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EXPANDABLE WELL SCREEN ASSEMBLY AND ASSCCI ATED FABRI CATI ON METHODS , o
TECHNI CAWw6é-bE&s332The present invention rel ates general |y tecfriusbir/atoson
apparatus 15 and, in an enbodi ment described herein, nore particularly
provi des an expandable well screen assefbly for use in a subterranean
wel | bore, and associ ated net hods of fabricating the well screen. BACKGROUND
20 It is useful in some circunstances to be able to convey generally
tubul ar equi pnment into a subterranean wellbore to a predeterm ned | ocation
therein, and then outwardly expand the equi pnment in the well bore. For
exanple, a restriction in the mellbﬁ nt the equipnent inits

. expanded configuration 25 from pass MBMMWWWMMBF hat part of the well bore,
but the equi pment may pass through the [/ lon inits retracted
configuration. In one application of thi's pr|n0|ple it is known to use
expandabl e well screens in well bores. WO 01/88332 -2 PCT/USOL/1SA .| An
exanpl esof the potential useful ness of expandabl e equipnent in a wellbore
is where the wellbore intersects a productive relatlvedéwrnconsol|dated

formation. It is HESNMNARLL EXPANRABLENAIESCREEN ASSEMBLYIti i ze a wel |
screen to filter s pWN‘EPWSSDGI%TEDWRBH@AW@NWE'PHQDQ' | e foregoing the

expense of cenmenting casing in the wellbore and performng a gravel packing
operation. Unfortunately, w thout any radi al support t he unconsol i dat ed

formation would likely collapse int e, causing additional
expense and | oss of revenue. Cbnventwaﬂ@mm@mm expandable wel | screens
must negessarily be smaller than th order to be conveyed

t her et hrough, and so they are incapabl e *8?15%rovi di ng any radi al support for
an unconsol i dated formati on. Previously proposed expandable well screens

have associated 15 therewith several problens, limtations and
di sadvant ages. For exanple, they are typically not designed for contacting

and providing radial support for f Ly nd are thus unsuited for
this purpose. Additionally, at T&HM%"DF([:‘E}T[ZUQ y proposed well screen
assenbly constr rious
S eTELY o onetr i BPela SnvBibn ! Stec QERbRI LD Miidudh dBbaacte
15 and, in an embodiment described herein, more particularly provides
an expandable well screen assembly for use inh a subterranean

wellbore, and associated methods of fabricating the well screen.

BACKGROUND

20 it is useful in some circumstances to be able to convey
generally tubular equipment into a subterranean wellbore to a
predetermined location therein, and then outwardily expand the
eguipment in the wellbore. For example, a restriction in the
wellbore may prevent the equipment in its expanded configuration

25 from passing through that part of the wellbore, but the equipment
may pass through the restriction in its retracted configuration. In
one application of this principle, it is known to use expandable well
screens in wellbores.



anot her and then intersecured. The relative structural conplexity of this
previ ously proposed expandabl e well screen assenbly, and the necessity of
usi ng nmulyophssseeps to fabricate it, undesirably increasesci/tsoifigdui cation
cost. Moreover, since the assenbly portion outwardly Zs circunscribing a
perforated base pipe portion of the welbh.screen has several |ayers, the
maxi mum per m ssi bl e unexpanded di aneter of the base pipe is undesirably
reduced due to the necessity of limting the outer diameter of the well
screen assenbly to a maxi nrumvalue WO 01 /88332 -3 PCT/US01 /1506- |
determi ned by |iMtigxpradle @frdhe ohetential + usefilnesed 0f e EXRANARHEed

inereases 1 ROUERREE OhPca , BRELEED IFC ARG i, il JRPFRAESL G 1 coi o

expanded di Brﬁgbl%tffv!é,erl@l’éti\éélyAénééﬁséﬁéQtéd Fé»?nﬁﬁ’?nf fgd*ié b@sfrﬁbfr%qhn& a

need exi sts r an inproved expandable well screen) and assocl ate
f abri cati onmanosiguatioas dbi eaakleortat utiiast aswisell asciaen yto efiltsy t he

b ti oned probl Clinmitati di of i ousl|

o1 oposect veProgbiFBRT 2k, irBen e FaerRgtiod aphyR kdRtnide dherdenet_s | s
e t ! S genehal (
out the pri ot SPmenting Easiy IRy ¢he WeliSord (454 PerfpAMTY, o nofaver! N
enbodi ment  phekigwf operapiesi.alUyroitanately, Wweithositr sy raglidlr yppert ane is

useabl e in a subterranean well bore as a 15 particulate filteri nlg structure.
Wil e the wehcogspdated fanpnatient wauld kely callapieiatdl e ovellbare, on, it

I be_adv.ant I tilized i | i [ wh it t
T oo DAY SRRt hhRER. Ao B o VR o tak o o
Of the b eSABhEXDAMHANE WRY BEreetRInst hebbaarfip BEmaRL tharPEhgr than
20 in the representatively i1llustrate ownhol e welT screen application.

Accor di ng twedllbarspéctorden be beveonveyed ttinereehrougineand sol this are
perforated tubul ar ba;e &ippe coaxi al '%ici rcunscri bed by a speci al l

dosi gned t hINEARANIEAOF JBLPWAING | 2By EAdiak SHPOOLECHRT @l LNGINSaYEsLs: pe and

defined by ted tubul ar outer protective ' 2s shroud having a
tubul ar fi If%ﬂﬁﬁé@{rg sheet secured directly to its inner side surface. The

construction of ph&yibusieprébbyed Uspdrrdallet dedissérieensalane Ryoamsean of
the well screen, provides it with a greater WO 01/88332 -4

PCT/ US01% 150aenewdi rs&verabvpratdentsor limitgtiens rand ndisacvastages. fareen
di ameter, si |ifies n of th&gwel | dtsc een, and.reduces the
h

the fabricati
fabri cati on®¢ EID'S_f theyware §¥Pl§é?l|y _Fs}cgfe ﬂgi}‘,e rfi¢9'é1§ac§lr}q,|c?ﬂpe_ is of
a netal ”esBrngcﬁhbalLacﬁEF’sﬁpBBFt rfBl‘%Fdﬁh?ti%ﬁ%?rq’?\gj f%n"‘é’'t‘?ﬂdsyuﬁ’él]igédaFEﬁL I nner

filter materi ayers between which a relative Ine internediate filter
nmaterial |agleis psirpasew glaettionadypeatf i@ast ezne uimevdousiyt propbosed dwedinber

has a sidewal| opening area percentage which is representatively in the
o ot T Senenb AsatnBht AeeCr e aa . a8 s nEIEEHBYEE GonBIoUES ! dRan; y
about 2 e . i f peat | .as Faveni.l.on in a
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is formed bynpther dheotiven interseclitedt Frenledttvant-udtacalncomipliexisy &g

thereof a stack of individual netal nmesh sheets. A ~s diffusion bonding
process is pPinisterempuslys pioposedrexnatiabig wiellsareeneassemblyorandhktbener

Bref erabl y. necassiby BF a0 Rt ieateBs 13 fEbsttatp if Jiiedr b dnBBicng st ep
could be usgd dprieittbr k8sEhRfR3rRover, since the assembly portion outwardly
25 circumscribing a perforated base pipe portion of the well screen has
several layers, the maximum permissible unexpanded diameter of
the base pipe is undesirably reduced due to the necessity of limiting
the outer diameter of the well screen assembly to a maximum value



toget her, and a subsequent bonding step used to secure the bonded 20 sheet
stack to the perforated plate. After peripherally trimmng the flat

pl at e/ shegb ¢3jsgssls subassenbly to desired assenbly di mensi gaSruddiQsoss

pl at e/ sheet stack assenbly is deformed to a tubular configuration that
defines the filter nedia-lined tubular shroud structure. A seamweld is

pl aced 25 al ong abutting edge portions of the now tubular perforated plate
to hold it, and the tubular filter nedia structure which lines it and is
directly secured to its inner side surface) in their finished tubul ar

confi gur at | SHRtermingch v gstinting peall Ldimensiodss- TRalE ite e edweed ubul ar

pipe and sudSIAHAGHC el =IEP B "8, AR Bro, PhdN, REbelsRT
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schemati ¢ vireskioes theneaxithiniavayiabie pxpandptedianhetarethereosnt i nventi on;

~0 FIG 2 i tiall t inplifi i de. el ti | vi f

parti al 1§ assenbPSCERLTSATHY PESCet P ANE ToEROPHE? BRBAIRMSEC N
mbodyd § ngy fiath \ i [ eYa e X tiall

cut ey ot AEIMEVE DexBeRfaBle; WelP" SEREDn, "FA' HBSocrey FabRictf . Y Y

structure dehetheds} that elipnirnatecomnbitdeast sobstdritallyi redusestingmpbbbived si de
el evational view of a perforated tubul ar base pipe portion of the

expandabl e WBENtNRGNOrehlems, liitatiansiand disacvantaaes mfl previpusivie

el evati onal yj f | e bl e I r . |G 6.,Ls an
enl arged scé?@%%%tg W}ﬁg&{@%&@g@@ﬁg@gﬁ %ﬁ 8%9*%?@58%38@9%305%%%&{
expandabjoe kb thi ABB HeAIR BRgseritTAVEnbicH iUifeciegand FIG 7 is an
enl arged scale sinplified cross-sectional detail view of the area "7" in
FIG 6. 25 WD 01/88332 -6 DETAI LED DESCRI PTI ON PCT/ US01/ 150G~
Representatively illustrated in FIGS, 1A and 1B is a nethod 10 which

embodi es principles of the present iSWWIMARY 1n the foll owing description

of the method 10 and ot her apparatus . and . . .
In carrying out the principles of the present invention, in

accordance with an embodiment thereof, a specially desighed well
screen is provided and Is useable in a subterranean wellbore as a
15 particulate filtering structure. While the well screen s
representatively of an expandable construction, it may also be
advantageously utilized in applications where it is not necessary or
desirable to expand the well screen. Additionally, principles of the
present invention may be used in filtration applications other than

20 in the representatively illustrated downhole well screen application.
According to an aspect of the invention, the well screen
includes a perforated tubular base pipe coaxially circumscribed by a
specially designed thin-walled tubular filter structure anchored to
the base pipe and defined by a perforated tubular outer protective
25 shroud having a tubular filter media sheet secured directly to its
inner side surface. The construction of the filter structure facilitates
the radial expansion of the well screen, provides it with a greater



5 nmet hods described herein, directional terns, such as "above", "bel ow',
"upper", "lower", etc., are used only for convenience in referring to the

acconpanywwpadsgas ngs. Additionally, it is to be understogittbhat/1kdee
apparatus representatively described herein may be utilized in various

orientations, such as inclined, inverteg,_ ~o horizontal, vertical, etc.,
and in various configurations, wthout departing from principles of the
present invention. Referring initially to FIG 1A in the nethod 10, a
screen assean£r12 includingrnultlple expandabl e wel | screens 14) 16, 18 is

conveyed i nCBNEra|dilPBOAEED FOr PhaIVR NBR¥ LM PHEEF Wl SCreRn ihametsr,

The scr eensAPTIES £he. fAoREArarE R Uit ol SeEeBh Bl "riiBesy iR 2 ones
22, 24, 26. fg'chggblrp@@g; aPthe W@pg@te@-, in FIGS. 1A and 1B as being
uncased but it is to be clearly understood that the principles of the

‘present 20 i nvenPl‘eﬁeraﬁW allhﬁ)ﬂlliierpﬂtﬁuctw‘@dlsmf aavetiavetasbonmaterial and
Add! t! onal | L§ en assenb ted as Lt%r%l udi ng D
“ndi vi dusl ﬁ@ﬁe@‘ﬁe R Rrag Tagtaiy qhite oA fndtor il fgvers
iti d i f k I
positione hat ey vﬁﬁﬁ:@es reglﬁtz\églg“ﬁﬁezn%te@gweﬁgt Bifter Fnét%ra‘? Iﬁxzerc sear yy

under st ood ens ma |n the a

25 nunmber obattwishedenTheapepforatedt t@bataroogcen shreog n‘iemlmerznae%\
wi t hout departing fromthe principles of the present invention. Thus, each

of the scresieWall apening @searpeEceacs Whinh efsrrasentativelysin theand 18

dovi cos. 25, rapd¥s " sFoRF AT 10 et 0 Ao L Py 378,14
bet weeny, an@rgp@%@%m PperBengcreens 14, 16, 18. The sealing devices
28, 30, 32 and 34 could be packers, in which case the packers would be set

in the wel I bore acconding| ta e tfabricatichal2 aspett, ot ethfe dmventiorotimera i n t he

S, B SIS e Sl S
h llb d
he,vel Toor o ROgulieY . RafGER B RIBVIAR ' REDPRIRASLERA ey

include a sephcing on Mthérewahta@( an inbiAsbIOER Metal TABHh isAREtERYEeT | al |
a nonel astoner, etc., externally applied to the screen assenbly 12.

Referring aaurfﬁusmmcgmms\g PEOERSS, IS]JB‘GﬁGIﬁébB/cUEQ@h t@s@@ﬁﬂl phaznﬁasduabn
ded dj t dl y..f at Th

Soni ng. ey Shaety 8 aHe A endio Melct Rl hBisiaef sshgk 38 he HaBind) Biae' 56

bet ween t he o?%l‘%eﬁér%atéé pléﬁe fbﬁéfé}*é%‘!\f @ﬁ%d?@baﬁd:hg ﬁﬁdé&%@#s used,

Addi tionally, the screens 6, 18 preferably contact the wellbore' 20 at
t he zones 2ajthmygiea fﬂtsthbondm@tsteet couid tihe u&e@é:osbmd 1he SBeatBj t he

brevent i ng_ EABELBPANGA SIOSFSNENCI0NSITE SEE LSRR SR S ABBASE

wel | bor S e‘o‘ﬁe{eﬁg’f&"@fo tbglﬁe éf’éﬁ pl_*%tenot necessary in keep| ng WI th the

principlés 0 presen |nven I on. use of an expandabl e screen

assenbly 12 has agwsr alpetpiaeriihi ovAmmengf i tise Rt exmte/shedthe stack al | y

reduced confllgjuratl on . shown in FIG 1A may be advant a%eous for passing
t hrough a ré8 assnm@rhyamdleszrednasseﬂebl\aailmergsl@s@amaedo ateishest stadh shown

in WO Ol Sggglélplypgs\aégfr%gﬁ 1% 4t'lflb%ﬂall%OWYgLPr%tfao%vacﬂta@gggﬁﬁegthe

provi ding a
filter media-lined tubular shroud structure. A seam weld is placed

25 along abutting edge portions of the now tubular perforated plate to
hold it, and the tubular filter media structure which lines it and is
directly secured to its inner side surface, in their finished tubular

configurations.



enhanced access therethrough. Referring additionally nowto FIGS. 2-7, an
expandabl e well screen 36 enbodying principles of the present invention is
S represewioafiigésdzy illustrated in FIG 5. The well screen g6r/ge/Besused
for one or nore of the well screens 14) 16, 18 in the nethod 10. However,

it is to be clearly understood that the gell screen 36 may be utilized in
any ot her nethod w thout departing fromthe principles of the present
invention. Additionally, if desired, the well ~o0 screen 36 may be used in a
nonexpandabl e application w thout departing fromthe principles of the

present inventi onlNéfiNihateAUER ( ler Shegudifdterdsgracyiigersl thenubul ar

base pi pe 38 E . r y y fi e | ¢l ayer
filter nedi apéa?fgglt ég@xgéllye %@E5ﬁg%dpégw&géba|9%gciﬁ@én&'ﬁb"ﬁ‘ﬁ‘@bﬁ%d

out var dl y ovahiiybred tRerées ofon @ampié iy aRIGIR] the 0pbdte Riises tHE out er
shroud 42 (see FIGS. 5 and 6) circunscribing and outwardly overlying the
-tubul ar filtshroudiiteo theebas®.piphe tohcomplete (g febdsati®rsofhttse opeli ngs
44 formed through a sidewall thereof to admt fluid into the well screen
36. Represem@EPllely, the shroud 42 20 has a sidewal | opening percentage in
the range of from about 10 percent to about 30 percent. Preferably, this

si dewal | opening percentage is approximtely 23 percent. Fluid passing

i nvardly through the shiRIEFODESORIPTION OF THECDRAWINGSSi ng i nvardly
through the filter nmedia 40. The fluid then flows Inwardly through 2s

openi ngs 46 for neriGEhnaugihd 2165 iattevednembtithdebasof i peeBfod srAbbdYng4- 6) -
The well screen 36 may be radially expanded utilizing any of various

met hods. ForpéxRgiples ofthanasesantinventi®ted through the  WHO 01/88332 g
PCTI1)S01 /150G i f1 ui . b lied to.

PO ) Sop 3505 s Bl ) RSB o, SRR SB R
wel | screen g&rtigyy Bseimdieddutey riitepatiuctaré rlﬁg‘d;l aﬁré)(nl.’)e:d i a@gq&ehhe

present invention. s Quter shroud 42 protects t ter rom
damage whi | esareenveimbadyiagnpdaciieb ef il ecoreseyddnaendtiossi ti oned in a wel |,

Additionally, if the well screen 36 is used in a nethod, such as the nethod
10 previousiy deddbi Beld %Q?E{'ﬁﬁvﬁ’gr%ﬁ’ﬁyﬁﬁ‘@m@lqd §d%€i’j€\43§|%a\ﬂﬁ¥\60ifnt 0
radi al cont ' I td: h ﬂ;ﬂ& al = ot.gct il ter
medi a 40 friﬁ%%&ﬁgﬁatﬂ%{h @gﬁfaé , ggﬁeprd(?\?%ﬁg ragﬁalass%%%lta% to
prevent &9l | epafigeiratioy; wel | bore. Thus, the shroud 42 is preferably
constructed of a durable, deformable, high strength material, such as

steel ) al though dtiferd natarsimplifieg sideusievationaleyiewy afta pagfqratedi pl es
of the prese r eadi | reci,ated that, when the

t.invention It w.ll b a
base pi pe_ setiRUBKRAsEINEAPIIPD JHEFEPYN BRI WaICSrorbai a’ 40 i I I be
radially conpres Brti iR £f | Vi se of
differenti al expjﬁgi ?ﬁi%‘é%?&gﬁW?;dt%ggQéJ pem?f8ét§13§%t§%|eévs roﬁ% \2?96'3'6;? may
be diffi cul ttle conmpletesicexpatedaly lebivelltsoreainnt ai n 2o al i gnnent bet ween t he
openings 44 in the shroud and the openings 46 in the base pi This | ack

46 in. pi pe.
of align?ent bet vilBn 6his AEnfRigEoed sea 4§,'”H?ﬂf|%rrﬁlf%9§§e§ﬁ&'fa|t MEW | ter
medi a 40 bet yean), dRenaNEgibleted expandable well screen taken along line 6-6

of FIC. 5; and
FIG. 7 is an enlarged scale simplified cross-sectional detail view
of the area "7" in FIG. 6.
25



42 and the base pipe 38, could severely restrict the flow of fluid into the
well screen 36. However, the filter nmedia 40 includes features z5 which

conpl et elwoli/gssagbstantially elimnate this potential problpevusspasichi cally,
as cross-sectionally illustrated in FIG 7, the filter nedia 40 sandw ched
between the perforated tubular base pipg 38 and the perforated tubular
outer shroud 42 includes three | ayers of WO U1/ 88332 -10 PCT/USOL/ 1 SCC-4
filter material - an outer relatively course Iayer 48, a mddle relative
fine |ayer 50 and an inner relativel coars er 52. The ternms "fine"
and "coarse" are used her e| n tBETMLE§[BE558 PgléN ve size of particles

itted t th t I 48, 50, 52. That th ddl
Payer 50 111 or < RePRESERCadRY. WisEated iy Ence% W BRek 15113 padetigd 07

t her et hr oug t coay

| ar ger - si ze%p%i%?@ﬁ'ﬁg ﬁrf glépggs@f n% ﬁoué‘&bmﬁ%m |3‘y”Z?Ch?r£8 50, 52
- may consi st f@movmgOUe@r:ptlmﬂlw dve! rrﬂalth@bls 10faﬁ§t ethae A gebens and ~o
However, the inner and outer |ayers 48,52 are not necessarily used for

their filt efmethodspelescabedal heigh directional t terros; gudhayas “apoma’|

filter | d,, ticlps f £l fl to the interi f th
wel | “scr oen BE10W e RREFEnAOWETS sttu Bre HREA PHUY. fRiovo/arihgeof
bet ween the r‘é@@ﬂ?ﬁgstd% @aé‘éé@g:i:&n?aaﬁa iR, SShdditRmanRdee is o

it o Y
exanple, if the ter ayers e of a relativel'y coarse woven

material, flundersédoedl ithatnthe iampdracusweiepresertativélyvdesttibesdhhendin
openings 44 may relatively easily flow transversely through the |ayers

48-52 (i .e. m@&n‘é@alﬂth%@r|}51eHaf|@MI5a@T|?n¢@t|9Hé, sHEN S #neldted oinvErtedconi ng

1 ow tr oGl el <6 e PR 8o afloyhr Sob AU SRR, uon

the middle fdéﬁﬁ*t%d?mﬁnﬁﬁrlnﬁlm%’sHfadh%vﬁfis‘értt| QeAgRh,the inner filter

| ayer 52 to one o he openi ngs , and ow i nwardly through the
openi ng 46 i nto Refermingr um’CIatva tthe AGsdApi e B metheidork), aveorddn t he

filter media 40 |s radi al | fssed 2S bat en tre shrou? 4% ang t he
base pi pe428355§mp ¥h é’?\‘i'b‘l S’BH @a?EDaP HEENG 14 161 é%fat glrpe
med & (ot hearcom st tEd A, Wﬁ’iﬁaﬁcﬂﬁaﬁ%@??ﬁan ot iiple | o

f1 ow duepst o fiorendtebas iorezdnes 22, ¢d, 24 fidrar wiisterit 9 desiecptdimmduyce key
aspect of the present invention, a unique nethod is utilized to fabricate

the well scr%@hd%@hﬂﬁ@'lﬁegb\som d&s 181are W3iti0NegkeP POSHETESPECEINEONES | ed
configuratio dycing its conplexity and fabrication cost. This
| Oat [ on ThfTe A00es B2000 26 toser ibad I son uncti on w

fabrication described in conjunction with FIGS. 2-5. As

Il lustrated in F"rﬁezwelllp%reuéoefs degfﬁ\étéﬁ lﬁVP'l th AanbS18 Qﬁﬁ‘é(i'nérmfﬂa@éd

initially flat rectangular netal wngthesroud ~0
per f or at i ondouytitf isrteedde bkaciynundetstiond rtgaarthenmﬁncmlde oa=4thermesemt er
medi a structure 40 whi creen a tubul ar

Cont urst dRvengiammidtaatss ke Sracicaedn sesedaveligogss. Aggitionany, tie
screen assembly 12 is depicted as including three individual screens

14, 16, 18, with only one of the screens being positioned opposite
each of the zones 22, 24, 26, but it is to be clearly understood that
any nhumber of screens may be used in the assembly, and any

25 number of the screens may be positioned opposite any of the zones,
without departing from the principles of the present invention.
Thus, each of the screens 14, 16, 18 described herein and depicted in
FIGS. 1A and 1B may represent multiple screens.



rectangul ar netal nesh sheets placed atop the inner side 54 of the flat
netal plate 42. The nmesh sizes of these individual netal nesh ~s sheets are
arrangedvwoopssssp define in the stack the aforenenti oned rpelratsovelogs coar se
filter media |layers 48,52 and the relatively fine internediate | ayer 50.
Using a suitable diffusion bonding procgss, these individual netal nesh
sheets are sinultaneously bonded to one another, and 20 the stack of netal
mesh sheets is bonded to the inner side 54 of the plate 42a. Alternatively,
t he indivi dual ts coul d be djffusion bonded to on% anot her prior to

h !
di ff usi on bondi snife IRG dexigesi4sit , ealR ANLERONNEGtEAY Bhe 156he8Rg is a

referred f I t f4 i i i f the
. Berforat edrgﬁsgﬁgj@s1%m%rgﬁgc dné\géugg%gg%fé}ﬁbretngtélq?lggfe"asl{%e]segﬁuér?e t he
filter nmediehé sehhmgrdeviees 28, 80sBRemd Bitdwwtl e packieny iy wmithease

principles of the present invention. WO 01188332 -12 PCT/ USI ||/ 1S0C~
. Pref erabl y,thenpackarg waiid be seb inithewalkhores 20 Ae iselatenthe 2onasr22, nesh

sheet stack.,4 nd..t he ,.u rLyi fl f qr.at ed e 42a are generall
Ciontiod 2 s fibhol er BRARL Y e wBliaBrS AP AeErokAb Seafothvies ™ '

derl vyi t j i i j f k d
blate T eps ABIOPTE, BAY phbidablf cxcairdHINE KA Blevitedwhith Bren G
2. After thexphrndediinto sealinggantact veithdhebaeibore@ewndren the speeephery of
t he stack/pl ate subasse

mbly is suitably trimmed fromthe dotted line P to

the solid |3S§8NMRWY; a%éﬁﬁm%argqﬁmasi Qeﬁr@eg NofWher fdetaib belpW: aferfi |t er
di b I ! D ) b ) - nal

fabr cat Lokl ShE Seqiid WAl eb M0 Yoo ¥hntha SAERRIS A SEalib?, 4,
i's suitapl YH'@‘téﬁblTBSildi‘Pw driidstontenfd pediBEheMatdridl hAohieldsebni@di a

structure 40 secured directly to its inner side 54 now al so having been 15
def or med t cete.t extigraally aumiad to ithe sehaepaissgmiily d@oscri bed by the now

t ubul t f t ed da42. T ' h hroud 42 and the filt
modi & 40 it ch” HGHBEr NEsaRRIGPRAY PWHE Fieybbi ER SSREFQ.ASETAY, T8 scam
ld 56 i | bRy Al | [ Qfcbn h d 42
and 1 ter Nt Beef, ATt tadial) DIRGLRORE, fOTH, TS BUATTIEN T, he

filter mediconfigadationf oTheestdlimoubavicasr 28d38232hand B4 ok sealindiyer the
fabrication of the shroud 42 is conpleted, the perforated tubul ar base pipe
38 (seel¥ @haage theewabxyed 20 etween i theesersenst 14h86sABoandsabpyee FI GS.

38 and 1t he S0 SROREHIESEUAIES "8 2nd 7). “The 1 1ter mediaclined shroud 42
i's then suitabl yZ@@RiSHAN, the screens 14, 16, 18 preferably contact the
wellbore 20 at the zones 22, 24, 26. Such contact between the
screens 14, 16, 18 and the wellbore 20 may aid in preventing
20 formation sand from being produced, preventing the formation or
zones 22, 24, 26 from collapsing into the wellbore, etc. However, this
contact is not necessary in keeping with the principles of the
present invention.
The use of an expandable screen assembly 12 has several
25 additional benefits. For example, the radially reduced configuration
shown in FIG. 1A may be advantageous for passing through a
restriction uphole, and the radially expanded configuration shown in



to the base pipe 38, such as by annular welds 58 (see FIG 5) extending
around the opposite ends of the shroud 42. WO 01/88332 -13 PCT/USO1 /1
S(1 G4 Thwosessgsenment of the filter nmedia structure directigr/ositib@4i nner
side 54 of the perforated shroud 42 not only sinplifies and reduces the
cost of fabricating the well screen 36,.ghut also provides the screen 36

w th ot her advantages conpared to well screens of s conventi onal
constructions. For exanple, due to the thin wall construction of the outer
filter/shroud sfructure 40,42 the well screen 36 nay have a Ia;ggr di anmet er

perforated bitse!BipavaBer aivantatRaisEr RERWUING iR oW areaeand |
screen. ThUé 1%%@&?5& lthe%g%hq’ﬁ is radially expanded (as, for
Ph 0 describ

.exanple, in € previouslry -~ ed nethod 10), the resulting base pipe

flow area is i ncRefesrethg aadid ititn P i oto SFICSS R-PN dnmexipasriableewet
decreased, conpared to a conventional, thicker walled well screen having
the same unéde&itedbi mMbQOWRL Rhdies af atbeerhresenthdnvestide tshe base

Const ruct earSRteEeLierd MU HERaeEIrE B, %o TR e Sbrson BarBRYE 180, oL

pi pe openi ngsr FhEdr Rford ZFItMaSREl crBBhS 14,915 d’i@iigaﬂ?e %Eitﬁb@t”gd.

consi derations, as opposed to having to be siZed 'based primarily
facilitate Hadweverxpdstoopedeatiy ursckerspopd. titat thwe pvell soieety 36emayoned,
while the screen well 36 is reFr esent%hi Vel\X[ an expandable well screen, it

may al so bePEdHEMZREE ol | JNYit PENSEIMETNRT, AtGH L FORRHILIRG:t FIEHY ith@wni ch

it need not el : i r

11 ust rat eaPAMSTREET Bag MEsEhERveMtio” Adelfnauaf ietietd e

subt er r gneagcrRin BB eamaiyt b lusetedsli  \ndrexgs0gable Guptidatine Wity nary
skill in the filtration art that principles of this invention could also be
utilized i ndepasting frosn thenprinCiples afithe pkasentdnvensiar. desired. WO
01/88332 -14 PCT/LISII1/1 1 illed in the art

ool opon. <N BIAIsBRES ket o8 S Redl ek bk o e

repr esent at e QG Tt S Gorldhgly MANILER: CHAPRIACRRALASIAVS. ifdr many

nodi fi cati ons, i trons, stitutions, etio er  changes s may

be made to hhedigpshieetc4ontsed RCS.s5 and Bicboakialgesirenmsooiiingpbaded by
the principles of the present invention. Accordingly, the foregoi n?
det ai | ed5 deSELWAIPbA OVertying dinear Paseinddpe: o@ﬂdasgbgieﬁ'@rgﬂ\be UbWIdtay of

nvent i on bBMALET e Sufeioraloutiyi 38ed Ficdne 3APE) HlrelMisciERel pngs s,
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filtration device, the nmethod conprising the steps of: provi di
perforated fdet EIGSe3e@rhasoipeniagsiddeformed through a sidewall thereof to

admit fluid into the well screen 36. Representatively, the shroud 42

20 has a sidewall opening percentage in the range of from about 10
percent to about 30 percent. Preferably, this sidewall opening
percentage is approximately 23 percent. Fluid passing inwardly
through the shroud openings 44 is filtered by passing inwardly
through the filter media 40. The fluid then flows inwardly through

25 0penings 46 formed through a sidewall of the base pipe 38 (see FIGS.
4-6).

The well screen 36 may be radially expanded utilizing any of
various methods. For example, a swage may be passed through the



pl acing a sheet of filter media against the side of the perforated plate
menber in a parallel relationship therewith; and formng a tubular filter
struct ur ewpaiggsibhe step of deform ng the perforated plat egwudsensosand t he
sheet of filter media, to a 1o tubular configuration in which the deforned
perforated plate nenber circunscribes the defornmed sheet of filter nedia.
2. The nethod of Caiml1 further conprising the step of 15 securing the
sheet of filter nedia to the perforated plate nenber. 3. The nethod of
Claim1l further co risinﬁ the step of retaining the deforned perforated
pl ate rrenbepaﬁ@ndpélﬂngeﬁsof HIQt@Fe%E‘H?a”ﬂ@]VtHEi la%tn.“ﬁﬂ 0 canfMembiaNEns. 20
4. The meth I M r r EiSAN e ShRps : L diin

. perforated @@8@%’%%@&9@%@5& P%gg}jg“?%’ ?en%dgrti ng fhgﬁgag{éemg egrbfsvi thin

the filter ekpoptig theaanstreemgstmayfhé igedsiwititdut elcparting frger t ed
base nenber. 25 5. The nethod of Claim3 wherein: the perforated plate

menber has tppdyinepiesiof shgdyesantinvertionought into close proximty in
t he def ' t | /88332 -16 PCT/USOL/150(..] th t ai_ni
Step i not udes ¢ raltefShopudhd, bEGtEGts e S Tiepanects 4srehh dAmgBerhe”
t hod of Li | oy thre; t P |
material, anfig, e \RER Erosn dicispienty ebfliefed dhdBRfiongdoh WAL,

al ong the cheokittipnallgxifithe welatreensisliés egeesirot methoef, gurhdagehkor at ed
plate menber. ~0 7. The nmethod of C aim2 wherein the securing step is
per f or med uBN&hQd diG pPrevEIShs AiRSEEINRD Hesein, swherginndhBowed  SAE&NNiS2

et e e S BEHERE 1L e B KE  AuSORE! 1 kb 2Em o
SR he" 3 PRLee gRe e FicHR f 1ol oy 5 ueh cOhaleERA | aver
provides radial support to prevent collapse of the wellbore. Thus,
the shroud 42 is preferably constructed of a durable, deformable,
high strength material, such as steel, although other materials may
be used in keeping with the principies of the present invention.

15 It will be readily appreciated that, when the base pipe 38 is
expanded radially outwardly, the filter media 40 will be radially
compressed between the shroud 42 and the base pipe 38. Because
of differential expansion between the base pipe 38 and the shroud
42, it may be difficult or otherwise undesirable to maintain

20 alignment between the openings 44 in the shroud and the openings
46 in the base pipe. This lack of alignment between the openings 44
and 46, and compression of the filter 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 filter media 40 includes features

25 which completely or substantially eliminate this potential problem.

Specifically, as cross-sectionally illustrated in FIG. 7, the filter
media 40 sandwiched between the perforated tubular base pipe 38
and the perforated tubular outer shroud 42 includes three layers of



di ffusion bonding the netal nmesh |layers to one another, and the stacked
series of netal nesh layers to the side of the perforated plate nenber. 2s
10. The nwphagsssh Caim9 further conprising the step, perd@ropsd/ipscsor to
the formng step, of peripherally trimmng the perforated plate nenber and
stack of netal mesh |ayers diffusion hopged thereto. WO 1111 88332 -17
PCTIU SO 1/1 SOGt 11. The nethod of Caim2 wherein the securing step is
performed using a sheet of filter media having an inner |ayer of relatively
fine filter _materi al wi ched between inner and outer . side |ayers of

relatively @Hﬁrs@aﬁ:ﬁr'@ r aﬁ‘a@H prarelagivedy £ourse daves A8dadniddig relativger ei n

i Genat ) opaneTaSar 2D, ARG 4 Mot e RUNMBLP BRRRE by B, Tad BN MRS Dot 1o
about t hi rtyngerceanse” db usba n@’féwctoon‘ndﬂ:@terrtﬁewaertﬁwsrz@opP@vuélesg step

is performed using a perforated plate nmenber having a sid open area
. per cent age BEradtiad ttae pags tthredgbetbenfiltersiayers A&fé@ had cThatallSr itb&t i ng a

St eps of ee”n&&da#ﬁﬁva“ S0 PP b8 GE A< Bkl Pt T Bt bBr o
filter Str“’éﬁé'l" tvPﬁ“IéttWésl eré’ﬁ ‘6lfﬂe'FQa ﬂeﬂé%baftlgt%{%& gper,

20 providing a s eet ter ne aC|n sheket” o I1Tter nmedia

agai nst thelamgemrmdacbarltml@s lfmrbeﬂum passMg tmemtdeoughat iEachhiayer
therewith, deformng the perforated plate nenber, and the sheet of filter

media, to al8HBBAMAYEPNGISEARN GReiar Kaarennciwicual sheets of rkaloneshber
circunscrlbﬁftkgﬁgdeforned sheet of filter nedia, and retaining the
def orned pe 4 d plate nmenber and sheet of filter nedia in their tubular

Con | VIR0 SOMERRTE NG iy GTCIyehd g Mo bt teckkcionur
used for their filtering properties, although at least the outer layer
A8 will filter larger-sized particles from fluid flowing into the interior
of the well screen 36. Instead, they are used primarily to provide for
flow between the openings 44,46 after the base pipe 38 is expanded.
15 For example, if the filter layers 48,52 are made of a relatively coarse
woven material, fluid radially entering the well screen 36 via the
shroud openings 44 may relatively easily flow transversely through
the layers 48-52 (i.e., generally perpendicularly to the radial direction
of incoming fiuid flow). Thus, fluid may flow into one of the shroud
20 openings 44, flow transversely through the outer filter layer 48, flow
inwardly through the middie 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 into the interior of the base
pipe 38. Therefore, even if the filter media 40 is radially compressed
25 between the shroud 42 and the base pipe 38, and the shroud
openings 44 are not aligned with the base pipe openings 46, fluid
may still flow relatively unimpeded through the filter media (other



WD (11/88332 -18 PCT/US01/1 SQ(v 15. The nethod of Caim 14 further
conprising the step of securing the sheet of filter nmedia to the perforated
| at e nenbwo.01/8838. The nethod of C aim 15 wherein the securdmgs|ligs4i S
performed using a diffusion bonding process. 17. The nethod of C aim 15
wherein: the step of providing a sheet.pf.filter media includes the step ~o
of providing a series of individual nmetal nmesh |ayers, and the securing
step includes the steps of: stacking the series of individual netal nesh

| ayers on a, side of th erforated plate nenber, and diffusign bonding the
metal mesh FagRiberesistahgadolpw dlis tofa ralakive Haeimaiddle fideRiavas

| ayers to tgg)side of the perforated plate nenber. 18. The nethod of C aim
.17 further cornprising the step, perforned prior to the deform ng step, of

peripheral ly trigotoeliAy tbe rReyiaprictdblae g reseper inventidmck wiiguet al
mesh | ayers diffusion bonded thereto. 19. The nethod of Caim 14 wherein
t he retai ni P is Utjwebtadabbicate tiienwell seraenéfdvbich isovides ited

perforated 25 | at e, ,20. The, nethg f Claiml4 wherein the step o

brovi di . addrRa TR eéstrapl uiiPatRliedsaniudiatio s belasd eatiitaits
metal mesh i 2 : | b7 m t hod
of Claim 14EIB erlee?ityt égdsfég)%%]r%{r‘ow i n-glg-ﬁz% gﬁé@éhf?ﬁ@r‘)m;laﬁﬁw
per f or ned bpepdesdribed in comehctbnfwitheFIGSedisa havi ng an inner | ayer of
relatively fine material sandwi ched . between inner and outer side |ayers

of relatively coffdBUstrated I5 g & ithie opiber tHBUM FoPud 43 i feMegher ei n
Lhe, ot 2P o i PP S ERSoBA ol Ribcs Bk REE X RERK, . 1
~0 rangegp of preArARME Aeforrpeaethetdinabaef hbbind YarPefséPkide 54. The
filter media structure 40 which, in the completed well screen 36 is of
a tubular configuration, is initially a stack 40a of individual flat
rectangular metal mesh sheets placed atop the inner side 54 of the
flat metal plate 42. The mesh sizes of these individual metal mesh
15 sheets are arranged so as to define in the stack the aforementioned
relatively coarse filter media layers 48,52 and the relatively fine
intermediate layer 50.
using a suitable diffusion bonding process, these individual
metal mesh sheets are simultaneously bonded to one another, and
20 the stack of metal mesh sheets is bonded to the inner side 54 of the
plate 42a. Alternatively, the individual sheets could be diffusion
bonded to one another prior to diffusion bonding the stack to the
plate 42a. While diffusion bonding is a preferred method of
securing the filter media to the inner side 54 of the perforated plate
25 42a, other technigues could be utilized to secure the filter media to
the plate, if desired, without departing from the principles of the
present invention.



23. The nethod of Claim 14 wherein the step of providing a perforated pl ate
menber is performed by providing a perforated plate nenber having a

si dewal | wpaasgdsea percentage of about 15 twenty three permEmuso1Ado64A

met hod of conpleting a subterranean well having a well bore, the nethod
conprising the steps of: providing a tuppilar well screen assenbly having a
perforated 20 base pipe coaxially circunscribed by a tubular filter
assenbly defined by an outer perforated tubul ar nmenber having an interior

rface to which_a bularly configured filter media el enent, coaxiall
Zfsposed Wi t h: n PF@;%@B@ : tE’E@I alﬁlng:ﬁﬁbe?'?ai sWdI‘ijF'%clt&W@é%'G’lnéd; Oﬁn)c(fhaﬁi d
I ' th . ' b ' ! d ai
29 Turther CoGtAar " Flite SIEEADShELE, SPRK"A0RDaRG he, uBeineP iy, 5 *'
wel | screenpzgserdied pidte /d hee windrang. identoalldri@ 382 sivsbtRsEhckI(oal /1

SUC. I 26. The nethod of Caim25 wherein the (adi ally expanding 5 step is
performed i is Perivmerallyr alighad wid cheeungerivinatiat blatig 42anwfibterthent o

ohor o oo IbBeEGT RETIBATEY B, i Bstadk nang( bisbea FpnRentaniel " °
el erent of @xfEhaing AShEUEE Mol cEHIEH oD ) i 27 itefithd he

providing step Is ~0 ornmed using a tubularly co ured neta h

filter nmedi giffusiembohdihgsprocdssiiscéen tdumpleted, chespefipherpofttinge
perforated outer tubular nenber. 29. The nmethod of C aim 24 wherein the

provi di ng sStack/Blate pépassenslalvulsi sigtablvotrierimger frema: the dastedrlingmber

Lon per cent tDo thBoRBTB e e BEREY 56 SPAMh it 6”2 “BF PR e
provi di ng Strﬁ@té/ﬁlt%‘? PRESRT SeMhadsembIRNwath €4 ARISHIR!SEFibHB aRaURiE e’

having a sidewal |l open area percentage of about twenty three percent. 3-.
The met hod @redesenntrnedifinal iabricatiprdiniengicnsp is perfornmed using a

Lubular! v, contl oS (i ilgrlBEhd, i B s hahe Sl sl Y sR3b
ltraton AEPChREion thhyldr cdBhiatighr watS EHe e mcdidhariethd
40 secured directly to its inner side 54 now also having been
15 deformed to a tubular configuration and being circumscribed by the
now tubular outer perforated shroud 42. To retain the shroud 42
and the filter media 40 which lines its interior in their tubular
configurations, a seam weld 56 is formed along the abutting side
edge portions of the shroud 42 and filter media sheet 40 to thereby
20 complete the construction of the filter media-lined perforated

tubular shroud 42 shown in FIC. 3.

After the fabrication of the shroud 42 is completed, the
perforated tubular base pipe 38 (see FIG. 4) is telescoped into the
interior of the shroud 42 (see FICS. 5 and 6), thereby sandwiching the

25 filter media 40 between the base pipe 38 and the shroud 42 (see FICS.
6 and 7). The filter media-lined shroud 42 is then suitably anchored
to the base pipe 38, such as by annular welds 58 (see FIG. 5) extending
around the opposite ends of the shroud 42.



V1' O 01/88332 -21 PCT/USO111 sOC.t a tubular filter nedia el enent coaxially
di sposed within the s nedia elenent is diffusion bonded to the inner side
surface oyotgigsid3. The tubular filtration device of Cai m@Zryvansd t he
filter 10 34. The tubular filtration device of Claim32 wherein the filter
menber has a sidewal| open area percentgge of about twenty three percent.
38. The tubular filtration device of Claim32 wherein said nenber coaxially
circunscribed by the filter element. 39. The tubular filtration device of
Claim 38 wherein_said 15 outer nepber_ and secured directly to its inner

side surface. oufla® m@me%@fat@ SHERE Medix SHURtUEE %@ﬁthiofr%tth@ct i on.
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mat eri al be?é@@@e%hé"b@sﬂ@# ﬁébl"l@éb{né'tfh% haescreenf 3$tl9ilt ka@{lldé‘s
sandwi ched. 36. The tubular filtration device of Caim 32 wherein the outer

.menber has #heisareen 36pyttraoéaepacbmtagesmammredeto Mgk sereens@fabout

of 'l ai i 32CRRUBBRIONAlo OIS G i s “Prambles G, da dnd fim el °°

conprises a r G@ege I e |1
Screen useagpggﬁgﬁrﬁb?gﬁﬂaﬁe% of“t'%wiore d éi{/\%bg@ré% 33‘2 Eﬂﬁé el

PCT/ US( 11/ 156feert @6 Miay hawe laaiarer diaweter gmrforatsd Bhase pipd 3theorian sai d
tubular filtration device is radially 5eﬁ{_pandabl e. 4~. The tubul ar

filtrati on Q&G ENAXINAUE mttter\mémauer the welbscegen.i (Thust Weridhiece i s
an expandab eIY\?éljeean%ge? rgala?lele%(danéleﬁ l('éjs For Eafple; erbc?me previously

10 described method 10), the resulting base pipe flow area is increased,
and the expansion stress on the base pipe is decreased, compared to
a conventional, thicker walled well screen having the same
unexpanded initial maximum outer diameter.

Further, since the base pipe 38 is initially of a larger diameter

15 than that of a conventionally constructed well screen having the
same maximum outer diameter, the base pipe openings 46 can be
sized based primarily on drainage efficiency considerations, as
opposed to having to be sized based primarily to facilitate radial
expansion of the base pipe.

20 As previously mentioned, while the screen well 36 Is
representatively an expandable well screen, it may also be
advantageously utilized in a variety of applications in which it need
not be expanded. Additionally, while the screen 36 has been
illustrated and described as being a well screen useable in a

25 subterranean wellbore, it will readily be recognized by those of
ordinary skill in the filtration art that principles of this invention
could also be utilized in a variety of other filtration applications if
desired.



.A3u9 .ASN'2 .A3°.AY 2 Al ".AY . AlaL. Al (L2 . AY(L .AYN . A( . AL .AY("
AN (. A L. A(L. AYh" . A&Lr. AYL .AIN'Y . AIN9 . AF; "~
$quHRADG wologlsgaspcal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] aajwedoaakswal cal ca]
ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca] c: a] cal ca! O -
MXAV-yi #9] w mhc”Y] ] ca] ca] ca] ca] ca] ca].cqj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc
a] ca] ca] calca]ca]ca]lcaU calcalcalcalcalcalca! 9LX\|I hr5D# # ' < K

"9(((zupkf a\ V\]ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] caU] ca] ca]ca] ca]ca]c

2 ca %a]p??‘l??‘lczéfaé BuBoBeras UGH HcERe a4 WAt dnon 2 SPERTWa) cal ca
| cai cal ca Cé&;@@?ﬁég@ﬁaléﬁ%ﬁ@ e Ao bsal FaprRETAbERESA! 3344

444405p5556i

Lo = =r>xefif@dinedts] bf cahealinaéntiora] ¢ehdiy c alpyrkeidtea] traltc ahealycal caj ¢
a] ca] ca] ca] ca] ca] ca] ca] adfga cal ca ca]ca ca] ca] ca! @ANBBBC! C C9CCCCDSDDDEEF
. XFFF&G=Gz GAHFMHIF) jtigng] suipsElutdPBs) deledignrs]aid edheajct@n@gsca) ca] c

2] cal cal ol ol PRl Sy e P R b

R, SuSTaTTc gérwpblg
caj ga] caj caj]é%a] cal caﬁ:@i] ﬁ gg—]‘ﬁ] ?Z}rg(g})% ggﬁﬁ@uls éhﬁagﬁ@%%%%@%fﬁ% {:g{

E\z\}\\\; Accordingly, the foregoing detailed description is to be clearlv

1] ca] cal] calPEPERQUR RS SnEL ANsK) b5 Wal Ay ALLkTdah aisi @GAnbIo. 0Ty, « | K

2] cau cal oo Na B} AAFE Wﬁi%ﬁ%ﬁ%@%@&ﬁ?é@ﬂ@ﬂ@% @&&a]céf‘]cé

<cFcKc"¢dpccenidt RMieceef <f f f #gZggghJhhi
ii~ytoje zZU call ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] caU] ca]
ca] cal] ca] ca] ca] ca] cajcajcaUcalcalcalcali"i&\itiiijj)jjj2k] kkkkkx! 11 nmrv

nmmmm] we mhb] Xj e ZU] ¢] ca] caU] ca] ca] ca] ca] caU] ca] ca] ca] caU] ca] ca] ca] cal] ca]
cal] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] cal] ca] ca
mrCnnnnnoNoooopCppppp~qJdrrrrss

s3s7snsossss| vpkfa\lVj e ZU] U] ca] ca] ca] ca] caU] cal] ca] caU] ca] ca] caU] ca]ca] ca] c
a] ca] caU] ca] ca] ca] caU] ca] ca] ca] ca] caU] ca] ca] ca] ca] cal] ca

s'tatotstt-uCuGu| uuu v$vYvvvvww

XTX<XCXExJIx[ xxxxy!y| wr mhb] Xj e ZU] U] ] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal
ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca] ca

Lyybyyyyyz! zXz[ zzzzz{] {{{{{4|d] 9| k|| |5} E} @ V}f}]}| wngh] We" ZU] UU] ca] ca] ca
U] ca] ca] ca] ca] cal] ca] ca] ca] ca] calU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca]
cal] ca] ca] ca] cal] ca

jryn~o~yzl zXz[ zzzzz{] {{{{{4|dlg| k|| |5} E} Q@ V}f}]}|w ngb] We" ZU] U ca] ca] caU
] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca]ca] c
aU] ca] ca] caU] ca] ca$qi K, @10%&' ()- @ 910%&' ()- 109%&' ()-FS&10%&' ()-M

109%& () -10%& ()-910%& ()-quHaB, @10% & 10%&' ()-, #10%&' ()-!; Y'109%& () -
&109%&' ()-310%& ()-10%& ()-Ri"<. 10yy! 3&6F10%y& ()-14,

109%&' () -!F2&10%p& ()- !'6S/1"109% ()-9*@ 10%& ()-Z(1 "10%& () - AgH 10yy! 3&
109%&' ()- glOo%& ()-F" 109%& ()-Sf109%& ()- 109k ()- 10yy 10yyADGaBH

10yy! &Z"109%&' ()- 109& ()- 109& ()- S 10%&' ()-'Y &10%& ()-9 10%& ()-GO QG ~?H
10yy!*- 109 ()-Y"Z"10%& ()-!6Y"Z"10%& ()-!Z"109% ()-, 109& ()- 109& ()--



rS4 10f 109& ()-"10%& ()- 10 10 10!35' 10%& ()-!31' 109%&' ()-y,- 10%& ()-Z
MX\:rS4 10! $3y ' 109%&' () -g-109& () -

Y' ' 109 (Wo¥iA¥332109%& ()-Y!'Y' "10%& ()- YF' 109 ()-"}oPl PCT/US01/15064
1lyy1l09%&' ()-s109%& ()- 10 10

101) 3y ' 10%&' ()-g!)3y ' 10%& ()-g!)3y 'Y () - g%IdEoP1 1yy10% ! 10%& () -
f109& ()-& 10%& ()-1 @10%& ()- - 10%&' ()-F" 109%& ()-V-dEoPl1 1lyy10% -
109&' ()- ylO09%&' ()-&109%& ()-,!- 10%& ()- @ 10%& ()- @@ 109%&' () - 6yi #}[ 90P1

11, %- 109 ()-FLDN ' 109& ()-, % 10%& ()-,$
109 ()-!M&%FW&W () - m#9l JKLXzI AP1 1" 109%& ()- 10 10 10! Y6

109%&' ()- @, 109& ()-!Y/'109& ()-Z'6Y/' 10%W.' ()-ZX\I| hraB*"P1
-1°1010% ()-!19'" 109 ()- 10%& ()-,gl0% ()-Y" 10% ()-f10%& ()-r5a?"Pl
1'y- 10% ()-Fy1. A method of fabricating a filtration device, the method
109%& ()-F!'IL G 10%& (g -Z10%& () - @10%& () - F10%&' ()-5D#zX97P1 1, 10%
. & ()-!DLS) zcoouarising theseery of 10%.L& ()-F!'" 109 ()-F!' DL 10%&' () -
~ o/R' - o/R' -
-@ 11:5:L 0% () 5%(%’%%& a 68rforated plate member having a side;
placing a sheet of filter media against the side of the
perforated plate member in a paraliel relationship therewith; and
forming a tubular filter structure using the step of deforming
the perforated plate member, and the sheet of filter media, to a
10 tubular configuration in which the deformed perforated plate

member circumscribes the deformed sheet of filter media.

2. The method of Claim 1 further comprising the step of
securing the sheet of filter media to the perforated plate member.

15
3. The method of Claim 1 further comprising the step of

retaining the deformed perforated plate member and sheet of filter
media in their tubular configurations.

20 4. The method of Claim 3 further comprising the steps of:
providing a perforated tubular base member,
coaxially inserting the base member within the filter structure;
and
anchoring the filter structure to the inserted base member.

25
5. The method of Claim 3 wherein:

the perforated plate member has opposite side edges which
are brought into close proximity in the deforming step, and
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5 the perforated plate member is of a metal material, and

the intersecuring step is performed by forming a seam weld
along the closely proximate opposite side edges of the deformed

perforated plate member.

10 7. The method of Claim 2 wherein the securing step is

performed using a diffusion bonding process.

8. The method of Claim 2 wherein the securing step is

performed using a sheet of filter media formed from a metal mesh

15  material.

9. The method of Claim 8 wherein the securing step inctudes

the steps of:

stacking a series of metal mesh layers on the side of the

20 perforated plate member, and

diffusion bonding the metal mesh layers to one another, and
the stacked series of metal mesh layers to the side of the perforated

plate member.

25 10. The method of Claim 9 further comprising the step,
performed prior to the forming step, of peripherally trimming the
perforated plate member and stack of metal mesh layers diffusion

bonded thereto.
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performed using a perforated plate member having a sidewall open
area percentage within the range of from about ten percent to
about thirty percent.

10

13. The method of Claim 1 wherein the providing step is

performed using a perforated plate member having a sidewall open
area percentage of about twenty three percent.

15 14. A method of fabricating a well screen for use in a

subterranean wellbore, the method comprising the steps of:
providing a perforated tubular base member;
forming a tubular filter structure using the steps of:
providing a perforated plate member,
20 providing a sheet of filter media,
placing the sheet of filter media against the perforated
plate member in a side-to-side relationship therewith,
deforming the perforated plate member, and the sheet
of filter media, to a tubular configuration in which the deformed
25 plate member circumscribes the deformed sheet of filter media, and
retaining the deformed perforated plate member and
sheet of filter media in their tubular configurations;
telescoping the base member within the filter structure; and
intersecuring the telescoped base member and filter structure.
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5 16. The method of Claim 15 wherein the securing step is
performed using a diffusion bonding process.

17. The method of Claim 15 wherein:
the step of providing a sheet of filter media includes the step
10 of providing a series of individual metal mesh layers, and
the securing step includes the steps of:
stacking the series of individual metal mesh layers on a
side of the perforated plate member, and
diffusion bonding the metal mesh layers to one another,
15 and the stacked series of metal mesh layers to the side of the
perforated plate member.

18. The method of Claim 17 further comprising the step,

performed prior to the deforming step, of peripherally trimming

20 the perforated plate member and stack of metal mesh layers
diffusion bonded thereto.

19. The method of Claim 14 wherein the retaining step is
performed by forming a seam weld on the deformed perforated
25 plate.

20. The method of Claim 14 wherein the step of providing a
sheet of filter media is performed by providing a sheet of metal
mesh material.

30
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between inner and outer side layers of relatively CO&I’SG ﬂlter
5 material.

22. The method of Claim 14 wherein the step of providing a
perforated plate member is performed by providing a perforated
plate member having a sidewall open area percentage within the

10 range of from about ten percent to about thirty percent.

23. The method of Claim 14 wherein the step of providing a
perforated plate member is performed by providing a perforated
plate member having a sidewall open area percentage of about

15 twenty three percent.

24. A method of completing a subterranean well having a
wellbore, the method comprising the steps of:
providing a tubular well screen assembly having a perforated
20 base pipe coaxially circumscribed by a tubular filter assembly
defined by an outer perforated tubular member having an interior
surface to which a tubularly configured filter media element,
coaxially disposed within the outer tubular member, is directly
secured; and
25 lowering the tubular well screen into the wellbore.

25. The method of Claim 24 further comprising the step of
radially expanding the lowered tubular well screen assembly within
the wellbore.
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performed using a tubular ﬂlter media element Of a metal

construction.

28. The method of Claim 27 wherein the providing step is

10 performed using a tubularly configured metal mesh filter media

element diffusion bonded to the interior surface of the perforated
outer tubular member.

29. The method of Claim 24 wherein the providing step is
15 performed using an outer perforated tubular member having a
sidewall opening area percentage within the range of from about

ten percent to about thirty percent.

30. The method of Claim 24 wherein the providing step is .
20 performed using an outer perforated tubular member having a
sidewall open area percentage of about twenty three percent.

31. The method of Claim 24 wherein the providing step is
performed using a tubularly configured filter media element having

25 relatively coarse radially inner and outer layers of filter material
between which a relatively fine layer of filter material is sandwiched.

32. A tubular filtration device comprising:
a tubular perforated outer member; and
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33. The tubular filtration device of Claim 32 wherein the filter
5 media element is diffusion bonded to the inner side surface of the
outer member.

34. The tubular filtration device of Claim 32 wherein the filter
media element is of a metal mesh construction.

10
35. The tubular filtration device of Claim 32 wherein the filter

media element has reiatively coarse radially inner and outer layers of
filter material between which a relatively fine layer of filter material
is sandwiched.

15
36. The tubular filtration device of Claim 32 wherein the outer

member has a sidewall open area percentage within the range of
from about ten percent to about thirty percent.

20 37. The tubular filtration device of Claim 32 wherein the outer
member has a sidewall open area percentage of about twenty three
percent.

38. The tubular filtration device of Claim 32 wherein said
25 tubular filtration device further comprises a perforated tubular base
member coaxially circumscribed by the filter element.

39. The tubular filtration device of Claim 38 wherein said
tubular filtration device is a well screen useable in a subterranean
30 wellbore.
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