‘ ; e3eddLvn06f Txg21 JAN 2003 -1 *~2* EXPANDABLE WELL SCREEN BACKGROUND OF THE
"I"NVEI\FI’I ON *166166* The present invention relates generally to operations
perforned and eqU| prrent' utilized, in conjunction with a subterr
in an e i ment descri bed her ein, nore particularly provid zqe?ﬂw?bdﬂ
expam“ WMM\ creen. It is useful in'1Sorre circunstances to be able to
conv tubul ar equipnent into a subterranean well, position the
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restriction in its retracted configuration. In one application of this
principle, |ThesPrerant inyentenecxelatesaiganeraly tocioperatians \Reriasmeds. ang
exanpl e of the potential useful ness of expandabl e equipnent in a wellbore

i s wherequihmentlutiizedi int @rjecctionawith cadsublievraneas|well asly inuac amsbddicenéd,
formation. It would be desirable in many situations to be able to utilize a

vel | scdesiribed Hérbtrﬁmwm'eqshrﬂwlan%brmwanfeapaﬁdéme,wmdreerﬁ.or egoi ng the
expense of cenenting casing in the wellbore and performng a gravel packing
operation. Unfortunately, w thout any radi al support the unconsoli dated
formati on wolilig ysefdl i semeagieumstancendonte | aie do eenvayngenerdily itehdlipr
expense and | oss of revenue. Conventional nonexpandabl e well screens nust
necessaequipment émtal 3 eubtemEmeanewek| pdsiticn the equipmend withirc anvelibede of the

t heret hrough, and so they are incapable of providing any radial support for

an uncowsl,| asatthdn foutwardiprexpamaviie equipment iantabivelibwkl For exampid,ea not
desi gned for contacti ng and providing radial support for a formation, and

so are #é%%‘t&t?oﬂdlnftﬁe WQFI%rB%Q?%ﬁevent%he etbraBRBir s EReard&d ﬁonfldurﬁﬁéh be

seen t hat |t woul d be quite desirable to provide an expandable well screen

whi ch

For mmt 1 B4 B %ﬁfi@twgﬁ‘*”é%#?%a@%ﬂeﬂﬁ% End B3l merit PR éa%é)fhf&’ hae ar
oo O SR PSARY SRR oA P AR
expandabl e wel| screen. SUMVARY OF THE INVENTI ON In carrying out the

princi pkRWRTO HE@ eewea@ab'ew&)bmmem in welle8Edance with an

An example of the potential usefulness of expandable equipment in a wellbore
is where the wellbore intersects a productive, relatively unconsolidated, formation. It
would be desirable in many situations to be able to utilize a well screen to filter
production from the formation, while foregoing the expense of cementing casing in
the wellbore and performing a gravel packing operation. Unfortunately, without any
radial support the unconsolidated formation would likely collapse into the wellbore,
causing additional expense and loss of revenue. Conventional nonexpandable well
screens must necessarily be smaller than the wellbore in order to be conveyed
therethrough, and so they are incapable of providing any radial support for an
unconsolidated formation. Conventional expandable well screens are not designed
for contacting and providing radial support for a formation, and so are unsuited for

this purpose.



-enbodi nent thereof, an expandable well screen is provided. Wen radially
ext ended downhole) the well screen may be used to support an uncqzﬁoligﬁﬁﬁ%
"formation. O course, the well screen may al so be used in situati SJA
which a formation is not supported by the screen. Additionally, an
expandabl e wel | screen having enhanced torsional and tensile strength is
provided. In one aspect of the present-2-nvention, an expandable well screen
i ncludes a generally tubul ar base pipe with a series of rows of holes

formed througihepeforsleitatdn dfe isbenbmae iPwotild el quitei désirdblg toegicvids Hrpsed
externally on the base pipe. The holes of each row interconnect w th each

ot her, f ] i , efat i o : i
eQFHh&‘ébl@ wall %re@ﬂe\g]bi'&ﬁhgfﬁfg Be L e P ASE cBhRRLth nﬁgﬁﬁﬁgﬂg@%@%‘ y

outward. ['n anot her aspect resent 1 nvention,

screen i s pravi ded ' i n eperally tu .o i Wi h
series PpﬁBﬁe@gf%F%ﬁﬂ Hﬁé#%?egagvéﬁ&*@ﬂ?'he@& dp?a}%g,daea %sgat%llel fberi ng
medi a di sposed externally on the base, pi pe. The holes are, distributed

hel i cal IRJOYIdP A eansiapié M%'i saigeR Aevind gnmnqq%t%%eeealpa%.tewl@nstfwtbase
pi pe is expanded radially outward) each of the holes is conpressed in the
di r ect i dhisofcaaidinglysan pebject] efntiet prgiseat invendion tozprovigdassuntioan Expansabld

anot her aspect of the present invention, an expandable well screen is

provi dedvelhscreem.ncl udes a general |y tubul ar base pipe and an el ongat ed
strip of filtering nedia wapped helically about the base pipe. The
filtering nedia may be wa | ' out the base pipe, wth
a connection forned bet meﬁ@%@%#@ﬁ!%ﬁ&h@ﬁnecti on may be a wel ded
seam between the waps, or it may include a connector between the waps. If
a connect or il8 caswing out thsupringiples afrtheiptesenteinegentions intaggpedance, with an
comuni cation, chemcal injection, etc.) may be positioned adjacent the
connect @mbddimget thectdferarasggzndabld hwelpreeseent isnpentidedh) ANhen peadialbl e
wel | screen is provided which includes a generally tubular base pipe with
al t er natdyxféhddd HewnhelaTeieawell rdchgerdma@bRaNsed@ toSslipduit ahr Ghedrdctthted] | Y
di stributed about the base pipe. The filtering nedia strips and expansi on

strips %ﬁn&t%?ﬂe@feﬁodrge?ﬂ?é".m%lhgéreéﬁ hadtals ub® iﬁ?%ﬁﬁaﬁé@@lir? iR nded

radi al 'y outward, the expansion strips I'engthen circunferentially, thereby
i ncreasi i 0 i

Stri pe. Pt Ay SUBIGH By GRBRAACARINERY ah bahidhinialRErdn
screen i,s provided i ch includes eneral.ly tubul ar base pipe and a

gener al I"X?Vf%ﬁrl‘l%ﬁnqq | é?'?rr\@ q%ﬂ@ﬁ@%?“ﬁ?%‘%ﬁé%‘f'&%'ng t he base pipe. The
filtering nedia includes expansion portions which permt circunferenti al

| engt heni ng qf dnldeadddct OF e prading invEmBioR X BA M ARJAEIWEINScrERY: iR8ludes a
| ongitudinally extending corrugations fornmed on the filtering nmedia. The
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(el ectr Ihcot'i‘tlas’ of each row interconnect with each other, forming a larger opening, when the

base pipe is expanded radially outward.

In another aspect of the present invention, an expandable well screen is
provided which includes a generally tubular base pipe with a series of holes formed
through a sidewall of the base pipe, and a filtering media disposed externally on the
base pipe. The holes are distributed helically relative to a longitudinal axis of the
base pipe. When the base pipe is expanded radially outward, each of the holes is

compressed in the direction of the base pipe longitudinal axis.



-2 ~ JAN 203 -4 hydraulic, communication, chemcal injection, etc.)
extendi ng therethrough. The filtering nedia may include a series of
circunferentially extending and helically arranged slots, with i gtAIN 2003
each sl ot decreasing when the base pipe is expanded radially outward. In a
still further aspect of the present invention, an expandable well screen is
provi ded which includes a generally twusdl ar base pipe, a filtering nedia
outwardly overlying the base pipe, a series of ribs disposed externally
relative to theatiflidnothemaspeet iof tie presegd neverltion, anbexpandablet wellisceeehisoud
outwardly overlying the ribs. An expansion strip may be connected to

0pPOsi t §r&liHEY TWRICR ThERide8 Nl geMerlie tdtul4ebhdd diBslizhd ¥hidloh§SteBXHRPSHON
strip elongating circunferentially when the base pipe is radially outwardly
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sandwi ched between | ayers of relatively coarse filtering material. The

rel ati va@djaganiavmpsi e h%gome'étiqrhm%pe e wgldad,seamdbeiwieen the| weansp@r it
material. If the filtering nedia includes a woven material, the materi al

may havenay nehate alconpectonbetween theawrapsydfialoonneatdrys useditviavieus dypesobase
pi pe | ongitudinal axis. These and ot her features, advantages, benefits and

obj ect s jipkst(BRchic $gdtadliay edimnuhigatidn, beaiitaldnjeatiemt etc) roae bef paitibrizrr v
skill in the art upon careful consideration of the detailed description of

represerhtqﬁ:éé 1158Bgrhe@nt. s of the invention hereinbel ow and the
acconpanyi ng draw ngs. 2 1 JAS 2@ -5 BRI EF DESCRI PTI ON OF THE DRAW NGS

FIGS. 1 A& 1 B are schematic views of a method enbodying principles of the
present i nverniyeh.anbti@r aspest af thepsesand inveitionpant éxpangdableowel seegdrvisal

and partially elevational view of a first expandable well screen enbodyi ng

princi plpgrevided tWtcipirechedds a geestalyrtubtlacbasé dige dthaltereatiefiitering medems of
a base pipe of the first well screen; FIGS. 4A & 4B are el evational views

of an alggsdah8 SaehsRirPstrs EiRGinferaitialg! distFiBLRRNabblitGhedbhse Pbe. The
el evational view of a second expandabl e well screen enbodyi ng
filtering media strips and expansion strips are connected to each other so that, when
the base pipe is expanded radially outward, the expansion strips lengthen

circumferentially, thereby increasing the circumferential separation between the

filtering media strips.

In a further aspect of the present invention, an expandable well screen is
provided which includes a generally tubular base pipe and a generally tubular
filtering media outwardly overlying the base pipe. The filtering media includes
expansion portions which permit circumferential lengthening of the filtering media.
The expansion portions may be longitudinally extending corrugations formed on the
fitering media. The screen may include longitudinally extending ribs positioned
between the base pipe and the filtering media, and at least one of the ribs may be
positioned between the base pipe and one of the expansion portions. One or more

of the ribs may be substantially hollow and may have various lines (electrical,



-principles of the present invention;, FIG 6 is an enlarged scale view of a
portion of the second well screen; FIG 7 is an enlarged scal e vi %W (C)Jiﬁan
“alternate configuration of the portion of the second well screen; Fi N €803
& 8B are cross-sectional views of a third expandable well screen enbodying

principles of the present invention; FIGS. 9A & 9B are cross-sectional
views of a fourth expandable well screen enbodyi ng principles of the
present invention; FIGS. 10A & 10B are cross-sectional views of a fifth
expandalhyedrawic| coomraenicatibodghemicali injgctibes etd.) tdxtemtieg eherethroaighi. onfhe-l G
11 is an elevational view of a sixth expandable well screen enbodying

principl K t i Iheli of
Phe si i A SRRl o Setieg, D1 Slrogmidrenfah) XY RaN LR nefeany 2
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screen earl?% QSI&% %’Vﬁrélaapﬁggﬁo %? &h s?dﬂgésegxéfs%@gvﬁ{% ngtﬁ)éecﬁsgﬁég?éngﬁgéﬁdé’@
Cross-sect] ﬁnal vi ew of an eighth expandabl e well screen enbodyi ng

pri nci pl radially outWardy esent invention; FIG 15 is an el evational view of a
ninth expandable well screen enbodyl ng principles of the present invention;

FIG 16 is a|fsM et %Béécﬂ’bﬂﬁe%re&éﬁt |ﬂ\/éﬁt*brv\fﬁri eRFaRfible WaiedtrabP g
line 16 16 of FIG 15; FIG 17 is an enlarged scal e cross-sectional view of

the nint O\V/Yﬁleb ﬁﬁlﬁﬁ%?luﬁé‘g%p@hgﬁﬂw @Eﬁlaﬁb#é %F%Gﬁlte]rm A ulflog’%&r%w s an

enl arged Scal'e view o on o scree
DESCRIPTI Representatlvel il.lus te &

whi ch cGAVES (5B, B PIRE o spiies B eBslispdhch erismatyerataty® & MEttigrng
description of the nethod 10 and other apparatus and net hods descrlbed

her ei n, naediacandrageneiafy tubulan Fugteca%\ﬁ@foud seftwardly oyppwng the| dhger “An

etc., are used only for convenience in referring to the acconpanying

dr awi ngexpaddioni strial may be cosnected etoudpleosteociccurigrentiad aralsi olutheefitberiigrent s
of the present invention described herein may be utilized in various

or i ent atrhedia, withctheasxparsiomattip efonesating, cilcanifentially wien theabasetpipe isand
in various configurations, wthout departing fromthe principles of the

present rbai‘éﬂngt loRfwards/ eé(ﬁé\ﬂiéd“ tdra|tll1é/ fiRerm n"ﬂe‘ﬂla' dyenard h%gﬂt@dm@l

screen assenbly 12 inclu ng mul ti pl e expandabl e well screens 14, 16, 18 is

g?n\zlgxggml W&QHW ftene ?Fg % c‘f‘}?lbis R3EEpatally AR wieh(th8!vaskqsipatd ons

radially outwardly expanded.

The filtering media in the above expandable well screens may include a layer

of relatively fine filtering material sandwiched between layers of relatively coarse

! filtering material. The relatively fine filtering material may be a sintered woven
filtering material. If the filtering media includes a woven material, the material may

have strands thereof which are arranged helically relative to the base pipe

longitudinal axis.

These and other features, advantages, benefits and objects of the present
invention will become apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of representative embodiments of the

invention hereinbelow and the accompanying drawings.



-z 1 ~aN 2~~3 desired to produce fluids. The screens 14, 16, 18 are

positioned opposite respective ones of the zones 22, 24, 26. The wel | bore20

"is depicted in FIGS. 1A & B as being uncased, but it is to be cleezI*'yJAN 2003
understood that the principles of the present invention may al so be

practiced in cased well bores. Additionally, the screen assenbly 12 is

depicted as including three individual -gcreens 14, 16, 18, with only one of

t he screens being positioned opposite each of the zones 22, 24, 26, but it

is to be clearly under BRIEF DESCRIPTIONOF THE DRAWANGSBY be used in the
assenbly, and any nunber of the screens nay be positioned opposite any of

the zones, Wﬁl@@HN&p%tdré%chéﬂ{étkhﬁe\ﬂé'orF‘é' rﬂgﬁﬁ)ooémbﬁﬁ @E;ggrﬁ-lfbﬁ 168 B¢ 0”

Thus, each of the screens 14, 16, 18 descri be erein a ted in

1A & B pr. t.multiple screens Seal i ng devi ces 28, 30 32, 34 are
intercoﬁﬁéﬁ%@ﬂnﬁﬁﬁﬁﬁe screen assenbly 12 between, and above and be|OM/ t he
screens 14, 8. The sealin evi ces 28, 30, 32, 34 could acker in
whi ch case tﬁ'ng iSP8 epianged bgcaj%tpqrtr'ﬁltyh%roﬁfé'lsp%‘?'@'ﬁ‘q Baft?&’ﬁ vatipRal ones
22, 24, 26 fromeach other in the wellbore. However, the sealing devices
28) 30, \dey cia firsbexpasdabie vellscpesniambedyisgl pringinies bt the, preseohingestion;
expanded into sealing contact with the well bore 20 when the screen assenbly
12 i s expanddtlGS IFe&a3B heszlelavationalhdews ef aibaskalipavof ther firskaefliseredérhe

seal ing devices 28) 30, 32, 34 may include a sealing naterial, such as an
el astoner, a F@B.I4Aeat4%&@reqalatioaanﬂews_aﬁ_tmrerna@bas@ﬁ@ermhbyirﬁméu ed
to the screen assenbly 12. Referring additionally nowto FIG 1 B, the
screen qgég ol y 12 has been expanded radially outward. The sealing devices
28, 30, and 34 now sealingly engage the wellbore 20 between the screens

aai tonar] y T PR kRSl Mol L SEFET sxpAndald R Shaotmerihadying o

the zones, 22, 24, 26. Such contact between the screens 14, 16, 18 and the
wel | bor eorm'FHﬁ?oBFhf PrﬁsﬁF‘EWﬁf‘f'% formation sand from being produced,
preventing the formations or zones 22, 24, 26 fromcollapsing into the

wel | bore, et &-1GH6vieasreniarges seale aiaw pha portianeeftbesegond Welkstragnui t h t he
princi ples of the present invention. The use of an expandabl e screen
assenbly 12 HAS.Seisaarabniadged sozlel vide oéfant aterfrate condigptationt dfethe audirtidn pf
reduced configuration shown in FIG 1 A may be advantageous for passing

t hr ough thersesbnd Wdllstregmol e, and the radially expanded configuration shown
in FIG 1 B may be advantageous for providing a large flow area and

enhanced accesigd hea &f BECYRD crd&"‘é‘é’cﬁi‘bnaf DRwe*eRg Qﬁﬁb ;’eg%t%heﬁﬂlleaﬁféﬁ ”s“&'ré(en12

nmust have sufficient torsional and tensile strengt 'S not

damaged %bb%ngf@gc&%%@y@g rﬂ'@geﬁtgﬁ{/eﬁt ed in the well bore 20 and, if the

screens € 'eXpanded”into contact with the zones 22, 24,
rzgs:‘ g{ a;gg' al F|8é°pé’/£ & b earlr%oc];r’osg hs%c iona evrlléswsr’r% P \I!tﬁ esxupfafnld%'bFe weﬁoslclré%)
embodying principles of the present invention;
FIGS. 10A & 10B are cross-sectional views of a fifth expandable well screen
embodying principles of the present invention;
FIG. 11 is an elevational view of a sixth expandable well screen embodying
principles of the present invention;

FIG. 12 is a cross-sectional view of the sixth expandable well screen, taken

along line 12-12 of FIG. 11;



Referring additionally nowto FIG 2, an expandable well screen 36
enbodyi ng principles of the present invention is representatively,
illustrated. The well screen 36 may be used for one or nore of tﬁ%1wdﬁN 2003
screens 14, 16, 18 in the nmethod 10. However, it is to be clearly
understood that the well screen 36 may be utilized in any other nethod

wi t hout departing fromthe principles -® the present invention. The well
screen 36 includes a generally tubular base pipe 38, a filtering nedia 40

outwardly ov@iGyiTa i$ he drasespctitnal avidwe of en eedviehth taxpandabler aiedic strerput er
shroud 42 outwardly overlying the filtering nmedia. The shroud 42 has

openi nggmﬁﬂ?ﬂﬂﬁgwqhé{gﬁ Jentipgreof to admt fluid into the well

screen filt 21 JAN 2003 -9 by passing i nwardly

t hrough the 4 kterj j . I d et hen | I r

openi ngs 46 F(B#hg{d! ggrgﬁ%ﬁggigpﬂéaﬁl Me&% %fhgﬁb%féhﬁl\é\?eﬁggaggég%y%g#%&& een
36 may be radially expanded utilizin ny of various nethods. For exanpl e,
a smgeeﬁﬂipddé‘gpaé%‘éa'eﬂ#(ﬁ%ﬁr?q%‘ H’é\%@%ﬁ%pe 38, fluid pressure may be
applied to a nenbrane positioned within the base pipe, etc. Thus, any

met hod of ex[Fé@dilAgstareelavationalrdew dea minth mxpasdablenvelh sgreane pabadyid r om
the principles of the present invention. The shroud 42 protects the

filteri pginciptescof4Befpresemtadnegrdionhi | e the well screen 36 is being conveyed
and positioned in a well. Additionally, if the well screen 36 is used in a
nmet hod, such g, 4B8s BRirB9slsdbtisies Gid v of P Rineh wehecrddh, ttBkealdngSIfiece6- | S
expanded into radial contact with a well bore, the shroud 42 al so protects
the fil yarisggmmal a 40 from damage due to such contact, and provides radial
support to prevent collapse of the wellbore. Thus, the shroud 42 is

preferably c tr,uct ed of rabl e, [ e, . hi r t rial,
such as stee%?éal1'f}rcﬁ§ugﬂ %Iﬁ'@%'dng%é?lCéggé'grﬁ%@?dé%%qﬁr{[ﬁ%eﬁﬁﬁhgve\%a% e?ﬁe
princi ples of the pr t inyention, It will be readily appreciated that,
when théaméloﬁgg@es‘?—i?g Oéﬁ!; n&lé’o@'?%di ally outward, the filtering nedia 40
w Il be radially conpressed between the shroud 42 and the base pi pe.
Because of diffifed8rs palentrgadsicale vewmefenhperionsidle pinte wedl saigefhe shroud
42, it may be difficult or otherw se undesirable to naintain alignnment

bet ween t he openi ngs 44 in t HRETAIIED DESCRIBTIQNNI ngs 46 in the base pipe.
This lack of alignnment between the openings 44, 46 and conpression of the

filtering neRepréSemativaigniiisiatedimFiGS2 1angl B ra hastbiodi 18 whict: embddies

severely restrict the flow of fluid into the well screen 36. However, the

filteri Wik idofihe mﬁggéﬁmvgﬁg&#r At Yol bwirniRtiplidn OF tid!RREtRGd 18l dnd

el i m nat'e I's potential pro
other apparatus and methods described herein, directional terms, such as “above”,

“below”, “upper”, “lower”, etc., are used only for convenience in referring to the
accompanying drawings. Additionally, it is to be understood that the various
embodiments of the present invention described herein may be utilized in various

orientations, such as inclined, inverted, horizontal, vertical, etc., and in various

configurations, without departing from the principles of the present invention.

Referring initially to FIG. 1A, in the method 10, a screen assembly 12
including multiple expandable well screens 14, 16, 18 is conveyed into a wellbore 20.

The wellbore 20 intersects multiple formations or zones 22, 24, 26 from which it is



2 ~ JAN ~~0~ -10 Specifically, the filtering media 40 includes three |ayers
of filtering material - an outer relatively coarse |ayer 48, a mddle
relatively fine layer 50, and an inner relatively coarse |ayer 52.1 TUAN 2003
terns "fine" and "coarse" are used herein to indicate the relative size of
particles permtted to pass through the filter layers 48, 50, 52. That is,
the mddle |ayer 50 filters fine or smgt-l -sized particles fromfluid
passi ng therethrough, while the inner and outer |ayers 48, 52 filter coarse
or | ar gelesired ¢ol ppedudecflgidsf e Sdreems pésse,MB stecpaditivrmdybppdditeaespectivee
inner and outer |ayers 48, 52 are not necessarily used for their filtering
propertiges cilthéodaBs @0, baags. the outer layer 48 will filter larger-sized
particles fromfluid flowng into the well screen 36. Instead, they are
used primari I_’y to provide for flow between the openings 44, 46 after the
base pi pe 38 Tihe weberesd) isFdepietesnipl HGS.11A ReB fas| haing luagased, 484t i5ig tarke nade
of a relatively coarse woven material as depicted in FIG 2, fluid may fl ow
t ransverckedrly tiderstod that tiey priscipiisvefethetgresaitriovehtion mag dise bbasractidae 38.
Thus, fluid may flow into one of the openings 44, flow transversely through
the out g5 daisbialelsies. 4RddifibMy, e serder Q§%Blyt@i%€?ic§’ed I LiREIUGMEE"

50, flow transversely through the inner filter layer 52 to one of the

openi ng : e ignwar dl : i O A even
T o TR R ] b 1 e v GHE o B R Reeba paibE Bl 21
t he base pi 38, ,and the openin re.not igned with the eni ngs 46,
{1'i o RPPOSTe [EAPOS i ZoPBBRg ol Aedil 1t B tou0h SeI ipdersitng Hett &
(other than the resistance to flow due to the relatively fine mddle filter
| ayer 50WMBgIoRfhesrepns Hpay de wses, inithe) assemblyarsdearse niintes of |taey SeEeeRsen
the shroud 42 and the base pipe 38 is to form grooves or recesses 55

i nt er nalmgy ba poséionedopposite anyAN the @dnes, withal/t depgrtrafremdhe peineipdes 067
externally on the base pipe. In this manner, either or both of the filter

| ayers 4Be gr@sartyinbention. niThakedath @hthéscrédriset14 Nt meslicesdfibedhefsinadndy t he
filter layers 48, 50, 52 are each nade of a woven netal material, with
strands dpite@in FloSen AR Boma§¢EprRsBRf mutpiOEE@BhEd helically relative to a
| ongi tudi nal axis 54 of the base pipe 38. Sintering of the strands inproves
the strength of the filter layers 48, 50, 52 while maintaining consistency
in the spaci mpaliegvievicesd8s30 a3dis3haes intersonageied iathe sargen assesullnah2d| y
expanded. Orienting the strands helically relative to the base pipe axis 54
ai ds i n hatweent amt)atosé andibmtowf thehsereens 14, 16, 18. The sealing devices 28, 30,

32, 34 could be packers, in which case the packers would be set in the wellbore 20
to isolate the zones 22, 24, 26 from each other in the wellbore. However, the sealing
devices 28, 30, 32, 34 are preferably expandable sealing devices, which are
expanded into sealing contact with the wellbore 20 when the screen assembly 12 is
expanded as described in further detail below. For example, the sealing devices 28,
30, 32, 34 may include a sealing material, such as an elastomer, a resilient material,

a nonelastomer, etc., externally applied to the screen assembly 12.

Referring additionally now to FIG. 1B, the screen assembly 12 has been
expanded radially outward. The sealing devices 28, 30, 32 and 34 now sealingly
engage the wellbore 20 between the screens 14, 16, 18, and above and below the

screens.



filter layers 48, 50) 52 when the layers are radially outwardly expanded.
However, it is to be clearly understood that it is not necessary i keeping
with the principles of the present invention for the filtering rm(fa JaN 8093
be made up of nultiple layers 48, 50, 52 of woven material having sintered
strands ' oriented helically relative to the base pipe axis 54, since other
types of filtering nedia may be used i#8-the well screen 36. Note that the
filtering nedia 40 nay be stretched circunferentially when the well screen
36 is radi al IAdditignatiydthe soreandeldt, 18, dBeprafdrablyt dortastt thetwélibtge H0 bhthe
filtering media 40 results in a change of less than fifty percent in the

si ze of bRgs @penUNGs. 'RUchl ddttslct BetWebh e SBrereM 2116l A8 drityBleSwéitboreBo 52
Additionally, 1t I1s preferred that the nmaxi num size of the openings for

h
Heﬁ'hd(f '.”8? Eﬂé:?*ﬁ'y‘%ﬁ:@?f‘ﬁﬁﬁr ?%g*%?@g' %‘éﬁf’fé@ﬁ* p%%???lﬁ@ﬁ’fvéﬁg?n Ry o )
i I 5, 500. T . 6 I [
out ver QG AIRRGSEONR22: £4.08 FEhealapoits pra s welgor, ko Eoever chis.  *

having a size of greater than 500mfromthe fluid flow ng therethrough. 2
~ JAN 2098tact s relfrRggessgnaidiaaramity the Rripeiplasay. thg presant iayerdiosy at i onal
view of a portion of the base pipe 38 is representatively illustrated apart

fromthe remgind of ¢t rti h a i 38
1 ust rat ed eRree” o5 A Sandablse Sirebh dotpaiil 12 hal <a¥BrtBoBpREL ",
flattened fromits normpl tubular form FIG_. 3A shows the tion of the
base pi BENGHy FOF eXaMplytas radilly Lequbest canfigtisaian thoyn mAIGK & M3y b ous
the portion of the base pipe after it has been radially expanded. In FIG
3A it m@gvertagesHstfRhPasEndotisauelyS msthstiona phelge @ndeinecradiallyogxpandashse
pipe 38 relative to the |ongitudinal axis 54. This arrangenent of the
openi ngsonfgwiation ddowgoind™ ko diB staydreyadvantageeud foreprovidingsd large flomoaretes
support for the filtering nmedia 40. In FIG 3B, it nay be seen that the
openi ngandiferstianceyi addeys thertieetgh. Heweldre tHenegpadub|S8cieen asiethbly 12

ext ended. Sone axial shortening of the base pipe 38 occurs when it Is

radi al | yngsit NV bitieiene ndRfbnal ithd disha! stiigf 4ermat 106 AdicaAREgbAURtd

relative to the base pipe longitudinal axis™4 my I ncrease e axi al

short e”isé%réé%ﬁv*b%/e‘&aé d phgﬁgggg“u‘ﬁitﬁeem)%ﬁlgéfed%@; nﬁnﬁq‘g&ggr fet%t {49'160"1%’ aFe[‘g

final expa si’ze 0 Screen ertin rondl I'y now

FIGS. 4A & B. th i f .t i i in . illustrated .

Cunr ol | darber At hld-fon IR SRE ZnBR 22,0 P8 Pordasunret Beeothher (o
radi al expansi on of the hase pipe, and, FIG 4B showi ng the portion of the
base pi PEreANSNUEhRaYR:S 'Bieaécﬂlg%"%er@ﬁ'sﬁ%l%ﬁeal |y expanded. FIGS. 4A & B

depict an alternate configuration of the base pipe 38 in which the openings

46 are repl agedtoRig™dddiibRalfCioRt B FIEYS256ar! eRArRfabkE: well 28crtBnN 003
embodying principles of the present invention is representatively illustrated. The well
screen 36 may be used for one or more of the well screens 14, 16, 18 in the method

10. However, it is to be clearly understood that the well screen 36 may be utilized in

any other method without departing from the principles of the present invention.

The well screen 36 includes a generally tubular base pipe 38, a filtering media
40 outwardly overlying the base pipe, and a generally tubular protective outer shroud
42 outwardly overlying the filtering media. The shroud 42 has openings 44 formed

through a sidewall thereof to admit fluid into the well screen 36. The fluid is filtered



The series of rows 56 are arranged helically on the base pipe 38 relative
to the longitudinal axis 54, with each row extendi ng parall el t;yh

| ongi tudi nal axis 54. The hol es 58 of each row 56 are arranged gA&' 2003
straight Iine. However, it should be clear that this helical arrangenent of
the series of rows 56 relative to the axis 54, the parallel relationship
bet ween each row and the axis, and the9-i near arrangenent of the holes 58
wi thin each row may be changed, w thout departing fromthe principles of

t he predgnpassivginwardly Byrotighsthet filtaring trieglis @0l | Fhehfdie th&B flows triveardly
openi ngs 46, the torsional and tensile strength of the base pipe 38 is
enhancegh ol genthdiPse forinie #Roigh &RV lofthedR¥eqi ?é' 3gn FIG 4B, the

hol es 58 of “each row 56 interconnect wth each other to forml arger
openings. Thus, a desired final flow area through the sidewall of the base
pi pe 38 may Ddeaweil scieen:36 maytheragially eNnaaded utiizinglany @Haaiode dnetiods.
though the desired flow area is not present before the base pipe is
expandedror Bxanipié, 2 slvagermagdeepdsset threugrethieslsasy pipevas, IRidpressuse® may

i ncrease the axial shortening of the base pipe 38 while prOV|d|ng enhanced
control pvaspliedtold AmisPapaiRftionedsyitin thebuss bi 6p'ia‘:rc-:-‘{?‘(,e”TI'-??@s et dtfof

additionally nowto FIG 5, another well screen enbodyi ng princi pl es of

Lhe B eSABAnMUaRE A hErdeIEIEN) BE LB whbU ARy rERS ufE HhnSRigeR: o

may be us above

ot her fhod., w.thout. departing fromthe principles of the present
i nvent :Tgrﬁ pﬁﬁ.ﬁww niepeen 60 i ncludes a generally tubul ar base pipe 62
having a | ongitudi nal axis 64, an elongated strip of filtering nmedia 66

out war dl y ovqr}ieysn@;uhhazb@@eed@s ARe fitefngernetRl 4y ﬁéihudj@rhagée\ﬁﬁﬂé g8 gnber s
68 used for attaching the filtering nedia to the base pipe. though not

shown i %cl':%eﬁﬁ? is bR Vl%rlveslg{ij & J?%Itloq%% ﬂ%ERQ%dd?t%nap?yl{ ?Ae%@ell g}

general l'y ar ou y overlying I ng media 66

I |y LIRS & ey 5%taérs'ﬁs| hefhatd, 10 c¥clBoq sbikary 259%45&%@

above. As dep| cted ipn FIG 5, strands of the filtering material are
or i ent eFCFRAN SaPXRANAGd 't"'it"?/éa‘i’@' Wétaﬁta‘é’éhrﬁ W@"P@'?‘F‘glﬂf‘%@?‘ﬁc&!d 4z s protegts
filtering nedia 66 is itself wapped helically about the base pipe 62 in
mul ti pl éheufilipeng medip ¥ from damage dug tasdich contanisand Dé@nd@mrasf ialt $upport
filtering media 66 is circunferentially stretched when the well screen 60
i s radi dblpyeweniaotapse Bf Hfeewalibgre. tTreiso pheen singaidf 42 isf prefetablyosortsimuateghot he
filtering nedia 66 change in size less than fifty

a durable, deformable, high strength material, such as steel, although other materials

may be used in keeping with the principles of the present invention.

It will be readily appreciated that, when the base pipe 38 is expanded radially
outward, the filtering media 40 will be radially compressed between the shroud 42
and the base pipe. Because of differential expansion between the base pipe 38 and
the shroud 42, it may be difficult or otherwise undesirable to maintain alignment
between the openings 44 in the shroud and the openings 46 in the base pipe. This
lack of alignment between the openings 44, 46 and compression of the filtering
media 40 between the shroud 42 and the base pipe 38 could severely restrict the
flow of fluid into the well screen 36. However, the filtering media 40 includes

features which completely or substantially eliminate this potential problem.



percent, and the filtering nedia filters particles having a size greater
5000 mfromthe fluid flow ng through the filtering nedia, when the well
screen 60 is radially expanded. Referring additionally now to FI 16JAWT003
enl arged view of a portion of the well screen 60 (indicated by the
encircled area designated by the reference nunber 6 in FIG 5) is
representatively illustrated. In this-toew a connection between adj acent
wraps of the filtering nmedia 66 may be seen. Specifically, the connection
is a vel ded Spsifitalipethectiteriitenfadid ¢0iindudeslitireeGayerpsf. filtermgswarerid) --
extends helically about the base pipe longitudinal axis 64. Referring
additio I eRn i i aps
%’-1 bMte!FQ\édattngﬁ/ag%%rEﬁﬁ?%ﬂhB, A ﬁﬁcfdléQeﬁgQ%Iym{ﬁyﬁﬁbﬁﬂcﬁ%ﬁ%nM

of the filtering ne e seen. Instea Iltering

wr SLZ‘éj?ﬁV@”*ig%'ﬁff%f%fz%‘fg% %ﬁé‘ t‘%@'ﬁ"?ﬁs‘”&m beh?f%éfgéﬁé%g&.“%%ﬁ BHOFEEH o
2] acon e iPBLNe Rl PA SR ARSIt K2 PaBR AR AT ENETS PRt 5P Ae-

medi a 66_w aps provides a convenient |ocation for lines 74 extending from
one end Tthattipeths: muddlienlayre Skefiltersclire orsunaliraiged | particles fremp fluid| RaRsiInghe or
nore of a hydraulic line for delivering and/or returning fluid and/or fluid
pr essur éhe@timoagh, whilehthve twleriand outeynalyerse48 ab2diliectcaarsé iondafger-sized
comuni cating data or transmtting power downhole) a comunication |ine,
such as parfitlBs frofPiilig iﬂ(th@r&hrd\!‘@hﬁt her type of line may be used as one
or nore of the lines 74 in keeping wth the principles of the present
invention. The lines 74 are depicted in FIG_ 7 as being externally di sposed
rel ative to tHewewwinthe imerandoouter fayess 4§, e arﬁdmme@@asanﬂwuspﬁef%nm@s may
be otherw se positioned. For exanple, the lines 74 could be positioned
beneat h filtleeng properties, Fithoudheal leaskthecnutdr Byee A8 wilfilaglargerhsizéd particles
connector, etc. Referring additionally nowto FIGS. 8A & B, another well
screen frorgfaRbfiowiaginiothedivel sofednB6.PIrR3eay, they ard used ipsinirily &s provide vel y
illustrated. In FIG 8A, the well screen 76 is depicted as it Is conveyed
into a I i sSqre | hi t SegR} pe
78t hor ooy "RasDplcen B eI LT AOTERS e 2gUEThEb I 6 Bpaniabazeret

i ncl ude . k: ] i e . r i .er nati ng
1 tor e b BB ESet 887 FE ST EPasicly Sob R ol FoReh et 4
base pipge. .The. filtegi portiong 80 each jnclud n el ongated strip o

il teri RERRAR N IS A R e tarsyrRata gt Byt briepdbe il « ne
filteri &%dmdi a. The filteri n_ig media 84 may be simlar to the filtering
medi a 46t4@s8dthgpsgopipe, 38+ EUW'%@%SPWeWQ Phe o thei ppeningg 4fedloy’ The
expansi on portions 82 max be made of a suitable deformable material and, as
depi ct edransversely §xoughytherautaditer layer 48, flow inwardly through the middle filter

layer 50, flow transversely through the inner filter layer 52 to one of the openings 46,
and then flow inwardly through the opening 46. Therefore, even if the filtering media
40 is radially compressed between the shroud 42 and the base pipe 38, and the
openings 44 are not aligned with the openings 46, fluid may still flow relatively
unimpeded through the filtering media (other than the resistance to flow due to the

relatively fine middle filter layer 50).

Another method of providing for transverse fluid flow between the shroud 42

and the base pipe 38 is to form grooves or recesses 55 internally on the shroud



21 JAN 2003 -16 |longitudinally extending corrugations 88 forned thereon to
facilitate circunferential |engthening of the expansion porti ons.rzennéENCmoa
8B it may be seen that the expansion portions 82 have been | engt e
circunferenttally relative to the base pipe 78 as the base pi pe has been
radially outwardly extended. This increase in the circunferential |engths
of the expansion portions 82 has increased the circunferential separation
between the filtering portions 80, thereby permtting radially outward

di spl acemersr groovés of rédedsid G7paxtbiraly onvthilizise pipauiln ithig rsarrsdrasithed or
stretching, |engthening, or other deformation of the filtering nedia 84,

dth t
an Uokh 8}‘1@%&.’"@ I%Q@uﬁég Jhﬁ&bfe'éllhﬁﬁét% B itie nﬂé}%fﬁ%%lﬂf@” portions

82 may be ot thout departing rom princi pl es of
the present invention. For exanpl e, the expansion portions 82 may be nade
of a mat eri alPrefarablyi #her diltel IIQerSréB,CEQd,SZ\ABtm@aCht madeeofl sofwdvenninmeal
corrugations, folds, etc. thereon, the expansion portions nay be otherw se

| engt hemerlaumtm@tr@wwﬂeﬁ@oﬂ@h@@@m Bgcietrimrahd elientefwdibaiiyristive fee
expansi on portions 82 may be physically connected to the filtering portions

80 haut t
in a%vw?@rmernal \éfxfs 8y %Qﬁ@a&éééﬁﬁ] 4] é‘i‘ﬁté}friégﬁf Eﬂé‘%trﬁf\dé hﬁ. \Pe}erectly

i nventi on or exanpl e e expans portions be att ac

S ﬁgtﬁ?ﬂ@ﬂaﬁé AR Bin 2 bl ﬁ?gﬁéﬁ%ﬁiﬁgéﬁé e,
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tho 111 ERWAEH Jes EITERGS enHBedeverd ra el AU Sk deticeoentng e °

anot her wel | screen 90 enbodylng principles of the present invention is

r epr eserstrandsdiglically (alative tadtherhasawine axis S4raids in prexasitivgedistortian of thea i n

a radially conpressed configuration in which it is 21 JAS 2003 conveyed

i n a welfiter EyverswdB| 58 c52arhedCthedayensi areaddially BuGvar@iy expandenti Ebivevexpanded
configuration. Note that the well screen 90 is simlar in nany respects to

the wel lis $6 tRetledfly idersthed thdoN & nbhinbbédsary i ReépielgSwith ies Brintipieddf Wi t h

circunferentially alternating filtering portion strips 94 and expansion

portion t@é rdgéferﬂqn%ﬂﬂ%ﬁ{ f?)'r%hé"fﬁéh%g '?He&uaetobt%sSe Phdife ufmﬁ rhlki %r!a grd@8! | ons

94 inclu tering nmedia 98 an hroud 100 strips slmlar ose

d b

ext endi 1 "’%"ha@i‘ GBI el SPonds oDEed B raﬁhq’vrelym the
ed f f th | | t he, b

ongi  udiées! 115 GRECH P P GRS TGN G RRAIAT B ES LoRdo iR el REressh

which radially reduce the size of the base pipe. The undul ati ons 104 give

t he base%i pe 92 an hour gl ass- shaped cross-section as depicted in FIG 9A
When

Note that the filtering media 40 may be stretched circumferentially when the
well screen 36 is radially outwardly expanded. Preferably, this stretching of the
filtering media 40 results in a change of less than fifty percent in the size of the
openings for fluid flow through each of the layers 48, 50, 52. Additionally, it is
preferred that the maximum size of the openings for fluid flow through the one of the
layers 48, 50, 52 having the smallest mesh (i.e., the layer filtering the smallest
particles from the fluid flowing therethrough) is 500pm. Thus, after the well screen
36 is radially outwardly expanded, the filtering media 40 preferably filters particles

having a size of greater than 500pum from the fluid flowing therethrough.



t he base pipe 92 is radially outwardly extended, the undul ations 104 are
substantially elimnated, as are the corrugations 102 of the expansion
portions 96, and the filtering portions 94 are radially outwardly 2 1 JAN 2003
di spl aced. Anot her difference between the well screens 76, 90 is that the
wel | screen 90 includes retaining nmenbers 106 securing the expansion strips
96 in conpressed configurations therecfi2- as depicted in FIG 9A. Wen the
base pipe 92 is radially outwardly extended, the retaining nmenbers 106

rel ease, theRdfgrrirgy additiomallyt hew ¢a FGS. GA & B, iapsel@ationat viewuof arpontiombf y

| engthen relative to the base pipe, as depicted in FIG 9B. In the

conpr esggél b‘é@@fﬂigé '3 isOfepPésditatividy lillusea@NaBart fRH6 Ahe reflathde?tar therWell
menbers 106 may be attached between two of the shroud strips 100. Z 1 JAN
2003 -~ i ey . [ reen
108 erb St G Mhetioh 3 Rie BaBe Mdca& ka1, LR K]S Wiokn g P
illustrated. The well sgree 08 i,s . depi,cted in a radiall onpr e

cont 1 gulag (e AIPR, werd GuTalRdn or (atERBO T i nBanal Litud BFE PGS S |
In FIG 10B, the well screen 108 is depicted in a radiallx expanded

conf i gushewsthenastiorof the: base Pings38 prigeta rasiatiexpansientafdhadasefipecando
descri bed above, in that it includes a base pipe 120 and circunferentially
al t er natflGg 38t shiqyes tife portianif time pase ipipesaftdrGt hasibeen radialygeppandehs 112.

The filtering portions 112 each include a filtering nedia strip 114 and an

external shrqu trip.116., The filtering nedia 14 nmay be sim.l to,the
F11 ter ng medh & 130 4Bt 24 bf She et i 8pdBRs b arsaadad heledeot the

i nterconnected between the filtering Por,ti ons_112. A retaining nenber 118
secures bé’é@kP'Bﬁ%éql%Wep@rmeo'@”Q!i@d'ﬂﬁ ﬁX'§c§4pr'5§'§eﬁfr%W@f‘Jr% EPREINGS t he
base pipe 120 is radially outwardly expanded. However, in the well screen
108, thdthprvigesgoodhangs strengtht indiheabase eifreeddiang providesl sapport fed the
thereon in the radially conpressed configuration of the well screen. The
expansi dilttefdagtmedia 4010 al so have | ongitudinally extending folds 124 forned
t hereon. When the base pipe 120 is radially expanded, the folds 122, 124
are partially ar _canpl.etel %Pelin‘inated, as depicted in FIG 10B. Note al so

that the retdMdilg SFe by beigeel Bat e PeeniRge HtELBAIRYCUPPERSSEd when
circunferential ends of each of the expansion portions 110 (see FIG 10A),
i nst ead the basengipen3i&is adiallt extendetdheSemgamdabshqitening o the basgnpipet 3k
base pipe 120 is radially expanded, the retaining nmenbers 118 rel ease and
perm t tdoeusxperen dnispoadiabypoutdardly exenddéd!” Bhe didliealhviasmngentiteof the
circunferentially. 21 JAS! 203 19

openings 46 relative to the base pipe longitudinal axis 54 may increase the axial

shortening of the base pipe 38 while providing enhanced control over the final

expanded size of the well screen 36.

Referring additionally now to FIGS. 4A & B, the portion of the base pipe 38 is
again illustrated in “unrolled” form, with FIG. 4A showing the portion of the base pipe
prior to radial expansion of the base pipe, and FIG. 4B showing the portion of the
base pipe after the base pipe has been radially expanded. FIGS. 4A & B depict an
alternate configuration of the base pipe 38 in which the openings 46 are replaced by

multiple series of rows 56 of holes 58.



Referring additionally nowto FIG 11, another well screen 126 enbodyi ng
principles of the present invention is representatively illustrateg., The
wel | screen 126 includes a filtering nmedia 128 outwardly overlyi n?d JAN 2003
general ly tubul ar base pipe 130. The filtering nmedia 128 is depicted as a
general 'y tubul ar structure having circunferentially extending slots 132
formed therethrough, with the slots beil®g helically arranged relative to a
| ongi tudi nal axis 134 of the base pipe. O course, the filtering nmedia 128
may be ot her Wheeserussbf toveds avet mvangete palicallyoor timerbbbe piwe 38 1@lathveofo t he
present invention. The filtering media 128 is preferably nmade of a suitable
dur abl etﬁ@%r@&erﬂm@x& 5B \ith @ach%%ﬁénéﬁ%%araﬂéﬂt@‘!ﬁ@ gHYiiindI i 84S 132
may be readi formed, such as by | aser nmachining, water cutting, etc.

Al t er natd,\ve C 0, [ I o

spaced sTlrpt\aéI l{1&8? g%e&egé%%@g%% f%r% %@%ﬁ#{gg%ﬂgﬁ %gg'ghgﬁ%%et@%éc};er’ ,t%?ﬁ%m’d
approximately .008 .in. .and spaced ximately .01 n. apart). The_glots
or *hot e Se1dodL gt dusdefigat oot of NESRTRG o FAF 6 Hatpa e 53
filtering nedia 128. The filtering nmedia 128 has corrugations or pleats 136
formed thempasilel Telatipnehip Petweenwpachdoweand the axie ang thetinesdr agangement
cross-sectional view of the well screen 126, taken along line 12-12 of FIG
11. The qgfl thet bote36 5Bewithin telaehf idw emay doerechiangeds withouk rdggesting from the
circunferentially when the base pipe 130 is expanded radially outward,

wi t hout pRideRieddf el preséntinedhtich.t he filtering media material. A series of
circunferentially spaced apart and |ongitudinally extending rods or ribs
138 is disposed radially between the filtering nedia 128 and t he base pipe
130. Sone of Bheubstiytingdhesmajler uies idhiar thet aranings46p thatarsigl t he
base pipe 130. The ribs 138 aid in radially outwardly displacing the
filteringnsiedistrength whdhe bade pipel 3008 srhancad. b¥éwemithe BB ipipe IB i |y
expanded. In addition, the ribs 138 provide for transverse flow of fluid
bet ween dxpantied tay degictetliid F1G8 48)dhé eoléa S8 of pachH 36w Fdusterddnnedt fithwi ng
inwardly through one of the slots 132 may then flow transversely between
the fil tgrchngtndRdbafolRBIa?gst bpeniRgse Phire 4 HeshBH ol flAWiah€a itAfudhh thdase
pi pe through an opening (hot shown) formed through a sidewall of the base
pi pe. : t [ : y h ' ' d he, 4

Fi Freri mitond o 98 bade nigd, SB)mar Qe 8HMeiR ARERRod%e IFR, 5" Bl 1 ng
the filterin dia and providing for transverse flow of fluid between the
1 ter i dyPrBdpd: Yen ARMBLEE dedibd Gy W2 Rl BiasaRt bilorq 1 Bagpins
helically disposed relative to the base pi pe 130. further alternatives)
the ri bsexpaedeemT&eoaeM@maar@@aewrﬁq?a%rseﬁespﬁéowéfsétm@w Q RIS MRN
materi al 52 described above, transverse fluid flow may be provided by the
gr ooves axialrshogiesing sbtheshasr pine B avhileavrevidincheahancacheomsd ovsr jae fival

etc. Referring additionally nowto FIG 13, another well screen 140

enbodyi rexpandedisidecsf thke wdibsgreen&® i nvention is representatively
illustrated. The well screen 140

Referring additionally now to FIG. 5, another well screen 60 embodying
principles of the present invention is representatively illustrated. The well screen 60
may be used in the method 10 described above, or it may be used in any other

method, without departing from the principles of the present invention.

The well screen 60 includes a generally tubular base pipe 62 having a
longitudinal axis 64, an elongated strip of filtering media 66 outwardly overlying the
base pipe, and generally tubular transition members 68 used for attaching the

filtering media to the base pipe. Although not shown in FIG. 5, the well screen 60



is simlar to the well screen 126 descri bed above in that it includes a
general ly tubul ar base pipe 142, a filtering nedia 144 outwardly qu 'zg
t he base pipe 142 and longitudinally extending and circunferentially g%% Q?
apart ribs 148. The filtering nmedia 144 nmay be simlar to the filtering
medi a 40 descri bed above. However, in the well screen 140, a generally
tubul ar outer protective shroud 150 enygl opes the filtering nmedia 144, and
the ribs 148 are positioned between the filtering nedia and the shroud.

Si nce t hﬁaY idhso fthuds Qvgéﬁerfaﬂw{ tub@lap \Geitsreshrouddoditvavdih edveriging e fifégngl 150
and the filtering nmedia 144, the outer layer of the filtering nedia (see
outer | gyek; in FIG 2) may not be used. Additionally, pleats or 21 JAN
2003 -21 corrugations 146 are forned on an el ongated expansi on portion 152

i nt erconnected between circunferential ends of the filtering nmedia 144.
When t he baseThe fitefidg mediaa8bamay ke paadedf &hsimilar mgtetinbaad lh@yahavd ul |y
or at least partially extended, thereby circunferentially | engthening the

expansi aimpay tdyehs B1ilthgPRiateridli a9 thd Filfetihg ohbdd aBdiaschbédt fodee.r agd al |y
outwardly displ"aced wi thout requiring substantial stretching of the

filter. - -1 ath e ' il : ' : [ |
scrcon TEPRE I, SERFERRANG KRkind matehafAorenied Baicdhy B8P e 07
154 i i mi JdqQ.oth I 1, 140 d ihed ab ' i

el udedbaseoBied: apbBinslia 4o o ThBCBering B iBcls Ao dmaPadd®icehar ai v
overlying the base pipe,_an outer protective shroud 160 and ribs 162

ext endi rAPAUWHRE Pase lﬁ’&{)q 92% e Mi8P%hroud and the filtering nmedia. The
filtering nedia 158 may be simlar to the filtering nedia 40 descri bed

above, with t;ghe vﬁﬁf?ﬂé!ﬂférﬁ#@ahéo‘i? ’% da8ErbE difdSe! Hfe ‘iiﬁ%‘?@ﬁgmegﬁé WY ¥s

coarse | ayer tering teria since the ribs provi de
for trangsverse fl.ow q Luid between the shroud 160 and the filferin
redi & - R RURRrentAtl SlrgtaniarwaSL IR Reh 3Rt €4 By shl rin Bt FrelechBin
140, the well screen 154 differs in that its filtering nedia 158 has_

| ongi tu&hﬁé%ﬂe{/‘"&&fé’ﬁﬂk’lﬁ’gﬂ%rt*?rﬁ?ﬁahitg‘r’n%"t%&\g 8 d?’\aé‘gﬁl'sistzﬁép%mawf@h t he
base pipe 156 is radially expanded, the corrugations 164 are fully or at
| east paparcent gndithaififariea seedia fikeesogarticles hevingatsizd greaterrfithenifiogn the
filtering nedia 158 and permtting it to be radially outwardly displaced
wi t hout M@Sﬂthammu%gr thec Hilteging hneldia,t hiend thetwell adcre&ief 60 risngadially
additionally nowto FIGS. 15-17, another well screen 166 enbodying
princirﬂédegaeghe present invention is representatively illustrated. The

wel | ~ 1 JAN 2003 -22 screen 166 is shown in an elevational viewin FIG
15, in a cross-sectional viewin FIG 16 taken along |ongitudinal Iine

16- 16 of FI G Referringhadditionallynpwrtgdd Gs it sssenargataviewi efva partiein®f the walken
along lateral line 17-17 of FIG 15. The well screen 166 is simlar in sone

respect sscreert 66 (ieditatedrimetheletcidtist ardzedesigoated byntHeh@tferehce mumiskss n
general ly tubul ar base pipe 168, a generally tubular and laterally slotted

filteri rgaQrEsBliia rbpresunti®ial Yiuetatdd/ MY thidevid@s# cBhRBctici BefivedH bafaceht
circunferentially spaced apart longitudinally extending ribs 172 di sposed

bet ween %&Z}Efdfltgérfiitgﬁngﬁ?éd?a %B%é?%e%’%@. féﬁ{‘ciﬁcﬁ'llg%e%ﬁnﬁeetiéﬁ& 5 Wﬁtl(féd ng

media 1 tend later are afrange eries extendl ng rcally
about the ba i,pe 1 are used.ta. filter £1luid fLawn her et hr ough, and
mmy be rEABI0 Y BpBIRe SRefy BA P oake Taerara/Ocpdguds e Ao oo
as descri bed abgve for the slots 132.

the base pipe longitudinal axis 64.

Referring additionally now to FIG. 7, an alternate connection between
adjacent wraps of the filtering media 66 may be seen. Instead of welding the filtering
media 66 wraps to each other, a connector 72 is welded between adjacent wraps.

The connector 72 extends helically about the base pipe longitudinal axis 64.



However, the well screen 166 differs in sone respects fromthe previously
descri bed well screen 126 in that one or nore of the ribs 172 may 5b\ﬂﬂlQmm
and may have |ines extending therethrough, and the filtering nmedia 170 does
not include the pleats 136. An enl arged scal e cross-sectional view of one
of the ribs 172 is shown in FIG 18, wherein it nmay be seen that a
hydraulic or chemcal injection line ¥, an electrical line 178 and a
fiber optic Iine 180 extend through the hollow rib. These |ines may be used
to power equiNotenthatrthe sehdediet G& spacewlapascttesmadifent ditenngi medea d@a h
tools in the well, etc., and it is to be clearly understood that any type
of |i ne wWraysbeThis eshadind @partdepeid 'fil’ﬂ@riﬁg?]%@diéeﬁeflwagé Prevides 4 Benwsmeant

i nvention. Another useful purpose for the hollowribs 172 is to prevent
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conpressed between the base pipe 168 and the filtering media 170 by the
expansi dWid gndoraiid presewe dewansieo® £herical Jnieghien dinge ant pleciricolinegfpr

col | apse, thereby preventing the excessive force frombeing transmtted to
t he fi | tconmmynigsting datehpk traobinifing poiver idowrihode, 1a comyurieatinseling, such as
preventing damage to the filtering nmedia 170 so that the well screen 166

may stild fiber ostiedcalsieeetd. hdughother eppeestiine nexpbasised done dratokeehthe
applied to the base pipe 168. Note that the slots 174 will decrease in
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that the filtering nédia 170 is axially shortened sonewhat when it is
radi al | y expanded, due to the filtering nedia being stretched

ci rcunf er ent iTdle NnesPr4aea depigted ind=IG. 7t a8 beiggraxteraally disposee relapive to thees
greater than 500mfromthe fluid flowi ng therethrough (i.e., the slots 174
have a wothbciolr 712¢ bait ithiartodve endexstdonl 20 tng linke mdyhbe wthérdsas pesitibbedi s
radi ally expanded. In addition, it is preferred that the wwdth of the slots

174 decrmasgdngsie, tHeanéd 7uycdifd RNpositieed Benvsih thecesibcl®b72 Sthicafhed | Y
expanded. O course, a person skilled in the art would, upon a careful

consi derc%iuilaogxtgf1 e hoé’ﬁoﬂj&ﬁ%ﬁhﬁé&t‘ap &k representative enbodi ments of the
i nvention, readi Fy aﬁ@r ecl ate that many nodifications, additions,
substitutions, deletions, and other changes may be nmade to these specific
enbodi nent s, Refdrring radditiorgly awowv dont¢GHL a8Ad&b\B,t heotiernwielll ssreein t46ée
present invention. Accordingly, the foregoing detailed description is to be
cl ear |y gmissdyin® panaipldiconthegpregenbinveptio®is rdprasértativalp ilRRtrated@mm €GNy,
the spirit and scope of the present invention being limted solely by the
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conprising: a perforated, non-slotted base “pi pe; and iltering ned a
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nmedia being ra y expa | e"froman unexpen At guration
to an e;j({_&?nd d, configuration, each of the base pipe and the filtering
media h 'errb‘fedal ong its length, a circular cross-section in both its
unexpended configuration and its expanded configuration. 2. The well screen

according to THai Wil s¥feRnei 76 tiheludest 8hé NGasBdbid Md UARR dntefdttineeted

relatively fine filtering material sandw ched between |ayers of relatively

coarse fditfibRMdR Gltbating filtering portions 80 and expansion portions 82 outwardly
overlying the base pipe. The filtering portions 80 each include an elongated strip of
fitering media 84 and an elongated shroud strip 86 outwardly overlying the filtering
media. The filtering media 84 may be similar to the filtering media 40 described

above, or it may be another type of filtering media. The expansion portions 82 may

be made of a suitable deformable material and, as depicted in FIG. 8A, may include



3. The well screen according to claim?2, wherein the relatively fine
filtering material is a sintered woven filtering material. 4. The IIJAN 2003
screen according to claim1, wherein the filtering nmedia is generally

tubul ar and has multiple slots forned therethrough. 5. The well screen
according to claim4, wherein the slots are arranged helically relative to

a longitudinal axis of the filtering megH a. 6. The well screen according to
claiml1, wherein the filtering nmedia filters particles having a size of

gr eat er |pgitudiiillyusxtehdingt terrugationscd® dormed tiaasteahlty faoilitee dircufentan.
21 J AN 2~~3 -25 7. The well screen according to claim1, wherein openings

through | hanbhing&sfitRE eXBahsiohYorfiénd d f 1 ow theret hrough change size by less
t han flft@@perc nt en h W? screen is radially outwardly expanded. 8.

An expandabl e well|l screen, conprising: a generally tubular base pipe
havi ng a | ondnt Bf3.n&8B dixinsayarie seear tred tife sppansioappottionswB2ohavm | lezen
formed through a sidewall of the base pipe, the holes of each row

i nt er conemgthengd Wirthmeerehtiallh eslatieeto tHeebaes pipe T8 asthetizeadsige hagi tddry
outward to an operative configuration thereo and a filtering nedia

confi gurrs&ajAgrthWaWI Sehlisd d fl'h%V"ld&QeééH wqhet&m:uméﬁermawe@@hgsof the The

expandabl'e screen according to claim@8, wherein the seri rows of
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protective shroud outwardly overlying the filtering nmedia. 12. The,
expandatostiors, IWIQ&Uéé&ﬂlaﬂﬁgﬁébﬁf@n{el rgreicmﬂg,, lepgthesing, iothen defpimatioraf a
includes a | ayer of relatively fine filtering material sandw ched between

| ayer s dheffiteeang weddia 8d4aand thus pevientingdiberags to tha filt€hiag engdiadabl e wel |
screen according to claim 12, mherein the relatively fine filtering
material is S|ntered ve ering eria 26 14. The
expandabl e wel We 96?%%?1030%'? an & BayBe rﬂt‘%ef“(AﬁF‘eFQPﬁg‘t"ﬁQ f"Y'\ZrPé’f dr?@ g a

i ncludes a woven nmaterial having strands thereof which are arran

hel i cal IfPrRdhepripeiples efiaerisaen ip¥entinnyi Ferexamplgxihe expansien ae m@aﬁﬂ e
wel | screen, conprising: a generally tubular base pipe having a

| ongi t udhapibeamiadezofda anateriabwhigh ispeeadily sretehadowdthsiut Hiae eeetdooiniedming ough
a sidewall of the base pipe, the holes of each row interconnecting with

each ot feorrugations hefolias eetu. pthereorx thedespamsionl pprtimriswandy be bithdraiseng
media configured for filtering fluid flow ng through the base pipe

lengthened, such as by using telescoping members, etc.

Furthermore, the expansion portions 82 may be physically connected to the
filtering portions 80 in any manner, without departing from the principles of the
present invention. For example, the expansion portions 82 may be attached directly
to the filtering medias 84 and/or directly to the shrouds 86, or to another structure of
the filtering portions, etc. It also is not necessary for only one of the expansion

portions 82 to be interconnected between only two of the filtering portions 80.

Referring additionally now to FIGS. 9A & B, another well screen 90
embodying principles of the present invention is representatively illustrated. The well

screen 90 is depicted in FIG. 9A in a radially compressed configuration in which it is



hol es; and a generally tubular protective shroud outwardly overlying the
filtering media, the shroud including a recess forned internally thereon,
the recess pernitting transverse fluid flow between the shroud and?thgAN 2003
filtering nmedia when the filtering nedia is conpressed agai nst the shroud.
16. An expandable well screen, conprising: a generally tubular base pipe
having a | ongitudi nal axis and a seriegyof spaced apart rows of hol es
formed through a sidewall of the base pipe, the holes of each row

i Nt er corvpRGbyEDinG iWelleaTie widiacradre00ti depiatsl ipi PIG. 9B W@miagy eRpARded
outward; and a filtering nmedia configured for filtering fluid flow ng

t hrough dopgal@tienpPi pe holes, the base pipe including a recess externally
f or med thergon, the recess permtting transverse fluid fl ow between the
base pipe and the filtering nedia when the filtering nedia is conpressed
agai nst t he Nate tpapthe welk c(eRNN\OQ (s-similaT il mamnresppatsdalthe well screenes,
conprising: a generally tubular, non-slotted base pipe having a
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base pipe) the holes being distributed helically relative to the base pipe
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its radially unexpanded and radially expanded positions. 18. The expandabl e

wel | scraxendieg sparaations ¢0Aifermed therie®mer conprising a general |y tubul ar
protective shroud outwardly overlying the filtering nedia. 19. The

expandabl e I e ol i . e] i i di a
el udes. a 1 ayerSlr AR IR PolBros e hgubrbae el det 98 Mt er
| ayers qf relatively coarse filterjng.material,. 20. The and wel
sy een aser BPRG e Bnatianal etaniing cofuatot oy UBHRRe: T4 fored
material is a sintered woven filtering material. 21. The expandabl e well
screen dbe®an whichoadialynietinpe the iségenof the base ginarg Thedindulalionsddée4 givgven
mat eri al having strands thereof which are arranged helically relative to
t he basdheihaselpipgiS%2uan halrgiasssshapal crgsssection assdegictedAnAfIGABA. ABZhekE
.A Ah, Y. Ah. A, . A2 . A A AL.A A A ASA Ar. A

the base pipe 92 is radially outwardly extended, the undulations 104 are substantially

eliminated, as are the corrugations 102 of the expansion portions 96, and the filtering

portions 94 are radially outwardly displaced.

Another difference between the well screens 76, 90 is that the well screen 90
includes retaining members 106 securing the expansion strips 96 in compressed
configurations thereof, as depicted in FIG. 9A. When the base pipe 92 is radially
outwardly extended, the retaining members 106 release, thereby permitting the
expansion strips 96 to circumferentially lengthen relative to the base pipe, as
depicted in FIG. 9B. In the compressed configuration of the well screen 90, each of

the retaining members 106 may be attached between two of the shroud strips 100.
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instead of being interconnected to the expansion portions 112. When the base pipe

120 is radially expanded, the retaining members 118 release and permit the

expansion portions 110 to “unfold” or otherwise lengthen circumferentially.
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ig:8;@%@’&)@@@%@8@@%@@%@%&@%8@%9 %g% )&ﬂ@)@%&ag h(e)well :creen 126
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circumferentially extending slots 132 formed therethrough, with the slots being
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helically arranged relative to a longitudinal axis 134 of the base pipe. Of course, the
filtering media 128 may be otherwise constructed, without departing from the

: principles of the present invention.

The filtering media 128 is preferably made of a suitable durable and
deformable material, such as steel, through which the slots 132 may be readily
formed, such as by laser machining, water cutting, etc. Alternatively, each of the
slots 132 could instead be a row of closely spaced small diameter holes (for
example, having a diameter of approximately .008 in. and spaced approximately
.016 in. apart). The slots or holes 132 are used to filter fluid flowing inwardly through

the filtering media 128.

The filtering media 128 has corrugations or pleats 136 formed thereon. The
pleats 136 may be seen in FIG. 12, which is a cross-sectional view of the well screen
126, taken along line 12-12 of FIG. 11. The pleats 136 permit the filtering media 128
to lengthen circumferentially when the base pipe 130 is expanded radially outward,

without substantially stretching the filtering media material.

A series of circumferentially spaced apart and longitudinally extending rods or
ribs 138 is disposed radially between the filtering media 128 and the base pipe 130.
Some of the ribs 138 may be positioned between the pleats 136 and the base pipe

130. The ribs 138 aid in radially outwardly displacing the filtering media 128 when
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For example, the ribs 138 could be helically disposed relative to the base pipe 130.
As further alternatives, the ribs 138 could be replaced by a layer of the relatively
coarse woven material 52 described above, transverse fluid flow may be provided by

the grooves or recesses 55, 57 described above formed on the base pipe 130, etc.

Referring additionally now to FIG. 13, another well screen 140 embodying
principles of the present invention is representatively illustrated. The well screen 140
is similar to the well screen 126 described above in that it includes a generally
tubular base pipe 142, a filtering media 144 outwardly overlying the base pipe 142
and longitudinally extending and circumferentially spaced apart ribs 148. The

filtering media 144 may be similar to the filtering media 40 described above.

However, in the well screen 140, a generally tubular outer protective shroud
150 envelopes the filtering media 144, and the ribs 148 are positioned between the
filtering media and the shroud. Since the ribs 148 provide for transverse fluid flow
between the shroud 150 and the filtering media 144, the outer layer of the filtering

media (see outer layer 48 in FIG. 2) may not be used. Additionally, pleats or
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10" o principles of the present invention. The well screen 154 is very similar to the well
screen 140 described above, in that it includes a generally tubular base pipe 156, a
filtering media 158 outwardly overlying the base pipe, an outer protective shroud 160
and ribs 162 extending longitudinally between the shroud and the filtering media.
The fiitering media 158 may be similar to the filtering media 40 described above, with
the exception that it may not include the outer relatively coarse layer of filtering

material 48, since the ribs 162 should provide for transverse flow of fluid between the

shroud 160 and the filtering media.

However, instead of the expansion portion 152 of the well screen 140, the well
screen 154 differs in that its filtering media 158 has longitudinally extending
corrugations 164 formed directly thereon. When the base pipe 156 is radially
expanded, the corrugations 164 are fully or at least partially straightened, thereby
circumferentially lengthening the filtering media 158 and permitting it to be radially

outwardly displaced without substantially stretching the filtering material.

Referring additionally now to FIGS. 15-17, another well screen 166

embodying principles of the present invention is representatively illustrated. The well
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and a series of circumferentially spaced apart longitudinally extending ribs 172
disposed between the filtering media and the base pipe. Slots 174 in the filtering
media 170 extend laterally, are arranged in series extending helically about the base
pipe 168, are used to filter fluid flowing therethrough, and may be replaced by rows
of relatively small diameter closely spaced holes as described above for the siots

132.

However, the well screen 166 differs in some respects from the previously
described well screen 126 in that one or more of the ribs 172 may be hollow and
may have lines extending therethrough, and the filtering media 170 does not include
the pleats 136. An enlarged scale cross-sectional view of one of the ribs 172 is
shown in FIG. 18, wherein it may be seen that a hydraulic or chemical injection line
176, an electrical line 178 and a fiber optic line 180 extend through the hollow rib.
These lines may be used to power equipment in a well below the well screen 166,
communicate with tools in the well, etc., and it is to be clearly understood that any
type of line may be used without departing from the principles of the present

invention.

Another useful purpose for the hollow ribs 172 is to prevent excessive

expansion force from being imparted to the filtering media 170. For example, when
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the base pipe 168 is radially outwardly expanded, the expansion force used to

H

10

|_\

expand the base pipe is transmitted via the ribs 172 to the filtering media 170. The
ribs 172 are compressed between the base pipe 168 and the filtering media 170 by
the expansion force and, if the expansion force is excessive, the ribs will collapse,
thereby preventing the excessive force from being transmitted to the filtering media.
This collapse of the ribs 172 may be useful in preventing damage to the filtering
media 170 so that the well screen 166 may still be used, even though an excessive

expansion force has been applied to the base pipe 168.

Note that the slots 174 will decrease in width when the base pipe 168 is
radially expanded. This is due to the fact that the filtering media 170 is axially
shortened somewhat when it is radially expanded, due to the filtering media being
stretched circumferentially. Preferably, the filtering media 170 filters particles greater
than 500um from the fluid flowing therethrough (i.e., the slots 174 have a width of
less than or equal to 500um) when the well screen 166 is radially expanded. In

addition, it is preferred that the width of the slots 174 decrease less than fifty percent

when the well screen 166 is radially expanded.

Of course, a person skilled in the art would, upon a careful consideration of
the above description of representative embodiments of the invention, readily
appreciate that many modifications, additions, substitutions, deletions, and other
changes may be made to these specific embodiments, and such changes are
contemplated by the principles of the present invention. Accordingly, the foregoing
detailed description is to be clearly understood as being given by way of illustration
and example only, the spirit and scope of the present invention being limited solely

by the appended claims.
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¢ a filtering media extending outwardly around the base pipe,

e the base pipe and the filtering media being radially outwardly
expandable from an unexpanded configuration to an expanded
configuration,

e each of the base pipe and the filiering media having, along its length, a
circular cross-section in both its unexpanded configuration and its

expanded configuration.

2. The well screen according to claim 1, wherein the filtering media includes a layer of
relatively fine filtering material sandwiched between layers of relatively coarse filtering
material.

3. The well screen according to claim 2, wherein the relatively fine filtering material is
a sintered woven filtering material.

4, The well screen according to claim 1, wherein the filtering media is generally
tubular and has multiple slots formed therethrough.

5. The well screen according to claim 4, wherein the slots are arranged helically
relative to a longitudinal axis of the filtering media.

6. The well screen according to claim 1, wherein the filtering media filters particles
having a size of greater than 500 ym when the well screen is radially outwardly

expanded.
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for fluid flow therethrough change size by less than fifty percent when the well screen
is radially outwardly expanded.

8. An expandable well screen, comprising:
¢ a generally tubular base pipe having a longitudinal axis and a series of spaced
apart rows of holes formed through a sidewall of the base pipe, the holes of
each row interconnecting with each other when the base pipe is expanded
radially outward to an operative configuration thereof; and
e a filtering media configured for filtering fluid flowing through the base pipe
holes.

9. The expandable well screen according to claim 8, wherein the series of rows of

holes is arranged helically on the base pipe relative to the longitudinal axis.

10. The expandable well screen according to claim 8, wherein the holes in each row
are distributed along a line.

11. The expandable well screen according to claim 8, further comprising a generally
tubular protective shroud outwardly overlying the filtering media.

12. The expandable well screen according to claim 8, wherein the filtering media
includes a layer of relatively fine filtering material sandwiched between layers of
relatively coarse filtering material.

13. The expandable well screen according to claim 12, wherein the relatively fine
filtering material is a sintered woven filtering material.
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15. An expandable well screen, comprising:

e a generally tubular base pipe having a longitudinal axis and a series of spaced
apart rows of holes formed through a sidewall of the base pipe, the holes of
each row interconnecting with each other when the base pipe is expanded
radially outward;

e a filtering media configured for filtering fluid flowing through the base pipe
holes; and

¢ a generally tubular protective shroud outwardly overlying the filtering media,

e the shroud including a recess formed internally thereon, the recess
permitting transverse fluid flow between the shroud and the filtering
media when the filtering media is compressed against the shroud.

16. An expandable well screen, comprising:

e a generally tubular base pipe having a longitudinal axis and a series of spaced
apart rows of holes formed through a sidewall of the base pipe, the holes of
each row interconnecting with each other when the base pipe is expanded
radially outward; and

o a filtering media configured for filtering fluid flowing through the base pipe
holes,

¢ the base pipe including a recess externally formed thereon, the recess
permitting transverse fluid flow between the base pipe and the filtering
media when the filtering media is compressed against the base pipe.
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the base pipe is expanded radially outward; and
¢ a filtering media disposed externally on the base pipe,
o the well screen having a radially unexpanded position and a radially
expanded position, and both the base pipe and the filtering media
having substantially circular cross-sections when the well screen is in

either of its radially unexpanded and radially expanded positions.

18. The expandable well screen according to claim 17, further comprising a generally
tubular protective shroud outwardly overlying the filtering media.

19. The expandable well screen according to claim 17, wherein the filtering media
includes a layer of relatively fine filtering material sandwiched between layers of
relatively coarse filtering material.

20. The expandable well screen according to claim 19, wherein the relatively fine
filtering material is a sintered woven filtering material.

21. The expandable well screen according to claim 17, wherein the filtering media
includes a woven material having strands thereof which are arranged helically relative

to the base pipe longitudinal axis.



