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FI ELD 100011The present disclosure relates generally to systens and net hods
for recowsoizng/isynocar bons from subsurface reservoirs. Roraspesios2ys arl vy,
the present 5 disclosure relates to systens and net hods for controlling the
fl ow of undesired particul ates from subsurface reservoirs through well

equi pment to the surfageLL BAGWEONYROL 8YBTEMS ANPaMETRODSS | ntended to

i ntroduce_the reader to various aspects of art, which may be associ at ed
with embddEhhts of the present invention. This discussion is 10 believed
to be hel in prgw di Mokl o [ facil]

better un[gg(rgt andi n@\éo%%%ﬁ irbgsuclq(%?peferg nélsq g@éﬁpﬁhe%}%@%nﬁ nrb/(gﬁ%(?soﬁ?r
Accor di ngkgovering shissiivagrppnsu figey stbsdfacpatesetvelse stMareneaiticulahe the beeseetad
in thig gii&msu ARFLDOY %_‘Fé?ﬁ§?ﬁé hetRis 3L GRIANG 4 A6 0P Und&dired particulates

[ 0003] Hy rocarBon proéﬁctlon rom subterranean reservoirs comonly i ncludes
a 15 wel Iframoayftsetface faseroir Brogghorgleenuinent i thersudpes- hol e condition. In
cased- holjg, eRRIRE[NGNS, @ well casing is placed in the well and the

annul us bETmEEﬂ—ghe—casing and the well is filled with cenment. Perforations
are made [0602jugh t Hehi<asdtiog iaricdtehiied ¢ mdiducatice tdaleptodaddusoasppatest b,
all ow formation fluids uch.as, hydrocarbgns) to flow from.the.production
Sones. | nlThE R diIAr e IR P URPG oF R PresBn Pehigh AT BisBbega b
the fiWi dbelibwad maybebdefpfdnint peovRihg dimel uebder tith ninfon@ati@s ito gfacititate tahdetter
subt erranean forpmation, .suc S .duri injection operations. Wile t

i scuss, O CREIAe Pt FeryiitgnaRin sy ding ol flerBR oherafingNet shalifite o
flow in tumeleptandudiat dhesd stdnmans dréeopse meadplire shignight, entinabiogeessddig cas bed
herein ap lr% bél ar}al.olgé/ to fluid flowin the injection direction. A

product i 399 P8P @ N i nj ection string), consisting primarily of one or
more tubybeey, is tHyeodareseprodostionefrdrh &ubReiangan edsealoirs Goaiinatly aichides

bet we t he casi and. .t he production stri Formati on fluids flaow.nto
Dhe oih M G R iren & e PG B, TR B s 0k SR GRINS
tﬁbul arz ANEIDCAAMPR Phade ig hige Wé?)dti@}tﬂeoélrarﬁjldsi tpuéweémtriép%{@irn@cdrﬂhtaam}eillq§_filiemn5,
t he roaucti on strin | S | rect acC I nsi.de t we A ut casin or
coment . PUMSRTSE FEUPRIORS 8 Tri% T oh-tha Froias sad VR rerent irig i PiogHe
E ggog]r Oﬁ/blig)hbs)ﬁbhélédw Iﬂgmgﬂdn h‘lhilelg ($uhoad, hﬁﬁ@fo@dﬂ@ﬁ@i tﬁrﬂcﬁ\t Kbmgh_é Q)rédifcfi(?ﬁ_eone%o
ern carbon wells nera SS tnhro or.into Tl e
bt oy ; g ihe CY LA I0e kSting  AGNE0 Sk by BESRe O ot ey B dtarb e
dept hzo arghauit |vatgt e (Sdsiy astof e exbtenaeshnr eaffatibgr sacntal duwehd Shjection

Additionally,. it is co n for. hydracarpon wells to,extend. through nultjple
reser voi r%’e\éei}'é?PS-t H’@h'ﬁ% %D‘BFC‘{SH'Q”\/H?'F‘ "Y'ﬁ 9§Bﬂ’i§‘"¥ FPe e REogH PR OPeT té’r\ﬁ/eﬁ”ldl may
extend t Miufidw Miheigpbducties airadion sthdprinbigledrndgesteidicdfespdeadtitssd Rerein apply

operatiorb.y Addi tio alternativel

al ly or Y, wel | may, extend though a. single
reser voi Y HHOM SR AL dowB B Inaeioh i e3tih e A RORISIBN SLng 6" 28 TIRGTU-TED; ons
of f or matdoasisirigo pemiilg Hf whe irMmérbeub@ssl soihen Pnsbedrinditie tiss esigy, drdeting an
' eserygl ra'nnwas%%g\'/\(l)e/e%%rqggg’sl?r%Térde%g%%&%%grﬁgtring. Formation fluids flow into the annulus

and then into the production string to the surface through tubulars associated with the

production string. In open-hole applications, the production string is directly placed inside
the well without casing or cement. Formation fluids flow into the annulus between the
formation and the production string and then into the production string to surface.

30 [0004] Modern hydrocarbon wells generally pass through or into multiple
subterranean formation types and are continually reaching ever greater depths and/or
lengths (such as for extended reach horizontal wells). Additionally, it is common for
hydrocarbon wells to extend through multiple reservoirs over the life of the well. In some
implementations, the well may extend through multiple reservoirs during any given

35 production operation. Additionally or alternatively, a well may extend though a single
reservoir that operates more like multiple reservoirs due to the variations of formation

properties within the reservoir and/or the size of the reservoir.
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[ 0005] The ever increasing conplexity of nodern hydrocarbon production
operations often necessitates increasingly conplex well constructions and
conpl eti one.20tvsew@mst ructi on of a hydrocarbon wel | typi eartus2eoso822des

nodel i ng the subsurface to estimate the formation and reservoir properties.
The nodeling typically includes inputs fromgeologic and 5 seismc data as

vel | as dgp@s)f rom terte e |lcfeadmd/ @mprditpeembd¥! HyairdcardoRerbdiRtign oﬂ_é}@fi&ws
nodel i ng efforts enabl e the scientists and engineers to identify

pr ef er r ePTEBC AEPRHFIRIEF RECARBOlY LRBIPIFXeMEr é@”ﬂFqCF'W%garﬂar%?H’@ﬂ%'P@S f orThene

drilling @hstit@onet b hydretaBsamel §pida@incriies ffodBRREhE alibQact REedtinshtaMieaht
and several paraneters related to_the drilling operation can affect the

| ong- t er iPBHRCAENGREIVAHFORRIiES. T Medelng tme@tygn%tf%'wtt Bemrasiolgic and

under | yi n@ishilc (dag BRARIISad Rt ABI fiidBleYs %‘ﬁ@}o\"d&%cehhﬁ/eﬁ@lrﬁmé $613. aMRese
engineers are left with an approxi mation based gr eviously col | ected

data. Theegaling isfgrtpgBaakle it stigntisigrhanesrite tdea aetesprreshioraianoRr fifer e
changes ikiBah etéeere@r@rm&%;eﬁargmete&#s FITRAE WriMRY oPtheSRYRT &or BREAPEL BleSraV 6If
the life of the well. 100061While the drilling plan can have significant

i npact orPeNREAtHethd My Weidhth@ndeseveras pa@meﬁﬂs r?letqdu foethet HBling oRRAMANoFR Mo f

the wel | digcohbashgensl Fa@u@n(dﬁ'ftrﬁar\%lnaWh\ﬂé td nidaWsandi the fedBblogy QRG&Hying
dr|IIed wi |l operate. used herein, conpletion is used generically to

refer1Qo e o’é‘@@%’? e%reaﬁeméﬂ]’@l%r@’l‘?tv'%s'ihénéﬁle@tﬁtsalel”@weag'\ﬂé‘?rﬁ e Bt oplt atned

safel y anghppdxirh&iddnids¥d omb?e\%ﬂsﬂ/tcoﬂecté@bﬁt}é tihe g loREi@Bn Y 8RO BIIRS
may depend on the type and design of wel However, there are many opti ons

applied (ﬂar%?tﬁbﬁ’@e'@@?"l‘ YRR CBa'FQ%g'”t Ay 88%5&%%??6@‘2‘9 iBRasieady © Sﬁ)éffr?
that haveysiaetefd &,@mhelm@@pthe%”t he productivity of the well. Accordingly,
conpl etion (;)I ans are often Pre pared prior to the drilling operations based
on the nmd8806 and Whiecbestlliggpian caneaysmgandiceatimpralen WE ©psratien of pgareld
basedi®n fahg .teq.lfé qeé eem lértubﬁ‘%f trttew@t ke bitdMIcHARIeALd eéterrt.ﬂatwéfhﬁfw aRjivem 2€
t he operation of her Injection or production).

[ 0007] Desplk @”@%é”'éﬂ,dcwﬁépe@e céﬁ}&llse@ el @mmet@ndatuaewﬁwmihe tQuefer tohe
conpl et %o&id%Fbs'a%dféd&&ln'te?ﬁ@eﬁgrﬁ’e&tBeaIIG\QréﬂhéFtb% dp%rdté@éﬁ@?%@%tﬂc‘bnﬁl?erﬁém I,
the well's evolution, the reservoir's evol ution, ormat i on'

evol uti orpomjratmj"qhhteelqomlqirpntnﬁ@:%emegmweaMeQen@mpthettm@ntﬂ fasign eawellf or
the extenggebvor f e aFé"ﬁta\ﬁ?l eptlo%%'pﬁ'éd‘%lr Yacti S BbAbrh At @Qlﬁ@ofﬂé QUr%'tructlon

procedures have been devel oped t | ow operators to chang

conpl & i dihase of awwpll t%ttr@*’ep?'%fu@m dmpaﬁﬁd?”othel pipdectivigh Of)ﬁter &‘@l' oﬁ@cqﬁ@o@y
begun. A%Hdl&i&ﬁ'dléﬁs a?@%ﬁé@ re%‘éfe‘%irﬁr%r hﬁt‘t‘t@ J?lﬁiﬁ@ oﬁ@%ﬁoﬁsobéjs‘:‘eﬂ%notﬂe 'nmo%|s| érﬁbe nt

or flexible conpletions can be changed during t fe of the wel
wi t hout reslested Agtat hTé‘evﬁWRﬂﬁ?tW/afﬂa@f ar?t?éteeélﬁﬁﬁfétj|b@ﬁeféqmd§¥?e¢ﬁ||e$tﬁ6r¢tlt"ﬁ&thﬁeI | .
Many of tifisg b;'%r@iddsg%‘tfur@r%?’p&&ﬁﬁl%‘sthée&d&rét%n”%?hﬁé"\ﬁé}i \ﬁﬁéthméctléﬁ“&hm e
that is controlled fromthe surface between two or nore conflguratlons
Wi | e thé”@ﬂéﬁ@@ble conpl etion concept is sound, the harsh conditions of
the og7)t he | CEF& ‘teftﬂ Of c bRy Wet lco mérﬂe'skyofcwld'a%ata%algbi@r t%n
mani pu ate t ese con |gurat|on mechani cal devices deep In
Mor eover Compéettoetham gandinelizefd ahddee wpgidationtis ipwlanented in the well, the Wells
2010/ 050 t reat [

ﬁ‘ M@gg%lﬁé&%%géﬁutﬁﬁ bﬁ@ttt?}g%ﬁ\l\t%ﬁ&rf§§v§1 dc{na&t?rln% il Il?eso@th% VV@I

del ay whi e resu e change e condition |ncreaS|ng
mani f est §n$K93éTPQSt atomHetiongr nadequatrl s tod sextersigdatifet Ak theirwelce, Aegrddinglign

the contrgl éh&ﬁ‘@d wBrg(n?\}%? prsabufel HaDE gégﬁ"g? V%Gpé?)qté' I%W"(Spetr%\? t@%ﬁhge the

transition etween Cc ur ati ons. €n prodauci ng
subt e3¢ armeaplgtion mita welk a e”sm@ewpn yang inj§ction rmerat@at bdve bemtt i Heiditignally,

formati 0 t‘-f-‘%% ?\Y e bBGT ARG cﬁa@%?%%lh EhESSH etce pﬁelrt t‘r%@\(:%'t%“

andflm W|th r awa It 1s possi duces
exanpl e, ottan@r)d Sudng the tife tOﬁéher dvetlawﬂmutfnegwdeg tfle!thh;dbﬁWQisOfpﬁh@dm@'@tmnrmy

reduce weldiduedh Vt'hEyweﬂja”%% Sﬁb% sbaf IR Wetuoﬁé‘%é&ﬂa haadlahlg
cost ont e surface. Controlling’'the production

equipment downhole that is controlled from the surface between two or more configurations.

35 While the adaptable completion concept is sound, the harsh conditions of the well and the

long life of the well generally complicate efforts to manipulate these multi-configuration

mechanical devices deep in the well. Moreover, the requirement of these systems to be
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10 solids or particles is one exanple of the objectives of the conpletion
equi pnent and procedures. Several downhole solid, particularly sand,

control meEORotwsee9e currently being practiced by the i na#aStusgoogns22as e shown
in Figures 1(a), 1(b), 1(c) and 1(d). In Figure 1(a), the production string
or pipe (not shown) typically includes a sand screen or sand control device
1 around Fctigatedifrom Persuptes Yreatdd @hrrksddld}ﬁﬁ/ﬁlda fh@j raS@Rt oftthe @a@rhydardzmrmbieon
zone. The 15 sand scre vents t Iom/of fron1 roductl?n zone
2Tt o ORGSO OG PR se shBrsp et Checuanal U sDuRca Shafitt oq
or perf Ortﬁé %dnﬂrd)lrtﬁgﬁrﬁal ean bal sent he the Ubwmde RGUPAAL F0It @8 Sto AFansABA beeAidNOl
devi ces. Hure is an exanple of a screen-only conpletion with no
gravel pdOR"{te t [ 0009] One of the nobst conmonly used techni ques for

controgl ijggoggand prQAsetprodudity 2Ridr #vrl siBekbRgar TormhttieRs,S @Bk dilyObHEH
particulate matter is deposited around the production string or wel screen

to creat éoas‘éﬂﬁi@}ﬂ‘i‘cfpgm?tlol”? &F formafenseweaianpd %d”q?%%'”%ﬁ%w@?%rﬁﬁr‘%fss @te to well

cased- hO'@(CQ\Mloﬁ@‘ﬁﬂﬂh@lsQMﬁlﬂaé(@I iPi8 P8sibleas ResducY &bid nﬁtéﬂéf orlé@)nple sand)
illustrates the g}ravel pack 3 outside the screen 1, the we casin

sur r oundi e i Gedowratioadiids, Thisolidnprpdugion BRnid e Wik PTOdéﬁ%‘ﬁ'tM aSnage

Typi cal | %ub@@fd‘c@rﬁhlpﬂ%t 7ar\@rﬁjosﬁé?{dllﬁ@b&4% thBauMEdd. G@r&fdh%gﬁhéfb%d%%tl&ﬁﬁiem
8 |nto t he production zone 2 of the subterranean fornmations around the

vel |10 Golids P TS, & PaE IR BE ADH PISChYeRy & U CRMAIEPR| SUMRETENC has

no casi ngrgsdiutdye Qév%YéP|do%ﬁ!§le%ﬁ&rda@dlcu%rﬂyssaﬂép&ﬁﬂrbﬁﬁeﬂfo@b"é% E@%M@'Hemﬁﬁnd
screen 1. 100101A vari ation of gravel_ pack involves punping the gravel

slurry atPragticed by dhe RogsnerrslEe %Wﬁén figusss Hay Pe 10 PRAL N 1P e @),
pressure thé rp?&dul@ﬁ’&k%tnn&'cﬂlﬁ'rfé Grﬁ)@)shb\ﬁn)atgplagllyemélﬁﬂéﬁacﬁ(ana Jofe®- cEF@@dﬁd (ﬁhﬂol\’\’e' |

screen 1 is surrounded Ffé ravel i S contained by
casing 5 deNigecleprerpd s ower P%"HF%he%rY‘g‘ @ is rﬁ"%cﬁé a\ﬂ@CP”tctasqaﬁE) p&MUSWrb%%{\‘?elTrteo be

di st riphutdddicehReldnes Welflowt & shh@ frdasthegflod utties Yale 2 ThE tHuptctRdAttring
pl acenent of perforatl ons are chosen to facilitate effective djistrjbution

of the grlaQkeshopae kisly Berendescrerd heSlotiedarmyriceiehdnsratcap 2o Paatiized asei ng

treated WahB $di€er@l o¥ &ang! sbntrst d8%icé$01/ihinleOWd) NBahs MBXEMpIUIOF Y sBfeRfleRly ONn
fromsubterranean fornations can result in a reduction in well productivity

or conpl ECERLLBYINGYY BAVLEAFK pEeffticti on. This | oss of functionality may

occur f%ﬂ@ﬂ unber ®fe HBAS M3t chMmbHI REY RsthniyAEs #dr%bﬁ@&hﬁg?sanlﬂ)pr@&ﬂ:’héﬁ fson
of -3- 2010/ 050991PCT/ 1JS2008/ 082248 fines, shal es rmati on sands;

2) i nf® o@rayel @6%'@&3'”0‘#’*"9?1%’?@ @HOtﬁPUP%@CL('%thﬂat% 1S Q&Q@fte%ﬁr%’&g)"he gjoduction

formati onsi@g bNRePaBienab &é&érﬁ Qoﬁﬁl‘?’él@i’ﬂltel‘l) F@U%%t *I(%? aﬁfi 1‘%&‘5“&%' S gls of
sl udges; 5) accunulatlon of ling debris (such addi tives and

filter caeeyd-help angaresinple grﬁwlmcb? r@%geptl\@lsesFlggr@chhlﬂusé@mf the 9ray ehReck

through thguRidadinetdciibnt Ubihbaksi dhigindg @ ﬁﬁﬁi"u%ﬂin@athe%‘éwfbaék 130 apaNnfter Ol
screen and/or due to inconplete or ineffective gravel pack inplenentations;

7) and medod b8 Welkeasinged-d JPicallvh fpEpigliensc blarepaed, thioggle thalvell casing 5 and

conpags | Qi%%ﬁb@'lﬂ@ﬁl@@pro‘aﬁctﬂinhﬁfne%éﬂﬁé Rt RahedMPVAETRIYNS ar&tﬂ'@]{%mr Figéfe®
sever al exarTELIJ es of technol ogy that has been developed in efforts to

addr ess tHestushialas asnepengioihpiaxel Rack yherein entell s rascasitg Hyl thegrryel pack
numer ous khterial 3 is deposited around the well sand screen 1.

[0010] A variation of a gravel pack involves pumping the gravel slurry at pressures
high enough so as to exceed the formation fracture pressure (frac pack). Figure 1(d) is an

30 example of a Frac-Pack. The well screen 1 is surrounded by a gravel pack 3, which is
contained by a well casing 5 and cement 8. Perforations 6 in the well casing allow gravel to
be distributed outside the well to the desired interval. The number and placement of
perforations are chosen to facilitate effective distribution of the gravel packing outside the
well casing to the interval that is being treated with the gravel-slurry.

35 [0011] Flow impairment during production from subterranean formations can result in
a reduction in well productivity or complete cessation of well production. This loss of

functionality may occur for a number of reasons, including but not limited to: 1) migration of
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10 patents, including those nentioned briefly here. For exanple, U S.

Pat ent 6, 622, 794 di scl oses a screen equi pped with a flow control device,
whi ch i ncWoaden/osuddtti pl e apertures and channel s to di r ecPCarus200898224¢t f | ow.
The fluid flow through the screen is disclosed as being reduced by
controlling downhol e apertures fromthe surface between fully opened and
conpl et elfyes| Srmsd, I@ﬂ&jrmlaﬂ&SsadélsSQ? RabR Y- conbgDf IAWaied GlurRseguéh b9 okatéiosr
zone i sol at 6{5 and 15 flow control in horizontal well The t ool

conposed %/ AR 8O JNYGENIC QI UEHUC RERIRS ¢ o%rsatm”eOfS%’iﬂH@'OBﬁ q ﬁ@%&%ef’)
p: pe, glnctlc@@rmwan@r? l@mhnr@c@re?aﬁ@%s@a%st mqaadiutumsaamoaﬁrlﬁeegf@) Ik @%xﬁ@é@ﬂ@ﬁnﬂdﬁh@f

Cl oseanl e pOI’tS all Ow CO ete acC over e an a

sect i on, FATHIESs AUEHLAS SNy ni%ﬁ'éd 8‘5 tf‘gﬁmdéﬂﬁEP”s@L%éf%%tPer %@aﬁef%maqg S.
Pat ent5 5,t836n@28ntll $6leh @Bdr HLet FebinbRle BEMERE:PE YR PEMTRRlcenatitdtioner
w t hout a screen. evi ce has th 20 whi ch provides a ort uous

The
fl ow pat H) Aoh@ephayicy g%'{ur“? dvedA. bof‘ﬁé)l?%/@(? PSEf rSERMOH| CAMRAFHPHSEpigence, or

| abyri nt hothér geomet®adied nfoverehide surface by adjusting a sliding sleeve so
that flow from each perforated zone (for exanple, water zone, oil zope) can

be contrdPPEd. U s Them @rr?tSeye@ilﬁxai’g&'eﬂPE@CB%@%gyathﬂkWS aesnedsyelope i efforts

conposed tgfadanas trRBefoBREE ExampPRE @F BudhR cRidtictdsarthd Hné |thL§’mfar|09¥VU S.
t hrough alternate contraction, expansion and Erow de fluid flow 2

di r ecd orPaiaNihgCiuAinghibosR Mentignednirefly gk agky. SiiBmedéss gRalway Grﬁ%% e

sol i ds pldisRs PEcre6d eglipp&s hath aOfP&M'CBSﬁoIQiév%%t alchshéng:sbRbliplel dpepiuldyd
and fluid fI ow nonent um advant ages. Nuner ous ot her exanpl es can be

i denti fi cthd qhanBeierto dEpstand: gL y Thei ity gHeugththecssieanetsi dirossiass

i ncl ude Igelidd r%dud:efd t%l%ntrbﬁiﬂglﬂdﬁﬁﬁde 'alaerttlh’r@s f¥Rthe @Drfélfeﬂéét\ﬁé@n f@:'ll¥ bpédddr a1
resulting in flowinpairmne i nst ances, the abil a wll to

produce &oMietaly Cipssp Hoﬁ@o'aﬁes Pg% P@é‘fi&cﬁ $1P3Y %'é@?%ﬁsn%éo%yorcﬂﬁm igplatign gy)de

barri¢f tiRw bshtioMRahsiital RAEANTHEMoOf R coRI¥BH &f bRank mbemﬁ@er %%Fbeanrwnh
ensuring sand control) In many instances, the utility of t

conpr om <&FeaYIe; bRSts Pt base B RgdiGenyeriosah @‘Tr%erl?ap?ﬁ”é’r”edﬁlﬁ ?%85"‘?!8@@9

above, flRMMAPIHE RRIREaHBYOAS GWSW %méle\/@gﬂa%h/pa%f( o%ﬁfh@%l%ba%@dplb/@éé&léﬁ
efforts have been nade to address these nechanisns, including efforts to
%g%@\fiﬁc'osteﬁ@

provi de ro#HWHE fopaens Bplatien, andselsstivedoy Ferir- Hee Haterd e

systenms Gléw €htloy deved b@@é&d&@hﬂmolé w.mr&m|d@uaa5s)éﬁeteﬂm THEAdescONAS 8 Sab lé/rlnth
redundancy in the prevention of nor e i npai rnent nmechani sps.

exanp?% WHER, Brvidss %forﬁu%%ﬁ'PWeQﬂth ﬁéé‘ﬁ%ﬁﬁ' §?ﬁ§“§'l98h e |eyeh of CTEFEIEEON [ P2/ and
parti cul aasyriv RGRIORRFPIHEHE dukiads/ &f}@&.ﬂ? PLIRMPIES e SNBEEfGW FronP¥snal |

systemrel i ab| I |t of the esently ava| | abl'e systenms is |ow Accordingly,
there is REMRER evxféq’rl e e VAl e A& NP MR herRIErofled: pr G- dgatent

nul tiple 5‘6432/\77831616?@%%!@5 hngdidecrbéie Jawétl cérh@ésear&V¢\/éﬂ§p;5e%dhh@da>@r:s vhenin the
pat hways in the event .of particul ate bl ockage, particulate inflow, or other

forms of PRPAGE AEAY . Tlud §WM51F@P9TO@@'13F?1§°BV 'é?ﬁt YA Ps e Prids Tud oW ¢ o

systeps afdctig M@eerfheG/ﬁHllt(bphUtlftﬁasEég?é)d Sukr Wesign Welyl miggate RBRAY plags®s bat ed
wi th hydrocarhon wells An exenpl w control systemincludes a

tubul ar TR JFFEHORIIRISAY W?@Pé@othﬂ@mﬂmﬂ fd flaw memandyn edvatagiss posed

in a welljppmidef i nayanald oftRRekiiBpled REn ahbbRfied e veY BFre BB ry well
defining an O internal flow conduit and at |east a portion of the Outer

menber i SJe5ENREARICEMRIALIGNE RGNS IndlueddimifrnyatayRdB VR i BYREL REPTODINRIPTUS

and the ffb.maemadnm@ in ﬂdwmﬁdawe@]@ntnrrﬂgnﬁm@aheéy%é %llﬁ?%pé%lltté’p%ugé apgsed
within the flow conduit of the tubul ar. | ow control apparatus

conpr?&edeAf ity dagion 6ARACHY IdRHStairRS lPBhP'H!j asﬁ'f‘g@t Qeraier ifehB dnPaHBeRtMedaseMone

chanber - ¢ rlesuamglessrsm%te%aéemn‘eﬁéunn@@anahorhtaﬂtﬁt|nmyqang#we% wefutin 8 the
structural nmenber is I5 configured to divide | ow condwt into at | east

two flow Wdhbabbe egnaigmized %'@patrmpeb%qcuam e figrnitbegle garrieni Ay ingicatrgkanoye.

nmenber s iRuCiRiphirdeheday Gctg.lr\ﬂy%eveﬁ%tﬂ &%éof@ﬂ%n@faﬁd%rléﬁs bRSE! hdveDeleh Made
control conduits into at |east two fl ow contr ol ambers. Each of the at

| east twdOf #dlReToMasE MEKAFIEPS W&B:’dlﬂg pHerds t%ri@OY'ﬁ‘P er@d'éwnétbqrré%ﬁttooﬂ@
out| e35 EaehirBbnit Mechidheabwens, tHYl gt cirigtigtavhRdR 1ANE f%{ﬁld(,fé siStem

adapted to allow fluids to flow theréthrough and to retain articles
| ar ger t HB# RIOYFRY RV ARHYAINShS dPrevengas of ﬁ%‘l’ e atMBAEMt 'FP@W”@HH% r bPr

systems Vdxhhiple, & chEOP8r fhpdiler® es®Bhisms such as particulate inflow and particulate
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i nvention may include several variations on the features descri bed above.
For exanple, fluid flow through an outlet of a flow control chanber forned
in a firswof2oovesewmt rol conduit may pass into a second PCOWSC@S812US
conduit. Additionally or alternatively, the retention of 25 particles

| arger than a predeterm ned size by the outlet may progressively increase

resi st anagodkagéd. owéd@w&eg&&ﬁesmm&bliéuwbt he pleswntiomnidilable Gyatehrris Uk |

fderowth h the outl i s at st substantiall b] ocked.
| 1pl errentARPRIE. dhre dt SMeaS fortrd Sl ca R BT Eh AR S RO PULER
Wit hin tFRw patvwa9sdidiie Qhe tvis tHdJIDLHra\VldésJ(EéUJnhaht flowi shtha entiey iedgnt of

t asses into at | east one

through the. p abl e port.i of the o

flow contwcugaéenglﬁﬁ‘f?@@r parﬁgtﬁatg){rgm ar ot;]%ﬁ@{ogpsp 611‘?8 inlet to the flow
controd EWIMARNYS provided by the perneable portion of the outer nmenber of
the tubular. TOO0I61ln sone inplenentations, the at |east one inlet to the
fI ow contlPBl4lchanbethemigsant disalapreds digeated Wi sysigarstangl reetheds for centealing fluid

pr edet er o]

chanber rﬂowe@ V%IFQ lﬁ eﬁtggsrsg{:lgileﬁ%lg} WH?P%E% KNae Iie'gpetr?ggmyaﬁet efrpﬁ)vr\l/eé) nggl
si ze. Adcﬁyisieahmcugdeera duiarrend gellop comeol sapphesdst.  dme fuRklet isadaptheé tatbe

| east ong; %leé*‘in 9hw ﬁtu*}Sd kWA GRq |tér91'ull{sh P%Phéggﬂto%rtnﬁ’erﬁ@ér?déﬁning 2
particles VI ng at least substantially simlar predeterm ned sizes. “For
exanpl®, intaenal flow condiiy and ahigasier Parfon 96 thedeiieremember §-peppeable allowing fluid
2010/ 050%%%1?&1&.33&§3%Q@ée%ﬁ%@ﬁﬁew5M|@§§Ad/ﬁla¥|ovv%ﬂalmt PR{d Adal &%tr‘oﬁé ratEJ A

the predetermn size O | east one outlet 1 n the event

| east oneadaptedttojbe dippesedeawithin mesitave comgyliteofethe duhudats Tftehﬂzovmcomtéagpp@rra@s
inlet an t oLt .
&g hﬂ)‘:ﬁse ﬁlt C&ﬁ ;;Qr‘\’(%dlgter}eﬂm QtPucltL??Iw g 1 Oafnd he Iefasp‘ﬁfng rT‘EHef

chanmbers may b set a rmunl cation. 017]1In
Sone i rrpld@ﬁ'@lﬁgastrtmhyabrnqnﬁi@rpr ddenat fleashy enencpoduitsdesinings striigieraf |rmmb@rt ¥ n

at | epgt é&ﬂff gttd Echﬁvufdle ﬁ&/%&%uutq}é't%@‘f‘éa%t v cétrd @é}ﬁ}ul@uh’ﬁ&%nfg'a?ﬂ énbé

| ongi t udi na east one anb er- fining structural ne
di sposed @embead@ﬂ%%twmralanemb@ﬁsaﬁ§0@‘i@yéeot ® dlwée ableght engi efethe @ leeétw\@h

Addi t i onarown%e rtrg%&rﬁfugémtef%k Vast R v%rmom MnBdrs! @85h A% gﬁfleéggwt)lfBW

control c | east substanti al y clrcunferentl

10 | east @ﬁ@olcqmamer&fepefatﬂﬁaﬁgom inlgt end gk legeingnerouttgy  rehdefdhp gldgagitonedrlst
subst ant i gl ﬂ‘letéta@%“[e&r%eoﬁt%tt@%dﬁbt@?l{Hfé?l'b@nﬁdl tdj'flf)\ﬁcthet%'fhro@rf Eh(lj] to r taln

additionally or alternatively, low wthin at |east one ©of
cont r&f dl@&ﬁﬁdﬁﬁr'grgﬁﬁvlab@ reedeterinedsipet ant i al | y radial and the at Ieast one

hanb t t
tcrf'jltnS\e/:erg%1 I tn%esrlfan I al %t'rog?:ﬁ??own%é 'F‘go%f@iéeﬁp&i‘f‘g’r §/He|errp pgfregﬁﬁae?%éﬁgh of
the fl owiewmtionmayppydet seyerahyariationside thet fehieeast desarbasaiue t Fdedxampig fluid
structur g, FS?J%E an 80(t|e<E'%‘r“ %APEbth&'i“éﬁabr%tPQ‘#b%?JﬁVé Rkt Swa% Pbﬁc&%aw

and i npernea egnents. he i nner Il nes a |rst OW CO
condui t Mashiintot hesecnnerﬂomubmtmi conduit,  sAdditmmafly ow atlemativély.c thed catentiont (Afeen

th T t

st (raugt ureﬁ %grﬁier&%mgtﬁﬁel gﬂa%l teeg'lsﬁ?}élfjaélz?l %t% (%:L@%t?ro%p? %%ya3§éré£

di sposed resistehee todtownitirdugbvihe ouitat iomctbe dawtconiteldihambaainty fleid flaviteonal theel v,

the at | %fﬁ% iQ%‘?le‘éngé%Hanﬁ‘aen 'b’BdR dsﬁréb%éjl?@e ns'R¥ a?%aeﬁ%tf%% c{oﬂtrol
n e 0 ul t

di vi de the ow co I nt east thr w cont rol” con n some
i npl ementchainbats, mahbe dhaﬁmw@rem thei fregy emdu&ptut’reltummnce thred fluidefomnentéringw

control gRhanbe" Ce]'pgrn?t%ablléeﬁértnoﬁ P 1 OH%F rff’émt&é? (—%J‘f &5 a 'Ie%‘#eg@%"fl&ﬁl control

conduits. Insu tations, east O
30 chamber. For example the at least one inlet to the row control chamber is provided by the

permeable portion of the outer member of the tubular.

[0016] In some implementations, the at least one inlet to the flow control chamber

may be adapted to retain particles of a first predetermined size and the at least one outlet

from the flow control chamber may be adapted to retain particles of a second predetermined
35 size. Additionally or alternatively, the at least one inlet and the at least one outlet of the flow

control chamber are adapted to retain particles having at least substantially similar

predetermined sizes. For example, the flow control chamber may be adapted to

-5.



25 three flow control conduits may be in fluid conmmunication with the well
annul us only through one or nore of the flow control chanbers. In

i mpl enentwiOi2or@shevi ng fl ow control chanbers in two or moTAISRéosws2ant r ol
conduits, the flow control chanbers in adjacent flow control conduits may
be fluidically offset and in fluid comunication. [0019]I npl enent ati ons of
t hedpr ;eswn? r%éswycemémqiart&mt@@@r Ry thé pladeeerminelanst ofahe aB{éast one outlet in
condui efin r conpri sing an._inner ul ar

o moabi dis ehirea hhat [SRsbotreaB i Sogen: &t Sarie inARgen B dhe ABFeddIe
first fl awetand rivd a¢0ét£§ﬂldneV\bLﬁtlélt fort BeleaBNeke tofihké dlbw ddifrodlchh@Bsis MAg be

condui t-defjning_structural nenber further conprises helically wapped
flights (Jé‘??('JY% sefegf g Weid cerganigailtt i on of the inner tubul ar and

confi gair gdoin def i ng s@Fne' iRpRmeiRions lof e pr%bé}Wﬂ%@/rﬁdnw SRR, tth@ﬂéwmmt he
out er rrenber and 35 the inner tubular. In such n’gﬂerrent ations,

| east onélinshirs oidbe flAvsgnEe e TP Mk Pt eati é”tﬂ'yl'(é‘@g%'d'?%{@”fjlﬂc‘ﬁ/\?t

control qBaTbeHeS chaYb&eddinBROSRELIrEl itgnilr MEBRSie QPobA i€ abadt! QmsepnhINOl
condui t. WD 2010/ 050991PCT[ 1JS2008/ 082248 100201Add| tional |y

al t er nat itASSYErse i ther lopgiiudingt direrlions Addliopallyrr aligrnadvelyniy fiow ‘g'H}irbtaEl?aﬁto be

sel ecti velng &Qﬂ@e@wt Sor@NEhShbdrs Uhsl bb Qv 1ddat QUBdtaktRRly @ittliiferd liaS 97 the at
i npl enent ati ons, | east one of the at |east two flow control chanbers may

i ncl ull deasteeng Cf‘@mb‘?fcﬂqﬂ@tr@ &’&%‘ﬂréb menhest APK Readisreped abrlegstt substantially

predet er rim8eersé &etheldicefeheritial AIRMEORNEAL A@iifonafR6NalRimdtely atheliB@SAitHinet
outlets may adapted to be selectively opened to Tluid flow to selectively

retai n pdfistoneLl dre tew cared chameast BanPa&d leasy aubsirpishurasip! rdvibe ehlegst I et
i s openehneldiddbelaefiding shudt@aPieh®BsmagnR dibsi¥ea Gitldat saidaiiany FaNsveese

formed in the flow control apparatus and the outlet fromthe at |east one
f1 ow cont'Pdre @HRhBEFCiRRY be formed 10 by the permeabl e portion of the outer

membeys Aggig)i onal |E/xe9rfpla'??f“rﬁﬂ5lgﬁﬂ%ht\éﬁbl¥9 oﬁth@fl&ﬁ%ﬁﬁ’t@&'a%f)%h}s' rﬁﬁ'y pEiubBet %'e\&ter
menber may provide an inlet | east one flow con nber and t

outl et fro ﬁwuatdef'@a@tstr@ﬁ@rallraamé@rnprqy'deéh@hﬁ@rmﬁar t@@'ard?m pfﬁrmeﬁélef | ow

contr ol B AHeAtsUshd |%@3ﬁé@ﬂ“@3%@éﬁ§t Tﬂé We@ﬁ}bru?ar'dﬁﬂrﬁééré ﬁr%f 16U 'E:@ﬁt?cﬁ‘éoﬁ&hﬂa
fl ow controOl apparatus adapte for insertion into a flow conduit of

wel |t ubuyilyn thEX@T%FWFfQF‘S\R/ 60T tw appeal é@w'tIQ‘?MQﬂﬂ‘éhﬁpuieéﬁ?f“t@ﬁé”d the

condui t - dedd it BarS tihd G Wadl oiEEReiberaeifhg b8@%iraPMembBRaREh: defdabi (S row
structural nenber. The at | east one conduit-defi ni n? Istructural menbe
p

be addht €@nirel shamhesr pEx disposed | Bwireorigapd ofowa aReifpl capdiiiar Additonady @i de
the flow fapiidly, ikt Mast 8RS bohd-defifi Cs%t;trupél skt ch&y bd B@a@tbd h&@RfdeONe

chanber-defining structural menber may be configured to 20 divide at | east
one of t H&e dlow eanguitiiple at| '§%tctbfﬂer6q>w cORERli ¢andui o Imsomeaistlengniatiopn the

control chamiper 8ef|nTr\”§fv‘sthcﬁ}’r‘éICrﬁéﬁ1lB<9rE neRRE *ﬁ§wfdéﬁtﬁ'$|%hain66rlsqﬁ|%ﬂe§§t twB@ptheone
per neabl e regi on provid in at | east one of | east

condui t - cafleast rﬁlyegtfhowC@qmral corciiier lasdch H@p'ament@a@ﬂs @ﬁ&%ﬁ@ﬁﬁ@f thrept el
st ruchsir ahreBBIFRESoNtrdN&®nAbitd #8% be N ALIRRHARARIRLHE HitR thd @emgﬁ&n&dom@tr%dghw

fluid conmuni cation and to retain particles larger than a predeterm ned

one or more of the flow control chambers. In implementations having flow control chambers
in two or more flow control conduits, the flow control chambers in adjacent flow control
conduits may be fluidically offset and in fluid communication.
[0019] Implementations of the present flow control systems may include at least one

30 conduit-defining structural member comprising an inner tubular having permeable segments
and impermeable segments. The inner tubular may define a first flow control conduit within
the inner tubular. The at least one conduit-defining structural member further comprises
helically wrapped flights extending along at least a portion of the inner tubular and
configured to define at least one helical flow control conduit between the outer member and

35 the inner tubular. In such implementations, the at least one chamber-defining structural
member and the at least two flow control chambers may be disposed in the at least one

helical flow control conduit.
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25 size. The perneable portion is provided such that fluids flow ng through
the at | east one perneable region passes froma first flow control conduit
to a secowo 2bioansowont rol conduit within the fl ow condui PCTAGRRBDE1208v
control apparatus within the scope of the present invention may include
vari ations on the conponents described above and/or features in addition to

those deggp2gjed 30 mlmitRally6r alerREINER), oﬁé”dﬁ? nhdf@'o‘?'ﬂfﬁi‘bfifebé)tn&wém&‘tle'té“ﬁi ?’
swel | abl e rraterl al s di sposed at |east on at | east one conduit- de i ni ng

st ruct ur AA9apiefb b&nae'ﬁﬁfélﬁiyeﬁp?r&?datto I%’QE’P' §H|'Bsf'%ttf"é1ulgp WgaPutighai A5 tSOMN%e

wel | tUbLh'n@fenﬁ&utaftﬂoHs i Gdsk ¥né SPINRLR 14e tvid fidvE @8htrd! \WRahbery rﬁé’gﬂ'hf:lgbe GoRdyi ts
from each ot her such that flow between flow control conduits occurs at

| east sub¥PaRtielf | J9asd; tohreiaighPeTigeat of diliarennarasiiarRise Skegi o such

Addi t '5)naﬂnbhén€érntai||oh§réh%hldf€ﬂhé/ at RhsBivd aakts .tnw dagpeBablne sfe%'tl@él? ofBYed®
provided fromat |east one flow control chanber. In sope inplenentations,

the at | d&igiqwép %@?%ﬁﬁl%tafr}aaﬁ”ﬁﬂ%s RagTBenhaRLeEIMingd rsgte&dﬁpﬁ'éq"ﬁg en ddichy
di f f er entoypegdebendd. ned sizes. Additionally or alternatively, some -7- WO
2010/ 050991PCT[ 1JS2008/ 082248 i npl enent ati ons of the present flow control
appar at ud08B i ncl ude &let |te 4 eash Ongelfave spnteol [cBgmeAr apherringdpa the flow

sel ecti VelohiraPgpahtlLak® He' Qltict ﬁ@mﬁﬁé ta't 1-“e|a§t §rﬁe7-ﬁovp%brﬁ‘tﬁ>lfchlartnﬁéterﬂa§/ %Q%M%Fd
flow t hrough the perneabl e region. Some i npl ementati ons may incl ude

at | elt byne psHBeakle ﬂéﬁ'Pﬂloﬁ&es@lr‘tﬁrc'ﬁ‘GWQPr sAddenaly oF glieraatveby thinperiraple

tubul ar hayidddomRE %ﬁ%@'n‘%‘e@@é}'}ﬁw Bro9fdd drTRRE IPaPkLEsSGRI MW SontN8haMB&T and
tubul ar may defines a first flow control conduit within the inner tubul ar

and a sedbBh@uelolipre dhe rabileas waai fovo aerdrd ehambemmay igeformas un e flawecogirol

| east onegpphpier -defining structural menber and the at least two flow
control chanbers be di sposed in the second flow control conduit.

Addi ti ond0032lor al t%wrmemiéldgﬁclomr@ ig furthes direqied taca fleMdicontral apgafatys mpted

St T UCHT abe MEEHREH InfBY 18 BAARL G W EbaC Eldhfid: }/‘H\Q(N%Hf#b\'atppb%rtt% iAbudé
three | ow control conduits. 1n sone I mpl erent’atf ons havin ast t ree
f 1 ow contleast apermpndvisdefiningstryciyret membet ﬁaﬁ@éﬂe@éfoNﬂqu?gm@m@ftmrgastrmler
may def i neefbaw GRR!EleatBibeoRaliNd @h.@g@ﬁ&ct{m@p nggmﬁé?%ps& Hee834ptbdie &l | OW

control conduits. Additionally or ter tively, enment at | ons avi ng
f1 ow contipgsirtedhimaiiewsconguit ojca well imbplar endie divide ths flq,vbﬂ@lmwtsnmtaht@aﬁﬂ o fiowy

control fégﬂ{?&%ﬁdb. . e Gt Bﬁ@%a@%%@hmﬁ?@ﬁi%tﬁﬁl H@)ﬁb@?mfa& %g%'f)ﬁﬁ% réd to

of f set an comrunl cation. 10025] S 1tional ernative
i mpl edentditide @t lgagt poelef dhe pklpgst tmeﬂ@w)mmr@l cangilithintg as deast twe Apwreontielr

COMI | S 4o fBef< NGl Ak Bl 08 IRAR! RoRESITER s hel BEAIIBRD)

segments The 1 nner tubul ar ines a firs | ow control ut wt |nthe
i nner 20 Araidgdain atTirastane efatse %ﬂ\@asé@n@mOﬂdwte@@fwmgstgtqtujehmewbehﬁrﬁﬂaéﬁe Aty

further C‘I?ég?rdr%ecﬁ@hbé‘radbe'n m?’réﬂﬁﬁfi’alf b‘e%%? e?‘ﬁee é’&t %n%”?erﬁ?eab%aietghe s

portion of the inner con ured to e I ne at ast on
f | ow contadeptegotacrliow tuid sogenusicatipe anﬁri@rretajbna@ples|Iar9§061@n| prededermingdons,

the ajs! eqst “’ﬁﬁ pERASHR! pagbh B%Vﬂegt&fcwtﬁéet f[al{?agoﬁaw.ﬁ@%rw@ne Icalflﬁﬁ%t o

fl ow control nbers may be di sposed Int | east ™ one

control d@haeakle regon peses e apiirelkaw centsat |cosdivikto & seepndhiaw aorrrt@’stc@eldwb
met hods qfiu&Pbel dopguiparticul ate flow in hydrocarbon wel |l equi pment. The
nmet hods i nclude providing a tubular adapted for downhole use in a well. The
tubul ar d88i ses eﬁiO\wo@trolrmnbr@tuswthlmthegsc@peIOE)Wecmrﬁsﬁnttm\@ntioramaVetmdea

portion Q)‘anghﬁ?%ttﬁé c Hpﬁ{nté sR:ﬂBé@QtPé\% Hhr3d ?Pr% i % il QOQHY)stekqﬁ%Hr%bdt he

out er menber he rret fer T ne e pr OVI east one
cont r30 hose-athps example, some implementations may include swellable materials disposed at

least on the at least one conduit-defining structural member and adapted to at least
substantially seal against the well tubular to fluidically isolate the at least two flow control
conduits from each other such that flow between flow control conduits occurs at least
substantially only through the at least one permeable region. Additionally or alternatively, at
35 least two permeable regions may be provided from at least one flow control chamber. In
some implementations, the at least two permeable regions may be adapted to retain

particles of different predetermined sizes. Additionally or alternatively, some
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30 conprising: a) at |east one conduit-defining structural nenber adapted
to be disposed in the flow conduit of the tubular and to divide the flow
condui t iwbaoawosh®ast two fl ow control conduits; and b) pat/use@sisange
chanber-defining structural nmenber configured to divide at |east one of the
at least two flow control conduits into at |east tw flow control chanbers.

TheI met hqah@lehﬁntdmns ioh eeugte sehit SpAstomgrot a@oatramylnaery inBlude \&eldast Ehes p@miewlet he
at east one (6]

ont r ol par at in th and o
coup! | ng 'EHEN aiopiedde Tereatual CaRTrb o B TS PE I AR TUBLES TS
f or egoi nglosit taRfigh thedpertiedblagegigh. Sposi ng, and coupling may occur in any
sui tabl e grder such that the assenbl ed tubular and fl ow caontrol apparatus

i s di spod@®4in a WSPR (nesmeoiEbens Makingadvabieest Gas Icondiisdefipindasiusg

coupl esl trdubar privflieat bi/ea?%ﬁtlnr@i*etuﬁhlﬁwrﬁﬁ)m r@émﬁa@a@r @ég&ﬁeﬁteg@w%p@rn@éb@e
the at |l east two flow control conduits an he at |least two fl ow control

chanber s.SegBEBISy eke iBRRIHUBYIak May definesaatirst U\QY" £ORUR! Copduiigitim Hiepre tHtdaryt

| east oneyndnd eécaradioMt cdri@d$ Lol cswtﬁ.(h@bf madneaabo@hr. t T at Ich&asie @amen! et
and the at |l east one outlet is adapted to allow 5 fluids to fl ow

t her et hr SFFANARYUElrd Breanber pari e Bk SashiMpeliow ReM ™ CHRBBRSEPRY Re disePrs’d IMThe

et hods fiHg tdaesnd MEwUsEtrbl evhdigt. deUl‘ﬂ&néll r&UQIharhéIR/e@t trlm@%tleé%ﬂ%nfe' M duit-
control apparatus and the tubul ar. Simlar to the above descriptions

of t h& £ |48HNEE SiKerad ombes w&%ﬁfﬁ&ﬁ%tesd'v'%@eamfs@muwt IR LlgAs BIeeigthods

may i ncl udatrblldBREGES MadohRl ipsmaiistiops hadiagtadldaanthrdelr i BETIEYI Bgrmdli'tsttﬂﬂaeat
conditions in which the nethods are i n‘gl enent ed. For exanpl e, sone

i npl ement/@3st GRS chembends gLt iRIChE?! TeRbYT My de g tgw ﬁ%@%ﬁhﬁ‘m?erﬁr"bﬂ tg@stat

| east onawbhbetihbOatichfastre®Nod | BMtRPNEHALItE hamritionas tdre aﬁérﬂﬁtl\ﬁéﬂy in
flowwng fluids thr ou%h the at | east one flow control apparatus and th

Cubul ar EICTROIIEES PRG0S W SPBHGCHPBIROTSI DM OF RIOB o CRBIT R PRUAIS| e i i on

of t hes oWohtrolMBREMRsera it dditicenfiow RBnRIt E®dsit® TmdyhBe fluRieamprisel apdamRres 15
to produce hydr ocar bons fromthe well. [0028] Additionally or alternatively,

the step OMPYUAUIARG f1 ui ds through the at |east one flow control apparatus

and the tjgpsjar maystingddigdpal é9 aftérﬁﬁll\f&lrﬁdl&hgntbmr% rﬂ&luh@%tleéﬁi‘%n%' EMduit-
cont rol chanber di sposed in a first flow control conduit through at |east

one i nl etdefipjirg rediugturdememberd comeriEng F’H" duigt hdanpayieg permerdls spements apd
first flowpdini&mld %me%ﬂs red A& tLPYat figinks H'f?st‘ﬂb%vmoﬂtrgl(}:ohbﬁt @vltlﬂWtrﬁ‘éjlﬂhérC’l

chanber to flow in second flow direction; and 3) redirecting the fluid
withi 0t Hébl\"@rovﬂ'ftﬁ)ﬁﬂﬁ@?t QB &eBdyIt-definindostruchiral member Mpwiurier sepise helicplls s

through thapsdd higakt eﬂé‘f?dlr%f”alo%b eﬁﬂgaét”et Bo@loﬁQﬁQﬁ‘éj ﬂde‘?%tﬁ%ﬁ 58 &R to I N
sone inplenentations, the second flow direction may be at |east

subst ant i98in§ 3toRgstt oRR malical Ao ICP'@)tFF?iI ¢andgit Qutgide rﬁ’étth%’él‘@ﬁr Wﬁé'aéec@nﬁuth ow

directi OﬂmPIéYnelh@atr%hs lira st Ie%%péﬁéleﬁérﬁﬂ)ér}ﬁe‘ﬁhlhﬁ%%%ﬁd"%%ber%d'tﬁ@%ﬁ least two
substanti a radi al, 25and/or at |east subStantia elical. [0029] Still

addi t i onaﬂowcwﬁrobmam@a% maspy dispReedsindie afleastone ﬁg"qa¥ﬁ@\ﬁ§orﬂtrﬁl soit he at

:c Fﬁ?:jséjpﬁt l:))itﬁ‘r’]" CO”W’H%' prefRGRLISuRNE fliRer B flo BN 08OBPEEBIhGbakitliae

flow in hydrocarbon well equipment. The methods include providing a tubular adapted for
downhole use in a well. The tubular comprises an outer member defining a flow conduit and
at least a portion of the outer member is permeable and allows fluid flow through the outer
member. The methods further include providing at least one flow control apparatus
30 comprising: a) at least one conduit-defining structural member adapted to be disposed in the
flow conduit of the tubular and to divide the flow conduit into at least two flow control
conduits; and b) at least one chamber-defining structural member configured to divide at
least one of the at least two flow control conduits into at least two flow control chambers.
The methods further include disposing the tubular in a well, disposing the at least one flow
35 control apparatus in the well, and operatively coupling the at least one flow control apparatus
with the tubular. The foregoing steps of providing, disposing, and coupling may occur in any

suitable order such that the assembled tubular and flow control apparatus is disposed in a
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Additionally or alternatively, flowng fluids through the at | east one flow
control apparatus and the tubular nmay conprise injecting conpletion fluids

i nto the wlol2b10/665beeni ng fl ui ds through the 30 at | east omeTfUSowwsms2Hs Ol
apparatus and the tubular may additionally or alternatively conprise

i njecting gravel pack conpositions into the well. BRI EF DESCRI PTI ON OF THE

DRAV\LNGS wdl0030¢ Tdprrdtoegociup@dandult kel asdeast agefowlcdnbrel ppeset tbgsther que
may becone

. apparent upon readi ng the follow n etajl ed description
e raxies teosl oSt b TRnsPHGL cB90H s lor ot iBeks A ot Sonkior gharblesrs.
007 05008 e L DS D T D e o o o 2/ e

i g. s a schematic view of a

provi di n"§ ¥ E%&‘fe? °fst§ﬁ@t 15st 8?:%!5‘!‘%@”5&@6 &t lepRonsy adish{s ?&H‘ﬁf’oﬁoo%f?}”
[003315§:i ?luid% tiolsflcﬁv mrwgétaﬁgjggadgdm %Ee@r\{vp@h%retstI_Qifglel‘fmgtifpﬁspr@@&é}’f‘rdﬁé’l?s&@. t1|n|ie
presen echn - Fig.. i S artijal cut-away view of a
P eor por SEv Al eriabdR s Suid msSuh B lBsL i BhenoboRe s S ans B8 ang
5B are pagbulad cut-away views of a flow control system according to the
present technology in a first operational condition and a second

oper at | ord3024Yondi' t i%W,ilarrt@stB%@ppy/%p9scriptions of the flow control systems and apparatus,
the present flow control methods may include numerous variations and/or adaptations

10 depending on the conditions in which the methods are implemented. For example, in some
implementations, the permeable portion of the outer member may provide at least one inlet
to at least one flow control chamber and the step of flowing fluids through the at least one
flow control apparatus and the tubular may include flowing production fluids through the
permeable portion of the outer member and through the outlets of the flow control chambers

15 to produce hydrocarbons from the well.

[0028] Additionally or alternatively, the step of flowing fluids through the at least one
flow control apparatus and the tubular may include: 1) flowing fluid into at least one flow
control chamber disposed in a first flow control conduit through at least one inlet, wherein the
fluid flows through the at least one inlet in a first flow direction; 2) redirecting the fluid within

20 the flow control chamber to flow in a second flow direction; and 3) redirecting the fluid within
the flow control chamber to flow in a third flow direction to pass through the at least one
outlet and into a second flow control conduit. In some implementations, the second flow
direction may be at least substantially longitudinal. Additionally or alternatively, the second
flow direction may be at least substantially circumferential, at least substantially radial,

25 and/or at least substantially helical.

[0029] Still additionally or alternatively, the step of flowing fluids through the at least
one flow control apparatus and the tubular may comprise injecting fluids into the well.
Additionally or alternatively, flowing fluids through the at least one flow control apparatus and
the tubular may comprise injecting completion fluids into the well. Flowing fluids through the

30 at least one flow control apparatus and the tubular may additionally or alternatively comprise

injecting gravel pack compositions into the well.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The foregoing and other advantages of the present technique may become
apparent upon reading the following detailed description and upon reference to the drawings
35 in which:
[0031] Figs. 1A-1D are schematic illustrations of conventional sand control
technologies;
-9-



10 100361Fi gs. 6A-6C are schematic side views presenting operational flow
di agrans of sone inplenentations of the present technology, with each
figure repoesentsioyg different operational conditions; [@03ASENg982268- 6F are
schematic side views presenting operational flow diagrans of sone

I npl ement ati ons of the present technology, wth each figure representing

di ff erentjoddmper at imgab ¢ondidchemstic [VeB8diFiad well Aptcvidh o IO TONRKE tbONdmeend
view of a trifurcated configuration of the present technol ogy; [0039]Fig.
7B is a dmpsen&tiondpbine Srrepep BRAIOW: coaxi al - furcated configuration of the

present tiggiy)ol OgyiFié’.Os [O04QLHreBentSifve! fovit cRER DS 19&RECRGordihdl8o HE WreREn?

coaxi al -furcated configuration of the present technol ogy; [0041]Fi gs. 8B-8D
are crosdedv@lad¥nal views of the inplementation illustrated in Fig. 8A at

t he i ngi | ocatg; ” &Qﬁlg} i ' e e’ | den Vi f a
coaxi in - ﬁgtr)%ﬂt ed coFtrll 'irlslara[at | on]cg% g’t"%iﬁ%lg); gs\,’gérlllﬁ ﬁ‘?’é@‘ﬁ?\%’?gg'g’;’l I?rﬁ\%rﬁﬁté)?ﬁhg)w”%
i nj ect i orPresamditeichsolo@i0043] Fi gs. 9B-9D are cross-sectional views of the

TLSTErTY | L R 4 B Mo IO RNGY LA R gnring
of the tothe present technology in a first operational condition and a second operational condition,
respectively;

10 [0036] Figs. 6A-6C are schematic side views presenting operational flow diagrams of
some implementations of the present technology, with each figure representing different
operational conditions;

[0037] Figs. 6D-6F are schematic side views presenting operational flow diagrams of
some implementations of the present technology, with each figure representing different

15 operational conditions;

[0038] Fig. 7A is a cross-sectional end view of a trifurcated configuration of the
present technology;
[0039] Fig. 7B is a cross-sectional end view of a coaxial-furcated configuration of the
present technology;

20 [0040] Fig. 8A is a cross-sectional side view of a coaxial-furcated configuration of the
present technology;

[0041] Figs. 8B-8D are cross-sectional views of the implementation illustrated in Fig.
8A at the indicated locations;
[0042] Fig. 9A is a cross-sectional side view of a coaxial-furcated configuration of the

25 present technology including injection conduits;

[0043] Figs. 9B-9D are cross-sectional views of the implementation illustrated in Fig.
9A at the indicated locations;

[0044] Fig. 10A is a partial cutaway side view of an eccentric configuration of the
present technology;

30 [0045] Fig. 10B is a cross-sectional view of the configuration illustrated in Fig. 10A;
[0046] Figs. 11A and 11B are partial cut-away views of a flow control system
according to the present technology in a first operational condition and a second operational
condition, respectively.

DETAILED DESCRIPTION

35 [0047] In the following detailed description, specific aspects and features of the

present invention are described in connection with several embodiments. However, to the
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present technol ogy; 30100451Fig. 10B is a cross-sectional view of the
configuration illustrated in Fig. 10A; [0046] Figs. 11A and 11B are parti al
cut - away wpewn/sh99a fl ow control system accordi ng to thecCprssesisi2eshnol ogy
in a first operational condition and a second operational condition,
respectively. DETAILED DESCRI PTION 35[0047]1n the follow ng detailed

descri pt igxfant #i2R @ ﬂoﬂoﬁﬁ@@@&@rupaadusf@@bmé &Sa ehrtichiar pmesénient @V@bém@maﬁm&
descri bed in connection with seveé(ﬁ{t lﬁu&‘tt nts

ver,
2010/ 05098 THOTFEIEIRGE/Bigs24S 'RRp Vg 8P'V&F\‘/\fqe ra'é@isw %%ﬁo'?%se

specific de@cr@pt]@ardfIe&uﬂnérar}ﬁﬁﬁn@ddlﬁﬁhts OKoeavar, tin eHd é\renweat@f parfigulfr &0t or
techniques, it is intended to be |h@gstrat|ve %% and reI pr ov des a
conci se JBHrS iStdeSHRS 1B LQAMHPY WithisbRR HEHig'sem BV PUC ?Pﬂeﬁté AIReUfGSat a

par ti csll ahayabe eSindodindl G dinpleendnte RIS otHE @nibddmedie et thenprékdr .ra/eaadsrt WaBtaar

enbodi nent, such aspects and features 5 y be foun nd/
with ot héPPERHaLE: r@?ﬁ%}'r&ﬂ'y tthe NyFaiQays ”ioh[}gﬁ?qb PS’HL%B?@ %S'BBB‘ﬂiP‘inE’tSér%C”bed
Accor di ngleyow,t @ riafhegntHe0 mveﬁtudmtncluuas tefidalteondtives, Speaifitatbonemandi divaknts
descri bec%?ﬁel 0 ut rat h the i nVﬁnti on includes all alternatives,

t

modi f i cat POMSWIHR BYHEPG gﬁt@pﬁﬁﬁj?q g"MR thin the scope of the appended

claims. [[Q048] As d%&ﬁdésﬁéﬁﬂeoﬁ@&&% cEApBlicH s;%tbrﬁéléﬁ&ﬂﬁ)cécﬂlﬂe@éﬁéclﬂﬁ%rﬁéwt@d f
i mpl enented in 10 hydrocarbon wells in an effort to control flows through

t he dHfwnHyd @Céalj’i”p‘ﬁ%'fﬂ N2l &ffertpieorrstie! dpws c,“i‘ré’HQh 6'?)%1‘181"’?‘6?430‘?‘4““}%9'“@% © Due

to the vahb@bi &iciesbetdtionof URdREIMNDEH tovRle! viaridfyeofRRBiBbRAunddr vitich wells
i npossible to sufficiently illustrate or capture the multitude of manners

i n whi ch aR@PpREKk it's IBReRTEIG IR/ SWiteHl Hushrienntaplire ta ayliude of aaarsine

under st oqghi¢thede 6r@§br{t esdmneloggicas befimplRendps eAbwaN e Cik @ﬁé{ﬂ@ b@%dbl%tood that
i npl enmented in production and/or 15 injection wells npl emented in

vertical ORIPEMARAASaPEANGArESENt LHRHANUTH BPFYz Bt mpl%@w% 'Ha@’oﬂ'éc"ioﬁp?'aé’/r%rnt ed

in degp wajte@tronvwélissma%bemgréﬂnern@e@qri v\éﬁicblswell%r @é\h&eWei@ andi hoARsht g,
wells, may be inplenmented in gas wells and in oil wells, and in V|rtuaIIy

any ot herm%X/%%'”bQ'e’Wé”th é{h@P%Wteb‘ﬁ%'}saﬁ?‘tSHd?%@?CW"%é’r?twqﬁﬁeﬁﬂdéa”(i"ﬁased
connect i el tBy b8 enpEMEHEHIiP adively SHIOIR il RRNS, anbhe vERBAY SHiF dhéapse amndell
i npl enent ati ons” described herein are nmerely 20 exenplary of the nmanners in

whi ch t hédedishoPRRYPERAN dhat M@ypPesrieaeied osuren Orbé""U‘séBe Rregucipn of

Turni ng ng¥rdcardons. driaw Béiﬁl»guﬂjﬁGn§ efrRr irhplemiertation |deséribel! Fereh a8 merely
exenpl ary production system 1 in accordance with certain aspects of the

presefl AXEPEEYPENP SMANNP(P W‘ﬁ‘ﬂ‘%‘dhe fgehpelagies 8hpP RF§Pept diatlesurs MayyRstusefi100,

a floatingegyjoduct 'Wnlﬁ_ﬁ%{/v' t’bYthéQj?a\Mﬁ S04 %@erﬁﬁ%%ltﬁdﬂgﬁ@q’:lér@earlgﬂerhﬂlﬁﬁlt ed
on the sea roor 106 rough this su%sea tree 1 | oati ng

product i dioquEsPn |Sty§tem020%dee®§@r§aa@ﬁe With eRstaln @sBRE fohdke mipseRt idRFOSURLEh as

subsur f aQﬁJsi@fe'aiﬁt Inofhelé’}?emd\ﬁwcé?omloh %%t'éﬂ\em@” 3 'fIBlat?ng%:%@H&ﬂdn%ci'l@t v %' S
or zones 108a-108n, wherein numb " is any int egl_er numb The "di sti nct

product i GIRUPIRE dp paiubsadlige lﬁéﬁp‘??ﬁ%ﬂ ‘é’b?hee%‘??ofﬂQPFﬂQGdl @f@%tthkse%@ﬁ%ir?% 18fhd/ or

to diggingt fIf)Qﬂ’r{Hibﬂognctto\ﬁpf%§|I|§nfU2n%%§§é§ B¥e 8r ﬁmﬂbélﬁ‘%%é\fgﬂrﬁatloﬂ_@esuch as
productlon interval s n correspond to regi ons or interval s of the

for mat i orfURENITass TALRRtSR Ao MEIGheaY incjde mHEPIsrPradistion cmt%abr%ﬁ%@a 19pa-

ot herwi seioa! GHedRPAUMBACH" &S aRA Yt rfrlumﬂﬁ I THeCGib Bt pRidRchdILinkdH A8 dBal O
move the hydrocarbons toward a near in which case the interval may

be ref er régNtBAASOTERFPPRG gtglﬁwt(@ﬁeé\(qyr&w)nd/qy\ﬁp distipgtgormation| tyrasr gcegpgssed

floating gr Qdipirh&n réagidif, t)?'l'héogrodhétloﬁhlﬂtgr\ﬁbl@q 09911@% td&ﬂfbséd?ﬁ ¥ Ritlsi en
system 100 is illustrated for exenpla pur poses and 35 | ement ati ons of

the ptlsdnenatsc ph8ieofpreatiompayag J%’Qf%?rqoﬁst(ﬁ@ pPibadneer (Qﬁsb PRj Iedyesd o
fluids frameany seldedporP!(@idhobd Rivid@didsOmficke?N into the interval to move the

hydrocarbons toward a nearby well, in which case the interval may be referred to as an
injection interval). While Fig. 2 illustrates a floating production facility 102, it should be
noted that the production system 100 is illustrated for exemplary purposes and
35 implementations of the present technologies may be useful in the production or injection of

fluids from any subsea, platform or land location.

-11 -



WO 2010/ 050991PCT[ 1JS2008/ 082248 100501The fl oati ng production facility 102
may be configured to nonitor and produce hydrocarbons fromthe production

i nt er val swoQ8s/i0Bm of the subsurface formation 107. ThecCTiusatnsoge248
production facility 102 may be a floating vessel capable of managi ng the
production of fluids, such as hydrocarbons, from subsea wells. These fluids

may be stigpsy| on thﬁleﬁlcfahﬁ)@br*o@gctﬂfnqﬂélﬁtﬁlﬂgﬂ mad ¢dnfigdi@d t@RbnfRbr ainOFYrbG'l%é to

t ankers (not shown). To access the production intervals 108a-108n,
floating fyﬂwatqonéﬁrwh@pmrwci@zmtegv%de%ao%ofathe@H?,%fap?é@mféjan é%} The

control Mebwey dbdudtiod faamgnb!z%awts@alflbgwg viekZel cHp8ble Wtiagingithé prAluctich?
u

may i nclude production t for providing hydrocarbons fromthe subsea
tree 104 9 dludse SP‘Ffba?lf\%{Sroﬁ?@@U%’t fr/R suResd elfs-101ese divtdsonay (bsi igrefoen the

hydraug i qlo@f"n@'pﬂﬁiuﬁ:il&ﬁlfadﬂ?/'1©QSand¢<ﬂdg5r@fndéd Q@”ﬁbﬁl@irs YRotcdvd)f OTo access the
comuni cating with other devices within the well 114, 10051] To access the

product i d?‘iO(i‘Lfﬂt'@'f' nipwalsol9a198R, therfloajipg iPracpgtion: fstibat @& is ?f?é’pée(-,datof 7 §8bsef06

to a deptifeet fat arhd"'&&{tifoﬂwgﬁe\’mt)hné B%oﬁfr@ld#ﬁ&hc%m 11 At eh¥ohtrd0fAbiIlEB N 12tmay
di fferent d ths (or lengths in the case of horizontal or deviated wells)

Wi t hin t Hedl H’rojd&i%'onA%b'%ﬁpr REPVigingt axdragagpnstiian fesuheed Bae il it i hafeating

108a- 108rproavitkieh fa@ty B©2r 8bMFdl @GbihE f@ShrdieCrd SBcthiSall dtvReY ahsd/d08, comyl
i nclude various layers or intervals of rtock that may or may not include

hydr othir KGR TahePrARYNIGRINOeYIky otaer qeyicss Wibindee Wehd14ubsea tree 104, which is

posi ti ongqgmer t herd/\@&deséjtﬂe %FooFuBﬁ‘orﬁﬁﬁerf/éIQOIVOSAQ%n PhEUVEIE$1ABeh&tFRES B
bet ween devices within the well 114 d the floating production facilit

102. Accdraiflegr §06 tna deghisteat m#eé@cqwthﬁ@e peoduslinl iatervals A0%a-RRncet diferetbi ng
string 128t (BF RMEHS irf hwdasé bpmsr%htlasoradw.aaem@ﬁs') w.thmahé even 94, 29 nifyan)

to provide communication paths, which interface with the control
umbi | i calappiesisdgd.tthe ps ign ﬂ'?t@réfa'fow%i 92 MAChHNAY toRerefstad tp1as pragdection

produgs i QRrepRt ‘P(BB P8, %Mdé'v%ﬂoué“%w@eor%i‘efnﬁarseaﬁ rRRYNRITREY of %a?rrﬁ&' liteude
access to the p oduct’ion interval s 108a-108n. For instance, a surface

casi ng sthyﬁﬁlj?a@ﬂs #RY MRy befalredip as 69’?%%6“5%%@*66@%% which is pesitionsd at
a speci figergRtWell 114 at the sea floor 1086, provides an interface between devices within the well

114 and the floating production facility 102. Accordingly, the subsea tree 104 may be
coupled to a production tubing string 128 to provide fluid flow paths and a control cable (not
20 shown) to provide communication paths, which may interface with the control umbilical 112
at the subsea tree 104.
[0052] Within the well 114, the production system 100 may also include different
equipment to provide access to the production intervals 108a-108n. For instance, a surface
casing string 124 may be installed from the sea floor 106 to a location at a specific depth
25 Dbeneath the sea floor 106. W.ithin the surface casing string 124, an intermediate or
production casing string 126, which may extend down to a depth near the production interval
108a, may be utilized to provide support for walls of the well 114. The surface and
production casing strings 124 and 126 may be cemented into a fixed position within the well
114 to further stabilize the well 114. Within the surface and production casing strings 124
30 and 126, a production tubing string 128 may be utilized to provide a flow path through the
well 114 for hydrocarbons and other fluids. A subsurface safety valve 132 may be utilized to
block the flow of fluids from portions of the production tubing string 128 in the event of
rupture or break above the subsurface safety valve 132. Further, packers 134-136 may be
utilized to isolate specific zones within the well annulus from each other. The packers 134-
35 136 may be configured to provide fluid communication paths between surface and the sand
control devices 138a-138n, while preventing fluid flow in one or more other areas, such as a

well annulus.
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25 beneath the sea floor 106. Wthin the surface casing string 124, an
internmedi ate or production casing string 126, which nmay extend down to a
dept h neawothw/gsowducti on i nterval 108a, may be utili ze®#Crarspeoswsrtes suppor t
for walls of the well 114. The surface and production casing strings 124
and 126 may be cemented into a fixed position within the well 114 to
further :y i ze tiheaderbh td e aB\'S\Fehbdij)r'ﬂ@ntS@fﬁe@%@u?ﬂ%npréﬁ%%' Sihd C@mtrbo
strings 124 0 and 126, a production tubing strin may be utilized to
provi de #oVicewTpea- F\3§%?%@'ﬁvﬁ'ﬁ@0\ﬁe”03ﬂ@r‘f B2y Rg g@rtﬁm@aéﬁéheofﬂ%@c fuidsi ds.

A subsur fiagme wiBinethg Wal. Veh p3diciBy the sHhd lcbaesl deRices agBatiBen frbguth&fwitd tHeds
fromportions of the production tubing string 128 in the event of rupture

or break %%‘(ﬁ}@a‘f‘ﬁé@ﬁtﬂé‘lgf‘ﬁ%ﬁyebes'étf“é??t%'ﬁﬁ%gelt o flowaf flHigp a”B’QER%’F'g'eiﬁﬁQ 56

may bes utdrbdz86h ttooih§ @k 12 €eCiHel §armOB&EroMdelicBs tB8aWsBh ndniHcisief dGwBgeach
ot her. The packers 134- 35 136 may be configured to prow de fluid

comuni cdNFEn SFAAIROSSGIRIT ST abe-RAMeY KeCsaRAVIESHIFRPED RETACRESMERBEANE3 SN,

whi | e preyedthisNExdahbhtsle fsbRens Bn@RBE WRHE-nidhesPddha! whlle e, gravd phadies 2404140
annul us. WD 2010/ 050991PCT/ 1JS2008/ 082248 1005311 n addition to the above
equi prrentmabtrl‘flé’rdeeQiﬁY%r?érﬂtherﬁj’@ﬁb'8§°§%ﬁ%ﬁt%%t ridie gRad eadrol d@ucessgifashefn
gravel pag#p abs0aciddd hiloWBYoli®l WidchbAiSfs! SudrRBaafioWhEorfttoP Wedited ki glé dalves om
within the well. I'n particular, the sand control devices 138a-138n together

wi th 1he Gpdyits: nﬁé@ﬁ% A 4BY- qtﬁehswﬁxp'%@eewﬂ'w@dW&hn@ﬁég@crﬁﬁ@ PeStre loss
fluids angémy theamutd ﬂdvﬁga!hntﬂwet Gavél gAcreY40d-0401 KRl Snidiste ghAR pdde thand

control devices 138a-138n may I ncl ude slotted Ilners st and-al one screens
(SAS); prevpagikel ”Lecfeééﬁ%twevﬁaf‘é GAPHPERYIcssr BT SHE%F&Web%@?'é@Né disposed

expandabl Losfd SMAScHRRE @dvidtsIB8EEI3BN S ThE AR cﬁhﬂrél%et/ll@@s gB@éL¢i38rpﬁlﬁ!§$nclude
140a- 140n_may include gravel or other suitable solid materia

. The
control dﬂéfifﬁre@scomaerf?,@ﬁ CRRfipuEAtiops faT ANy due PhMosRCLBAtMBIVa Wek%aﬁ 0§ Pré’f thoeuc h
as i n{s owygioft é&iondﬁwae@ssa(ynngecoﬁdalowg%lorﬂgotr@l@ﬁlgtht& thBOFAI. €For @karﬁ?}é eHeher
sui t abl e nmechani smsm ’Tﬂbé{‘ci%’)é i ncrease pressure | oss along the flui d fI ow

pat h. Thd"i§ralfei 053 P RRSPIIR GAPPstien @P%\@e@a%@{scof‘ﬂ%‘{ra

al | of theniesnedideVices 388h-¢38H While |H%Wa¢¢§8r1$1%9bé?a$nrbpeﬂfhdl@bﬁtéﬂﬁalI@ﬁfﬁfel\ﬁén'
di sposed around sand control devices 138a-138n. The sand control devices

138a- 138raviy 3 Hifiereakcaniigyraliemior hessnH&APE0 deviee Ageryur at i ons f or any two or

more of tiggs4jnter Vaéo'ﬁwé%aﬁ@%a&“eré fd)? KRB EMtBE GIBRBRIBEE ¥R HisPSsed
condi ti ons aI ong the length of the wel For exanple, the intervals

108a- 4B giPehugen r?éjlelﬁﬂ@t antewyalsd 1H%I ®© @BﬁﬂPePTQQHCtéWd iy 6Nt PEh@rzones to be
confi gur aﬁdéﬂén%nt@%t@ﬁg& r Pbr %&@SS%B&Dé&an Whto! tRe 'a'ﬂh@ﬁ¥%lf ik&@8 1G8p be

an open-hole interval of havi ng a ferent conf |(ﬁurat| on for the
|

sand cont¥®ld E@ﬁo@éedl%ﬁte“@d)égaﬁ @bﬁ%‘é@ﬁ ﬂﬁ%l F'§3 2 gahqreaticalyt Mestrates wellsw 14

control mham.ém&rwrﬁerdmas,pme%tﬁm Reiyeen nddiuARGH ahBlBEY HeS rdkBR/dire &abl e
production in each ‘of the zones to be independently controlled. For

exanpl e, fe@EwHiops eametn diatiel of eordionraianuthapare nat epdlly adppiblasgAcpakigolation
| sol aped tﬁr%u%lﬁ"pﬁ&k’@é ha8h SYarRsé, k|ﬁfe$\/a353508d:érgj 1&&5@%@%@&4@ |I!ds'trbl§e‘dré%t es

wells 114 particularly intervals 1 hin wells are not uniform and
that the qHARPY dNr5i9arkd 2n@rilatiabits aéo'f‘@ I”ﬁ'ué'”@aﬁl RAeh{disPoned JuerabeiesNt hat
are not emfbihvigateiall 8 bRe Z8RMApId S& BlrbBRstdRdsNWRBEN RASK &ohatioS tGugh
exanple, intervals 108c and 108d are schematically illustrated as adj ol ning
in Fig. ZoaMentionplygaekareds akotnptachiert ud\dﬁgloaalpamna'eal bl d el reayetsigen.

Adj oi ni NGBS RV Alirfibdrg cﬁ%‘ﬁ‘fe@é‘rﬁ@r‘n@atféﬁs GnBEH PBhENSESH WREHR R@RBer 6f5r@héﬂfé00n
t hrough conventional packers is not practical. Additional exanple i ncl ude

vel | s34 ra‘i?ék%rﬁnyoﬁjﬁc@@ts|b§eeﬁ‘kn?ﬁé?%lyopraét"f6fleﬁ"@H% erdrg dagnations oWhQréngéa

such thatprbfigidderRs fd%aﬁmr{aﬁge éﬁbdgamkmzétssub%hﬂa|r90§uchheth§tqa@9mo%%rhsycan
practical; wells traversing fornatfions ere properties o

for mat i orft changeopnierily Pyriitipaed siﬁ‘ﬁygﬁntqoﬁYef’V'O”%"ué’I@dﬁf&t a'He VgFialdat 91BPis

can not Qﬁro@r‘ﬁ@t’éﬂ@és‘?ﬂhéﬁé thardobisi SRS 6&?&#«59& K&B%Béélé’t@é'Wlfﬁaﬁé&éﬁms?a'ﬂﬁ'tlon
vari ous other circunstances where the costs and/or operational risks

associ at €8ndrithe pae ok RasseramraRGtisa r sdvat apakie) §xaraple Of yepdianditinps whetecal .

As yess a%ﬁ@ﬁéolﬁmkﬁlgﬁfcoﬁ‘@nltloﬁé?%blﬁér@éb%n%?&% R TR, the BbRfitl A8 it B5pUgh
conventional packer technology is not feasib he conditions in each

of
t he i nt erdfdhe intgyalgr 80 preayedraiarduiggthe Qﬁ’ﬁéﬁt'ﬁf‘l@ﬁh%qullh@whﬁt #38 kAl was

initiallyopeinsledad8d dperddfy é”Qiﬁ?@hhﬂér\%I Al @BIve 6 Fh¥R thEMYosB¥MGISAL SRuridiar e
the nost efficient operation -13-
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WO 2010/ 050991PCT/ 1352008/ 082248 of the well would be to isolate the single
interval into nultiple intervals or zones for independent control. The
changi ng wbhapsaseizati on of an interval to require itsPpaniSzansosi2ag i nto
multiple intervals is common in well operations and is commonly
acconpl i shed through expensive and operationally risky workover procedures.
g [OOSSLWethbaﬁalrm}dtagi ®s t@f isblag m:iéa%efgte ;ﬂit@?‘/bloﬁw %L?r@e aeptatd of Qtoh@s for .

i sposed in a we 0 pr e ntro aratus in associatjon w
o GovmnoltdargadFaicorGoby A dendinaamer e PhBRITe b leds 5y i o
3 provi destoangitplemaéivalsiis avmehondn amll 2peratibnsraibd Rdsonwhédy Botdheplishep tr&ight he
present disclosure and invention. The nethods of Fig. 3 begin with

provi di nF*REPILRHE ORGaiNNe AR WRSKRMSE PR CEdWes denot ed as bl ock 210. At

bl ock 40 [8385] t he nmBichRéh iébeHe eﬁr@\dis@lo@greaarélawpfé@nbrw digpRRbah ¥s,
such as those that will be described herein. Fi ustrates that the

net hods d¥elk iRePrpYide @ntiovy P@@r%ﬁﬁpéra&b?y'nb@wﬁﬁi'wﬁ? &ddewphele, Bibuigf o grovigleder s
or sequeng@sndht BigAcAeRABILISY s@sﬂer’hl@e Fig()@cbrb\!fl@éb kchdigatiteldw dibgnh gdo bhe

technologles herein will be used. For exanple, in a newwell or in a well

from whi cRethAds prdia e s6ePa bR Prerent dislostrentirivention. nktenmgthogs Oifnﬂg 3

include I Qp@ftﬁlrpfd%llr)@ Q&§Mé@éddb%di&?d5hﬁ%lé%br@én&&ﬁ§§ Bldér Mt mttm&:k
t ubul ar, at 214, foll owed b%lydl sposi ngl t he conbi ned tubular and flo

contr 8 " ZIgathscnethpd coinugsiby Previding adlow sendiol apragatys. 8 asAbese ‘ihéh‘éﬂ”ltiﬁ or

al t er nat igegbibedt Rerefet PR3 308trAks the ﬁé&ﬁ@ﬂﬂbd@“dﬁfiﬂm@?%s%nﬁ%héo!o@@ﬂeuﬂay be
di sposi ng the tubular in a well, denoted as bl ock 21

The tubul ar ﬁ@ge
di sposed 'MRleMEaRLLINIa Yasiedt &f Qrf@rsfar SRAYRNCER Of S*&B%QP&%WQ QN KyeakAngiign of as

when t he \fd|oW vifich thel te@ioRdgidsUseréf Wi bBRisBd. IFapbRAMSE, inrb ABw WEISriimg well
productiaon tubular. Alternatively, the tubular may be disposed in the well

prior to ¥ o¥ieh |tH@ @rﬁguqt'loﬁvxiut%}gt Paf Rashareriednithe PREOH uBR dray dicltener

reasofs. dpethtivalyl ésls@@f[afr@é@rﬁa %w&%ﬁmtrbhabpéraﬁjsfmwm@rﬁwm @p@aaam@weayoybe
operatively associated wth a tubular that is already disposed in a wel

[ 0056] Théj'%oéb‘g tha gorpbined tuluis o downtontret sRRFEMHRIN B Wellp Plthedit '@Eﬁtﬁt\edaﬂﬁl 25

sui t abl e aBdeAddiorafy BeRREMEIVERS the nRMedHsURI] ¥f ihdVvifedent ldRMosoRt may mclude
apparatus operatively associated with a tubul ar_and di sposed in a wel For

exanpl e, FHROSHONE Likstardt arwdl PE'BQIP%@SrPéRFk(%éurTW?aWS?U'%&% tl?e‘i'%fi(@eﬁﬂféthe

provi si orwdf bdfbre thé BBivCORErHIppaRPR Bptsviderl, Bubibb Wwheh e KW WAt ol HpYa ks
disposed in a well long before the flow control apparatus is provided. The

schen® i ds fae9 dsialed df‘ 0 @Xsing |rodiaign dubylgist AlRENaSYelyhiendhylar oneede

possi bl e dighosad i teNgelddriod® b&@c@m@g &d MRy 66l bb@aﬁa@lfs vhm\/th@%tﬁllafr'f&%ther
control apparatus associated with a tubul ar and di sFFose in a well of

whi ch ar deafqi nFithe® dRigpates att #0 ﬁ?%steﬁt Q¥ CROES . AHRGERTS (e b?h‘éoefr?tbﬂﬁ'y

control apRpadiatedwiths tdbeROBadsiateddiediy®ised anglwagsoci ated with a tubul ar,
t he met hods_200 continue at 222 by flowi ng fluids through the flow control

appar at ud083d t he tThsupigpPs 249-3300Pt HicearesBol B1ethade MEYiRE fRIMARIPIHE 3 t he
produgs i ofitahie &Fddroft {Rubnee 38 ol tU'éi@nfu'aFP}th\Vﬁ AUty E6%rd Wbph@tust &%?aﬁ\)%ﬁDUQh

the flow control apparatus) or in the injection direction IEJ
f1 ow t hr AF§ACcIatRe Withawubyler @Bf digppaschinua Weltke i Of BXISTRIA, thRereiHen Qﬁ §he tB@i'W

E;'d pgc\g‘r Lrﬁérl]y; o&tlflﬁélrﬁ@rﬁp?eé?é dehfe RFE $PMisidFE b @it icBalrdI YappaRit d SRy pifduce
tubular may be disposed in a well long before the flow control apparatus is provided. The
schematic flow chart of Fig. 3 illustrates just two of the many routes possible for arriving at

30 the operative condition of having a flow control apparatus associated with a tubular and
disposed in a well, all of which are within the scope of the present methods.
[0057] Once the flow control apparatus is disposed in the well and associated with a
tubular, the methods 200 continue at 222 by flowing fluids through the flow control apparatus
and the tubular. As indicated above, the fluid flow may be in the production direction (e.g.,
35 fluids flow through the tubular then through the flow control apparatus) or in the injection
direction (e.g., fluids flow through the flow control apparatus then through the tubular), both

being within the scope of the present methods. Finally, methods 200 produce hydrocarbons,
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WO 2010/ 050991PCT/ 1JS2008/ 082248 such as indicated at 224, which

hydr ocar bons may be produced fromthe well in which the flow control

appar at uswpodvesposed or from associ ated wel | s (such aspaimars2eisesfiow
control apparatus is used in injection wells). 100581The di scussion herein
of the present systens and nethods prinarily 5 describes the conmponents and

f eat ures dugh @spmm@ku@d laoazmmaxhydrli@a"rb@a@armipy ®e groded G e WaNAUVRiSh &ed
ri bed bel as having inlets an ets assopci at ed

s il BPPATRIERe Piapateg Gyt ab SIS Hir s, BUER 26 Y TonaBEdpt aonlipl,

exanpl e, apppetueielked Panjettwn wélisy structural menber may provide an outl et
in a production operatn on context and nmay provide an inlet in an injection

oper at i o083t ext . Tgenidisgession theseipr aidee i FRseNt osYsEes i R pineeieds WmMeEhei n

descri®esickMdirtas amdoReNSahs f6ivel I aGHod R1iBA %Mﬁ*t@kt sn@&@bx@rnpwfrbw%cﬁ&of rom
entering a production conduit in_communication wth the surface

anal ogy, ReWSaARA §hambgrsiaie derpiRereRRiQW iBsHeviSsiplsthand e r?sé%?téﬁ' Wikose

wi t hi n t hgrusRe emehbéiRe whidhS Ritits iand eflitie®N nﬂ@ybeh@@ﬁtektab@éomcan%masmgieataur e
sui t abl e adapted for t he i njection operations. For exanple, in an injection

oper at i orPerReakigPertien i I%%t”i'céur?h@e@@ﬁﬂmab’ Qravide P8 Quileisingd REATHEHoRY ?Q?rﬁawnt h

the tar gefontext §nd nk??)ré\ﬁﬂm InR)n bMirjdt@os dpBralEM B&tetth@imidig, Meqst@ddion
conduit is in direcf conmunication with the target in the roductl on

oper al9 orfepinicediscyssienshireiacigscriberoiuures Gindi #ASHS oW eialeyPrgyeRthgand or

i mpl ement i icEsidle ShteliRgd Jr6dR}HiBN chrdUitds cBRRRNGaB6MVEh &tdd RfacE e BgdnBldgPNs
written in the production context, the present invention is 20 not so

limted. %&arﬁnétq”o‘?fsth%fmﬁ"ﬁ@eﬁt@&%fje?‘iﬁ'ﬁ?‘éHﬁf?ﬂ%ﬁi“yﬁ‘s”ﬁ(’é? Wik the scape i in

oper at i ongedanpii®antiyn IO h¥ e M BEd MInRnkhane Cshuﬁﬂ.bnﬂjatphﬂ fwntﬂ@that;wrﬁ
used to refer to the conmponents, In sone inplenentations, precise

di sposi t i PRAeNE EShﬁb’i‘{Bﬂ? ey Diesienoprratift e wel ?raw'lbsp@rta% ConpUTHB Vel

the red atdoﬁﬁn@.@atﬁ@ﬁlwuihqneqérg@i ERBENAS fSMabOMINA MR ESmMM rhanref Rt rihe/wordau&m
scope of themP“ nci pl es and i npl ementations descri bed herein. Mre

speci fi cONGUIt ishdn 1d!r6% WP@PathWMh%tﬁrﬁPh'ﬂ e prasyetign BP%@P%L@r% the
whet her ugescd)n production operations, injection operations, treatnent

oper ati ons or ot herwi se, include a tubul ar and a flow control appar at us.
The t ubul[805%ef i nesAagowkingly. awfils msanbLﬁfsﬁheelmmm%@tloaﬁddea@ab%@@reém ingligder

nmenber dq{dn\’@n@%tlﬁef @MW eRSHBkibn My File it A8 &M&E.oﬁ%mgkt tHY preg&itinnB&s td on
of the outer nenber is perneable providin id comruni cati on between the

vel | 2b dwhgpdisnigdd /M@tqtqoawoéypﬂque[sent'p ?qnﬂwtt%ﬁtfﬁbps%tﬁ‘p@}e&ﬂ%OP%rat'O”S

di sposed t%l&é]blnan/BIQefrh&MYnﬁorﬂgﬁé ttheﬁﬂ@hﬁr%md'tﬁ@%cﬁﬁer{c%?&b Q88 to refer to the
condui t-defining structural nmenber and | east one chanber-definin

st r uct ur AOMRSRBRIE. IMERMaiMpleRshiations, HWQF'?Q disppsitiNgefs earerRaneal Ma 98 s

configurqf aBQnJ@!:ﬂUnd@pérgtﬁ)nf ! @avNé‘«xémdtHbtreuamé)d.@ﬁosht%saf é‘qéa»ﬁeﬁté QW cEAPEASIts wil
conduits. The at |east one chamber-defining structural nenber is configured

to divi deeein wisthgncoge efhibeaprindnies apddmpeErensaiions nigssribebhgmins VAo at

| east 24 V\/Ospfalzlﬂt%llﬂ}omﬁé QIOWQéﬁmr§yst<§H§M|ﬂﬁn tthe &bsérﬂaélécléélﬂ?ef hWpethePnided! in
chambers has at | east one inlet and one outlet, each which is adapted to

al | ow f | tAreduofign fIPETRtIPAB riBICRISLGREraeNS: drqagﬁ%ntrpq@aattona @5 ofhgryer. inAHpe &
predet er g, R@sk sdZPfow ééntrar\QP.gé}éQ/sO5@89&&@#@.@8&9%@%86463 éQ@@@lﬁé@of ¢hd

illustrates a section 2 a wel | in a fornation
secti on Jagudes an I%E@’r’ﬁ?@ﬁeragefb@l%g flow, eppquitayvitiin dog &Ht%me’HBerweN 'eﬁﬁ? a put

is il ustgpfpdoBE Suas rH@rﬁ@éMs%@rﬁBétﬁéBbr@ﬁd|ﬁé‘ﬂuh%hﬂﬁhr9&5ﬁomtvp@énut$@%élln
vertical, horizontal, or otherws

30 'annulus and the flow conduit. The row control apparatus is disposed within the flow conduit

and comprises at least one conduit-defining structural member and at least one chamber-

defining structural member. The at least one conduit-defining structural member is

configured to divide the flow conduit into at least two flow control conduits. The at least one

chamber-defining structural member is configured to divide at least one of the at least two

35 flow control conduits into at least two flow control chambers. Each of the at least two flow

control chambers has at least one inlet and one outlet, each of which is adapted to allow

fluids to flow therethrough and to retain particles larger than a predetermined size.
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oriented wells. As illustrated in Fig. 4, the well 242 includes flow
control systens 246 5 di sposed in operative association with production
zones of wbeofoorso®tii on 244. More specifically, Fig. 4 ilPCuatscasas22uhat the
present technol ogies may be inplenented in a variety of configurations
and/ or conbi nations of technologies to provide flow control systens 246

accor di nqobey|t he vemg OMﬁiIubmb@rﬁeéﬁdﬁbh 29 dieaswren bad,in tatehbtiorapal. s uggesdied
herein. For exa 4 illustrates that the flow control systens 246

el ude (B sasty A HRIGE 3 JeTEaSesURING el 247, Bt iy Ulugiraled here as
cont | gur ahily BAfAoIadEoTng ﬂe@n@%?ﬂqa_\y Wauligdd GONEHBH HoriAhtA48R, otheriseof

whi ch provjde perneabl e and meabl e sections in different manners.as
will be dE&eiedpwglls uﬁsh'&ll‘St"alt'PdCHhﬁ@Ct“l dhe Weﬂ'hzds?ub@léléﬁ%ﬁ'PWFF%ﬁoé@St?‘Wé 246

t ubul a8 s @4Bsedvhhl (ﬂ)e(ﬂétfvfeeé@&batl&@\&/ﬂtrﬁ BFRIUBlHTRBASS 0P 1RO TERRhtioN0P4E£X AMBlE s
each of the tubulars 248 includes an outer nenber 250 that defines a flow

condui t 2Recifipdli Rt hdlupligig Aat hgyBieseRHarINPlogesRay Pe IBPIERENEGtiR R YasiRher s
250 i ncl udesnfigurgiomeadtdfor ROMILiIioRS 6f ﬁﬂ;ﬂﬁ@l@%eé G0 Prdvitie fidwvidicBntdl @¥ste s oL
the outer nenber into the flow conduit. 100611Fig. 4 further illustrates
that the GRGINgGr o Biggvarioep uwe'eme@wt'eaﬁtdreéwbgspéwbhsa@zs%ug%ﬁﬁeehh%y bEOTof

any of ”’!&aﬁ@@c Fe uallsearesdhsehO a6 cBﬁ*thﬂ's&?_steﬂ%‘é@%Xrﬂﬂﬁ&e&wuléﬂs%%wmch%ay
apparatus 256 are illustrated in_Fi he details of the flow control

4
appar?ﬂ ude povided e ayfirst %'Wﬁ&f‘g%ﬁ%r‘i £48aand/onhl assePIhapUaR copEgitralion

detail i @4@9”8@&{ d)fQﬂthh f)Fbvh%t SdrmebBler 2% iRPERhhbld YRS in él‘ﬁ‘e@rr\t manners as
i ntroducti on ustrates that fluid flow_ represented

arrows 234! bPrQﬁ?F'E”%d f%tf‘ﬁht”i ernnegtion Wit SPH\%‘?%JGBMF'QPFGQ48T'T90W’HW§ §4§ o‘fV‘i‘ [fous

path t hr ojigredt hb\RASIMd BRNIen®WNCRRNEH. F@C&@mp‘ﬁé‘%acﬂﬂ@f ﬂmertamgr%ezmraadcla&es
per neabl e segnents associated with the out 8 and t

control G50 thalecs ﬁﬁP\éﬁQﬂ‘i‘%?%‘g't%@ th?éu*‘t’LH%r p‘}@ét@ﬁ?”y each of

t echned ogie olifer ARYNDREs PEEIBILASS a BrbsEDIRpSHAOMREY SQ4Pte D¢ Albwallid Miw BrGkyhof
the flow control systens 246 along the |l ength of a downhol e tubular joint,

al ong t hé"® BHiE Are eé'”i‘btr'i‘éﬂioﬁ’cﬂoﬁfj% by packers, and/or along the |ength of
an entirqoepgrati verigof ffurﬂ@r m‘us@ate@\fm%@uﬁiuwr@@48 |nﬁbILiHehﬁdw bmk&%aér%msons,
such as illustrated in 4, the characteristics of

f or mat i org20aMtlichr Mmekeer @%éf‘w(ﬁf rthwnfﬂ!@@té@ﬁ Gl'ﬁéoﬁéeh%ﬁ'”dl FYV@r@‘ﬁt“pI‘qrb\ﬁOW
contr ol %nﬁbflsér?d@r&%‘f%g‘Hré‘tll|d§ﬂ§tehrln q:l?'cf‘g'TﬁeV@télls &fQhe G RIrfrol 8Bparatus’
illustrated schemati cal Y . is possible that two production

i nt er 3 Sirusiyehand fungtiens ?}{0’8'3 bﬁrﬂﬁ’sq in greatendetaitingenngetion ¥4 letsg Eidneas

that zonglerdigol @swer, tJH &V@hro@@&}éﬁ”ﬁgomailluﬁﬁa%%eﬂ%t iSid ¥Rbw, RESYELAREY by FHo®k
di fferent zones may include formations having different ch aracterls%/l CS

requi ri ngremef &5 Ff@”btﬁ‘ﬁﬁp@ﬁﬁt@ﬁsz“f“dﬁtootb?|t%%l|aro%”@r@ll?‘%$1a tortequist Radu thiey@hals uch

as shown b4yt 'ﬂvg flofy ¥R n@cﬁ&rﬁérﬁ@thérleq\é’pr%%'ﬁté@|as%r§%§5l@@e@ﬂ%’t£é‘§s@)ﬁ:faﬁé&5
are di sposed adjacent to each other may allowt fering intervals to be

conpl et edVithaiig opfesRETARE 24P Por e loye cerrpl laapepréws ?@ﬁf f'@us@rﬁ@urypwﬂentﬂ@ns of
requi gs ngnhe Pés%hﬁtema%gm%wsé%%&rlé@%p@& 9%8%&@@&@@%%@%%% of the

i ntervals. |m ar | use of nulti | ow contr ol

confi gur aﬂoa%wtrﬁbw s g€ alore thweagthaqfu %@@N'Hfol%w@étarmﬁ@'ﬁng ithg lgngth of a
condi ti O%ne[.g&ﬁ%thmacfé&s aaﬁ'dlélBalanUﬁﬁbr Rh§thaof bﬁ%rﬁpéltdpgratﬁasa&mr%ﬁ dna

coaxi al confi guratl on 260, which con uratron is also shown in The

coaxi al MmN Qk‘ir%rﬂrlgodnE’Fh?ri'Bpléfﬂ?ém@t'%@aﬁb@ba%‘ﬂ'u%tﬁée‘i/'&rF'Q)lfstherﬂaéﬁfé‘?ﬂséiﬁ Bhs

of flow qpatWeR! tray®tRaTon24Rd ok ttmsl Fbsbh}%)lrsrﬁw)%u est e Qéé%ﬁﬂﬁfe@n@ﬂb@%&ﬁol
Fig. 5Aillustrates the coaxial configuration 260 in a full en state

whi | e3&; gysism ¢onfiguratignely ¢ piagdiegesti dior GAMP§y am'hugﬁﬁatﬁgwfmgn@orl Yol fdgrd: it
chanber 263,4i96 ket iy @an&.o%ﬁﬂtewalsogn&r asp@crrfels%béltaﬁ@ 108€ & Q@ﬁ.&.@ﬁuyr@és%r red

to generlcally as sand) fromthe formation . As seen in Fig
f1 ow cont!Pefther ek gpral gsqlafion @Wﬂonéé@ﬁqnﬁhpﬁ‘fki%%'s%@ AECiGe| J@ésd'féere”t

tubul ar Z248es WyQ%IudE:ﬂoHﬁﬁﬁ)n@maQM Qfﬁeﬁ‘@rﬂ%éra%@?lsﬁ&aﬂqulﬂﬁ? 'a%rlﬁg Ebapesignrdui t

252 within the outer nenb Tubul"ar s i ncl ude no nore than the
out er nerPeppie) 0@?”\*@9 é’oﬁ‘iﬁ'ﬂﬁ'@t'?%éu%?%ﬁhmﬁgﬁd"ﬁ%@étﬁ?@”t\RPWFPQ'?‘HPE ous

ot her 3apRgERhHSonfigtfalio s aRPASGEEH 2 dfRERDR dadh Qﬂ%h@éfal%@ﬁ'é%ﬂfé?ﬂg%t@h@&s
In inplenméntations where the tubular 248 includes additional apparatus, it

shoul d bd° Bsdemieied anafiovsiberrdoat Qe Fortelieer diffgrgnihywithout requmng packers

-16 -



15 nmenber 250 is relative to the flow conduit 252 defined by the outer
menber 250 rather than relative to the tubular 248. Tubul ar 248 and outer
menber 2580anw/ishdustrated in Fig. 5A as cylindrical nemrbens2eso82ds ng to
convention in the industry; however, other shapes and configurations nmay be
used as well, such as ellipsoid or polygonal. The shape of the tubul ar 248

may i npacdisgosed @Bmé@nmftewa% figuarsoidlide ot 2Rul@neflow cohgol &98teattndiliiratiorf
the flow control ap aratu gPG di sp o§ gi within the flow conduit 252.
Addi t i ondl'#¥ %?“'?I éPﬁa"tai”@té(I%/ hECBBINTGIH SN AANSE t he outer member 250
may have [gogrjeat er FigPaAtarRsl Masteashi f@)w SnitrdNsyterh P86 il QWo&ﬁéldiéhﬁg@@?on
and/or flow control apparatus. For exarrEW é the outer nenber be

n

adapt ed t250pMiGNIECTHERTRAUSBIE 2l B 2 dThw@eﬂé%@éiga@tlpvcﬁ@Q 684 n

di f f ergentexhppht bARS véh&f&rﬁple’inérﬁét%@ o@ﬂé&%n@&@y@ﬂéﬁfsﬂ%%utrﬁm tHEBYopE fo@ﬂrfe the
flow profile and there ore, 25 the configuration of flow control

appar at uresst dRCSHE nGidy SAMISEies s oS B M o 20 it @ T BEmpelEr y

coaxi al Gk FaY IS8 il0stra28Dthe FobREl @dmgurahorcthggarnawc@ﬂﬁolaih@mw bénplobieed
scope of the present disclosure. Simlarly r emai ni ngx confi gur ations or

i pl ementlyt $31s 26 € At P 3t lﬁ%?r%?ta@%f F?é‘?ré‘?%toa%”‘?t‘é’@ FSrEpredent fis ve

and vari efbﬂnw@n@ad ABRRER irAIg. mrm@ﬁweéntﬂa‘l s?él@m\@iilWH%oQ)@éltc‘é)nﬁgﬁlﬁaWntiEm
the scope of th resent inventiaon. Fl ow control systens 246 of

t he p?‘bsé'ﬂl‘f'u‘iﬁss%iuﬁﬁf 4% eligfcludes 8@19@ rm?mne&? 9 it dglinesed Bow seaduierse,

and a fl Q/Vi’tfﬁ@ﬂier&lterarﬂ@ﬁﬂbéﬁ USuBRss 2031 BBy intiudleSRASEE nWiré Mah thBeutdranempadui t
252. The flow contr ol Bar atus 256 corrprl ses at | east one conduit-defining

st ruct ur 2A90rRE R C@G@"S&ﬁ e quter aenbes 10 depatas witheYariabn §ihet PORATaIUSI SYRBrASer

270. The a@;tpa}ams&orﬁmenQ@rddwmoléqs‘rbducn&] §tr1rng§t U %pl%@h@ho@@&ha@ythbqubmmany
configuration adapted to 35 divide the flow conduit 252 into at |east two

flow cont%@l'”Q!'dﬁﬁﬁﬂdpg'oﬁé?'?ppﬂ%a“ﬁ Ftl§§9'1"ﬂtb§dmfjﬁrsfqog th@Ahe feRCTIRIOR R HEQY!SH ng

St r ucq{sir aheBEHIH0 i€ Bélaivaab WekeBovd cbhdurl 252 d@ﬁﬁ@@by hedodespesser Y8 RiHer e
outer nmenber 250 of the tubular 248, In 5A, the tubul ar menber 274 and

the -17- "8RN8 d0BIATEEH 1@@2‘@08}46@2@4@%&?%%&?&9@92'!5@”3%96 2 5t @Atas c,

| eadi ng t@liddiRaNRERbelABEERIIAG tb RONEAABh ah the MduBH;ahdvddver,NGWBY Siapestand
shoul d be understood that the tubul ar nenber 274 nay be dlsposed in any

posi ti on GRNHGHTRNIANEENSY R eashafuvell s5¢h ag allipsRid AgPQlygodat Fheothappef g‘)‘?ltgblﬂ?r t he
tubul ar 248 madinfactfi 36858 ofttﬁe FIBR cOHA BT 257R3HMRsr tRSBonfifliatiah of BRFlowddRtrol

condui t-defining structural nmenber 268 5 used to divide the flow condwt

252 i #A o aRParalys 256 \Risrasedy WB iy Tounaendud 2% QAR o6 cligmativgly e the

physi cal JoRigREtIdH of TRY oGRIREh®er P50 flap havé B Reits impHEtbnaBe Q:Qrbﬂéju?’é’tloﬁm%r S,
wal I's, baffles, etc. |L006 The fl ow contral apparatus 256 al so incl udes at

| east ondiowheanduit 252 andpniovws conitdl apraratvsnber exaraple. 486 pHigr memher 2% 2y Ai5d
representtapieadl ¥ prdvidet pahRebieNphitins 284 4y Fhfermeable portions 266 in different

locations along its length and/or periphery, which may affect the flow profile and, therefore,

25 the configuration of the flow control apparatus 256. Accordingly, while Figs. 5A and 5B
illustrate an exemplary coaxial configuration 260, other coaxial configurations are within the
scope of the present disclosure. Similarly, the remaining configurations or implementations
described and illustrated herein are merely representative and variations and shapes and
dimensions of the various parts are within the scope of the present invention.

30 [0063] Flow control systems 246 of the present disclosure include the outer tubular
250, as described above, and a flow control apparatus 256, which is disposed within the flow
conduit 252. The flow control apparatus 256 comprises at least one conduit-defining
structural member 268 and at least one chamber-defining structural member 270. The at
least one conduit-defining structural member 268 may be in any configuration adapted to

35 divide the flow conduit 252 into at least two flow control conduits 272. As illustrated in Fig.
5A, the conduit-defining structural member 268 includes a tubular member 274 disposed
within the outer member 250 of the tubular 248. In Fig. 5A, the tubular member 274 and the
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10 5A, the chanber-defining structural nmenber 270 is provided by a disk 276
spanni ng the annul us between the tubul ar nenber 274 and the outer nenber
250. Accowoiznglogpodthe fl ow conduit 252 defined by the omCeEmUSawsine24250 is
divided into at least two flow control conduits 272 and at |east two flow
control chanbers 262. Simlar to the conduit-defining structural nenber

268, L Ihe cmlta][m@mb&e%mér@%hoﬁbémm Uézidlng"f&ﬂﬂh@rnomd clgaye l@ﬁtﬁér@éwéedodf@uﬁiw? 15h
suita e conrti ti I C ma e 1n uence e CO uration o t he
ot e e RRRvHEY ST per oSy HaF e IpEr Trstab ey i figbarga i Shy
st ruct ur gosnerkehh tB@&lowStdmthby,, in&ID@n g W& froph thngkid beth%nasmagzzt&émm
t he chamber - def i nhqr}]gyst ructur I enent attm:a;o

t

wi t hin t RIASEBRE ¢ ti‘?é”]@f*?é%eé%?o gﬁ gg%keﬁ?tep”el W”FWEB%‘CH‘A‘}& STUCKBRI T

260 ?fs Fll%ed 5(?\ﬁlvtdé€tlh§ mamz@hdldemztwnfztgeétsé?m\wlﬂadv ctmm@eeﬂlbad@tégzlma@eompnse
pOSI Ioned W I N ow 2 cond al even 1nterval s an e
poOSi ti onédS'Pﬂ'etFPhé/SF%we ROGT MY ERPrise Tyirle W“?{“B%[Pt Sgh %%@%?@ésfﬁ?r@*&er&r

expect ed yHlepestiesestcof the formation 244 in the regi on outside of the
t ubul ar 248 100651A consideration of both Figs. 5A and 5B will illustrate
the functP86H | ty ofnet iy £PRyUe! @BREaBIS %@%@'@W%S&éé‘%ﬁﬁt 1988 chameendefiping

functi onatiybtirdl sndnBes 270 escinbies@diaBo@eBfd AlprebentaBUdrp n@@ﬂatb@ﬁﬂﬁ & In Fig.
specifically with reference to the specific el ements shown in Figs. 5A and

5B. A0 d&bcrth%éaa@fﬁ%"v%eﬂ”tWeStquBiXP'c'BﬁfnrbéT 280 &% erpyidededyop dislgd76 spARIRG K5 are

i dent i calanhulusibetiedd tHe tfiRIR MerfbtTa P ROBIRE hberbow ARBdrHRbIySHHStiRWE
246 of the present invention provide at | east two flow control conduits 272

froma siGgry! 2Pveelinad vt thesoutenmemies 0l 15, d".!t‘fje‘ij dafet atolgastobva AW £4piol

control cRRduits 87284 | 'a$ Iéia's’t/tv@’&ﬂowrﬁoﬁtr@lt cHafiels 082 fdigMarcenthe Aongliaading30
262. The at | east one flow control chanber 262 includes at | east one inlet

278 and aﬁErUP@%ﬂ“%r%ﬁe@? iC0RMBEIrIAinInggy uCtHFE mAMRE LD WYY ROYHeS irgany

al | owss f Igmntgblérc@mlgwétﬁjnd@vhﬁdmemtaytw .aﬂue%gd byURE c@ﬁflgjurré?tmnt dsrethé&Julteraﬁ&ubé&s
282 between the formation 244 and the tubular 248, through the outer nmber

250 and i40ANdHs the Sanfigyriiontof S congluit-defipiag sfuetur! éT%ﬁnPtgﬁrS ?AB-0 SrRiarty; H\ﬁ
control cGhaiiebf 28Pthe pacihg bBiwedAlhé ShaHBdL RAnIE sBuBIM ehetiber £ 80 m@ﬁ@ary

barrier to flow 35 inpairnment, such as by screeni ng sand 264 fromthe flow
Accor di ngl'i‘Wp'ﬁﬁ}eﬁﬁaﬁﬁn%wﬁ'ﬂf‘tth%ﬁ@%ﬁf heareieal digelopwe. ilRIts copdaliaeatiousptian
provi des dgoentlrag. r5aekthd ehdnhisaideifiad stFedttiral frethbersS27®may be positioned within flow

20 conduit 252 at even intervals and/or may be positioned in the flow conduit based at least in
part on the measured or expected properties of the formation 244 in the region outside of the
tubular 248.

[0065] A consideration of both Figs. 5A and 5B will illustrate the functionality of the
flow control systems 246 described herein. The functionality is first described in general

25 terms and then more specifically with reference to the specific elements shown in Figs. 5A
and 5B. As described above, the flow control systems 246 of Figs. 5A and 5B are identical
but in two different states of operation. Flow control systems 246 of the present invention
provide at least two flow control conduits 272 from a single flow conduit 252. Additionally, at
least one of the flow control conduits 272 is divided into at least one flow control chamber

30 262. The at least one flow control chamber 262 includes at least one inlet 278 and at least
one selective outlet 280. The at least one inlet 278 allows fluid from outside the tubular 248,
such as from the well annulus 282 between the formation 244 and the tubular 248, through
the outer member 250 and into the flow conduit 252, or, more specifically, into the flow
control chamber 262. The inlet 278 is adapted to provide at least one barrier to flow

35 impairment, such as by screening sand 264 from the flow. Accordingly, permeable portions
254 may provide the inlet 278 that also provides the barrier to flow impairment (e.g., sand

control). The inlet 278 may provide the flow impairment barrier through any suitable
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control). The inlet 278 may provide the flow inpairnment barrier through any
sui tabl e WO 2010/ 050991PCT[ 1JS2008/ 082248 confi guration, such as using
convent i onal20mensawoecont r ol nmechani sns of w re-w apped scPEENS200808524% at ed
tubi ng, pre-packed screens, slotted liners, nmesh screens, sintered netal
screens, etc.. 1006610nce the produced fluid has entered the flow control

chanber 2fafigiraorf, | slictl s fsmvg copvértidniheamltdortrol2&echaisid dfs wirklwigppert ed
in Fig. B5A as bel off et fromthﬁrsl nl et 78 The outhet 280 iis also

confi gur es&”?fé‘sap? % REFPAERE F@inﬁre&wna@ MES0SA%REY SHereddnetal
efforts tRrazddndter. act the vari ous downhol e condl tions that can inpair fluid

flow For exanple, and as illustrated in Fi g the outlet 280 fromthe
t1 ow contlPBe6lchambPnasete pagdused dyisk hasueriere éh%lf'ﬁ\éfrq%%H daggheht. Badided

to retai fes@anewa@4nhe ouddt?B0, Raichii€ liesrdtéd GﬁrlgtMBs b@ln@ dMse0RsR 1tNE ned 2382€.
The configurati on of the outl et may vary dependi ng on the mechani sm of flow

i npai r menthepiigh 28 Frler ﬁ@if@HredA@ﬁj? f'PWH@PP'V“%ﬁ“ bﬁ”ﬂeértﬂé’f‘?‘&ﬂ-ﬂ (pdundancy g &e

outlets raride Bsunvdradnd vaBUa dblmawbl@@aﬁal%nsqhmrlmgﬁlzﬂu.a$|ow IFor BRarggign i n
connecti on vvlth ot her Figures herein. The coaxial conf |gur ation 260 could

be adapt €25 ilelalad v it oth1 BeoUdst BEGiom My Pew ronkel girenbered’ may Bst her
formof nenfigabl ks Bpelhedtle sédiaditeidapRlitd idisin 5Sang Lei6t shat paFiBefargef thanl N

somne | rrpl enentations of the present Invention, the configuration of the
out | e10 arftl AreeterAIiRgd $ixg- beTrl?OGP'Efi%'é‘it@a b th Sl Mayd YAYafEResing 98t thene

same f | owhédRagishTBNHoWBMPARhER Bding AddhtbiaRRal | Xd@tiomd Il ernatelnaal oy, Mtiplen! et
and/or the outlet may be confi gured to address additional and/or different

nmechani sridl efOWT‘?P@’V'dQB fiom adpy Lerkokdhambenghrd 28! BE SeeingBs_FHONWiItw
control sysdremiBurédBeretd B Edial 28hfiguRfioh P68tcodidSet fidphsy tf)'l@MUd‘é)W&]tlets

chanber 262 has_ been nechanically dapnaged to allow sand 264 into the flo
cont rol é%{a%’ép'%ﬁerf%@t'(?']sb u'i’%‘?srhat%d""B?r f¥e Abrermeability, in e ﬁ@?’ﬁ?@ﬁ'b?j%"”'”g

porti o Mctuvmlnhé?nt&#@dop% §bRE |mbléﬁfé9fét|bﬂi@of5tﬂ8%ré‘s@m |rnOéntF3>ﬂVlh§Q}‘é>nﬁlgéuratlon
conventional production tubi ngD is a significant flow inpairnent [

i 11ustrat®dhg H‘é\t{et?‘ﬁ@ thea st sy ec‘éf?ﬂ"ﬁ"ﬁ?@d 6‘? PEQYKlepieddrdancy Ag@IRst tB?@a'ﬂ)‘PJ\%"’des

the outl Qﬁnp&%@eﬁtrrﬂ@&ﬁdﬁ%nﬂgﬂnﬁ@dﬂltl&@y?& anefnativel, LB lifef dyocmatduakt RAYIHeTENt
to restrict _the flow of particul ates | arqer than a predet erm ned size from

t he fIow‘@Qf'@‘irﬁ%tot?@rﬁso%dg@ﬁ?'r%ld/%ﬁéﬁ% MeEaYEMEngl y, the sand 264
accunul atigge7|n t he KHHERAstHM t'hetr&ﬁjrfal‘dh&ﬁéf tR@?rés@nﬁﬁJ\Aﬁ%dtﬁbﬁé%té}hQQlﬁ@d|nby

the sand and the flow through the chanber is at |east substantially

bl ock&l. figr Yhehe ipetedrdniodhe dawagontrpyehanigr 28d e, baeRemetra@nicplb ARMALE DR | et

passes i rbmewambhm Ht&\fh&%\kﬂ@ntr@paﬁ’émﬁerti@t a'ssllllﬁk(?rtat&ObF'tlYé A8 284 th the
chanbers and the fluids travel to the surface. In other 1nplenmentations

t he flowrteﬁmse@ﬁ p%ora)u%ﬁ"et Yéet said PREsing olirausht f seRAneRrobalevicss plass

i nto anot@ledtofd soaLdRh tGH b é’&ﬁﬂ&éﬁﬂl&g nﬂBﬁrrﬂént”’Pfge 5BU.t|u§,ta$esafm@mreed to
provide a barrier against a flow inpairnment nechanism For exa

count er adedyKiant paDIHef the miessnbiverians rravidrighetndets&utiendhs Egaraeera%@ or
the rpsksyigf sﬁﬁa"uve uraolﬁ%brﬁtaé?l é/qlmrﬁ&w 20 rddtRy tHétﬁitﬁN ohedidUrfed |Ié'r'g@r ftmwa%

passes fromone flow control nber to another flow control chanber, the
chanber s Wt%@‘"éﬁdr é'ﬁ@é@”l H‘esféf?"Y éé't“ﬂ%”ﬁﬁ W&@”%@'é&ﬁ‘@ﬂ‘bébnﬁcﬁq’rd@ﬁw e %Qf‘d

addr ess Wtédéhn%ufalté%Wn'tﬁ@%hérﬂBéﬁurﬁ?ﬂﬁ%ﬂtl%ﬂ%o %Oéﬁ&ﬁ@émb%ck@d Bﬁ/ ke sdrldoMd
control chanber may gt ed to control

WO
2010/ 05099“1?‘@“@9@0@8/0@8@ QB‘Séaéf?éSb%Hbﬂa@F'@Q/ t&ﬂ’ﬁkleé é[‘ bedoRgMeniioe shEiosl

chanber gy he S@Qﬁé ﬂgwt@orﬁQﬁé rdﬁkletsﬁﬁste@ﬁnt%%tr%rﬂo\/\ﬁ;E&'ﬁﬁol &bRduit that is not
[OOG%Advanta eously, e flow control systens 246 of the present invention

al | owsdr otivieed ivip "Er@”lf@l"ﬁ ?Wﬂj@eﬁW%t%eﬁ tﬁtﬂé‘? fufacer I eiher implﬁm?'@ﬁt'%ﬁethﬁép?‘ﬁ of
f1 ow i npahioiBRtheGftiet 280 from one flow control chamber 262 may pass into another flow control

chamber 262 having one or more outlets adapted to provide a barrier against a flow
impairment mechanism. For example, to counteract the risks of sand production through the
produced fluids and/or the risks of sand undesirably blocking flow paths. When the fluid flow
35 passes from one flow control chamber to another flow control chamber, the chambers may
be arranged in series to provide staged control and/or to address multiple flow impairment

mechanisms. For example, a first flow control chamber may be adapted to control larger
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5 occurred. Fig. 5B illustrates this by show ng that the unbl ocked fl ow
control chanber 262 continues to produce fluids even after the outer screen
(inlet 278 20fo/ash®1bl ocked fl ow control chanber 262 hasPlaiuseasasatsal | owed
sand to enter the flow conduit 252. Moreover, while flow through the | ower
fl ow control chanmber is blocked, or at |east substantially restricted, flow

from the daadpatticRs vahé a1eecond cﬂ@weﬁ)ntrardhug{bet e \@}%Hda@fﬁdillbld:@nt?@%nia(ﬂeﬁéﬁrﬁr
t he tubul ar %Q% 248 through the inlet 278 associ at ed with the upper,

unbl ocked¥YGKH EGnt rol chanber. The flow path through the well annulus 282

provi des [ggggjanot hexgvbpiageSisly, ek NERRSHr O YeicARD ARy oft the RERHE MvehtidPVallow
control systenms. Specifically, in the event that the |ower flow control

chanber  iRSOBIGHER & CpRingE 4TQm &ednﬁ?maépr 60NN WRishiaedpm é fley dmprirgenidhas

bl ockagesycenrréde F@U%Brllllﬁmm&fth%n@ brﬁﬂvﬁﬁgztﬁeﬁi%é Lo éke@mMdwnEorftN BREHMBET 26y
continue through the well annulus 15 282 to enter adjacent flow control

chanbers. CO[‘U'G@@]"?IH’&"@P%W@% Fe pitaniBe aHisr sareniniehe’ §iob denhloglied diowsgpnisol

such as tdnaf®el bb2shE diRd drdl &iodRd s2AdadEnkB, thénﬂ?f!wb;%naﬂﬁ%@d MdPe&fct S@hilet he
fl ow control chanber outlet 280 fromthe flow control chanmber inlet 278,

such as ifov Hecyghrihefowsidly Fentiel GRamber igiipased, el IspstivestentallyirpiEstefent

mechani snipw fagh tﬁ@f&h@flé@%@%’ﬁﬁﬁ@é&ed&hﬁoﬁgﬁtﬂ% well BﬁrﬁM@%‘Q&@fo SRepthdrigsfar S
thelnflowof sand 4 while allowing fluids to flowinto the fl ow conduit.

conveM i &I thraveR ders INlptia’ P Assecialed suh tbe UBPW@P”H@FWJ&%C%W ahaToler eter i ct

the flowfy nak tirsudrathe svemtinh8lud B2 wrdVitick!yat Sothsr BRS of retlaM@IRY prdvitRd by
perneablllty i nherently reduces the structural |nte?r|ty of the perneabl e

por t i ons.thadressant diew %EHEW' Syeiees | rpedicameinpBeneshl dhaldhrdner f'?W ©E8hmon

for thesehaRBEER Blotked B bcAdGch@@afornBh ehe Rt théretd18r B@mﬁaﬁ%ﬁi@k&?e%%n the
portion, such as illustrated by the hole 284 in Fig. 5B. Such es def eat

t he sand-QtPeNbeFEkipleldae SPWtf'P?én Hierfreadiion Ry huHinge dhrgughHie well amubited

to flegv iz khRr BEjAEHbATOREMI dRERBErs. The ri sk of nechanical failure of
t he perneabl e segnents increases in cased and/or fractured wells where

produced [Meflds entde flei castol sustamgs24i2f dbe dirasanérdisclasyeqistyhsatirieese 30
[ 0070] Thq"mrgﬁe%tm rF?qsatsA%@msﬂ nba%m@sabgdt&ﬁtof éf%\éft fRMNdwPkortdREMMRbdrHuaEt 2808

and the flow cont chanber out’l et may be incorporated into one

or nore dfom He floycenihchambersiniee £é8. nsuch@ys 'prtm/m@n@rnSWm inj Fdgralo ARt PR
agai nst fchQWof fﬁBefloWﬁ%rﬂ)talrméﬁt ﬁ@cl%ﬁ@ﬁé“tf%@lcoﬁﬁleltlb'ﬁ @q@bmicheatms @(}5 'pRﬂ/%nt or

equi pnent. Referring to Fig as an exenp npl ement at i on,

ent er?hg addeess| suheol!Pw| Ofcﬁ%ﬁﬂbéfm zeleepawé@g thIdéuE?nﬂP\He'”F%I“@c ﬂszwscqrwlua 35
first di regiveRibnal hifodshitbgl $hger bp‘é‘trfeﬁ?gb%ﬁﬁéatﬁ@%%‘?dm It§ r8stAQCAB dow of

direction; and exits through the outlet 28 inyet athird

directi Or‘parhphl@tq’q wiilecaliowing ﬂlél?)?)@r RAsss Hoyeevendhe gesneabpiby Wﬁﬂ'[ﬂngy W?’%H@ 266
adapt ed t@Riupy iictegdy OF HRNPEMRRBR Sdrists UAGoMRIBEN fidd fepact the permeable

segments it is common for these segments to fail and have a hole open in the permeable

25 portion, such as illustrated by the hole 284 in Fig. 5B. Such holes defeat the sand-control
objectives of the permeable segments and sand is allowed to flow into the production
equipment. The risk of mechanical failure of the permeable segments increases in cased
and/or fractured wells where produced fluids enter the well annulus 282 at discrete, focused
sources.

30 [0070] The offset relationship between the flow control chamber inlet 278 and the
flow control chamber outlet 280, which may be incorporated into one or more of the
implementations herein, may provide an additional barrier against flow impairment due to
mechanical failure of the completions equipment. Referring to Fig. 5 as an exemplary
implementation, flow entering the flow control chamber 262 passes through the inlet 278 in a

35 first direction; flows through the flow control chamber in a second direction; and exits through
the outlet 280 by flowing in yet a third direction. The flow control apparatus 256 includes

impermeable portions 266 adapted to provide a strengthened structural member in the
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- 20 - WD 2010/ 050991PCT[ 1JS2008/ 082248 vicinity of the inlet 278 to the

fl ow control chamber 262. Accordingly, while the inlet 278 nay cause fl uids
to be norwoOcornusmonated in a particular flow direction, pChastéosinszest r ol
apparatus 256 is adapted to redirect that energy into a second flow
direction, dissipating the energy carried by the entrained particles and

encour agl\ngmtyhﬂ tidinlet e & % the ﬂdwczmnﬁurtch@fnbbh%i | Aggordi hgl;a whilei thé il 278 wiidy may

be sufficient t uff|C|entI red ani cal reris ed by
o Tl hodeas fhids Bbd et foncinEei e pa oS Rt drodighane o cohE) apparatus

i mpl ementzwBi ignMapRdab ragirdct hhmtern@igﬁdnlona Eeclﬁwd fifv dinéktioB, HisFipShgyBE shaajyher
flow direction change before passing throu Sqthe outl e @_280 TEe t or tuous
pat h fol 15 By e kBtraiapd partis S%P&%ﬁ?qrﬁgna & PP EHI0UGR CHhef tBE davctlintn

tubul o5 Zﬁﬂalvmtrhnfabﬂ)@é@fﬂ(d@ﬁdtofédﬂﬂl(ﬁ@fﬂl&/&éu&ﬁﬁthbhmemfcﬁny faure Agk nrﬁ)pds@atbycl es

and faC|I|tates the task of the perneabl e portion providjng the outlet 280
from t he §W8INEE PRFHIASS 'E}I?éﬁtl{@rperﬁ“ﬁég'ﬁoﬁeﬂﬁ‘&{]g r‘?gysoﬂlﬁ E"Hg‘ﬂE%THa‘i'WS

variety afs wrwaﬂa@éds.n ﬁggﬁsﬁobnMBc.hwpaée yel bmt&héraﬂcﬁdd@étduodeﬁaﬁgé)adfordﬁpéésm
pr esent d sclos

whi ch are i e sc of th resent
P oot ohiotge s Fuer Aot tovogs Pobewer (ot e BbEe AR A noiS Yo
features tﬁl’fouPIh ame Iroduenbm alibBarSL4aTRyitM thbi ﬂﬂ’oﬁlh'@dsﬂ@@@ réduckah@repeagit of the
i n\éemﬁ The_ il lustrations, of Fi 6A- 6
sche

L ReURNe daTecLite REHBIAPPaIS RspViTs Biapy et 26P Mhsethelng

i mper rreabrlow @dﬁtrba@mntséaat‘rh@&yrtmﬁmqmd nay tfeownaméddqw acmtempbf m@mbns t Sondenef
flow contrql, cha resent. i | on

in the scope of
o St e et B0 SeenbSr Pes i YSHS Sect it ' 1
convent i agape ¥f the présappiadergioneens, 20 which may be used in the present
i nvention, the perrreable portlons illustrated here are nore broadly and

schemat i dQWU r epr eSENDY APWaiy Figs- BheSH dbiteeryimplermeraians at SagHesusl diew

f 1 ui dgs MmNkl FlemdBritdiv tHeasespé lbF fwéq:hesr,ém.rﬂ@m% \H’ﬂfﬂSBQfesbrrBe@ the ifidsetions
control chanber For the sake of clarity in describing the various

schemat i & F&9s- BAL, asabighly schemptisaed H\H‘?ﬂf’@PStO\KPH’rPS% ‘iﬁ’ﬂ@d“qt'ﬁn%%ﬁ%r&qa@W

W th Fi gssyuri@éebind |hﬁierrﬂé§olélbuﬁﬁe§fﬂﬁatfnﬁéy7bé b&éi)etorf@lfn@ﬂm%@ntwfébﬁdtﬁts ahd flesed
torefer to simlar or _identical elenents or features in Fig 4 and 5

Si mi | ar | FonfrAlechaatpsrWHY N ihe SFe pleleinesar inysaticr: 1 Ybrle fe P@W@Wc%"”'ons

nuner al s 4r@ r@brdsdrted B dasd ings Qlre VRBalHeS kAP d@iﬂvéﬁtlohBIQﬁ@e v &ppe8 Sscrebhs,
ter ns_and norrenclature used to refer to common el enents and features are

consi &Y erthigle MeYsPg Heediny Hicerreshitf iRKSNUGR. her ReTMEgbleqPrionsoliusierled hgra AE

simlarith@s Bhehdand tsBReMatidany (Eiré'é’ftdr?ﬂﬁ@@gﬁﬁf w@e‘s@bpﬁedné}ertmongh whith
ree di erent O

[0072] Begjl nni ng with Figs. 6A-6 gﬁ

confi guraf j945r1eavpe é"‘?VY‘?ﬂAFOOQﬂ%‘E‘FWPU%EIeé?Ht%'O”GG'HP%r igionB PW(PQPV?/' Shembst-r Bed.
The fl ow tr@REKDbF §Iﬁﬁt§/€?md39&|tﬁﬂg tﬁb%no@ﬁs&@ma&.cs ok FRfs! BASH, asfeieneé wdhBarsan
outer nmenber 302 form annul bet ween the formati on 306 and

t he out erVithBRHiEFd %?”Wﬁgm\éﬂth Fiagr '%L‘?IF dB%te%'edjl‘ﬁed?rgcf%%f@ﬁeéﬁﬂr%‘i‘:ﬁﬁpm@?fsy in

i 11 ustg atised,toasley thainhila@for ad&htida SEMeRts SRCRhRRR] invIFigy 4 antl3. USimigdrgdtheAs
di scussed 35 preuyi ouslé the outer nenber 302 al so defines a flow conduit

308 wi t hi"RMEREGLiGRES hsgRmabsse Aiigrant sefarange numerals dwvatdolt eI CeMe300

further iqebugies &f Maseomglires. apRatainiss add honvdhcfiure NGdedd RS refer to common
condui t-defini ng structural nenbers 312 adapted to divide the f| ow conduit

-21 - WO SN B5HY0 19RTPS JA9 0BISIFEYY 43T e ”?%t Wukes 1289 say wlP PisTe ol ol

condui t's gdhdidainl BB amuRKritiebetveBs tHetvakels ndleMBNBRS s diddosadapfasl to divide
at |l east one of the flow control conduits 314 into at | east two fl ow

cont r#fl dﬂ%’ders 3BpgimingG MEh highpifufG. thpe chitarenit orsrationat corfigutsiions of a

repr esentrpg, &htrbh@ys‘ﬁ&ﬁ%@@tdré? sa%enEét%uy fidsthfted.t MBe ﬂ@%oa{rolcsq/@i‘ehggo@bf Pi3s Of
Fi gs. 5A and 5B woul d have a side 5 cross-sectional view conparable to that

of Figs. @n68as ilugitete] s dcludng SCOVIET orThet 808 g9 wﬂ'ra@nu'gysﬁpérhe@m?n
having ouhb edrinaldR Jobomd 8 dlienineBbr oho ChasiRRER dBubbads of Gisaarhoshd O

be sel ectively opened. As seen in (9
simplicity in illustration, only half of a side cross -sectional view is illustrated. As discussed

35 previously, the outer member 302 also defines a flow conduit 308 within the outer member
302. Additionally, the flow control system 300 further includes flow control apparatus 310,

which includes conduit-defining structural members 312 adapted to divide the flow conduit
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conparing Figs. 6A-6C, the outlets 320 are both closed in Fig. 6A,
preventing fluid flow through the flow control chanbers 318. Accordingly,
Fig. 6A iwbustweb®s a first operating 10 configuration Pom/Uskesosznag r ol
systens within the scope of the present disclosure in which the flow
control systemeffectively acts as a blank pipe section. As illustrated by

f1 ow arr gg3atd,at fdast va flowt étﬁmtme(tdndanmwMéncBaﬂanaﬁd‘r%@tmm?bvuamr@ymehﬂmets}m6wel I
the fl ow control tem as illus

annulus as it S at ed

oy oo eieblreRaaNde B Gath o ¢l oo aSH Rl G ar 3Bl S 6ds 4% MRmabrisag

ggvtehen: ejhashbkhe 3ﬁ80\tlvr/:@06héh czé)%eﬁmmil i |h1pfdnﬁ§ﬁtﬂ|dhoﬂtalt grﬁz)@fbet h%p{ﬁééritedﬂbysﬂfe to
e oe a ow con

i || ustrats e'f‘ﬁtéelf’i %AW p@‘gﬁé oaie 6R %Lfat'toﬁ ’E’zgg %‘Ebg\é@da side

illusts at@@bngechr%weﬁp%o@(éarém@tcﬁthame? sdeALe‘@ ng st ructural nenbers 316 are
nore than a sinple disk as i|lustrated |n 5 and include both perneabl e

segnent s [88Bi nper MésHI68-Ce dlystitts, 2 Wﬁ‘i"&ﬁ”ﬁ'@g%’?ti‘?& 3G bavipa priets 380 droay fhge

t he sel eglowWwgdntroP BiRdHhs @usltﬁ‘ét é’racbda&eunbruédw&@vam\benedr hasebh et Fgg%may
be sel ectively opened throug a variety of techniques, inclu

cheni cal GPEHIRENG dilgss GG otr‘i‘eo‘PU“S{%%?O ﬁ‘fﬁjpf"i c%{f’?‘??n@ b'o- ﬁﬁr preyRating ﬂ‘t“ﬂé'ow

| nper meabh@ugs InEMbwi CBHBOPBRAhbdIe gl n)ﬁll:éb‘id|h?|§,p9@$|6\6\e|||ﬂ§¥a¢éd al st o dperatlng
mechani cal neans (sliding sleeves or other elenents that are noved via

hydr alft i Contigusaiion fer fley contrrl sYEpgRABindRa seonft pidhe presspt depesurermapiaich Higch

as per f orfpi @hsroPdystinheffeciivaly | |a@f%|e% SRk pioe skemInS)As iliist@fabydiciwalkéw 322,
under st ood that the physical rrpl enentation of a selectively opening out | et

320 may HWiGE t%%W@Frﬁf‘mﬁ'éff P4 eifactuely stays mibeavelrannHlug gy itdasess Bigifiowsastrol

net hod, sslygtfénﬁgo@ mnﬁ@ﬂW@@m@ﬁmﬁé‘d B RoR oI 2N AGRSwikHIM tROfIAY contrBricBhd M
that can be di ssolved or reduced in size to allow fl ow between the wa ped

wires. [o0#8)akIch maKsbave eferegdribe ipWecoplipl eandyis domsa peEiva P ve!l clasai

vel | pginuhei o3 thyS AitRindse Bow BE®Rrdl Bendditwysgont rol  chanber 318a, through the
outlet 320, and into the flow control conduit 314a for conmmuni cation

further JP0THe wel IFig-SRaiHustiaies taa flow patterns ywhegmne|of the quilelss320rappened. As

sel ecti V%'It)étrﬁfé%nlhﬂg QWA Bt ﬁ%ocr?dﬁﬂéf‘ﬁjeﬁrﬂﬁé %Er%tu%@'ﬂﬁér%er@‘@% Mikbref haWa
control chanbers % are operative at any Q{I ven tinme, which nmay be used to

control rﬁ”ﬁ@l‘@cﬁ'ﬁ“o@ﬁ 't“bﬁt@e(bfn Fig. @@ﬁﬁjﬁ'&luqen*éo h@ﬁ@“%bl%é?@ﬂ‘@itﬁ @ﬁda’ﬁﬁﬁﬁ”&?bt@s uch
as restrighhfatsS i J:r?rto@éthéra%&,eradggteﬁafot ipfdvRR) thd %el%‘éf’%ly "Bk RIA Nb @ick O3
the sg | ecl;[ltlrc\)/d%lcgd %%g\r/lé.ngf_hg uc;[ultlgtt ??20 may be ggeglgegpgpre%gg rthrough any of a variety of
techniques, including chemical means (dissolution or other modifications of portions of the
impermeable segment incorporating stimulus-responsive materials), mechanical means
(sliding sleeves or other elements that are moved via hydraulic, electric, or other signals and
controls), or other means (such as perforations or other available downhole tools). It should
25 Dbe understood that the physical implementation of a selectively opening outlet 320 may be
as schematically illustrated here or in any other suitable method, such as a wire-wrapped
screen having spaces filled by a material that can be dissolved or reduced in size to allow
flow between the wrapped wires.
[0075] As illustrated, once the outlet 320 is opened fluid from the well annulus 304
30 passes into the flow control chamber 318a, through the outlet 320, and into the flow control
conduit 314a for communication further up the well toward the surface. Fig. 6B illustrates
that a selectively opening outlet 320 allows operator control over which flow control
chambers 318 are operative at any given time, which may be used to control production
rates or to control the type of completion applied (such as restricting smaller or larger
35 particles). In some implementations, the selectively opening outlets 320 allow an operator to
stage the production from a particular production zone. For example, as illustrated in Figs.

6B, fluids are produced through flow control chamber 318a and associated outlet while flow
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stage the production froma particular production zone. For exanple, as
illustrated in Figs. 6B, fluids are produced through flow control chanber

318a and we=x0n@Ei®d outlet while flow - 22 - WO PCT/US2008/082248
2010/ 050991PCT[ 1JS2008/ 082248 t hrough fl ow control chanber 318b is bl ocked
by the closed outlet. Subsequently, and as illustrated in Fig. 60, the flow
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from t he ribeCETONF C{F’P%” dBRt PRAVGgN: K 9&5&38‘6’ EPrgh %&U@’F 18a is

oper atj§ orsubét@muéulyqybdk@aadyrtﬁ@ratccuram@f@da@nam IfIB\fv|d@>‘v‘VtrbIncHa|ﬁib‘33r 848hRhe -oulbyt
staging t pr oductl on in a productjon zone, rate fromthat zone
p 2!
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parti cl escahdasmtdiReéEgha hﬁlcﬁrlm@lﬁtpeﬂ6@l®ﬁmhﬁtwmwfre(ﬁ&ﬂ@ 32@1 abrkober. ot | et
bl ocijEg fl ow throu h. out ow t he odugﬁs]e on t

et 320
cont 1 Mo SRTMp BT et A e 208r et Ra Gagpiep 1n@8Ply Aol ieenbearee of sand

Addi t i onajohifolagondalréd m)aﬂhb\tﬁnhyt, 340ae Fsdaaa&amglel&leb@tnw&@ntrbmaturése@ﬁouagﬁsmb t he
respect|ve fl ow control

be suffici entI far to eff
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e conri rati o ou ets retaln cl es arg
T doror it eien DR e Prewstl SRS SRTL e AR BEHOT 7o ut LB 4878 afjacshlyo fo%ione
L or the Qjﬁ)htrblﬁhéﬁider 3|18‘a)8ma)éfslﬂg¢@1thedﬁﬂ¢€ oﬂé@d@fa@éﬂiﬂfl@&dccﬁﬂrbﬁs{:ﬁdﬂ%er:ﬂfron%’ﬁ &1‘tenhed
a Iven Ou e 1 n uence O 1.0Nn, e Ay, e
oY ot o 1 e B S, oo e rop Pk ot a8 e 3208 et tBiib asiheRat' S
whi ch t helof @MthSDrﬁhéﬁibeEsy&fa@nbe sliffe&itgaedtaiante aavarthet 1 Ql’ﬁtlcﬂ?té&h h@mhthr;ab
nore o t he a ers

may. 580 prd TRtz 0| a0 BhHICS ARG PREIc RIS dBEh Guch
as the oyré@iteddided lsulzelmeryatbeedomewﬁ IaO@Ma@mmgucharlnaaibBasus%Bmay$¢Cd|br@rfoeuiel et
Ty Do PR D e e L 800 By B ud D, SORIOTLR S
30 of theanfueasenby trreetduﬁgtwnt by tHawvEIR iy rted coiyipletHrs byHBE n@h&@ﬁ)lheNhlélhme WeII
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[0076] Fig. 6C further illustrates that one or more of the chambers may be provided
with a bare outlet 332 without sand control features, such as the outlet 332 illustrated in flow
control chamber 318a. Such an outlet may be provided in a variety of circumstances where
the economics or circumstances of the well no longer necessitate or suggest the desirability
30 of the present, redundant flow control systems. For example, the redundant controls of the
present flow control systems may be implemented during a period of time to maximize the
life of the completion and productivity of the well interval while minimizing the sand
production. However, there may be a time in the life of the well that some amount of sand
production is acceptable as compared to a complete workover. For example, if all of the flow
35 control systems in a completion have become blocked and the next step is to withdraw the

production tubing for a workover, it may be preferred to open a bare outlet 332 in one or
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production. However, there may be a tine in the life of the well that sone
anmount of sand production is acceptable as conpared to a conpl ete workover.
For exanpWwe,20icofosedo of the flow 35 control systens in aPCoOrgsk@siosz4have
beconme bl ocked and the next step is to withdraw the production tubing for a
wor kover, it may be preferred to open a bare outlet 332 in one or WD

2010/ 0509A3rBGT trbliRRDEsH @B ei® toecdptin i1 ref grov ctiom fdr @l tinthanip anticigele Sdrid nue
t he producti on for atime with anticipated sand or fines production.
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descri bed above, the flow control %st em 300 of Figs. 6D i ncl udes a fl ow
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structural nenber 312 defining at |east two flow 25 control conduits 314

wi t hi 20 t S Lis sirpese g W%lbl%h'qm thalhe puter Menmies w02 dptinasia wphanmuss3C#10
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divide at | east one flow control conduit 314 into at | east two flow control
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10079] As can be seen in Figs the flow control systens
t he scopdn@¢dashat [sagk ene qoﬁ@@h@‘i’flﬁ‘l*f& AEYCIAL Maseoar whl 2o fefifiice ablRask o W per

f 1 ow g®ntdoAtrolCdyRBMEY 3 RhGithid- el fRM élﬂmdhﬁ'éo@r ﬂ%lﬁé@dll?rlhé’fflo@%ﬁ%l'a‘b%raftdsos‘ﬂd:' 9
60 to Fig. 6F, it can be seen that a first outlet is opened in Fig

to al | ow RSt Hriearyene e amPerdBia 8FUC<t}Hﬁln'ﬁ6'F‘b3rl@16 qqafglgured to divide at 'eaét

one flow control conduit 314 into at least two flow control chambers 318. Additionally, the
flow control apparatus 310 is configured to provide at least one outlet 320 from the flow
control chamber 318.

30 [0079] As can be seen in Figs. 6D-6F, the flow control systems 300 within the scope
of the present inventions may include two or more outlets 320 per flow control chamber 318.
Following the progression of operations from Fig. 6D to Fig. 6F, it can be seen that a first
outlet 320 is opened in Fig. 6D to allow flow through the flow control chamber 318. The
outlet 320 is provided with a permeable portion 330 or other features to counteract at least

35 one flow impairment mechanism. For example, the outlet 320 may be provided with a
screen or mesh to retain particles larger than a predetermined size. Additionally or

alternatively, the outlet 320 may be adapted to counteract mechanical failure of the screen or

-24 -



outlet 320 is provided with a perneable portion 330 or other features to
counteract at |east 35 one flow inpairnent nechanism For exanple, the
out | et 3280raw/dse99pr ovi ded with a screen or mesh to ret &Cm/ysasosiosi2es | ar ger
than a predeterm ned size. Additionally or alternatively, the outlet 320
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320 includi ng perneable portions -

first predetermined size are retained and accumulated against the outlet. When the second

outlet is opened, flow may resume or continue from that chamber and will allow particles

smaller than the second predetermined size to pass through the outlet. Such an

35 implementation may be suitable when differing degrees of flow quality and/or risks are

tolerated at different stages in the life of a well. Fig. 6F illustrates a still further configuration

of the flow control system 300 wherein both of the outlets 320 including permeable portions
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sol i d15)ansz$ra@admom%m e tanfcbadliesod & pravitde t@/ué If@wscc(rm@t aﬁbé}mslsnoﬁ g.
7A), such as those descrjbed el sewhere herein, to allow fl ow between

adj acent REERiNG sARUrdelipiRg (irstusal Anefrkgrs B 12HA MR fasm Hdliee; Rﬂ'i%ilonsr?é?e The

detailed 3;%*1@!6% 8%520fividd tﬁélﬂ&@bgﬁdlﬁtngtl@fntdﬁﬂréé oW oAtr8iIdcdndois 84, Canyt dridl or
systens 350 are provided bel ow. 100831Fi g. provi des a schemati ¢ end vi ew

of anot héPORRSIMEHRATAY P8 iviteduRlerc &Nt eé\ﬂﬁ%'f‘ﬁ Plyctapsmembers (ot sipwn).

schemat i cgiel thulrddtébE&drﬂlb@r%tlé‘n Bbowvr ©igntA Rl repyeséman0s tlhé‘vzﬂmﬁn@%rﬁhbrsfﬁ whadhed
configuration 360. The coaxi al -furcated confi guration yet anot her

exampf® &O”PWEd‘?ff&Wigoﬂ@CHﬁﬂr@‘?@ $18 Witk Rehdigresegie dbiter e f'Qeré’F‘Q‘H'h% & Wy be

i mpl ement@dnst@ dwt BdritroRidoRdLite I3 12 My %aorﬂsf 3% Hagmecwﬁflggﬁedsassé&m sHRls As
illustrated, the coaxial - furcated con iguration 360_ncludes a plurality of

condui t - oPé‘fj(%”P?@’ kg Fabigured| to REYiS, ISEANOT $RANTID AdP- dAM)i TR @S thdng) dgsch and
three pardiddwhens nehdinexb eaivngloRebumrnt Bgadsttefloresdddol 2Ad@Rd stheapdiper

tubul ar 362, partitjoning or dividi ng t he annul us t herebet veen into
mul tiple thmgers Additional,;” more detailed eéxamples of trifurcated and/or multi-furcated flow
25 control systems 350 are provided below.
[0083] Fig. 7B provides a schematic end view of another implementation of a
furcated flow control system. Fig. 7B schematically illustrates a flow control system 300 in a
coaxial-furcated configuration 360. The coaxial-furcated configuration 360 is yet another
example of the various manners in which a flow control apparatus 310 may be implemented
30 within an outer member 302 of a flow control system 300. As illustrated, the coaxial-furcated
configuration 360 includes a plurality of conduit-defining structural members 312, including
an inner tubular 362 and three partitions 364 extending between the outer member 302 and
the inner tubular 362, partitioning or dividing the annulus therebetween into multiple flow
control conduits 314. Additionally, the inner tubular 362 provides yet another flow control
35 conduit 314. Any one or more of these flow control conduits 314 may be divided into flow
control chambers (not shown) through the use of chamber-defining structural members (not

shown), which may be adapted to conform or substantially conform to the dimensions of the
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control conduits 314. Additionally, the inner tubular 362 provides yet
another flow control 35 conduit 314. Any one or nore of these flow control
condui t s 8040mens099e di vi ded into flow control chanbers @aotussdvsmsd24g hr ough
t he use of chanber-defining structural nenbers (not shown), which may be
adapted to conformor substantially conformto the dinensions of the - 26 -
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to the flow control conduit 314a. 85]Wth continuing reference to Fig
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structural rrenbers 312, the chanber-defining structural nmenbers 316 and the
outer nerfB¥PLEODCluges piderst aranishifed t ihvilobrandyit 308nard parieularinlo Hgtliaw

f1 ow contgoatroicdoraties14x18a nay then exit the flow control chanber through
outlets 320 provided in the conduit-defining structural nemnmber 312, which
may be ar{0 %55. t abl eVith caniTuinsifafarenge & iFde-ng f orgedthecividi ias anterad Hbe iosn

the out ercohh@W3e@Nt ksblE VM WithihdRe 386 dd&ol EHRHER B18h Rlefih Moy theCINIUR
conduit 314b. The configuration of the outlet 320 may vary depending on the

f1 ow 2 alefineat stivsbialnnemPewsr 3idhi b Ghaeber- 6%‘%@9@?’%@“@9@%%@@1533%3& ed.

Exenpl ar Yo @dttrhéthSerSag. FIRY indRe BulkeHIBR 2BARI l%@ﬁ&dnofiMa%r' %Dte@ﬁoﬂ @36trd RRSMBEOVE,
adapted to retain particulate material |larger than a predeterm ned size.

[ 0086] As 31BRUBRY Kieadythe Hlewceniioh ahatpbasrinougb iutieist3Z0 previed stie, cardeit
inl et 3281eﬁﬁlngrs%bfdﬂré19néwérd3@rwmén fidlyl 190 aRPlsiRRe thie Webludnislissg 30d and

the fl ow conduit
communlcatlon between the outer flow control conduit 314a and the intermediate flow
25 control conduit 314b. The configuration of the outlet 320 may vary depending on the flow
impairment mechanism for which the flow control system 300 is adapted. Exemplary outlets
may provide a permeable portion, such as described above, adapted to retain particulate
material larger than a predetermined size.
[0086] As illustrated by the configuration of the outer member 302, the inlet 328
30 providing fluid communication between the well annulus 304 and the flow conduit 308 may
be adapted to counteract flow impairment as described herein. For example, the inlet 328
may be a wire-wrapped screen, a mesh, or configuration adapted for sand control.
Exemplary configurations of the outer member 302 may include an inlet 328 provided by a
wire-wrapped screen having gaps between adjacent wires that is sufficient to retain
35 formation sand produced into the wellbore larger than a predetermined size. Other portions
of the outer member 302 may be provided in any suitable manner such as blank pipe,

impermeable material wrapped on the outside of a permeable media, or a wire-wrapped
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be adapted to counteract flow inpairnment as described herein. For exanple,
the inlet 328 nay be a wire-wapped screen, a nesh, or configuration

adapt ed fwo 2emdow®ont rol . Exenpl ary configurations of tRreTast@s/ oseaper 302
may include an inlet 328 provided by a wire-wapped screen havi ng gaps

bet ween adjacent wires that is sufficient to retain 35 formati on sand
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to crtht dMpgiVg %”% of perneabl e sections or 10 inpermeabl e sections.

[ 0087] Theoogmer t ubtHeaihfer3®BulBRY36E MRl ME Sedided i aMBAMRE sihiflr lt@khd ahher
manner described for the outer nenber 302 using wre- wrapRed screen

t echni quetesCiRgdntpr tthie oWiar| BERDT SO USINGoMire-WIRRDEr o¥Eeay KichaIBHeS- artbitch the

vari ety Ofaripiytdt gs, cohf@r@ﬁﬂnls%/ﬁlla%?@alﬂf Peivdagty Ry ptté}ﬁéspl‘ﬁé Rask QZQ%Pé\hdHﬂISO}fmy
be prOV|ded in a multitude of conf |gurat|ons suitable for retaining

par ti cl ednPEARRADIS RATEANSTHRRY PLVIE! wAemqlt't@,de@ﬁcspnggurgqlqr@rs,qg@tw@g}ryetap”@
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per neabl e inlet on"the outer %e e provi ded in other sui tabl e

manner s t{B8€ HPEVGORECk FRPARILS |3é9 (?%ﬁ%’F‘P@'ﬁQItPtt r%‘??b% nfe{ onstBp guitgryaggber

openi ng Qo tay b3ZHoH@SEM QIS JuRalsle AREEIB PhbVlide thieGfesiréd funBtionality, such as
i npl ement ations where the outlet 320 fromthe flow contral chamber 318 is

1 ui di Calth?/ sgleetivety aneningtdets i28tdeseorgbed in connection with Figs. 6. In implementations

where the outlet 320 from the flow control chamber 318 is fluidically offset from the inlet 328
20 to the flow control chamber, greater flexibility in the configuration of the outlet may be
available. As discussed above, the fluidically offset inlet 328 and outlets 320 provide an
impermeable, and therefore stronger, conduit-defining structural member 312 in the region in
the fluidic path from the well annulus 304 through the inlet 328 to resist mechanical damage
to the chamber-defining structural member 312 due to the force of the incoming fluid and/or
25 Dparticles.
[0088] In the exemplary configuration shown in Figs. 8A-8D, the flow conduit 308 is
divided into two annular flow control conduits 314 by the inner tubulars 362 which are further
divided into longitudinal flow control conduits by the partitions 364 extending within the
annular flow conduits (as seen in Figs. 8B-8D). Flow entering a flow control conduit 314
30 through an inlet 328 encounters the impermeable member of the conduit-defining structural
member 312, as seen by flow arrow 366 in Fig. 8A. The flow is then diverted, together with
the dissipation of energy carried by the fluids and particles in the flow, longitudinally within
the longitudinal flow control conduits 314 created and defined by the flow control apparatus
and conduit-defining structural member 312, as seen by flow arrows 368. The flow is then
35 isolated longitudinally by the chamber-defining structural members 316. Outlets 320, which
may be selectively opening outlets, provide fluid communication between the outer

longitudinal flow control conduit 314a and the intermediate longitudinal flow control conduit
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20 to the flow control chanber, greater flexibility in the configuration of
the outlet nay be available. As discussed above, the fluidically offset
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cha -derin Stru r, er . ers , | e
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retain particles larger than a predeterm ned size, The flow within the
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particles to pass through and the intermediate flow control conduit 314b and associated
outlet may be adapted to provide a final filter to remove smaller particles. Additionally or
alternatively, the outer and intermediate flow control conduits and associated outlets may be
substantially similar and provide redundancy at the same level of filtration rather than
20 (differing degrees of filtration. In any event, should the inlet 328 fail and allow particles to
enter the flow conduit 308, the outer flow control conduit 314a and associated outlet provide
a first barrier to the infiltration of sand into the production stream 374. Additionally, in the
event that the outlet 320 from the outer flow control conduit 314a is designed to allow some
particles through or in the event of mechanical failure of the outlet, the intermediate flow
25 control conduit 314b and associated outlet provide a second barrier to the infiltration of sand
into the production stream. Coupled with the energy dissipation of the fluidically offset inlets
and outlets, the flow control systems 300 of the present disclosure provide enhanced
abilities to prevent flow impairment due to the multiple redundant flow paths formed within
the outer member 302 and the flow conduit 308. In the event that each of the outlets from a
30 given flow control chamber 318 is blocked or substantially blocked due to particle
accumulation (or due to the possible configuration as selectively opening), production fluids
from the adjacent formation may enter the well annulus 304 and proceed to an adjacent
segment of the production tubing string that is not yet blocked. Accordingly, the redundant
flow paths and redundant systems to allow production operations to continue while
35 preventing sand infiltration and overcoming other forms of flow impairment.
[0090] Figures 8B, 8C, and 8D are cross-sectional views of Figure 8A at the

designated locations of Figure 8A wherein like elements from Figure 8A are given the same
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5 or may flow longitudinally along the internmediate flow control conduit
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10091] Fi gs. 9A-9D provide an exanple of the flow control system 300 further
adapted for use in operations requiring flowin the reverse or injection
di recti onwo0nse®125 treat nent operations and/ or gravelPCpaskios®s2248
operations. Figs. 9A-9D are anal ogous in many respects to the
coaxi al -furcated configuration 360 of Figs. 8A-8D and sim |l ar reference
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the ingedim@ozpnduit 376 may have sufficient space renmaining to allow the
flow control conduit to be used for production purposes as well . ,
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Additionally or alternativel one or nore_of the flow control conduits 314

may be adBptrEepenbinveRiidtt iVWHPést@r%FF?@)tﬁg cRntigteation: #e2 s Wugirateh gRE qespded37g,

For exanpeBaratdhe frdfethefimpRinichtatioRP ahaRBRiRIrstNd Wekodll N6, hkrfstitsadnd
menbers and appropriate inlets and outlets ma

! y. WO , S
2010/ Ybogspeeis| 4l S aBpPEaIEsiEtorn | Withyike ety Eoplerentaieitdand ¢afigeatiansg

for i nj ecddsgibedndraihi SasntéhihbRgatblaBbidencorfiivateAst Fet esamsltll donfiguradest ed
for production operations. The incorporation of shunt tubes 378 and/or
i nj ect i orP' dhaHAS and Blsingesnbedabae B csBREton Wb BeMmorYR! ispianeiatas. fie
used in giRYRW iRPfdhdiatRRebAd/bPIR coabtailfinsatd Fhpeseftatioh kha$- b akiead iMNgwe
4,945,991, 5,082,052, an , » " , , ,
eccentric configuration 402 without specific repetition of such features or configurations in
15 connection with the eccentric configuration. Similar to the implementations described above,
the eccentric configuration 402 incorporates flow path redundancy and redundant flow
impairment countermeasures to enhance the longevity and functionality of the downhole
equipment. The eccentric configuration 402 of Figs. 10A and 10B is illustrated in the context
of countering the sand infiltration flow impairment mechanism, but is also effective in
20 countering the effects of scale build-up on inlets to the production equipment. Additionally,
to the extent that increases in sand production are often associated with corresponding
increases in water production, the present flow control systems may be effective in
countering the water production flow impairment mechanism.
[0093] As illustrated in Figs. 10A and 10B, the eccentric configuration 402 includes a
25 tubular 404 having an outer member 406 that defines a flow conduit 408. Within the flow
conduit 408 is disposed a flow control apparatus 410 having conduit-defining structural
members 412 adapted to divide the flow conduit 408 into at least two flow control conduits
414 and having chamber-defining structural members 416 adapted to divide at least one of
the flow control conduits 414 into at least two flow control chambers 418. The outer member
30 406 is also provided with an inlet 420 represented by the perforations 422. The perforations
422 or other inlet means providing fluid communication between the well annulus 424 and
the flow control conduit 414 may be adapted to retain particles larger than a predetermined
size or may be otherwise adapted to counter a flow impairment mechanism. The flow
control apparatus 410 also includes an outlet 426 adapted to provide fluid communication
35 between the outer flow control conduit 414a and the inner flow control conduit 414b. The
outlet 426 is represented or illustrated by perforations 428 and may be provided in any

suitable manner to counter one or more flow impairment mechanisms, such as described
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55, 113, 935. [0092] Figs. 10A and 10B provide a cut-away side view and a
cross-sectional view, respectively, of yet another inplenentation of flow
control swyetermsd®d within the scope of the present inveoTiuse008Wéiie t he
eccentric configuration 402 is illustrated and descri bed separately from

t he i npl ementati ons and configurations descri bed above, the features and 10

aspects fisgwhese iHEpdi@NME AL AllUSFBte®Sn Wigdh tOw éHthOBlfﬂﬂé| eaentraéhpers 486 dand
configurations descrl bed herein, are Int 3rchangqeabl e t ween
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features (eF plQ)Ql@ffal@M’f@bth@ﬂ&ouriferﬂrﬁaﬁ@’@ﬁ@cﬂbwqmp‘é/irmbnﬁ) hﬂheQﬁﬁeﬁ‘%émﬁer 406 and/or
configura ntatlons ri bed above,

ign. Simlar to t S
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f1 ow i npadntiresiahgth @ Heah BMBBSLHsSBust@teRINdtRG Ve thel sarfgeated lengd. f unctional ity
of the dovvnhol e equi pment. The eccentric configuration 402 of Figs., 10A and
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defines a flow condw t 408. thin the fl ow conduit 408 is disposed a flow

control #9PHPatqREdUED Ay MPRICBIRIEL CaNT iadngnat rRRot YaTed (ASRBRYIRI 49D the

adapt sl tigpimdngigiohhe flow conduit 408 into at |least two flow control

conduits 414 and havi ng chanber -defi ni ng structural nmenbers 416 adapted to
€

di vi de atl0P®st ondigs- 1t0ﬁearfol oWB dlypirate|the greaneissinahich tegedundash 8w Radhsf | ow
control charesny wd Gire Eﬁh@ cembr%ﬁomﬁamt% e%i%rté%@tr\esfo%éﬁbrpfoqmpgﬁdhénqoﬁdauéﬂ‘bn

inl et 420 represented é perforations i perforations
ot her i nlePerateaRSUSh @it rOth 15?[!‘# resy AR Ga@s”éﬁfmséhmwemﬁetam IO‘c E'tgnu%s

424 and tig ddn@¥ GRATYPk1 @Q@qIWSEral@@%smylnB% fafRdResdreeh §LHAL hiR@bitkded
| arger than a predeterm ned size or be ot herwi se adapted to counter a

f1 ow 2hpallpyingt sardch¥dnioserterrihe fqu‘bﬁP'HEﬂ*ltCF‘@’F‘b&rpﬂJh?raat o8 sand agrepulptesl indew an
outl et 428, adafHAthetr @185 Ok d@siblaHbé & ABNUREERSdsO4hd less fluid passes through the

outlet 426 from the flow control chamber 418a. Accordingly, less fluid enters the flow control
chamber 418a, as illustrated by the dashed flow lines 438. The chamber-defining structural
member 416 and the outlet 426 blocked or substantially blocked by the infiltrated sand
25 creates an effective isolated stage while allowing continued production of fluids from
adjacent the isolated stage through the well annulus 424 and the flow control chamber 418b,
following the detoured flow path represented by detour flow line 440.
[0096] The illustration of Fig. 10A illustrates two advantageous scenarios that may
occur during operation of a well provided with a flow control system of the present invention.
30 As described above, the infiltrated flow control chamber 418a becomes packed with sand
436. While the outlet 426 may become completely blocked by the accumulated sand, it is
also possible that the outlet 426 functions as a conventional sandscreen and the infiltrated
sand 436 functions as a natural sand pack within the isolated flow control chamber 418a.
The possibility of a natural sand pack forming from the infiltrated sand may depend on the
35 nature of the formation in which the flow control system 400 is disposed. Additionally,
however, the configuration of the flow control chamber 418a and the outlet 426 therefrom

may promote or discourage the formation of a natural sand pack from the infiltrated sand. In
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35 between the outer flow control conduit 414a and the i nner fl ow control

conduit 414b. The outlet 426 is represented or illustrated by perforations
428 and 9 20®/g30¢i ded i n any suitable manner to count @CTarseo0sns2zs e fl ow
i mpai r ment mechani sns, such as described -31 - WO
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15 i npl enent ati on, EOOQS ]Figs. 10A and 10B il lustrate the manners in which

the redurffafiescribedia %Y%éh%ﬁ??r@ﬁt'@ﬁﬁeﬁtr%‘ forqed Ry the Tuiishp PB4t Aisgieaissteaeray

efforts ahatt A8y fRr §BidOR érﬁrairféﬁaéefndt hslgpﬁopiumh@fesomaf el MNGic FHENMAG be
t hrough sand productlon Con5| ering the inplenentation of Fig. 10A flow

control @siahighedsndhe vell prules ?Sa‘t"%a%@ tH%\ﬂP‘Néo%tr‘?'&PP@H‘%"&W&E@P&'@W ogndyifse

i nl et 151 2Qrthesebént ABwalohovisystesdnd 436 to enter the flow control chanber
418a. As sand accunul ates in flow control chanmber 418a, the resistance to

f1ow i ncrl@8%8¥s and RigsOR jlysietpayskanqtherouginarte viugh te eesgnirie sienfigsaanow
control %@"H%Kndééi’rédurﬁ%ﬁpﬂéwwtws ah@%édJHd%\hﬂp%ﬁé&E)ﬁ dePﬁ fIBWW;PaﬂHHnP' As

chanber 418a, as illustrated dashed i nes
chanber - d'élfs’[rﬁteﬁg'”s'f'gu&%,r @f"trﬁi@ﬁ'b@”Mi@ ary ?fhtér @[]'tyl @ie szﬁ‘ebpléi@kﬂgw giontrol

subst ant i @hhyitdl0eked By frbeoitdf bk @ngdl 86t 414a. In such circumstances, the

20 produced fluids may flow circumferentially around the outer member 406 to enter the second
outer flow control conduit 414¢, which not yet infiltrated in the illustration of Fig. 10B. Similar
to the circumstances illustrated in Fig. 10A, the infiltrated flow control chamber 418a may
provide a natural sand pack in some implementations allowing produced fluids to continue
through the infiltrated flow control chamber 418a, albeit at lower rates. Additionally or

25 alternatively, the circumstances of Fig. 10B illustrate that the detoured flow paths 440 may
run circumferentially as well as or as an alternative to the longitudinal flow illustrated in Fig.
10A.

[0099] As described above in connection with the other configurations of the present
invention, the various structural members of the flow control apparatus 410 may be adapted

30 to provide permeable segments as appropriate to create the redundant flow paths and the
redundant particle retention systems described herein. For example, partition 432 and/or
chamber-defining structural members 416 may be provided with perforations, mesh, wire-
wrap or other means to provide fluid communication between flow control conduits and/or
flow control chambers.

35 [0100] Turning now to Figs. 11A and 11B, an enlarged view of the other flow control
system from Fig. 4 is illustrated. Similar to the discussion related to Figs. 5A and 5B, the

operation of this flow control system configuration will now be described in greater detail.
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25 creates an effective isolated stage while allow ng continued production
of fluids from adjacent the isolated stage through the well annulus 424 and
t he fl owwonbroasowmhanber 418b, follow ng the detoured flPowysados/oseps esent ed
by detour flow line 440. 100961The illustration of Fig. 10A illustrates two
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control chanber l'e retainin sad rom ent nner ow contr ol
condui t d4b Sumitérly uthe erfopated éawm@p shanloane examale dfrtwvah@ﬁhmheaamfage.
100971Addi t. o f : 40

o oot secP By PRED EulF AL NBE AR s SNIAPIL s AT, LM, it
ent r b netieans areknpivoip ehoseof algll tnHbe art and are mcluded within the scope of the present

invention. It should be noted that the tubular associated with flow control conduit 526¢ is
not provided with perforations or other means for providing an inlet to the flow conduit.
Accordingly, the only way for fluid to enter the flow control conduit 526¢ (described further
below) is by passing through a flow control chamber. Flow control conduits that only are in
20 fluid communication with the formation or well annulus through a flow control chamber may
be considered a production flow control conduit, which may be in communication with the
surface.
[0102] With continuing reference to Figs. 11A and 11B, the stepped configuration
502 of the flow control system 500 includes a flow control apparatus 520 disposed within
25 the flow conduit 514. Similar to those implementations described elsewhere herein, the flow
control apparatus 520 includes conduit-defining structural members 522 and chamber-
defining structural members 524. The conduit-defining structural members 522 are adapted
to divide the flow conduit 514 into at least two flow control conduits 526. In the illustrated
implementation of a stepped configuration, the conduit-defining structural members 522 are
30 provided by a plurality of partitions 528 arranged to trifurcate the flow conduit. Additionally
or alternatively, additional conduit-defining structural members may be provided to further
divide the flow conduit 514. The partitions 528 of the conduit-defining structural members
522 include both permeable sections 530 and impermeable sections 532. The permeable
sections 530 are adapted to allow fluid communication between adjacent flow control
35 conduits 526 while retaining particles larger than a predetermined size. Accordingly, the
permeable sections 530 are one manner of providing an outlet 534 from the flow control

chambers 536 defined by the chamber-defining structural members.
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wel | annul us adjacent the infiltrated flow control chanber 418a. As
illustrated in Fig. 10A, 10 the sand entrained fluid enters the well
annul us 420 2ardhso®i1f orced to travel |ongitudinally throegh/ushesasarus us
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ci rcunt er g &éﬁdﬁﬁs ‘Q%é 5§§c Qith Qﬁloq‘fbmﬂkérﬁw%héﬁﬁtst Qvibes .Aterggbmd.wai fl&h ow

illustrated in ) 991As describ above in connection w't

ot her confqogupla@ham@r%&@ hé\srj“@é@iﬂd ey Bow |ceﬂtroltqhémb§fa Defsinseaahclay swntrol
menber g5 0fooh A&t bl WaERAY TRLit@RRAY ah Use 414K éB?«Mu?P‘%vrﬁ!QQHé %We‘&)nttr%l Eﬁ&ﬂbé’r@ in

per neabl e segnents as appropriatée to create the redundant flow paths and

the redunddifcephiiew epetral @opitsoiRbsgret effsst Hamcenchedh o dpieovergpe Sistrates in
partition #g2 adLAN CIRANREsHARIhNEIR Rlludes WedheBERRERMLD AR Bfid flow

provided with perforations, nesh, wire-wap or other means to provide fluid
comuni cathedMeaseflauetpnimbaharsbersdn adiarent flewageitoh condiisc o ACERTINgla i dhis

35 [0100] Tim lé'n%td?i%w i Eérﬁt’ﬁ)n &r%d@é‘%t JéBt oRl o%ﬂétafr&ﬁC{hy 'ﬂ%W AntohenShgs
fl ow contro ggdstem rom is 1llustrated. Simlar to the discussion

el at o8t 531 gudipRalingsdBsUeRe impigeal /banof 1BHiS FAIBANe 5th o1 595 eRlde
conf i gur atjcARedtik lse AR BB00RRBIEHRE Bitbw) TBHARIE ihe WS bntrol cRambers 536 into the

flow control conduit 526¢, which is not divided into flow control chambers.
[0105] The stepped configuration 502 operates or functions in a manner similar to
the configurations described elsewhere herein. For example, the flow control apparatus
25 520 divides the flow conduit into a plurality of flow control conduits and flow control
chambers. The flow control conduits and flow control chambers provide redundant flow
paths through the tubular and provide redundant countermeasures to resist flow
impairment, particularly flow impairment due to sand production and/or particle
accumulation or scaling. The flow arrows 538 of Figs. 11A illustrate the multiple
30 redundancies built into the stepped configuration 502. Depending on the configuration of
the impermeable sections and the permeable sections of the conduit-defining structural
members, the incoming radial fluid flow may be redirected longitudinally and/or
circumferentially before exiting the flow control chamber. The availability of multiple outlets
and flow paths from each chamber may also allow each flow control chamber to become
35 more fully packed with infiltrated sand.
[0106] The combination of Figs. 11A and 11B illustrate what happens to the flow
control system in the stepped configuration when the inlet to the flow conduit is impaired

and begins to allow sand to enter the flow conduit. As illustrated in Fig. 11B, the inlet 516 to
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WO 2010/ 050991PCT/ US2008/ 082248 Figs. 11A and 11B illustrate a parti al
cutaway view of a flow control system 500 in a stepped configuration 502.
As wi th pwoapiodsbasst rati ons, the flow control system 50@Cirasdeospsxesi Wit hin

a wel | | 504hé flo’ d‘ogfralﬁdha]gfbeﬁeéaa fsthﬁamlgd auﬁ@é ﬁcﬁl&ﬂ%r@h&?ﬁe&l@h%ﬁﬂeéﬁ@d‘ 4ow
contro Ssystenm an the fornati on e the Qw contro ste

vel | as oto&° n% IBRRG Bt 6%%%‘”6%%#%%%%‘ FP-?é’F‘&i'Wt p&nfry PD%%/ a’-‘t“?d”to the flow
repr esent ajohiell ohamoebessal lTheaﬁerpBJIQ h@yebeygm Ito at;éwmﬂa‘tétaajmsarady ek hefdRe Of
the present invention are use in cased as wel | 101011The

st epped cdiff m@%ﬁ'%ﬁ?‘é??”é@%‘?@"ﬁ@gfel”o%'tk%ﬁ?"? olD%y@ttB%'%%aﬁeHdl% oh opilgId ar
510I t 365 lmltu?i@sn@rbé@%g fw thhuéﬂrRoug‘hsOnd butkt Wgﬂ@gandlb%cl:wﬁ&lbﬁfg &dehst

I NCl udes a or e ase e a WTre-w ed screen

i npl ement eﬁ”i% ﬁ% B@PF@P&%’E’UQBWH%@%N FPHE ﬁﬁ%gp%re@%%%&%ﬁnuﬁéﬁﬁé}’g@iz
that defingg and If@rV\e qerydi geriod ‘of aitie. t additinany, dRS dédtribd @lsebherd Aefeli the ow
conduit all ovm ﬁéjl d comrug cati on bet V\feen the fl OVT&f conqc%ihl t and tEe wel |
annul us 50%‘?'09? éOB Urgliony grhibe piyisionaOlgRultigle Svpets 298 oW Ratheay GORtHRUE 1w
condui t 51t|4e f&higtibardf an ihkengperataiasd ;bmecw e mﬁltr@t@kjysa(naeth@txmapIaﬂowfthé he

vari et nners_of providing an ter r havij an inlet
def i ni %‘b PP W%BE@M’&O EpHue @[ﬂuﬁgg'%/ %ﬁtrﬂé‘gﬁg‘bﬂ ég%n‘ﬁa}]r%%%%%e"fé?”d
skill in tlhﬁtréirdn Aakd iy grddaetiohd sy Wonbrbn coriitsszgee  otill tdmam@hﬂ@emﬁe stepped

i nventi on. e noted that the tubul ar. associ at th fl ow contr ol

Lomaui + *Esnhig@ant SR pPgaHORP n PrTTESH SPIHHLIOR, Tt and nRalsbOe ST GPE o

an inlet tgeribfebéivesh akbviets dACOANRE DRty @Tﬁe@ﬂ]ﬁﬁ?Nﬁbﬁwntrbl ¢Hahbeps. eat er
r er el o pas

the flow contro it 5 cri bed i n

L ough & RO EBn o1 WRSRron el CURTEOTAP L BRI @ QERTisg R B Sancho

fluid epmiymftiahifRswhbhwbiia dtesrimlel eterothansddr %Batdrel%btehfoobkgﬁ’e@ef:ﬂeavwnh

control chanber rra be co SI de edstare%r oducti on fl ow cont con F%Ye@h%
e

may be in ©FFHRAN ?reﬁﬁgw t5R'PEHR" LR i@i@?ﬂ\fﬂ"’hc%ﬁrﬁ F'PRH‘% ye

to Figs. IrbumdertitBy atddifd Heefpedmembéd Gusrdituina®ORosy thelatdr Interhiseant r ol
system 500 i ncludes a flow control apparatus 520 di sposed within 25 the
fl ow conddpi‘rﬁm Si el @PCY® das6RRIoNNBIiRSHL atJmSF?é’Sd%%thtlﬁ?éﬁ ¢ dannheprirol

her ei n, sfehRWvigi tHe0dcopp PR L méseﬁﬁweﬂ%mdsécrpmﬁ@ Ispstémt; iahé Rgpradentegitalr al
rrenbers 52 and chanber-defining structural nenbers 524.

condui #Q de¥fith Meriedy pLiRxsieas that mrerke doveloped viiipihepoese: CFP%*H@ ta0d qqigy of

condui t Skfe ipis@nBinvé@Rdnt NM¥RoTErOW shelirsel ukdensibod thabéBeh bhtheffeatuldsusttihat ed
i npl enentation of a stepped confi guration, the condujt-defining structural

nmenmber s 529M8Y% "B@GWPBK?FG% MRy ke mtﬁﬁCB?”Q%?bl?r befween e arieyss 'F&H%P@ﬁ@‘@ao%
trifurcat erdr RRafnbRWMHEOBVely Aéemhg @nﬂ’étbwe@énb@b ti CORMdUEN With Fsdl BACHFaﬂna%
e

condui t-defining structural nenbe provided to further divide t

f1 ow conddi&ingaraorateddnioanyqf ft?n%th@?@‘p&ﬂm%%'o%n%?t”"?}%ﬁ‘f‘ﬂ heewlesfethg Bow
nmenber 35 523ntrHICdHaed eRPEMth B & ABADID SRSt UM Wb@@éﬂebt%@r%ﬁabb 6h 88AHEQ S

532. The perneabl e sections 530 are adapted to allow fluid comunication
bet ween ad]'a¥ERt TAWND%E SKiechYe RSBl HRIUEL disliki Pressie-seniithg YRlYes Slidag

| arger t haflecdepr RARS 86MtHINEE fROWZEevidBC efdi Agam@néug%rpemrembé@ seebi@med 380
are one manner of provi di ng an outl et 534 fromt fl ow control chanbers

536 def i nS@NBSCIORRRSYBRY eRlemaRiationsy Mfciplptspndihpiets mgyhbe adapted to allow

2010/ 0509 HLRCEOAABARAR N A4 Sorb KRG Thad i iIFMeERAR & ety ensultable @fhners,
adapted to prevent flow fluid therethrough. As illustrated in Fig. 11A the

i nper n%%bl”éd'é‘@'@:@ W rappedgoEeedy gﬁ@g@[{pqsnmesh varied-pitch wire-wrapped screens, etc.,

and may be provided in any combination of filtration degrees, including filtering different size

particles, filtering similarly size particles, or both.

[0108] Additionally, as described in connection with Fig. 3, the flow control systems

within the scope of the present disclosure may be assembled or constructed in a variety of
35 manners, including construction or assembly before insertion into the well and assembly

after the components are already run into the well. For example, the flow control systems

may be manufactured as standalone completion equipment ready to be coupled to other

lengths of production or injection tubing. Additionally or alternatively, the flow control
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operative association wth the perforations 518. The inperneabl e sections
of the flow control apparatus may be arranged or adapted to be in direct
fluid corworomts)iom with the 5 inlet 516 so as to absor pCaruscans/osz2is ect t he

elnter gy tcar§yisl%d1$:3r¥]ia§/ el Ryat WV\L |6©ntfdl tabgéramg%dza@téd rblb@@ aurAEﬂiﬂd)deOﬂSP@Huo&lo?rtubmg
alternatively, e 1 er ne secl !l ons e dl sposed SO as use
the out| et'8a '?346‘''i‘er’ﬂ‘Eh’nr&)srl?é?Sﬁﬂfl %W@h |”%‘?{5?ﬂaén@"%§8mf% %@aﬁ“éﬁ Bt 801 3)5FY set

from t he idowehsleSABulaWihae bteh@cdoh{pu§ﬁddatrﬁ>dugmmeen§@t<ﬂta qxanatlyow desilable rig
i nper meabl e secti ons 532 on (ﬁme partitiaon for n}q w control copduit
526b, ot h&tAUIARANG AEAt SYSISOHS %&9% 8% Aetheocodtion it 9@08‘6‘ pleglypdlar GRd the

[ nftl udi mghdonﬂ@rramﬂbcbfehéw c&tfol @Bpél@fub B3 dletahed Betdi@dh @e fidl EbritioRaSFHratus
rel ati ons IpS

[ 0104] The ste uration 502 of Fi 11A an
provi de t AEetel BRETC GiRMEss foﬁﬁuilﬁ’é’ Ay X9/ Wi SRMEWER! Tg’BﬁPté’B‘?ﬂSr &Weﬁ%b%e
condui ts dhateAgtnanbe dispbbed ml 4 kYitdbie Flagrercontieofiove b@ﬁhﬂeraysp&aﬁ}s tdlose the
illustrated, the flow control chambers 536 in each flow control 15 conduit

are stackéaeraé‘ﬁa? eHingdl dYinenthe HENRING\T dbd Gt SRl 8PR#HEIUS| IBlR PHIE9ol The
K/garrber S Ismveaéul)lla@éna;l Infjay bteO.d,lf:Htm@tbd %@Bﬂullédsiri 5@@ saﬁeﬂ)lé)frfa&ﬁ%r Eu@gﬁmbn@luhgr

reov | Strate | N | 1Tl on a ncil udes
per nea e a‘é%’ catiogs JYthgwhe 85‘55"15/ (Eté%'\ﬂ)i\éﬁr Pr%ﬁg% b RS 1lgTaREse PEIWERN
adj acent fth@vnb\mehtrr@lapf;@namsl dridl théGfeF diaﬁ@te'r,ofrtﬁb fuBlisr meplbeRAY alel RIficidne
partition | east one outl et he fl ow

vj des at ontro ers 2
D6 | g o 55 Boure rueliPa aaeli e el Belvisen e OBt 1eadgRe o Goidogp
and 528c idpphiiies. PRY 88A8lifplerehiatioss, RO flawaned é;@pa@éth@\méw@wtfd praridee th 1 ow
control chanmbers 53 |nto th flow control conduit 526 which i s not

di vi ded i f'&!f1 BwP r35el et dhe [PPSRt ANt i PNt i Gl SXPBRIesdbe

oper at €5 QonfiglitgfidrodfSthi o éﬁamroeépﬁaranubathetw BéntD BEM QLIS 2bh D B ﬂiﬁ\sebmtmd
el sewhere herein. For ”zfégf the flow cont diivid

atus 2 0
the f1ow CORBDEES MAY & ST 9UPS s OB AR B DRBIS I &5 AN ST r ol

chanbers. shiw thhtare f@atbRlwaanskihégigngd fl ow control chanbers provide
redundant fl ow paths_through the tubul ar and provi de redundant

count er med89%¥s to ri&si dowr caNe npwitehene, thearRTERENt alVg toNo RN GViIfSai PRENED due

to sand prpeidétidodr editémendirks cébsmgtcg%Hétgtdfqr&mp.rrnpﬁmhﬂgwecﬂasasmé W afidy OWS
538 of Figs. 11A illustrate the nulti redundancies built into the

st eppe®l cAPErYePaiq ‘é??t'BB‘?forBéB'éG?dlpﬁﬂo%ﬁf e EBRFedynratiTion Reths #i& adapted to

i nper meabl fowaspelAdhs @@Qoﬁtu*ﬂ@e @Qémbh% @%ﬁéﬂ @ﬂﬁewellt@ﬂnﬁé}r@éublﬁd\d@é‘ b;ﬂlnFtGe
structural nmenbers, the incomng radial fluid f|ow maé) be redirecte

| ongi t udi rf%ileP‘ﬂje%r?@PBrpr‘?ﬂUtCHQﬂbeé{rVé’FHq 195915 P06 PE V\é@é?tqfﬁ CF%'”fqt%wsk%'ﬁ‘f'Y dhe

chanber. Thgurieat |s§||5)d§drééhsofo Fw\/bhﬂ%@n@uﬁfinﬁt@na@@ﬁ bderRRbhsrobi&ihersh a
chanber may al so_al | ow each control chanber to becone 35 nore ful I%

packed wi tXFCHRNT o tihet Wl é"ﬁ‘ﬁa T2 PARA dBmfIMArece- FPYsincaPAaing bot

i 11 ust 23t @edlidfanh 8P 2he Bnd RIUNHENY SePabEREnsS WHTIBHTE iflowt beaﬁh%ﬁpﬂféchamsms
configuration when the inlet to the flow conduit is inpaired and begl ns to

al | ow sand"¢ §OWHEEF Withed $IPYGSKIRPuINAL ingany implamentaltpns may . digpased fha wel| et

516 to and allowed to respond autonomously without operator intervention.
[0110] In some implementations, the flow control conduits are adapted to direct the
incoming fluids in a longitudinal direction before encountering a chamber-defining structural
30 member that changes the fluid’s direction to pass through an outlet. For example, the
coaxial configuration of Figs. 5A and 5B promotes longitudinal flow in the outer flow control
conduit before redirecting the flow radially to pass into the inner flow control conduit. In
other implementations, the flow control conduits are adapted to direct the flow radially
followed by a one or more directional changes either longitudinally or circumferentially
35 Dbefore entering the production flow. Still additionally, in some implementations, the
incoming flow through the inlet may be directed circumferentially and/or helically
(circumferentially and longitudinally) through on or more flow control conduits before

encountering a chamber-defining structural member changing the direction of the flow to
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illustrations o? flow control systenms within the scope of the present
i nventi on.[0Ebdh of tﬁ‘?éhéﬂfé?%ﬂfﬁp'ﬁ’ﬂ‘énﬁa%rﬂse‘é’@ﬁﬂé'ﬂ‘? %OF’EOO‘Cotf‘etHﬁ%SG\%MV@WP”OWaV

syst emps t it adti¥ed?® SlevebamietlaMiveilion séiRNSH @PRell.t BSCE dMDle aRE n@h@em‘af fibwt he
present invention. Mreover, it should be understood that each of th

features dPNAecansbits@adifioy eortiol shamhersagy be Varedrashwalegdhe 'W%‘%‘H”‘t he

various i rglpeireiveafidrorss. dfQke %&ﬁ(ﬂmﬂseand Bfarfsdre CtwiiR! heORERiuRioRs! tof @bRduit-
described in connection with Figs. 6A-6F may be incorporated i nto any of

t he ot her q%‘l”@n%W@'é’(@'dﬁ%mbWearﬂqﬁP@?'Eb‘%frﬂfﬂf‘ﬁé Yluctusrlsmembersemay R g8dless,

control chaghrbss Sid bp&raid hmyscjérnrw SERMhIAhbOAS MBY HBteaabeGEd MEd Yo GRE R
in a variety of manners incl udi sel ective perforating, rupture disks,

pr essufl- JBYSi ¢ gAseV] ’V%%“fa%tP"ed |eﬁ§e f d85eefTeckreNsse dhiFReNtitg SRRAPERSYFLRS,

etc. Addi tdfebmlen¥sOin mhihlidiad prolidtionaatedeatsifity Be Budtbmze tBRSdUrbNY étb. $Rwer al
i npl enentations, the inlets and/or outlets may be adapted to allow fluid

comuni catSU6h pﬁmqt%t'%‘r'é\‘i"étﬁﬂth‘@s%%?d’f it PEERHITVSALIPh a variety of suitable
manners, JOxANMPIUEI Ng W re-w apped screen, perforations, nmesh, varied-pitch
W re-wrappmns, etc., and nmay be provi ded in any conbi nati on of
filtrati od0lEYrees, Thecllaydiconirdlisystemsnef the frireseahinventien ware demesstrated tneai ng
simlasty S rincl pt Lk QN , | i
connects o2t FRREEAELE fiow Hodef, e bR AR bbb ot o e IR GRS st

pr esent dlhwlla)g@ centinegted Odraee A1), 6d6 oreterdAsfealck wnite ipipeatovaimileteyaroppegbhole
manner s, ng Y, ] |
and assents] goan0ornE ARPHEENS A o RSN R P BRI e ot
exanpl e, tm@ andnctidas racﬂengy@f three hﬁ)}nmqﬂamﬂ;ﬂ@@tthwe@duasg seetinalcongisted of

o ect i on e ohp EB el SERY £ePoBE REHRIRRLL SuBpofl pRBrERES, i2lncPaAghRLhee, o
30 2)a row control system havmg an mtact input region in the outer member, and 3) a
conventional screen having a mechanically damaged sandscreen. Each tubing section was
15 centimeters (6 inches) in diameter and 1.8 meters (6-feet) long. The flow control
systems included a 91 centimeter (3-foot) long slotted liner and a 91 centimeter (3-foot) long
blankpipe as the tubular or outer member. The flow control apparatus disposed within the
35 flow conduits included a 7.5 centimeter (3-inch) OD, inner tubular (conduit-defining
structural member), which consisted of a 1.2 meter (4-foot) long blankpipe and a 61
centimeter (2-foot) long wire-wrapped screen. The outer member and the inner tubular in

the modeled flow control systems were concentric, following the exemplary coaxial
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WO 2010/ 050991PCT[ 1JS2008/ 082248 systens may include flow control apparatus
adapted to be run through production tubing that is already disposed in the
wel I | nseounrigsessiil ow control apparatus into an al r eadpcCaanntosios22esibul ar
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conf i glft atdoumstsearn ﬁ‘é”ﬁ lipeohrdamagssflout epatrot HElaM-oRhe SFVEbFandorRAPIcked and

the flow GeMd MnufltasdaREs tmmnesmdgéd ﬁdsw c@ﬁtﬁtﬂ%ﬁét@m' m&hb%me@pé h8ince this
apparatus and the tubular sufficiently smal at the fluid fl ow woul d be

negl i gi bl dlowiepnroh ete MER daeit thel Sa§9é"f9§rf§ta&’edtt?¥ethﬁl“ﬁ%téﬂtth‘? pvieheBRepr 8% de

i mproved pROLABAMEGePoW CURK& ISYBRALWES eﬁi@ﬂidﬂ?tpaékébaﬁh@élﬁrr?fwafs| aVertdaP@i thaent
mechani snms to allow 20 operations to continue for a |onger period of tine.

The redund$it deMBEEpaon cHicaalagepeRd The SPNPSVIoWSEr %"tOPB%sa”Ejo'”E‘bﬁrﬂ‘? HaE2g6@n

when a1§e%h9éht@ﬁalt§%@eéﬁﬁ|$|nd:§tHeWVérﬂ%naﬁét@ébrﬁ\ﬁa@MotVéduﬁp&b%d%lth%@e&%oﬁ@d?ﬁ
production, by virtue of scaling, by virtue of blocked inle

Si mi | ar | y,ort6EURGa Haeans Eoérﬁ?é‘HP'eé"i’ﬂsd'ri%”B'F@V@ﬂt theafiend ﬁf’”t!”tupﬁﬁ'}’ d?r'i"“%ﬂa@| die

prol onged Pe@siscrédiNarfd MEn& @etdoffiolRld, t he wel | when formation sand is
bei ng produced. By incorporating both 25 redundant flow paths and redundant

sandscr eer8114hy] t i plTes ‘Pmﬁr'mﬁh%ﬂﬁtﬁi?d SReC Refiepipsofathe flowuipendiob gystep daring
single Systﬁ@@av[eh@s}ckfn PRI dr W @BRpBIAbh BPSralids. DEpsh RS dnd &r@erY‘ﬁJehua%d
al l owed to respond autononously w thout operator intervention.

sone |?ﬂ)| elagnogdi RH9 sareer Insidllaton pbleredssddying ﬁﬁaéeb@l%@ﬂf@dolﬁﬁaﬁmse@t ﬂ@"he
incom ng fdofirgSsysterd dsoa‘éﬁchldgd Maleidid @blel @Nrgh Cﬁr@v&ﬁﬁ%’éﬁoﬁﬂérﬂ)%r&redundant
chanber-defining structural 30 nmenber that changes thé fluid S direction to
pass t hr ouB®eNgrio sauntet sandgpfileadomar other W@deaﬁ'ffﬁﬁntd@HTQFW%{IQW%‘F'”W"@@ of5A
and 5B pr qmﬁhﬁﬁgrb@él%kklgé Bééraflér%w HdWwevee aoéﬂn%ntfdn‘a}"éc‘?é’éﬁ ERNd RONDRIrSI é?@\fé?r e
redirecting the flow ra pass into the inner flow control conduit.

I n other il&§8 @?ﬁbW@&lﬁr&@t'aHm@auaeow teamplste gEeMelupack: aTrhée inerpRlel gravelinaskt
the 1o nagi alcbivdn@bhWkbeRYatdr @A oM tRN Hah§ ProdRabn B0APRSI BHIdues on.

l ongitudinally or circunferentially 35 before entering the i)roductl on fl ow.
Still addi®icepsiye §and Rrogdeeion; iegHeaseelhPagystivity; h@am@%n‘iiqw‘hlo %WQ'W‘@@IQR”@ he

inlet may beatdd é%gk%é:zladeMr%rS@,ﬁbb@| |y and/or helically (circunferentially
and | ongitudi nally) through on or nore flow control conduits before

encount er i[A§lA chanblls gxperimeny dsq dustiater the ntpacerth aungieryng Hee dlomesentenh of
the flow tg st\éﬂ 2%%%@?&%PWJn%A%QMﬁ%Q@@@&(%dG&féﬁ%nté}své dﬁé{cﬁle& QoMBREon or
t hrough anoutlet and into a production flow control” conduit. For exanple,
the mudQi mt@do@lom@@@mgiet@melfwémél@p seAen §edia intendad e pieyedt spaddnfitrationdds
fluid to fda%g?%? eHBi@G'thﬁg%l weél bbbd\%tﬁd?ﬂ ) ﬂ@wfc'oﬁ%lﬁ‘sggtfeﬁpés GRRAB&S hﬁ@ﬂ can 1)
circunferentially between fTow control nmber s or assin rough an
outlet i ntrgtatrh@ramldm@tur@lrsamdwgeéwmaslpn sanduntthe Eomca@trolmhpnn eisriif dive Bow
may i ncl U%nﬁ@lrtggfe%sdg in3inn §e' %Fa\/@‘aﬂé)&r& n%ﬂﬁél%ranerbﬁglpﬁeg?ﬁf B0

structural rs 1n any suitable figuration Jj ust one

vari ety offlossigrathergntagiostaesns. ded ﬂhi:@njmy@ saed-fiealPrafigtiay. sinreptrpgt, mdgmag@dj
hel i cagy o%h%mrénai%dréam.utcapgé AloonfiitBul Rles G ot oMb ARASHACAHAMIrbr bl ioRO
structural nenbers di rect ow helically around the 1 nner tubular until
encount er|fﬁ|{j>“@dd?ya?%€§'ﬂu%@ff@rmaﬁlgn§ﬂfﬂdJ@'todld@II0nrrenber that 10 i npedes the
hel i cal fl nd dir ow
Cont rol cdailt  or oy et eqen? ichioBlEr 8 RHNER oif K isBeaiield Bhole P
chanber - deﬁomilqayom aod talteelatine idyerss thrmyxmplarys pmbedirrtentﬁnéie@usged tapovérdnafé ui d
flow direction inposed or encouraged by the flow control conduits.
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10111] Each of the inplenentations wthin the scope of the present invention
may 15 be adapted to suit a particular well or section of a well. For
exanpl e, wbeornnsi®n of flow control conduits and fl ow cearmskooshsazber s nmay
be \éa_ri ed b%?n\&ﬁbmw vﬁdyebf!eﬁé‘@blﬁx Hdvielver, itCBj?lI@'Ullfl,ag:cilinr1%3Iéﬂ'lcﬂﬁ’ﬂsto@?c fhat Ble ibtion
conduits and ¢ ers. jle the pernmutations of conduit-definin
structural's ﬁehﬁ‘g‘?’?eﬁﬁ% b\é\ﬂ%@r@&agipﬁﬂw&%tem?efimeow s Br'éﬁﬁ%?(ghﬁ"ﬁy‘- bg‘dé?ﬂjlt%s,
engi neer s ReskrdPeERAMIQIes BRYhdE devEntiby SeVeY abvdrhal ms@ficmibes, Seqliededtor aHge
due to one or 20 re of ease of manufacture, ease of use, effe tiv?ness in
prevent i ng'€XIVesT BARGYIBIN ther $RI: 3nAesraRe 9f AherlVRPE RS defnaddait theoiRTowipes,
abi lityst appyadsdlZisconfi gurations, etc. Each such permutation is within
the scope of the present invention. EXAMPLE 10112] The fl ow control systens
of the present invention were denonstrated in a 25 | aboratory well bore flow
nodel . The | aboratory wel | bore nodel for the flow control system had a 25
centineter (10-inch) OD, 7.6 neter (25-foot) Lucite pipe to sinulate an
open hol e or casing. The apparatus to test the conpl etion equi pnent was
positioned inside the Lucite pipe and includes a series of three tubing
sections. The three tubing sections consisted of 1) a flow control system
havi ng a nechani cal |y danaged i nput region in the outer nenber, 30 2) a

fl ow control system having an intact input region in the outer nenber, and
3) a conventional screen having a nechanically danmaged sandscreen. Each
tubi ng section was 15 centineters (6 inches) in dianmeter and 1.8 neters
(6-feet) long. The flow control systens included a 91 centineter (3-foot)
long slotted liner and a 91 centineter (3-foot) |ong bl ankpi pe as the
tubul ar or outer nenber. The flow control apparatus di sposed within the 35
flow conduits included a 7.5 centineter (3-inch) OD, inner tubular
(conduit-defining structural nenber), which consisted of a 1.2 neter
(4-foot) long bl ankpi pe and a 61
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centinmeter (2-foot) long wire-wapped screen. The outer nenber and
the inner tubular in the nodeled flow control systens were
concentric, follow ng the exenplary coaxial WO

2010/ 050991PCT/ 1JS2008/ 082248 confi gurati on descri bed above. During
the test, water containing gravel sand was punped into the annul us
bet ween the tubing assenbly (conpletion system) and the Lucite pipe
(open hole or casing). 101131The slurry (water and sand) first fl owed
t hrough the annulus and into the 5 dbABE¥&8d fl ow control system The
sand entering the damaged fl ow control system was retai ned and packed
in the flow control chanber defined between the inner tubular and the
outer nenber. The growi ng sand pack increased the flow resistance and
sl owed Hown A Well Ettamcbr{a'ntwstmgcctrhwlsdanaged flow control system As the
sand entering ub[?@ o%Qc?Hdﬂveﬁ Sc}e% u% {?é %mmef@n r{?ﬁﬁbmar

slurry (water an |ver ream

adj acent hmm@erdmmwd@&mw en indgroaldlew cpnéustg aasi/yheremrm Isqst apadike @f the
the annul dﬁert}ﬁ‘éﬁ’iﬁ‘é?r?s b&eeae;@%aﬁg ﬂtdd%nmmca@én @éfﬁ% he%utdaﬁulhysha fe
pipe. Since this flow control syStem was 1 ntact e sand

ret ai ned floy ¢omduit:an@t in the outer nenber. As the undamaged flow

control systefRwasntx bﬁﬁeﬂfﬁﬂus Bédﬁétﬁif @éj be Hﬂﬁos%lj Wiithih B Sl c4RAdIEEF the tﬁﬂ&%r
next damaged conv ntlon screen. The sand flowed around and into

damaged MPEHRNEHMI sﬁﬂpé@tiis cempeee% %éeaéb?ﬂ?eq?ﬁiilﬂh%‘#ﬂ”%‘arsé”éﬂ”%@e'ﬁ%
equi pped aMdt & RBM @ecermﬂﬂ:rey-defmmgeémmat meRBas whereirt @l a0leastasrd B@dust-

Lol o o BB S e eBb Rl S TRt "B eBHRE B o A e fow

concepts c:dnirblhmnﬂmltsv\whmemrtbé ablgs¢tens cdmbengieﬁﬁi@ sinatuedl naderniy configured

ti |
por L on. ol ikl aSRIRYS bPRCSRTLR bS] frb e 100, Y oo
gravel pagiembgroopberain eaeh,of thef dtdeast byt it cayrel dambsrsdes idaetjoriaenlei and
i s able té{t b&kam Ahay Q/Lhepéf? SSERREYY atoféaéte%‘é“iﬁﬁ{“an eﬁt [ge?st%’r&é”&&fet is

sand infi ration or o I'ow i npai r ment ere
cont i nuat #dsptest tnhollawl fligdsviel ﬂ%c’mﬁfﬁy’\@lﬁﬂé\' and ots retﬂawéweles darger than a

convent i ofalietaGkif& sisd 'dhd \Aﬂ‘x%Feir? NEES ond oAMR! at ké&%ﬁh%cho\opéﬂnﬁoi conduits is in
pot ent i aIIy cause an_ I nconpl ete gravel pack. The 1 nconplete gravel

pack 25 wiltith CaMBWAIFR%AN; ‘d%lth%(‘:"ﬁeé’r’ﬁnlﬂﬁf Snlycthipue W@r%ﬁ"?"@nm‘s@ﬁcﬂow control
product i ofghatiberddg wel | producti on. Excessive sand production reduces
wel | productivity, darrages downhol e equi pnent, and creates a safety

h d Thi ' t .al | I ated t

Concept & undird JPLET RrtFl Steea Fi dy uERe Gt ARk eopRIEhTST i
duri ng fiet tomirobchngtiteoare finidgahyvatseparekie fluid cophmebicativnor 30 st and- al one
conpletion. If part of the screen nedia intended to prevent sand

infiltrationps wg@(q@.g%gntg& 5?%’(99\651’ G h‘@f?éull filg ‘?Ig\‘&ctﬁllopgh aft ofu I&V).‘:f @ flow

contr ol system as cri ncan'l) retain grave
sand (ecgntrol ehmnhgr fogned armiljrst fow enatrel condidinassasiinte mmdsflw cqnﬁel e@n@w
control systems, 2) muintain the annular gravel pack or natural sand

pack ingegri ’frb(e wal sl ‘é&ﬁtﬁol E{aumtdd cetnher whétbinGhe s&érﬁeﬁsf gamaeél)arger than a
conti nue sand- ree gro uction. In CO rast a dama ed nventi onal

screen Riedptepangd size by the HH%SD’?QSE%S' Y Igprasess rﬁ%ﬁﬂ““seatﬁcf'%’r* Faiefy thg outlet

sand pagkmftee ficweshiialcha@ibiet Omt BGid TiOW FRbighiths autidt Rr=0mdetdudstantially blocked.
[0116] Whil e the present techni ques of the invention may be

suscept %bl € Iﬁ?e lc?mlfJ ?:ontrol system of claim 1, wherein the at least two flow control chambers
are disposed within the flow conduit of the tubular such that fluid flow entering through the

permeable portion of the outer member passes into at least one flow control chamber.
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nodi fications and alternative forns, the exenplary enbodi nents

di scussed above have WO 2010/ 050991PCT/ 1JS2008/ 082248 been shown by
way of exanple. However, it should again be understood that the
invention is not intended to be limted to the particul ar enbodi nents
di.scl osed herein. Indeed, the present techniques of the invention are
to cover all nodifications, equivalents, and alternatives falling
within the spirit and scope of the invention as defined by the
following 5 appended clains. CLAIMS 1. A well flow control system
conpri si ng: a tubular adapted to be disposed in a well to define
a well annulus, wherein the tubular has an outer nenber defining an
internal flow conduit, and wherein at |east a portion of the outer

nenber g,s pammaénlﬂewa:lohwsslgem dficﬁlrﬁ@rmh'él'éﬁaﬁé e R LHE Rkt tdBieViIRW control
annul us an ow contr ol ar at us

ndu
apt oA eS ekt i e R Ren Bt al it A ToBperah iR
wherein the fI ow control apparatus conprises at |east one
condui t%- def iTimervgell Slowuotitiolalysteendf etaira ridwhdreinelaes &t lomst ood b &y the dloivronigpl

struct LHhQ{-anP m%ptemerre@flf%%r{r@%sa{)foel ﬁ?ﬁrﬁ%@{fﬁ@%ﬂ%‘%tﬁg%{gégﬂqﬁe at least one

structura 'S con ["Ow ¢con Ult I nt

| east tdutletefrgr dve Beyncemstol chardidrtis adepied to relaihpartitled ez seepmd predetermined
chanberggdefining structural menbers is configured to divide at |east
two of t e at least three flow control conduits into at |east two
flow control_chanbers; wherein each of the at |east two flow control

chanber®s hadhgtwalldlowt Cantral systest oheaimad, whesalp thenat et oge inlghasddhe ablsay
of the e b@storome ficW edonBid chdifbett akeCaddptedn® QéthinehartifleAdaphg datt Rast

aIIowfI ids. w t et hr h and to re arti Ieslar n
5 br e uHFARIA suriBh preaRlr el Sits s Wit gkl Sl et Stapteeo
fl ow cqnbgressivetynetsii particles Rirddr thath the pradeiemaiheédsizebi the ahileastaink oaibketuh the
only throu f t.he fl ow control chanbers. 2. The well

fl ow cont ntgtFatgg%?ﬂ%ﬁ%PE% trlﬁ’Tpa\R% rein the flow control chanbers in
adj acent flow control conduits are fluidically offset and in fluid
comuni%at i drine wegl flopheonivel $ystdrowf cleim i owhesgis tthmetdpastioae inlgt anghibe @t lsast

fluid Tl %@Ft RAstObhd &F 104 fBw! LMo ARiiRls %F@ﬂiﬂ&‘&a[%%ﬁ%@ ah@ i, A fiuid

first flow control conduit passes into a second flow control con
4. The SREIMUTGadon.cont r ol systemof claim1, wherein the retention of
particles larger than a predeterm ned size by the outlet

progr esqy, Vel phel mwmfs@ﬁmw@s@naeﬂ@aﬁm fitaveilh tHeGl@hwitie atlobidt @ihe fof @@ flow

the flow control cha nt.i id flqwthr h th is at
e RS Mo kit B et B M0 e Y et ob Bt
1, wherdsfininghdruaturdl qasthbérnis dibmwed antlesst stbstafiiaths transsetiesfpotediongituldingl
t he flo% gcpdwt of the tubular such that fluid flow entering through
t he per ant'e portion of the outer nenber passes into at Ieast one

fl ow control chanber.
11.  The well flow control system of claim 1, wherein the flow within at least one of the flow

control chambers is at least substantially circumferential; and wherein the at least one chamber-
defining sfructural member is disposed at least substantially fransverse to the circumferential
direction.

12, The well flow control system of claim 1 wherein each of the at least one ouflets is

adapted to be selectively opened to control fluid flow through the outlet.
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6. The well flow control systemof claim5, wherein the at |east one
inlet to the flow control chanber is provided by the perneable
portion of the outer member of the tubular. 7. The well flow control
systemof claiml1l, wherein the at |east one inlet to the flow control
chanber is adapted to retain particles of a first predeterm ned size
and wherein the at |east one outlet fromthe flow control chanber is
adapted to retain particles of a second predeterm ned size. 8. The
wel |l flow control systemof claim1l, wherein the at | east one inlet
and the at | east one outlet of the flow control chanber are adapted
to retain particles having at |east substantially simlar
predeterm ned sizes; and wherein the flow control chanber is adapted

to prog{£ssigl well ﬁ&v@'cBTtﬁﬂr }rét@:lneo? ésaﬁ‘&\gﬁupﬁﬁéﬁl“?ttagfst BE?%?EPE‘J 0 fagd tﬁ[b How

of the at | east one out n the event east one inlet
i s i npafnéal chamberhinoludes at llepst B oplRts syhareimeath of dharatl leaghbrcepytlefshis

at | easidHRA th F\itﬁh p@ﬂi@te‘s Q?dﬁérehﬂﬁé&et@r@mé&l"s‘iﬂe@tanfd%’he?ém Eé@ls&f RN 19st two

theflowcontrg nbers are f % f'set and fluid

conmuni Q4eisdh 2 a%ﬂ tOT‘??eS%qhvelY PB%eécS‘hf‘Wé '%%%%?ﬁ’“wy fﬂtan paicleqbdierant
t he f|Oweuétéﬂﬂiiﬁbcﬁé‘zds%%bn@ﬁtﬁo%hlb}hQutfeli%Vép@ﬁ’éﬁr0| chanbers is at |east
substantial 'y |ongitudinal; and wherein the at | east one

ransvoibe (e o chit s o i §PBi et GoReR! Gie i ot

syst emI cdfanbleaisnfotnedinethe iflowtdoetrd| | appanatushami wherbleﬁflsé ontiee frofn thla@(t]I fdaevone
t unf.er e an

Coes b G SakibePl AR LA L SRS SRR,

di sposed at |east substantially transverse to the circunferential
directibh. Te walh8owegontrel iatedpat cloim dywhesein dhe pramenble peidereioh theaeuter

of the ﬁbmb&?ﬁ&w@é&earplﬁﬁt & & 1bsst %F'é%\ﬁ Qokifbl lPﬁarﬁt?‘elr eé?ﬁ'\Mﬂaelré{n AREARIE: £ the

cont rol | ow t hrough the outle 13.  The well flow control
syst em @least angdlow MF&?W&BFuséawddh&ne&pww@roéﬁpnaéﬁg% two flow
control chanbers includes at |east two outlets, wherein each of the
at | easts.t worteutdlieitosy ¢chtrab@pteadoft daimet @hdreipaiid maw &shirof appafduey ie RHapted to

predet g and wherei,n each of the at least two outlets is
adapt edg‘{%@@"eagﬂe%‘%{dls%ﬁ%? NAKEYA to fluid flowto selectively retain

particles of different predeterm ned sizes dependi ng on which outl et
I's opengdl. The wehdlowerontfol systewnefr dhins yisweereiof the | adi least avtee cariduit-thiining

inlet tg RludeRshodne E%\fﬁ ﬁrto(n% at ﬁ@gpgﬁe hoh- née‘?rﬁQ?ﬂe 'dﬂertB% gulrf%\% ne or
control appar at us; 3 erelh the outlet fro & at | east one 1row
cont r ol MeFeanfas flqvs cwrémhﬁ%ﬁnﬂgﬁr% Wédeprit Hedwneeparablegtivassion ﬁ@fasatlaadlsposed in

menber . 5 gt filite p‘é@x' of tﬁé ANt BARE NG U EEnfler &lcR it gncmﬁfg%ﬂ{ i§ Blerted.
per neabl e portl on of the outer rrenber provides an inlet to at |east
one flo r ol anber rein the outlet fromthe at

one. 11 obf-contrectelEfBRol et FEHET 1% HESTPI FASE Bt POTHoAGAIPLRY Jiudes ot

16. Theleastltivo bliiete eanhtof @lhichasd Rulalicd|ly offedt o tdimfegi N t he fI ow contr ol

apparatus is adapted to be run in a tubular disposed in a well. 17.
The wel l19 il Omqueﬂltf{ow co‘?‘\}’rﬁltﬁ%@e%f f%laﬂ'n %Quh‘é’ﬂe ee ohjﬂg at @éstlt\'ﬁ f.rt!e?p rowd es
condui t-definin I's "adap provi eas

non- perﬂmmmmlﬁwmm asdjﬁférareiélowmnml cmdwl of t he fl ow control
chanbers, wherein the non-perneabl e diversion surface is disposed in

a direcpyflup ﬂb\‘? cBﬁH] batahR édébf‘eﬁ ngin_Erﬁ'go:{Nfglﬁil"é ﬂ&ﬁ%ﬁduﬁ%%&[ wBHEH the

that incomn uid 1s diverted. flow control system'o
cl ai m 1fe réi QPP@E?@‘FF $9NYgWSHBNt r ol chanber includes at | east two

outl ets eachut@dasybhe Borﬁfuﬁ-dfathéjbt?@,ltLlréﬂ fﬁ@lﬁ&ﬁtadﬁﬁt@dm& Eﬂs'embéﬂe%itln a T co-ﬁbﬁt

wel | flowcontro syst.em of rein each | east
outlets pf @\)'f@dié%btﬁ%ﬁnéi te i H?ecfm %‘dWF wﬁﬁ % Iegst tﬁ@@é‘ﬁfw GPP%%cemwfﬁm

conduit. 20. A flow control apparatus adapted for insertion into a
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at | east two chanber-defining structural nenber configured to divide
at least two of the at least three flow control conduits into at

| east two flow control chanbers; and at | east one perneabl e region
provided in at |east one of the at | east one conduit-defining
structural nenber and the at | east two chanber-defining structural
menbers; wherein the at | east one perneable region is adapted to
allow fluid comunication and to retain particles larger than a
predet erm ned size; wherein fluids flowi ng through the at |east one
perneabl e region pass froma first flow control conduit to a second
flow control conduit within the flow conduit; and wherein at Ieast
one of the at least three flow control condU|ts is adapted to be

fluid comunmt east twa chpmkerdefising saeturaimetheycanfigwed ke @m@e 8t le thwo ef the
the fl OWa?@Qétrt%eﬂB@%gﬁ%& conditks Intd'St 1B LW R dBtrolRBRARSL Ushdof ¢l ai m

20 wherein th | ow control apparatus i s adapted to be run into a
wel |t ubul aet éﬁbag%d)errﬁe%biwgm proyided i af i%ﬁw eraﬁhp? gie atppastangscoppit-

tC'ha' mt 2? afewtixﬁ@%tm@tamgrm?hg@f &vuem@tat Qed%tﬁtt\.% loﬁhﬁbﬁl‘»@lﬂﬁiﬁgcbt@btuta@gﬁ%mlﬁﬁﬁs
e a eas one con | erl ni Structur adapt e
| east SUBGBIER 1 fioQu AT FBHPRATE (ST 81 18P0 T Ao BOR R BRfp and T

isolate trb@:nqiarﬂ'cmﬁihrgeWan DigredoBiringd §|Qé1dﬂ1hei'é!n fluiosrfiesiod tmbmrths atfeast
t hat fl ow betwe

o by g pelfgAbd 1ot B £ PR iy BotE fash R oy SE%ha THRALARY cBhdlt

appar at uswithin the dbw cabduify eane iwhetelreatdtadt ens bf thaat pestrivabflew rcegtrai) pondits is

adapt ed { QBT b FNEL I BH0RE, LRy SO b PRI fe BE HEref ko

filtered erneable re
control agephelzhambers. cl ai m 20 wherein the flow control chanbers in
adj acent flow control conduits are fluidically offset and in fluid

conmuni At i Ofhe ﬂo%ﬁcork(%r éwérét&h §I8MinCI0 WiRdrbih Gh %@ccmt@mapardmsdé QAEAEPD

wel | equi prent usin ow control apparatus according to claim
20, thebeBIHIa H%L@ﬁ‘rﬁbsposed Nl di ng a tubul ar adapted for

downhol e use in a well, wherein the tubular conprises an outer nenber
defini ngza fTrm/\ﬂm&dmioI ap;aailﬁtuy\/ﬁﬁEleinnzafurlheﬁsdim;ﬂ:smgrsiszsiethabla)f‘natelneisalﬂpesed

mb I d h
or ovi di Fig et PRaBe BT ot Lamitaietlin ke Samer arflor S Bl e
one coneubstantalyi sdahggasiuttieuwell tu!mlasbém ﬂaxda:pllyeutob@ the dilsgaided flow t»dﬂérol

{1 ow oondLs Slork ek Wb ARl ) KB il NP SRR bR B rone

| east tF’lree 'ow cont rol “condu
chanber sahstantiallygpniyt thieopl thel at iessbere pomealgeiresibnt o di vi de at | east two
of the at least three flow control conduits into at |least two fl ow

control sghampg! fow TostPASipRaratdCort ik @6 wh@reﬁﬂ weldtieddt %ﬁ@%bﬁnﬂaabf&ereﬁbn is

| east fl trol t t
e asbhs BppHIh e S R o o B e

oper at i iRl pereab¥ Rgidnubul ar and at | east one flow control apparatus
conpri se the at least three fl ow cont roI conduits and the flow

control ,cha wherein ea W ol

enst Cofs | it TGOS SBEERLE R AR 10, WPaE O 8k BRI ARG RoIgin Biacen
one i nl ébwanstrd bendaits hedbidiciie offast hed inifeidadaptupdation. al | ow f 1 ui ds to
flow therethrough and to retain parti cI es | arger than a predeterm ned

size; and flowing fluids thro Iea fl ow cont.
appar at us®- and\"?’ﬁgd fuBRN pamﬁégte'lft? %’Har ej PRI %ﬁ%?'eé)]hhetft?\eh’
per meabl eoniwt aprsatos acesdiogte elaime abdhe mﬁmﬁdd%n%rtsmg
providing a fubular adapted for downhole use in a well, wherein the tubular comprises an
outer member defining a flow conduit, and wherein at least a portion of the outer member is

permeable and allows fluid flow through the outer member;
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| east one inlet to at | east one flow control chanber; and wherein
flowing fluids through the at feast one flow control apparatus and
the tubul ar conprises flow ng production fluids through the perneable
portion of the outer nmenber and through the outlets of the flow
control chanbers to produce hydrocarbons fromthe well. 27. The
met hod of claim25 further conprising operatively coupling the at

| east one flow control apparatus and the tubul ar before di sposing
said at |east one flow control apparatus and tubular in the well.
28. The nethod of claim 25 wherein flowing fluids through the at

| east one flow control apparatus and the tubul ar conprises:
flowing fluid into at |east one flow control chamber disposed in a
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fluid flows throu | east one |n i n first flow direction;
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net hod ofmmlaimﬂ%\z\hwrcenmblth@nmeond flow direction is at | east one
of substanti n naI CI rcunferential, radial, and helical.
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conpl etion f? ave
operatlveiy coupled tubular and at least one flow control apparatus comprise the ai least

three flow control conduits and the flow control chambers; wherein each of the flow control
chambers has af least one inlet and at least one outlet; wherein each of the at least one inlet
and the at least one ouflet is adapted to allow fluids to flow therethrough and to retain
particles larger than a predetermined size; and

flowing fluids through the at ieast one flow control apparatus and the tubular,

26.  The method of claim 25 wherein the permeable portion of the outer member provides at
least one inlet to at least one flow control chamber; and wherein flowing fluids through the at
least one flow control apparatus and the tubular comprises flowing production fluids through the
permeable poriion of the outer member and through the outlets of the flow cantrol chambers to
produce hydrocarbons from the well,

27.  The method of claim 25 further comprising operatively coupling the at least one fiow
control apparatus and the tubular hefore disposing said at least one flow control apparatus and
tubular in the well.

28, The method of claim 25 wherein flowing fluids through the at least one flow control
apparatus and the tubular comprises:
flowing fluid into at least one flow control chamber disposed in a first flow control conduit
through at least one inlet, wherein the fluid flows through the at least one inlet in a first flow
direction;
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redirecting the fluid within the flow control chamber to flow in a second flow direction;
and .

redirecting the fluid within the flow control chamber to flow in a third flow direction to
pass through the at least one outlet and into a second flow control conduit.

29,  The method of claim 28 wherein the second flow direction is at least one of substantially
longitudinal, circumferential, radial, and helical.

30.  The method of claim 25 wherein flowing fluids through the at least one flow control
apparatus and the tubular comprises injecting at least one of stimulation fluids, produced fluids,
drilling fluids, completion fluids, and gravel pack fluids into the well,
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