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EXPANDABLE CASING WITH ENHANCED COLLAPSE RESISTANCE
AND SEALING CAPABILITY

10
TECHNICAL FIELD

The present disclosure relates generally to eguipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
15 more particularly provides an expandable casing with

enhanced collapse resistance and sealing capability.

BACKGROUND

It is now common practice to expand casing downhole.

20 However, one major problem with current expandable casing is
that its collapse resistance after expansion is typically
much less than desired. One reason for this low collapse
resistance is that the casing must have a relatively thin
wall thickness due to expansion force and pressure

25 limitations of the expansion tool used to expand the casing.

Ancother problem with current expandable casings is
that, after one casing is expanded within another casing,
the inner casing will spring back radially more than the

outer casing due to the higher strains applied to the inner



- 2 - casing in the expansion process. This situation nmeans that a
gap results between the inner and outer casings, naking it nore
difficult wo 2019093818 a seal between the casings. PCT/TRIe10884964,
it will be appreciated that advancenents are 5 needed in the art of
expandi ng casi ng downhol e. SUMVARY | n-the- present specification
expandabl e casings are 10 provided which solve at |east one problem
inthe art. One exanple is described below in which the casing has

one or noreasihgr DAl té exgLididn Proewes . orAts ¢ haifoiod mcanBantat
col | apse resistance._ Another exanple is described below in which an

outer casi Rg9ABsT PRV G RRLTbriied PREFeBRC t UHST tIRF'EHF 1 BFELBIorT

elimnate acgapdbeteent te BdLin GaAskRd BBEwEEN | tHEcLATIgRY.
In one aspect, an expandabl e tubular for use in a subterranean well

is provided by thesetlbss) osting11The aypasdabiedttthud aldvdilenenss are
mul tiple recesses,extending into 20 g wall of the tubular. The

recessed al€eFBAgLR Uty Lp£RFNEIRF CAPLRY IHERRALS - I n
anot her aspect, a nethod of expanding tubulars in a subterranean well
is provided by this disclosure. The nethod includes the steps of:
expanding a tubular in the 25 well, with the tubul ar including

mul tiple recesses extending into a wall of the tubular. After the
expandi ng step, the wall of the tubu# r is allowed to retract
radially inward nore at each of the @@3?@%3 t han between the
recesses. e _expandin not her. tubul ar

Tﬁe nethqﬂ:ca% I clug andi éé? I
within 30 the fIPstReUBTH™T ARELERPaMEP onS* RO LRATEE BIPWEER t he
tubul a18 | prbesidedtwiehelh sdlidat deassesnthpnolbbémean e art. One
example is described below in which the casing has one or
more internal or external grooves formed thereon to enhance
collapse resistance. Another example is described below in
which an outer casing has the grooves formed thereon to
15 thereby reduce or eliminate a gap between the outer casing

and an inner casing.

In one aspect, an expandable tubular for use in a
subterranean well is provided by this disclosure. The
expandable tubular includes multiple recesses extending into

20 a wall of the tubular. The recesses are longitudinally

spaced apart along the wall.

In another aspect, a method of expanding tubulars in a
subterranean well is provided by this disclosure. The
method includes the steps of: expanding a tubular in the

25 well, with the tubular including multiple recesses extending
into a wall of the tubular. After the expanding step, the
wall of the tubular is allowed to retract radially inward

more at each of the recesses than between the recesses.

The method can include expanding another tubular within
30 the first tubular. After expansion, a clearance between the

tubulars is less at each of the recesses than between the
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tubulars are in contact at each of the recesses. These and
ot her featWwPag810/048b7aint ages and benefits wi | becone apFOT&r201052498k
of ordinary skill in the art upon 5 careful consideration of the

detail ed description of representative ®rbodi nents bel ow and the
acconpanyi ng drawings, in which simlar elenents are indicated in the
various figures using the sane reference nunbers. 10BRI EF DESCRI PTI ON

OF THE DRAWENGSses. Prdéfdxabist,s theseahemabire fpodtimldohtact at each
Cross-secti ngg view of a well system enbodying principles of the
present di §¢ 686rESCEFES2 is an enlarged scal e schematic

cross-sectional 15 view, of a casi confiquration whi may. .be us

1 the wel | oy sTBRFST ST Qi Fantureen BEo0r e i RATEE 108 Mhts

di scl osur epecome appdfenB tS chesUieRliaaeyosBiBECin Al atitewpeh t he

casing of FIG _2_ after, expansion of the casing; . 20FIG 4 is a

schematpc ERGEEILCEORGHITLAN N OFF 6t ABEALbAT] WERCHIRIHO Ofhe

casi ng; angepresentft e SerlSodi e BELEWCEAS8 StEE Eddglanyiiey of the

casing of EIG . 2 expanded, with another casing therejn. )
drawings, 1n which similar elements are indicated in the

various figures using the same reference numbers.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of
a well system embodying principles of the present

disclosure:

FIG. 2 is an enlarged scale schematic cross-sectional
15 view of a casing configuration which may be used in the well
system of FIG. 1, and which embodies principles of this

disclosure:

FIG. 3 is a schematic cross-sectional view of the

casing of FIG. 2 after expansion of the casing;

20 FIG. 4 is a schematic cross-sectional view of another

configuration of the casing; and

FIG. 5 is a schematic cross-sectional view of the

casing of FIG. 2 expanded with another casing therein.

25 DETAILED DESCRIPTION

It is to be understood that the various embodiments
described herein may be utilized in warious orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the

30 principles of the present disclosure. The embodiments are



25DETAI LED DESCRI PTI ON It is to be understood that the various
enbodi nents described herein may be utilized in various orientations,
such as i n¥0ized9387dvert ed, horizontal, vertical, etc. PCAHEE201§/024034
vari ous configurations, w thout departing fromthe 30 principles of

t he present disclosure. The enbodi mrentséare WO

2010/ 093878PCT/ US2010/ 024034 - 4 - described nerely as exanpl es of
useful applications of the principles of the disclosure, which are
not |im tedeserabgdspecsly cadleiain eef ofhasefenbash MerdtSionlsn cifthehe
foll owi ng descri.ption of the representative 5 enbodi nent,s of .t he
disclosurePr&PFégﬁ?ﬁnﬁf YQﬁrﬁ%séiﬂﬂ¥r§$ w BSUeaFe"Tﬁﬁ:E%WﬁieﬁpﬁgraPy
"lower", elspecidie d6ediforofane enbedinenterring to the
acconpanyi ng drawi ngs. In general, "above", "upper", "upward" and
simlar ternms rehethéofal Ihwier) iddacrapaiant be ke thdsrsHanftacdval ong a

wel | boreg, 10 _and "bel ow:, "lower", "downward" and simlar ter refer
to a di P ecEMBROAMEYCE Of FHf LATIPSYTEnr AAEECLT R (1T 1506 e as
Repr esent atiiayekg”| | Fusiswt edigbdd”G “lolvera, wetd. systeemskd Wairch
enbodi es princigles of , t he present dizglosure. In 15 the system 10, a

tubul ar 12SPRVEBIPRFBNEY FHLSrIdd 56 Ehesagrampaneing dical L9

outward usigagegBlxpabsTON, tafpekt., Anglhen~t ahdl 2imiitd Teah§Orefer
expanded radi al out war d Qy t he expansion tool 16, at |east _in an

|
area wher e *thé F%B%?E}%HJEE sl Gher PApERIBASUREHTFR 1P SFeL L PoTEhe

tubul ats 13ndl8baLewenst I@ve®r, liddehirak8edah8 &DiMa RGhRCle¥er to
lining within,the wellbore 14. As used herein, the term"casing" is

used to in@i EAFESHAYR t RN P dPsceAvER PnPiEtacR aLoRd M86re, and

can incl udgetubgtars known to those skilled in the art as

Representatively illustrated in FIG. 1 is a well system
10 which embodies principles of the present disclosure. 1In
15 the system 10, a tubular 12 is positioned in a wellbore 14
and is expanded radially outward using an expansion tool 16.
Another tubular 18 is also expanded radially outward by the
expansion tool 16, at least in an area where the tubulars

12, 18 overlap.

20 As depicted in FIG. 1, the tubulars 12, 18 are casings
or liners used to form a protective lining within the
wellbore 14. As used herein, the term “casing” is used to
indicate any tubular protective lining for a wellbore, and
can include tubulars known to those skilled in the art as

25 casing, liner, tubing, pipe, etc., whether or not perforated
or equipped with well tools such as screens, flow control
devices, etc. Casing can be made of any material (such as
metal, composites, etc.), can be segmented or continuocus,

and can be formed in situ.

30 However, it should be clearly understood that any other
type of tubular can be used in keeping with the principles

of this disclosure. For example, the tubular 12 could



25 casing, liner, tubing, pipe, etc., whether or not perforated or
equi pped with well tools such as screens, flow control devices, etc.
Casi ng canWo09e878f any material (such as netal, conRESIES2610/024084 ),
can be segnented or continuous, and can be fornmed in situ. 30However,
it should be clearly understood that any -other type of tubular can be
used in keeping with the principles of this disclosure. For exanple,
the tubular 12 could WO 2010/093878PCT/ US2010/ 024034 -- 5 - conpri se
a wel |l screempraskl awwedhtsatedteViacEloanyonthel dypicof amel btheel , a

tubi ng (such as productjon or injection tubing), etc.. The expansion
ool 16 o HERLSE Hebh Fibhr @ el aquetaeAabEadiio ddesroacheomn
the form ofcubiegne @wbéch is driven longitudinally through the

interior of the tubular 12 in order to radially outwardly expand the

tubul ar. O her tyhpesxpénerkfarsIcan Mevsisce&l(;;suﬁ&]t@% mlﬁllgzr.? 1 includes
i nfl atapl e bl adders, segnented swages, etc.) pay be us or, X
expan; R e CHOSPabaR ATeT IS 25 T LR SPRY GFLh TR pheS peegrapen
this di scl asugetudinallPstilepigd ethd AnkkGiok, of hEh@Xpandiaen 1devince 20
di spl aces upwardly through the interior of the tubulars 12, 18 to
expand thech%EIE staqy OUHHAL AV SKERBH BRYcRERIIET «coHitdepr G¥REH

in a downward e@pafByoRtde¥idhd qGuchNasi kolest& pdinfNai@b1al $0adkibat,
t he outer tubul ar é8 coul d be expanded prior to expandjng the inner

p
tubul ar 12 SeERCPREdsTERETS 1Pt T -He "EbEPaPEed 20 gexpandimcy tdey
10 tubulars 12, 18 in keeping with the principles of this

disclosure.

As depicted in FIG. 1, the expansion device 20
displaces upwardly through the interior of the tubulars 12,
18 to expand the tubulars. However, the expansion process
15 could proceed in a downward or any other direction, if
desired. WNote, also, that the outer tubular 18 could be

expanded prior to expanding the inner tubular 12.

In the system 10, the tubulars 12, 18 are uniquely

configured to overcome shortcomings of prior expandable

20  tubulars and methods of expanding tubulars downhole.
Examples of unique configurations of the tubulars 12, 18 are
described more fully below, but at this point it should be
emphasized that the principles of this disclosure are not
limited to any of the details described herein for the

25 system 10 and the examples of the tubulars 12, 18. Instead,
the principles of this disclosure are applicable to a wide

variety of different systems, tubulars and methods.

Referring additionally now to FIG. 2, an enlarged scale
cross-sectional view of the tubular 12 is representatively
30 illustrated. The tubular 12 as depicted in FIG. 12 has a

relatively short overall length L for illustration purpcses,



configured to overcome shortcom ngs of prior expandable 20 tubul ars
and net hods of expandi ng tubul ars downhol e. Exanpl es of unique

confi gur at Worp§10gP3&7e t ubul ars 12, 18 are descri bed nOrRETTEH20N/0DEOBOW,
but at this point it should be enphasized that the principles of this
di sclosure are not limted to any of the details described herein for
the 25 system 10 and the exanples of the tubulars 12, 18. |nstead,
the principles of this disclosure are applicable to a wide variety of

different $ust easactudbul prscivk Mchedsular couRefies maiy addietsonal |y
nowto FIG, 2, gn enl arged scal e cross-sectional view of the tubul ar
12 is repreé§89titively 30 illustrated. The tubular 12 as depicted in

FIG 12 has a relatively ort qver.all .|l ength for illustrati

bur poses, 0 281 8P6HS8 RbTREISTE 03 165A0eCe ARiRY (nethseas 22

practice tketbubul avacoly dile AR 1IELEr 6£i Bhé ebhghdlar 12 frAmSahi €S

of Iongitudinallé sEaced part .rece sgs 22 ext nd_in%%ndl% I_nt
bh ) ¢

vl | 245 of OBRET! HBEFAFS 126 [Slorkhe, WHBPIaL  shf fARLBEDIN FdCruBul hhe

As depi Ct edtellskbS 22, atdeed@Ef €35 the Zodieo€ag Ne i fodiRefeditTadf goove
ci rcunferen Lah groove whi ch ext ends apErOX|nateh¥ hal f way _t hr ough
e

the wal | 2¥1CReFELF TR RRETRI LATGH n AP LERPRKARERUGD dihe e IhaPl / by

about hal f thékeby fedePidy b Horfideh tee6RBed? tSoPrEderahly bybdbolf
not necessarily, equal to_half of the wall thickness t. A

| ongi t udi n&PL dt RIWP of @ SRIEY dt Ofs 2aoh 5eGRes ot ants Pisfierably, but

necessapi | Yot! 88ekBaPii s LARRAIN th half of THR=PLESSESi dAhedEEt. A
preferably _evenly spaced apart along_the wall 24 by a distance_d
which is | d989ikgA1Ral width w of each recess 22 is’ preferably, but

not necessarily, less than its depth h.

The recesses 22 are preferably evenly spaced apart
along the wall 24 by a distance d which is less than a
15 distance D between the longitudinally outermost recesses and
opposite ends 28, 30. At least some of the recesses 22 are
positioned more than one-fourth of the tubular overall

length L away from the opposite ends 28, 30.

In any event, a substantial majority of the length L of
20 the tubular 12 has the spaced apart recesses 22 formed
thereon, even though there may be no recesses within the
length D from each of the opposite ends 28, 30. Preferably,
between the longitudinally outermost ones of the recesses
22, no substantial length of the tubular 12 is without one

25 of the recesses thereon.

The recesses 22 as depicted in FIG. 2 extend
circumferentially about the wall 24, and the recesses are
spaced apart from each other. However, the recesses 22
could instead be portions of one or more grooves extending

30 helically along the wall 24. In addition, the recesses 22
could be either externally or internally formed on the wall
24,



15 di stance D between the |ongitudinally outernbst recesses and
opposite ends 28, 30. At |least sone of the recesses 22 are positioned
nore than 9Ee0f0093878 of the tubular overall |ength L awGr/gs20u6i02468d
opposite ends 28, 30. In any event, a substantial majority of the

|l ength L of 20 the tubular 12 has the-spaced apart recesses 22 forned
t hereon, even though there may be no recesses within the length D
fromeach of the opposite ends 28, 30. Preferably, between the

| ongi t udi nal |y B.Elféffmﬁ(_f; ﬁmﬁnamlg heGesseBI@2, 3 Nacsdihaiankiral 2 is
| ength of the tubul ar ut aone _25 of the recesses thereon

hedt boots cepsetantat ey Gk e ed g e far chat T ia Hea A da aaT

the wall 24éxaapdel hesiggesise e =IpACedoaPaE ik IeHB eaaftedt NOL. Note
However, the recesses 22 could instead be portions of one or nore

grooves exit-BAdi A 30tEERRLAIameheingd RE BRI TP Lyt it98 the

recesses 2zeeetkdsbezeid hessexdmnahl xneérhai ed nahd ded ot t@aehhehe
wal | WD 2010/ 093878PCT/ US2010/ 024034 - - Referring

addi ti onal F¢°RERFFo0 FIG 3, the tubular 12 is representatively
illustrated after having been expanded, for exanple, using the

expansi on tool IBiFnl% QR dheLGreRbeE FhERLBNAMHEhAT dhgnErdt i d

of the tubghaptl2hatrébessed ezcze%%e%oagakédleé%éMIerartnéﬂt&ba@bes
di aneter 1D between the recesses. his is due ta the greater

strai n i ndG8&dPEnthRecTRANS on étrqcﬁésrecégg%-‘é ohe diiyffardd hpg been

bet weenp t h%x%ﬁﬁ@ééﬁstlﬁiél I, e RABEE0Ra Q1 ALEP Sinvif e mdre akubybar
12 has been 10 expanded, the wall 24 retracts radially inward nore at

the r ecess€§c225?ﬁa%2 bl etigery dbgssegesses.

As result, the tubular 12 has a somewhat “corrugated”
configuration after the expansion process. This
configuration imparts greater collapse resistance to the

15 tubular 12 but, due to the relatively small size of the
recesses 22, the presence of the recesses does not
significantly affect the Lame’ burst or collapse resistance
of the tubular 12.

Referring additionally now to FIG. 4, another
20 configuration of the tubular 12 is representatively
illustrated in which the recesses 22 are formed both
internally and externally on the wall 24 of the tubular.
The addition of the internal recesses 22 may enhance the
corrugation effect depicted in FIG. 3 (i.e., producing a
25 greater difference between the inner diameters id and ID

after expansion}.

The internal recesses 22 may have dimensions similar to
the external recesses, and may have similar dimensional
relationships relative to the thickness t of the wall 24.

30 As an alternative, the internal recesses 22 could be

positioned in different portions of the tubular 12 from the



As result, the tubular 12 has a sonewhat "corrugated" configuration
after the expansion process. This configuration inparts greater

col | apse r¥W9i281048¥E8t 0 the 15 tubular 12 but, due to t FRETYERH0AEPY,
smal | size of the recesses 22, the presence of the recesses does not
significantly affect the Lane' burst or8col | apse resistance of the
tubul ar 12. Referring additionally nowto FIG 4, another 20
configuration of the tubular 12 is representatively illustrated in
whi ch t he eatessetl 2&cess=d oraredheotintenhel naddeys sl catler bal hgedn

the wall 241%;} %ge tgbul,gér. Ther addition of the internal recesses 22
may enhanc& A8 oF¥ToHt YO FESESEEFicted in FIG 3 (i.e.,

producing a 25 greaf of i ff eLence botveen the Lang digmeters i d and
| D after expansi OR)- e Tnternal tefésSes may nave di mensi ons

simlar toprbgimxtertalthecegsanalamdcrayehaier ssnhdrarendintensi chal
rel ati onshi Bs reéftive% tthe t hi ckneii t of the wall 24. 30bAs an
al ternati v& TEREAHHYRr Aal S edsdes Y3 oﬁ?‘&hbjemp%rsrﬁli FTEF=Pn P9
di fferent pesti bhsnobnéftenlfiblilspackd twam fhem M2 next adjacent

2010/ 093878PCT/ US2010/ 024034 - .8 - t | es. Che int |
recesses cgﬁ%rﬁgfu]é%%eﬁ)tho&t}]t%esg’éf:gﬁagl o‘% g@g%sigg_er%ral 8q Nterna

external recesses 22 may be used, if desired.

Referring additionally now to FIG. 5, overlapping
10 portions of the tubulars 12, 18 are representatively
illustrated after the tubulars have been expanded in the
system 10 of FIG. 1. Note that the outer tubular 18 has the
recesses 22 formed on an exterior thereof, and that the
outer tubular contacts the inner tubular 12 at each recess

15 along the lengths of the tubulars.

Thus, the presence of the recesses 22 reduces (and in
this example eliminates) the radial clearance between the
tubulars 12, 18 at each of the recesses, thereby enhancing
sealing between the tubulars. However, some radial

20 clearance between the tubulars 12, 18 remains in the areas

longitudinally between the recesses 22.

Although the inner tubular 12 is not depicted in FIG. 5
as having any recesses formed thereon where the tubulars 12,
18 overlap, recesses could be provided at this portion of
25 the inner tubular, if desired. In addition, although only
external recesses 22 are depicted on the outer tubular 18 in
FIG. 5, internal recesses could be provided also or as an
alternative, if desired. ©Note that there are preferably no
threads on either of the tubulars 12, 18 in the area where

30 they overlap.

The inner tubular 12 could be expanded within the outer

tubular 18 after, and/or at the same time as, the outer



The internal recesses 22 are preferably in close proximty to the
external recesses for enhancenent of the 5 corrugation effect (e.g.,
W th each WOt28185878 ecess being | ess than one-half d spegdib2eagdods om
t he next adjacent external recess). Qher spacings of the internal
and external recesses 22 may be used,-id desired. Referring
additionally nowto FIG 5, overlapping 10 portions of the tubulars
12, 18 are representatively illustrated after the tubul ars have been

expanded i rubbgasyss eaxddhddd FI (ﬁorlexblmpﬁe;Rametéf@aziﬁé:efnhmbmlhas 18
has the recesses, 22 fornmed on an, exterior_thereof, and that the outer
t ubul ar coﬁf’&i’ﬁsb?h'és??im%? PR theo taPulars tecdd SEEUCAREORALY

I engt hs of whieet thyl @libulars ovelldp, hRE/HF s HidUNGELEs83422
reduces (a?ld in this exanple elimnates) the radial clearance_between

the tubul afgVe2PreBlos by ISt TRENABHeBELSr eyl naefakdPHgaT

seal i ngs beweag bRpahdddllHsreiQwever, sone radial 20 cl earance
between the tubulars 12, 18 remains in the areas longitudinally

bet ween the recergesuedr tubularAllghadghihBeuddngty ! Haul,abrldniys not
depicted in FIG 5 as having any recesses forned thereon where the

, €
tubul ars 15°MRENRGLPR R e EaLurEs depeT Prer i R SattothitEepsrRebNn

of 25 the itaBalakubpl arphd fpdiEadioed. okntaddiéb@nralithoughceniy be
external recesses 22 are depicted on the outer tubular 18 in FIG 5

i nternal r &E¥8E&Edcolif A 5hVildEd raFig BRPRLaE Nl 8y qaslta PRy gXpapded

desi regly Notient haths hefwiade ]Qr)Qf erably no threads on either of the
tubulars 12, 18 in the area where 30 they overl ap.

It may now be fully appreciated that this disclosure
provides significant advancements to the art of expanding
tubulars in subterranean wells. For example, in the
described examples, the tubulars 12, 18 are provided with

15 enhanced collapse resistance, and sealing between the

tubulars is also enhanced.

The above disclosure describes an expandable tubular 12
for use in a subterranean well, with the expandable tubular
12 including multiple recesses 22 extending into a wall 24
20 of the tubular 12. The recesses 22 are longitudinally
spaced apart along the wall 24.

Each of the recesses 22 may extend into the wall 24
approximately half of a nominal thickness t of the wall 24.
Each of the recesses 22 may reduce a thickness t of the wall

25 24 by approximately half at the recess 22.

The recesses 22 may be positioned away from opposite
ends 28, 30 of the tubular 12 by a distance greater than
one-fourth of an overall length L of the tubular 12.

The recesses 22 may be spaced apart along a majority of

30 an overall length L of the tubular 12. The recesses 22 may



WO 2010/ 093878PCT/ US2010/ 024034 - 9 - tubular is expanded. For
exanpl e, the expansion tool 16 could be used to expand the tubul ars
12, 18 si m¥Pt2aWdgEssy where the tubul ars overl ap, and/ ACT{UYSR019{G24884
tubul ar coul d have previously been expanded prior to the inner
tubul ar 5 bei ng expanded therein. - 10The outer tubular 18 may
include any, all, or any conbination of, the features described above
for the inner tubular 12. The positions of the tubulars 12, 18 could
be reversede shbdesntial (v .erenivhephaekdl apaif £hidgl denagpdngedflOhe

within the tubular.12), It ow fully appreciated that
this discl8¥ﬁf8igrﬁ$?%%2'%i%ﬁﬂqq%:g%¥uia5aggEnents to the art of
expandi ng tubul ars.i.n subterranean well For .ex | e, .in th

descri bed exanpgegld ewt%%lﬂaé::}]s rff,esf8§5r@a%r%‘?/i WO fS(agﬁFianEed
col | apse regi shaneecessn Zealiongheetrad@n2t hef t thxlansilag akso

enhanced. The above di scl osure descri bes an expandabl e t ubul ar
12 for Bise in arPsebterabbnedretwelen lwnghttblénekpandatdrendsitbohas &2

i ncl udi ng | tiple recesses 22 extending into a 1l 2 0.of e.
Lubul ar 12 henEBrEelEE o2 oL A B R AT, hARPVR FE e Bt Bt e
wal | 24. witholkachnefof Nthe eceesees222mayeexdend into the wall 24

approximately half of a nomnal thickness t of the wall 24. Each of
t he recesses 22anayninerutimnretdy ddhesstheotublibamald &35 edéhbyecess

i hal h 22, b
O omon 22vma% be h edd ST BB, 4fisy | ASGRERET vl (T RS uRpTAL2

di st ant@ gbeatveent bl vaeds@sr 2l2.0f an overall length L of the
tubul ar 12.
The recesses 22 may be externally formed on the tubular

12. BAlternatively, or in addition, the recesses 22 may be

internally formed on the tubular 12.

The above disclosure also describes a method of
15 expanding tubulars 12, 18 in a subterranean well, with the
method including the steps of: expanding a tubular 18 in the
well, the tubular 18 including multiple recesses 22
extending into a wall 24 of the tubular 18; and after the
expanding step, allowing the wall 24 of the tubular 18 to
20 retract radially inward more at each of the recesses 22 than

between the recesses 22.

The method may also include the step of expanding a
second tubular 12 within the first tubular 18. The step of
allowing the wall 24 of the first tubular 18 to retract

25 radially inward more at each of the recesses 22 than between
the recesses 22 may include a clearance between the first
and second tubulars 18, 12 being less at each of the

recesses 22 than between the recesses 22.

Of course, a person skilled in the art would, upon a
30 careful consideration of the above description of

representative embodiments, readily appreciate that many



WO 2010/ 093878PCT/ US2010/ 024034 - 10 - be substantially evenly spaced
apart along a majority of the overall length L of the tubular 12.

A w dt h w wiesxi3a7ecess 22 nmay be | ess than a depth h mfTmseoneness
22 into the wall 24 of the tubular 12. 5Preferably, between

| ongi tudi nal |y outernost ones of the_reagesses 22, no substanti al

| ength of the tubular 12 is wi thout one of the recesses 22 thereon.
An inner dianmeter id of the tubular 12 at each recess 22 may be | ess

than an i nhuidiageliehs) Riadidie <, ulubakiidt iOndetaean 1 ,r aggsses
22. The recesses 22 may be externally for ned on the tubular 12.

Al 't er nat i vOHPEToFhRRIGHINRY dif Madle teckbess sperdiipenhaddmeatsy and
formed on thent thdhges 12re %tﬁ.@@‘ﬁ@led'séebgséf erigd %ﬂﬁﬁ.‘ﬂl‘e@e%fathe

met hod of 15 expanding tubulars 12, 18 in a subterranean well, wth
the met hod PEREPDEI A§SEhesEieps ASCOTeipantiy ngha fQﬂ{ﬁHce;rnglsﬁeitﬁltlﬁé

vel I, tﬁ"e Td'é%k!hr%tign' el uding JdbR GnlEEEESES £2 E’é&trﬁ_;n@fl%n' BL,O a
wall 24 of the tubular 18; and after the exs_)andl ng step,” allow ng the
wal | 24 of veNeofubllastustien Zond exemeler aaiyl | Yhe ramind themd seoBach
of the recgssese2-L8aR PEIVGAN I RGeS SRS thod may
al so include thg gfe of expandlc;rrlg gls cond Jtc%% ?Olellyz b\%‘f‘cﬁ%ﬁ t he
first tubuepPerdedThbabnepnd tdidigweayivhéenbst 24 of the first
tubular 18 to retract

10



25 radially inward nore at each of the recesses 22 than between the
recesses 22 may include a cl earance between the first and second
tubulars 18, 12 being |l ess at each of the recesses 22 than between

t he recesses 22. O course, _a,person skilled in the art
woul d, upon a 30 careful consideration of the above description of
representative enbodi nents, readily appreciate that many WO

2010/ 093836 T )AL 434 nodi fications, additions, substitutions,
del eti ons, and ot her changes may be nade to these specific

enbodi nents, and such changes are within the scope of the principles

of the present, di Scplnost#léaarn]d%%ﬁ%r dipghy, EBE fOL eﬂ?'é‘gs&ﬁée@)ﬂa%%?

descri ption |s to b y understood as being given
|IIustraiweﬁﬂfunheneﬁnﬁndamﬂeytubhéaspcompraﬂdngcope of the pr esent

i nvention belng lim ol e b t he nded cl ai s d their

equi val ent s. FaﬁA 4-§° %ﬁilﬁﬁggﬁ into g w iﬁ'é%ﬂ%ﬁﬁable

t ubul ar fﬂﬁbm[Bﬁ:l Marad S:lHBat elcanean velhhg lb@gwmmbl}e dodd@kpart
conprisin nmul tipl.e recesses extending into a wall of the

tubul ar, %h%rlq he'§ etdsdgedNSeicng PBNGNEEHI AARTSESp e d Mpdrudirdng tt he

wal |, Wneé@cem Adrddyers dicatet@hnohnt RENLHDY Bfe@dr eACh HLGRIR 1S | ess
than an i nner diameter of the tubul ar between the recesses. 2.

The expaneRibfesn ubid grecsfSs@lsai m 1, wherein each

2. The expandable tubular of claim 1, wherein each
of the recesses extends into the wall approximately half of

a nominal thickness of the wall.

3. The expandable tubular of claim 1, wherein each
of the recesses reduces a thickness of the wall by

approximately half at the recess.

4. The expandable tubular of claim 1, wherein the
recesses are positioned away from oppesite ends of the
tubular by a distance greater than one-fourth of an overall

length of the tubular.

5. The expandable tubular of claim 1, wherein the
recesses are spaced apart along a majority of an overall

length of the tubular.

6. The expandable tubular of claim 5, wherein the
recesses are substantially evenly spaced apart along a

majority of the overall length of the tubular.



of the recesses extends into the wall approximtely half of a nom nal
t hi ckness of the wall. 3. The expandabl e tubular of claim1
wherein each of the recesses reduces a thickness of the wall by
approximately half at the recess. _ 13 _4. The expandabl e tubul ar of
claim1l1l, wherein the recesses are positioned away from opposite ends
of the tubular by a distance greater than one-fourth of an overal

| ength of the tubul ar. 5. The expandabl e tubular of claim1l
wherein the recesses are spaced apart along a nmgjority of an overal

l ength of the fubulHte expandabge ’Fﬁéuéﬁﬁaﬁgaﬁi%uﬂubu|vé?e1@ri%|aai m 5,

wher ei n TRESFLCESSef LR S hanteakl ¥nayenl Yo spacsd @F@rﬁeﬂs%gg a

majority of the overall length of the tubular.” - 13 The
expandabl Entebtharwalfl ¢dfaithel tuwiivéesi.n a wi dth of each recess is |ess
than a depth of the recess into the wall of the tubul ar. 8

The expandabl e tubul ar of claim 1, wherein, between Iongitudinally
out er nost ones8 of tte reegessedlenaububatanti alalrengt hwiodreiheg t ubul ar
is without one of. the re expandabl e

: th ) . Th
obul - dre Srge T kol IiR, PEEEREEL apes et o 19 Saaatad Bh  he

tubul ar. substantlihl Admithod ofthexpanding byl @sut o SHbteya anean

wel |, the nmethod caonprising the steps of:
recesses thereon.

9, The expandakle tubular of claim 1, wherein the

recesses are externally Zormed con the tubular.

10. A method of expanding tubulars in a subterranean
well, the method comprising the steps of:
expanding a first tubular in the well, the first
tubular including multiple recesses extending into a wall
of the first tubular; and
after the expanding step, allowing the wall of
the first tubular to retract radially inward more at each

of the recesses than between the recesses.

11. The method of claim 10, further comprising the
step of expanding a second tubular within the first
tubular, and wherein the step of allowing the wall of the
first tubular to retract radially inward more at each of
the recesses than between the recesses further comprises a
clearance between the first and second tubulars being less

at each of the recesses than between the recesses.



expanding a first tubular in the well, the first tubular including
mul tiple recesses extending into a wall of the first tubular; and
after the expanding step, allowng the wall of the first tubular to
retract radially inward nore at each gfy the recesses than between the
recesses. 11. The method of claim 10, further conprising the
step of expanding a second tubular wthin the first tubular, and
wherein the step of allowing the wall of the first tubular to retract
radially inward nore at each of the recesses than between the
recesses furthet- cofpt insedod Gifegrlanbe lBet WeeReihee 3G A df® second

tubul ars P@éé‘egséseséx@éno%a%‘lt%f th'%ewé@z‘ceéﬁﬁokﬂﬁ‘élt Weer: tde 5

recesses. - . The net hod claim1 wherei n each of
t he reces@@mlﬁﬁd(ﬁhkphnﬂaﬁ mﬁétwglMaabpnoxthate*gamdﬂﬁg(ﬁtap-noninaI

t hi ckness of the wall in the expanding step. 13. The met hod of
claim 10, wherein a thickness of the wall is reduced by approxi mately
hal f at the recess The teehexparidicng ist ep, wherelnlﬁ-tﬂiukﬂﬁﬂéumf of

claim 10, _wherejn the recesses are positioned osite ends
o “the 11Tt bl 5 8P SVadeaTOr LIRERL s M b o QAT Sof Fan

overal | |en@tdxwmdndiigy fduegt. tubul ar in the expandi ng step. 15.
The nmethod of claim 10, wherein the recesses are spaced apart along a

majority of an overall length of the first tubular in the expanding

st ep. 164, The ethedob fclcqamnl% mﬁéféfntﬂf?e r&f]c%%%%% r

substantially evenly spaced apart along a majority the overa
| engt h of pedvet ¥orrest atwﬂwulfapm epPhe 16gpandsngt stiep. flrst tubll'ZLarTEcpe'

met hod of _c dth _of each recess i than
depth of ?hckefgf{e‘%%%es Om ] ’%ee%m FnoPREREORE FRL O u|%‘?er|an%1 1&ng

expandi ngoBtEpe first tuh&lafhannmhbodxpéndiagnmﬂép.whereln, betmeen
| ongi tudinally outernost ones of the recesses, no substantial |ength

of the_first tubular is without one of the recesses thereon in the
expandi ng step.s, - e method of claim 10, wherein the recesses are

spaced apart along a majority of an overall length of the

first tubular in the expanding step.

16. The method of claim 15, wherein the recesses are
substantially evenly spaced apart along a majority of the

overall length of the first tubular in the expanding step.

17. The method of claim 10, wherein a width of each
recess 1is less than a depth of the recess into the wall of

the first tubular in the expanding step.

18. The method of claim 10, wherein, between
longitudinally outermost ones of the recesses, no
substantial length of the first tubular is without one of

the recesses thereon in the expanding step.



19. The method of claim 10, wherein an inner dianeter of the first
tubul ar at each recess is |less than an inner dianeter of the first
tubul ar between the recesses after the expandi ng step. 20. The
met hod of claim 10, wherein the recesses_are externally formed on the
first tubular in the expandi ng step.

19. The method of claim 10, wherein an inner diameter
of the first tubular at each recess is less than an inner
diameter of the first tubular between the recesses after

the expanding step.

20. The method of c¢laim 10, wherein the recesses are
externally formed on the first tubular in the expanding

step.



