VELL FLOW CONTROL SYSTEMS AND METHODS FI ELD [0001] The present disclosure
rel ates generally to systens and nethods for recovering hydrocarbons from
subsur f ackOnreraswirs. Mre particularly, the present diPstiussanmsmses ates to
systens and net hods for controlling the flow of undesired particulates from
subsurface reservoirs through well equipnment to the surface. BACKGROUND

[0002] This section i SWEDL#LOW CONTROL SYSTEMSIANDEMETHODS vari ous aspects
of art, which nay be associated with enbodi nents of the present invention.

This di sddddildn is believed to be helpful in providing the reader with
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by analogy to fluid flow in the injection direction. A production string (or, an injection string),
consisting primarily of one or more tubulars, is then placed inside the casing, creating an

25 annulus between the casing and the production string. 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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reservoir that operates nore like multiple reservoirs due to the variations
of formation properties within the reservoir and/or the size of the
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completion plan is finalized and the completion is implemented in the well, the well’'s

evolution, the reservoir's evolution, and the formation’s evolution during the life of the well
make most completions inadequate for the extended life of the well.  Accordingly,
sophisticated work-over procedures have been developed to allow operators to change the
30 completion of a well after production and/or injection operations have begun. Additionally,
several efforts have been made to develop intelligent or flexible completions that can be
changed during the life of the well without requiring the withdrawal of the completion
equipment from the well. Many of these intelligent completions require mechanical
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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Wil e the adapt abl e conpl eti on concept is sound, the harsh conditions of
the well and the long life of the well generally conplicate efforts to
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1(c) illustrates an open-hole gravel pack wherein the well has no casing and the gravel pack
material 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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well casing to the interval that is being treated with the gravel-slurry.
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[0013] Numerous other examples can be identified. However, current industry well
designs and completions plans include little, if any, redundancy in the event of problems or
failures resulting in flow impairment. In many instances, the ability of a well to produce at or
30 near its design capacity is sustained by only a "single" barrier to the impairment mechanism
(for example, a single screen for ensuring sand control). In many instances, the utility of the
well may be compromised by impairment occurring in the single barrier. As indicated above,
flow impairment may occur by a variety of mechanisms and various efforts have been made
to address these mechanisms, including efforts to provide redundant barriers to the
35 impairment mechanism. However, the systems currently available fail to provide a system
that provides redundancy in the prevention of two or more impairment mechanisms. For

example, prevention of impairment mechanisms such as particulate inflow and particulate
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at | east one con fining structur I1s configured to divide the
fl ow concﬁﬁaptadripcbeaﬂlsp@égtwﬁmmtffq v conrduitodf tb@rﬁl@hulars Thenova contedd appaiiagus

chamber - def{ ka9 a?tléé’sqtM@%or‘i@fﬁ%‘ﬁm?sstﬁﬁ:ﬂ]‘r&gH{eﬁ%&Oan(cil' ¥i $&s@lonbeas trqt%'?e of

the at | east two | ow contr ol con Into at ast ow contro
chanber s.definion sifuctuial memisist Thaoat lleast canst conduwitdalipings shiugiurat mMeraker isne

inl etqand L{réél?& d|9|'a b Eomﬁﬁﬁh‘tooit Iée@?t\/\%tﬂdv@ tro‘P §ndurl efrhélaﬁletaaeo@et

| east one ou 1S a ap te low fluids to eret roug

retain paqhambreedeﬂrmgg%truotuialrmamberédétc@mﬂﬁur%bt%dI\tlée a[ @@5_15(}”6 Qfﬁh@@élﬂaéti\'\@ns
of flow gppt 6d§1trof5¥<§‘}o%ﬁ§ it fame%sn:] fRfoP P&t 85&1%&%%%%[; dr W@Qtt 9%t tWBW\ow

i ncl ude sever variations on the features escri ove. For exa
fluid fl sAntrerdagweehasatiieast ene ildtiapdsat gast @le Uilghbleachl ¢fitheat Iieaastavnfaulmlgtt

flow contygl th%oéldllaléét SRy o@tfb?ﬁs e BEABROANGIGOW FONLH Ileﬂ‘ﬁ? bhd fo retain

124
Additionally or alternativel ahe retention of partlc ger t
pr ede2®r ma;ﬁtéﬂpsgaw@rwntar@ew@nr@ﬂedﬁye .progressively increase resi st ance to

f1ow thrgygit he oyhjfdnddafht g ﬁdMﬁ%@y&kﬁ%@@@f té15edoet biife bleeht

t hrough t east substanti al
i npl enmentiatangos mayhieclude devaral vanadons onthednatucs dﬂsambﬁeiraboway Fpeexdingio dlad

W thin tf}ﬁwf th&Vrggo Hut?et %? tfl?)@\/{, ) @ﬁarﬁb@r%?% of & Wi ﬂB\'NOé%nﬁBItf‘d dlf may

t hrough the per tion of the outer passes east “one
f 1 ow contpask Ioil@aabwconcrdhowezamiml econdhie  aAdditemetly @nealhem%velyotfteheewmtmw of

fﬁgt [%’%ulcd%?ﬁéi’e%' 1drgeP i defrALtdrifheBCLTE AR GnBUtkP & prdlite RRF ifGoRgr of

resistance to flow through the outlet from the flow control chamber until fluid flow through the
outlet is at least substantially blocked. In some implementations, the at least two flow control
chambers may be 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

30 chamber. For example, the at least one inlet to the flow 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
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[0016] In sone inplenentations, the at | east one inlet to the flow control
chanber may be adapted to retain particles of a first predeterm ned size
and t he awvolesssoome outlet fromthe flow control chanmbecTrsgodsesrdapt ed to
retain particles of a second predeterm ned size. Additionally or
alternatively, the at | east one inlet and the at |east one outlet of the
flow contpfr@%;re@éi@él}jaeétauarpﬁrtleé@dr tranrteé @rdaemmtneelseﬁe dsrane @gleatst drRasitlet in
substantlﬁg é |g% ﬁ P[edeter ned. Si zei For exanp he fl ow contr ol
chanber 8§ ekNtdRlIPe At 1535 U DS/ BIRAITES & ﬁorﬁsﬂmplemgte\“a%é?e ehigAst e
predet er migedngitae Bfieddtenat oltRaSér NRasUbhEOf ithe to® €xfedI chh@dbelsh@agtbe

| east one 14}@\? %f i npai ﬁ@g In song inplenentations, the at | east one
inl et andU{di@lyereet et iniidd G MeNIclion-at | east one of the flow control
chanbes s [gay7)be fl Uh@bﬁ@'|h1}6|é?fférﬁaﬁfon§%@tﬂé1prfabéthloﬁﬂf6ﬁH6! g@ténﬁm thé A8 QlithInn
sone i npl enentations of present flow control |l ow within

at | east iRasheng pidhe F'cheaﬁﬁ@'rcaﬁméﬁrérm%w ke ﬁaﬁa%éuaﬁtaw@éxﬂOf@u%@fﬂ%@Wéhq gt
| ongi t udijgadt @d chiBbatddfifmgt sPiturahatdeder dRk| N @ispbEate tairadst "EUBRentiamYy be

di sposed at |east substantially transverse to the |ongitudinal direction.

Addi t i ondlangvesee & f@r'ﬁ%@'?@&%d'r?qﬁ@”f Peditignallyi of aliernadiyely. Hadlowr withia af |eaw

control chandrehs fERYcdroRbhdBBSE rialPsé %‘ﬂtléa%lt lsMb&hhitEucRE@HetettiaPAasY HHieafl
| east one chanber-defining structural nmenber may be di sposed at | east

subst ¥ht ileastyone ghavkerselipyot ﬁtéucéwr?bmﬁ‘@eén’ﬂ‘?élbedldfsé’eﬁ‘i’ @l leggt) gubstantially

addi ti onatdngvétse & ﬂl@rd'}@@lm%‘?ér}ﬁal diRRtibh.oBtiNhddMidhafy oﬂ aﬂﬁrﬁatma@ 0k fofevithinut
control chanbers nmay be at |east substantially radia he at | east one

chanber - dedst rﬁ’i”ﬁg)férﬂer {iew gPalrol bamEersRgY be &l %%§B§%Qﬁt%t'a|'3éé?§jﬂa'§05§'ﬂ%ﬁﬁ leapi y

transver sfet dhahitRr-tafhidd seidigral membel R SHe &xsI8aY &t YedsiBlISSER MM kBRseffe t he
flow control apparatus may include at | east one conduit-defining structural

nmember prigie@diabgiregionnner tubul ar havi ng permeabl e segments and

i mper p@ahlher§eINeNtSemig '|rﬂ5l6ﬁ1eﬁf~éhé'rlu@6f tﬂ@hb\n%@m@olfdpbatatu‘sl Ay FERLE @t least
conduit within the inner Yu bul ar and a second flow control conduit between

t he out eronfefiElitaganingstiuaiedl mambsaprovided B ane'agﬁr srhelas maviser Peretaakleng

Struct ur &legFRARSIN BRfpethSatid séGasits.t WRe fdieWibRR efindshamienisy absrdlicerased
in the second flow control conduit. Additionally or alternatively, the at

| east oné""&’dﬂhtﬂ‘ﬁl"ﬁnetﬂélfquﬂﬁrr@@d@ﬁeﬁ@@%ﬂ%’l’ C%F%é@”%)beb’@%‘daﬁpé@rﬂ@”ﬂle\rlﬁﬂ@”tehe

fl ow condmidr tifth&. athelRR25t S &RNTHAWe ARG Elﬂjcttﬁﬁmgﬂnbér aﬂonthﬁ%'ﬂ'%ast two row
i npl enentations, the chanber-defining structural nenbers m define flow

contrédl cwatiplerchamberst areitrosa Bf teneseaend iyt qopkrale cpn cﬁWﬂ'FQﬂa”y or

condui t s.5itbhaBHa th%'t RNbAd 'c@r'ﬂﬁjlt finingalucfg n%mtgé?em%; bé %@%te& he @fidd ow
control conduits may be in fluid communication with the well annulus only

t hrough dhe flew eriiduit dntor deepstairesofiew srNEpl faneriss: I“h SRS '&?@Yﬂ%&t@t&ﬁ@ H&vi ng

fl ow contdhanbeRasfiSstidtdrn&hbdRneay detie ‘ﬂ@\ﬁ%ﬁﬂml%ﬂﬁﬁ%b&ﬁn aE ié@stfﬂN@Wf the
control chanbers in adjacent flow control conduits may b di cal ééft
A

of f set arfd '¢astfthrae d'OWo‘FﬁﬁIfﬁl eefdugs. 0 sudojmplapeeidtisnatat dﬁﬁt @ﬂetoﬁéhq:)ab
f1 ow spntihRk USRI muwﬁlbg@e .@¥|U.H%eﬁﬁn®&%t.§@mﬂmﬁe wel bl Sy #ediyghal

menber conprising an inner tubular having Per neabl e segnents
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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and i nperneabl e segnents. The inner tubular may define a first flow control
conduit within the inner tubular. The at | east one conduit-defining

st ruct ur aworzersodfiur t her conprises helically wapped fIlPcghiSgoossoseagli ng
along at least a portion of the inner tubular and configured to define at

| east one helical flow control conduit between the outer menber and the

inner tulgozg). | N SAueionBB) BNBIRARdtveRS oné Re nfdre IR A% aORAsICHRBRIet Bfaly HeNd

structural nenber and the ‘at | east two flow control chanmbers may be
di sposed qdartedetoyel aelsetivelye ORRNIGC &P onBRl vt How tBravahi t[he[ 9@?@] In some

Addi t i onamblntntatichgA13ddsY 8he of Pieat WastBIEAG chitfol BhamBaSImANRcRYE beleasimay
be adapted to be selectively opened to control fluid flow through the

outl et. IWOs8HEE! npflapiRchtiat T4, Pafticiegast difreenit Prasdeteaminedasizes-wo 1P| 8gh

controd GhpRhRRINSatiGRY, ddteldtdee at Ida@taﬁ\lio élmwmby %H%pt@da@tb@%eﬂé?;tm&p @bBned to
parti cl es of different predeterm ned sjizes. In npl enent at1 ons, each

of the atMUidkly iq splediyelyde@inesrticles pt differest B@dg@r"@@?fj\?@e§ dsperrtieo o whigh d
flow to sgiectiopehes.retain particles of different predeterm ned sizes
dependi n% on which outlet is opened. T{0021 The inlet to at |east one flow
control dA8%Mer mayhseintedrieed '%‘?t tone fquoaortet tahambap payabi foraed inHee dig et

fromthe @htrbefstarfiEahd M &ARE o tREBTRBEL Y fIde c&‘i’thr%ﬂar%ert r'ﬂﬁy BeroR e
portion of the outer nmenber. Additionally or alternative per neabl e

porti bh d¥ thadegneatie paitipe of e oeovrabeanAdsilierally @rattem@é\sedy &ﬁspwmble
control chaseess tﬁ@%ufeh%&ﬁ%ér%aj F:%mdb% iflet kS 8Bla@hel AWCERRT CRAMBEAIRET

may be formed in the flow control apparatus. [0022] The present disclosure
i s furthébe @ufleicrem the a4 leashonedlem 6‘!’”"@&);@8@@?%”‘@&&& Bamedrin ithes dpwi GRtPht o

a flow copgyidiyof a well tubular. Exenplary flow control apparatus include

at |east one conduit-defining structural nmenber and at | east one
chanber - d802Hi ng sthecrrasedt disslepere. is Tuitheadirgaied to aflew sonlieliappawtusndagted

struckar AELH |1
Cubut " or FERE oY 108 BHARIAS el BBub ek Rof bl RIS g aite
condui t s.leae@ngtcondaitteltning shidaityal meetdeniang adtleast voe hambabdefinggy stpectural
conf i 9Uf%ﬁer¥18erd' Vi ataFeaéteeﬁé c%H |P effniHey étuétuf%ﬂnérﬂ%r%?yv He0R84 Rt Q?%U' ts

into at | east | ow control ers. | ow contro par at us urt her
i ncl udes I@ﬁerﬂeéarsﬁ fl@Wé:Opéwhefaaaw@l tt@giaoﬁngd)tcndwld@@q fﬂpvat:ondéletsmto@ht@aélftwmf@Wat

| east on oﬁﬁ@lddéhﬁwgewﬂé'é]gﬁa% %Eﬁﬁn%er%mﬁ{; stdutal e fibel %the‘%@?rﬂ ured to

chamber - def I ni n% structur east one perneable region 1s
adapt ¥l tdividg lbieast anel of drarahleeat tvenflem gontsolr eangduits p&@tai dﬂaéétwwﬂgmcqnﬁaln a

predet er gagflesd Z&neTH W%F}ﬂaa%&ar&% tfbt‘?ﬁbr |ﬁcIBH(9§"ag%ias§ ? bm%a;)ieub%ﬁ)ﬂ ow

flow ng throug “t he east one perneable region passes froma first
control duadded in @ lgagfeensnef tﬁB(ﬂMQﬁﬁh@ﬂ@ICOO@lﬁH ftmrm %tmqmralh@emb@w%mmt

[0023] Flop; et Eﬁém@ém%fﬂ% SstchithiNm %hﬁe?c af 1dde o?msle;%@rﬂmteabl‘%v iy My

include variations on t nmponent s descri be above and/ or features in
addi t i on adgptedolocal @wstyid [y@rpmunlcatlon and to retain particles larger than a predetermined

25 size. The permeable portion is provided such that fluids flowing through the at least one
permeable region passes from a first flow control conduit to a second flow control conduit
within the flow conduit.

[0023] Flow control apparatus within the scope of the present invention may include
variations on the components described above and/or features in addition to those described

30 above. For 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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above. For exanple, sone inplenentations may include swellable materials
di sposed at |least on the at | east one conduit-defining structural nenber
and adaptwo 20wm/@b9deast substantially seal against the weriusteisoBzust o
fluidically isolate the at |east two flow control conduits from each ot her
such that flow between flow control conduits occurs at |east substantially

Olnl y thr nglfénidhﬁat@hs loe et pr@@@ntmwml%eaﬂsmém@ malgxdudi:ma@raalelagt 6fie permeable
alternative

, | east two erneab re rovi.de at | east
one 1| ow TEORY ARV oAV RS R A T R OB PB4 g s e

per neabl glowegicuh teyerbeablapgied to retain particles of different
predeterm ned sizes. Additionally or alternativel sonei rrgl enent ati ons of

the presdV24ll ow cormoIMelpmsniztions mey inclede @k sz Peagon defisingesiiciural

regi ons adaghpst E%vmdssye&i I.M@lrytu@maﬂer@vhg saﬂ{eragle k8 Qﬁétéﬁd emﬁerzrfeab@ ng
filtered fromthe flow through the pernea i on.

i npl enentSEOMGAL- N PR tHB‘éara’i”aY Qs@escﬁq@rsk%%m [l epp tﬁ’é‘t@ﬂ Frl?df"ﬂﬁré}’b%nber

provi ded iy ®Beddnasiont éﬁ?ﬂﬂoﬁ&omwld‘u%ldlﬁbmébhﬁbr&@&ﬂ&m$h@8ﬂleb§mﬁfe”@ﬁamt%r-
segnents. The inner tubul ar y defines a first flow control conduit within

t he i nnerd&fiRiRaISEHCHRY néergtgegm tf‘? @\t/v'e@ém"‘f‘bf'o"&éﬂ'éf[ﬁ' ChampgisdeanPe [Hposeth iy

tubul ar. tlheedbnd B8Rt coHIBI eHAIURET %Hl‘tl@heﬂlg &t élt&héﬂv@ly meﬂea%ﬂ%nbh&rﬂhlt-
| east two flow control chanbers %@F%ﬂ tol sposed in e second fl ow contr ol

condul® . dedaingisEHEI) Member ey 3 tdhedeyiney f@%(EO”GH% rﬁ% ﬁH'ﬁ?%tdB@ierﬂOWg

st ruct ur aonfrBNdRbUIRRYInRSnRAMMRertfichs \WaliBg R abl BYeCRVbbitrdl BbRURE theast
three flow control conduits. In some inplenentations havi ng at least three

f1 ow cont'$it oB8FHaMPer-fefwing stfushice BerBbeARN ApTngfavh corjral charmbers dn ahisasler

may defi ngof bpwheort righstchaedenswi forifol | &RLitd. WO Mfdltiohﬁllyatoﬂ afsthafivangein’ | ow
control conduits. Additionally or alternatively, in_inplenentations haV| ng

f1 ow contiMBlemaniations Sayind flow CSPtrW&hémPPW AWALF BIOT Bow GPRUEC! CPp@its| i flow

controd  clAfBEsSanBbraGh aciRitbnt HIOW GARGIN §dndeRH byt Be MRIRAY fdfidbdbR@lih Yiuid
offset and in fl UI d comuni cation. [0025] Still "additional or alternative

i npl ement®@MOHYCAIRRY ude at | east one conduitdefining structural nenber

conpri si ngegs) | nnersifukytitRinaN 8y kA RRITRAIE ReSEERNhe uad Gt ||ERe TdRRaR Ruit-
segnents. The inner tubular defines a first flow control conduit wthin the

i nner tublgfiaing stistusal memBer eeraprsyedan tioerst WhvIAG haYirg PelPeablensag@entyegnd

further GREBMhGRINEJnfcd. YTIY ﬁﬁ@retgbullal‘ &Qﬁ}%S %’fﬁ'ﬁ '?Ig{/v%nﬁ‘bl%gdﬁ wliAHe Rner
portion of the inner tubular and con gnsﬁure define at | east one helical

f1 ow 2bnttHkilae oHRttle@si e gendyit-gefimin @*ctqr@}tmqargper Pay &R coppPestehtistlivons,

the at | %%f) Wﬁlgﬁ@a&@@ﬁm%%ldﬂb% Iéégttbcbéﬁléh dﬁﬁ@‘?ﬁne@"i&bdlé}earﬁi cbrﬁ’%’faFedttQP
fl ow control chanbers ma disposed in the at | east one helical flow

control csfHBRiat. lepgoo® hPH‘i@' ﬁ?oé\ééﬁ'ﬁtr% eyl quiside of (fhe Haperdiupeligr-ed!nt such

met hods QEp%ﬁ@n'{éﬁohé nt{%le %@Téa's?%@%l@arﬁﬂ)é?y&éﬂﬂm@é%%%ﬂ *PrQéPnU&'a'ndQHé“aP%&t twol he
met hods i ncl ude providing a tubular adapted for downhole use in a well. The

tubul ar diMprangeschambsiy r@ay ﬁ@ﬁﬁ@ps%mutfﬁﬁ Aldeastong el B corif catduiteast a
53[ tG'r%' qboidie OUt EfneHERGT distioREETERMNEr Bt looMEthbdIbEedntBithg Rakabt he

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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menber. The nethods further include providing at |east one flow control
apparatus conprising: a) at |east one conduit-defining structural nenber
adapt ed twobkelodissposed in the fl ow conduit of the tubul @cTarsdooBostusi de t he
flow conduit into at |east two flow control conduits; and b) at |east one
chanber-defining structural nmenber configured to divide at | east one of the

at | east e frhevepepstve! caaprduiubsiat Ring 4t |eb§a@ﬁe flo® ddncrw Q@@irét@b tefender s.
The net hods furt her incl Udfffyg' S posi ng the

at | cast RAEI MEAAL AR, WO Pl OBl el BodPit saric] PRSI e g

the at :cea@*eo(z%reeédro%vtﬁ@at le@bt tamwmad &Mro%ﬁehntbé’r@ hbs buleast oﬁEhlﬂIeft@h@ngIe@gt g
steps (0] rovi dl n | SPOSI an CQ ccur 1 n an ul t oraer
such t hato"¢ r@ﬁ%@’g% 5 tf]% %ﬁashﬂ'&eff\% th?@gleaatp%ﬁ%tl% 31% %ﬁ s%@

awel | . ?Tf’f@t.dsp@miw Wﬂiré’thﬁg]@ﬁleﬁﬂ ﬁ);Jrlélt'elnﬁrptaﬁi&lésabrdee&i‘idn Qrtﬁeddt@w&ﬁ@{m&@l Thteh
appar at us rovi e _a eas ow contr conaulrts an e
at | east W%&Egﬁ?ﬁ @#%@H?‘P%ﬁ? QHAGHIWA §thrﬂ)ﬂﬂfb‘599é‘|t leagheng ?Q{Efog’f‘pﬂaé%f apQGS | ow

control abewkers has at | east one inlet and at | east one outlet and each of

the at |l east_one inlet and the at | east one outlet is adapted to all ow
fluids td%3dw t herdfHeo'9ghe #Rave escEiPtiens ¢fdhe Mlewenirdr gysiemsand geparatus,

predet er ithé qflesdn Sowl B6ntrart MEMS S Whidyh @icludaChuderolis auiriBiords Hh@ler taakprdadhst he
at Ieast one flow control apparatus and the tubular. [0027] Simlar to the

abovelWesterepding e thy C?W'Wﬁd@/\/‘”@k‘iﬁtt?%m%}}f@ﬁéﬁ% iraplemapisdr ACUSXaTHE PreogEnt

fl ow contifmglentErtdleds, tH@befrﬁ'&AH@ﬁorﬂHrﬁT%f mésodf@*m%b@mr%aﬁ@%\m{e ad@ﬁt@hbcprmgt
dependi ng[Pon the conditions in whic t hods, are rrTFR nt ed

exanpl e, Pt é‘%ﬁ%oﬁ?rﬂ?‘@r?éﬂft'%ltqhéﬁ@er?ﬂ%t%$tﬁ%§6F'@W'ﬁ8rfWid§ iUk fies BLeaR! Rémber

nmay provifde aénttobappardiiR at ele tBURK %W&blu@@ﬂ‘loﬁdn@“’p&ﬂﬂ&ﬁdﬁ' fI&&@fﬁ?@ugrﬁﬂ@ t he
step of flowng fluids through the at |'east one flow control Eparatus and

t he t ubulREFMARRYE PALIOD ®& the Wrﬁaerapﬁmmthmvghmﬁ H'ét'ett%PfotﬂﬁlﬁoY"W@” Urhadbres

portiem ab ptdiRicOUYEbLcaBERE oMk fBr.ough the outlets of the flow control
chanbers t o produce hydrocarbons fromthe well. [0028] Additionally or

al t ernat il0838]  t he Adddionally 1 %tﬁrrr?glkuﬁhwtqm@fcﬂ@wam sathroushdbe ghisast g
contr ol aRRAEAHHF a?ﬂé’rafu'@eaﬁdutl%” tabulamhay NEdILEe: 1)]fﬂ)vvfdfgoﬂﬂl@%t5 laltlnéiaslt he Rl

| east one fl ow con di sposed in a first ow control conduit

t hrough 0N relgbambredisprsed in afiest 8pw coRiECl cpDd ! hravas af [eesieie inlek vierqie st

one i nl etfyidridvd thfdtighfthOW Bh&EsTe iRRi inZd fifsEAbY fbétia: ?%dfrédilhg thd filb Withive
fl ow control chamber to flowin a second flow direction; and % redi recting

the f2Qi dhedlewicanirolehamer iodlemripla sasanrbaew diestiopnant3hredispetiagrnefikid Wit i on

to pass tihs ae@hcdnitel a{anhtﬁ#% fI%WenOAJEle%tflcﬁwﬂglréd'ilbﬁ t8 28§ MHudH B ﬁtol%étoéne
conduit. In some inplenentations, the second flow direction may be at | east

subst ant i AtIplyand HEe @uzhcRAd ﬂo)ﬁ(d‘éﬂnﬁfpbﬁ%quj} dp Sé’meem%?m%ﬂﬁ)”st e WBHJOFVI ow

directi Omlﬂéﬁﬁ’orpr%aﬁtbela@q’e%tst §H&$§rﬂ|@ﬁy F%anﬁ'ud?ﬁdlc%ﬁbﬁ’éw' Gl alteﬁ{atlb&gstﬁe secon
substantially radial, and/or at |east substanti al ?/ te i cal 9] |II
fa

addi t i ondlow, disectiantepn e glelapst shestantisfly iroymisweniigl ratupasl substRgA Fﬁéj'?’ét

I eastzpneanfdy(g\gt %ggﬁglggtaﬁ%@r@i,ébq and the tubular may conprise injecting
fluids into th
[0029] StlII 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-



Additionally or alternatively, flowng fluids through the at |east one flow
control apparatus and the tubular nmay conprise injecting conpletion fluids
into the wol2b1o/dB5beemi ng fl ui ds through the at | east one PCOWSC@S812HS
apparatus and the tubular may additionally or alternatively conprise
injecting gravel pack conpositions into the well. BRI EF DESCRI PTI ON OF THE

DRAW NGS [pe$50] Theri§ one@pintcafafd Nedw aglv antagesrifdiddie RoBeRNtfol @GR que
may becone apparent uPon readi ng the follow ng detail ed description and
upon r ef dMeREEMIOPH AT HE RIFSFHSIECANAPEYeh: [0031] Figs. 1A-1 D are schematic

11 ustratpesy of cafyentd ongbpRsailafRMidw chhe TRMUtRSHsLcdoPiiRg o M predehS 2

schematic view of a Wwell providing a context for sonme iInplenentations of
t he presdfghnogiinol ogy; [0033] Fig. 3 is a representative flow chart of

met hods ggeydi Pgat#\i%ltzf‘ﬁ_a%ﬁaﬁ%ht-éxﬁ&;h\ﬂ%fb@)é;we[llqu@o‘H)orEiirggf inﬁbrlléérﬁerﬁat%goif e

cut -away VI ew o i ncorporating I nplementati ons present
t echnol ogyesgnoB8BNoIFYYys. 5A and 5B are partial cut-away views of a flow

control m accay: [ ' i I
cond 1 o e o soduit v T Selie g sl RS MBLERYa hi Bobtd Sy BAEI B
6A- 6C ar dodcheneatitdedindoy iireadirg opsrational googiteraanda atcdndowedi tmgalaronditibn.s one
i npl ementrg%g %’ﬂ\?ﬁlff the present technology, with each figure representing

p

di fferent erati’onal conditions; [0037] Figs. 6D 6F are schematic side
vi ews1@r 9863d]i ng opfdgaitiAct@bref dobemdiiagidavewsfpresemiing ppératieral dow dizgrarfis bhe
present t n I ' representin i §f t |
Cond 11 oy uafepflint & bediIebFRIGIENN Ghe (908, oo BB BB
conf i gur aipeatioodl dohditipmesent t echnol ogy; [0039] Fig. 7B is a

cross-sectjonal end.vi a coaxial -furcated configuration_of the present
Cechnor o0 0040] Ty BELEL p® GRENBR st LB Er 0N S BB 1 olabferkt &°
coaxi al - fasreatngderaomtbtigisr aftt thenpreberthte ciprodsgn twitheedvhofiquoy ;repréeriting Fiferent
88—8D1 re cr ss-lsec'(tj.it.onal views of the inplenmentation illustrated in Fig.
8A at 'Y h&PPHUPEAt B84t i ons; [0042] Fig. 9A is a cross-sectional side

vi ew of g00389xi al - fRig.CcaA adl L onks-gustRihaloBnd®vidhef pr eisebited aRhfiQlragih of the
i ncl udi ng i nj ﬁa'ic'hor‘ conduits; [0043] Figs. 9B-9D are cross-sectional views
of the i?%?%ér?g PP'8H:i I lustrated in Fig.

[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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9A at the indicated |ocations; [0044] Fig. 10A is a partial cutaway side
view of an eccentric configuration of the present technol ogy; [0045] Fig.
10B i s a woassyisewmti onal view of the configuration illugCraiSeasiose2ds g. 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 secgight @R e folddhg Gesstiptio® B, speeifip &Ch ipdricMlar BinbAdikeht SESEERtiETANe

0047] In . the follow ng det cription, specific aspects and features
L T i preR e ST s, Bisaeas s epe HSaNE BN GR TR E RY LRIy 5 condte

enbodi mendescrigtlowesf &xembRiry Be®sdiahts hmbrédver fip kHeomi g tiehe SCharhul@Nadpect or
specific to a | a(£e i cul ar enbodi nen articular use of thepefresent

t echni qud€atui& isjaeseried nsanpestipe Wit I%B@ AR e QUHReF SIS AV IFAESS,

conci ssel desebé m@u@%Woﬁmmmeﬁdwm@mwnt@dmﬁ&ﬁ@@vm prb@erirt] ha/eau@nwmapreat a
pal‘tl cul ar aspect re |'s escri necti.on t a particul ar
embodi merfiPPrAEl- aé(i?é?E‘f %g'éﬁtie frWgpiRNe'S ”ﬁhﬂ“ﬁ%d % ﬁ&p‘a‘ﬁg‘? ‘6’?‘%?%‘@8%94?{58@% th
ot her eﬂtbéﬂBvWEHSlItSraﬂfert e ﬁhﬂléﬁtﬁﬁht |nbmmeé1td||0§ltemmwes,am@6m@zﬁtioab,eand\czmrvdlemi Y,
the i nvegﬁllhon is not |i m eﬁ? to t eci fic enbodi ments descri bed bel ow,

but r at hdf!ing wihip MEFRAPE R &HE’HBgeda‘iag”Er ternatives, nodifications, and

equi val e(r}‘(m:f]al I'i norgMidtiBed Q&)V@C@cﬂﬂplef orf é’s%téiﬁ@ﬁrﬁdjﬁ@cédjtﬂbgﬁre ifHRARdnté$ in
descri bed above, nPIetlon systens and procedures are inplenented in
A

hydr othr Ht)(ﬁr%@fqoﬁ Wellsaln af rediott tooctyit f'@‘f"s fiprgkeh (he SIAWRNPIR LR ad to

equi pmentprametet &idERBplepatioh fof @r\e’i\WbIIsOplgﬂélid e Riety6r coRbitisns vRr tuhidRells
variety of conditions under which wells are operated, it is inpossible to

suf fi ci ert"® PPE1atGEk tig BPesSibie [t SHECIRHIK HHpirate ‘Bl'd@pB%re e eteuderoiiRReTs ine

pr esent t\ﬂﬁ&UMeO&MSQﬂ%éhﬂo!o@v|c§ﬁr%@tlﬁlglen{é‘hwel"-lowé\ﬁersllﬂgh'&ﬂd Be uraeRtsdonst
that the technol ogies of the present disclosure may npl emented in

product i A€ dRENMHHOYGH @&tth%rprmmt sd'sqlwr%é“?ynﬁﬁem'@%ﬁt?ﬁ’\ 'oeprpﬂ%%{nonm@*q/gr

devi aimd Mpétion waRIMAY bRGmpbrAha&d WekHRal Wa, B8ViAtERWRNE Hnatbr ihrig& R vm&er
wel | s, extended reach wells, arctic wells, and | and- based wel | s,

i mpl ement'BY boingpiemGRied & %‘?ﬁﬂ’ watepelisperieadedyicgch wels. ercligivals ang 'B'ﬂ%é?secdype

of well apglisWwaky b@ﬂﬁéléﬁbﬁfédtlrﬁ]%és WalYs AR ih i WIE Hndn MitusMNACAth&tyyd bfwdine
production of hydrocarbaons e confi guratl ons and i npl enent ati ons

descri bed®HeM&fl nORGRIGRE tRAty MaYe AP MMRIETBENIEH iNBAMSCHOT HVithhith, Rraguction of

t echnol ogiy@focatbohbe ﬂTh@S@éﬁflgdta‘El@hQSéHde|rﬁi§1¥mbﬁtatl§r%j .deb&HH] hdreimiaRg menayt o
the draw ngs, and referring init an exenpl ary production

syst et 100CMRIA% eUha AREBeR P H"h&é‘rtf‘%ﬁ‘?‘n’ha%'ﬁ%'éf ef "BP PreRenprigdesite Maydedssre i s

i |'lustratgglol n thenﬁﬁﬁﬁ&%a/fﬂé tHéQﬁéWlthrbr%yl%ﬁ‘&m]glﬂﬁ’nallﬁ tb |F<P©t2”8n BLk&AMIGR] ON
facility 102 is coupled to a subsea tree 104 | ocated on the sea floor I06.

Thr ough tRApduciom syatery é@o 10 Acceiianeg yalhi ?ﬁj’ta}ﬂ? GRS Gh th%tcﬂr‘?ﬁe(”& HseoSHeec s s es
one or NofRtaidS Ul %eeiéhﬁdiﬁr&'&%uct@h'(‘s@st%& %@%WIB@MS; b%U@ﬂanﬂ&cﬂlQﬁ oMy ch
may include nultiple production intervals or zones

coupled to a subsea tree 104 located on the sea floor 106. Through this subsea tree 104,

25 the floating production facility 102 accesses one or more subsurface formations, such as
subsurface formation 107, which may include multiple production intervals or zones 108a-
108n, wherein number "n" is any integer number. The distinct production intervals 108a-
108n may correspond to distinct reservoirs and/or to distinct formation types encompassed
by a common reservoir. The production intervals 108a-108n correspond to regions or

30 intervals of the formation having hydrocarbons (e.g., oil and/or gas) to be produced or
otherwise acted upon (such as having fluids injected 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.
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108n, wherein nunber "n" is any integer nunber. The distinct production
intervals 108a- 108n may correspond to distinct reservoirs and/or to

di stinct wornstise?1t ypes enconpassed by a common reser veCcr/USI#vs/opaegiuct i on
intervals 108a-108n correspond to regions or intervals of the formation
havi ng hydrocarbons (e.g., oil and/or gas) to be produced or otherw se

act ed upqpos@uch as‘rﬁé&}ﬂaﬂ@%ﬁr‘ddhétﬁ)n' fﬁd:lﬁ?ﬁ@g nheﬂlttfb diighirRbes Hﬂinltéroarf@b/r@dtﬁdée

hydr ocarbons toward a near ?f}/ case the interval

r ef er r ed YgrogaroeRs fieMelbeing WCH%F‘%%WQJ'S 19@1‘1” |1 @érepiythe subsyrigse If%'fr@§o'3a197 ot ng
producti Q%afn@@br‘ddb&‘tloﬁqgelhtyﬁ 03 hedy) 5k BeloBMPrbskBiadaphbbie P intdeingQRe BioeitierBn100

is illustrated for exenplary purposes an npl enment ati ons of the present
t echnol odif d&id$apudie 28 dWFIRACaNE HEOTR rHRERd |"‘€?HS orTMesg diidsgnapoer f’rtﬁreésoﬂ‘ Ht6m

any sudsematiiy @)P(fd@l'bf@rpl‘fadllﬁﬂd Ohoé?rﬁjt/éroﬁo[n@Q@Q]) tgﬁ'@aré |(R&tt sKvA)! 0Ty Glcc8dy the
facility 102 may be configured to nonitor and produce hydrocarbons fromthe

product i d?‘io‘i“fﬁt'@'f' v&wya'fo%aﬂm B Ha9dng wrAYCHLE BBt fd isosPupted, tot subsea

floating tRicOMUCAMPBorftRs Vhivé Y 1002 BRYNRE @nbilidatiing mea;%a{romﬁ@h&ane 192 may
managi ng the production of fluids, such as hydrocarbons, from subsea wells.

These fI Un@4depipdptiontiuningtas ,quvppénq slEpsarkrsr e e SRS eakes 104 torhe Taaicor

provi ded dr@dddﬁﬂrk%éihtﬁ nop, %&ﬂ\/&ﬂ')tublﬂ'@ fGFCHRFSuIiChS HESHEAtdedBel NhRd/¥ak Scontrol
108a-108n, the floati nagllI production facility 102 |s coupled to a subsea tree

104 aMli <Shlerfr capanyeic 1\9thhaotaer&%%w'tnwﬂh¢we&| 412. The control

unbi | caljoddy may imehadss IO PGIucOEh Invag 1o8k- 1l@Bﬁ>Vih@'\}O&| hYALeR&FReN &l Fom
t he subsea tree 104 to the floating production facil 102, control tubing

for hydr aﬁ?ﬁlf@%ﬂO%F%étqepﬁlaﬂhatj@%r@égs W&hd*ﬁ%PFOQU@m'PEﬂFV%SaW%B 1@fn at different
conmuni cajdpfMs W kh?tﬁk hwetfhed:%gé 6ESoribbhi| 6‘( dé@zﬁaté@?\lvéllsﬂvﬂthun[t%)%ll 1718, ﬂ§?r?a§/90et he

producti on |nt erval's 108a-108n, the well 114 penetrates the sea floor 106
to a deptappiasited. ihemredussonintervalge’ q&ao%@t WHIehi 'ﬁ?lérbs?aﬂeéerfms@ 39 gFpdyetion

di ffei@“ﬁnt@%ﬁsh% Qﬁa}J %Q%B%ah&ué f&?er%a&ﬁnféfrvafpbf AR tRdt Ry @?Wa@rtrﬁﬂ iMldes)
within the well 114. %Premated the production intérvals

108a- 108mydW@Q”ﬁﬁ*§7‘d Baay E‘P é‘?fPré Pangopsedlitd $15?$ei3 ifeer P4 whiphds pagifjoned

i nclude vRgt FP\‘éSwéIIaVﬂrﬁ tRé séé‘ﬁ@dr‘ﬁ@%%r%fndé@‘ék ittB@cd BRtwOEN BBRYcAAAkitHiM HeUsd
hydrocarbons and may be referred to as zones. The subsea tree 104, which is

posi t i oned 4%t tﬁ%goﬁ%‘lgl predyctieon fapiltysER2- f 1As6Prdingl; the subeRastram 104t @ﬁf’é@e

ligtzv"eigcg%\éllbl‘%@% ‘é‘ﬁr&dﬁ:tléﬁﬁjb‘(@ étnﬂgj‘-ﬁ@ﬂﬂp%ﬁ@e ﬁlh@aW&t% 8RS tbRIfoIf@Ble! (hbYyY

9 , the subsea tree K &ﬁfp to a roductlontublng
stri ng0d 12850w8) [ prpvide OPFWLH"QQF'@WDB@%‘@{“'& dnay ipteRaee Witk e éOf(tF%P”@H'@%VZto
provi de cpmRsiLeah ke 10aths, which may interface with the control unbilical
112 at the subsea tree 104. [0052] Wthin the well 114, the production

syst em 1d80%y al sdVithie |thelev |T1f49rtl@¢1uor<éwgtlmyﬁtemo1q9r By cisabchiss difierente

producti oy &k Ybovit 8RedQ88 thé: Bfodh 61 sa1 GHL IR FRMRhR! & 'sUHa&eZAf

may be installed fromthe sea floor ocatlon at a specific deP
beneat h td8eingesdrird bt megepe W&ammfromethg mea aﬂ@er d0& thg lesation gt ﬁzszpec@ﬁ depth

| nt erf@d't%%@ﬁtﬂrth%r QQé“%IBbPWOGaSV\ﬂEH,nSTtHé Q0rdc25 caditl) SHHrTRY 28X L& NkeAR¥atk Co
dept h near the production interva
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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108a, may be utilized to provide support for walls of the well 114. The
surface and production casing strings 124 and 126 nay be cenented into a
fi xed poswoi2orv/08)99mi n the well 114 to further stabilizePChaSesisloszas!.
Wthin the surface and production casing strings 124 and 126, a production
tubing string 128 may be utilized to provide a flow path through the well

114 for hygszcar bOF]ﬁ Aadiorttheke fabbkiéjs,?wﬁm@htb%ﬂfefr%@lpﬁ%ﬁﬁtéﬂcHﬁsV@n@l?{%nﬁBN be
utilized to block the flow of romportions of th roductlontublng

string 148VicRs {féa- ém@n%gravﬂmaek%wﬁ 1085 2y 56 i addo unnatP e ovs o ferdp

val ve 13Zonirwithitethe WALKE Bardiddiarl 3fe RBYd REntkdIi ddveed 138ai130h abgetisdromit e
zones within the well annulus from each other. The packers 134- 136 may be

conf i gur eHaYeh Pagksy 1498 HOnImRYRiiRe ¢ i méﬂa%tlhﬁék’lﬂé%fﬂ/é'éﬁ agger Redcign ity Fﬂ?

sand c®ntgrgducley itcsisg L&y 1§€8n,Th\é/ﬂsérﬂ BN feliags F3EA.38Mh OMay ThcRide NbtddOr €
ot her areas such as a well annul us. 0053] In addition to the above

equi prrentineg: FEaNdeieNeotripens SRS Re-rackad SeiRERD| Wi\ IaRRed SsERens. BEMbEANG
gravel pagksend4&aahddiB scid@Ms BRd/MBE MrbAeskht redmRaghild e draey é)@f:ksfllcﬂladﬂ(fnrom
a-

within the wel|l In particular, the sand control devices 13 138n to%et her
with the '@@h%l“dsaﬂfﬂ‘ée' P&G’éheimﬁa%;ﬁoﬂ% MAteN3lz e ndarRiye! fRucey bebast

fluids aﬂﬂé@bls@&h&lb@é %ﬁlohﬂ&&tﬁoh@nééhﬁﬂb‘%' QUtht !a'@'uﬁ?@mﬁ&édtrfw dé¥iBes -(hﬁ vafRd,
cont roI devices 138a-1 n&}qﬁl ncl ude slotted liners, stand-alone screens

( SAS) 10 preonguits 89z<es: e%n%”y e SWiieRiSpBE CRAIERRs WHRBNBRY RSreqseeRifgsure oss

expandabl goffiheanrl fividpath. VWH(#gr%Béifba%Eé e80H140Mha He%nﬁﬂé’té%fra\}éﬂiﬁg@«s that
140a- 140n may i nclude gravel or other suitable solid materi al e. sand

control d@Yecal of YpareppesiivReind| 0ptrPhdevicss 138er bikine Shimayl berkalaly disgosedich

as_infl ovure@if sd é;im.»fbp@eandels QSaM@BHeSheCs@HG“ébﬁt%l déOiZ:éé ¢§8a ¢B8rﬁﬁ1)é¥%dﬂﬂfe
sui t abl e nechani sns), whi i ncrease pressure | oss along the fl UI d flow

path. ThellRralAompopRats Paeanfmm{wﬁa{prﬁ@yéww B0 g R aNop/aISKIsAHAEN

al | ofs t Relr RSa&SHinYEasa NEryFRNESRitiod 8 \dI6rRS thE3BAgth3dNthe QlelM Y oP exaAplk] &ld ¥
di sposed around sand control devices 138a-138n. The sand control devices

138a- 138rNER{AIS HGuHEbINpY d1ckide T 6agssrale §OBPIelign ANG grRATIAIR PafIEAY Wo or

nmore of tdadicBhies \talised 98ea-188whife ihizevanebdn ﬁﬁy%@%rﬁﬂéﬁ% eyl B the well
conditi ons al On(ﬂﬁt he |l ength of the well. For exar’rg the interval s

108a- 1080'3#g 4 ‘Frﬁﬂtec%f'%‘é@%" iobihe afseRteld8VisRd38M-par ti cul ar
confi gurgppsy) of satishveRinal, PEkefer 18a- 43BPcoMio| fnddhbREME! ar%oaiélp%d be

an open-holeinterval of the well having a different configuration tor the

sand gbnthedreateadigeeniBdniervps04928 oepabliei QF%?PPW)” packashs obrithgt EAest [ e

control Wﬁ@é}%ﬂhé{ﬁ@/ (ﬁfn?roﬁjéos pp@legxé?l%lé"eﬁé?\d @Lﬁ’&l@h IhtBttﬁé \éﬂh@u@%@ Iﬁté\'vglnﬁmbe
production in each of the zones to be independent|y control

exanpl e, Ve b isotRlRd todRtervdl d08hBY Raskerusdf Fion? éﬁwat%@b'”\}ﬁ[ﬂt%ﬁ \H@”S 114

i sol ated df@ patighiN®) ink&8HIs Yo askr ﬁ/eﬂse'%re n'og un@orﬁpféﬁﬂpthblcﬁf{é YedehJongtdrt es
well's 114 and particularly intervals 108 hin wel|ls are not uniform and

that t he IPEERIPUOPPEE 4hd vRURHA! POTIEURSRES At araas easily aspkbHF ogopatisQation hat
are ng4 Qﬁi%'ugb( p@@l@é?é alA'seant WA inlePRI AT dRNadd | G0 BrePRPKREEcalPSIRFaRYHTP! €,
intervals 108c and are schematically illustrated as
adjoining in F|g 2 and illustrated as not including a packer disposed therebetween.
Adjoining intervals is one example of circumstances where zonal isolation through
conventional packers is not practical. Additional examples, include wells traversing
excessive numbers of different formations and/or zones such that the number of required
30 packers would not be economically practical; wells traversing formations where the
properties of the formations change gradually, yet substantially, such that the gradations can
not be economically partitioned through conventional packers; and various other
circumstances where the costs and/or operational risks associated with packer installation
render the use of a packer impractical. As yet another example of well conditions where
35 zonal isolation through conventional packer technology is not feasible, the conditions in each
of the intervals 108 are dynamic during the operation of the well and what was initially

considered to be operably a single interval may evolve to where the most efficient operation
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adjoining in Fig. 2 and illustrated as not including a packer disposed

t herebetween. Adjoining intervals is one exanple of circunstances where
zonal i sowvatoommsods ough conventi onal packers is not praeCiraskoosmssztig i onal
exanpl es, include wells traversing excessive nunbers of different
formati ons and/ or zones such that the nunmber of required packers would not
be econorgfcakl welpfwatild ©8l to 8Blakes tiid RuRTes ilrﬂérvélorrif@trh@ﬂﬂe vibteheild be Zonepest | es

of the fqormatigns ch dual ly, tantiall suchth .

o atint | oeoaeR S o RO TR ARanG halate R A 4y Vel (6 GoR s Fopei foning
packers; iatatnyagsle GJruéwéltsh@E:orﬁhfoﬁUlﬁYWeﬂrdfb@%tlwaﬁd Ishednerasil§ adsshslishepeir@ighonal
ri sks associ at,ed?rm ack r mstaéé ation render the use of a packer

i mpract i GEPENAE tfor‘i‘é Y BSKYHHIrEOVST PIRSPHUTESNdi t i ons where zonal

i sol atg onopsrjough CméVl%Bﬁric%b?és pRGKairedcft AIRRIRGY: 418 d’b‘ébtefdet@%ebdjlgpo%t]ﬂn a
conditions in each of the intervals 108 are dynam c during the operation of

the wel | UHGIOWRTRYIdGasTIOCONER! [APPRIGHE Be@séac'?tdprb%“t%ﬁeﬁ’%’m@%]eat@PH@It‘é Previder val

may evol edimianhigairhaft rEeslutied Eykémet FRPSIHRbVIGEDS sthgnar) f|om)"l§l!dbr‘énb@00 of
isolate the single interval into nmultiple intervals or zones

i ndependéﬂ?the%t"’ft'@)'f‘ thel’ﬁéoR?naanBPrFﬁe%qﬁ‘étd%ioéP"ez%q @MerHP”anTh%W§WQP of §ig- 3

require igegirP@ith 'pTrvamg“Q tUtBIIIéJr aadptddPlof doWhRSI¥ &sE, HndtITEDBIJCR 248! | At block
operatlons and i s commonly acconpl i shed through expensi ve and operatlonally

ri skylQordgy e ’B?@@@&BP%GS [b()iIGB@]'d"T%@ floucERbIcbgPRAsatYs. $UGR asrthasenihat will be

di scl osursaiiedaférined Figd PRIUIrRBOIRS thE MethBld of ehdPdefE dclob®e Mmaptyeol
apparatus in association with a downhole tubular to provide redundant

i npai r medfPlegEAias inchvasipht ehrrdensiqy sequelicssichialers deesicking P the candiira gl {is 200

of net hOdﬁeINW]thKEh thlaeteérmlé@,fhéraﬂ vl 88 &REd JiIFSE bRSHPIE, A ndWVRNtdraM a Wéle
met hods of Fig. in wth providi n%ée t ubul ar adapted for downhogl e use,

denot ed af@”bﬂ%fékh 2'1‘@ DFAE'U%'PBC bingy hag rReefe fe1BV eorit® nDBSOEy 200 JUavdinide
flow Wntdp@Patﬁﬁlpaés%bH@tm%Wflé\ﬁ SIMASE abpahitul With e d@sAdr! laﬁfimefcﬂlbWed Fiyg. 3

illustrates that the nethods of the present disclosure nmay npl ement ed

in a vari®RPsHe e gersings t%’éﬂiéﬁ‘éé@woqonérpb%oad%tb%HUﬁhﬁdV‘?ynS‘qui‘ea%@Hﬂﬁt?%ﬂt of

the well 21, V\Ndjcﬁt"br{ahf of afémaliry), ae hesteddd 290 bf e p#éﬁéiht diRlosBreMRY enclide 2
new well or in a well fromwhjch the production_ tubing has been renopved,

t he met hdﬂs%tﬁ‘gﬁﬁ? tybyar due ‘%%Iefjﬁ'ﬂ(?@%laﬁ %o?c?ﬁat-ﬂ}?gtupwg ey wecHERassf in the
appar at usyaM tiorenRe HBRWoRtrol dparstds |sfp%\h@%’@ﬁ@u@ry agl\/\mléﬁfihé\ﬂow kReneadbaetls

tubul ar and fl ow control apparatus in the as illustrated at 216

Addi t #&ndf 1BFING ingfalled n'at?riléx?t'”@ r%om'%dgb%o o“f'tefrr?élV?JVeQ@nfub&iaécmexmee
may i ncl Llﬁls?po@bé Rpﬁhleﬂr@allgb%r &dlbsﬁo%fatlh@t@ s bontﬂﬁ@?ﬁeﬁﬁtu@&vlw tA6 Kubddd? forldtBer

t ubul ar be |spose before the fl ow control apparatus is

provi ded, e OF- af! %H'U?H%teﬂ%v\?%maﬁothe ABParapid FRPARANHGNPhSEaPRERIVEN an

exi sting feosstet win o tububedhat |§~|a1r6édy9dlsp€%bmné%||tUbU| ar may be disposed in
t he wel | BI‘IOI‘ to associ atln% the fl ow control apparatus with the tubular

for ot herlP¥dsons. Thegstess 31020 at éhe QEGSEanleFf&’LdSt may faeoiinRiemenigd in any
appar g§ Uss itBe Rfg&P&T ?etq'uléﬁéé/ sé‘%%%' é%feﬁfdlaw 'th@ atﬂ{ﬂ“h&ﬁtrdl hR ar'aﬁjsa&fe%‘tﬁ/)ély

di sposed in a well. [0056] The steps 210- of the resenF nmet hods may be
i mpl errentaééo‘i'?lteﬁwth a tubular and disposed in a WeII For example, the provision of the tubular
may occur many years before the provision of the flow control apparatus. Similarly, the
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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sui tabl e order or sequence so as to eventually have a flow control

appar atus operatively associated with a tubular and di sposed in a well. For
exanpl e, wbeomwris09si on of the tubul ar nay occur many ye&C3/usedosns22u$e

provi sion of the flow control apparatus. Simlarly, the tubular nmay be

di sposed in a well long before the flow control apparatus is provided. The

schemat i Guth @w icdigdtéd af 224, gvhich hydrogdrbéiseday %@tpr@Me@ffrohhmermaymr\mu&reme
possi bl e (or arrjvi ng at .the o eratlve condi ti on of havin éh tF‘P?W con}rol

appar at us'O¥s SELOLERRFTHLE iF ASPRRFH ArTuUm ASIRCITWE'S Push RelI 8Y Gteh

are Wlthlem)pbl‘g@u§|§(@]§@d pfinfeborpwasent met hods [ 0057] Once the flow control
apparatus is disposed in the well and associated with a tubular, the

met hods 28858 ont i nddeatdissyssion, fargiii A the urraEET hFYRIRIAS 38 MRIPdso mrimarly
appar a8 ujeapshdshe tc@h?bﬁénts ARd Iféuiwégtned R6@M8on Betekd. Uk st éxlamﬁ!léml}éwbﬁ)ntrﬂl t he

production direction ds flow through the tubul ar then throu%

the f 1 ow @BRKISPN GHAPBYRSe cs#esa:rrbe@ﬁae'%,aédﬁvm Alefeapd ontigts agsociated;v

f1 ow t hr ay@BtutdleméinBeysC AMidhoIniP RAb SRt ARl bdicenaht thaifcubrbakamBret &
being within the scope of the present nethods. Final l%’@ met hods 200 produce

hydr ocar RSHESaRIE POFON; ¢ statclyabmenbar Mapi RiAViey ap LAlPbBras PrRSYCHE Reselinted

from the qaptext b WAL phovideeard In%NerQrmrféHtloﬁI@Bé’fa%#§odt§xtd'%ﬁ%@dth‘érprwﬁﬁbn-
associated wells (such as when t IJow control apparatus is used

i nj ecl® orfeREic] %‘?CUS[S@OS'BTG“Fh‘ée%f@%@“HﬁS [EAeRsPests ?ngﬁegst@nﬁ’r%%t% @nd

met hods Rfa'rtm?és' frdfn @ﬁﬁe@ih{; %%ﬁo&&t‘ﬁoﬁ@&ﬂmrﬁﬁ%@mﬁﬂﬂlcfaﬁéﬁ Wite$hd Surtacl! W%blogpl
context. For exanp ow control conduits and chanbers are describ

bel ow as 4740iag Q”rﬂ’feth% igplemsDiatiens dagcsiged Aewin and/Ar Hose dfithinainercppe of the

whi ch i nlgésennshcptibh @hsy FBYe RibefOBhE HonfdPeRitré Csuithiole S3epra fbr the nm%@%b' €
portion of a structural nenmber may provide an outlet in a ﬁro uctio

oper at i orPPEGHICB% Fahaxame)ep&noan tEClon Ppgration Heawel| aptls §rine sendit| 'BrP“reCt

cont exd . cBhithlriddtivn WithethBtAQEET eQNBE MriaGork)i i GHS ShMB MRl thAeSE prdaastion
featur es and aspects confi gur, ed to prevent sand or partijcles from entering

a pr oductGOBAYIE &nduidtreF nCRURHIRRYORt YVBHH ¢ dergghd N P&@éCt'%y ORFrafigyyi-e-e fien
and al | ofyrhb®. i npl enent ati ons descri bed herein and/or those within the
scope of the present invention may have |abels and nonenclature suitable

adapt ed fl805%1he i njAseIdhghepehile: MeRY . of e iglpiamerdationg dascribgd defedh include
operat | Omotn%créﬁlré AR/ e Scripohd Rrié fhlink dr&dd;i;ms@%ntefanménbr@@ém%e\m.ém.st he

target (i. the formation) in the sanme manner th t he production conduit
is | n2Qi rré%tsodmﬁ%mwﬁtaiwnwof the H'@S?'&tr'g‘é’ﬂemqﬂt@trwsrf@bH%&tﬁ piectpe PBEREMNS
(i.e., theoisdkyf aesle &&9581 mﬁFeC(i?r'ieﬁw| RELNgiIndMthé ehdmeheiRiret DSed P! R NbatHeons

descrlbed her é&i n incl ude nomencl ature and/ or descriptions witten in the
product i GIPTREAERIR: | $¢rBe BRRIeBARIalioNse Hie RIRCIFE digBPSin PfisarerpneptiApY §hanaes of

the pres Qﬁ‘tan'|H‘Bl:tﬁiﬁe65eaétldhn5H6\%veH5tﬁe rlativy %Eaés@tfbnocﬁeeﬂé}ﬁérﬂé‘%r Q:Mrﬂb@ﬁérlté/ will
i nvol ve nothing nore than changi ng the nonmenclature used to refer to the

conponent’8Mai Wi nige; sagPeneinthat Piteles gad prptaraentafionp odascriere derein.-cdMpBnent
may CRRNGRetifcA, ithd SoW %nﬁ?’cﬂeéﬁﬁérﬁé‘ withiVaME T prebdif HigbIBSUrY € whkfRPSideiom Of
el enents or conponents wi|
production operations, |nJect|on operations, treatment operations, or otherwise, include a
tubular and a flow control apparatus. The tubular defines a well annulus outside thereof and
includes an outer member defining a flow conduit within the outer member. At least a
portion of the outer member is permeable providing fluid communication between the well
30 annulus and the flow conduit. The flow 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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remain with the scope of the principles and inplenentations descri bed
herein. More specifically, the flow control systens within the present

di scl osurwQ 2odva5b®n used i n production operations, i njeeCras2asesaus ons,
treatment operations, or otherw se, include a tubular and a fl ow contr ol
apparatus. The tubul ar defines a well annulus outside thereof and includes

an outer [gggger defm@mmu@trétb@w SEURENI240Wftnivall tae |ﬁlétf%frmaﬁm3244 Ahel past a
portion of the outer menber is perneable providing conmmuni cati on

bet ween t356QU#40 'éd'HﬁFraEedaﬁﬁoped%aWP@ﬁ?'cS@ﬁ o, thﬁ’l"i\@”f%nglEd%t"P%trat%‘ﬂ)Bﬁﬁeaﬁ%s

i s di sposfételi bXdrplhtyead 1o t6Hn@idgl rﬂﬂ&ﬂ tfeOU@éd #eYertical @RFEoABIE or otherwise
condui t-defining structural menber and | east one chanberdefi ni ng

st ruct ur Arehiedplels. TR ilystialedsin bige 4c6rr‘ﬁjd‘feﬂ' 2t InGludgs sf'PWuEQ'UrrOaISy%Wﬁe%"'Gi S

confi %‘rQﬁls e@inw@lﬁ;rétm héuatemdutnt prdduetic zbeas bof e HinfoR 044, ol More
condui ts. | east one chanber-defining structural nmenber is confj g/:”ed

to divi dépﬁﬁ'f'?%'as'f'gof‘n’-s“uéVatﬁﬁéhaatthff @rz%?”tttﬁﬂ‘rpl%ﬁsdﬁﬁ!( P8IMelsAgaiedsn ientasie

| east tV\befdoﬁﬂ\glﬁﬁtiHnl’s(Hnd%Mimﬂfr%tloE@%h té&hn@lb?ﬁeé‘tto |pﬂﬁ/ﬁ$e VR chhtW sysrains0d46
chanbers has at | east one inlet and one out each of which is adapt ed to

al | ow f 1 (ACBTINY fo B YasioHatmplsmsRntaliags deseribedi faughh 1and sgegiegeierpRant o

predet er raxaﬁ%msm@d.mﬁé@@iesﬁha théHlb Ica.sﬂrcn@paama 236 GAdIR tafhﬁla@fm WRlch n#d2 i n
a formation 244 section 240 is illustrated as bei n%éa vertical

secti th di prexidge|in axist tybytarjconfigyratian, Z48qandipeinag seeerd {ubslas pentguration t he

t echnol oy gRBYadieofUsREh brovidRr éérﬁ@bble%rd' ifPBEAdabl®Ee RS INHiFEredt hANhed as
wells. As illustrated in Fig. 4, the [l 242 includes flow control systens

246 di spd’%@ﬁ IpsspRachiurter Qs%tf‘ieﬁtﬂqer'tk}mstlﬁseﬂ“S%E‘QP@ﬁ zbielibylarg g8, while

f or mat i onyifgtént, W&s&ﬁ@@!efﬂe%@ ihYoonfmhdh. Porl é)JaHﬁﬂé %@ﬁ of ﬂ@ttubmﬁrsmﬁs%l&des
t echnol ogi es | enented in a variet configurations and

conbi nat |%rf§1t‘%ffm?’89?fr\?g1]8)da?té£ef'f‘%s pigyicardyii ‘%'HH’E 61 tukyar eﬁ?@'t@ﬂé”ya(?%ﬂ g ng

t o t hes vahé au@r MERIREMEBINLINBSs 8 pefidddRIportiot Oy adaiel BLaBestRifdetRbuiyh For
exanple, Fig. 4 illustrates that the flow control systens 246 incl ude

tubul ars tbﬂsutemeewew the 'BWdiﬂ”ﬂ\é'H inafirst tubular configuration 248a

and/or i r[0@6139(30“1 Ftlg'hdJlflﬁffhePW&E!r&Hé %dt%‘e aﬂﬁl%rs Qﬂghn&jde"‘mvﬁﬁovﬁﬁ&\épgﬁatus
per meabl e and i nperneabl e sections in different manners as w |

descri beddPumtfdr may keorhaey IO('Bﬁhwcpﬂf'%@i%édéﬁloqeﬁgrﬂﬁr@'@ Twe wmw%v dlopig,

whi | e di fdgfr8iNbppalays 286 HRe ‘?Ihﬁffﬁt%sm COMTRR. ddtils §XREMR: cioN apharhilg’
tubul ars 248 i ncludes an outer nenbe 50 that defines a flow conduit 252

wi t hi 20 t HEruelERIRRgG fU”ABWaﬂ'IydMHIbP)ﬂeS@%F@GF ipforeaier dlribin GeERedics WihdaterEidyeRss a

per meabl \papt ivedeft RIARIRGILSIGA IFRW 4 illHétF!atéé ﬂh‘é{t leieleil oy r&&%s@d{é&'b RRWber
into the flow conduit. [0061] Fi 4Further illustrates that the tubul ars

248 i ncl IEOWS 2. &6Rt ihel forpaiiepAddsintosibe tyia24faipliens artorigpsgrath figough at

confi gur at4Qn%wo Wo&ﬁ!:é?ﬁr%ﬂ nTé%h@rhlé‘ms TH@eeréﬁﬂéBét%éf ds| &N&Qﬂ%ré@grﬁéﬂ%aéﬁoﬁ%t@fs
are illustrated in Fi he details of the flow control "apparat us’

st ruct ur eVinife oy m r|214§ BaFIthe e aode peRTals 236 4r pmadnaieMentations of

connegs i QRe Wrdsant @Eﬁrﬁol&%ﬂ%rrﬁ@ B@b?éf@rred"&)"@é@é comPaAcdnRbliradéte fdr @ch '6\‘ the 4
illustrates that represented by flow arrows 258, fromthe

f or mat i orflop4ePntngt gysteqes ?ﬂﬁoaioag ther gty ofngowniale ubeias gt alope thsulgRotRtof a

zone isolated by packers, and/or along the length of an entire operative portion of a
downhole string. In other implementations, such as illustrated in Fig. 4, the characteristics of
the well, the formation, and/or the reservoir may suggest the use of different flow control
30 system configurations in a single well. For example, as illustrated schematically in Fig. 2, it
is possible that two production intervals, such as zones 108¢ and 108d, are sufficiently close
together that zonal isolation through conventional packers is not practical. The different
zones may include formations having different characteristics requiring differing completions
for optimal operation. A configuration such as shown in Fig. 4 where different flow control
35 system configurations are disposed adjacent to each other may allow the differing intervals

to be completed, and flows therefrom to be controlled, differently without requiring packers
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| east two flow control nechani sns, here represented as perneabl e segnents
associated with the outer nenber 248 and the flow control apparatus 256. In
sone i nplwoentesions of the present technol ogy, it nay PeTarsedosnsrdsto use
a conmmon configuration for each of the flow control systens 246 al ong the

| engt h of a downhol e tubular joint, along the |length of a zone isol ated by
packers, ddpbsed bawers |rttbﬁalser£gmhvarq/f trRNuRNGfinki@tihp 86 (coNeol R§Ste MOgbnAGurdtions

downhol e strjn ot her, | mentati o such as illustrated in Fig. 4,
e char dtebd bl B EriebVROMeT CHRMoB R OBHIOBl o “the  eser vol 1 Ty

suggest tipgsase of mgd.fsaratse lIovrRe At coidt @y%‘té?ﬁ)Qle @HE @E)éa>€?51~"<:oh’f'lgu’#at%nn9I €
wel | . For_exanple, as illustrated schemati call i S _possible

that two 500N ERNTIOHEEEPY 43 @ISosshata® Fignds Ié@&oawapi@é@uraépé 260 is one

suf fi cs endxadhpfe &fe R/Qﬁl&lshﬁf_iglénh'@{tatmg%lf flb\ﬁ%bﬁﬂrd)l%@stbhfs%hmﬂr@rmf%nédogé%lf the
packers is not practical ferent zones i ncl ude formtions having

01 1 or ontPreTea AICRBS: | 9. PAgINTTARE Hior $OEIahGORIIEAON: FHS I & Ul PRaTapiale

oper at i ORyhilA FQIEE BUstatiePiRe ToERaPSoNEReor Ravin@a fIdw\Woste dhamber 268 blbbiuy
control system configurations are di sposed adjacent to each other may all ow

the diff i #d ﬁ@‘éro\/élt%ertFE?%@'@%%'[‘%’?@&fteraF?dcﬁrfqu\t/% gepRiIcally gf sagdbdom the

controll egrméiiohfzaae%ls)éemd RIgUSA, RS EbW baﬂrdp@%%sz%srpa%@gxla%»w@nanon 260
intervals. Simlarl %ézthe use of nultiple flow control syst

conf i Yur dEFIHRS Hipuise 248 Whie @CEUHe%laquteémpnmergpﬂénat@gmﬁﬁ]a fltp\@cendwt 252
condi t i ORgthid %%tefmgmbeﬁATamarémlal i iichide dtifih® W@ Mdnoihe HSdraizABér 1 N

a coaxial_configuration 260, which configuration is also shown in Fi 4,
The coaxiZ20 ¥IPdY erIPRIiseIhe SBIET MeheE 28Q dpgatier yrithy Yasioya PG PP3FBIUS S ons

of flow cpbrddls SHMBATN Ziéﬁlnl%lé fyrdsudch@n %ﬁfﬂ@@ o |rhﬂ§mléh%$6|ﬁ§ wHb&Cthestb@ar
Fig. 5Aillustrates the coaxial conf |8urat| on 260 in a full éo pen state

whi | e Fi ¢485esludas additiopalappreatis, #enayid Ogmnagisioed;tast thadesrgptor f eWel Eoriieol
chanbeg Zfdmbéromoasd ré:yn\@aedhézﬁ&m ebndlitan d@ahédj syllt@t Qfted Memsbnzdd I%Eherr@feﬁﬁr red

to generically as sand) f he formation seen in

f1 ow contPBIV&IRshefvipuy 45 aTL@&&h?élﬁ a@Srﬁ“f“?jd?%{P'P‘?fr?@@e "Wétraf&aé” g éb\LﬂSar

248, whi qylihdichUARMbRR asdRdingRIRSHveoNn tiRahe GefusiRShewdeViothemn Svi des Zard
within the guter nmenber. Tubulars 248 may include nothing nore than the

outer merfBRIWBEPSIMBEYE LenAAs el sHeh BtelPsAbaLRAYIRsel- { Bigeter SiheHuRMRt ous

ot her apm&hags.mp%upﬂﬂe%ﬁaﬁ@aﬁh@lﬂy@ CORMITOZE2 ShPsrwhd B iigRFBidk ©f ihelot donfres -
In i rrgdement ations where the tubular 248 includes additional apparatus, it

shoul bé‘%ﬁ@é‘ﬂ%?é@cﬁ'?%&?dt‘ﬁ'g"%é% fiowt ePnduguees- Additanaly orealisetativey fhe
relative doﬁflélhﬁtlcfd @f\@h@@lméumbn%&zstﬁmawdv@x témerqmbaét dmﬁb@bnfag@%troatdnme

than rel at| ve to ul ar 248. Tubul ar 1?8 and outer nber 250 are
i 11 ust ratfoW Gondit 552 SEA\d/QEﬂQE’Y/P?'HEﬂ’ ?e%ﬂra%ﬂﬁ@F exapR!eriBe RY ef@%&%@ﬁ? M5 ben

the i ndUSéd%]szedhth\@Mﬁrde Férhﬂarab@hamsnm@m&m irgperaichples poraynd 268Se ddifsreMe! |
such as eI | 1 psoid or onal . The shape of the tubular 248 act the

shape of 9%'0% Swnedtﬁd‘iﬁ&t 58905 REfRIEN: IWi‘ Comey glirdtthe oW af‘%/otwa G ol

appar 24 ushg2Bnfidusanest thetitw ot fapparaanss. t A%é&dlnﬁgdlvﬂin@ d.5/08nd 5B
alternati veI the configuratjon of the oguter ave a r%;reater

i npact orlltSHatechPXRITR'&Y 69AXi8f canfigurelign2edritericopxial eoipgitippm,aiecyiit 8
appar at Usscob®bf 8%airBsent disiRsorét egimnBib efe ZokbifTRY cBffigurations 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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adapted to provide perneable portions 254 and i nperneabl e portions 266 in
different locations along its |length and/or periphery, which nay affect the
fl ow profwbeosmdposiher ef ore, the configuration of the flPOWUSRIB081248
apparatus 256. Accordingly, while Figs. 5A and 5B illustrate an exenplary
coaxi al configuration 260, other coaxial configurations are within the
scoPe of tdu![f@ rﬁémg@er5(ﬁé@Cdoaaeﬁt@<|: ll&icmg tﬁfﬂhﬁ nohmcramionmgcl:d‘a&m b@urgata'tn@?s or
i mpl erent ati ons descr i rated herein are nere representative
g var | JRMSHE: dhih it BE LR ot b 1 ERuBr eyt S e SRRt b

t he scopegdsftioh hethpr @8 &ty ¢dm\da|mt25@nncl[1&a§%}rseﬁlfmm ERNANO bf gStisuTar 24B‘Sar¢zf/ort he

present discl osure includ er tubul ar 250, as,_descri bed above, nd a
flow cont%ddﬂceabtﬁa{P%PH@rﬁ%‘bevﬁ?@h he aH'ieéfoQﬁ@cP%\P%“h8ﬁf'r{‘rr9e3tf‘108{/(?'c,‘8?f89?rt

The flmpw lﬁ;@ﬂttdi alvud@np@lﬂaw@na@ﬁzwmw at965st Ao NeRTonLd os@NBUR72- ey t b@hﬁ@se
structural . a‘§1 268 and at | east one cha]r]ber deflnlnﬁlg}hstrﬁJ nmenber
270. The aaﬁ'”ﬂ'é ySGAEMEBIRGLCE MA¥s GAMRIge SOV IHRE Jpembers 3% %%‘ﬂ“ P§{S.any
confi gur atdlienpafaperd to divide the flow conduit 252 into at |east two flow
contr ol condw ts 272. As illustrated in Fig. 5A, the conduit-defining

struct ur d00Hmber 26 Haye confedd agparaiis 436 ﬁ'ﬁwu@?@tdﬁ%sbﬁgﬁﬁhﬁmpﬁr'ﬁefmﬁ@
outer Menga@btuéR thedhbdrP90! aiHbidated 4Bovd Qnd:if@)res@ﬁtatﬂ/él?lllhb'@étbéﬂn FgMer Indg. and

t heout er menber 250 are concentric, |eading to the nomenclature of the
coaxi Y C’ifnfth@&hgmp%rndefwmgeﬁg}cturalt m§ﬁ‘897 d’®és prayidediyoa diskar’q sRaRNIMLNS

nmenber 27hnIRY HeBvebnRO 1 8flidr tndiiyerPT3i dnidQRe Wiifeh hidnitae 260 O WcsaBIYly! thdTidw
including offset fromthe axis of the tubul ar 248 and/ or adjacent to the

out er nerf9BAUDZH2 defiaedby| bgseutehE e e A0- BefiVidPhdNtet dluleasl IO fiRMbrontroks

used to dionbdes 2heahd %Wlt,fa@f‘ﬂ/\fb ?Io@&%ntrﬂlt&aﬁibel@éﬁi tpildd t@WhéQi&hGlQ{ dEmiYi ts
272 may conprise a Si e physi cal nmber or may conprise nultiple menbers,

such as tSibGIUEH ”F?é*ﬂﬁ?érzgS L:TR %mbﬁa(qu'lné@ strgptural negsgRar 27AEnay t?ﬁ/\Pré’lé'H?ﬁ’ g1 any

appar ¢4 ussugitfie doffiguratidny d@schafnal @RShfl M & hgthe lcofffurationdofSthe l!ﬁﬂtéﬂrﬁémﬁ&*’fber
270, as indicated above and representatjvely illustrated in Fi

Fig. 5A @@@I‘%ﬁﬁ%ﬁo'&f&“ﬂ'ﬂpﬁgﬁé?‘? G%'qutzﬂef'ﬁ'ﬁﬂﬁé'#’dﬂ'ﬁﬁ meé“tiﬁ’%\?p%e%"ﬁyar%( mesk

276 spanmjuitbel Bﬁar@d‘fh@'sipbémhﬁtb\é@ﬁa’éntth@cﬁ&ﬁb@r&feﬂﬁ'ﬂ@@@rhct@?ﬂ nibek 127 ®Hag vary
menber 250. Accordi ngl e flow conduit 252 defined by the outer menber

250 i s dilbieamentayony W!t'é'a§Pe B6RPe Plolie d¥PRENb AISEIGRE 118 e SoRiR copTigusalian t wo

fl ow contzeol of Hi@ERE e Senbedidatining str@cthﬂaen@mkg tmﬂmfa Wer&)sﬂbhé@wmﬂ'ﬂow
menber 268, the chanber-defining structural nenb é“ce pI’OVI ded in

any st t AONAUEERE PlReR INiSRYalsA W’ﬁﬁlﬁ/bﬁé’oﬁ'ﬁ?”%ﬁé@%ﬂ%‘y CPRGILRATEAFE 1SS B of

the out erpaEdHBE niBuriadir @kpddisd ERPEHIBY bRthe@bmadtioh 284 koM Wediosl 8litsidie R the
structural rrenbers 268. Si m | arly, the nunber of and the spacing between

the chantePUded48ni ng structural nmenbers 270 may vary in inpl ementations

wi thin thgoggope ofa LHesiRr-SRANGS 63tl$¢|9‘§>55Aeand|5B Whenseaxd fhle fGH(HfthIH{/ 3 tHan
260 of Fi t he chanber-defining structural nenbers 270

posi ti Onég’WQ%r% systeme dfdiaserigashhereiney dhe ﬁl.,lﬂ@p%lﬁyslsafﬁgy B?Scﬁ'ﬁ?d Eﬂageneral
posi t ppnadmdasd heh! @We%églﬂbélly%ﬁﬁ%f&énéee@sthe'sBecﬂfM Eleﬁfénishﬁwo%aiﬁ Lﬁl%d 5@

expect ed pr 5pBer£\|S %gsgrlbed abovg rtrr]ga]'glcl)v(\? r(]:ontrol systemseZ4%eoglF(|)gns gxtasnld 5eB grfe |Ejent|cal
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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tubul ar 248. [0065] A consideration of both Figs. 5A and 5B w Il illustrate
the functionality of the flow control systens 246 descri bed herein. The
functi onawDt2g10/6s049ir st descri bed in general terns and tREm/USRE08/082248
specifically with reference to the specific elenents shown in Figs. 5A and
5B. As described above, the flow control systens 246 of Figs. 5A and 5B are
izggnt :c C?Lcohﬂgurblfbnt Véucli é{, ety cdhddridndll s@Reoahirein meEhélerﬁ@rkﬁflr wirewab;mszn

o] e presen i on provide at two flow control conduits
froma siagrREst Pa e Paopeckatl seitona e oo s HeEn SABCGP. SHE oA ToRts
control cRmbwsi&tc272 is divided into at |east one flow control chanber 262
The at | east one flow control chanber 262 includes at |east one in|et

and at | d8%¢0lone sePersngreduceddiuisgins aerediihe dawicopiel hamber 263 the |f'HWJs

fluid §rapweubwbdent Batdtutdal dhicR4Sillustktidd AsFifr 9t beinyRfsetfs kinsinkB278.
bet ween the formation 244 and the tubul ar 248, through the outer menber 250

and into tEeHIEbAPL SR coriggredps a figwdmpaiareiti kagieno prowds tequndansy it 8% r ol

chamber ?eﬁr%rtsT&@ounlerQ&t tﬁgaaﬁo%saa@wah&e cbﬁdlfpcsr%vthﬁhebaatlmbs.aﬂ@.d(ﬂeﬁ IbRF EXfhplé 0
flow inpai rment, such by scr eeni sand 264 fromthe flow Accordingly,

per meabl €NFof% iiypigatod in rFé@r Sy P cileh 2y drogt ther oW reepiral SR8 \Aodeday HE

barrier t@nfilfy bEBeFHTBMIe & rﬁent a‘d@ﬁt@dQ@FHtélmsbnd 36 oi Bthet pati@edRYgeptttan de
t he flow i npai rment barrier_t rﬁ%@ any suitabl econfi guratl on, suc%

usi ng Q:orﬁ/é’ﬁﬁqeé‘?fal'”%daﬁﬁecon-lfr}eolco FiISNs Ak e QK MaYvaypRd deesnsings on “the

per f or at afednaRisRo of RER- .mglkrﬂéntswl %éunté&a‘éietdedAHulnwamy dfecﬂt'érr%@l(/&?n&ultlple
sintered netal screens, etc. Once t he roduced fluid has entered

the flow QRSB oo RFAYised Siom aﬂ"ﬁ\é‘ GPP ?'&hﬁrﬂsﬁg% ward!l pe gesiutn cannedion Wik ch
i s il ustgtpdradgirds hein. 5ﬁ1@§oé&%ﬂ BenfRjuftieh 2%0(2:611[&1% AddpRid 18 18eludeByvooslitlett

280 is also configured as a flow inpairnent barrier to provide redundancy
in the efPoPi¥iding” psiierabense tmeshe Qfa?th%ruéorﬁi‘o%ﬁﬁ'fr@:e%%ﬂﬁ it shemaer-defiying

i npai 15 f | gaiydtufdl e mie 276X aBbRe |rﬁﬁlém@§ta'tlbﬂ1é1§ﬁthéltpﬁ&ehf‘ml?érﬂron5t1\e dohfgueiiidret
280 fromthe fl ow control chanmber 262 be configured as a perneabl e

segment AU edlat gnd diainiet MOPGZ%QPr@PatSP H%Pr%ﬂﬂet ’PQF%%Q”%?Q%'PS"ttH%ﬁa@e flow

pr edet er NinpgitmentZ@echEsnieNf A@léﬁhéﬂdll?fbrcﬁiteidéﬂvé?yltthétlnlé‘lﬁé{ndla’f thed@pENMaPHeon
t he nechani sm of fl ow i npal r nment ing counteracted. Additionally or

al t er nat iSP8MgHreHin @‘i‘%?% Qﬂ.ﬁiﬂt'loé?'samd "M RAHBASTEom a fl ow control chanber

262, as wh7|be se&tiyign m@&%@&ét’herﬂed\&ﬁdan&lMHeFr&Hﬁ%mhé‘drﬁﬂoﬂsysTQﬁs 0@ XAl
confl uratl on 260 coul d be adapted to include

wo outlets b oVi
O Gt neaB A8 A7 Boortas T3 GantsD! SHETREN ORI N bRt HecTeR KB A9 iong

Struct ur ajioWedHRRr 2647 thio ke AGWE:IntBI @rﬁ&ﬁ'&e’i‘u@”Sasqflusttr'%?edobﬁl%‘%o!e@@md tHe,
the configuration of the outlet and the inlet maé Fe coordi nated to provide
n

r edundand3emagaliaseortioe 2dre WhIR p3AshineaEing tHequganthen(ssnd gendiof | dsvigepyolbor

al t er nat ldbﬁwnt.ohsneprbau&&)nangh@r.s tamepgrmahfeﬁompaﬁn&q T=|9915B9|ﬂu§t:%t&df%?%
additional and/or different mechanisns. [0067] lustrates the

r edundancf?dwdaﬂh@ormo@s@fnthefnr%ﬁﬁn& wsm%nsgy@\t'@qﬁsthzmﬂeﬁ Zﬁq:ir@m ts%ch@rn@er. #i%et
278 195t Rt LR Moo oo N&tfiprdid 132 FedhRe Nth EBRIWAIYF CoBrtidLIABSBEREr ttRan a

predetermined size from the flow exiting the flow control chamber. Accordingly, the sand
264 accumulates in the chamber until the outlet 280 is effectively blocked by the sand and
the flow through the chamber is at least substantially blocked. In the implementation of Figs.
5A and 5B, the flow from the outlet passes into another flow control conduit that is not
30 divided into chambers and the fluids travel to the surface. In other implementations, the flow
through the outlet 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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al l ow sand 264 into the flow control chanber 262, as illustrated by the
hole 284 in the perneable portion 254. Wil e sand passing through the sand
control d®oi2eBse91conventional production tubing is a Cgnishiosmast24$ | ow
inmpairment, Fig. 5B illustrates that the redundant controls of the present
inventions provides the outlet 280 fromthe chanber 262 with suitable flow
control eguy rplaiﬁmestvw@%séédoﬁa fIbWQ:oHr@lW;h@fnbl@aﬁiaF/Qw afapfed tBlcgRtroltdhdileAsand
predeterm n ﬁj e fromthe flow exiting the flow control chamber.

Accor di ngiafticesng sand 264 accumul ates in the chanber until the outlet 280

i s effectipyed)y bl Omnﬁéeém &I@é‘ﬂo@%nﬁ&l%y&ﬂeﬁw 24y eugb gréRne e dipwat
| east subst antl ally bl oc the i nplenmentation of Fi 5A and 5B, the

f 1 ow frorRreHHSliBN{P £PNtEue SEm |aﬁt'6teﬁ'r%9hé9”? NowhieBnedPme gﬂfi‘f"t'mpﬁ'é’i”e”tsh%t

di vi degl iddcorrédarienss ifngdratdiethfs lw gsolin @t the uhhBci@udrflode Bontlon cRAMBSr 262
i npl ementations, the flow through the outlet 280 fromone fl ow control

chanber ZSPtRHE tpREduUCR 'H'déﬁéﬂ?%éﬁerfth%\ﬂpf@b Ates (RishAtiRof Jedincked digwaivatrel

nore out | dhmbadae? ﬁﬂstfzﬂleﬁré?wl SRwad Rk 6 TenRYahO FbwachH W26 DM JrE&RE, while
mechani sm For exanple, to counteract the risks of sand production through

the pr odJ@é’dthffPl{ﬁthe Apierdfow pentral shamper '§mkﬁﬁd%rs@tr'%?t;ﬁUB?t@Ei@”Mg’ estrigigd,
paths. WiRQy frdifs thé fUrﬂaflérpM@ﬁrrﬁTagQﬁoéé’e@rfhr%ﬂgh ftﬂé)wen:aﬁﬁm@% 28hebser the tanaaher

fl ow contraol chanb ers may be arranged in series to prOV| de

st agel cA48riBroughdnainiat 278 gpecateryy tlhl the &IPPeToWNPIREEd: iRth EOTHEO BRI RS . Theor

exanpl e, fRw pdts thrblhighthe Qrlirdhulib 28R @Fovitt \RearslRG i8N bPreiRddmel praidrrnsand
particles while a second flow control chanber nay be ada ted to control

snal | er dBaP g iflopecontiel systemeesPradicay: a'@e@ﬁs?‘&ﬁnt i the JaweoAew dgtontrol

systems Zhan®er K&&oé’i&sﬁﬁbce\l@\é@&ﬁm@latlcﬁi bR irstURE et of @th@pﬁtdcﬂé@sférpmean
interval or zone in which one faormof flow inpairnment has occurred. Fig. 5B

illust rat%’éertrﬂ‘?@b%'yar%'a(ﬁit rige fipwironk e faBnaiaednay FrinEe Mirpegh fsarelbanmis

cont i y8leghao BhkdHEacédtibdcosirgthaimbers. t he outer screen (inlet 278) of the
bl ocked fl ow control chanber 262 has failed and all owed sand to enter the

f1 ow cond@0991252. Niyee 8o conjiml s¥stemeve4bhohulh rregent dligglosurewsushngs dhose
chanber '|Iﬁjs%%Kﬁ¢19305Aaatnd|@%aﬁb@%é&éd &J btiset ﬁ]%tffd\AP&&ﬁrol Ehb e TR 319
formati on 244 nmay proceed rou? annul us to enter the tubul ar
248 t hr oden i"r?eﬂQVhP@ﬂtmi?Ba’a@%ro'@ eé%%i SMCP Wst'ﬁéh%mﬁéf‘er W”o'@lfe@ﬁ oI Lot r ol
chamber. gheof h@"ﬁoﬂialhjfbairmeﬁpgﬁcﬁé]ﬁsrﬁ‘@mat %Bﬁ‘ugle‘ﬂén %égl I?lleﬁf’él‘i’&ﬁpt¥% pRVRhNET
form of redundanc% provi ded present tlow con syst ens.

Speci #Q cadd{ess; i§ thgeindownef {SEI'ﬂﬂ ZﬁﬁeW*l“@/\éUOW"PQ)vUU@énEOr BPWC'H flpy gandeiéed
by scal e @gfERtLR! | hfé'?nd?!@ Gth@e ians@bert BELRIP p%Fm@éth@rmﬁuﬁﬁK@G%n&”théh%mpb‘ﬁ er
menber and inlet, the flow fromthe formation may continue through the well
annul us ZBpliquinteshwiile allgwircetiidg foprsSorfievsives Hagrperaeabiio By prenHe redusap the
control %‘ﬂ%@l% |r¥té§nt9fof ‘trﬁ'éepé’rh%%%lét SHiGH. ORWs@hdsSlH@éh AGdd hﬁéé‘ct khd peiieabrd in
Fi gs. 5A and 5B, nmay eaaptedto of f set e flow control chanber outl et
280 fr omSeABenisoviscemten fFHaAtePeIPgnis tozfm ar@d@*{e@ holg qpge iRditheermaeslen in

Fi gs. 25A b0 BucOe iIRbtrdtBE b |t9é"’hb|'é*%4ﬁﬂ”ﬂﬂg§ JECRAM RbRs WBRkat RTRIRILdARO!

equi pnent attenpts to preven
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

-20 -



address is the inflow of sand 264 while allowng fluids to flowinto the

fl ow conduit. Conventional nethods utilize a screen or other perneable

medi um t owoestwasee9it he fl ow of particul ates whil e al | owpag/uskenss22u® pass.

However, the perneability inherently reduces the structural integrity of

t he perneabl e portions. As solids-laden fluids inpact the perneable

segment s vidinitySof GYTITHN 27 ® o thB@Id% AGoRINamben26a1 Accrdingiauenir the fet Ope indyn

t he perneabl e such as illustrate hol e 284 in Fi ganSB Such
t

hol es defC@aﬁefwa i‘h%meb‘%‘t‘?fl‘}ﬁn%%&?9%§'C®?r‘¥%g'b‘ae91 e 3"%’&8%?4 iY'Ssand
i s all owexbetie ddbpeditotreditdee thit @ABk)yl ifd @qu¢cpmeﬂrdw difégtion] 8iksipatingeib adieep/

failure of the rnmeabl e se nts increases in cased and/or f ure wel S
where pr cf@U&?é’chﬁﬁ&e&H aigRd 8?'%63 & and iencaaging hepticles i dep é’PEOTItﬁ%%JB‘é’e

sour ces. ihi@&7Qn Ha tsa‘é@fﬁ&.erﬁteﬂoaéumhlyneb@ie/vﬂr@nmtamnidamnwngwimﬁds@em@r
inlet 278 and the ow cont r ol chaﬁ‘ger out] et 280, whic

be
i ncor por fnddnedrart IgPapyigeresmeahl %eﬁﬁ‘leeﬁed*‘a’t’?"@ﬁssol'?@r 'é‘?ﬁgm%%“%‘rsowfé‘e an
addi ti onals ihgdtiatery inamigs.BA ahd BW iippaé Iy@Eﬁlﬁotﬁbleﬂdv@dllﬁ&ﬁlbﬁf@:héﬁée B@foreub@ssmg t he

conpl eti ons equj ring to Fi nment ati on,
D on ent dhonE e Toler, 2 T Rians @rthilopae e MerPHtIGRS emPira Lo 3o
a first dhrroagrﬁltﬁ@ prod R¥Bn ttwmgms mhfﬂh@%rﬁelﬁkierdoﬂu@é'laé’dlﬁ:ésltﬁe @&neff0bdthe

direc ande ro t he outl et flow.ng in ye ird

Qi T ocd eris Sk ltulals BE ladtngr BE reFe s olignavorinifa i bt 2ab b e 266
ad?pt eg7t8f@¥\/pédh‘1ﬂodalaﬁtnt$érr emgtibene@ st vy Welindi@saara va’hehh&\/rinéhrﬁéré Ysopde bhe

I nle

t flow control chamber 262. Accordin the inlet 278
my caus PRl TRt e R P BT IS e Al T e et e
the fl owgeopé bPthe pRd@hBihUentidp6 i s adapted to redirect that energy into a

second fl ow directi on di ssi g)atl ng the energy carried by the entrained
particl ed08A4 encour"é‘@l‘%d‘ob"h pigst s fuahefr Htpl%?”tétl'ontsh@“# fesfiresf Jlow

initieg td@hﬂolr@gteh% WitHin tHel ®be bPtherédnit @Rthion @il bealekBifbdde Cihanilsdations
failure r| sk inposed by entralned particles inpacting perneabl e segnents.

However , ¥dnes: iBhgifertn 'QF'V&qgemgl&ﬂ”%g‘t‘?ﬂqeﬁstPrr a@r§$wtﬁ0m%?t'0%oéﬁﬁ%b'e

| npose y@ur@&éﬁé}ﬂf inflefVeliié 8GHAdRB tediangeodasdd © Bs BbW Gohthsl @eBduilshPdall et
280. The tortuous path fol]l owed by the particles attenpting to fl ow t hrough

the produOPFechebErsaVbinghaseePra Hethp mberfOE B VAP AN s Wihilel fece ReTREbIenRAT B9 So f

the partigé ‘?épréélﬂwtécﬂﬁ*]'dbérﬂidelﬁwe% hfe LREHIIYOSimii&etoRINVBRIDhE! PRS- Méﬁbears@f«@eels ng
the outlet 280 fromthe flow control chanmber. The tortuous_path

i nduc®¥ iWhigh vy k& ysedt inifisneresentsigrention. s peMeRRle PeTiidts g{y%tgpt%@ere Sre

descri bednbria Brbé’dl@raﬂé%ﬂherﬁbfﬁ%h@Wr@senﬂﬁgi af lof &e VéHe@Woﬁfr@nM\ér%hhr'@)u rhwﬁ&ppe
of the pr esent | nventl on. K&5071"] Tur n| now to Fi %E 6A-6F, furt
i npl enent™®tdsdnay Bnallewedt tor ov%we rIBEMESISinio e\RpmeHfr?'r%‘aEPSbeF%

the preseané shkey entlb@y iMidebcribm s Glakibes schbgatich ot FigsabABFS réfbrent8 Hun®dérsSF
are hi ghl\éhschematl c and intended to represent_conhi nations of perneabl e

sur f aces ‘Yhaeiuspe imedmestiaupiEigs- SALE thalargLiffreen) T HOBR¢IPRRCE SHIPETS
condups s @ad th!refer GoRtiRK dﬁh@éﬁa@é|8e|@mbhﬂsrbrtfa§tus@someﬁg§ 4 had . eSefitarly, the

invention. Wiile_the pernmeabl e portjons
remaining Figures hereln may use different reference numerals to aid in the clarity of the
description of those Figures. The terms and nomenclature used to refer to common
elements and features are consistent across the Figures and may be referred to in
considering the similarities between the various implementations disclosed herein.

30 [0072] Beginning with Figs. 6A-6C, three different operational configurations of a
flow control system 300 are schematically illustrated. The flow control system 300 of Figs.
6A-6C is illustrated as including an outer member 302 forming a well annulus 304 between
the formation 306 and the outer member 302. However, for purposes of discussion and
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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are represented by dashed lines are visually simlar to conventi onal

W re-w apped screens, which may be used in the present invention, the

per meabl evpantomso®ii | | ustrated here are nore broadl y an@#C3aiseonsiosras | y
representing any of the variety of manners through which fluids nay be
allowed to pass through the outer nenber into the flow control chanber. For

the sake 308 iftoat dagt twd fﬁﬁﬁ@d’rﬂtlbl Mdbft’@m/éaémd)cﬁanﬁtﬁéﬂ%@ﬁﬁihg§tr@(ftur5i Gembei- 516,
reference nupbers. will be used fhﬂ%gonnectl on W i

1 gs. B6A-6F that a
T er ontedBpBa prbdls pUper e e Sontadortulscs i Mitadeastiup fap Snfio
IF dent i CaLch@hﬂb@&nB% or nga??lr@@mﬁmrif:c |gﬁ)len4erﬂz§td>n5tha|$i Wby a5d yeprtaémécerﬁll@zl fieng
i gures herein may_use_di ent r erence nunerals to aid in the clarjty
of the de°é’£i?m6¥‘? 8% Figp- %égeefr—q CoRffauIrgtion Rt FigRy %?Héﬁég qwina@ea SE(J&
refer g0 @mn@{eﬂémmﬁ@)nﬁj@%ﬁl@ﬁitﬁéﬁ& FAj<L 6AMTsi stent across the Figures and
may be referred to in considering the simlarities between the various

i npl enent!8978ns di ézdg%@@dGq;l(QWéfrﬁte 3 fow 2PN gvaismaOhnevingcyiets A0 diem fr}?r ee

di f f er entfioQpedriol @rﬁ@hbé‘rgrsfmghlétaérb%ép@a t8 bfe| S8y ogbn@d'smrgeaﬂ% &
schematically illustrated. The fl ow contro system 300 of Figs. 6A-

illustr at‘@H‘pé‘E”Q A9 FARL alheqrittiels AetrgEs QWZC'P%ﬁdn’i”nB'gaG\%ePTevﬁﬂm fhad é@w
bet ween tth@mb@rtn@tﬂbwncc?n%l ansbdls et epcEBRiiRgy, BRZ eAHRUENREs af M5 BRUrBARES

of discussion and sinmplicity in illustration, only half of a side
cr oss1& ecRONBotERtcH f@W'@"% CP'I‘thE§t’$t5’F‘§dV'tththl|S§%Q?s%féae presenidisglosure iewkigh &ie

nmenber  3G@wadon@olsisten® sffectilbQ Wek U IbibnBPBe Webtind AdiBudMatRS by IR 80w 822,

Addi ti onal lg{ the fl ow control system 300 further includes flow control
appar at udlUshio thewet AnPHes a%gﬁ%mﬂayamhﬁ.wﬂ apnplye @g itaraspesihefiowzpptrol

adapt ed t%s!éhVB@b? Bhaiatil ox mosteéd B&Jaowrarma@zd grart withh® td fow eemtdl @bnduit
conduits 314 and chanber-defini ng structural menbers 316 adapted to di VI de

at |east Ifd WhichHeay havg %‘Hﬁ'ield&heé'BWdiﬂ”fr@' epnA Uit g aPortien <l t'i“?/vlﬁ’ef' [ClaRer to

cont r g QH@fﬂé%faﬁmhmAﬁemc@mmb@dwﬁsmal enentation that may be
represent ed e schematic of Figs. 6A-6C, the coaxial configuration of

Figs. 5A [9%4155 woufTigh GRailjesteptas tH@f'@W@@EG@éd\thear?&P of thevputistepROdpprenas- thfat

of Figs. ififtéfed ha8 §]6E695the6&1a@r§5érldbﬁﬁﬁ§ %Erﬁctﬂrafl |n%%l9é?§“3r1@|ar§%ﬁ6r%rﬁh§9%
havi ng outlets 320 fromthe flow control anbers that are adapted to

be sel ectSiVelRyligpanibstrated seg: Mnft."@clu@m@mﬁaﬁan?ahje Fe@@entmne@ﬂp@nﬁ@able

outlets 32@8nRh&, BRIt %qe?ﬁé’r bR %JdgpteéAto %F&/chénttﬂé’%efdcw&kf fdp@Wn?hB&léngZOhe
fl ow control chanbers Accor di ng [lTustrates a first

oper a#0 ngnteRshiced @Pare- o ne sutiet 330 wut%ﬁelgﬁwar@w@ Kirqugh &N ©b gevasiett s

present digfliQRYr %c!uﬂlnwf}!h%méah%Jah@"(ﬂlgé’cﬂ@tfdhl orSothbembefiéfehd ‘6@'p¥rt|%ﬁ§ of ?fﬁa a
bl ank pipe section. As’illustrated ow arrow 322, fluid in the wel

annul us 30ReEngabla |S@§W”%ﬂ'?ﬁ?’§0qr@lt'rlghé¥m}élpﬁ resPensiue ’ﬁ§tef'?|sba§‘§6%art'¢?é ’T‘P@W
control S¥/fiRNeI8ARs oplofdr %férﬂent@ﬁla’t éﬂeqﬁé\fe%t\ﬁ’éjhﬁ}faullcolé{e@{rrlﬁow cﬁl?ér SI n|a$é' &hd

within the flow control conduit whi ch may have entered t
control CGAHARY Of PBYRr B636% (SUSH agfpe(fﬁ@ 'RBg Pr @h@rs@/ra"@*éietdﬁ\éfnt“éi@)to%§)a>}f§f\wtdh| n

the fpow oM deMtoSP Mt He Ral |hQﬁl=,7rﬁ&ntEﬁ<ﬂ1 ofﬁaesélb&twéFyr@ée‘ﬁﬁ]Etélﬁlef BEyirRieer NS

when one of the outlets 320 is opened | ustratéd in . BA-6C, the
chamber - st $GhERGticdly dbustipiad hrspnedn agz@twegsumlg me{led. puch 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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sinple disk as illustrated in Fig. 5 and include both perneabl e segnents

and i nperneabl e segnents, which together are adapted to provide the

sel ecti vew9 203099y out | et 320 i ntroduced above. The ouPCEUSIRG/0822YS be

sel ectively opened through any of a variety of techniques, including

chem cal neans (dissolution or other nodifications of portions of the

i rrpﬁr neab?@uglegawrdontrgpafam{eat@mu |§bioﬂkl4r§ﬂ§y rr%sa@@ M?Iﬁﬂﬁsﬂb‘sédu%htly and as

mechani ca sl eeve r of her e| ements are i

yar aul | lusBRRS: i 1o HOOrRe oY, Grmot "ot coBkel craoeros o e iabemey Dach

?ﬁ |toe¥ 1;] or@ﬁumnﬁtufw oogeilmrszazw thal@hﬂa?ttinw h?h'ert] tanidla%)ed tb&et&h@@drﬁl&fla;{j@d‘ﬂf@t ogd
a e cal . enen ion of a selectively_opening o may be

as sche p)é%‘iq trmingq Stéat \&Lﬂ%rtge oprofuct 'é?ﬁyt%?q%‘?/ ﬂ@@l F%{H!%é %ﬁ%&ﬂ,g@ﬁcﬁyas

a W r es Wsappedtisig 'esdked dyi the spatested ddnaddsy flaw%hﬁbll @ianttfeamearanbe)utlet

di ssol ve 2%Llreduced in size to a||OM/f|OMlbetMB nt apped wres.

[ 0075] ey r Bt éwenghde ity Spinued3pedielip ERRg q lﬁ’f UciiinZeRe Wil

annul us %ﬂtu ﬁﬁprlor&catrteh@oau@m wpatdtioh f@hﬁﬂ&ﬁrmﬁdﬁﬁenttmca%%atnhenw Inet
320, and to ow cont conduit 314a for co ation fur%her up

the wel | 'éxﬁé?ﬁ‘p%e %ﬁ?ﬂ@@ér‘er@f@“%@ N § QQAMGHAZARa f%r & {PTengt 8¥ni ng
out | et 32dénat£d Mtzﬂﬁl@ﬂ rad niveRtiorider Pedbd \Bhitigld Wittt Ceqlinng a GRWBAGLSe31fMh ar e

Opera i ve at |ven ti sed to contr ucti o rat es
OPeT 204, ursonts MRy bns: (B ari L3 BE ABasee (e RPAY 3 Sle PRESeite: Shedie;
or : ar gegcggﬁbltddhhwéd td the Rt 3200l emre&a:trr:p@nmedédm @ﬁtr?nfeaweésyofanmai BZDb
outl ets tor to st e the ro ction rom
o aeri ar Brelowdiragb RRAPES 16.9a5 ASidmibamtereitdaganuiglen pf GhmL 226 8t flo
produced dulﬂétom&kurﬁd ﬂ@wwaugrobutcehaab@rwﬁ&@ma@rmlowsa@@r@iue@brow satinvdrinite a
fl owt hr ou OM/COHtr anber 318b | déﬁ@”@% the. cl osed qutl et

(0)

Subseque 90'\%%!“9%” g Iﬁ?é‘ ? &F dges rﬁ’“ﬁ“ﬁ 0 eIReRIRYs RAS of

chanbes FIkBRedrsthel inRked2dYo &Hlﬁre%@@&tle&iw @dshtmi chamberd2hap et ifficmntll gbr 8203,
i i determ ned siz When

which is apt d,t retain particles | er. than

e D oo eI S shroreyelh S oy onh diarors ot (e TR et PARRS P Joby
Ey t he agsbrlfrun (lfﬁa&(ﬂ)esamgb)%%@smbh@gh&?@& bﬂ?n @bj@ﬁ@r&rﬂoalltﬁﬁltr?nﬁldmﬁdrehroa@ﬁ)Ehemiy
e opene 0O a C I NU uc on ro 1 O

cont nu LB i b SnaluBE onBelcn e B0 AP e flecg
as sand lﬂa)w auntran dhb][rﬁ)ewaﬁnpl ige difer&itatgl m@mﬁ hiee Fﬁaﬁdgﬁ?ﬂ Qnamtml@rt]eﬂT @ductieon
Zone, (0] ate romtha Zone _can e tal ne or C

ZONS 2 Detiersnl (R 2, TPE BTG PIoal RyIE 0 tatype i, Braser Bl éhs.
t he out quired:aﬁmﬂmylsube neaietﬁ&?)z e?:hé en @Qpialyhb@r@yicﬁame@rt babeegblelma?fbesmm f@D]EHeF ol
co are 1 t he outl et or e e san ro eat S O
oDt S srame ol a1 B g ErodsarTIRRCLe o AR et R ST dbEReY be
accunul athn@éd BRbé BAfatih, by eheowtll, &l theé @@rhpl@goﬁ Ibg\vthé Riz@rghinaitictethe3xdlb,
whi ch may, 2 EOM/t% P oduction to contjnue H cantrol | ed anmount . of
sands or 1§ khBe UsehYEPE GRenngRt ¥iigh A1 JvbRomliq ayslamiis degonedand gayaried of
bet wepd tdueerifadteiss 328 to the respective flow control chanbers may be

suffi ci en%y far to_effecti Velij limt or revent sand from one fornati on
zone (e. d 1 Glhe zor{:ég'aQﬁ Lthgt lpgirates,that on 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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control chanber 318a) passing to the inlet of an adjacent flow control
chanber through the well annulus 304. Accordingly, the configuration of the
outl ets 3x0a208md0®20b i n adj acent fl ow control chanbersPoaysh@sasizierent to
retain the sand that is anticipated fromthe different formati on zones. The
configuration of outlets to retain particles |arger than a predeterm ned
size may rEredRR v SortldpoiRibeRY tcduniihes thegsbsuction fary thee Wi anfidisatéd1€and
entire well. In %é event, the predeterm ned size that is retained by a

gi ven outqré'f‘e?rBS? B9t | uenced by the formation, by the well, by the

conpl eti qog7Ry the Wﬁlﬂanﬁlbs' sn-ebi |FFL§"strtahﬁﬂéWbFoﬂle% ihQ MRSy BSREbI s?é{e%hﬂ)onmﬂ@r in
which the flow control systemis desig nd a variety of other factors.

[0076] Fi Yeoegitiizatione thq fiffgienh ey CP'PFEH' CBﬁ’@b‘?fﬁ HHér E‘leOV‘t prefileHaioeh aniist be

provi ded 3pigt fhreudhathe Rt b&itroB@RaMbérf'@Mt afdghoGeM A QJutIéte@QOJTsQ‘épre%éﬁtBtl\ﬂasoft he
outl et 332 |Ilustrat ed in flow control chanber 318a. Such an outl et may be

provi ded the lamaipiles ¢f dte EmrlemarplitcedesiHeEn e esbAnEstion. arPiaitstiences

of the wejchematid @ﬂ%enfé‘ﬁ@ﬁ%ﬂﬁeab@ati@hs SHE DAShtalidIR &Qﬁé flé\blcbhﬁrdl BbmbBe, the
present, redundant flow control systens. For exanple, the redundant

control s oW Pﬁ'étr%r%%‘QH'[ts f‘th\AP‘f.‘F%rnt”F%‘l‘beéy§rﬂeer?§”%§d®l§"rlgnﬁi“é‘%rﬁ{ SERAPn e

peri od ofchainber-béfinimystiichfalt Membbdse tHef infele tHe0HTRl B, icfd) ard Il PEREEREAtNE tonlyOf
the well i nterval while mnimzing the sand production. However, there nay

be a 19 mendnMENeb? i gBOsted e iRIaManied IR ARY AriABIR CORNIGEAIPND RRiARg dhoses

accept abl Rsagoed0 P Elert Aefil CRETBINEt ASMABKANRE - alltie, %EW@,OH%O@ lof Qhedehe
flow control systens in a conPI etion have becone bl ocked and the next step

is to wi taHPRAERIEENH brIlFEeTRPho AiberRBIM Brandinifsi Rbetextirathppihapdhg PedeFiard t o

open a beoﬂtéRUHé&inb@@%bb\Vb 0F6r @keﬂfﬁ);ﬁl@ élftlet Beo fnhe@/\/\bé?@@rﬁsf dlére&'éﬁrﬁﬁl@f ﬁ) the flow
conti nue the production for anti ci pated sand fin

or oduct | GRNTPEHATPOURHY Blepgs ma@Re@”?'FjPrﬁgﬁ”&U@e‘ffr%\}\/”l?rfm ool Shasnter ow
cont g4 _Sua1Bm 300 ey ienershRORM riithdriseRbh AR iRlsualion<bilbs @Rtrof dyalinkonsy o

chanmbers 318, the flow profile through an inlet : rou

control cHiibdie 39®e ahdha Rresaghinaantsn: | dhe Iy F@”tf%pﬁyé’@éhgg@lq;e:'@f al%13

flow pr 0f|héll§‘c§330fmén*§'/e of MRL CERNL Al RSs ARIEABRL Dbl THR BRSSRAL id N ediid Rt
Simlarly, the schématic representation of the | ocations and orientations

of the fligRlegsntation. EmeRIT®! sysirm BB \RcUsies @hl outs iermper, 302aslapigdde PrRvidser |

the condujnt mi@328i terefirbbH Hhdtko TBATREE Sowt Béhdel 23B8ethe &Githil NBn & HIHWCIJAEBI
menbers, the inlets, the outlets, etc. are all representative only and may

be endbdiwatest 3Q0ig ckspeReEE 3 WethhstU?ttta% ogteg memtzyu BaE defiinesiawellanips HYse

descri bedyehed t%@tf&rmeﬁ'l%h @bb S AT ButeA%qufﬁ)%?r ShRithr 30 M mpRie R RN UesBRseR Of
t hese conponents may be referred to differently in an injection context

rather t Ve h@eﬁmdmtiobﬁy%mt@& oldeige s PBEF '&9‘69@ afgw @%H'f?bla@paraw &0 320

may be coaa%bfé%r@db@ra. fo%é‘c} V\thﬂmt ﬁh% St feRibek @OZChﬂﬁ@%w%tﬂoﬂb%aéﬁﬁ 3“@’ be
considered an outlet fromthe flow control chanber.

provi de fiRFledRsr aks leRshape cconﬂwhg@frnmg stiacterpl Mempes ot eqaﬂ%r;gstab?ﬁ@se@‘@o viovhi n
g B‘_a6|S:235)p%oﬁfroltd%ﬁd@fse?ﬂr\klm|rﬁ"tf%rﬂd\/\PébndTﬁ'@0é.| AYiGSHHIY Othe SI¥R BRI AP pofattd B0

includes at least one chamber-defining structural member 316 configured to divide at least
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 -



i ncl udes many of the sanme features described above but arranged in a
different inplenentation. Flow control system 300 includes an outer nenber
302 adaptwo 20w/05009¢i de an inlet 328 therethrough and t oPrdefise@sasiiow
conduit 308 therewithin. The flow control system 300 is disposed in a well
such that the outer nenber 302 defines a well annulus 304 between the

formati onné’éiﬁbyamlng h@id@unyacsffs@emrthe ﬁiléﬁ3|28ra§ Gist kel BROWITEAY ALstAed RSEIg] bed
above, Lﬁbf | ow rln ﬁl?g of Fi 6P- 6F includes a flow control
appar at us-3H°4Y ?}t 'F&p réW (& Bissdbends € ﬁ + HeSUNR BRPIgrBRHatonsp Yo 4RO ow
control a;mmafrsahu@ bal&ehrmltué%an@ttum@a@bem&g eaNnKklfbwdRframetats aédineatfor e
menber 312 deIgd g at | egst t%efw)tg roI conduits 314 within the flow
condui t FFgicuRgaelli g1 ?Q}ﬂortqﬁ‘@ BRIGUCILpPHIRPEY- 310 i ncl udes at | east
one changogeief i ni ngs lﬁttj§t#é¢édllrr1a*|g Wbl@é s&ddndCRibl 30 8 bpkRed bNédBedrstl Rast
one flow caontrol conduit 314 into at | east two flow control chanbers 318.

Addi t i onaldlys effﬁ@'\/falycﬁndé%ﬁppﬁﬁn%mmﬁ%yé%a?@%ﬁngﬁ S804 Pb ofebPRYEleat
| east oneazrautﬂh@tse%%ﬂvé HSERIRJET thé BWt<t® 820 allovedABRBEra8d 8o chRY He s RGUINE

seen in Figs. 6D 6F, the flow control systenms 300 within the scope of the
present i H@M‘ﬁ'%ﬁéﬂ%?mt% cher@berio b somBiraPISTENEAlien e pRFCvE QRERIBALS He

chamber Fl@etsHeldopwbing &8 tHé%Hﬁ@é&rﬁau%f aﬁp%ﬁﬁéﬂl@ﬂ%afnéomr% BontRIPflodh fred-
6F, it can be seen that a first outlet 320 1s oO@ened in Fig. 6D to all ow

f I ow 1thr cWffACE i eRepLBMmQUet shagrseiabig becappe dsiave dp QPEO'”QsaerHWtdEH”% th

a per meabhoddRb tiheBasRP rigks O TR {RgdiMies érOd&ﬂh%é &b &ﬁé ;ﬂbddc@i@ﬁted@ﬂﬁnédtow
i npai rment nmechani sm For exanple, the outlet 32 be provided with a

screen orAdeioRal,or alternaivelyy crrrdof|the dé?o%sh%ﬁ\ecé'vﬁyétﬂ’éﬂ@grﬁqqéﬁ ¥ may be

Addi ti onalffeyte@l patishve ]yn@P oMy dirdke spatdiet oB%Qrfé@aV ifkavadRnat efot exsAYIBL Beact
mechani cal failure of the screen ornesh by being fluidically offset from

t he i nl etSe§9% opeNedioyliels¥ddn Aigh §& MansLG FQ%‘QHW&ttQGp?W\WhP@ prespyrediaE Bigtiiom

320 i %5 on,%ﬂtrMHawefa@mtéa@éedSSacar&%f&muhéa SENPvint NFlRERNANHRBR, thEWWheOfirsiTDI €
outlets r%?( be open at the sane tinme depending on the flow paraneters

desired foitletissufigionily glogkediry partiglse Ad&ﬁ'@f‘%‘h’ Hreiemativelys Y‘ﬁé’osﬁt'eemaﬁ &%
equi pmrentsechiPS@iet Hthinlthdishdnted tndy b lficidrto ﬁéﬂ@eﬁ@éﬂt‘ﬂv@%bb@éd B tHeSfirst

opened once the first outlet 320 is effectj vel¥ and/ or substantially closed
9

by the acdiFUPERIMSS BATICANY bircked hdior §XPMPer BsFiggdk. thenflovs iy Berweleapdisi ng

of the 0L3d46£~$nuaﬂgtealds%wﬁ@ﬁo@lp@gmtt@leﬂt OTK\Té)ﬂé\K/ Qill tha thlePwrithe aithsZshend
i ndi vidual flow control chanb enentations, the selective

openi 4y dontitHe Bube dpt tPéef&Hﬁ‘f‘P%'] tloéfarqsrtB?nf'f%é’pEWPQ a¢8 (flystetishanAgers i kigbl e

means. Tlgp @ﬁcﬂlfcrdébd firk e1y. YGE? Ntbracfod erc@P NI Mt oﬁlr@ctoslltis%tntlhlsﬂcﬁr@sci%%ad)lr%
an outl et do not introduce increased risks of

because del ays i n openin
flowi rrpéePﬂ%dn?U 5t 3 g“ecr%'st%’éf'%er’%&a‘éﬁ prepsusg anpinghipe firghaitstonal 1y or

al ternatipggsy ContAs‘)'deQénbbBeab’c%' Y Ss0RR ﬁﬁéle@hﬂétu@rﬁ%emé"%té?jéH' &t SeBéReRY
be effected passively, or without direct operator or surface intervention.

For exanpiPeningipstiels dgaycbeipttrepenied fas thespuspese ofirgaintginingaRrogection fteg QYed@nt o
open eyl Red Up&iddr 8Mihe #dnPWh Osdme| scghribeli BeBiRmad&HS Additionally or

predeterm ned set point selected to indicate that the first
alternatively, staged or selectively opening outlets may be implemented for the purpose of
counteracting different flow impairment mechanisms and/or different degrees of risks of flow
impairment. As one example of such an implementation, a first outlet may be configured to
retain a first predetermined size of particles while the second outlet may be configured to
30 retain a second, larger predetermined size of particles. Accordingly, the well, or region of
the well, may be operated for a first time during which all particles larger than the smaller,
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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outlet is sufficiently blocked by particles. Additionally or alternatively,
the positioning of the second outlet within the chanber nay be sufficient
to renderwptosidsewti vel y cl osed until the first outlet PeTarse@s®ss2fs ci ently
bl ocked. For exanple, in Fig. 6E, the flowin the well annulus 304 is
illustrated as noving fromright to left. The floww ||l tend to enter the
inl et 32&3@n@kef:tlﬂaéu'teau;e|nid§udhh@ dohdifién E@W| tﬁfdugﬁ&ﬁ@eﬂlham@wgaeds g@idﬂuﬁj fé)ia rtﬁ@ckeg. |
openi ng ustrated as en in Fig. cl osed i ig. ura
PP ow 1 or CESMHeT 1 M RGe i PlstterGlb8s ah o bor FRBap sz cpenit bare e Bz 1 15300
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nmechani s rgonaméldupetttioh bEtht vﬂﬂgélﬁﬁhsas(lﬁe Womeseodostd, ew. i npai rnment. As one
exanpl e of such an inplementation irst outlet may be configured. to

retain a PP$4t pr ed:ég%ﬂrﬁ ﬁ@oscé‘ﬁﬁ’@h‘éef”yﬁﬁlﬁt"aﬁ &4l A F"énat' HEPsaEsIoBYIta doWmay

be confi Qjebhﬁél §y§teh%t\ﬁtH'h ﬂhe%%@@é‘@f the PraiRht |Iﬁ(/@rﬂ%heml§'dé§@nt§éd2&)ooé mgg tﬂACAr%G
Accordin region of the well, nay be operated afirs

time Yur |g5r% Wﬁfa&@\d awpéﬁa'r@qn@w@t'@rapb@ﬁ inH’a(FP”ttrﬁb%sFﬁaW?r and Figsy 64 6F '”UStrated

predet er @cﬁ@rﬂaﬁdaﬂ? fI@\Vijlég%@b '&ﬂ%a@!éﬂsﬁ&@ﬂfﬁ#ub@é @an@g?dn@ﬁé ah@ﬂn@léh'eﬁiatlow‘%n
the second outlet is opened resune or continue fromthat chanber

and wil | bﬂ‘l’%ﬁf'%ﬂ"ﬂ‘?reilnef'%r% 'l"éﬁtraf%a%f‘ eHEVIgW hAdrTHFais v pontel Ysiem 880pass

t hrough tAwewmn tHeedtherSHiplenddhtatioRk QEBEHRHI A dEXed B efd, ttRd trfurshrl fdivf doptbng
degrees of flow quality and/or risks are tolerated at different stages in

the |ife Sypteq \ﬁéal'”d!ﬂ’@ aBPYle (SMPst 92adefining an Jriemd fownFeliitatifon Ast

the fipwnhbtal insyigt M #R01Mebsdur Bed ik ffurtired Qiyté%ﬁ/ Stdrol Bpbatdiu®w10
perneabl e portions330 are bl ocked. In such a conditiaon flow {hrough the

chanber 318UYiRQ CaNBE-d5TiBERsUCHERlEVRPLeT 312dRdhe fRsmedtehiestRasiions i B2 el e

accept ablRr§tRnoRBBY dvidRER Al |c6ﬁdu?rt3c?08 s thrse NEW @Hﬁ@lthhﬁk Bed 3drfy one or
particles or ot herwi se prevent or counteract a flow inpairment nechani sm

Fl ow may P& MbudiwBay R St HED N RyFhager- SPf'@%ﬁ%‘&t“rﬁh@en@ﬁ@h(”ﬁhsmwn)

i npl enentel turdidd ShfigeRbomBsmof g, HRRMePlcaEME Vst the $éﬁ'|dm§$né?ﬁ@ﬂ; iRwhidh zed
or when the risks of sand production are acceptable in ht of the other

condi #9 orfonduikaRinigeiruptal ’P?f@b%réﬁ‘ﬂ?yn%@'%%?ﬂd? dyife e ﬂPWé:%‘I“F 30&ihwes

t he wor kaytahoreGrons cortiob cob@M82314F1 B%e phtitfor sC3 5L hRdiyadd §@Hflere'd| adsdlidaert 1 1 |
addi tional inplenentations of flow control systens within the scope of the

present iMPERIIYRE pTIgeed e pERYIdenRyfists (pppEhownAn iy 7de SUCh @stheseatpsgribed

coaxi al casdwhars atdréin, @b Allde flo@WbEMHehOhdjaysHtefdy adthtrbl EBnd@i- @PF4 and/or
illustrated schematj cal ly flow di a%rams characteristic of vario

confi gur aFﬂ“?B}%rSand\qu‘BP%'né?ﬁrﬁt‘i‘%ﬂ? t 6¥a5ePleRe OF riiiiyEd et ARIRT npii"gfure/%ed flow

i |1 usss at(@ﬁtrargyg@qqs\@%vgr@br@.dealB‘ew\,\pat ed flow control system 350. As with
the ot her i | ement ati ons descri bed and cl ai nred herein, the trifurcated

f1 ow contlP¥3]syst erhi®50Bi previdaes sphesnRticr ety o panaai WRiRMeHation &f fal
f1 ow conduichteddRw Ahtrol 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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illustrated in Fig. 7A the flow conduit 308 is trifurcated by a flow
control apparatus 310 including conduit-defining structural nmenbers 312 in
t he for mwD 20twesesgpartiti ons 352. The partitions 352 di pCaaszéns/ogi2asv
conduit 308 into three flow control conduits 314, any one or nore of which
may be divided further by chanber-defining structural nenbers (not shown).
The tri f ufoRat@rof 66dugsI3asi an exdMpRiry im@emdalichs! el sRIeadxtetr Mbwt ddatrol

vari ous nman n whi ch,condui t-definj ng struct | nmenbers may he .
P boasd oBaGI 148 aLSe TERe SHoTPY coBd ey UR hETBar o aur condut

condgi ts 348.mdhiee rwrdpehlf_@mnua@&ljémﬂovbef mﬂdlsf] thg(blj’gﬁhdhia:%tﬁrﬁd stéin@.aghifar as eHeor
my e con ure rovigdge outlets not own I n | C t hose
descri bed® F’g g‘Pé”?{ Pe?f |19t heo%”\g’%\%e FQ\éEHCtHEﬁ' g’b%ﬁ?gr? |36§/ {}d'a QrBE’
tc0_n]9IUI 5 stuﬁdtdduﬁ%fl{eornn@hmm%rr 362%@' t'thﬂa@tﬁtl,onﬁ@Bﬂ ARt ad eshfigy@andsesoliaf panels
rirturcated, and/ o

rcate fl ow control ste 350 are I‘OVI
bel ow. [ GHEAY Mg0e ?B”'iﬂ“é‘?/r HoRroyl §&H’3ﬁf§t(i”8 @HH"W?/ ’\'L/\B”?B)aﬁlﬂ?*hé? ose OU“etS
I npl enentrstiedoéisewhare ardraif, fd aVevE BBk tsEtwedts bafatert bw éEntedt orBditsCahd/yr
il ustratcg]sg% flow control system 300 in a coaxial-furcated configuration
360. The ¥88%FH -furcated configuration 360 is yet another exanple of the

vari ous 1BOS|rs in e chA-8Df F@Wd@oijétréﬂotl@é?péfe@ﬁm&y?’l ISRt BP e pEidd

within an outer nenber 302 of _a flow control system 300, As illustrated,
t he cHhxi b\'lcaieGrQ%‘f'@dfaE%\gﬁ%urT&‘ﬁ igIpleseh tation) 'U‘d%@teoij 15‘I ﬁea%tsyow that the flow

condui t - dghtrBil BEp&hfudCBYO ahafBRBeds RdiBplel BeddfidReniAg stARGIralt Wiithsrs 352 and
three partitions 364 extendi ng between the outer nenber 302 and the inner

t ubul ar 383POospAADY CPRIAURRY Braryi sHitaPlRgNIMeT ihAERigsatt prst Ao flsanirplgenduits
mul tipl e Flaovers et I ceANABESIelihdd bYdaE P ddnibert3ne. 'Aﬁqmﬁst]'fd#@dﬂnaﬂflﬁ?’gﬂ

provi des %/et anot her flow control conduit 314. Any one or nore of ese
f1 ow contth®|cogyatiyrqateds sanfigwation eRQ, eheelivelit Brof"ldé?/v T AHAIBY of reansettEc (flowt

shownjs t moﬁuglmdnb@tw@ﬂaotaw&@ﬁh@mn@@n fheBe B MKW RheMRBRIBFS3E2N OtheSHLANN) |
whi ch may be adapted to conform or substantially caonformtqg the di nensions

of thefl dﬂP’EB‘?ft'P@Pd%Soﬁtdﬁ?ﬁtsonﬁlﬂ'et PE B splow 90r]d?lﬁ'1$I3Qﬁeﬁ'ﬂdaf’?’8ﬁ‘§a”3é5’ctﬁeélp""t he
exterior doh@W doantit @l4sconduits 314a may be formed into flow control
chanbers while the inner flow control conduit 314b may be | eft open for
uni npeded098Jw of With @sntinuinsugrierenee dubiihgBAt praggthedivid ihap anderefdhe flow

schemat i Gohhlit§8,at isoabi@to v withifh thé h‘l%w%%! e 3188 delifdtCh iRl carRRer s
312 of Flgﬂ?ﬁf 7B, including the inner tubular 362 and the partitions 364, may

be coffi B9 axdrusiyirgl ynpaRerss 3 thdhe rechagpendeinng stiveie@l menhessidde s thet s

(not s hOVB?Jtérﬂné:mSer 30B) Fhﬁd’ﬁﬂh@%ufehﬂéﬁ cBitkdI 8bSdHESIAhI P 8 die? &R BB & chehBém.
to allow fl ow between adjacent flow control conduits and/or chanbers.

[0084] Fij$a rBav §I§”p?>@)tvtf‘ﬂé'oy’e‘fonéfﬁbﬁ'l*ﬁﬂb%@éﬁ%‘%@'“?tﬁﬂ?@n@ﬁv@?‘i’ #hther copduit-

coaxi al f Lbre%hgcgt&lemrélgﬁérﬁbéro@@%.cﬂ byl wbﬁyr%n&e?&é %hﬂ bt Hﬁﬂét %&ﬂdm@ flkiidg -
8A shows that "the flow control apparatus i ncl ude mul

condui t - d‘é’f‘lrﬂHm@t'@t‘rQﬁEWﬁ@rhlthQré’H{%rféo“BPQ”t&'sﬁﬂﬁ‘gé@ Hria @%Fh@uﬁ@quﬁtﬁﬁw
Sui t ap3 € JBRRBIEConkAit Bf &L ﬁ’hétcohﬁgﬂﬁétldn“&‘ the Rl @by GAA0M e g bl the rﬂotme

fl ow conduit 308 defined by t out er nemnbe As il'lustrated in ?
8A, impairment mechanism for WhICh the flow control system 300 is adapted. Exemplary outle S
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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t he coaxial -furcated configuration 360 effectively provides a plurality of
concentric flow control conduits 314a, 314b, 314c through the use of

mul ti pl e wonrzero/asodsul ars 362. The outer nenber includes &CTIUSagi8/0822¢8 i nl et
328 to the flow conduit 308, and particularly to the flow control conduit
314a. [0085] Wth continuing reference to Fig. 8A, once the fluid has

entered tdaedhl wvmam@acguptbé’ewsen bgabéntarme% tMaddfasuimd B a1 wirdavrbbood saBém &
ui t def.i ni ng Str ctural nmbers 312, the

chanber 31 defi ne

chanbor - i B PP mYaRGe MRS Il G b Eee L BT s ool @ | n
t he out erce?tbmvgabowatweén N8d)adend htkas 0 Somiét igipldnientations tof elitadlasiter médbarsmay
then exit the flom/contr§$vchanb r thro§%$ outlets 320 rovldgd in the

condui t dEPRhPHPAVEGYES AERgEe PiSh UREH InmaByfapireypy Ve[l ngh Ve M RRRES}
out | ets prs@véeehisngcdrlexiampceormurbcﬁwn Wa@@bt&@@ﬁbrﬁtﬁ'& rﬁél} 8k présured ORtrappiagrdui t
314a and the internedi ate fl(ﬁ‘%ﬁ ntrol condujt 4l% The conf i guratjon of
the out| eYre3WEHPREY SFHS) BlepetihirRg RIKD tthat Y"PB‘\% PTRAICN nRAOH RIS thep @

whi ch t herédawnaesd siok aﬁ‘smsw@aspmgahe Serdpptienl at Rsempéraror aub Ipatts (fRygapy Vi de
a perneabl e portion, i i

uch as descri hed above, adapted to retain particul ate
o er o dreatB e dsRaial fredteab R Mt Spaton.  ohBEpbnEN Pl et dbabet
confi guraiouranb@fwrbb@ed)ut &bryiRTPRdhed 03, crehte Variag 18vsds F Pertledige fsediichs or
i en the well annulus 304 and the flow conduit 308 may be

com‘ru;g(hcatl on Lerwe
adapt ed t'GPEBL SRA'9FY- ow i npai rment as described herein. For exanple, the

inlet 328008y be a 'IVMehﬂmW@B@I@% $67 AR, bePprdRiaBd iPh R&iHer Gtttk ite IheafRphed
for sand control npl ary configurations of the outer nenber 302 ma

el oda” giespinesk fos 6 SIS Heoy 382 Weing- Wiy erBRRPOS SKERAD IRRUMRHE b SEb i en

adj acent \aie§Sf Wirdtcohfiguratidnis GvBitdbld hd BaiaRetly & BﬁéHe@ Nthe Bbletd 320 Wédrﬁyo
the well bore’l ar er than a predeterm ned size. O her portions o he out er

menber 309¢ REYN ep‘?%erfé”ﬂaB( be Rroyidedin %mL@'tH%FnW&O”EQ}Eﬂt'%@ Witahik fgsirpaining

i mper wamaﬁnon&t &Tdn@ préviASRfse P8z RO SHIG @ r AfterBafrRIyTRADP&nEREIedorfinsdon
W re- wrapgedscr een W t hout ap between ad%acent wi'res. Manufacturi ng of a

wi r e- wr appRAo¥GoRkR! arPafRIpS 3uildbin compae tarthe RAUNG3bIR IR ONVING (AyeTgNemBeTy 1 e

at a presgp) Rayd2 drevigéd hotheiufiifle InhPEisAbbrédde PRIMBREY funBtGHIIGCaIth as
wires. Sone inplenentations of suitable outer menbers mi% be manuf actured
e-

by varyi rige BHECHEN PR UIBISALA FESETRAEN COPRRSHPT WHAIFIGH: Pe Ihiapip@anialonsens.

For exanpitre @tColfet Bz@ﬁomfth@nowbmrrolrmm@ér SR is R daep 8 figyh Weamel 318 a
W re-w apped screen at a desired pitch that would retain formati on sand

| ar gef0 t Harhg fiove geted rﬁhﬁ'é‘é%l%@atéhﬂeﬁp'ﬁtdp'ﬁn@et prafigugion of thePullet Makrbezer o

or zero Rivhfdbld. nt?\s%@éus%@d @b, ah@fuRkaMN bifadtliMet B@@%H@Qﬁlhétsr@dﬁ BroSige tanon.
O her portions of the outer member 302 coul d be wa ped at vary| ng pitches

to creat ém\‘?ﬁma}%e eag Lhesefgre ﬁ@”ﬁ%ﬁ%d%t&ﬁf'f‘6‘ﬁ§trHFtUrW%§ﬂ%'fh B YpEIn
[0087] Thge hiiGR OPawburhah@ wah AnAdls BE4 HreYdHIBE inlét 328N REGst hédNahdbl dnddee

manner descrl be f?r %mﬁ o%th etrr Vantr)ner r3?22 usL[ng1 v¥| ;e ftr?ep,oed screen
t echni quég qﬁlq{@f)qﬁg g structural member 312 due to the force o ncoming 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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variety of wire configurations available and the variety of pitches, the
outlets 320 provided by the perneable portions may be provided in a
mul ti t udewof20mad99gur at i ons suitabl e for retaini ng part iPCras2aB/08a2ys
predeterm ned size. Additionally or alternatively, the perneable portions
on the flow control apparatus 310 (as conpared to the perneable inlet on

t he out er31mamrdu&ﬂaéedmvb%nars@Mladaﬁtherm@fcmr telddtia el 320mRaIes provideRo9\d de
t he desired ng]Ctl onality, h as r]e sel ecthvel%/ ﬁpenl ng. outlets 320
descri bedSHeE ﬁr%&*ﬂ‘?rbﬁr\)\ﬁ‘taﬁ‘o egSuitgole | Goniigplions 19 4ptalh §aliRiEs datase e 1Bt

ggg fr Omhpir&ﬁtéﬂnﬂf%d:@llz&r OtheCivana@hin3h8 mtérri]ﬁé'd;uat_égl_@a/! tontrof E@rﬁiwtfsﬂm ﬁnb¢ thehl et
to the ow cont reater exl ol in the ont i

of the ol@SethTR¥g %%@%‘? I”écbmg@ moxgﬂavvsceatge'é@na%%ﬁg £R&e% by ﬁ%arrg 3? set

i nl gt _ ?Z?r?ﬁtﬁy b |cﬁutgﬁu<{$r?émyl@ncmglntg@ irBrndaRRE mre@bioatrpladwmhtems, ﬁs%_e?h@ﬁ@t&{] ,
conaultt-daderi ntn ructura er | er | O I N . ur air.c p

from t he QWS Hkn 1N €XFBRIEt Rt %aheftt?!@t OHFé‘% R@z%l 'gb‘ &Qéf%‘ﬂ nﬁéeﬁ%m?%tﬁ f@’&’rrage
to the Ch3f®|ﬁb@|r cdﬂfunnemago &iewmtayrtab%kgggb@{ a&i’cﬁe did;@umgllafldﬂe fher ?Lﬁid@fm?}hﬁflow

i ncom ng n e.exe ar conri gurati

Choom 19 indiuding R lofhe PRt bl 20 KuTpI a0 Bradim TR S Tesesthnh SRR IOMer | ow
control qxamiwt. ibS ttﬁ?blél Mdlﬁdl%lly Bﬂél’terhéltlmél}iilﬂ% &Etaats/\/nbmhharmeffrg%oim@rflom déind@ﬂ
Into onglt (0] ondul ts epartltlons ext endi n

it i 18 Fon e ey B teBieal ot 0t B forr iU 1) herigst laMar Ty
fl ?ﬂ\;v COﬂ}EdoﬁHuiﬁ@T\ﬂiali cbn&éa:ﬁ?tﬂbrd@tpgbs maougml taé ogfst iﬂocfgifgth@rlﬁtehh@dlatgﬁﬂfﬁvml bbe

me er o t he ul t erl struc I r een oW arr ow
Tee Th RiognognS PG the et B Hamids Poutiiity o6t B duies Braindic srnapdiestioatitn of
ener gy cané @thdeanidhire bhttofithepasiueasi flew @ore@ntéueoﬁﬂm\arréwgm udi nal l'y

within the | ong| tudinal flow control conduits 314 created and defi ned Oy
the f1owl@88rol agpaPRedePiemeniasivas the quter APy goste ropayihp14rptrbassegiatedas

seen py fduaut AbY Bvsd3pRd tJffsﬂ)vfdeoa\h |n$na1 hm tb$&b|ﬂtl e} pmubywhnéﬂahmhgf.h&e
chanmber - defl ni n% structural nenbers CQutle

sel ect i vélicse H@SSOUWQLtha”dpFr@vlnbeémPp@Fedﬂ%‘%rﬁ?ﬁﬁ?'c%ﬂdéﬁ %épvﬁé\é’naﬁ%’é'aﬁﬁﬁ er
| ongi t udidydkt ﬁmlag)wsec?uuffézj tocHradidbta BiAitan® fchRve HheNBEghdtes] orgitioHsliyned

fl ow control condui di scussed above and simlar to the inlet 328,
the out | éltemsdivelyle BétebPB@irﬁ%'a"eﬁﬂﬁt%f'%ﬁ%t%Icén%ﬁstﬁnér?séﬁ’c'?tﬁd SHiRR &Y be

sui tabl e é@]ﬁ@ffahﬁb,llﬁ/a&m%lr bAd rpﬁé\ﬂdjé\ r@@JrfdlaﬁJ:yG%t e G@met ReBI 8f PRQHST @5MENGthn
size. The flo he internediate flow control_ conduit 314b n@s{then

pass ?%r&f&{'”éﬁqgéqesﬁd"tfﬂpa t'Hé‘”D’rﬁYéPt Shewd dbm e 38kt @nd Q#?Wooar esslen

by flow antéibe 83W cofduit 08, iHeoa\atéronwv &dlﬁﬂoﬂ@érid‘iut@ﬁ@é‘gn& Bgsdd’ttt@d pEdt pEvidel ow
control condujt 314b, as_seen by flow arrows in the event

that one f"st R&migLiq @Fs‘”@t’i‘@t'q”r‘Efrﬁatnﬁé”tpﬁf‘%rpﬁ‘?é’d‘icﬁ?réSV‘P%‘(}V?’ZE‘)ntﬁd@Ft'OE%'Wdd? thez14p

becomes kdverkigt ¥ dpaet 320/ ford @Btk edfldve Bontid @omduitl 4R a i@ Yedigrdd to allow some
| ongi t udi nal I% to the other outlet 320 to maintain production fromth

respect i & iheptianr ot NG Ry BTl BRoRANE! THER P Hﬁaq"ft@ dhe é”t%*ﬂ‘?f’é?t?\ﬂé?w

the og4 | Qioﬁtrélrd@)ﬁhﬁthMU’lérﬂf aRdtiatedy dutievprevine ra@ec@ﬁlﬂﬂéﬂrlbr RUAS inTmyatiBe of sand
fl ui di cal I offset not shown) fromthe outlets fromthe outer flow control

condui t 3'196 © prrdecianestieall: os Lﬁ%\%‘%wttwr@ﬁ}?rgm@s%?ﬁqoéto‘c%ﬂl’f'ﬁ’ eRllytqffget inlets

i nt er nedigygeoiile®yy ®eMdwlcontrol 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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conduit 314b to the inner flow control conduit 314c, the fluids are in
fluid conmunication with the surface and are part of the production flow
repr esentwo 2by/dshaew arrows 374. [0089] I n sone inpl emenariusa®gs/osizes out er
flow control conduit 314a and associated outlet may be adapted to provide
an initial filter to retain larger particles while allowing finer particles
to pass trbfepsigh @mtbdrbe Tﬁ&érf@ﬁﬁsam@stfdt@\d\h@@ﬁérﬂgﬁs mﬁotwrme%éb/v@@d(dashed
associ ated outlet nma a]fﬁaqpe rov deaflq filter to g\gg
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outl et frEdANY BARGHTRIE HRIPFGR control conduit to an adjacent flow

control qmm]lt Fl i<l g;nwumowbl am dxampre of e glohwdbitadl dykew @00t futther
conduits iJlustrated.in Fi 8A-8D may provide still further redundancies

in the fl3®PIs4t1RS UBS IhePFie 0'?51 [ﬁoa'rwcfw ihe reuerse & i INIgCMediFachaM-i #58i et

nmechapg s featmé&® dpemitioBs! BAd/bPGrad8ichadking @pktdtions. OFigh NeA-oDtdretahalbgs el hahyt he
partitions 364 ma)( incorparate the fluidic offset principles, described

above, sUBPPests IR Mserarrielifeisaisdacandaetionises ¢fy F'S?*f Setlr ABen SRk 1efesencs2s.
Addi ti onalunersls rafet & Biatilay @leynen®MtBER tBEIr express recitation here in connection with

Figs. 9A-9D. As illustrated in Figs. 9A-9D, one or more of the flow control conduits 314 may
be configured as an injection conduit 376. The exemplary configuration illustrated includes a
30 shunt tube 378 disposed within the injection conduit 376 and nozzles 380 extending from the
shunt tube through the outer member 302. When a shunt tube 378 is used, the injection
conduit 376 may have sufficient space remaining to allow the flow control conduit to be used
for production purposes as well. Alternatively, the flow control conduit in which the shunt
tube is disposed may be adapted for exclusive use as a conduit for the shunt tube.
35 Additionally or alternatively, one or more of the flow control conduits 314 may be adapted for
injection operations without the use of shunt tubes 378. For example, the use of solid,

impermeable conduit-defining structural members and appropriate inlets and outlets may
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partitions may be disposed in longitudinal alignment with the inlet 328

while still providing the fluidic offset advantages descri bed above. As

descri bedwalkowasowhe fl ui dic of fset between inlets and ®aTiusteasmsazibe

i npl enented to dissipate the energy in incomng flow against a solid, and

therefore nore resistant, conduit-defining structural nenber rather than an
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connection with Figs. As illustrated in Fig 9A-9 one or nore of
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Additionally or alternatlvely one or_nore ontrol conduits 314

may be adsREE ol NG AFERtICHINEgERien Mo 'Qf‘ndgf‘ at”ﬁé 0§§%'”H?tr§%ﬁ‘tth? GeREx37g,

For eXamﬂfeoouhh#lnyslﬂeoiarﬂolnlﬂmatlbrﬁm@?v”ml@ne‘h@ﬂﬁéﬁﬁan@ﬁf igitng S&d léﬁ*eé'ﬁv@' in
menbers and appropriate |nI ets and out|ets nayenabl e one fl ow contr ol

condufd tQUBETRE &f ¢ERCts A ela BiHlddPeraien Lo W‘?l fradugion FHIPBIFNT f ABNIRBHYr ol

condui t its tAe iRt tfﬁélrln@r’é%&ctn' 94hdOpRIdattiodngre died hEswRIRY Hth QdrrebpsiaHy
tubes 378 and/or injection conduits 376 nmay all ow t he rgr esent fl ow control

syst ens t'@)crﬁ%s%sé‘d"\falt?rgPWHF I99a dR® rRyesRTdr Bt Gi98trols sygieras Mpy e sdactive 1. s.
Pat ent  Nauntérifd heSPdter prodGtidn Aok, impaieméntIndchal@m. [ 0092] Figs. 10A and 105

provi de a cut-away side view and a cross-sectional view, respectivel
%&éﬁ@ of

yet anot H8093np| eneﬁ‘ﬁ'ﬁ*ﬁt@rtﬁdo'f‘ FigoWOe ehe 8P wsq%%nqe@wfmaﬁlpﬂ 4R én

the pssseapbubmyeNhadiy aNute? nﬁaﬁb@rcmn%t efrR8Td Bl 8bh@Mk 482 Whthin theSlohat ed
and described separately fromthe inplenentati ons and conflgjuratl ons

descr i bedCaBdl ¢08tip isnosed rae §oy pntrol 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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aspects of this inplenentation, as with the other inplenentations and
configurations described herein, are interchangeabl e between

confi gur awpaen/0589n exanpl e, configurations of the outl| @C3/Uspadsiosi2es s
descri bed above in connection with the coaxial inplenentation, the furcated
i npl enentation, and/or the coaxial-furcated inplenmentation may be utilized

in the ecsginers Heedlhi gusailugifatdddn WigdOtOA sRC DB Ctheepeter trhéfb&f 486ICdnd

features or conflg r ns in connecti on th the eccentric con ration.
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equi pnentP® ‘PF?é'OB% %e"@s&ﬂ%/f §hiQ BigN Pﬁ"t' rgeid fh grefgerinined size
illusts at(@dpﬂoﬂﬁb%n@@ﬂw@%&o@fterﬁ%@@@r@rtbﬁl@vvt|hﬁaaﬁrﬁh@dt)l ﬂhfaldultéraﬁ?]rﬁﬂerﬁ@/\énd/orf
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outlet 426 adapted to provide flu comuni cati on between the ou | ow
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in any suitable manner to counter one or nore flow inpairnment nmechani sns,
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out er nMerdafodéantRd 4485PRREREIS At I Aol i SRRL 41 Ie§§rﬁafdaéé‘s§eémou tH%e
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appr opr i ddet 4g6dran Hrmﬂqmﬁcpré'toéche\mﬁqréwﬁe%@rfi'@gut leenBuid gaiese h@é@wwtrab

adapt ed t&aﬁ%&ﬁh%ao%%tnh}%lrﬁﬁd|t§/rt9§6a§mnﬂcﬁv m{e%d@,fsermer@@mﬁea@eﬁr%g &F&Ydrgle
sone ot her counternmeasure to flow inpairment), the outer nenber 6 and/ or

the fl ow BeRbeof 1 gpartae wﬂatwwck% I%&éb@aﬂw&f rté@i*@dzty4themf”é'ﬁt%§and

ext engs al 9asted N %ﬁéétﬁl@ ||s8lﬁfétdhsf\%};et\nﬁle”%n&ﬂﬁg %nhhué!ﬁtp‘?&)tu%ﬁbrprofqmldé QURY
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t hat the a@w@mmpdso@j@ﬁ ﬁ@gg éﬁrp@glp thgavell 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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is provided with two types of conduit-defining structural nenbers 412,

i ncluding an inner tubular 430 di sposed eccentrically within the outer
menber 4080z2nt/@dsiidi ng the flow conduit 408 into an i nir€r/Uskas/osxzag r ol
conduit 414b and an outer flow control conduit, which is further divided by
partition 432 into a first outer flow control conduit 414a and a second
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apparatus 410 to encoura ormation of a natural sand pack in the

t
B aiedng cbrenanaas Maalen dio T Mg (1T rtah v SEBRo, GHarTESw 43 8 e

chanber %&ﬂd@%%a%rbpy&rﬁ%ﬁdkﬂh'%o%qm%'i&%hoﬂé%ﬂ&ﬁﬁw?%ocﬁd&%@%fﬁjstth%oﬁh%
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provi ded by
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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configuration 502. As with prior illustrations, the flow control system 500
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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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[0101] The stepped configuration 502 of the flow control system 500
i ncludes a tubular 510 that includes an outer nenber 512. As illustrated,
the tubulwo 26WMsbevel udes a perforated base pipe and a WPCEABR@BOEIR4SCT een.
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in the art and are included within the scope o present invention.
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Accordi ng t he perneab sections 530 are one nmanner of providing an
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may be arranged or adapte ein |rec communi cati on Wt
i nl et 516 chemisrst o The dlowbcantia) @@notwésmdtflonmeoréﬁércggmbarrsr@r@md@yedm@aehfl@w| ng

fluids andyaihs 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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particles. Additionally or alternatively, the inperneable sections 532 may
be di sposed so as to cause the outlets 534 fromthe flow control chanbers
536 to bewDl2oiodise®itl y of fset fromthe inlets 516. Wil epPChaSeéososingt ed
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contr 3’45 chammd d.ba fRidBVthdewbeld usitkaiisel ey @ﬁrﬂﬂief lrtfkssateg@ ableetot b@\:’éd@rﬁact@ﬂdwn?
prOVI € redundant, count er neasures to resi st ow arti ry
T Ow | e COHBMRONAING £ G s P Bl P I AP T oMo L ARl P RASNG
scaling. Tdreurfepamtrany amend&® aftefhgaberldrAonditudinbinediond the omer mdrhiser.
redundanci es bUI It into the stepped configuration 502. Dependi nﬂpon t he
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redirected | ongi tudinpally and/or circunferentjal before exiti ng the fl ow
t
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packed with i nfl | trated sand. 0106 The conbi nation of Figs, 11A and 11B

i 11 ust rat &A% Melppen@tions m?é! bg H‘\KP@B%Q’E@P'%%"WQ%‘NH‘* tREOWS ippggentations.
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allow sand to enter the flow conduit. As illustrated in the i nI et
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permtting the entr .of sand 542 into the flow control chanber 536a. The

sand 542 MRYSEYINFIUN g SEIRFHYCAPRTRFMINSHPIHR, diske RfFSIUigrsensitive valves, sliding

sleeves, RFID controlled flow devices, etc. Additionally or alternatively, as described in
connection with several implementations, the inlets and/or outlets may be adapted to allow
fluid communication while preventing sand infiltration in a variety of suitable manners,
30 including wire-wrapped screen, perforations, mesh, 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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per neabl e sections 530 providing an outlet 534. Due to the increased nunber
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adapted to be run through production tubing
[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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or casing. The apparatus to test the completion equipment 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 having a mechanically damaged input region in the outer member,
30 2) a flow control system having an intact 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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(circunferentially and | ongitudinally) through on or nore flow control
conduits before encountering a chanber-defining structural nenber changi ng
t he di recwOanioafSoe9me fl ow tocause the fluid to pass threaghusassosiziet and
into a pragutigiration deusrisantbsle. g the té‘@rwﬁéaemh@inun?fgea\mubéﬂmpWQs @Uinbed s
of the stegtge‘g configttéeatlon descri bed herein aIIovvs | uid flﬁw bot h

| ongi t udi A eVAVHIUS BEveEw iR DING agss: KCOMRIEHON, BFHRR) @t | \Ci5ebiRRen
f1 ow cont reperchagBesssimpf ore passing through an outlet into the productl on
fl ow cont roI condui t. O her inplenentations may include conduit-defining
struct urall0%&Hbers aie gprmy N‘Hﬁtﬁéﬁﬂﬂfﬁaﬁfjharsétf'PWE‘? dPrarohmdifbaprulis, aggynto the

sui t abl® cRRfd@drRW @dhtroP@Yétéﬁat esaid érﬁl@rl fHeL i dmBde XGRSOl system Was
condui t-defining structural nmenbers may I sposed helically around

i nner t udet&F”ed'FW@ reeked | thg figr fopkel Q’f@ﬁﬂ’@f P'eféi@ﬁ QﬁtW‘@e%W?dM%F%@U'méP%

may di r ectoutdrameriér Cidlel Qfo@fn@%@ﬁd prék in@r%@éed %WIOW redidtdnke QARG QN doNG the
chamber - def i nle@% structural nenbe npedes the helical flow and

directs tH&nf| ”t”ﬁrtB‘%uGHmé‘ﬁe‘é)dPY"é%O”{rB' ?yﬁ@”br &bt isand £nisine 4t Famageshiew t

provi ded Rypntrbe sysemr V\Fdéb'eﬂnﬁﬁlshlhg SRdTEs|iiiP | QAR Bhd O8hd) tW8s diverted further
chanber - def i ni ng structural nenbers matj/) be di sposed transverse to the fluid

f1 ow di® eclomsirearde i apiacent BRdamraeddiow sratrl %}(ﬁt%nﬂ_ h®oravehtand%as pasked

Each of thﬁtﬂerm{rﬁmrﬁeawéémmevunaama?émoﬁ@@m)l@pstbmearﬂrtﬁétn&.té B¥ENEIRE thgy
be adapted to suit a particular we or section of a well. For exanple, the

nunmber of 'IOI"VO‘W”HBHWSEﬁm Y& dnfpststherd@nf MGR Tetitaddly BRAHSIP §herr8‘§/teb@e{7$’fef efSas

wel | as t hge lupBghBgedMisl Rontis Ry Stentivh € eklefibily Phtkeddfthd Qlﬁrr?Q\FHéLﬂl\Pé‘te@rl@ the
chanbers. Wile the pernutations of conduitdefining structural nenbers and

chanber - dethidagiages mﬁ?%ion%ﬁ%@?% mhie @é”%rf@l‘”@gsaroéﬂﬁlarﬁ‘ée%o A 98pEead or s

may i deft i dovveivaidcrddhat Singe thedoRveitioh8I0sdrédn W§§n6‘t‘~@4u‘i®e@%thoényr@céndﬁry
ease of manufacture, ease of use, effectiveness in preventing

product i orf EArRERT veeRRssTor rPOHﬁP'nf‘%q'ﬁgw@"ﬂﬁﬁtﬂeﬂucﬁrleoﬁa"rdaf:@%t'”uéﬁ'}’|9c”5'5er?% the

cust om ze Goidd Ssatt ArnSoulBhdt beldshioldch permutation is within the scope of
the present invention. EXAMPLE [0112] The flow control systens of the

present ird0tHli on wehe erpesrsnt Bustspted the censepist of eiiow Borte! sysamaotieng
The | abor %ﬁ@?%v@%dcﬂﬂ%om%f wWellcof %tIBII'I gﬁér%%ﬁsr ot psY &t 88sHAEH s@eLPmedia is

centineter (IO-inch met er -foot) Lucite pipe to sinulate an

open h&l e dﬂmwgu wngme%[pwm@w Pb er@ad @W@gcﬁrr@iéﬂet’@(‘dfmgea@ﬁré%ﬁt anfiaw

posi tionedohft§i SRt esl4&dctiBedPinRRIR M abféciou%%ﬁn 8gr§\‘7f‘erl 'tﬁlss&ﬂconaﬁwe@r fdDh it
sections. The three tubing sections consisted of 1) | ow control system

havi ng a rfBRINEIP cavNtyr spisHpEEat R othes Fryimparmert t@uheé‘r?byr@m@l@rconﬂywom%w

control sysf@a gﬁ@\\’él'ﬂ)@d@rﬂg bpdrasdnsl fHRi«Wev"eﬁ‘%! %vbﬁhdnﬁ?sd?éﬁr%od@ﬁ&%ntr@l@a\?& a
conventional screen having a nechani cal amaged sandscreen. Each tubing

secti on wa@ss18¢GwaYIH matentiglly Gali%?c%@yomﬁeéfﬁ Qﬁ@é?le?acﬁnd-rhf igcorapletesarpwe! hask )

long. Fde filhoy ceMintighal S:adefNBtet eguéé@qgrn?at%n ]saﬁﬁrbtrbdf%ht% dldrd @8l brdd@Bebn.
slotted liner and a 9 1 centinmeter (3-foot) gﬁg ankpi pe as the tubul ar

or outer rref¢BETve Wﬂéj P'IOSMPt&!S‘nrleFjB‘I:eSaWQhP&dH@t'V(Ws agesniavnhele peuipment, and
creates a safety hazard on the surface.

[0115] This experiment also illustrated the concepts underlying the flow control
systems of the present invention during well production in gravel packed completion or
30 stand-alone completion. If part of the screen media intended to prevent sand infiltration is
damaged or eroded during well production, a flow control system as described herein can 1)
retain gravel or natural sand (e.g., formation sand) in the flow control chambers of the flow
control systems, 2) maintain the annular gravel pack or natural sand pack integrity, 3) divert
flow to other intact screens, and 4) continue sand-free production. In contrast, a damaged
35 conventional screen will cause a continuous loss of gravel pack sand or natural sand pack
followed by continuous formation sand production.
[0116] While the present technigues of the invention may be susceptible to various

modifications and alternative forms, the exemplary embodiments discussed above have
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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) Wwongiisesskpi pe and a 6 1 centineter (2-foot) | eog/useecsszapped

scr teen. Theenhewn rns?m@rof];%algtrblb_.e Hd?\tféﬁér, ut%uhliarag'am 561@nd“6|3§i66(¥3_£ﬂ1af tr@;nh\mmbm ol
systens were concentric, fallow e exe r oaxi al c i guration
descri bed '%HBDE‘TG’BGP'itﬂgfet'H’éte{je@ttﬁgmf"@k”awﬁ{i’aaﬁ%/%} 8‘?‘3‘1‘9%‘?"05%%- degdinped
iLnt_o the agﬂ&énusteaﬁ{i?(&%not hige titNinfien gﬁgtﬂ)l%ﬁvdrclamnh@diﬁmoﬁy,sé@gialand, b]b@
ucite pipe (open hole or casing). e slurr ter and_sand) first
flowed t hrai@é}?%Y%faﬁWHd’r"H@ gﬁdsFﬁe‘ﬁﬁldt PP afﬁﬁ@fe&“’?l‘%f% é%ﬂ?ﬁ”lﬂda@yg‘teefﬁiﬁ%‘#*ﬂ%
sand eng ergppanddiecidanged fl ow control systemwas retained and packed in
the flow control chanber defined between the inner tubular and the outer
menber. The grow ng sand pack increased the flow resistance and sl owed down
the sand entering the damaged flow control system As the sand entering the
damaged flow control systemwas dimnishing, the slurry (water and sand)
was diverted further downstreamto the adjacent undamaged fl ow contro
system The gravel sand was packed in the annul us between t he undanmaged
flow control systemand the Lucite pipe. Since this flow control system was
intact, the sand was retained by the inlet in the outer nenber. As the
undamaged fl ow control system was externally packed, the slurry was
diverted to the next danaged conventional screen. The sand fl owed around
and into the damaged conventional screen. Since the conventional screen was
not equi pped with any secondary or redundant neans for control sanding
infiltration, the sand continuously entered the eroded screen and coul d not
be controlled. [0114] The experinment illustrated the concepts of the flow
control systens during the gravel packing portion of well conpletion
operations. |If part of the sand screen nedia is damaged during screen
installation or eroded during gravel packing operations, a flow control
system as described herein is able to retain gravel by secondary or
redundant neans to counter sand infiltration or other flow inpairnment to
t hereby enabl e continuation of normal gravel packing operations. However, a
conventional screen could not control gravel |oss and would potentially
cause an inconpl ete gravel pack. The inconplete gravel pack with a
conventional screen | ater causes formation sand production during well
producti on. Excessive sand production reduces well productivity, danages
downhol e equi pnent, and creates a safety hazard on the surface. [0115] This
experinment also illustrated the concepts underlying the flow control
systens of the present invention during well production in gravel packed
conpl etion or stand-al one conpletion. If part of the screen nedia intended
to prevent sand infiltration is danaged or eroded during well production, a
fl ow control system as described herein can 1) retain gravel or natural
sand (e.g., formation sand) in the flow control chanbers of the flow
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control systens, 2) maintain the annular gravel pack or natural sand pack
integrity, 3) divert flowto other intact screens, and 4) continue

sand- f r eewprotuste9en. | n contrast, a damaged conventi on&CTAiSe@sns2aug | cause
a conti nuqueaAloss of gravel pack sand or natural sand pack foll owed by
continuous Tormation sand production. [0116] While the present techniques
of the i nMhetipalaifgd iBe susceptible to various nodifications and

al ternative forme” ﬁg\ﬁcggﬁmi@éﬁq c%%ﬂ@hgﬁnts di scussed above havebeen shown
by way of exanple. However, it should again be understood that the

i nvention is nct tubytasmdasted Jote ﬂlﬁm&eédntaawﬂéo&&flw euvell aemieti whaieig the

di scl osgd hQutﬁJlé} hdsN&e 8 dter %ﬁlﬁﬁntﬁ&r%ﬁﬁﬁwgta‘?ﬁiﬂférﬁéﬁmpéoﬁd*&ﬁ ér'iH/ %Eie@rﬂatafe%stté’
cover all nodifications, equivalents, "and alternatives

ng W
spirit and 6|8 Bfthe peer MeBRET Broeaaeldle @H@anu@mwmmpﬂ@ew@@ﬁ%m"

cl ai ms. CLAI ManMliabing shetd &BfduitSangl- A well flow control system conpri sing:
a tubul ar adapted to be disposed in a well to define a well annul us,

wherein the tubufiaw eredohAPeRrels aaapiRs tibei disnagedivithin dhandpwr easutt sridbet ,
and wher ei n 1gf1dreqHerdn RAE tidAN c8$tr6l he?pdé%ﬁtﬁ% c@ﬁi’ﬁﬁ@és Ia$ IePa%E r%%bb&m%ltlo%m.ﬂg

fluid conmuni cati on between the well annulus and the flow conduit; and

f1 ow cHht r olstraplyea mmnsbea@agtaéépqsbom cm@%@wnmﬁwrﬁtum@ermm wherain et

the tubul ar ’Ieéfgf'%ﬁé'cBnéJ‘tedécfthﬁy s@r@%Fé?'m&%ﬁ@E&ﬁu Gﬁﬁaﬂb'oﬁxﬁée e floRasdndaR hto
condui t-defining structural nber and | east one chanber - def i ni ng

structural réMsel thr%ﬂ‘?"éPﬁ”tfﬂéoﬁ‘ﬂu"lseﬂﬁﬁreﬁh@e(’?éﬂﬁﬂﬂ pogiehambeigiedining sirustyral

menber is C%mwéﬁgcérﬁlg@@ﬂ Q)edﬂnB@ ot et ngj’thre AtNESst Ahreb §RM cAnof BodduRY
control conduits; wherein the at | east one chanber-defining structural

menbers is d@ﬁfqtd@ﬁsédwf’(flow condel shamberst Whersiropaghel He aitdaast tvrrficw £oRirp!

controfs CO“Q:Hbﬁm%eﬂsﬂ%a% AledseBnd wﬁé’t%nfj'a@\néa‘épaﬁé Blitlct A eh Sache Rl & 18aEBnof
the at least two flow control chanbers has at [ east one inlet and at | east

one outl et ; iRpkPRI HeediclRasifonenautigt is adanted e ajlow dipidgig flomethgtethredgh apado
outlet is aq@@h%rﬁ&e@iahj@fvtﬁdnué fredbRrhineW siZeensd WhetiNadBskttoPe B &t least

particles larger than a predeterm ned size; and wherein at |east one of the
at |east thrtygefiopurangiet e@nduis irdini fiuid pemmynicationywitlh aiwek apn@is aniy Hhioweh

wel I annul u%ngryrmdrglg,pmglﬂow%nfp& dmafr8ef the flow control chanbers. 2. The
wel |l flow control systemof claim1l, wherein the flow control chanbers in

adj ace® 2 ow cdet Well flownaenteat systent plickineal | yheremstie fow qoptrel ghambers in

comuni Catdoﬁ?’&enﬁﬂom;r&ﬁ]tt‘b%dndh|t§¥\fe%rﬂléeﬁl&/ oﬁé’estta‘ﬁﬁ‘lﬁ’flw@|c§|'nmu1alca%}?r ein fluid
flow throu an outl et of | ow contr ol amber forned in a first flow

contr ol c&aduu t Theakelgftow mrtsm!ass@&mwaclﬁmw wmf?hn(ﬂu'dcf&mmr@ugh@n qHlet glea flow | ow

control syghed @fanteri@inded W@rﬂ%trﬂow&rﬁt%i %Bﬁdl}?tnp&fseﬁ)arﬁ%'&E@&n’daﬂcﬂﬁﬁoﬁthﬂn a
predet er m ned size by the outlet progressively increases resistance to flow

t hr ough t H@nduit.
25 4. The well flow control system of claim 1, wherein the retention of particles larger than

a predetermined size by the outlet progressively increases resistance to flow through the
outlet from the flow control chamber until fluid flow through the outlet is at least substantially
blocked.
5. The well flow control system of claim 1, wherein the at least two flow control
30 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.
6. The well flow control system of claim 5, wherein the at least one inlet to the flow
control chamber is provided by the permeable portion of the outer member of the tubular.
35 7. The well flow control system of claim 1, wherein the at least one inlet to the flow
control chamber is adapted to retain particles of a first predetermined size and wherein the
at least one outlet from the flow control chamber is adapted to retain particles of a second

predetermined size.
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outlet fromthe flow control chanber until fluid flow through the outlet is
at | east substantially blocked. 5. The well flow control systemof claiml1,
wher ei n twe 2ato/dsemwst two fl ow control chanbers are di spesedsasosios224g he fl ow

condui t 0;8 t Ee TtHebwbiRFow Wehtrbingistenh f diafrh awweiakd itrnga$ Téb@tuél’ib Inlfb?tldhﬂftﬁgaiﬂ e
portlon 0 the ou me passes I nto at ast one oW contro r.
6. The welfast |°8ﬁ/°é’§ﬁ‘t9fciﬁb39‘é’tf€mr81fC*@meﬁ@? a&?ﬂ%‘?‘é fhretqig péft'cféa&%"'”@r?ﬁ?%ﬁ?et
to the fl absantidl9!sirfikaPgdetd fnifddosite dnd Whickgin ﬂ%rﬂmabcbrﬁrop@rﬁém@ehgfadédﬂ@d
outer nenber of the tubular. 7. The well flow contr tem f claim1,

wher ei n t He PERITGSSAEEY G Pﬁ”‘@‘?sﬂ%g?rﬁaarf FWFE%‘?{F%P‘*@%%@WG@ EB‘E%BU%
retai n parif i &endfhatthkiat EasPsredeleeisninpgicedsi ze and wherein the at | east one

outl et fromth flo ontrol chanpber is adapted.to retain particles
Setond pr dhet ocrenas) S0 wogrol RlREOf CRIrv: PRI IG S5 bam BT6 bieliarpLhe ot

wher ei n t hgagdonk @a8dt fOMR 1éddk Bhe BNAetB® @htrbledambeRLare Wlulddall pbifédi@nd lirdfvid
control chanber are adapted to retain particles having at |east

subst ant i #MMEGRICEr predet ermi ned sizes: and wherein the flow control
chamber i s Oadapﬁr%dmélpflcm eitas Syytehyoff ddidi 1) aadréihaheSowaligRt af ldast drizeof the

pr edet ed siz he at | east one oytlet in the event that the

| east ﬁi]e fioM gqntso CP%‘BB‘WP@J% atdea Bb%”tlaﬂi’l'%ﬂ't%'ﬁ?'r Sﬂgé’@ﬂ%%%‘? a&l'%ﬂsﬁloﬂ‘?
wher ei n t hpagibel-8éfiHingd BRudtiMaE enilsbr ti§ &liplosé @ 28 leadn &ubsthhiedlly ftRinsdérsé @aShe One
of the fl ciw cogtroé chanbers are fluidically offset and in fluid

communi cat'P¥HUIg diFEGEORe| | f1 ow control system of claim 1, wherein the

fl gw wi thin. at Treasél fmecl@fﬁtrdl f%?stfahﬂw (ﬁé]ﬁhtL Q/l/hé?élﬂﬁb@lf@wivﬁthﬂ{ al I@§§ttonef of the
subst ant | 1 tudl na n ereln the at St one ch A el ning
St roerur nloeastpPhiandhald siariosst STk g iy, Aeiver SRt a0y ShEURT @ 4tdoashane

| ongi t 18li rehbntier-a6fnin strddturall Atenvigdr lis fdispaised it nédst syiBétantiaf tedndiérsd to the
wherein the fl ] hl n.at |east one of the flow control chanbers is at

W
| east subé?rﬁwf‘f)eé?w&? QIrqciB%f er enti al ; and wherein the at |east one

chanber - def. ni ”@eS\NéIUﬂéchahtrcﬂ%Vbl@m bﬁcl@l'mspmebnababreasthesaxbéésardnbajultlyts is
transverse {o

e circur rent| direction. 12. wel |l flow control
yat om of APRIOEE bRRBPEINFIRANeRo FHUICLLUR dauii ot GRS | o adapted to be
sel ect i vel48. opemrdvéIof s bbrtel silételrhd)ffclaﬁlwﬂ\hﬂié?ul@fhttlé‘&t ohé Eethe a1|$easTh@o el |

t he at east two

1 ow coht 1N BrBHEE INAReteb st ME-SH BT T GRch il & EewdbA BHOFE at
| east tvvo Rlapledlts rétaingdagrledtbfldifel et prdét efdminedl fespindlivhéeineddch T etkedtasdst ned
el oot | veltyOGuEc BasRtFDfubd Polarivabadiontt By Pbvia SHIopAN e Peicis o
di fferent @ﬁ@éﬁtpﬁéd@té}ﬁdn@j dess dEpReanifdy g \AbethUtI@hlsQi{;bbh@i is opened. 14. The
wel I flow gont r gl?ﬁoewmcc?r]:tr Is(’islttranmlof a?r% e1I nhérg% the in et to at ﬁlaas! gr?esﬁovygce)ntr'cll ow
control y
25 chamber is formed in the flow control apparatus; and wherein the outlet from the at least
one flow control chamber is formed by the permeable portion of the outer member.
15. The well flow control system of claim 1 wherein the permeable portion of the outer
member provides an inlet to at least one flow control chamber; and wherein the outlet from
the at least one flow control chamber is formed in the flow control apparatus.
30 16. The well flow control system of claim 1 wherein the flow control apparatus is
adapted to be run in a tubular disposed in a well.
17. The well flow control system of claim 1 wherein the flow control apparatus further
includes stimulus responsive material adapted to close tolerances between the flow control
apparatus and the outer member.
35 18. The well flow control system of claim 1 wherein the at least one conduit-defining
structural member is adapted to provide at least one non-permeable diversion surface one

or more of the flow control chambers, wherein the non-permeable diversion surface is
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chanber is fornmed in the flow control apparatus; and wherein the outl et
fromthe at |east one flow control chanber is fornmed by the perneable
porti on oVothw/woer nmenber. 15. The well flow control ®¢IUSaosishai m 1

wher ei n t higspeeed®Ral ld@efaTUidi® patfof e in1 e the s €6ntRyl @Ma MBS Althi thhtahcdndingt
| east onedc[yl ow control chanber; and wherein the outlet fromthe at | east

one flow dbitiBSVeERGber is formed in the flow control apparatus. 16. The

wel | f1 ow 1gont rie WISt diftroCydtdih bf wbiaT €8 Whéfee &doPviloRostntrel chaipibas aicligles S
adaptedtoﬁ)e runinatulrolu ar 17. The well flow

I _ﬁis‘?ﬁsg_d inf@ wel | .
control syR{&ast ¥ ligisachphwpien fre RudicplneTeehiroB thepishr at us furt her
includes sto. MUl Wels ROV SHorBolNBstnt af cRfAADedhdreinCéRRcoftthé &t e Svdlingsen
the flow control a(\%Ear atus and the quter nmenber. 18, The well flow control

system of REPUSSR IGRAPRILAICRYRD wih 7 difetent fiew eMERCONdMYs i ni ng struct ural

menber is Adaptedow @obtr@VApparalis heasiéd WiendeRtibrpiatoT® Ablvecortvie bs h avklisubdiace
one or nore the fl ow control chanbers, wherein the non-perneabl e

f

di versi on tE‘aﬁ%ee”tr%&P%@E@dﬁom@r'a‘nai rect fluidic path of the inlet to the
H ow cont r o: chaatrr@@en cfﬁw@c(:sbrfdhmljgfirgmﬁg)@irpgufall uﬂ;]éi?t%e? acﬂabwtdt ﬁbldbe ﬁ%r%twen vaei;léw

ow C ro systemor Clalm ere|jn e ow.control cC er | ncludges
L Ol ool [ ovsontial te SAetSuBuR 2Rg o Ghids weca eendi ot &asBiRe: fw PRI
20. The wel Icohi@wy: control system of claim 19 wherein each of the at |east
two outlets provides fluid co nicatfion with a different flow control
Lonaort ) 51 PT Rl ekt e aeiang Shuthealistemer Gl drios Al B4 P al,
condui tdof arae/v]gt! lbagt rde Adw cbhﬁ?lfcbﬁdnlg@%’tb?@|ea§ﬂﬂ@rﬂ®ttr)\u‘,b_nﬁ@rmfahg:iem'anél]'El | east
one condult-definlin structur ne er pte to e | ert N a W
e Tt Lot e o perciRTe EPBim PiauaEA DN B IaSkoneibt e atfepkng chadUit
three 14 ow qenhinglstroeilinigmbeart ardemst attlvgst alardpambeetieMingsteddtural thelbers;

menber configured to divide at |least two of the at |east, three flow caontrol
Condul t 5 1 il NS eqRGe PO IR P00t AR S0 24l TRHd FRBBRNGHEN nd Lo

per geabljef I @gliaPNpticlvs dﬁg?ri ﬂhaﬁ% b@aéﬁgrrﬁiﬂéd stzelt @ erdin Iﬂaiastglogg@ throufg_h the at
condul tdefil nln structur ne er n t he t eas t .chanper - I ni
Corocturel ! Teg R oot reopnass Toas bebfioy O bt i8 s erond om S 1 o
al | gw fluid cgadmuw_ itmmrieompvaaﬁdu@;d érﬁ% v.’ﬂrhér_epmadttlé?]é’slt aa?] batg\@%n Iéa{%&ﬂhr@e flow control
preet m ne 1.Z€, ereln u oW ng.t hrou e a eas one
P eroedl o reandufit lhnea i e i1 hET comBiindaiat B Soin oS oahabEgaR onp S
cont rol condgwdre oMHetTiow ddnerof drewibeendui t; and wherein at | east one of the at
onduits i d conmuni ¢at.i on

wth a weld- ancUeEny o FHGHS ohSeia 2 hFaeby e aviBi cBRFRBI | AAtESs.
22. The fliowecomint®h wappdbudirdspobecina well 1 wherein the flow control
apparat us 533 adﬁ%t ﬁgwt ((:)on r%l ra%Baria?l}soo CY\ell?rlnl 2‘} L+ltj)rl’€r|1earr cc()erg s?nsgegwiellqab?e \Arﬁclltleﬁals
25 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.
24. The flow control apparatus of claim 21 wherein at least two permeable regions are
30 provided from at least one flow control chamber; wherein the at least two permeable regions
are adapted to retain particles of different predetermined sizes.
25. The flow control apparatus of claim 21 wherein the at least one permeable region is
adapted to be selectively opened to control the particle size being filtered from the flow
through the permeable region.
35 26. The flow control apparatus of claim 21, wherein the flow control chambers in
adjacent flow control conduits are fluidically offset and in fluid communication.
27. A method of controlling particulate flow in hydrocarbon well equipment, the method

comprising:
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23. The flow control apparatus of claim2 1 further conprising swellable
mat eri al s di sposed at |east on the at | east one conduit-defining structural
menber arsloadeptserdit o at | east substantially seal agai n®CTiUSe008®B124% ubul ar

to fluidically grendiagea tibsulat ablgaed foraidwWnvieCasd 1@l a GaAdUiicteih I D@ &dTRAr
ot her such that fl ow between flg? control conduit m%ccurs at | east

subst ant i al I5BHPSS $hPYGEHREMRET deTinngha floy sanit ARABINE a8l Isast a299"t'el"h%f e ow

control appafueéru@ermiercté BérMedblt anaelies flaitl flo@aslouyiheDRlteradhBert €gi ons are
provi ded from at (;ast ne fl ow control chanper; wherein thgﬁg | east  t wo

per meabl e regi dHSVIHPE & 81O €QNUTOH 2pRRrRIYS| @ERIsIng; £} af t one conduit-
pr edet e M newfigihg @ﬁructa@ mBhﬂ)e? beypte® s b@H.sgmruatth@ﬂ@ib c@hcﬁjltTBthé-tuUO%P @hdﬂl

t he at Ieast one e region is ad to be selectively opene
control the %Qﬂ‘@qerc)?@niq"&éo%{éi't lgtor £ 'F@?tetg @CPWtCH%”Cf' ‘Wﬁ‘ﬂ'?ﬁ 30gip) ﬁ'?ieast two
perneabl e r Qﬁhmber-a’&nmnﬂwufch@yv neébdrdonfigred & disidett Rhal thodf the ahesigitites he
fl ow control, chanbers i.n adja nt flo contrﬁ conduits are fluidically

of fset and iMRW9oRial AN O ‘??ﬁt tworlowmCoRtOh et Sont rol 11 ng parti cul at e

flow i n hydrocafidRrin gmhé tuBgr [ 20 the rret hod conpri si ng: provi ding a
t ubul aiqadapt ed for wnhol e use_in , _Wherein the tubular conprises

an out menber 'Wi”ﬁlt%ageﬁt&/ﬁ%w&@m’o' a&ﬁaraw?éw?%wa | east a portion of

the outer nenbejpetdivel ro@ﬁ@mlgah@adleaétlcﬁwslow ¢onthof Aparaths wullfhetth@ulaﬂtvmerem
ri sin

menber; providin | ow contr ar at us co

oror o ougaperabrafaiied b A Shkasopn HBReaT e PR S TS e tate
f Ihow c;alndw ek tHr.é@ﬂ(bwl@Uht%l c@ﬁdh&ttsf)hrﬂlthé d@wtcbﬁtrél|cﬁwrr]1@@|f$dWhére:clrﬂéz_§bhadf theasl

t hree oW confro an e cha Lnkn
1 S N S G A A P
flow comtr 0|Iea?s@6€|elllﬁl§t arfattaeaa& Idastshe buietfid adapi@nto Qlowchadd ey fow tHesdtRDUGH

t he tubul ar a wel l osing the at |east qne flow control apparatus in
the well: of¢ ‘?;%'N’agt‘}l?ﬁq?rﬂ tﬂﬂ%aé{reéeé%{gyn%zq P8 control apparatus with

the tubul ar; \I\/fTI%K/\mgTILﬁdbethﬂmghaﬁé é{tﬁéa'st@ﬁ@lﬂb\ﬁ@ohwlabﬁéramcbrﬂtthé mtarone flow
control apparatys I‘ISEIC | east three flow control cond |ts rTg\b[c(lethe

fl ow cont r9t ch AdHESFIN e RErBRARISNPPEPN Hhat

! e?st ong drﬁ\h@és é‘tﬂéas?ttonbﬂﬂlét tooateemtdn@g;om;tﬁﬁ@ Ehaaisen; ]@r’lid Wgére&i fl(#vflﬁgﬂuﬂﬁle

I nl et a st one_outlet is adap ow Tl ul to

t her et odﬁﬁﬁ’“&'ﬁh‘ ‘?aéﬁ g0 s conty! agp?raﬁla gtt w%a"abpgaerfwﬁhowm @P@I‘é&“"%nd
flow ng flfwiddshionge tghpdrivealle poftRBtof Gecoltéranembat dral theuRR R tistle®N6F théBow

tubul ar. 28. Th t hod of  cl ?Il g] 27 vvhef elg t he perneabl e portion of the
outer mengont B g6 1giroduge hveipsapnairondhewel.east one flow control

chanber; ayl wWRieemathol il dmf 2Tiwtherdimtitdighidabeomd flbastntrengpddratus caatinel
D o e BE UMD oS oTBY bR e B Eta 11 05 throudn the
25 30. The method of claim 27 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;
30 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.
31. The method of claim 30 wherein the second flow direction is at least substantially
35 longitudinal.
32. The method of claim 30 wherein the second flow direction is at least substantially

circumferential.
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control chanbers to produce hydrocarbons fromthe well. 29. The nmethod of
claim 27 wherein the at |east one flow control apparatus and the tubul ar
are oper avpveelyosewupl ed before bei ng di sposed i n the welPCT/U32008D8x248ret hod

of clai m 238. whertri mefhoawf rkekirh| 30 dRerel BedecbiE flel direaidn BNR 184D Wb tAY
apparatus and the tubular conprises: flowwng fluid into at |east one flow
control cHafBer di sposed in a first flow control conduit through at |east

one inl et,3aher@ienmeihed fdf WdimfdoowRerehr Pedizcbhe flel direasdn BNR 1é4¥t &Lbstantflly
first floweil rection; redirecting the fluid within the flow control chanber

to flow iMe°@econd flow direction; and redirecting the fluid within the

flow comt rzg, chyabaethbe of kRikh i27 vehdréih MAwingomiidl thestighQRe bolcR8Send e datrdl he
at | east one outl et tf]md into a second flo ,&gntrﬂl CHnduit. 3 1. The net hod
of cl ai m RPPARYEINH PRI SRAPFPGINECIRERYIGHNhgWelleast substantial Iy

| ongi t udi rg8l . 3ihe rbBoIRE BRI OF ViHeA&IMABAiNYfRI® thrdudl theaoRAsf drvidl testEdion
is at |least substantjally circunferentijal.33. The method of claim 30
wher ei n tr?é’pé@é%%ﬂdrt}“SW%i'qfé’empﬂﬁeﬁ lgjegting “é&%@'e%‘%’ﬂr%dﬁ‘iodﬁ‘? VYel-adial . 34. The

net hod of 37 ai MhaOmutned & Blaime7saeesd flolviny Mildse@idugh thé aBleab@sd flow control
substanti al | hel%ﬁfk Hﬁ? The nmet hod of claim27 wherein flow n@ Llpui ds
t hr ough? t FRPPAN2Y the fbUar GRmpaRts BlectiphapXe! Rac AMPRRIaNS RIP 46 Welhpr i ses

i nj ecting Jg. ui dswentiéw tb&roMeldtemIdmphisinget hod of cl ai m 27 wherein flow ng
fluids through the at |east one flow control apparatus d the tubul ar
conpri ses injed flﬁﬁ%diﬁﬁ’ﬁpt@fji%ﬂ)ef pigPeRed; 'Ht%""teﬂég\éf'rl“? aBW‘%P"FH'é“W%%t eigsthe
claim 27 whedilar hdsom agtel Imdratsertdeniningarnt neeradl flodasdndaneahd aweranbt Rhst a

apparatus and the tubular conprjses i echi ng gravel pack conpositions jnto
the wel | . 3@OrenGLiie PYELMEBIREF f5IPeEyEeinPLonfe fUR G NGAGR SFwreadbelel o
be di sppsed dnAulas wRl thd flowdedridar: amawel | annul us, wherein the tubul ar has an
outer nenber defjning an internal flow conduit, and wherein at |east.
portion of the DUIR%EF WE%’BBPW?@’SM% Wéh'aﬁi‘%\%lﬁ"ﬁéo?ﬂ“ﬂ'i‘EftE%H-Iﬂh'iﬂrc‘%{?‘?FSWafhe
3et vveendt he fl‘ﬁwl donﬁﬁﬂﬁﬂé&t%dc&Mb&ds}dW\%&%@ ed% bf)rhdlﬁm?bfiainb|s@‘ﬂ/ct@fﬁ1ltrﬁ6hhbeﬁlmaafaﬁit us
isposed within the flow caonduit of the tubu r,.\/\@er in the flow control
Zppar at s cOFS PRE EhATOHaRINg RV BUHRId A RRat VATR (6 Uil e FRILLOSHES a
| east one chaub@ral dednisirng csifiguedd! fcadivide e flow\doadet mid BEleabt weafidw edetrol
condui 6def| ni ng, structural &en&er is c,?ratﬁii[gur ed to Icll vide the fl ow conduit
into af® | eadP NS’ VPERICHRA! SRStUIRRANCL-dGHEPe FiqTal mEmPeLeAmRsisgs an inner
condui t - def itmbung; sthetih Whelinn@e nixgnarc@empes L 8rs@flownditrol conduit within the inner
tubular; wherein 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
25 and the inner tubular; wherein the at least one chamber-defining structural members is
configured to divide at least one of the at least two flow control conduits into at least two
flow control chambers; wherein the at least one chamber-defining structural member and
the at least two flow control chambers are disposed in the at least one helical flow control
conduit; wherein each of the at least two flow control chambers has at least one inlet and
30 at least one outlet; wherein each of the at least one inlet and the at least one outlet is
adapted to allow fluids to flow therethrough and to retain particles larger than a
predetermined size.
39. A flow control apparatus adapted for insertion into a flow conduit of a well tubular,
the flow control apparatus comprising:
35 at least one conduit-defining structural member adapted to be inserted in a flow
conduit of a well tubular and to divide the flow conduit into at least two flow control
conduits; wherein the at least one conduit-defining structural member comprises an inner

tubular; wherein the inner tubular defines a first flow control conduit within the inner
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tubul ar; wherein the inner tubular defines a first flow control conduit
within the inner tubular; wherein the at | east one conduit-defining
st ruct ur aworzersodfiur t her conprises helically wapped fIlPcghiSgoossoseagli ng
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i's configurednfigured 1 difinatat le@siSdnettfica floWhentdl doaasit olty¥iBe bf B¢ isrntublar;
conduits into at |east two flow_control chanbers; mherein(%aﬁ at | east qgne

chanber - def i ni it} &85t 02 GhaberelehRing siHCtH it Memies gerTiquigs o BiE BHergIone 0
chanbers ar englhsas a6 icantrél&oativitseiatd atogstt@biflodl cdrit@WclEPbdre] wiesramutht ;at

wherein each of the at least. two flow control chanbers has at | east one
inlet and at®3%t98% cmb%fq?'ew %@P@Yvﬂ‘egﬁ’@ﬁ%? tcrler?én?%ﬁ“ P’Né‘é@‘iw eeRdral plraspbers g
the at | eastar@bRpesddifthd st |Gsbaphedelical fdvw ewmtidl bbridrit end | ow t her et hrough and

to retain particles |arger than a predeterm ned sjze. . A flow contrq
appar at us adaptaédeef%to”?%@gp?q 1 "GTHPRVIdEE W ébl%&ﬁ'i ?”eof’f?"ge\ﬁél'?asﬁ GB%iI°qPdule he

fl %v conéI r 0|degﬁﬁgrsg'hat§ra¢%@ﬁﬂa@! are thfaltatl|@@§ttw@maﬁ?eduéﬂr?nye§tir%dnfngl mbhg)@tsyr al
menber apt to be inserted in ow conduit of a t ubul.ar, and to

di vi de1qahe MR 'EH}?d%Ii'?asi?ﬁP%pﬁ'imq MSEIIORAS P W%M"Pw}% PRI tEcatiph&and;ta
the at | eastre@mep£oaesidrgsiethoniangregbietfingd &lzeMumeRin AOIRModRRY RFoUghnAEe at

t ubul ar; mh?rein t he i nner tubul ar defipeg a firsﬁ fl ow control ﬁonduit

wi thin the iGf%ePPeBEIMGALIGNTEI08R7SE fam:A TiSELQY CoMEe EB'Hg‘\'fit?-achf:P?ﬁ v control
structural mRAGErwithif tHlRefonwcesnauitses helically wapped flights extending
along at least a portion of the inner tubular and configured to define at

| east one helical flow control conduit outside of the inner tubular; at

| east one chanber-defining structural nmenber configured to divide at |east
one of the helical flow control conduits into at least two flow contro
chanbers; wherein the at | east one chanber-defining structural nenber and
the at least two flow control chanbers are disposed in the at |east one
helical flow control conduit; and at |east one perneable region provided in
at |l east one of the at |east one conduitdefining structural nenber and the
at | east two chanber-defining structural nmenbers; wherein the at |east one
perneabl e region is adapted to allow fluid communi cation and to retain
particles larger than a predeterm ned size; wherein fluids flow ng through
the at | east one perneable region pass froma first flow control conduit to
a second flow control conduit within the flow conduit.
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