in claimdd, plULLOCLCSOUPEES I NgLAL! achLngnt AECGOBIUNL GAL beNalyne o

t he expandabl @ tubing’as the expandabl e tubing is depl oy in the we 6
Substitute sﬁget -19 Novenber 2002 ?CHL: 0 68. 0210 n%ﬁ Eh nmet h ? a
MRl £ T W it T py i g gttt DU S PARTIN ct g e e
passageway in_the expandabl e fubing to,receive,the ggnnugication line. 5
5 Also note that the communication line and associated

communication line path 84 may 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, the communication line passageway 84 may

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

position of the device 80.

Figure 16 illustrates an expandable tubing 80 formed
of bi-stable cells 82 having thin struts 21 and thick
15 struts 22. At least one of the thick struts (labeled as
90) is relatively wider than other struts of the tubing 80.
The wider strut 90 may be used for various purposes such as
routing of communication lines, including cables, or
devices, such as sensor arrays.

20

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

struts 22. A passageway 92 formed in the strut 90
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48. The nethod as recited in claim47, wherein form ng conprises formng
the communication line along a thick strut formed between a plurality of
bi stable cells. ~0 49. The nethod as recited in claim44, further

conprising providing a device attached to SUSstﬁgtléaé}%lPl—elgNBilé}ﬁbeﬁ@OOZThe
met hod as recited in claim49, wherein is providing conprises attsei g3
sensor. 51. The nethod as recited in claim49, wherein providi ng coggsosLs
attaching an instrunent. zo 47 . Af! & . AaF?. AuF. Aa3. AuY. AF. ASY. A y. AF. Af

y. A3. A3. A . AF. AY, . A3. AY. AuY. AaFe. AFe. Aa3. AF. Aa

.AY. AY. AyYR Al g. AY. Al R ANE,.. Au3. AvY. AaF?. l.. A 5. A3. Y Y, A F. Al .
A(Yy. A( Y?/A; Yr .%C_J"]‘:ﬂaﬁ%s] 'F{l@fg‘%?‘}eg’f/te‘ i ?/| cé’J]% cai Elé]d(%aﬁlca claylcég]lcﬁaft((:% cvge cha
Jena Ucnal calcaloal cahothelc e Sake ARl A S St

5<=nt u{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca]ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cairRgseRY] c A d7ERA[Sc & CEPOF[ sectiondd vigw |shawing the
{vql gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c FecolacEivey] OF)-caFesjsealeway 92 is an alternative embodiment

5 of a communication line path 84. A passageway 94 may be
configured to generally follow the curvature of a strut,

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

Figures 17A and 17B.

10 Figure 18 illustrates a thinned portion 84 having a
dovetail design with a relatively narrower opening. The
communication line 86 is formed so that it fits through the
relatively narrow opening into the wider, lower portion,
e.g. by inserting one side edge and then the other.

15 Communication 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 greater than the width of the
opening. Note that the communication line 86 may comprise
a bundle of lines which may be of the same or different

20 forms (e.g., a hydraulic, an electric, and a fiber optic
line bundled together). Also, connectors for connecting

adjacent tubings may incorporate a connection for the

communication lines.
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an expandable bistable device configured for
deployment proximate a wellbore wall, the
expandable bistable device having a
10 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.
20 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
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5 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
10 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.

15 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.

20

7. The apparatus as recited in claim 6, wherein the

first and second members are mechanically connected such
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being where the first member mid-point is displaced from
the second member mid-point to form a gap between the first

10 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.

15

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.

20 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.
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14. The apparatus as recited in claim 4, wherein the
bistable device further comprises a deformable material

10 attached to the outer surface of the bistable device.

15. The apparatus as recited in claim 14, wherein the

deformable material comprises an elastomer.

15 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

20 bistable device in its second generally tubular

configuration comprises a plurality of diameters.

38



10" 10" < 10% & ()-f S8& 10% & () - 96S10% & ()-f 4110% & ()-11"10% & ()-- Y
109% & ()-21 @clw | 1JQIUV7/ 10" 10% 0& ()-"y10% 0& ()- s &10% 0& ()-

L10% 0&' () - ! $&10%0Ko&' () - 3Y10% 0& () - 10‘ 00333 ( KAKKAE7/

10° "L, mL0% 0& () - & 10% 0& () - EMLO% O& ( 910%

10% 0&' () - KKLCL~LLLAE7/ 10" ')10% 0& ()- v %gﬁ//gtﬂ@e(§ %10? ﬁg&%mberzooz

10% 0& ()-" ! F10% 0& () - F, 10% 0&' () - L-MeEMWMNE7/ 10" * 9610% 0&' () - fSCHL:0033
4510% 0& () -, 210% 0& () -/ 10% 0& ()-- 10% 0& ()-+ 10% 0& ()-N7N. N 68.0210
NKNENj NFNNS\ = 10 10% 0&' ()- ! YFL0%to#o& ()-: 1 (YFLO%&' ()-: 10'0 10' 0 10" 0<
10% 0& ()- S8 10% 0& () - NNCHOOOOJE~\ = 10° 10% o&'()

10% 0& ()-s" 10% o0& F.1 L 0%.08&’ P -\ =
10" 3% 1(()2%) 0& ()-#' | %% o %4%?%8&135&5%%%‘3%5&8 -éq"n‘%&@%%%ﬁﬁ%@g
10% 0&' () -L =101
10% 0& 8 - &l 15%%@‘/’(?- F‘EFTB%IBg (-’?'P)”ilgo/f8 mf‘FE“f#fBW&ézs(l)ng\/RRRRRRRss
10" ! Ol FT10% ()- & dl FT10% ()-& 10' 0 10' 0 10'0
10% 0& ()-y7g10% o& ()- S510% 0& () - SSSSSS: TMTdE = 10" !
f10% & ()- L"10% & () - 3y
10% & ()-110% & () - m—'@@ﬂyﬁ@g)a&F@J@M@@@MWﬁWD@dE&M@ hayingop& () -
10% & ()-!10% & ()-g#10% & ()-10% & ()--10% & () - UUl VWWAWAVWIE = 10!
1#10% & ()%-yy/ 10% & () - ygendHad By (JubYI4PosRADS - hd 0% @inpyises a
0d0% & () - WEVWKVWAWAWWK D C 10" ! 3310% 0&' ()- 10t 10t 10t;
10% & ()-S7 10% & ()-S5 g0% & {dy fSnmddédatle WMQWYaBmC

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 20. The method as recited in c¢laim 19, wherein

attaching comprises attaching an expandable screen.
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e B I R

10 to a plurality of final diameters.

24. A method feor installing liners within a tubular

located in a wellbore, comprising:

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

shape;
20 surrounding the expandable bistable device with

an expandable liner element attached to an

outer surface of the bistable device:
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second stable state to hold the liner

element against an inner diameter of the

tubular.

10 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 ;iner

element against the inner diameter of the tubular.

15

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

connected to a thick strut.

20 29. A method for facilitating use of a wellbore,

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

wellbore.
30. The method as recited in claim 29, further
comprising attaching a wrapping to an ocuter surface of the

15 bistable member.

31. The method as recited claim 30, wherein attaching

comprises attaching an expandable screen.

20 32. A method of facilitating use of a wellbore,

comprising:
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state.

33. A method of sealing a portion of a wellbore

10 tubular, comprising:

locating a bistable device within a wellbore tubular

adjacent to a zone to be sealed; and

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

state.
20 34. An apparatus for use in a wellbore, comprising:

a wellbore conduit having at least one bistable

device.
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5 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

10 configuration.

36. 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.
37. 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.

20 38. A system for facilitating communication along a

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

5 wellbore, comprising:

an expandable tubing formed of a plurality of bi-
stable cells, the expandable tubing having a

communication line passageway.

40. The system as recited in claim 39, wherein the
communication line passageway 1s defined by a thinned

portion along the expandable tubing.

15 41. A wellbore tubular, comprising:

and expandable bistable tubing:; and

a device mounted to the tubing.
20
42. The tubing of claim 41, wherein the device is
selected from an electrical device, a measuring device, a

meter, a gauge, and a sensor.
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10 10'#l YIOW)'U'& ()-"  gepiloying 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
10 expanding the expandable tubing.

44. The method as recited in claim 43, wherein
deploying comprises running an expandable tubing formed of

bistable cells into a well.

45. The method as recited in claim 43, wherein

routing comprises routing a cable along an exterior of the

expandable tubing.

20 46. 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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forming comprises forming the communication line along a

thick strut formed between a plurality of bistable cells.

10 49. The method as recited in claim 44, further
comprising providing a device attached to the expandable

tubing.

50. The method as recited in claim 49, wherein

15 providing comprises attaching a sensor.

51. The method as recited in claim 49, wherein

providing comprises attaching an instrument.



