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of the product L&Q\ﬂﬁat hwage z{jd the slurry passageway and prevents fluid
conmuni cat P82 W dduct i on pat hway and the slurry passageway. The
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the slurr ylrmsaiag&myd by haveﬂlbunedh&tIoucmwne&iheyrQUImanatc@'bpmm‘gesy Ameeigh
the qutl et Ie vin |rst portion of the gravel . firs nnu ..
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radi al |y t hssemle.t he producti on pathway by entering the production pat hway
t hrough the openings in the outer tubular and exiting the production

pat hway through the openings in the inner tubular. The formation fluids
pass through the first portion of the gravel in the first annulus prior to
entry into the production pathway and the second portion of the gravel in
the @Soduction pat hway which SUMMARYOF B ISVMBENTIGNte materials in the

formation 30 fluids. Formation fluids are prevented, however

travel i ng radi allh§ PreseRiiBYention disclosed heigia COFPRASS ALANPREES aalfién%ocg%é HEITS
in the non |

i sol ation Pre%tadﬁé dgggog] Rﬂ?rﬁihn&?ﬁe‘bégg%%en% gﬁ}r?ﬁ’?ﬁ%mn@ g;\ﬁ;s‘gilgétﬁglo'rﬁo?éeﬁe
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bridge between a sand control screen and the wellbore. Importantly, the apparatus of the present

30 invention is not susceptible to damage during installation and is not difficult or time consuming
to assemble.
The apparatus for gravel packing an interval of a wellbore of the present invention

comprises an outer tubular forming a first annulus with the wellbore and an inner tubular
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PCT/ US112/f1S121 radially extend between the outer and inner tubulars and a
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posi ti oni nguidlkemiiiiction Betietigths pRiatidiSpatividyted tHeeshgtyshsSpBiap| TisoikE o O
forma first annulus between the gravel packing apparatus and the well bore,
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02/ 07( 18( ( SluR¢ PatsaRORAOBrdieh e pasdtiédithgia ¢ pAGioROF thedfra®d] it i fak@ambilusn
t he production pathway by injecting a portion of the fluid slurry through
openi ngs i mhemeftesthe fTuid Puiry entassdhe eneniiga i the@uier bulgr deavingrp spheird paToR of st

I th ti,00. pat bst.ant i.al V. I I ked.with
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hvent i on” SPEHEESGR B he MR Sty TR B St e b bR B ey
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gravel in the production pathway which filters out any particulate materials in the formation

30 fluids. Formation fluids are prevented, however, from traveling radially through the slurry
passageway as there are no openings in the nonproduction section of the inner tubular.

More specifically, the isolation member disposed within the second annulus may have

a pair of substantially parallel, circumferentially spaced apart, axially extending members that
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Figure 1 is a schematic illustration of an offshore oil and gas platform
operating an apparatus for gravel packing an interval of a wellbore of the

present iweanhe®es Figure 2 is partial cut away view of arp@ppanatizs for
gravel packing an interval of a 15 wellbore of the present invention in

posi ti on dpdiainexendpriweemthe ontes andiaper tpylars andapair o sybgtantallypasallebarxiallyns
f . . '
el | bor o oP R, ARuHBRLEIN M A fer BRLAIBD bt i el B Gty ang

wel | bore e“presen _ are coup I'gure 'S a
si de vi ew ipherfighulars tisat défiienae dedﬁétidr!-{iﬂdi\%}salﬂfth@ﬂuﬁp pagsapeitay @i pgeenetluid
packing an interval of a wellbore of the present invention that are coupl ed
t oget her ; POuEyeationgherebeiweebss secti onal view of an apparatus for gravel

-packipg an interval el | e of the present invention.taken, al.ong |.ine
B 0Pt Fqur os 13 Sl fHiotutEny € pllsehidu B RRLM abRby) &GN o8 shRert
for gravelwigial dach®fane iontlew walselettiaecljy\gllb@%ﬂ prlevéhiah® TREE Rfurkyf et fleWing

‘taken along line 6-6 of figures 3 an , Figure 7 is a cross sectional view
of an appabeethsotghy. Jrhgvedtugiahlkideyican may, dov gkamplea beprogsurd eetuatod devices,

toi t.i t ak I | T= 7 ' 3 d.4; Ei 8 i
or et | ERALE, 5GP L8 Mool Sl M SHURS g
mel | bore afeviden@nde FBKABUIRO ! AR, AIANG ohé RAyTafiegf figures 3 and 4;

Figure 9 is a croS8s sectional view of an alternate”enbodi nent of an
appadft us for ghAherehtiyedkheoutkets may eachdlavein axineibk ldispesedif thedemn. Fheseittubes

i ti depi.cti | ur, . d 30 duct j pat Y
Fgure 10 PO 40cratwis derufate e Viindpt sieRas avulisoarieny SoRL e B
appar at us @619 b6t F\@%ﬂl DBttRPaltdMh A 3n iﬁien%&ﬁﬁérwyeoeqiiseﬁr?g@aaﬁ ﬁegigﬁ[ﬁr%a%lyof

i nvention depicting one slurry passageway and a circunfer
an i sol at i withimeatieof the outl Ot 8idsionREThe J&tle?d.1 | a121 Figure 11 is a
cross sectional_view of an ternate enpodj nent of an apparatus for gravel
packi ng an int eltn\pg}%og*m%ptq,\%ffit{mmpgcn&nvpm{@n %g@}‘ﬁ mpFe R PR PUHEh thetQuAgS mAYy
slurny pa ' Ve dids! |

sect i%nal Slgd?’g\?’v 0 lﬁas?\iéglailg%\a tg %Olgﬁggiéﬁﬁé%% an dé‘g%‘g‘géf%% %fr éggmgrrlg{}@l%ﬁ? 8y
packi ng aninthtemuitiploprodustinlpathweryo find feltipiecshiany passapeniayarinde¢h erhbodgmeéntsr
slurry passageways_.and a circunferential sectiaon of four isolatjon nenbers;
Fi gure 13 theoutless ofdhe vapussluaryngssagewarsmayrpeqt dferens giahposiifons along the eliters
for graveltugﬁ\ﬁ[gi ng an interval of a wellbore of the present invention that
has actuatable devices in the outlets of the slurry passageway; 10 Figures
14A- 14B are si d€omnnby, agte asbhenah appanss forgapet bhokéhgy/an ditereal 6 & twebiboref
an

20 must be coupled together to achieve a length sufficient to gravel pack an entire production
interval. In such cases, multiple sections of the apparatus of the present invention are coupled
together, for example, via a threaded connection. Also, in such cases, the slurry passageways
of the various sections are in fluid communication with one another allowing an injected fluid
slurry to flow from one such apparatus to the next, while the production pathways of the various

25 sections are in fluid isolation from one another.

In a method for gravel packing an interval of a wellbore of the present invention, the
method comprises providing a wellbore that traverses a formation, either open hole or cased,
perforating the casing, in the cased hole embodiment, proximate the formation to form a
plurality of perforations, locating a sand control screen within the wellbore proximate the

30 formation, positioning the gravel packing apparatus around the sand control screen to form a
first annulus between the gravel packing apparatus and the wellbore, injecting a fluid slurry
containing gravel through the slurry passageway such that the fluid slurry exits through the

outlets into the first annulus, depositing a first portion of the gravel in the first annulus,
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outer tubular of an apparatus for gravel packing an interval of a wellbore
of the present invention including exit tubes in the outlets of the slurry
passagewawpo 2jogesses 15A- 15B are side and cross sectional vp@EmBse2/05121
respectively, of a portion of an outer tubular of an apparatus for gravel
packi ng ardapasidngapecend portien phibe grayel in the pypdupsion pathwiay be mjeding aportioa of ghe

insert nmenbpers,in the outlets of.the sl ur sage . Flgure 16 1 . si de
viow of o Bor ey thrtef Sarifnds it PReT U AT RERHRIEY s G rP ab he T an
interval oOfnn@ludelndo@e $reductibs paftefSMre isA¥@M 0 dRYIIAE1Op4kEd Svidf %ﬁvéﬂ efpent
sizes; and Figure 17 is a side view of a portion of an’outer tubular of an
appar at us #dditiqgrtaveiectingché fAuidshnrineantairing gfavgl thedughdheslofry phssagaveayein some
-invention that.,.has outlets.at different. axial, 20 positiong along the outer
tubul Ar f oPEPEne S s ey sBnRianFied A Fr FORt AR EN O TrE

| NVENTI ON Whi l e the mati ng and using of various enbodi nents of the present
“invention are discussed in detail below, it should be appreciated that the
present invention provi deBRIERPESCRIPFIONADF d HIMDBAWINGSoncept s whi ch can
be enbodied in a wide varie ofds ec(%l.fi chEnt exts. Theds eci fiog

enbodi ment s di stlis® KPTREPRIPIFIG MAAGRIARTIE (9 the {raliTey and ad¥piager o Hapsesert
make and ugGedlt, fr4RALd BhowAAHadlR MEUeARkd BeribiEn BF RGN IlnioR QISR AR the
invention. Referring tnitially to figure 1, sev raﬁl appar at uses r gravel
packillg anadcompamahg digueeswial Whthecarpespa@tdingg niimeralain dief different digurenckfgan
platformare schematically ill uitér ated and 30 generally designated 10. A
semi - submetEtesPdingParts A 1B Whiche ent ered over a submerged oil and gas
formation 14 | ogg ca f: : o) | t . f.rom
deck 20 of pl artares 157t o heafifie GRUGP of o SSRGS SFORM ey lr i Saeice
prevent er sappdratiidl far graved gakingsindntérval ¥¥a weRbgre SEREPpre¥eht SeditindS121

hoi sti ng apparatus 26, and . a dernck 28 for raising and | owering pipe strings
such as work stiiggresdis partig qupaway yievesk @herparatpologgraveb Packinsotsinderyalipf a
strata inc ' ' A i ' iL.Lhi.n wel | bore 32
by cé?rent ggﬁﬁggi%@%éﬁgﬂ%@i}tﬁ)@1&@%1@%1} ?lg’&lslata %’grlmse%?ﬁux:\%r%%{l’ng appar at uses
38, 40, 42 for Bigard ispankivivgv 8NpdridBrof élvo edctions bl PpardnRdbrag e V\Eﬁdking an
formati on 14 between packers 44, 46 and into annul ar region 48. enit is
desired t ongpralef apedieorefihaprepayiinentien thabate covpled gogthers | ower ed t hr ough
casing 34 until [ j.ac r j on
14 i ncl udi ng pelr:%g?e:% ?%%gﬁgoﬁg\*ﬁgg’ggﬁ &r I,ie%‘gg]g ﬁ%ﬁr&gglﬁ%rs ?03? ai%nag’%r&{u%gffoggﬂaﬁéfui d
carrier anghcRingamtin@ivalofa MRIB6dedf tifdifBseds iryeaN&l thaSarp¢owsldd eh@etheryor kst ri ng
10 30. As explained in nore detail below, the fluid slurry rnay be injected
enti P81y into abigured ifsa gRsuspgtiond]viar phry gprarevs forrasensh pagiies an ideryals a
42. Duri ng I (.0 f e £1ud lurry -exiit, each apparatus
ngm(%e Bf]g}%%?%s’gn?x?\&%@mrﬁﬁafen atlghrﬁ lnle 5-§ r?% &%&e\é r3e d 4

38, 40, 42 'suc sIarry emters 1-on
Figure 6 is a cross sectional view of an apparatus for gravel packing an interval of a

wellbore of the present invention taken along line 6-6 of figures 3 and 4;
Figure 7 is a cross sectional view of an apparatus for gravel packing an interval of a
25 wellbore of the present invention taken along line 7-7 of figures 3 and 4;
Figure 8 is a cross sectional view of an apparatus for gravel packing an interval of a
wellbore of the present invention taken along line 8-8 of figures 3 and 4;
Figure 9 is a cross sectional view of an alternate embodiment of an apparatus for gravel
packing an interval of a wellbore of the present invention depicting one slurry passageway and
30 one production pathway;
Figure 10 is a cross sectional view of an alternate embodiment of an apparatus for gravel
packing an interval of a wellbore of the present invention depicting one slurry passageway and

a circumferential section of an isolation member;
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48. Once in annular region 48, a portion the gravel in the fluid slurry is
.deposited therein. 15 Sone of the liquid carrier may enter formation 14

t hr ough peigosatrygsn 50 whil e the remainder of the fluid carpégisodspig Wwth
sone of the grayel eenters certain sectigns of araruses 38, 40, 42
deposi ting gr avﬁﬁ_gufenﬁtlﬁ8§_5)S§§38f1?12ﬁf¥1.ew aaaﬁg%te 85‘%5&18}‘3"@%%3@31’?%? fox grével_

pi ctured) pgkRdSntihteRalofd WillbdrSHREe fbitaemvaRtion Hepictin fouPSudy pYBigehRNRARY NJ
inthe fluid slurry is disallowed fromfurther mgration. The |iquid
carrier, hfomepsducoampdthwew; t hrough the sand control screen, into 20

wor kstring 30 apd up t.0 the surface in_a kpnown manner, such as through
wash pi pe and i-%{g&}fet hds 2 %UQ??X%’M% gaqte g Og‘ﬁgn'r &&H&PB%IEW &r%ga"gl
et on 48 AiRsT AR o hllioElt (RERRLG HoGgion MepiCiing e MOl batlitleftand,
38, 40, A42a aireurhietdntidl sdictibn gf foue isolafioh emematiers;el y, i nstead of injecting the
entire streamof,  fluid slurry . intq apparatyses 38, 25 40, 42, a portion of
the fluid sl urrlﬁlgél%ﬂgl%%s%vé%‘wg ad?%@ﬂ? an ﬁP@réHhﬁ%faﬂ% alne@iPGW%é{)r grayel
known mann rd:pbg,ﬂ v 3 i b Gh.al:

the slurr yﬁéccl)éﬂ .r%?%ve er%’om t %ﬁtl)c%% g? ?{c%rlﬁ%)sfeﬁl\%oﬂllrvﬁ]gt?ﬁrhlt trlllgi %%L%Cgﬂ%a}?ygﬁ?cee?i%@%f
wor kst ri ngowlets éphe sluryrnmesaghway;portion of the fluid slurry is in annular

region 48, a portion the gravel in the fluid slurry is deposited in annul ar
regi df 48. So rreFkﬂur%ShlélA-il%Eiaae side AR Frogh§eclAnal Views, fespeeivelw of pnetign of an

| 9f 4 _ _ Y R
of e gr agit® Pl Cor A ek R il kE ol B SpBo b heBRrT

t hose sect ingBatior inbludin@veadit tuBdyen S@nchtledfrthd slaﬁy@essa%My;pi ctured) within
apparatuses 38, 40, 42 disallows further m gration of the gravel but allows
the liquid carrFiguresol 34-39Barq pide antherasg pectignd ViRiv s SespeeféveRo ofadoriion of athe

SAERIN SRS Peame Ty I D T -

the porti omvehtibdidcluditighngdritbinbeRah theSoutleisef tiRdslnty pakp@ara3t uses 38, 40,
42 will bypass this sand bridge such that a conplete pack can nonethel ess

be acl ueved. Th¥ighee d6dhasidetewfaf § ppripmpf gn entes tubwdarQlpar apparsens foB grayel

42 may enter .appar.atuses.38 0 direct.ly fromworkstring.. Qr ..nay
enter’ 5. apBeTAHOIeiT o8 welbore of herhen i ontign o 7 Ogét: SPamigren] gPRY and
inlets on the eFidg%é 97 i9h sRIRSVIOK TR ForRbn b 8n FRRA TGS adSappaftusdér glhepe
inlets may include pressure actuated devices, such as val ves, rupture disks

and the |i keckingpwiwervehef @ivellborerad gl presentt iwventionvtlft hah eutlétsipddiglierent gxial

t her ef hr ough.. .Even t hough figqure 1 depic a vertical well, it should be
not eg}ooy 03851991?51511%‘65 q%ﬁ%{.l}%tl.gqu.ﬁarf@rﬁqg{ent ﬁ@”&ﬁﬁ??&‘iwsf or gravel packing an
interval of a wellbore of the present invention is equally well-suited for

use in deviated wells, inclined wells or horizontal wells. Al so, even
though figure 1 depicts RETAIEERGESCRFTIONIDE THE BRYENIION not ed by one
skilled in the t. that the apparatus,.for gravel, packi an interval. of a
wel | bore of 't he s i meRipe AR i eSOk innf RhGrisBEiT b s pretse Svendines e
operations d}s@@ss@ﬁxﬁ&éthi‘f‘ Be10QWi it PofildHar Pprocideihel fhe 'p?es@ﬁﬁh%rﬁﬂn%r&%éé RhnyF ut
away view of an apparatus for gravel packing an interval of a wellbore of
t he @%sentpplivabletinventiveabnéeptygehich ahn e dmbodindired wéde vakpyoipesifie@ohestsan
outer tubular 62,. A portion of the side wall .of outer tubular 62 is an

i a1 1y o TBR RIS FRRDE CSeer R anar Rl s Taee o SRR Fe and
openi ngs 6Qqe E%\t&?&ioﬂq{ng'darho?ﬁeltiﬁlﬁ e Q‘égg‘@f Lil;xe??es&ﬂtiﬁ{'enttﬂéﬁpl ar 62 is an
axi al Iy extendi ng nonproduction section 68 that 1ncludes 20 one or nore
outlets 70. For Refasingénitinldyt tofigure hessver] apymaateses foogriaie packikg ah aéderval ofe

.art, the dengity of openjng 66 within productjon sectiqgn 64 outer

tubul ar 62 weiﬁvﬂ%cqpe&t@gt@mmaqff%hﬁ@ efbAad gys Bletigus 2k @%@arlea?{mﬁm%%ﬁ%n
secti 68 : Lar . 4 I

h ) ar e SR8 AN S erble R 2 oG ER o a5 MR B b B
as bei ng cigacfdramationt] hdocasdiamdaly apeflomgks. ni\subdeh eonditit Ve bytelds fomndesk 2hofit
departing formthe 25 principles of the present invention._ Likew se ven
t hough fi g@ladtosmpz<toyusliherd instpblatipmgs inpbidiag Blomoyt P’F‘i’é‘e%talﬁe?‘%ipﬁétf%gl bubrca
70, openings 66 could alternatively be larger or smaller than outlet 70

wi t hout departing fromthe principles of the present invention. In
addition, the exact nunber, size and shape of openings 66 are not critical
to the present invention, so long as sufffPcient area is provided for fluid
production therethrough and the integrity of outer tubular 30 62 is

mai nt ai ned. Di sposed within outer tubular 62 is an inner tubular 72. A
portion of the side wall of inner tubular 72 is an axially extending
production section 74 that is substantially circunferentially aligned with

. Y . N .




8 VWO 02/07118(11 PCTI US02/ 115121 74 of inner tubular 72 has a plurality
of opening 76 therethrough. Again, the exact nunber, size and shape of
openi Ngs o @nesept critical to the present invention, so p@ENGs@Ms121
sufficient, area is proyided for, fl.yid production and . the integrit f ] nner
ubul ar -7 PRSP REIA Oh hoA Jeek 2 TS e e S IDFPEHCh Ao TS ar
72 is an &g ally extending nonproduction section 78 that 5 is substantially
circunferentially aligned with nonproduction section 68 of outer tubular

62. Nonpr oduct i Awellbarei3@rxZ8dsothraugh ére viaribud earth 3Rath ascludingfoenitiond 4. A casing

t her et hrough, D sposed w thin an _annul us 80 be n qQuter .tubular 62 and
i nner tubtﬁg‘{;f‘s gemeniedy itni, Wetlbes wbe?mgy.fﬁé,is%}e&wg éQ drendfedagitisdRols

-1 sol aki on ; i S 4 3 i .
o rount or el dbbateifcel' 4824 %%k sPiveP YRRMAM BienlaPB BeliPre 2 adjacent i
radi al |y efotmadbnolet eeeeemopickers dddd and il aandlat regéon 4810Whex it T2deslred fagravel

‘menbers 84, 86 provide circunferential fluid isaqlation between production
section 64P%kANHEHTESANES) Warkswing Hhisdewered Gupesh easig 34rundt apparatisesidsi 4,
menbers 84 . OV [ ek £ uid i £ r L.on
M B e
menber s 84inclBdindeflliquil ¢dmercing aupattuiind imaleriblodnokl ag yrabeltive@apal dowt Wirkstring
passagemay 88, having radial 15 boundaries defined by nonproduction section
68 ofl0out e30-t ubul ar 62 and nonproduction section 78 of inner tubular 72,

d duct i .90, hayi di i es defi. duct i
Section 64 of ot SRPIAIRY BB AP seBE), 2o ARy SRl R gRRRsSABEE dity, "
72. Di sposgfbaitinisBerand RBQIentiblpTIGw tl?r_aué}ﬁ%]%aﬁﬁﬁﬁés a0 2. Obussts @R Hricess, PMTons

control screen 92 includes a base pipe t hat has a_({)l urality of openings
96 W uch aofithevluidelurrysaitercipappatates Hn 40012 such thet thaflyid sherry ewens @nh@ar regisnng.

The exact er . .sSize.and .shape of o ings 96 are not. cri.ti,cal.tp.the
resent 1 rfinerghit efSEgEaE 2us PrRBiEe BRSSRoRh Abr Huth i peRei funertin

pr odyst i ons@nél of € LighldRAfrice YnQfenRASG IR BR 12 hrbSsHBdrTErAtdAe3h wiiRARE terAsiAged
base pipe 94 is a plurality of ribs 98. Ribs 98 are generally symmetrically
di st ri but eef thb8uid dahréer salong with berve opihpgragl, réRinkers e@tam scctiops cft apgamsushadd.ng
a cylindrical cross, 25 section, however, it should be uynderstood by .one

ki 11 ed 1 i 2 et el bl shdpns: (s send il yelho OLRGHERGS Pl Sefed
triangul arwahaespaftbds38, 40, 401 HE EradtlirbBRinGoqf R studf S diba@BHEA From further
shoul d be unders?ood by oné skilfed in the art that the exact number of

ri bs 98 wimigrhttordeJbadaguid omuier,thvevedernmandravel thrasgh fhepmn@4oagoledreemsnto

ot her, .desi gn_characteristigcs that are well known in the af t. 30, Wapped

ot oopg”e T Le0aate 30 Bl mpuh T AR o IaoHBERA IR Sudbts DD viash PIReAY o
turns, suc 4 Hll; . it S
is agapt re ﬁgﬁlﬂ\%\g?%%gy%%%@f g’% frlﬁf&fhd'galfs fhg\%) ﬁ?ﬁg?ﬁr?u g/rneggﬁkg tglfrnl%sjm:tr}l](}j&{gﬁe
gap bet weeappatatusesi3 $120ad2undd ienulamsedidnstSesrropnding iygpacdiases88,€i0i 42 angsparfiorishe

formation fromwhich_fluid is being produced and the size of the 9 WO
UZIWW(lloé@PP@t@Eﬁ#’@Sg%P FIWé’i’ltl{)gaB%l- used during the gravel packing

operation. Toge 5 . i ; : &)a,{{i%

screen | acket I&H%ﬁtlféslﬁg?s?gac e nJ? g‘{‘%gg%@%u{rgé‘}é%‘ E@Ml\}\%ﬁg{ﬁ gnor t'dl %glgggg %’

sui t @5l e t40;HB] petion df thh Auidkliney coulEbsinjsettdaiiretihoimeo ainiuldr egkiondd ine laotvn

that while ribs 98 and the sand control screen jacket are depicted in

figure 2, mappergucheasihnongh acrospovst 1apd (Bet pretyreglwhich gligws the shirrgtortravel Fpm

both to fopm; i : ' : e LT :

wr apped di {hgé{ntlglﬁmgﬁ \f/ﬁ]xggtg%g gﬁg{)]glg%)(%gfb? bf %rl&ﬁu%c’j(f ﬂgé’ﬂl, Shck Bids H@ﬁﬁoﬁ Qf the
fluid slurry is in annular region 48, a portion the gravel in the fluid slurry is deposited in annular

region 48. Some of the liquid carrier may enter formation 14 through perforation 48 while the
30 remainder of the fluid carrier along with some of the gravel enters certain sections of
apparatuses 38, 40, 42 filling those sections with gravel. The sand control screen (not pictured)
within apparatuses 38, 40, 42 disallows further migration of the gravel but allows the liquid

carrier to travel therethrough into workstring 30 and up to the surface. If the fluid slurry is

7



Refernng now to figures 3 and 4, therein is depicted portions of two
sections of outer tubulars designated 110 and 112 and correspondi ng
portions wb dwooss@ecti ons of inner tubul ars designated 114 mrdudok®si2i
respectively, Quter tubular 110 has two axially extending production 10

secti ons Ipegiallyigecteddirgoly infeppnpler region 48 pada wind bpdes fegwss, theporiten efithe dpid| ar

110 al di d

one of i o3 L% R lfresss o ARt REURTE MR AR Y Smbiingal By B
i ncl udes syl awtch@hénetr?e&ssbémve@ Tﬁ)élﬂb(ﬁﬁoﬁ oy ﬁﬁ1d]sitﬁr}}@§erﬁl‘gﬁg?éihﬁkésy
ext endi ng :%aoductr on sections 130, 132, one of which'is visible in

figure 3. &9, gRomay entsn apparatuses 38040 42 dingetly dessn avasksiriag i30yoomagpemgs

134. ter tub Iar3%é§ &% al so _has two i.al I% extend1 T%nproductﬁ] n
sectidns 1AEHATSE H D FORRIB AT 8ISV QU PLIOR ety P GXICHIT &
beconme appasRf teapphRtfeshs, |4Joe«¢z | PhdsB @nlars tmaySelRdé Beggﬂe Bétﬁété&d@mé’é%?bt?&ts
-outer tubular 110 and outer bul'ar 112 at a ninety-degree circunferenti al
phase shi fas vadNeat jopaure dISdmencaﬁmlﬂerdlsmagd thetpie éo tefgubsity therflayy ehthie dluigh blasey
shift is gﬁce&rabl e using the present invention as the relative

circunfer |t| ons of adjoining sections of the apparatuses for 20
gravel packing i I RV,

affect the oper%néﬂ&%fq Wénéé){)? %%‘ v?f%i\'c/:gln\?%%?]&%oﬁfdg%gﬁ od Hl},e&l%télt(rmﬁgﬂgt&éa |
oi ni A6 sectlmtcmsapphratttsefoagmmi ahaldegarf iotergil ef/eweliaork bithe presemtmextion iokqaally
wel | bore of i resent mvenﬁslon S ub tantially simlar to mati

typi cal j oVeh §U1Eﬂd AT Bee Ingdevinted wells, ;s@cgn@ iV¥els 108 GariEeniyl wells pelsp aﬁrveegt@rrghng
t | t

oot Tons EREIMERs Wi W beRGion 1 AR bR BY e STIERTH 10 o AfLG O
t ubul ar 1lappatatis fwgratelpaeking bn mtﬁxrhleﬁdr wsjlbnm‘q:frtbdpuetserm inveetiér BrRuallBwell-50,

only one of mhrch is visible in figure 4. There are no openings in
nonproductﬁ“é)tﬁ SFUSE Yhenshaee OPEEAYIoNS . kewi se, inner tubul ar 116 has tvvo

axi aliky extendi

Vs Brs in 11 g SRRl RS MR icktroicd rhayh b 1908 st Wk Eph s for |

of openi nggraidl packingnar mtentmll bﬁzr wéllifora bbthe baserit Wveanbdhhyis gesxteeﬂty daaglgaéted 60.
nonproduction sections 158, 160, neither of which include an enings. In

the i || ustABRASRUEGRHRASIAROHtCT tubﬁlré&térmrtwn@f thessiderwal ofcanter twhul 2\56 g emré@ly
W thin out %tger}#rg r%[iﬁcttlbjn s’ect} gllc{rﬁ X ? Pﬁl‘i’aﬁg& 4 n;{)] n%: SAriIthﬁer ?TS) on J)f

out er tubuff are clircu ere gne Ctl on s I ONS
142, 144 ofhe %iﬂl@@d’alltdfbuie@fubﬁﬂaﬂ 62 @Sarﬁﬁ@ﬂlyse&ﬁdﬁd nonmdﬁatohlséaddﬂsa(that includes
PCT/ US( 12/ 08121 in figure 5; such that nonproduction sections 124, 126 of
out e0t ububrgrormere sudetsi 10c et seasens that villhecgme @pparent tadhyse skilled im et theons

148, 150 o S

o oduct  ordesal Fiapet Bt proBlflor ey SFRPr hutds B mich BRs i e
al i gned W ddnsity 6FiftletsOTD in@@hpRASctioddectidro80df dufsr@iibillat®2l &1sd, 1Gshodld Heafbted
seen in figure 6; and such that 5 nonproduction sections 136, 138 of outer

t ubul ar 11y those skillesiinftieg @hthaar:\reyx thoughriegire? has ﬁ@mﬁd)qpmmgﬁm@dtquaﬁtﬁ 033,

160 of inngr. tubular 0 _as_best s Referri.n ain to
froure 4 Foink PO, oeT shdpel SoSingSihy 3REMalifelk bE G RubPT dpiyiny 158 the

at t aghed therglies Gnte | bfb@&{t itveRHbRT Lik@a@ts*éaéve% tl?@d%’h ﬁguré §@xh§&éﬁ&e&‘8ﬁé¥ﬂﬁ 66’4,
176 attachedt ereto, only one of Wwuch is visible in figure 4. Isolation
menber 170asrmnatmaame@tze@s ootleif 78} epeningsl 66 c:pmlcttdmlvabalvet lazgeb ot amliealthgn
axi al nenber 8,..180, as. best seen in fi a airo .axi al |
apaced apantieL i SitaREs SepRymg gy e FraF e b heranisar o vsliny Thatist Bedt ng
shown in fhgHp@Sside andl sl?a e'o?cﬂp@fu'ngﬁ 66’%@6& dftah@sma ;J?@éeﬁt fivention, so long as
.Ci rcunferentially spaced apart substantially axial menbers 184, 186, a

best seen suffifienfiaren i5 peowides] foaflnidgfrodudtiah [therethemegt ang dret intaghitt eﬁrtut@rltulyular
circ ereptial .nepbers, only nenber 188 being shown in figures 4 and 7.
TogetNer, Hekgddiataneds7o 172 define the circunferential boundaries of
production pat hﬂi’s&%séhg@nhﬁ‘l it @t?otﬁérlﬁzrly al ﬁ?n%f‘%‘ﬂ?s)( E’“/2 194 %orﬁgﬁ opﬁr%‘é‘ﬁﬁ”wél}' ber
tubul ar 110 and ner tubular 114. Al so, nenbers 17 2 provide fluid

i sol ati on hmemeebulapr GAuost amnamaiiyt\mtemdmsgo prmetlemd;esticmr r7yf s siagesipstidlba,

196. Further nbers |70 gnd 172 provide,c te fI o} ion for
product i on“}f %qqr%gygal%gghg vk 1t1*2@op§g}o§ts|eg}p%@ggquter7t (%’); %&E‘ret@e section
circunferentially spaced apart substantially axi al nenbers 200, 202, as
best seen in figure 6 and a pair of axial$§y spaced apart substantially
circunferential nenbers, only nenber 204 being shown in figures 4 and 8.

| sol ation menber 176 has a pair of circunferentially spaced apart
substantially axial nenbers 206, 208, as best seen in figure 6 and a pair
of axraIIy spaced apart substantrally crrcunferentral nenbers only 25

o SNA PN — a1 I A A — o~ 1 r



30 slurry passageways 194, 196 and slurry passageways 212, 214 are all in
fluid conmuni cation with one another such that a fluid slurry may travel in

and bet wegip i2hesso passageways from one section of the appas@tusemsiar
gravel packing an interval of a wel|bore of the present invention to the

next . Spec%qu anper (abulss 7 baga pluwtity of oPPRnE 48 ﬁ@rethrouah aheris, thotyagidumbersizean

outer t ubdfarberb Ty oorined et eb e PPl 1eiepdioh o Bk L BeRERNCRa o

slurry to groeided fetofiidesroductibh @t shaitmeprpnos agrnaysuld 97 k9faihatedghAsnbed ar
regions 220 into slurry passageways 2|6, 218. As such, regardless of_the

ci r cunf er aipetion of she we well efinaer thbiter 7 2is gurdally extendignonprodpgiansaetion 1fhatar

116, th f d.sl t f .t

appar it us ¢8Iy Kt ntent BT iRy B0 SEEN BER B o prutridar 62
i nvent i on.NédprédiRUbf sioaPBaifefier htbul 4T2as %b'ob&ﬁn%sﬂthbfb@m@ﬁéh t hat the use
-of dlrectlonal ternms such as above, bel ow, upper ower, upward, downward

and the |ike arlispewd wmhlnelheﬁnmu}ms 80 hehednl owier whelay 62 @nd dutiemeutdar ishay
are depict.e n the.figure u irecti bei n rd.the to

the corresp ﬁgﬂ?rhg’eﬁbﬁﬁgy 8’53%&4 gd&l Ve & S@?q%c? %‘gh %Wﬁ}“di ?ﬂé’agroﬁ om
of the 10 wBEhHASLY ﬂmfdlﬂ;ufrgerehﬁalwbéh ﬁ%rﬂ‘@ilﬁllﬂ}{) ektei»mg menitedd 84,188 that

apparatus for grave packing an interval of a wellbore is not limted to
such18ri ermediallpaxtend betwien @quatulbqlaw@ dndduner éubulan 72 u drefach niembeisfdd 8@ prbvide
hori zontal .ori ntatl e n now.to. fiqgures 9 and 10, therein i

opt ot od ciguETaERta Sk scluh beeen S ol Bt Aon ogeoath sEibat G of
for gr avelo&énl&blngr &N I'“%&%é m%b&s‘ﬁ@' éd@@b@m& ReEuy r&ﬁaﬂﬁﬁi@ﬁs’ﬂlmﬁn betwegn

desi gnat ed 230. Appar at us I's simlar to that shown In figures 5 and 7
except appapddation 88fRionhdd aad aomgbductibnl sescylop a8 sApaentyb@ 32722 nAs such] meghbers 84
production q?.at hvvag 234. Specifically, Egrat us. 230 has an outer tubul

236 i ncl udthgeRing the §irey eeﬁntléb@ﬂv e ¢ SHUTr BERTRSSVAY S®CRIVERE 3 aand
an oygl et ulfo‘h%d 'dteﬁn ng g&fu:cﬁgh ﬁBﬁ ofzékﬂer AR X M n%ﬁ?roﬁﬁcscfb RSN

i nner tub |nc ura openlngs 248 1 n | pro uctlon
section 2S[8 aﬁmnaf)tmmpm and a praducmn rpaﬂmayo@fl;ﬂqammgscemal boundaies d¢efined by
i sol ation nenber 254 i s_di sposed hetween outer tubu|ar_236 and i nner

tubul ar 24B5odyationgestinn orepiyuytertubnlarel %pdp%rpﬁiuqslpnéP?twr%?féweqrémwars%c ed
apart substant ' l k)Xse?lx\!vﬂlluﬁFgrggg%% %% 1ﬁé§§ncﬁ&qxt IQ&E r%}oﬁ gﬁé%iar%)ln%ofﬁ '?1%2

apart substantia y CIrcu ers el ng S own in

figure 10.intludesd base pifydiethatdgd a@ﬁran@s)fbbanﬁgsr%mmeh ahbdwahe Mo o€ prodasticaf
production_pat hway 234 and slurry 25 passageway 232 between outer tubul ar

236 3Ad i nﬂ@ﬁls ﬂru@mhfaprozlu@wu@b@g i 6| expctanmhssisige andshapoof epegings Foqre not
|
oL 2" PP B BRAT R8RS e &Mt ML PR RSN pR A

figures 11than1qteg;a,y dffb@geeplp39$1m@mﬁm cross sectional views of another
enbodi ment of an apparatus for gravel packing an interval of a wellbore
that is general Ppacedaigurd baseping ¥4 60 Plpgabiar ofiribs 98.6B1bs 98 jars geaprally syrpmetrisHbin

fi t fQ 6
264, 366, JBEARS U OB ROR AP e SR DR BBt el pY nRGAZRURRKR A EGRs
appanat us gefod) aswalerOi kigtuld b@ﬁﬂ@fsto%a 3/' o kb tBe Bk Hizetibé 98 Rhy AIREAATEE
280 in its four productlon sections 28 284, 286, 288 and outlets 290 in

i ts nonpr oehyetiremangaiar ovitangylar cryy®seRion PO gtbgr suitable geometry. Additionally, it should
be understood by one skilled in the art that the exact number of ribs 98 will be dependant upon

the diameter of base pipe 94 as well as other design characteristics that are well known in the
art.

30 Wrapped around ribs 98 is a screen wire 100. Screen wire 100 forms a plurality of turns,
such as turn 102, turn 104 and turn 106. Between each of the turns is a gap through which
formation fluids flow. The number of turns and the gap between the turns are determined based

upon the characteristics of the formation from which fluid is being produced and the size of the

9



PCT/ US112/ 05121 292, 294, 296, 298. Apparatus 260 al so has an inner tubul ar
300 including a plurality of openings 302 in its production sections 304,
306, 308, wald/m@mmgdono openings in its nonproduction sectionpcBbi2did, 316,
31 8. Four isolatjon nenbers 320, 322, 324, 326 are di sposed between outer

tubul ar 2782v o Pented dugipathe gravd Packing epsraligfh Trgether, rimPSand serepm wiregh00
circunferenti C art s } ! er 28 30 a
i 1 of i fynte SRECERRA Rl Rl PR Wkl 8 bITEAR 21 e Rpan oM
nmenber 33Zubighle gchhiqué it Bhdul@bé endeBstoddst tabdeaRilive itk agdRathasledibh 98 an@the
circunferentially spaced apart substantially axjial nmenbers 334, 336 and a
pair of ax§anf cONEY seean dasket are dppictgdn Aigpie % iarwigermsplamay altepatipaly be usad ip
-menber 338 i ng..sh i i e 12 L .3 has .a pair_.of
Ci roun or detFi ShBel Y [erpbE v p it PR R it 0 47 e

pair of axdifdclly afmaeds@pipe b4subst antially circunferential nenbers, only
‘menber 344 being shown in figure 12. Isolation nenber 326 has a pair of

ci rcunf erent i al Referpomiv wplguresdibad 4ribérgin iy depictell poriane 0 tvgu @ ctigdsBofamtera

erber . aoo BupigRERERe TR0 Fie e 3Rme Gptin L vb s5rona gl i3nsr G ans
326 defi negdstppaelin ey ﬁ@l%}&é@baﬁ@gg@g%@ﬁbﬂﬁr PIOGHAY b REaRAERNRN S BroQuctdhZ,

274, 276 and slurry passageways 2 , 266, 268 between outer tubular
278 dAd i resetionsug) 20 $6D inchhiding aipbwhlityiof openingset22. Inaer 8hdlar BMals@RB two

i des fluid isolation betwe ducti th 270, 272, 274, 276_and
B tr ey pastigbueddhsRoumsdicien sakat Jon Deh Bhb ertatiet Sorsibedh BB 2ach
of the progiptioRProRRtHMRXS A4, ?ié%‘ncllaaés sev&al (ﬁﬁe@ﬁﬁ.hgﬂéeqrisléeog&&g{?lﬁ%ll@ om

figures 3-12, the apparatus for gravel packing an interval of ore of
t he pr eserhasitwoariallp extendmg pandacton sctiensyl 30f 132 whlygenexifivdrieh isrvidibldiimfijgure

configurat]o avi one, two _and fo sluryr assageways.. O her

confi gur at #oﬁaqgeﬂy? UgP [§eFHoR ef%z ’BH“QF%? Pl}‘}r/aﬁg}é 8 @&Hg&% 13 e Oxifes Subsardlilg) e
and ec [ er Ic1a[ M : : N{ad i :

it on, D BRLED el LRch TR SERRRLRlinh AEBRTTPLLPS, BT Mk ifuddh severa
vari ous comitieglidft iAgRowifl btduenesappareat toshdse skitjedinghe macvemthoagh figureB\depicaf a

wel | bore of the present invention in the same interval is likely and may be
pr ef er r ed. OugeEbylac 0 3pd quier talplagd 1d ok p pinstyedegses gitramfersplial pbase; shify gglatbier v
W thin the,slir S i t r il i.cal
ot 11t MRS RESSAORMRNS cTAubRBRR Rl BHRY LOBURD D e YRLLI
consecut i viavapioaras thiseiatise ciréurhfeeenpities@itions 0Y edibindiy sdotions siwks shpafutudes férom
or toe of the interval. This may be achi eved by using apparatuses of the
preséft i n¥ravrlipaskingen HHervalraf asvelibole ¢f4he Bryscisyrventign degsanof atiecs thereneratiom

the interv 9&@ L urr ¢

i nterval . kﬁls msaéﬁa goﬂl(g{é A\a{lsc I e’é@%%@ly%i%ﬂaﬁgﬁ %{%%gercgg IE'Jgsée%rsEPI e'(;%p p%.%ﬁls%{fg%g%%/ el

i nvention paekingtamintievalsdfur willines shgeViaysenniaentich is sWbdtidially Wakiidr (0@ldtidg
51121115121 the top or, heel of the interval and narrower slurry passageways
near the bPicahicBits elaupeto fora 4 mpestung reqairgig nagrierial egupling tepls erteemiques.
enbodi ments hav. ' t i .at. rat,us .of e
erbod: et s Y ndEBbaLEH A0S S BLA AN IRINELA, Al LNRGAORS! AL ehle
substant i ad prdiay af bednimps Bl6. TR GG lar 1149l tHE akiAde ekicaditg lﬁﬁlﬁ{%’@@ﬁtﬁion
skilled in the art that other configurations of the isolation nmenbers are
possi bl e affgtianse 14%nE10 cndyy ong tof i which ds yéstle inffiguse 4pr dbewst arp mpeppandnes Hor

Coar? SRR PR RO 8 LHRE P BeE G 6Kl ke

wher ei n t hgrogudiohaBétionk [152,2054adnlyBREOST whioh & vidible ifigiredt FAtH prodh@RArsection
.together at one end of the 10 inner tubular than at the other end.

Li kewi se, 1¥elbschdepmphaiitee! ongpings . dnperitubwar 1dbraisohpe emaxiallyl extendinged

apart,menbers that. are not antial | XJ al nbers hut instead extend
2o 098"t hogroiR iaR SEHER: RSO nE: of wREh MhER G AP | ca
configuration. RRahenlshstedeMbbArehOiner hBulkAe18! N wol@Bé poBitbrdd Hifddh Mitew
of a portion of an outer tubular of an apparatus for gravel packing an

i nt erval ofubalapelllBorld2t such it gunductionyseftiony idBed2860f ouir Qubelar t 11U heer
360 includ | ur.al it i 362 ..n | ti i 364 d
outl ets acareripettfly et aodEior iyl 5B SE BT SBRRRT A BhoER et

368 is an actuatable device 370. Actuatable devices 370 are used to

sel ectively allow and prevent the flow oflOthe fluid slurry through a
particul ar outlet 366 such that the gravel packing process may be precisely
controll ed. For exanple, actuatable devices 370 could be opened and cl osed
in a particular 20 sequence to further inprove the gravel packing process,
such as fromtop to bottomor bottomto top in a substantially vertica

o o o M o b v .= T 1



sui t abl e actuat abl e devices 370 include rupture disks, valves, such as one
way valves and the like. Referring nowto figures 14A and 14B therein are

depi ct ed wop@regen of an outer tubul ar of an apparatus forp@revelospacki ng

an interval of a wellbore that is generally designated 380. 30 Quter

t ubul ar 380 fighee Yy sech thatglonpradngtipn sectippe hidh d 26 ebouteriubular IdOsercitrousierseéaliyon

384 and out] ets 386 in its.nonprod i cli 88., Di.sposed. within each
outl ot 3eAegtd B opBraghioh BBl 6, FiD.T i Wbl a4 MEGATHE Wshdh Bl
pressure ds;@RcHthatprsdickivh Sectibhl 130, 832 dffvtel hibuthr 3 hyal@wireaﬁhfe'ferﬁ_aﬁj{ hlidnéd with
passageway whi ch inproves the gravel packing process. In the illustrated

enmbodi mentproduction\yecticis1 1524 64 pf pokr gulay [ 166 1 best son tin digurs 6canshsuski that

-t ub 90 is di d withi bul 80 d th i f h
exit Pube SRSBIICHTR SO cePor P ok ol Optlar 1D BrcuBlrael fihed Ban
under st 0odhdigrddietien Sdcliohe f5d, 160 BRtnaf fubuliP¥8@iso ob et AL GRRE bgur ati ons

‘of exit tubes 390 are possible and are considered within the scope of the
present i nvent i BeferringRehbr toifiggrervewiten tufbutpn i &4 hdcapanef id@Biorhmembers 476, 172

e A IR T A AT AU e TN G
400 i ncl udggy 6n&l)f1®ﬁichti§’vigl%le%?@hfw§i RO tibR mdehibeP I APkt %ﬁs&%g&?ﬁrté | rlll%nd

outlets 406 1n its nonproduction section 408. Partially pose

each 16ut | etpad&ifapast sabstamizly txidbmiaberd 108, 8D cds biest saérsin fipard 5 and ypalt sfposadly i n
a plate nenber, 412. Insert nenbers 410 are 10 uysed to prevent the erosion
of out | et sSPAERSl WéHL%zyl 2 CUPRS e cantvimemie Fobas ERPv I\ ffgHEss

the fluid %ijlst,fa%ﬁﬁ,ﬁﬂ}?ﬁ% Sg‘ﬁ%ﬂ' oflcﬂ%ﬁﬁergfﬁ{mggﬁafﬁéégtpﬁyubgﬁnﬂ%@gﬁaﬁpm

any suitably nonerosive nmateria as tungsten ven t t he
i |1 ustrat eglembbadis8ae 86,0 best seen iis Eiptirents v b pak| T aainllyapacegl apacti substhatially
cross section, it should be understood by those skilled in that art that

i nsert menfEuETeeRtial gregibesy prly membshkRd heingsbowa i figes 4 andch Togethgnymembss 15
o | | o @ ' Squ! .
bt 08”1177 Bl S 8 BroE b AR LR Y BB 4 BL02 8 sy,

an i nt er vapasedgewayel 949 a06 bthatn beteg@belaal 1 § astEsihgn@beldr #20). A} membersdzay
420 includes a plurality of openings 422 in its production section 424 and

outl ets 42672 progde figg isgiaﬁiqnsbeﬁmwmﬁi%w%@tﬁ 186, 1P32nd Ay pagragevsayed 94,
outlet 4264 F%g%'gﬁ' ﬁ%errﬁl{‘ s”1ﬂ§4d%§@%§%6§e20 n\l#etg%ﬁ fs&ﬂtio&%!}régédgéﬁ?% f&;ﬂg?yosng

outlet 428 are an outl ng various Siz
the | engt higyf, 19me or nore sections of an apparatus for gravel packing an
interval of a wellbore of the gr esent invention can inprove the gravel

packi2fg pr ocesslsdlagion anarnfzer dhaas @paip oé cisenmalerpngplly ppached aparpsubstantialty axial

(0, 1919 RS JUEYRL oo AT B 9485 B RSP BH Rl

portion of cigduneeieRfialtrhéibars, oafy AEMBERBN BbS shéWn & fgets Pafks. NGolation MkMbyal
of a wellbore that is generally designated 440. Quter tubular 440 incl udes

a plural it {7hasemain efpsrcumfereniially spdced apart sitbsanialboarialinagmbess 206 208425 beald a

pair of outlets.446, 448 in the. qppositel sj ti.gned nonproductign

Sect i ons 4301 (58I Randa gt qFaxially Seites dpdty Hbdlantially GrimiPmial mehess, omy
posi tison ain@ﬂﬁeﬁ}ﬂoedeiﬁ%JM%rinﬁﬁﬁr_etd?arbgeufei,%elﬂw&s 180 176 défe thd 8irBRSfetentlfl Of
outlets 446, 448 at ditfferent axial |ocations along the |ength outer

t ubul ar 44boundari¢smgipoeductibe pathamaes 2195 k4 and pinoy eessapgwaysj2d 61 2 kgbatieerf duien

slurry in different directio di fferent axj.al sition, 15 _ WO

(121 (17 1ebrapat] ped et s T Gl 2O e 108 B L Jrolgionagrveen

packi ng anpioah&ioadatitbay® Me! 21048 sQfrry PR:YeR2§ND14, RIENFIARer! SethBEM 179, 176

distribute the fluid sl'urry to various locations within the interval to be
provide complete fluid isolation for production pathways 216, 218. Importantly, however,

30 slurry passageways 194, 196 and slurry passageways 212, 214 are all in fluid communication
with one another such that a fluid slurry may travel in and between these passageways from one
section of the apparatuses for gravel packing an interval of a wellbore of the present invention

to the next. Specifically, as best seen in figures 3, 4, 7 and 8 collectively, an annular region 220
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gravel packed by injecting the fluid slurry into the slui Ty passageways of
one or nore sections of the apparatuses. A portion of the fluid slurry

exits thrwegh/itésgovari ous outlets along the 5 slurry passagemaso@dthient ers
t he annul us _between the agplarat us and the wel | bore which e cased or
|2

b
uncased. C¥éss baiween Quigimbulass 118, bloranddanestululas 44 Idp th&fr;?l%éfs thefleid sluggyr y
isd it : - f L. |
i gr ates. HOCRCERP ARy AR eldheb A AR b1 6, 0B sty

pr ogr essespa3tapB@ayd E 6801 8.1 &s behgidgadiess bEthe RRatiaidientRl 6Herthiadn dffiBna@nimular
area beconmes conpletely packed with the gravel. In addition, a portion of

the 10 fl uild telative {p inperdplulanbl 6o hediuid siufrytwidl trvebdeyn Broughcaarh pectien of e

~out er ct ubu LC rovides.for . i ion.of f.he gravel

from ?he f%@?ﬁ@%_ﬁ@rﬁ? i g%cz%ggpa{rno%‘%%ﬁq%ﬁggéaeﬁw%yﬁéﬁg{)%éen\?é?‘{eghgn's ections of

the apparatus. W@l bé Bpardt @S H0Se MR 8 95L5t hoie ukdef @iictibeal kethl tshctPis

‘the apparatus such that each production pat(?wgg becones conpl etely packed
laad 1§

with the gbavel beloweappat bowdre upwad, Wowandr he dilie tare mserd ith welgigoma tae the

| et el y. ked with | the.gravel 15.pack ti ]
some. enbodMREEe sopRia RS ey Fhodidrom o AESRS RO At Bney be
inj ected i@ epdiehSedtFekyorlaTSRARY RN Bthe BN b iteBliAEb& Ry w8 the boltDindf tHee

annul us to increase the speed at which an interval of the well bore nay be
gravél pactosgspanding figere. dhdhodldeemotedhoavey e that dveedpppeatis fos gfaval paekingant he
wel | is brough nline, formation fluids.that are produced jnt, e gravel
%0 packed FHERsR WISt i TERMRH g0 s isnijiondh TR eRualfy el Sifed £ o8 Bhren
enter the prRdChiMHdriRehtV e Yshtddonouah the openings in the outer tubular
where the formation fluids pass through the gravel pack in the production
pat hway prior tRefewing ngwtthdigmresddand df, petdimas de¢fictod ghoss sectogmehviegs ofrant he
i nner tubul ar. Not abl the formation fl ui dﬁgare prevente Erom{rav i ng

radial |y tHE5wRH emb@diﬁw ap FPRAGHRAYT gEavehracking an gyeygbAt Ageelibre hat 1s

nonprduct i Qn. ' f j : h.ar R 8 r r
o avdR poct S estiified o8 Al R0 S4iHifE o ot SUbRin HRERBABNT Hoep

for a conpappheatgy 23@hapacknghé shufryl piseageslay 232t diglt a pigld prddatompitawapl234i n
the formatjion fluid are filtered out. Wile tl >'1i‘F§ i nventj on_has, been

descri bed WecHically.capparatus 230 hag apquteriuRidar 36 denlviing & plurality ofjeReaings £38H itss

not inten dﬁ&ioﬁ?e? e%ﬂ)‘éﬁ@ ah Buet bhmr%tl('t)%}?m ?daﬁ@ﬁonV&Ef-liﬁ?rpﬁMﬁ.mﬁ{Lakﬁﬁst IR s AN

30 conbinations 0o I'T'ustrative e nts as we as o r

enbodi ment kasah ifiee tibalee 246 arludivig 4 ploaliapefopetings 24d@rispicdiekon teetdon D50 el

art upon reference to the description. It is, therefore, intended that the

apperfled cROPPANINGS D iHaSRPIAdHCton SectivpdoRi St iseladonmerbehdyhis sisposedabetwegn

02/ 07( 18l ( . i ScChal | Stk ' - I

packi ng an&lft%q;&é@% é3(?)({ %gljié\éﬁrl\{\g@}rlaeﬂ, 2§1t6 hééde%%glrﬂé%ﬁ%&g g@%ﬁl ?s p %é%% é?}cu%?%reegﬁﬁﬁp

t ubul ar hayiabed apardxdubbtaitiAlt exigdl AEnibed 66, 258 21a8td PaAirvet bxiallplspadddi tparof
S opening _and an axial |y extendi ng nonproduction section with an outlet;

an i nner t$ibstantially cipryadereniial mrembers oplytrepmberR60 beingshaywadn Agutgndy Islation

t her ebet we i t i) 4] dj i

sect i on t rappb e SpEhest P KRpl BRI bt HrRLERT bR} B3 b 3oy o,

sect i2gn of%atsE@ewuy €82 bethwb@bueribalar 236 @ldlikne xitRndi2ag. AN hehbsezsd on

that is substantially circunferentially aligned with the 10 nonproduction

secti on of pronides fluéd 13olgsionaretwesnepioduetimn pashwae 284 @nd slurth passpgeavayt 27u st

havi ng pl ural i.t f. openi ngs, the nonproduciion section of the inner

t ubul ar ha?/?rﬂ%le%gp‘%%@F%’ﬁg?daﬁ’fag'écﬁmp?%hgpiy “renber di sposed within the
annul us f or m ngRrafepi@EMHt tozuRes! WM 1DetheRaNis [dBSicRE REHLS bd@idnAAdWBTanbthet he
~outer and inner tubulars and a slurry passageway between the nonproduction

sections o¢tmbediment ef amapparathe fon grovelapacking e inteoyad tof gnwelthdre thas ie geraralisy
fluid.l5 i gati.on bet th duct i t he sl

pass fvay mtagr 2oh o AP 350 s Gofirda ik bl RheR R SRE el rbifciys 26
act uat abl engler6hE gy 'q:ra@s%?@wwim 2641268 UtdsedndtfBus ﬁﬁétio\ﬁqiaifh\@dy'dm, ang 274,

n
prevent fluid flow therefhrough. 20°3. The apparatus as recited in claim2
wher ei n t h&7@oingeifishlly apparatve26Ghgsrapouter qubular 278 including a plurality of openings 280

in its four production sections 282, 284, 286, 288 and outlets 290 in its nonproduction sections
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actuated. 4. The apparatus as recited in claim2 wherein the actuatable
device is a valve. 25 5. The apparatus as recited in claim2 wherein the
act uat abl wodewresgoi s a rupture disk. 6. The apparatus as r@|emt@dosiriclaiml
further conprising an exit tube di sposed within the outlet. 30 7. The

appar at us 7@ 2eti 298. chpnasates @A alsp hagan | ippesttubulan3eq snelusting s @luglity afube

appar ot us PRt Py 8 R oelihs 200k S8, TR Onebipes it P dpchop

i's di sposedctorlsan20514y306, 31ReFouttisslatidtbmbers 920, B22, AP L@ Hisposcdaetw@e i n
claiml further conprising an insert menber disposed 5 at |east partially

W t hi n t heougarttileitlar 2 eanidrigegrttubmda¥)0. conpri si ng an er osi on-resi st ant

rmoed Furt ner HsABRBRALEE320 b TbF S B el S k] kgl S
ci rcunf er efémBéds 828 P3BIREhPPPdIf of AhIH &palc&ar hitRdiubStafiRATREEifouniTatenti@Ghthbets,

"extend between the outer and inner tubular s and a pair of substantially
paral | el , ety anémberpddadbeapgrshowoi inc ligheer dRt | dddlationx mendbien g3 22e hive 1as paih anf

di al | t bet t t nd-~i t ubul that defipe,
or oduct | orb AP AN AT SR b1 Py 4GBy R 2wl P B axial) spaced
communi catjfn duBeheRRIMERAmitlentidlmeABERT %lgslvnméxflﬁéﬁ%t Béin% %h&»bﬁ'ixg‘gkurélml.her

conprising a sand control screen 15 di spose In the 1hner tu ar. 12.
The aPpar dscistiasmembet 324 has aglaaiofcitcuuhfereatially spacalidpast substatitiadly aginimeinbers

two 20 out] et 13. The a ratus,as recited in claim 12 wherein the t

outlets flﬂr@hi@ %rg‘r?pwrstg aialty Spaced appet sybstantially Sirsmisrytiakmepsrs only member

second si zg [ | lLal : =Y . A

ot ondi g ot ing HGSARGERL 15, AUIRA!hffber na8 AL Kb MR AEARiM Pacod

two axi al |apagixdubstantiaglypaxigluntibers Sd6; 34hand apert eif axiallg spacedl dpartebstmatiatiy

nonproduction sectiqgn in the outer tubular further corr&r{i ses two axi al lé/
0N

ext endi ng GHsHpYerandal msmbesp pnlyaemibgs &p@ being shovindndigupe B tlsolationymembers 82
or oot o Zetyh 328 Bele Blodteleiol RIS SEprb RN b EHERM D00 e |

the inner dndlihrey pdssgdverys C6PIG4S BEG, R6R batwerh loMte Xibal 28 ah® nepabalar 300,
sections, wherein the producti ogzgat hway formed by the isol ation nenber
a

further cofsei elptioRonpmbersc20e 3 6 minvidahdpid iolaienshetiveep praductipanay
{,\‘,’g”ﬁ‘fz ?ﬁlﬁfgwg@} g@%ﬁ%ﬁsﬁw? Dak QRIS 82108, SEE Ik RALTAIRINSq 18

isolation for each of the production pathways 270, 272, 274 276.

20 As should be apparent from figures 3-12, the apparatus for gravel packing an interval
of a wellbore of the present invention may have a variety of configurations including
configuration having one, two and four slurry passageways. Other configuration having other
numbers of slurry passageways are also possible and are considered within the scope of the
present invention.

25 In addition, it should be understood by those skilled in the art that use of various
configurations of the apparatus for gravel packing an interval of a wellbore of the present
invention in the same interval is likely and may be preferred. Specifically, it may be desirable
to have a volumetric capacity within the shurry passageways that is greater toward the top, in
a vertical well, or heel, in an inclined or horizontal well, of a string of consecutive apparatuses

30 of the present invention than toward the bottom or toe of the interval., This may be achieved by
using apparatuses of the present invention having more slurry passageways near the top or heel
of the interval and less slurry passageways near the bottom or toe of the interval. This may also

be achieved by using apparatuses of the present invention having wider slurry passageways near
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1S. The apparatus as recited in claim 14 wherein the outlets of the two
nonproduction sections of the outer tubular are at different axial

posi ti onswa @agodsie outer tubular. 5 16. The apparatus as pegut@dsizy claim
1 wherein the axially extending production section in the outer tubular
further cohptopsersheebof theintaival andknasrasies glusryorhssageway seear urbpttonhente af thee
axially ext %daidng nonproduction section in the outer tubular further

conpri ses PEhr*axi al | y extendi ng nonproduction sections, wherein the

axi al l'y ext endi Rgopwafyald FMsSAEd bRBodihehRihalvB MBpictedthé &oldtioh riGhbez®BPHeS €S
four axially extending production sections, wherein the 10 axiall

ext endi ng appamtesd of tthe rpreseat igvention tasehdvime . paibuif agirdumdeteetialtyo wpaced eapaftour
-axi al Ly extendi ng. non duction _sections, wherein the producki on path

For e by SREERGE RN drb RS HePoRh meE ey Bottkhs DR Barhiays
and wher &i fnkNenfkHaliinAFREIEMEN FMBEY aR/pddiBicl#aluRl dAGidBRINGMid Mebhgl
'conprises four slOrry passageways. 15 17. T%e apparatus as recited 1n claim
16 wher ei noft ke pueskwt snvehtibine Foauexaroplpy dlshidédlations ewmbens mdy hivee aupar of

tubular are at different ial positigns along the outer tubular. 19 WO
(12/ 0708 C1ATPEFFTERIAly Daec! apgr Sﬁfeﬁt%@ﬁy grigkmemgpers that afe oy priafiel tg Ang ARathra
of a well 1 . : .Sl ng:. ' fepst
annil vs. wi T ReidAEfIRARAN B YR B9 cirBiniliiny bR RoedRh L AR d o I
t ubull@r f oimpenmbalasehandt thenetherserfl. t hikeete! Weeisplatioe menvsrdnan baveus pair of
i ncluding an axjally_ extending slurry assagemag%and an axially extendin

product i onCIFAMKGEEytially spaced aparbmemRers dhat dre RQfsubsiantipdly xial mnembiersshug riweadg

passagev"ayﬁ&&}’d o ROt fgltcﬁ' mtgeyiﬁﬁéﬁﬁlﬂﬁimoifn %Eifﬁeﬁ%r%?ﬁcgag 8%‘@[{1’% tubulars

adj acent the production aving a plurality o e slurry
passageway bei nRefeitirlg nowctoifpateai3i thdteiniodopidiel Peidshuietiod B pprioh ey Gutetubiat
when a fluid slurry containing gravel is_ injected 10 through the sl urré@
passagewayof amapperatisdfos gravel paskingandpierl of @ yelhare dbatvimgenerally dgnisnafed 0@ et

| eaving a £ rtLQn of i.n.the fir.st I h nt er he
openi1 gs | Qh{eﬁ[eubgﬁafébe%nﬁgﬁe éggllug%@yﬁgoﬁaemsngé g?%mpl%r r?@%“Sﬁ?“ﬁﬁ%Eg?‘g%‘L Oul%lr?{st he
product i on3g@inhwanpridustitisetiial 368 hisparedjithiieath btk 388 &s A7 RUEMIL ddvite

formation fluids enter the production pathway thr ough the openings in the

outer tubuPHt Asyatekletdavings gredrscesed io paletiivaly allnvoagthpienentdhe pwgy thefluide

i bul ing. fi i f. th l.in th
st annut g HrgBRE waichiia BB dod bk b gRGEhdbaRhing o HRL bt Bigeitely
pat hway. 1&ontrdNle@PPof 8kadisplb OdctBtaNeieias!a70Goald b dRn¥d@bn®Elosedld hetidlart he

apparatus conprising first and second sections coupled together, each
sect i26n cosmanéensierig furthes improve thewgrawel parking proegss.sueh asfromnop iothotiain ¢r botlem

b d i tubul ar.. dij d wit hi ter tubular f
second annih 98 e AaPare iRl VBERGH o! Mot esd BT toB ety B! B suBpephiticy”
ext endi Ng Rbkonial RRBBSSE 1R YacRREtuaRbRdedcky 3 RIS RNEbSRERLH GdnPRedP & Walon 2

portion of the outer tubular adjacent the slurry passageway having an
outl et, a fromt foertodfeebit h substansiatly rhosimentainwellbare o lesers futheacehrnce ilee gravel
producti on t hway havi,n | yrali of eni ngs., the slurr assagewa
bei ng i n_ 2BARinE Grores) Actisiatls 86 a b R RS LRh A ety R ke e Hidads
passageway irRfudidpeprbdsufd act®ftiohOfleiBE UctuBtidd, WbShshie TBMBIGAS RO 1116, t Bxd\les of
slurry passageway of the second section, the production pathway of the
first sect suwitableichptable ddviced 376 vdcndeompfurodisks) ealyes dudt asoonepetyhwadnes ahd thee
second sec{.' on. 20 5 10 15 WD (12/0708111 PCT/USO2/(1S121 20. A nethod
for gravel dﬁ"atcki ng an interval of a wellbore, the nmethod conprising the
steps of: traveps} d j ictk@8 8kt ol
screen within t gfe\;ﬁ\gﬁl%a%%‘f{e&%é 5%‘1%3% EEeﬂatlﬁﬂget P (g)@{r‘rlla#?g ;lc pos?{)]ildggioﬁﬁg‘ngrtg@g%{
packi ng appbamipparanofongravebpacking axinterad] of a wedlboteah#itds gemeriliy dusignated 1386.

between th rave ki ng. apparatus_and, th | | bore, the gravel ckj ng
appar@t us @HEF&F‘}@L%g%QW é?gﬁ’ﬁgﬁy afowwga§8¥em+é%9f9 Waﬁeﬁwgégéélgc? Qe n
the outer sybiyliar oflefomlaﬂm oSRFARY. B IFLEMNRENG i BEALEB0d0Rn uS
i ncludi ng an axi a extending slurry passageway and an axi ally extendi ng
pr oduct i ontybas BOGyre uskd ts incrgage fhegeeyewwairop ef thg fiuid Klumiychsitboflaidi shnryf exdtmd he
production pathway; injecting a fluid slurry containing gravel through the
slurry pasS4g¥RasFaSeHEaY VRiSh ITIpOVES e araéfma@éngﬁr%ssb 18t @P?@t@&@é&w’
through an outlet leaving at | east a portion of the gravel in the first
annul us; and termnating the injecting whagn the first annulus is
substantially conpletely packed with the gravel. 21. The nethod as recited
in claim?20 further conprising the step of actuating a 20 devi ce di sposed

within the outlet to selectively allow and prevent the flow of the fluid
slurry therethrough. 22. The nethod as recited in claim21 wherein the step

o o - - r 1 1



conprises actuating a pressure actuated device. 23. The nethod as recited
in claim?21 wherein the step of actuating a device further 25 conprises
act uat i ngw® eabwge 24. The nethod as recited in claim?2l weresnoshe step

02/ 07081 115 BRERpRSESR Pkt 308 - Ries LR ol hIid abO R ek PSRt rat

the step ofyji bE8YHO RIdRpbdeHicttetloHl of caf @bl R0 RYRbuIY IbE AL sibE bﬁl tHbdeY
passageway such that the fluid slUrry exits the slurry passageway through

t he out | etskillad nghatcartydrivewser, ithy ethei eapfigufdtions of kxit tybes R0 airan porgiblg and hre
t hrough the s]urry passagewa ch that, the fluid slurry exits the slurry
passage\/\/aycocnﬁ%ff&ﬁ“gkﬂnébﬁ%COP%B]it%BiPE‘?ﬁS%te‘HY%%PPUn the outlet to increase the
‘pressyre drop Qf{et’%%}ﬁl\ﬁ‘;ﬂd&Qtﬂu&lé%lllfSAta{naVBB'tﬂé}eihQ% S DPortidh of Mtéfif%mﬁ' as

recited in claim ereln at least a portion of 'the exit tube is

di sposed woitdm appatatusffor gtavelnpacking . andiitervihef aweHbaredbatiegénteeadlyi desighaicd406.
wherein at | east a i of the exjt tube js. disposed within t he
second annyPgE .“LDE]@.I R%B“"’ﬁ@?%@)@“?ﬁ@ ReByRes ﬂbillnéFsrﬁe ?‘8“4‘8? fgropn 6@4@4"@1‘%&
the step o it oni j t ra; ; I Rkkyad

out | ot -t PAOPEEHS AR Sy SeedoR SO PARIRS diHost & ARhirPalch liLVAddls Wiggsert,
met hod as membéetl O which & ailsParfialiyt disposed irpa platengeinber 4lt2e dnseit derapars i@ amen

20 isolation nmenber within the second annulus to define the slurry .
passdfewayussd do presenthrieroipn of palatndlp whigh may scetiahie t fheirteswsRa Velgeithat
th bot . . . . . . ) .
renber 1 ur PSP ERuid S a0els B RBRE dnolk Erihdhy #10 MAPbFird in'aPbAbLEY

ci r cunf er epdrieadsive HpdLRAGuaPa thingston catbife. EBteanhlbuph theieksed abodimehtalebicts
extend between the outer and inner tubulars and a pair of substantiall
paral | el , erhmepbersddOds Apung 2 cipanaressesianaitishoud be Hadargoodkbipdese ghilgd

di al | . L
bassagenay e e a oA B AesmE bafle ARhRs, SR s FRlSCReh S, S
t her gizet wegngdldr, ard\lls@itsblscu PCT/ US02/ OS121 31. The nethod as recited in

claim 20 wherein the step of injecting a fluid slurry containing gravel
t hrough the sl uReferpieg sageinafjzuedh thergin ishdepidted @ portion of axjonter tubalag) ofr any

passaseuey, BBty ISR H AT oETBIARET L DS hHP Ry CE i,
exits the glbulak ¥2PATRASWRMIrAIRY OB EPenligR 422 dfts Btoduction section 424 and outlets 426,
428, 430 in its nonproduction section 432. As illustrated, outlet 426 is smaller than outlet 428.

20 In addition, outlet 426 and outlet 428 are smaller than outlet 430. Having various sized outlets
along the length of one or more sections of an apparatus for gravel packing an interval of a
wellbore of the present invention can improve the gravel packing process due to the expected
pressure drop in the fluid slurry as the fluid slurry travels down through the various slurry
passageways of the various sections.

25 Referring now to figure 17 therein is depicted a portion of an outer tubular of an
apparatus for gravel packing an interval of a wellbore that is generally designated 440. Outer
tubular 440 includes a plurality of openings 442 in the illustrated production section 444 and
a pair of outlets 446, 448 in the oppositely positioned nonproduction sections 450, 452. As
illustrated, outlet 446 is at a different axial position along outer tubular 440 than outlet 448.

30 Having the position of outlets 446, 448 at different axial locations along the length outer tubular
440 can improve the gravel packing process by injecting the fluid slurry in different direction

at different axial position.
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32. The nethod as recited in claim31 further conprising the step of sizing
one of the two outlets a first size and sizing the other of the two outlets
a second wigz@/07d43033. The nethod as recited in claim20 wherBusn2iRjARCti ng a

fluid sl t ai ni | th h th | f
Compri sea | b oo dsTaeh feFbBate por e Par Roe b SBRAC AT ERbcrs PLRE prgpent
second sl UnG¥ntRASS RIEVRY istridite tlﬁQQlu'i@Tsllilﬁﬁ} t8SvaFiBeé 1RAtidm \lﬁitﬁh flh@fhté’ihﬁlf Rt

the step of Injecting a flswd slurry 15 Containing gravel through the

sl urry pasgayswaskegbyhinjebtiig thh@ufd dumdy Biteitheysluexi passagewayd efrang opa®saspetians
through the outlet further conprjses ipj.ectin fluid slurry containi

or avel ¢ hrhigh SPREERSS (et eeione Tt Y sts Duoneh et mafet R gk o
slurry exi ' '
B R o e R L A
posi ti ons bd casgl drhmcaset eOntainuhia annud@s, 8 portibhef thetghoa! mshe faid shadryiindegoaited 20
‘wherein inj ecting a flui,d slurry containing gravel through the sl ur
passagevvayglrf’l!l‘il WS%PBBYHBW”% the 4‘%‘}-‘%‘&5}1 t%&t ?hetﬁr%’ eiF‘HWS(PBﬁ’( o 835?%]\%?“‘1

t hrough fi i g

ot hod as Ve SFRRCodcE Tt ekt ik BPSRASIUME of e ppbaratlifuch |
cont ai ni ngthgy thy enulirraneegfecoines sdmipletelyomskedyewh yhesgravel hradddition, & portensf der v
exits the slurry passageway .t hrough the outlet further conprises injecting
a f1dld sl ﬂmdyl%&psﬁrm%ﬁ@p@vw@athq produggiontspetions pkthe ogter Bbnlar which grroifdes for

fourth slugr e e. e r; ' : ' ,
second, "t nF BRI AOCHRISy PREE gl sBEk Atk Bl ih ochirbanckBf patibabiof e
and fourt hv@iduk edcsionS6f thb @pparitas., Ag#ls anid prédess progitdsek alung ihaditiirelesghaiffige at
different axial positions along the outer tubular. 23 WD 02/ 11708Q0

PCT/ US( 121appatatus sgeh that apgh predugtion pgthaxag beprrassicamplately nacked aith die gravedl Open e,
t he net hod [.Si f: j.di I ey I e
traver si noP A b B8 in NS Corp R R WL T Rl
formig pl upakidp¥ratibn peiyfdeas i ons; 5 locating a sand control screen within
the wel | bore proximate the formation; positioning a glravel packi ng .

appar at us ar ounth some esehodiraants efche presans inventignp the fnid slugy maymat ey be tnjgated

h | . Ki d.t he. wel.l .th I Ki
compri o1 g™ aber PRREPLEY R e iR BReh e edpilBfitRt e gRsAL
tubul ar f ogHicA@n tteRERTdhERENB IS ma} 88 BRSEVRRRed. LTHRIBG CRIMIRIAN lHSe hBGHad] NI
an axially extending slurry 10 passageway and an axially extending

pr oduct i onpasitihifivigh andde steliris hropghtsud nsatprivetieonyfluids fhatiird preduted intmthe gravel he
produgcti on th . Injecting,a fluid slui Ty. coptainin ravel through.the
O or e pasntiled dfbival bt e theimd el BT SnpnE B e bR
through anpguhwithtoagl tHrbpenihbs Mlthdeittr tabulal whéi tsH RMBAtionTifidiSakd thedugh the
annul us then enter s openings in the outer tubular |eaving a second portion

of the gragmveligckrin thepiodociion patiw paptiowty; exating therproduction gativayithjosgh ithey
\(,:\A(;ﬁgl 2? :l ;Bﬁéﬁgg\?&l? Em?eﬁn guttgﬂa}v glﬁgtggft, Itl?enfdprrall‘ltatq(‘5‘1";Jl )fluijl searg lf)?és\}e%t%li%nll >{r.':weling
radially through the slurry passageway as there are no openings in the nonproduction sections

25 of the inner tubular. As such, the apparatus for gravel packing an interval of a wellbore of the
present invention allows for a complete gravel pack of an interval so that particulate materials
in the formation fluid are filtered out.

While this invention has been described with reference to illustrative embodiments, this
description is not intended to be construed in a limiting sense. Various modifications and

30 combinations of the illustrative embodiments as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments.
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24 WO (12/(1708(U PCT/ US112/ 0s121 38. A nethod for gravel packing an
interval of a wellbore, the nethod conprising the steps of: traversing a
format i onw @2m7bdse wel | bore; | ocating a sand control screepcitddoridiihe

wel | bor e pwg}xkrrac e t?e_for mation; 5 positioning a gravel packing apparatus
around the"saht COMF screen to forma first annul us between the gravel
packi ng apparatus an@nt fghavihd B Sravélngackimy gl iRe6il 08 2RBABGREUtheCaSFARtSd N
an outer tubular and an inner tubular disposed within the outer tubular
form ng a &uWRRHNZinnul us t herebetween, the second annul us including an

axi ally extending s]urr ssageway .and an axi al | xt endi ng prodycti.on

pat huay, < hesi BF Pyeb st B IR HERT R Fienfie FooduelPheraionry B A ettty of

-produst i onoRAL{PVEN anl XK1 dXichddnd hdtipEbdRbiEE iy .avel through the
first annuI];iFsz1 and taﬁle slﬁir@pasg;aﬁlgway gglc%ecﬁﬁg?qﬂthhmeﬂ%ﬂgf’d slurry in the

sl urry passagewayinggi thbulahdispogéd withinubd aiter tnbulart foemingas anadmuhersbetween, the
depositing, a fi r@halp rtion of the gravel. in tql}ﬁ first annulus; 15 ,
deposi t i ngM4s B gllﬂvfl}go AoXlY ” §FERLRS; RrAdHElY oBET dhalpdt Hivkytaptally
injecting &ri@hei b af; A I L [ ' el

t ubul ar; aﬁa ter frﬁggg{?%’ ﬁggﬁré%ﬁggﬁéﬁaﬁgﬁ%ﬁﬁ ?ilpr&is%t &g%n%]lgﬂltsapgﬁg%hgemauy
product i onextenidingynoapwdsctist asttionl thyt osgisenthly packmferentially tdligned aviel the?5
WO 021/ 07U8(0 PCI/ US(12/11S321 39. qet hod for igravej \;;&cki_ng an interval
of alfel | bRgHProqusHORsqatigp © t"srit@al %Ihé*eétr%éoﬁt p seqtiogpf herignet tebdpriaving

withint he}talﬁ?li;t}g?f n@e?ng%&?cgé i’l&gpradlfc VOHQ&% Qb of R fnREALb g ﬁﬁﬁlgcﬁ%ﬁéég%rﬁshand

proxi mat e orma plurality of perforations, g a

sand control scaegolaibi Membéidisposdd witkiie therapxiloBfceminge frodurtibn pahway between
posi tioni ntg a gravel packing apparatus around the sand control screen to
form a fir&e PIPHIHG setions Oh therpuieyrand dnnes uhilarg an p SHEEYLRASSASE WA BetReEen s e,
t he gravel { r LSq en. .t | ar i .
tubul e ci SRS AR} e BERE b e Hlp S st B s B AERE

t her diset weesmmuhieas@reddeanhgpasducieh psthvgy and ehei silrtypa¥dgendyng slurry 10
passageway and an axially extending production pathway, the slurry
passageway being in fluid isolation fromthe production pathway; injecting

a fluid slurry gontakihin ravel through,the first annul.us and t sl ur.r
passageuay  suehis nat THRABPHGRS % bl adiREt SifiRt BRRYaHE afdnabpigadtie
t hrough andigpéde@twithih ehetdi@lef dofselec@i™y bl&Ww and prevent fluid flow therethrough.

20 3. The apparatus as recited in claim 2 wherein the actuatable device is pressure
actuated.
4. The apparatus as recited in claim 2 wherein the actuatable device is a valve.
25 S. The apparatus as recited in claim 2 wherein the actuatable device is a rupture
disk.
6. The apparatus as recited in claim 1 further comprising an exit tube disposed

within the outlet.
30
7. The apparatus as recited in claim 6 wherein at least a portion of the exit tube is

disposed within the annulus.
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15 depositing a first portion of the gravel in the first annul us;
depositing a second portion of the gravel in the production pathway by

i nj ecti ngwe erdge®n of the fluid slurry through openi ngs ipvTVis®208t2€r

tubul ar; and teym natjng the injecting when the.first annulus_.and the .
production pat Ky Z’h@e usAsFegited 1'881&15’1’ gt\@egleubatcl%saa F}?ntoﬁgheg‘?xé{}gp‘? 526
WO 02/ U7 08f}¢hoRkd bkds9a Paldd oftfr nibulaappar atus for gravel packing an interval
of a well bore, the apparatus conprising: an inner tubular having an axially
ext endi ng production section and an axially extendi ng nonpr.oducti on
section; 5 an outer tubul ar di sposed arou the inner. tubular form.ng a
first annulus t erevx#lﬂ%Pgﬁr&mé ag%&gﬂﬁngm{i&gﬂ%rfwnp%ng,@ m%}rggmlgqgéhsgmcgr
tubul ar hayhng Sl Bl 16X SRR RYinBER HTHePEONYHEI GofPesidntiaVerial.
ext endi ng nonpr%agtljcpi on; a S{Jurry plerllssageway formed g\(/)\ndhtﬁ?notﬁbes finr st -
annulus that is substantially circunferentially aligned with the
nonproduction section of the inner tubular; and 10 a _production pat hwa
formed within tHo filbg aBpReienas dReifed; ® daiss danbesin {ecisplation giesther g}lﬂ%ﬂf

al i gned wi RAUsH | s citdlheb AR b Acondi
wher ei n, ﬁ%ﬁﬁ%%’%ﬁ?ﬁ“ﬁgga‘?@ﬂ?ﬁan eo’pcércgroqf% pos} tl o%&% et’secoxg annurus
serves as membéemsuliay rafislly Eaendisdtwear the ofitea afid inndr mbularsyandt dyaipsfedbaantatly

pat hway serves_as, a secondary path for delivery of the fluid slurry when
the pPi marBarglielaxisty spaced mpast Rismifpgntially extending membessibaladially %@lﬂﬁ?ﬂ&e%
tertiary p LV, f - i 2 i

secondar y. B pier e Epia k' ofhe e Bribl pitliGR, hidfinP T pk BpElvay opg
wher ei n t hgreldm €hiddsinaubieitidndbededésveemch further conprise first and second
axi ally extendi ng production sections and first and second 20 axially

ext endi ng nonproduction sections and wherein the apparatus further
conprises first,and [ .. and

production pat h%/\gys. fﬁé ggﬁﬁﬁhg%{)gefgﬁ ?%gﬂf?éiﬁ“ﬁ@% {ohﬂp%fsgw%rn% %‘8‘8\%(% gg%]i W ihe
i nnensand @ybed i deSneagkbuldsr t her conprise first, second, third and
fourth axially extendi ng production sections and first, 25 second, third
and fourth axially extendi ng nonproducti on sections and wherein the

apparatus furth copprises first,.second hud and fo lurry .
Pobangevays. andid r STRe aags o foci G ERam iR du SIS Aot ffpprses o
WO t 12/ 07084mkd. PCT/ USt| 2/ OS121 43. A nethod for gravel packing an interval

of a wellbore, the nmethod conprising the steps of: traversing a formation
with the well bore; locating a sand control screen and a gravel packing

apparatus within, the | | bore 5 proxjmate t or ion, t ravel packing
appardtus posit nedT_EgﬁEHﬁﬁatP%@S ‘%ﬁﬁ%‘i léloch?l%{fgh?rgghat,he ?‘ﬁ%o'(j&ei%gﬂr ﬁﬁ%ﬁﬂﬁse
appar at us $;,p5uAergf & firdtsie o Al biGetWfaRetdi@ sl | bore, the gravel packing
apparatus conprising an outer tubular and an inner tubul ar disposed within

the outer tubular formng a second annul us therebetween; formng a slurry

i thi h nd annul hat. i nti al . .
passageway wi t 14! ! The gggargtu? 0s Tectted }n C Eurrll w %lr)ésntl et ellx?ally/ extending production

section in the outer tubular further comprises two axially extending production sections,
25 wherein the axially extending nonproduction section in the outer tubular further comprises two
axially extending nonproduction sections, wherein the axially extending production section in
the inner tubular further comprises two axially extending production sections, wherein the
axially extending nonproduction section in the inner tubular further comprises two axially
extending nonproduction sections, wherein the production pathway formed by the isolation
30 member further comprises two production pathways and wherein the slurry passageway formed

by the isolation member further comprises two slurry passageways.
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10 circunferentially aligned with nonproduction sections of the inner
tubular; formng a production pathway w thin the second annulus that is
subst ant i atd y2/ogseunf erentially aligned with production seﬁ(t;f/gg@/(giut he

i nner and out er_ .t ubyl.ars ecting.a fJU| .Sl cont ai ni n |nto a
prinmary path défi ne }ﬁyaPWéa"ll“Fr%St i) H’sc ﬁ ‘X]ﬁeﬁe]tnhg’ef Ioﬂﬁﬁg &Jﬁ?ey

cont ai ni ,nqloagl%\ﬂeéudmieeuenssapma%ﬁéff taamr gef dcnederyt 48 ;ﬁ}uwn@qwg' 88 outer
pathway if the primary path beconmes bl ocked; diverting lurdslurry
cont ai ni ngulgnlaivel into a tertiary path defi ned by the slurry passageway if
the primary and secondary paths becone bl ocked; and term nating the

i njecting when the interval is substantially conpletely packed with the
-gravek. 20 44. r I t

i verting the i d SruApains @RS bbb Mhadu e aRldly Afndirgrgiyetion
by the sl uectjorpisthegauerytubhlat Hertipsri cvaipyised fous eiuliyasxyeruidid prddeciivre sdtioak ed
further conpri, ses d| vertl the fluid slurry containing gravel into first
and secondVisreip fhg a¥ially ing nomoa@uovﬁecwt%% oyter fubwiar ferthen corpprises fayr

wherein t Q&%azl&%&}aﬂ gn\éﬂfn{o%ﬂ&lﬁ WN8cddnd! Fngbid'thy aﬁ@i\{ ﬁ!t&ldr‘r?%gx; ﬁé(c‘?io 8L Rl

tertiary pa urry passageway | vy and seconaary

pat hs becahe iflep aitmdhrffurthdsreronmmas fove Sixhilly exxtandngt ;krednidtmnckestionlsr Wherein the

contai ning gravel into first, second, third and fourth slurry passageways.
og 10 axially extending nonproduction section in the inner tubular further comprises four axially

,f\Y ey e Snidiing NonpRldueibn sddlond Nndbih r%x(Y sl ntiVay fthiea 5 é fvofdfifon”
"\ - FPSI ~ytaéfibef Hhrark 60l €k & a]&a&&aﬂ&a]&hs&%akmﬁ&aﬁ&yb&a&%yq&lﬁf@hcal

ca] cal] ca] ca] ca] c”a] ca] ca] c*a] cal] c<a] ca] cRa] ca! p7Du2Ab

$! x! 111 { vdtyghd Wpldtion meahlesa fextlier spuatises| fou] airy nissagevalysa] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caU] cal] ca] ca] ca]ca] ca]ca]ca]ca] ca!!!! 6##S5%008&&EG ' ' (e() *g* * &+++
@ -

- } x5 mhb] X] U] cgl caltigalappdre@y] £&akéadaaint 2i6a] cal wrdisial 6rl ealiga] sralifeak&al ca
] ca] ca] ca] ca] ca] ca] caJ caj ca ca] cajca]ca!./Y// 02000/ 1~11#2x22( 3s334mi45] 5560
6667 nonproduction sections o the outer tubular are at different axial positions along the outer
THT. 71?2777| b] X] U] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] C\Al]“t':lg‘] caj] ca] ca] ca] ca] ca] ca] ca] ca] c”a! 78n889[ 9993:

; (<<L<>====VE>?M?27@ @ARATA: AJAA| wr mhb] X] U] ca] calU] ca] ca] ca] ca] ca] ca] caj] ca] ca
] ca] ca] ca]c”™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! ABZBBCr
CCODDDVEEFGG@HHH- | | KgKKLLLLLL, NNNJOXOO} xsni d_Z] U] ] ca] ca] ca] ca] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca!O
P[ QQ=SSUz UWEWAKX* X: XYZf ZZ[ n[[>]]]1P* _b__ L “}xsnid_Z] U] ]ca] ca] ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca! "a: bbbGccccccPeee(fffBghijj\kklrll>nnn3oooo| wmhc”X] UU] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]caU] ca] ca]ca]ca]c
a] ca] ca] cal oo6qqq=rrrcst 3uNvvxyxy;
zzz {f{i{v{{}W}~i ~~& vql gb] X] U ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca! [ OP4I
- k#Tr Uu| wmhc”~Y] U] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]ca]c
a]J ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]calu{V | 2DzQ
| 0d5{vgke [V]]ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caUlca] ca! 5. @ !'y9r7d & wr mhc”Y]]c]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca] calca]ca]c
ajcalcalcalcalcal HH\rxMp. 1
| wmhb] X] ] ] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cau

]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
JORI LoXgw{ Fd: zHS| wr | gb] X] ]] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca]lcalS
) ' ru8h2W ~_} V&Mo| wr mhc”~Y] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! be&d. ei ] >GWPI } xsni cNY
]1]1]ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca!

ANQgS) Z° TBD1b| wr mhc”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bhk$xx+fu

Q@ "=Y{vqgl gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cdPY_bozn¥5\ 0OQAl wr mhc”~Y] ]]] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal] ca] ca! ADozZn75\ 0OA| w mhc”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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tubular leaving a second portion of the gravel in the production pathway and such that when

formation fluids are produced, the formation fluids enter the production pathway through the
openings in the outer tubular and exit the production pathway through the openings in the inner

15 tubular passing through the first portion of the gravel in the first annulus and the second portion
of the gravel in the production pathway.

19. An apparatus for gravel packing an interval of a wellbore, the apparatus

comprising first and second sections coupled together, each section comprising an outer tubular

20 forming a first annulus with the wellbore and an inner tubular disposed within the outer tubular
forming a second annulus therebetween, the second annulus including an axially extending

slurry passageway and an axially extending production pathway, a portion of the outer tubular
adjacent the slurry passageway having an outlet, a portion of both the outer and inner tubulars
adjacent the production pathway having a plurality of openings, the slurry passageway being in

25 fluid isolation from the production pathway, the slurry passageway of the first section being in
fluid communication with the slurry passageway of the second section, the production pathway

of the first section being in fluid isolation from the production pathway of the second section.
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terminating the injecting when the first annulus is substantially completely packed with

15 the gravel.

21.  The method as recited in claim 20 further comprising the step of actuating a

device disposed within the outlet to selectively allow and prevent the flow of the fluid slurry

therethrough.
20
22.  The method as recited in claim 21 wherein the step of actuating a device further
comprises actuating a pressure actuated device.
23.  The method as recited in claim 21 wherein the step of actuating a device further
25 comprises actuating a valve.

24.  The method as recited in claim 21 wherein the step of actuating a device further

comprises actuating a rupture disk.
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28.  The method as recited in claim 20 further comprising the step of positioning an
15 insert member at least partially in the outlet, the insert member comprising an erosion-resistant

material,

29.  The method as recited in claim 20 further comprising the step of disposing an
isolation member within the second annulus to define the slurry passageway and the production

20 pathway and to prevent fluid communication therebetween.

30.  The method as recited in claim 29 wherein the isolation member further
comprises a pair of substantially parallel, circumferentially spaced apart, axially extending
members that radially extend between the outer and inner tubulars and a pair of substantially

25 parallel, axially spaced apart, circumferentially extending members that radially extend between
the outer and inner tubulars defining the slurry passageway and the production pathway and

preventing fluid communication therebetween.
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10 33. " "The method as recited in claim 20 Wherem injecting a fluid slurry containing
gravel through the slurry passageway further comprises injecting a fluid slurry containing gravel

through first and second slurry passageways.

34.  The method as recited in claim 33 wherein the step of injecting a fluid slurry
15 containing gravel through the slurry passageway such that the fluid slurry exits the slarry
passageway through the outlet further comprises injecting a fluid slurry containing gravel
through the first and second slurry passageways such that the fluid slurry exits the first and
second slurry passageways through first and second outlets, the first and second outlets being
at different axial positions along the outer tubular.
20
35.  The method as recited in claim 20 wherein injecting a fluid slurry containing
gravel through the slurry passageway further comprises injecting a fluid shurry containing gravel

through first, second, third and fourth slurry passageways.

25 36.  The method as recited in claim 35 wherein the step of injecting a fluid slurry
containing gravel through the slurry passageway such that the fluid slurry exits the slurry
passageway through the outlet further comprises injecting a fluid slurry containing gravel
through the first, second, third and fourth slurry passageways such that the fluid slurry exits the
first, second, third and fourth slurry passageways through first, second, third and fourth outlets,

30 the first, second, third and fourth outlets being at different axial positions along the outer

tubular.
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10 passageway and an axially extending production pathway, the slurry passageway being in fluid

isolation from the production pathway;
injecting a fluid slurry containing gravel through the slurry passageway such that the
fluid slurry exits the slurry passageway through an outlet leaving a first portion of the gravel in
the first annulus then enters openings in the outer tubular leaving a second portion of the gravel

15 in the production pathway; and

terminating the injecting when the first annulus and the production pathway are

substantially completely packed with the gravel.
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annulus between the gravel packing apparatus and the wellbore, the gravel packing apparatus

comprising an outer tubular and an inner tubular disposed within the outer tubular forming a
second annulus therebetween, the second annulus including an axially extending slurry
passageway and an axially extending production pathway, the slurry passageway being in fluid
10 isolation from the production pathway;
injecting a fluid slurry containing gravel through the first annulus and the slurry
passageway such that the fluid slurry in the slurry passageway exits through an outlet into the
first annulus;
depositing a first portion of the gravel in the first annulus;
15 depositing a second portion of the gravel in the production pathway by injecting a
portion of the fluid slurry through openings in the outer tubular; and
terminating the injecting when the first annulus and the production pathway are

substantially completely packed with the gravel.
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10%& () -1 1&812{ %et!.vsfé%g%/ﬁ% gr)ave?%(eilglgl/% a(lgpa?at&sogg%l tl(w wlé) ]?&E}h? gravel packing apparatus
comprising an outer tubular and an inner tubular disposed within the outer tubular forming a
second annulus therebetween, the second annulus including an axially extending slurry
10 passageway and an axially extending production pathway, the slurry passageway being in fluid
isolation from the production pathway;
injecting a fluid slurry containing gravel through the first annulus and the slurry
passageway such that the fluid slurry in the slurry passageway exits through an outlet into the
first annulus;
15 depositing a first portion of the gravel in the first annulus;
depositing a second portion of the gravel in the production pathway by injecting a
portion of the fluid slurry through openings in the outer tubular; and
terminating the injecting when the first annulus and the production pathway are

substantially completely packed with the gravel.
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109%& (3 - Ys100& G otef mmfﬁf‘dfs}aosgd LA R Ho)in A e aT forming a first annulus therewith and

a second annulus with the wellbore, the outer tubular having an axially extending production
section and an axially extending nonproduction;
a slurry passageway formed within the first annulus that is substantially
circumferentially aligned with the nonproduction section of the inner tubular; and
10 a production pathway formed within the first annulus that is substantially
circomferentially aligned with the production sections of the inner and outer tubulars, wherein,
when the apparatus is in an operable position, the second annulus serves as a primary path for
delivery of a fluid slurry, the production pathway serves as a secondary path for delivery of the
fluid slurry when the primary path becomes blocked and the slurry passageway serves as a
15 tertiary path for delivery of the fluid slurry when the primary and secondary paths become
blocked.

41.  The apparatus as recited in claim 40 wherein the inner and outer tubulars each
further comprise first and second axially extending production sections and first and second
20 axially extending nonproduction sections and wherein the apparatus further comprises first and

second slurry passageways and first and second production pathways.

42,  The apparatus as recited in claim 40 wherein the inner and outer tubulars each

further comprise first, second, third and fourth axially extending production sections and first,

25 second, third and fourth axially extending nonproduction sections and wherein the apparatus
further comprises first, second, third and fourth slurry passageways and first, second, third and

fourth production pathways.
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packing apparatus comprising an outer tubular and an inner tubular disposed within the outer
tubular forming a second annulus therebetween;
forming a slurry passageway within the second annulus that is substantially
10 circumferentially aligned with nonproduction sections of the inner tubular;
forming a production pathway within the second annulus that is substantially
circumferentially aligned with production sections of the inner and outer tubulars;
injecting a fluid slurry containing gravel into a primary path defined by the first annulus;
diverting the fluid slurry containing gravel into a secondary path defined by the
15 production pathway if the primary path becomes blocked;
diverting the fluid slurry containing gravel into a tertiary path defined by the slurry
passageway if the primary and secondary paths become blocked; and

terminating the injecting when the interval is substantially completely packed with the

gravel.
20
44,  The method as recited in claim 43 wherein the step of diverting the fluid slurry
containing gravel into a tertiary path defined by the slurry passageway if the primary and
secondary paths become blocked further comprises diverting the fluid slurry containing gravel
into first and second slurry passageways.
25

45. The method as recited in claim 43 wherein the step of diverting the fluid slurry
containing gravel into a tertiary path defined by the slurry passageway if the primary and
secondary paths become blocked further comprises diverting the fluid slurry containing gravel

into first, second, third and fourth slurry passageways.
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