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string corresponding with production zones of the well. Although perforations allow

for ingress of the desired fluids from the formation, these perforations can also allow
unwanted materials to flow into the well from the surrounding foundations during

20 production. Debris, such as formation sand and other particulate, can fall or be swept
into the tubing together with formation fluid, contaminating the recovered fluid. Not
only do sand and other particulates contaminate the recovered fluid, this particulate
can cause many additional problems for the well operator. For example, as the
particulate flows through production equipment, it gradually erodes the equipment.

25  Unwanted particulate can block flow passages, accumulate in chambers, and abrade
components. Repairing and replacing production equipment damaged by particulate
in-flow can be exceedingly costly and time-consuming, particularly for downhole
equipment sometimes located several thousand feet below the earth's surface.
Consequently, to guard against particulate from entering production equipment, while

30  at the same time preserving sufficient fluid flow pathways, various production filters
and filtration methods have been developed and employed including gravel packs and
well screen assemblies.

A number of well screen filtration designs have been employed. A well screen

assembly is a screen of one or more layers installed in the well, capable of filtering
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passage of particulate of a specified size, and a spacing between adjacent coil

windings in an intermediate section of the wire coil operable to allow particulate of
the specified size to pass.
An aspect encompasses a method for making a well screen assembly. In the
method an elongate base pipe is fitted with a wire wrap screen layer comprising a
20 wire coil bonded to longitudinal ribs. Adjacent coil windings in a first section of the
coil are positioned at substantially zero gage, and coil windings in a second section of
the coil wire positioned at a non-zero gage. At least one mesh layer is wrapped over
the wire wrap screen layer so that the longitudinal dimension of the mesh layer
extends to overlap at least the first coil section. A shroud layer is provided over the at
25  least one mesh layer. The longitudinal dimension of the rigid shroud layer extends to
overlap at least the first coil section underlying the at least one mesh layer. The
shroud layer is crimped about the first coil section underlying the at least one mesh
layer and rigid shroud layer to pinch and seal the at least one mesh layer between the
wire wrap screen layer and the rigid shroud layer.
30 DESCRIPTION OF DRAWINGS
FIG. 1 is a side cross-sectional view of an example well system including a
plurality of well screen assemblies.

FIG. 2A is a perspective view of an example wire wrap screen and base pipe.

[§S]



coil are positioned at substantially zero gage, and coil w ndings in
a secondws@edibamsief the coil wire positioned at a non- zerDUSRYEE30AS
| east one nesh | ayer is wapped over the wwre wap screen | ayer so
that the |ongitudinal dinmension of the nesh |ayer extends to overl ap
at |east the filsgBdpprosgseqtional vacw Rf s ugllisaipen asssmplygigkercigtesmediatehe
at 25l easj.ong nmesh layer. The |ongitudinal dimension of the rigid
shroud | ayer extends to overlap at least the first coil section
under | yi ng t heFla 3Aeas tietaih sidaeaissbeayon. viehhef aherluss a paioe mrtiveelcscrarped
about the first coil section underlying the at | east one nmesh | ayer
and rigi FS8HRRINd | ayer to pinch and seal the at |east one nesh | ayer

bet ween the w I T . W]l 30
CESCERBr! O, 8 Gl RagE S B et e i shweyio avety 30,

of an exawpdee apmhiblpySFEM3iAshowthhgg patiphlatedédkipatiof wel | screen

assenblies. FI A is a.perspective view of. an ex le wire wa
Soreen and baddGhpes doftil B R et 8o X pE B RTERGaliecti ow o1 a
vel | screggeggigenbl y taken intermedi ate the ends. FIG 3Ais a
detail side cross-section view of an end of a prior art well screen
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enpl oy anlayemiesiged Iminiki-Vayapwsit seedn assemblies employing wire wrap screen
15 layers, it becomes difficult to scal additional layers on top of the wire wrap screen
layer, considering that wire wrap designs can provide a poor base for attaching
subsequent layers. An improved wire wrap screen layer can employ sections of close
wrappings, in some instances wire wrapped at substantially zero gauge gap, at first
and/or second longitudinal ends of the wire wrapped layers, with wire wrapped at a
20 larger gauge in the remaining sections of the layer. These closely wrapped sections
effectively form closed cylindrical sections. These closed sections can be more apt to
attaching subsequent well screen layers, including mesh layers and outer shroud
layers, through bonding (e.g. welding, brazing and/or other) and crimping.
Additionally, these closed sections also allow for well screen designs that do away
25  with large well screen connection rings, and other alternative techniques for securing
additional layers to wire wrap layers, including alternatives that result in higher labor
and material costs.
FIG. 1 illustrates an example well system 10 including a plurality of well
screen assemblies 12. The well system 10 is shown as being a horizontal well, having
30  awellbore 14 that deviates to horizontal or substantially horizontal in the subterranean
zone of interest 24. A casing 16 is cemented in the vertical portion of the wellbore
and coupled to a wellhead 18 at the surface 20. The remainder of the wellbore 14 is
completed open hole (i.e., without casing). A production string 22 extends from

wellhead 18, through the wellbore 14 and into the subterranean zone of interest 24. A
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can be used in other contexts, including injection, well treatment and/or other
20  applications.

FIG. 2A illustrates a wire wrap screen 130 constructed for use in a well screen
assembly, such as well screen assembly 12. The wire wrap screen 130 is shown
carried on an apertured base pipe 160. The wire wrap screen 130 can provide a
reinforced structural or foundational layer for subsequent layers. The wire wrap

25  screen 130 includes a plurality of supports 105, in some cases longitudinal wires. An
additional outer wire or wires 135 is helically wound around the longitudinal supports
and bonded (e.g., welded, brazed, and/or otherwise bonded at intersection points) to
the supports. The wraps of outer wire 135 cross the longitudinal supports 105 to form
a tubular grid. Although shown with a plurality of substantially parallel longitudinal

30  supports 105 oriented axially along the length of the screen 130, the supports 105 can
be differently arranged. For example, in some instances, supports 105 can be
substantially helical at a lesser pitch than the helical outer wire 135. In the example
of FIG. 2A, the perimeter of wire wrapped screen 130 exhibits a substantially circular

geometry, but could be other shapes (e.g., polygonal and/or other shapes). In certain
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or alternately be disposed beneath the wire wrapped layer 130. The Mesh of mesh
layer 190 is constructed in a different manner than wire wrapped screen layers 130.
Rather than constructed of a plurality of longitudinal supports with a wire or wires
helically wrapped and bonded to the longitudinal supports, the mesh is typically

25  woven and/or formed of two or more arrays of parallel wires bonded together in
opposing relation. The mesh is often formed as a flat sheet. In certain instances,
mesh layers 190 have a mesh per inch count of 16 or greater (e.g., 16, 18, 20, 22, 30
and so on), yielding apertures in the mesh that are smaller than (and thus filter against
passage of) particulate of a specified size and larger. In certain instances, the mesh

30 layer 190 is selected to filter against passage of a smaller specified size of particulate
than would pass the wire wrap screen layers. A vast array of screen materials,
weaves, and aperture shapes, sizes, layouts, and patterns exist and can be incorporated
as mesh layer 190. Indeed, different mesh layer types, holes sizes, etc. can be

combined to customize the filtration characteristics of the screen assembly.
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abut or do not abut continuously. The gaps between adjacent windings in the end
sections are miniscule, to the point that the smallest particulate filtered against
passage by the screen assembly, i.e. the smallest particulate filtered against passage by
25  the mesh layer 190, cannot pass radially or axially (up the helix) between the outer
wires 135. In certain instances, the largest gap between adjacent outer wires 135 is
equal to or smaller than the smallest size of particulate passed by the screen assembly,
such as the smallest size of particulate passed by the wire mesh layer, In some
implementations, the substantially zero gage end sections 305a, 305b can be wrapped
30  or positioned with true zero gage (i.e., no gaps between adjacent outer wire windings).
Positioning of wire wrappings within a middle section 310 of wire wrap screen 130
can be controlled to be uniform.
FIG. 3A illustrates a detail side cross-sectional view of a prior art well screen

assembly 202. The view is a detailed view of one end of the well screen assembly
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filtered galns passag

parti cul aweapflaydren edne@aamtzipaeﬁﬂasgﬁmlaya%m@) tﬁEﬁdeds@y;ﬁfe 2090a;s wehaot
pass radial Ify or. axially (up the helix) between the outer wres 135.

I n cetd ai Wiipise hecdnding pad pegvepd siiad Rpytiselatoderkage pefwent theseeen [iyess
135 is equal tg,fL m%E‘i?lg tlb%Qn bOBis TR { RSt BIAS iRl drGith gt Gd

passed by the Screen
other damage when welded causmg axial openings and flaws to develop in the mesh

210. As illustrated in FIG. 3B, if a mesh layer opening 275, caused by damage from a
weld 270, extends axially beyond the width of the crimped sealing ring 250, this
25  opening 275 can compromise the seal, providing a path 280 for particulate to enter the
pipe 205. Particulate entering through path 280 would normally be filtered by layer
210, but an opening 275 caused by scorching allows the flow path 280 to circumvent
the mesh layer 210.
FIG. 4 illustrates a detail side cross-sectional view of an example well screen
30 assembly incorporating a wire wrap screen layer 130 similar to that of FIG. 2A. FIG.
4 shows one end of the well screen assembly. The opposing end can be similarly
constructed. Adjacent windings of outer wire 135 are closely wrapped (shown at
substantially zero gauge) in end section 305 and provide an effectively closed surface

upon which additional layers can be attached. Such end sections 305 can replace
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such as the snallest size of particul ate passed by the wire nesh
| ayer. | W&2me/1i81g3 enent ati ons, the substantially zero BEKESWHE030255
sections 305a, 305b can be w apped 30or positioned with true zero

i.e.,.. : t j t, . i i ndi .
Bosi t1 oni A TS s BREI0 rCREH I0F Hoddy cASubbmgn 130h g cfign
Wap SCremps &%@r&@fhlpllﬁy&q{m el ERfbshODRitH Hef Qliection of mdsh ®yeBf90 and
illustrates a detail side cross-sectional view of a prior art well

screen asswrishyouddayer The Hiddwonalyathgemdiseaipnvifl euteo phrond laged] ¥f canive
wel | screep assenbly. . 202 .Scre ssembl y 202 .i ncl S rotrective
Shroud 1 cyabang R ipindl e SEhEH BRAE R AR E Rt DR i Dol B 22
| ayer 5215hanetoasaiRstnd ytsn A0andahé cbdactietobsutér dasiel 1pydpe920A weld
Traditional wire wap screen layer 215 is of entirely uniform

wr appi ng HY¥gan bppreadedasgend 3 sirqumipisacs efssreendagromddn) WaddPppewn t o

filter agal . ' ' [ S Qe 225,
230) ‘1 r onet e BE U PR g Ay R EnB AR, PATAMERINERL0 g
screen | ayelsagamstpabags efpadcilactiveuplade gap 165 p0bvided tyrsapypts 105,
particulate fromenteri ngﬁgxi ally at thﬁPweI I E{c,r een en

Yy 235..
FIG 3A i 19twestkise8ns 80 2pp peise Wited 38 ed e AYFemBl i8feplokwhegs pagtiGlptes
scre a i i 1 Vi A d 245
of THb SSREHBlACAS 1o A ILirith olhick QMR BlratdiblaydiL O
al | owi ng dseemily, e@ndotdopeisdhe fBGitioh strieensrmad enteajterbagd pipandThaendeld

portion 265 of t shroyd | ayer 220 to be.carried on top of the rin
D50 | Add: b6 R0 cin o8 s affeeus pmanii st fabliosha e
shroud | aygf;g220 can be radially crinped onto the nesh |ayer 210 and

sealing ring 250, to trap and seal the end portion 260 of the nesh
| ayer 210 bet welemurherof nytepBireariddisps tuatingifie end Sstion 3@t of tha wigs,

Crimpjing the .end portion 265 of .the roud | ayer 220.can.,al sqo serve
Co brima e WD FTRG cBEkich Poedtimgle sie Goti ARt b MREm S R0LE Syt

t her eby sggethblgg FbPexasiil€ e kay rlovideQntdne sbama 306 RAth’A5axial width w
Additionally, a circunferential weld 270 can be provided in addition
to the crlags aneughitoringyre sgeiugt devgloping axiak opsnigp dete dgisipsal lagicrsethak ap

| ayer 215 h.. 0 ] y t. S i
e L e G G D e S T
| eakage beitWpeth 280e AsiditRenlly, alyefgnber of windbege]l 9fdstiudaliarcad 2ddicadnspbe

thin and susceptible to nelting, scqorching, and ot her danage when

vel ded  cadsicherdipglnthe s 4 g8 Crthipcomdd, 11y, 1est§3ibﬁsq%w@%%§1ﬁe ofio.

As i 11 ust fiatefithy @ FkGid b 3505 nBediB #sdoeSihe RRERIY heAAS. pipaused by

damage fror@h a \B:a(lgdﬁlg% eXBtSIQ?ﬂs axi a %Cy ebe‘§/o d tﬁe e\a\%d% If%lg)o’f t he

crinped seal i n§ mimtgr 8b€émbddimsnt? 56 herinvagptidid hacabeen depribri.se the seal ,

provi di ngNgvé)rt%;[en:ssz,?tow{lﬁJre 1Pn ré%slto%%llt e&t%a%‘igusel?lggirﬁcgtri]o%s may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments

25  are within the scope of the following claims.



pi pe 205. Particulate entering through path 280 would normal |y be
filtered by layer 210, but an opening 275 caused by scorching all ows
the flow path 280 to circunvent the nesh |ayer 210. FIG 4

illust 1Lcfgivith | $1de cross-sectional view of an exanple wel |
screen assenbly incorporating a wire wap screen |layer 130 sim|lar
to that of FIG 2A. FIG 4 shows one end of the well screen assenbly.
The opposing end can be simlarly constructed. Adjacent w ndings of
outer Wire f3welhrssragnoasseynhly, gApERIisNSh GRAnSlangaabasankipell fywipemgap layer
gauge) .} Sl jde.: i

pon wEr R B AR AR e B LR el 0 e
can repedive wreppad alg fiishgage. susisors axiplgpdsption Wrapedtaéa segom @geg And
As showp i - i ' i
Cor os PRt feoRHpAEH B BPCaRl pooh oKl A ont LR % i
| ayer 99%e thadide lerasidhary thetfiyat anddsenent igsaewifa mesk fliltakien layel agpand flopwire
can begLd fé?&d aﬁg AU P B FEGHES AfSidn AU Sthe DGR sAfbUA S¥aled Jo
mesh |ayer 190, between 5 the zero gauge end section 305 and the en
sect i otheg#irewrasylageir oud | ayer 195. A weld 360 can be provi ded around
a circunference of screen |layers end 365. Weld 360 can seal agai nst
entry of particulate, axially, through end 365. For exanple, weld 360
seal s &gai n§hep~@§§@g@ncﬁ889@bgm@laané, ety An ehe of e ade sivend idednppd

suppor L8, k0Re RERMRRD a!t% esrpi_erﬁ@aQiﬁloel age&ﬂdh%‘ M Wfre L3 AROHE Y He
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is sealed when particul al Ow t meters |arger than ?ﬁe screen
aper t up®s, and theoweli snsegn isiseeledidosinst pgaspge Pl paEcisisdiebyaen thaentsr shroud
bypass jhhed hddelild on screens and enter the base pipe. The end of
base pﬁpe 160 céﬁ&%e t hreaded or otherw se provisioned to couple to
ot her | engths of tubing. The nunber of outer wire w ndings formng

the eng Sec%gr\,\,épécrgén ta@.@eﬁ‘u\éﬁ? of phaP WAYEM ﬁ@nfirgia%gie;%c]%{)b‘%idhﬂalhgf%o

the length and requirenents of the wel'l screen asse exa

one camage-ovi de an end section 305 with an axial width iv |arge
enough to insure agai nst devel opi ng axial openings in the additional

| ayers that result in circunvention of the additional |ayers, as
descri Bed i MhEVG! Bdmassenhécel daimad t whesainihe digst axigdiend seetionyof theywire

nurber %1 ' Qﬂé&hﬁgiséé’éd' e&k@\g &mzﬁ‘%ﬂaﬁﬁﬁt&bﬂﬂs 05, 20and accordingly

t he mﬁgﬁ p&#of e sect?on g&;nay e selecteggbased on the size of
5. The well screen assembly of claim 1, wherein a gap between adjacent windings of
wire in the first axial end section is equal to or smaller than a smallest aperture in the mesh

layer.

6. The well screen assembly of claim 1, wherein the first and second axial end sections

are wrapped at substantially zero gauge.

7. The well screen assembly of claim 1, wherein substantially all of the intermediate

section has a substantially uniform gauge.

8. The well screen assembly of claim 1, wherein the wire wrap layer, the mesh filtration
layer, and the outer shroud terminate at or near the first axial end section to form a first layer
end, and the well screen assembly further comprising a weld at the first layer end, binding

and sealing the first layer end to the base pipe.



the crinp (at shroud end 350) needed to secure the |layers to the base
pi pe. A nunber of enbodinents of the invention have been descri bed.
Nevertheless, it wll be understood that various nodifications nay be
made wit hout departing fromthe spirit and scope of the invention.
Accordi ngly, other enbodi ments 25are within the scope of the

f ol | oweng clThe mell scoygaTagssmBly MMl 5: whetrein Ahgvebiter sbroadris apsrurbd yybing.
conprising: an elongate base pipe; a wire wap |ayer conprising a

wi re wapped around the base pipe, the wire wap |layer having a first
axi al éRAd sécwelbncreeapsedmaly, aomprigng:gaghyally séeoprbrasbsl arena vsectdiled

W appe ' | t4 . :

i ror SranrnCEeadp e SAfPL E SRABA B0 Yo B RGE Ty e
| ar ger settians héhef wirg coibnperskledn diligraapsinst pasexie dfipatticatateoof 4 apedified size,
around i X -an: r: re ound 1. h . .
1 trafr o Fadsiho BaReb R lece At lirh i SR R BRIESSHEE T e o
The webberabiederllew periblipteosf the apavified sidedo eass.an end of the outer
shroud is crinped about the nmesh filtration |ayer, the axial end
section of the wire wap |ayer and the base pipe, and the well screen
i s sealléd agaeml ssassragsseofbhpal tiaioullGtfertiretavewmnisingea owsk rayeh rapaichdathe

5S¢ . _ i i n.the.
e DaaB g i L LB 00 SERSTRg) LAy JHOR S5

of cl aiendgrgetherein the first axial end section of the wire wap

| ayer conprises adjacent waps of wire that are abutting. 5. The
wel | screen assenbly of claiml, wherein a gap between adj acent

wi ndi ng&. of Tiwe meelliseraemeasisembty cixdlain dnfurthec tomprisisy aghedudtloyayraround the
smal | e ] ' . | ayer. . 6., Th | |

scr cen et Ry SIFChfELe HREF (il Bob Seblihar B lhe' B4 oo ol e e dover
sect i ohstwees the wivp atiaralaysidrst smoudlbysr. zer o gauge. 7. The wel | screen
assenbly of claim1l, wherein substantially all of the internediate
section has a substantially uniformgauge. 8. The well screen
assenbly. of Tokavathstreentassemblyt dfeclavinr €2, Wrther kayerising heveid sffixingl the ahiood
| ayer, t t shroud term nate at or near the first axial end
secti oha%?gtoftggnwﬁg c?lﬁ'rst | ayer end, and the well screen assenbly
further conprising a weld at the first |ayer end, binding and sealing

he fi I ! . . . I : nbl y.
(1 a0 SRt 5006, 01 B 1 Tl SR CEDERE T
substantially zero gage coil windings.

15. A method for making a well screen assembly, the method comprising: fitting an
elongate base pipe with a wire wrap screen layer comprising a wire coil bonded to
longitudinal ribs, wherein adjacent coil windings in opposing end sections of the coil are
positioned at substantially zero gage, and coil windings in an intermediate section of the coil
wire positioned at a non-zero gage; wrapping at least one mesh layer over the wire wrap
screen layer so that the longitudinal dimension of the mesh layer extends to overlap at least
the opposing end sections; providing a rigid shroud layer over the at least one mesh layer,
the longitudinal dimension of the rigid shroud layer extending to overlap at least the
opposing end sections underlying the at least one mesh layer; and crimping the shroud layer
about the opposing end sections underlying the at least one mesh layer and rigid shroud
layer to pinch and seal the at least one mesh layer between the wire wrap screen layer and

the rigid shroud layer.
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10. A well screen assenbly, conprising: a plurality of support ribs;
and a wire coiled around and bonded to the support ribs, a spacing
bet ween adj acent coil windings in end sections of the wire coil
operable to filter against passage of particulate of a specified
size, and a_spaci ng between adjacent coil windings in an internedi ate
secti odbof fhe nfthed ebripinyder é’ﬁ?@”’t 6rapPng\th digid %&IP% EYEF seprees the wire
speci f iysh §drééh faQeithheen thé shidiR MR lans HeRRedRsendl y of claim 10
further conprising a nesh |ayer around the wire coil, the mesh | ayer
operable to filter against passage of particulate of the specified

si ze and. | arfgimetndd of diBfn W8/ further BaMpAHREWBINgEnds! & dBch bof the! WirB&Hrap
conprising a shroud | ayer around the mesh |ayer and crinped near the
end se&ETEBREYER MR8 Igyerandoiirouwtayerig thakassdie- | ayer between the wire
wrap |layer and shroud |layer. 13. The well screen assenbly of claim
12, further conprising a weld affixing the shroud | ayer to the wre
coi | . 184. Phweldcreesc pesembis sEmrpingf a9 alPhgale bagRebieeinat Wee afiap layer
secti oe§mgﬁm§( la&/ﬁreswkhﬁipaatar@\!rldymé%@eq;@&e tﬁé)Mre ‘Mrﬂﬁl lsan,as havid® anfixial end
nmet hod for screen assenbly met conpri Si ng:

fitti n@e%twnewr@ﬁa%@ ét Bafé”‘ét gAgSeaRd Bh @W@@WS&E*!%W@@M@& second, larger
conpri ghig R nMshSiltrlioh AR ARELIOHE ARed Wf‘;ﬂi féglar rdnESan YiRer §hrﬁu@@rc§ﬁﬁ%e

coil wndings in opposing end sections of e coil are positioned

subst aftashfiit t@@r‘@\/e’@a@é oulgicEhE@id seilefiicntys Wire WFRR WKy FBd i eeeis dieg Woﬁ

of theyga llaysh FErRISEdnRRBE PkedbridOBxiZICER] d8&RN Wa%?@ﬂ NG RlpstABSly 206

mesh | ayer over the wre wap screen | ayer so that the |ongitudinal

di mensig8rIvRNAESRRE e RMedizicerRSOR b GRS Peliveandhs it RBd GepYH #p!

end seghl@BS&ionRroviding a rigid shroud | ayer over the at |east one

mesh | ayer, the |ongitudinal dinmension of the rigid shroud | ayer

extending to overlap at |east the opposing end sections underlying

t he at 1beasty AREJERR AN ; a #80 sefdeAPAREmble 15 hikod %Mﬁbrn@ﬁ’@uﬁt’uﬁd‘%n
posi n%nend sections underlying the at |east one mesh | ayer and

r| gl d slneale Pasreminco Wil ng WWikhdvrae aicresie layer |coR¥risia e nish cpihykanded to

bet me%ﬁgh@dl%lrr%s%ﬁ&eﬁcécﬁ&énl BoiBKindings i& fifst gé(gloﬁ o m&jcdliaéfs bositiord at

The method of claim 15, wherein crinping the rigid shroud Iayer

secur esubsantigly gerarangesanee wiBgiees et Greond sREtAH dariceibyier PesiPred gt a

base p'nBﬁazero]gageT%dﬁﬁ{gt&qeé%ft ofé #icgh ]%/er BWrttn@erEW boﬁ'laé‘r‘illa\ﬁygl1 H fl‘lgt the

ends of each the wire wap screen l'aye hr oud

| ayer ﬂ%’gﬂfh@“@a@@emﬂ% of thegmegh @yer %‘Eer”ééﬁo é’s’@%ﬁﬁoﬁy eaé"o‘t‘?ﬁrfl%tl Rl seghon;
el ongalg,iasse aRhRftd I§yé4“orv€r Wead Eéa%‘{%ﬁe SRR Ay, “cﬁe %ﬁ@ltﬁ@nW@!ﬂBﬁQon of the
around 't he base pipe,”the wre wap |ayer havi an axi al end section
wr appe@hwddayqfr%@e"@&@etoaqwﬂ% at faast Hediirat eoils ’P'o#n@?ré/ﬁiﬂeﬂleaﬁit lgast one
second,,dANgesr; SRO&Im@EngR N sHrblid 9! bk ErsBEAWRE NG T Rg WhéB least
| ayer; and an outer shroud around the mesh filtration layer, the

out er $REHRFhJRYET @dshrauddaygr fe PiReR gnd gpalthe ah@amweemﬁsft IngerRatuesi e
layer fstrap s%@éﬂrléy%‘?%néti%%ﬂgd Bk Alang WheRSS HeOWirdMvARPSSeH layer further
substantially zero gauge, and wheréin the internediate section is

di spos&@mpasstearhifcheot F?@PﬂaWbe@é’béﬁ!éC%&lc@ﬂ vaRdingse it thenigird ceid segtion are
met hod pBQlElOlWétrEQJbétaHﬁ’éill_\/ z%&f@ézd@ 888 WMBlein tHel@camd 8ok QB! il Waisposed
fitting an eIon?ate basé pipe Wwth a wire wap screen | ayer

conpr i $Eheen e fet aed Th‘rﬁéﬁﬁl‘éﬂ‘sto | ongi tudi nal ribs, wherein adjacent
coil wndings in a first section of the coil are positioned at

subst ant i al by zero gacg and coil windings in a second section of the
coi | wiZle pddietmethe tClaimnth -whareindhe dongjipdippl digeasion edsrachmd the sresh
| ayer qugr ahﬂeshmddeiaﬁéra&téﬂset%rb\)eﬁé([?’boﬁpthEf‘fﬁét éAaethlrewzfse&idmakhe method
di mensi on of the nmesh | ayer extends to overlap at | east

coi | séethes gomprigng é”rﬁ@'”atwrdgw led§ieabogl be ”ﬁ'ﬁbC%tseP%{‘st one rresh

| ayer, the | ongitudinal dinension of the shroud | ayer extending to
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