Control |l ed Production and I njection BACKGROUND [ 0001] The present
di scl osure relates to producing resources froma subterranean zone. [0002]
Oten, arwonpecusan treatnent will be applied to a wel | ppmiuseoi2o3naeti ng
the well on production or at sone point during production. Sone exanple
injection treatnments include acidizing or solvent injection to renove near
wel | bore damage, steaminjection to nobilize resources in a formation, and
wat er or pol yner-laden fluid sweeping to pr es urjze and sweep resources in
i red iedoRrodhistonaa b ingcti@ies of injection
treatnments. Because it is costly and tine consunlng to run different well
strings into and out of a wellb g @??@gt ﬁctlon treatnents are perforned
with the production string mheno% g SUMVARY [ 0003] The present
di scl osufoe0I ETiR¢ pi2sdn dREBGUE irflgtcl BSHYIEES: FLOTCes ot haUbRABRANZORE. [ 0004]
A well productlon and injection string is described for use in a well bore.
The st ri K02 hOftgea 151egqlqntmqtmwtwllléoﬁé@aaedatsérwelb%%ép yudmerhawalberd to
seal r vices are
or ovi dec g e ord sorEpd Qi ool Sk Yot b L R RBherlE L ar . “he
fl ow coninchide dedizigsoranbreaiajrcaon tot)reﬁmmmr@@dlbofd dimagef sseemningettionter i or
and an ext rlor of the s ring with | ess strlctlo to flow fromthe
i nterior™Pg ?ﬁ&”@%ﬁ@?mﬁ? HP”%Hba W?Wb°¥ ﬁm@baﬂ@b 0/ SYiSFRIAG {ext erior to
the int eploQiuriof add&vhrbdd@reek %Q@se&oi}% hadsiRl 1@&4?1@1% ST freDHRE %ﬁfe@nean
zone is described. According to the nethod, an annulus between a wel
string aeftingcsi troamentss Bswsed isicosdly phd tialei copsuphing e atni dffsrentawell nj ect i on
fluid is i.n ed fr the well str.i into the subterranean.zone between
the. ol ur STy g 04F Bl PEUBTE o TUH ARG & PGS Bhat provi des a
first flewdi@onStacRhedFrastuabicon fluid is received fromthe subterranean
zone between the plurality of locations through a second fl ow area that
provi des a second, greater flow resistance. In certain instances, the first
flow area is reduced to provi de t hgysRg_QRY | ow area.

[0003] The present disclosure relates to producing resources from a subterranean zone.
[0004] A well production and injection string is described for use in a wellbore. The
string includes a plurality of spaced apart packers each adapted to seal with a wall of the
wellbore. A plurality of flow control devices are provided in the string, distributed
between pairs of adjacent packers. The flow control devices are adapted to communicate
flow between an interior and an exterior of the string with less restriction to flow from the
interior to the exterior of the string than to flow from the exterior to the interior of the
string.

[0005] A method of accessing a subterranean zone is described. According to the
method, an annulus between a well string and a wellbore is sealed at a plurality of
locations. An injection fluid is injected from the well string into the subterranean zone
between the plurality of sealed locations through a first flow area that provides a first
flow resistance. Production fluid is received from the subterranean zone between the
plurality of locations through a second flow area that provides a second, greater flow
resistance. In certain instances, the first flow area is reduced to provide the second flow

arca.



[0006] A well systemis described. The well systemincludes a wellbore
extending froma terranean surface to a subterranean zone. Additional, the
system i meDrdesi48640el | string having tubi ng and a pl ur alPcryused12esaBe
arranged al ong the tubing. Each of the seals is adapted to seal with a wall
of the wellbore. A plurality of flow control devices are arranged al ong the
tubing and distributed between pairs of adjacent seals. The flow control
devices are adapted to conmunicate outflow froman interior to an exterior
of the sf0OD6pAtv ldygtiemais idescsibed.| Ohe arkkaysaem inchideow wallbonct dxeendidigeframr of t he
string to the interior of the string through a second, smaller flow area.
' cort ab FIEARHTHERSS forbigTeesamt gy éﬁéléw.ﬂ » P itiey Rugss s dbstiiig second
flow ar egyyidORBFl dndl (GG Ry HIsBAL MERR atdﬁg thd QWinEOTHatRbr HRYEAER can

include a plurality of flow passages between an interior and an exterior of
t he stri adppddo aca wbthet walf of the wrdlbemg e'spliradityueleflon eomen} dpassages t hat

restrict flui low fromthe exteripr to the interior of the string. In
cor tai . e abns e bFkaniaf ettt ohedt dhrdbs BRMta o of ose
t he passagfrol Bei@SRENSR P t8 cOmBRBIAR ditlid @ Rt ArdintdPRt WeaNeit O rioTRy | or and
exterior of the string. In certain instances, the flow area to flow from

t he i nt estring throughtiefiesk flewiapra anfl mflew Siom thy ckisrigr efathe ptring amtheneteripoed area to
flow from.t erjqr t i ri f ) i Th ck .0or seals
can'be. deor gHoREh R Sadehe: Euleh Y Pl B Ml IS wDEEARY SR eF o

i nt er val redficddne psdviddiic stddnd €lotvadrsa.i Nnst ances, the flow control devices are
adapted to g]r ovide substantially uniformflow of fluids between the
ext eri or (0944l tnrrertapyigstprpes.dhe flaw coptplgvieespryp npladeapiyrdity of flow

product i ga{rgédg]@% g&wegﬁl ah ﬂ{t&ﬁo‘fgah%i gh ;éi;tgivﬁv{){)@f* tHe ktﬁﬁ% INE G SubskDEr tht ﬁ%&sg%?t rol

devi ces s restrictin etween the exterior a erior of
t he striimgluds ohtrevaly passhgorthafresthe fllidWoivsfromitie dxoavan do e istedodf ththie stri ng.

The string c include a plurality of particulate control screens
conf i gur 8E ol ?qrﬂag{rm%@%qeﬁ» c B{é‘?&éé;@a%gg%éﬁat’? %CEFV@&F%? Fedkin&tpsa hpeci f i ed
si ze fromdde if¥dspbalto ta‘i’)}gésglﬁe IR EREA RN b&(we&tbﬁleﬁﬁtre#i&ganﬁ[&%ﬂ of i details of

iff
one or nore enbodi nents of the invention are set forth in the acconpanying

dr awi ngsstengl rheertdesiostiptes.ahe Beiwouka tQtflver frbmeheamesjor dbjlecxeerioantithadvant ages
]9 : oﬁnhte hg&ﬁﬁg%ﬁ&t@%@%ﬁge t%@{?} { g egi( S JtoptElle ?n?er?or}%f gl{east\,\%il?ggs’ and
The packers or seals can be distributed along substantially the entire production/injection
interval of the string. In certain instances, the flow control devices are adapted to provide
substantially uniform flow of fluids between the exterior and the interior of the string
along the entire production/injection interval. In certain instances, the flow control
devices are less restricting to flow between the exterior and interior of the string as the
location of the flow is more toward an end of the string. The string can include a plurality
of particulate control screens configured to filter against passage of particulate larger than
a specified size from the exterior to the interior of the string.
[0008] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.



[0009] FIG 1 is a schematic cross-sectional view of an exanple
production/injection string residing in wellbore. [0010] FIGS. 2A-B are
schemat i cwodebe/148@poss- secti onal views of the exanpl e prouaské1anisimpg ecti on
string showi ng an exanple particul ate control screen and an associ at ed
exanpl e one-way flow control device. FIG 2A depicts flow froman interior
of the string to an exterior of the string, and FIG 2B depicts the flow
control device responding to flow froman exterior of the string. [0011]
FIGS. 3A-C are schemati c dPESURIPTION OFADRANINGS ews of the exanpl e

productign/ipjiection sitring show ng anot her, exanpl e one-way.flow control
devi ce. &%@Fgﬁfdfeﬁiaé? S By P YT A REBrl g eé%f’lﬁé’f%‘f%cflﬂﬂ“%l?ftpﬁe exterior
of the sifihPebsidNfinRlGiboRC depi cts the flow control device responding to
flow froman exterior of the string. [0012] Like reference synbols in the

vari ous D0a0) RsS.i 2R @t echdnkagic eletment s-seOBTAl YiEDs DESCRKATPIEON [ 0013]
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associated example one-way flow control device. FIG. 2A depicts flow from an interior
of the string to an exterior of the string, and FIG. 2B depicts the flow control device
responding to flow from an exterior of the string.

[0011] FIGS. 3A-C are schematic detail cross-sectional views of the example
production/injection string showing another example one-way flow control device. FIG.
3B depicts flow from an interior of the string to the exterior of the string, and FIG. 3C
depicts the flow control device responding to flow from an exterior of the string.

[0012] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0013] Referring first to FIG. 1, an example production/injection string 10 is shown
residing in wellbore 12.
[0014] The wellbore 12 extends substantially vertically from a terranean surface 14 into
the earth and deviates to substantially horizontal. Although the wellbore 12 is depicted as
being substantially horizontal, in other instances, the entire wellbore and/or portions
thereof may be vertical or may deviate to be slanted, curved or otherwise non-vertical.
Similarly, although the wellbore 12 is depicted as being a single wellbore, in other
instances, wellbore 12 can be one of a multilateral wellbore configuration having one or
more lateral wellbores extending from a main wellbore. The wellbore 12 provides access
to a target subterranean zone 16, where the subterranean zone can correspond to a
particular geological formation, can be a portion of a geological formation, or can include
two or more geological formations. Casing 18 extends from a wellhead 20 at the surface
14 through a portion of the wellbore 12, typically (but not necessarily) terminating in the
subterranean zone 16. In certain instances, the casing 18 is cemented and/or otherwise

affixed to the wall of the wellbore 12. In certain instances, the casing 18 is unapertured
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[0014] The wel | bore 12 extends substantially vertically froma terranean
surface 14 into the earth and deviates to substantially horizontal.

Al t hough wheowel4Bdaore 12 i s depi cted as bei ng substanti aCiryush@riozzgt al , i n
ot her instances, the entire well bore and/or portions thereof my be
vertical or may deviate to be slanted, curved or otherw se non-vertical.
Simlarly, although the wellbore 12 is depicted as being a single wellbore,
in other instances, wellbore 12 can be one of a nmultilateral wellbore

conf i gurahil mblﬂt@vApgrtlon@f dre wadiberd B2 srdapicweel dsbomgopex helodwitjout casim@ nmai n
wel | bore, The wel | bo rovi des access to a tar %ﬁéwsubt erragggg zone 16,

r
wher e t hES dihyih F%&tﬁcez%tt © SUptCTERIcRREYENP PBOFdiartew sreangesi Byrcal
format i ofrweaNhR &, MHHR 0 A1 tRf st IRALATIIR!1 6f OF BREL ARanQls, GRRNdiRACI ude two
or nore geological formations. Casing 18 extends froma well head 20 at the
sur face wéllhdre d2gin be wﬁd prghthofcagimg 1 Mtdvniﬁdewmﬁa}pettymscoapbgfor@mns tnot
necessari in th su erranean. zo In ¢ taln i nst ances,
e casl Hip™ e FarsatuhieheGat e Wierw LEnf FRertetsed i 1 of 1 e

vel I bor e[ob25] The &kt ﬁro'dﬁéﬁo%ﬂﬁﬁ%ﬂoﬂ ffing 26 hﬂ&;d%@oh@o%@ﬁ%ﬁg!ﬁﬁ&f val |
tubing. A portl on o e well bore 12 is depicted as being open hol e,

wi t hout @@mgr@dp@eaﬁqmwmqm&%dsmbﬁa@c@IV@ﬂ in fie. . gubimrthawebbrre diend 6 exposed
to aIIow h | J.hor t.h upt er r anean
zone 16. I%gt t%ﬂgl?%%%tﬂ él%géé%tg % e en%?@g\l\ﬁ H%b r?oed%%éﬁgﬁum grogna@tgd and the
casi ng l&ibpreMedesbneilbh Thp eidity &s 9 joesd abagicotslcd ondid o (xeddanpge of
fluid between the wellbore 12 and the subterranean zone 16. [0015] The
exanpl e HHOFRERITBHFE Afcer GodiRd Stbing g Hpugh dhaspeeific samppnensy ad tBeiyt hs of
tubing a i (frce. 4gn) the

wel | bor e%%tgﬁ ﬁtc}ﬁglﬁ%t%gggﬁﬁll V:ajlrigtaln{nﬁ)p? atld 0[8 gcah /ng v%n(te gr awing (i.e.,
pr oduci n@@antﬁlmpﬂﬁuétro@ﬂnjebt@orsmhhgﬂ@ dmeﬁamlitmtnedésarlptTdteoﬁthdacmeptarheltem J Oi nt ed

tubing c I nd to en hr eadi n and/ or. other se) and/or, coiled
t ubi ng. ﬁa%‘fﬁﬁﬂtjﬁe PWéﬂ@ﬁ@gFﬁ f&@ ﬂ@%t%malﬁaﬂ%%tltg tﬂj@%ﬁtoctuﬁ e
string CARKYAIYpddiRmeaRPIiht @l 501'@) tBQeﬁclb%erﬁ?ﬁdt@ﬂte d%bvﬁl&le@ﬁ@'oﬂh% c@fingxanpl e

production/inj ectl on string that facilitates description of the concepts
herein. [®&h6] tlterprd:dmtlewam:ﬂtlen@trlﬂglmls 1nstatllhé npﬂl@dmﬂfopmnllz nT leqrodustistri ng 10

i ncludes_a uction er.2 e str o resi de

or ox! e ROtk R el T i e S Rt ) e e R bR St M et on
string 1&mm@]B&&H%h&%ﬁtpﬁyﬁﬁ%fWQREHQhﬂgﬂamz%h@m@baﬁ%@ﬁH@%uﬂﬁ&KﬁﬁﬂZZ is
actuated (mechanically, hydraulically and/or otherwi se) to seal with the
casi ng 1ssigdl®revent passage of fluids through the annul us between the
string 1 0 f. /| ection
string 1@M?Zp?ﬁea%ﬁ' éf?ﬁ ggﬁwfg%eﬁfggﬁéﬁggﬁ%ﬂgtﬂ%m@%%ﬁ%?o ug'ﬂg% packer
22, defi d@sniwlpstrtie ptddasfidmpaeked 2 defifes aybduetiot/igecioniimgrviOof thbe

pr oductl on/i nbectl on interval .is.confi gured to comuni cate_flujds between
an inter$tBpg Fh%p@@rl?tmmmca%lntw émﬁrﬁt%ﬁﬁiéaﬁowwﬁ flyjdnbstvectnel | bor e

12. To thy ﬁite‘? of {ht%%trﬁtg haifle QJbtéZ:rta%eaI;‘ ﬂ%cll6u91%§h@g9ffl r@llﬁ.t Yo 9{1? érggced

apart particu at e cont screens R associ at ow contro vi ces
26. The thleet/mngdm)tcrchIGdbmchmlss 26 luralgy nllepactbupapiassaadac thratol sanmnsrildcat e fl ow

betweenth interi exter.i or. of .t strin 10a .are. coupled to
conmuni cHit aéaomtqdrtf%a?rtttﬁe}?‘aeeé %ﬁhﬁgﬁ%fﬂ ﬂeews %Hﬁdb‘éer ﬁ?»@m ate

control saLeelthaltorhiduhRitcaRAN HSlveRPG:S 386 ankid BHbAthe s{rﬁ{gg‘@ranhf&?@ a
specified size into the passages of flow control devices 26 and t

i nt eri orcapladie cempiungcatcOwith-te mxtmnrtﬂtecomt@é sq@eansi2dulTae @atmntatemonsfolr eens 24
can filt segteeag§4 rﬁtelr e?gaétngst Ia)'art]scslag%r partlcu a%ep ia?‘é:e? afnraosrf)%med size into the

passages of flow control devices 26 and the interior of the string 10. For example, the

particulate control screens 24 can filter against sand and gravel displaced from the



subterranean zone 16 or installed in the wellbore 12 as part of a gravel or
frac packing operation. [0018] The string 10 further includes a plurality
of spacedwapartisp@okers 28 that each are actuated (nmechaoirasken/32130
hydraulically and/or otherwise) to seal with a wall of the wellbore 12 and
prevent passage of fluids through the annul us between the string 10 and the
wall of the wellbore 12. Adjacent pairs of packers 28 define
production/injection subintervals of the string 10 therebetween, and when
act uat edsubtersmedn xint H 6tonénstelet iwfhetvixdibard 1oy artldt,a dgrewll at &aé pavkéhg n t he
annul us of one sub-interval fromother sub-intervals. The particul ate
control RFUWs 24 and flow control devices 26 are positioned in the string
10 bet V‘BRJOIQ]aTﬁéstHBg ?@Jﬁﬁ%mncﬂ_ﬁﬁﬁ&)ﬁn@lﬁ o-f%h%ed drt ﬁdckb@ Jknndihecrafpul us of
a given subinterval "is constrained to f?,ow Into the string 10 through the
parti cul atteatedb(maechhnisalye bydra@aalpdndiesobimtisa té banhwatbratwal oftbwi ces 26

ithin th b- i nt | .. Co | . flui,d,in th i 10 [l ed
thr ougn FRUSHY SoahEhePie rasureaCss dhnibittn: Pt Bkt rBEand (2 | o
direct e_dthie R0 Jge sw%c_ﬁé n@.nﬁa{ac@&rp@i@@f kugen de-hse pl%ﬂlﬁaloil/iﬁj%cﬁ@f{ &gping the
boundaries of the sub-interval. Althou FIG 1 shows one particulate

cont rol Bigrednobie aningi 0shersbawicen, ead honaetbuted &1 scabvitk gy wal plethe

product i ol 85 L ARCSHRT IMhELNRlas TR0 ShBA QLS SRl BG RRQYLECHne A SO
as described in“nore detail below, eac partrcul at e control screen %4 can
be assocpatiadateicbhitra seicBed B4 fddoftewe opritradldediesy Zreard podtiomad ity @rihd 0dv cont r ol
devi ces 26 (two shown, but nore_can be Ero‘vi.ded). In instances of nultiple
f1 ow conbtreRajisd ddpecny @pckesy onlmg, albleid ipihoangulys ofip g skRral nay

confi gur I; I : It Al el , nor e
ot e T tonrafr i | Gy and SR o bBoGRIh b A B AEEe: o0 71 o
passagesaridatodiavd flas\conedlrdee ks 26 owithpr thp sulb-intavile tCuetrselyf fhadiathd out f | ow,

e.g., passa that allo utfl ow and resi st or seal agai nst infl or vice
versa p_sﬂ@ﬂg 1G gardied fayeh ﬁlsyﬂoavo?ﬂnﬁrafdﬂvé‘%ﬁs 2heng @a%ﬁwawgcomrgﬁﬁr%nﬁ g
symet ri gafircfdo@hts A duBlerdR¥INCRSe 48 bOfwRh h@pa@?&@?g ]Ei@ﬂiﬁ’m% |tlifé‘r’liﬂfotﬂlﬁdauries

asymretrical flow control devices 26 to provide differen | ow and
out f | ow ¢fithe syb-int§reelt iAdthongldFI§s. dcbhowh ond parhiaulatetcentrsltscesn 24 add ft§ er ent

sub-interval.s d alo he | e producti.on/injection intervyal. For
exanp! e, e GRTH AV e oF rr HPastBaHEae S iRl e Kk

t r eat mengoul@ye PROVIle@a@o, hdiictibrl ihahdre @btall BEloQWesdh Faktidulige pomehuced from
t he subterranean zone 16. Therefore, to account for this, the arrangenent

of fl ow waernrZd cagdpiaswsiapgl with a siagle iy sontrod deee 2oar mgliipkadflew cowjtdler | ess
resi stange. fl f.fluidf he, interi t i or t he
Ctring 10 rATer AL pGrHeR cof BFAREIGHE" B dhodsPof AEYRAC ARy bnts

Addi ti onddwliges 26hper sargencdd, eachf withifla sabidntéival wsy pordthuerichlike @mdiffeently.

subt erranean zone 16 may have different fgr operties . that affect how nuch

r esi st and®1PbInqegiin igstapesseanetos nmgsn pethe flgwsenatpt devdees 2o p apsinterypl exanpl e,

the injegcti i ds - I i I.scosities,
be.at i TP erane e R B oS ™ s
addi t i oninflowaanda@urfiawg.d. qrastages thiaf {llmendtflawend rssibr fdalibghifidt aflowt e
resistance to inél W or outh w of the flowﬁgontrol .devi.ces 26 can be

sel ect ed"foVEohp H‘Fg'laﬁ%mfl}??“ﬁa OWiPPERIIGIET ab QY oERE e PEEEHFEve a
speci fi efdo@mBHRsl Rbickd 26 8t éth%éap[)QQQho% d@%‘ﬂﬁfe’fri&i 8% RéhAb B viLf ber ent
resistance to flowis to provide different flow areas through the flow
control Wawbcids diBrent anfloox ampouwsflowi(t.é, gyestioeand provuctoan chasadénngics m pr ovi de

| ess resjstance.to, flqw a | esser, fl ow,area,.tending, to ovi de re

oot st anWBRRE Rt Qe R an e R GTel PR R RO TR fu et Boc

resi st ange rite o uhtflo@ve fifiadnéddbl @ a dihashjdctionmreanmichOhadBy bfeetr #An¢@nN have a
greater flow area through the flow control device 26 for outflow than for

i nflow Wwmitsef ngew of Haidspseducehfrpel the syitereancaszene 1. skheraigre. ioracequsry in a
b-i nt : i i st i.nf | tflow
Rather . - s BEFT RSBGPS AR R 8 sAREC o 'l oI R ' o

production/injection sub-intervals ca& have different resistance to inflow,
outflow or both. For exanple, if a given sub-interval is provided with a

fl ow control device 26 having a one-way fluid passage, a second fl ow
control device 26 having a two-way fl ow passage or having a one-way fluid
passage oriented to flow oppositely of the first flow control device 26
woul d all ow the sub-interval to flow both during injection and production
yet have a different flow area (and different flow resistance) dependi ng on
the direction of flow Also, the flow control devices 26 can include
devices 26 that each have both one-way or asymmetrical and symetrica



[ 0021] By selection and arrangenent of flow control devices 26, a specified

outfl ow anount and/or inflow anount profile, i.e., in injection and/or
producti oNQ 20mx4k@0achi eved over the entire | ength of tIR€T/US2012/032130
production/injection interval. In certain instances, the specified flow

profile can be substantially uniformradial outflow and inflow over the
entire length of the production/injection interval. For exanple, a desired
flow profile for 30 barrels per mnute of radial outflow (i.e., injection)
duri ng aoffaded redistmndead bothlotw efdtuie fbmi the dntwvidrlto whct dxt3®r pif datwaingoll) | nj ecti on

intervals coul d be uni.f orm out f.| ow of . about barrel per. m nute per
i nt er val ﬁlamwg'agv qfﬁ@l@ﬁa & axteLier t9Iths wEriowy @3’@1&9{1&1 r BdEestam ftha@f i ng

producti gy @fid{ S daaimErittle £OLANDE zbRe 90 hHal ElFrPEN Qg%nie\é\ﬁtﬁa'? uni form
i nfl ow of about” 0.35 barrel per mnute per 1nterval. Thgs flowrates are

ment i onedferehetvynad ranstencarplifley iandedsil gmidhioantspeaficdfioesaicn Foni f ormity of

actual fl ows, . 0. ve 0% variance fromstrict .uniformt till fall
ot tres T Bon RultR b Bip BR5H AN BTkEY BhE olFreabiR ot s w £ hout
the syst @i@e%ﬂﬁféﬁiuﬁ‘&gaﬁtﬁ&cﬁejvg%qlelﬂ@ff%r@r@%@eﬁ%&mﬁﬂs,Qﬂi g&li6sn fohan 50%

vari ance and the system and nethod woul d therefore nove the fl ows

subst ant degppgtingdpathg differeeramauptsvi fifhisdiflovicthi sssistagcs to inflowuariouilaw 0. [ 0022]

The flo rof | e e i oducti on it .S I nqinjection or the
pr oduct :A%lﬁ Iwo‘\iﬁ%gr%g 6fvlti‘ceestczgnc aﬁggg?l\% ee(?{eon%%}preg%t? %Z tlzlen(jilkeT%é]iePg%ulﬂ | ow profile.

[0023] Bewausies @f achit@e 8 gp&afidesmhaebf tiod ffw.ect (where frictional pressure
causes an I nflow outflow gradient along the |length of a )

pr oduct i BREPhPee masperipegviding diffyrad setange e Bpwrigtogaprgasiffaresf flow nat ur al
or manm I i i r.ei f . , and
ot her ef %E%{%%ﬁéﬁf%@glcgﬁl ll%oeg}?%sut ’If%ISVGX?gltp ieehglf1 ﬁ;gb %ﬁ%%%&? ?\%ﬂ?&f}ttg erranean
zone 16 parvidedesalresigarticheéo fowdnd ti¢seer/flow @ech tamdingrid @rorade mdtearesigsmaeitot i on t o

flow proyi ded by the f] ow control devices 26 can be different . di fferent
| ocat i on8O%y &h\fﬁy {hRroyidei oy qetiol A M e Tetiace tré&ﬂltfi%ﬁﬁpén?ﬁ%ow

control gew 89 caftroMdblicds 1ESH8MavE § TSt 4:8a b AWhé Bo@:conflgVi Ng a
greater flow area) can be provided in areas of |low perneability, and flow

control devieccsfop6utffonthan tpreaficey. Absi adl thadlowt @nimi dovees@6gn a stiangi oy a

| esser flow.area).can be proyided,in areas of high perneabi]jty. Flow
control | oUinasthaianeh e B ol Sl R lapCo RSN AR ovi ded i n
areas of Rhi@wt, BEFI@ERBIoMW dontrbPddvek Rb iRt Bfegdre 8t 8l ek Pl ALiiNingctibhose ar eas
during injection, while areas already having high perneability would have

f | ow consubolntegeals eamshaye dyffarent sesistagiseto mdloms pulflow ardogut Farewempls, H@count for
t he heel /; f . | ow.con I | G [ovi with a
gener al | lkgli%uﬁ)é%lgeﬁ%agl 1‘% Ergivlsdtegr%@ %(W Icgw??\irdgﬁ%%? %g h%g{e}% Q%P Q't“%é’ e

product i pasbigej &sdcond flowtedniral ddvive®s Hakigproduehy How passigs ovitgomeneds t he
toe of the %r oduction/jinjection interval }(1and farthest from_the production
packer 29 fleidisssage hicediq flew ogpesigh Hdhp st flevicopirefjeaicei26rveuld er val can

be provi gdedy H.QhvSxarRl & W8S dtuﬁﬂé itﬁéc%ioﬂ%ld BfSdagtsd ﬂlét Yave a different

flow area (and different flow resistance) depending on the direction of flow. Also, the
flow control devices 26 can include devices 26 that each have both one-way or
asymmetrical and symmetrical fluid passages.

[0021] By selection and arrangement of flow control devices 26, a specified outflow
amount and/or inflow amount profile, i.c., in injection and/or production, can be achieved
over the entire length of the production/injection interval. In certain instances, the
specified flow profile can be substantially uniform radial outflow and inflow over the

entire length of the production/injection interval. For example, a desired flow profile for
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substantially uniformor that may be substantially uniformin injection but
not in production or vice versa. Different flow profiles along the

product i omOi2nj2e:@8é40on i nterval can be provided by provi dipa@/usté1e032130
arrangenments of flow control devices 26, including different m xes of
one-way flow, asymretric flow and symmetric fl ow passages, different
nunbers of flow control devices (none, one, two, three or nore) in each
production/injection sub-interval, and/or flow control devices with

di f f er en30 bdrosks pereminute[dF02HU3] olitove Gine, isfection) dhfing amadié stimetition one or both
of production of flyjds fromithe subterranean zo 16 and injection of
1 ulds. i RESTEHAN Sl RB AR RIPCAGHRY DECUPR, Mirasls eaHgIvE 4 & rr&tomff?@va is used
to inj echyont i WehaljeR chifid ?E’tsinfe?vﬂ,-whé?‘&{SQhé BaRBreacAdhIZh Gy (f€at nent,  xyl ene
in a solvent treatnent, steamin a heated fluid injection treatnent, and/or
ot her t ypedugfons timng prodngiohloditl) saimstveelt ¢raild bbi BP0Gbasals porday,dgith

bstanti al.ly .upif i t fl fil | the | ength of
The prodtietrbinTay SEPdH 1 e P bty ol s fowdeedoes hsed o
produce flibidhed (n@br&g as BY dkARAE PAASiHMAT vataness ih ity sdaBows,

subterranean zone 16 substantially uniformy, or in sone other flow
profil e, c.al v 10e vimange iiroot stripleunsfopmiiy st il wiithit the hounsts e (his methedanot her

exanpl e, _t 4] i ed f i.njiecti i i .g.,
wator b B pRIE Bt b HFEF abPEuht SEhesBRy P MR P d by BriEs: he
subt er r am@atngamre thha 5eubsdrantd ald tic witdroand yhethdd woulsd tre:ferchadvefthow
profile, al on%ﬁt he | ength of the production/injection interval for the

pur pose BewsibstaalipbngWsFbu frmity witheut agiiving YHeamifPHREY. 16 and sweepi ng

t he zoney 1 i i >af | E . . ef zone 16. The
wel | rray[(@%ﬁswﬁgﬁlo%%\f\ﬁ lﬁgﬁf ée{hg\%%llggi n 110? %t?dgls%?gg?%gﬁ%%ﬁ?%gagubt erranean
zone 16. plodug®mtfiwpiofiddt candesdifferdast fjoealicinjoctsn downeefilor seal i ng agai nst

inflow ipt e stri 10 can linmit oss-flow of fluids from one
sub- i nt eb2H] E?W%@ﬂg? ﬁ%-cjglfeﬁi gl g fhd @B?f@tfaméma[ ERSUEL BT B val |
Ther eaft o RIS otent Qo (HSRAuth @f BRSNS Iilcfidn ifteiGah. Myglrgrear bons

and/or other fluids) fromthe subterranean zone 16 substantially unifornly,
or in sodfconypernfdabivtpeoidtire] orahampdeHemctueegintdidérentipartsobthect i on/ i nj ecti on

interval. ,.[0025] Referrin owto F . 2A+B, ;schematic_.detail

cr oss. seSHATHAr A Eka bot e BSRei s 0S BealBEP MR 2t PO ear o

provi dedsigrapbaivone 18X BoRaiheipesdRtin/adiioalintsth B ermcAstsibtiidradel e for use
as screen 24 and an associ at ed one-way exanple flow control device 42

sui t abl eflpwmpragdeddy the dawcentre bilevikey i2e sarbe diffegnt aidiffersnt losatsms klowg f r om an
interior,qf SEr exterior,of; th i n rows) and
F'6 o6, dd§ el b 8L B ¥ S S ReBh S bR Palb St 2R Bt o " he
string tesdfantaioanileow (0., hiengt rdagr (Bhsacohamde Pyovadaddnajeas bhlothi s

i nstance, the -P_arti culate control screen 40 is depicted as a w re w apped
screen, PREVICAYIE: tid How gonfeplidexices, 2Qwip gedeatsrdaritiancesadelow (se 42vinghe space
bet ween J B 4 b6 1Gon smal | er
Chan ther Shet TprAEREn BE plAGih ol Fiafi pSRTYER THER coffiol RyBRTTT! Lase
pi pe 46 2&withbnfleger esistiocectowptftow thr l@aabnigky iraarddsarf low Iperna¢abdjty va t h t he

remai nder of the string. .Although depicted as.a w re w appe creen, other
conf i gur feeilipis Seppics cfimfpgion PE@]_ng‘dﬁ‘rﬁﬁf SEREaHES ey PUC afeS BF e Rlyer o o
Wire W apighFBsheaB QouRt RS i ddnfib] &I PUGHH £Righ&GMiflaRe 1380w, 0026]

The flow control device 42 has an exterior housing 48 with one end seal ed
to t he b&secqupidfontednd/toheffetthtbe flewdontrapdayites 36 chiebepwvaled mith screen 40,

such that fluwid is communi cated,framthe.interior of the housing 4

Cbet weonzatithyciobRag SRR RHGE fono Sl e odio etiroRhaston feigf s Rl o
screen 4Ghebd@t pR|I clidiEpatk €224 40 Rdids Qo dasBe Prddactidhinjedtibh axéhiqasd eeve 50
is fit tightly around the base plge 46 in the interior of the housing 48.

| n cer t afathpi SoantheProdustion peskepPd. tbenflovsprofdesmdingtbe | such as butyl
rubber, . £ i St r P f or mance
pol yrmer stropon RERE] SRS beplot e £ B SHRNR furtle BHRRR AL 77 O™ e
screen 40 is sealed to the base pipe , and the end of the sleeve 50
towards the screen 40 is free. A plurality of circunferentially spaced
apertures 52 are provided in the base pipe 46, internediate the ends of the
sl eeve 50, that conmunicate flow between the interior and exterior of the
base pi pe 46.



[0027] As shown in FIG 2A, when pressure in the interior of the base pipe
46 is higher than the pressure exterior of the base pipe 46, fluid fl ows
from t he woterase40f t he base pi pe 46, through the aperraras2&2/032Zibe fl uid
tends to push the free end of the flexible sleeve 50 away fromthe exterior
of the base pipe 46 and passes between the sl eeve 50 and the base pipe 46,
into the screen 40, and out into the subterranean zone 16. As seen in FIG
2B, when pressure in the interior of the base pipe 46 is |ower than the

pr essur esubxtaetialbruriforilve tixa seyhicpabdtiallhenifoes duingcdod bermenid al tends to
hold the flexible sleeve 50.into_sealing engagenent with the exterjor of
the basePPABEIRP MG Fes %ﬁ%@%@?w RIRITIF 1618 8PP U e iSO R PV

agai nst, oyl W8¥idkd B grofVEd?%@)ﬂﬂﬁrb @ri%‘érrllgéﬁleﬁts of ﬂ&@%oﬁ@éledem&?z(?;gnélﬁdihge

interior of the base pipe ervention into the wellbore of string
i s requi difidrano maotswapec-whag fTomowasyoonetriolflodearnidsymicthe flowenssagst, ri cti ng or
seal i ng inst inflow,and allow n utfl ow. . Rather, the flow control

devi co i SRR hyaers 81 B cofirel Wik b P GE THFG0E MPGOZETCA  hough
descr i begroagctRndRRci@YsubligWrEdindQlr Vim0l §hecck vam sifBlchoflowWamage 42 can
alternatlvelgTbe configured as a two-way flow control device having a

great er F093fkThnsaena rifg dhedir banmiseth én eng @rtiopl of produesionef Epidsrrost thehe base
i 46 f t he /i 3 t he .ext.eri f i 46. F
p! pe &gﬁgp?ﬁﬁp%Imq62ﬂ§§%%§kgéﬁﬁ%%ﬁ1ﬁ%tﬁégﬂ%§ﬁpﬁ&bﬁpgq%¢I@b?e or

c
exanpl e, ronal “aper covere e sleeve and t hus not

restri ct &hniple, destviay 10 isawed eainjdestimghtisietluids (& Headidiearpididizi4g. These

addi tional apertures 52 would then allow inflow_into the base pipe 46 and
thus al | GORUEGRE Walgng ingyso lvembtreasmgnt, sl i p dgatedh FIBIGGRICEHRN ANyt t he base
pi pe 46 %ﬂﬁg - : interi iaflow fromthe
exterior, égﬁﬁgéﬂﬁﬁﬁﬁﬁgﬂgﬁﬁ?§§§ﬁ¢9%%$%¢ﬁ?ﬁ%ﬁ%ﬁ%ﬁ%§h%?éﬁﬂ% gg@ypipe 46 al
apert ur esnifs2m(y, loo fesonenathtrifler pefide, adngnie khgheftiat prodveioednjbgtidnhe sl eeve

50) woul d be ayail aple for.flow ring jnflow fromthe exteriaqr of the
base pi pBlaEHls fBerate; thepine e vt 6 P CR ATl So P PR iabe i%e 46 woul d
be reducggler HEEYURRN Hféesuﬁf%%ra%l%églgzg]né %6 %g&%%kgl(lg} heifthBe o8 i@ihdohe: figst ri cted

or sealed by the sleeve 50. _FIGS. 3A are schemati c detai
cr oss- septifiEnalong itewsngsh of He rexdurpbe/igeaddndntconl.i lnj aothcoexanlé.ribe showi ng

anot her exanple one-way. fl.ow control device 54 suitable, for use. as flow
cont roi 00 20 5 8e0 i aiesi R Eeh R RS St b @i B RS ot 11 ng
to the egichrak pblydferlidiien fﬂ‘u[ds?ﬁlt& SRAWBt AN ZBUE ] 6 Sutitanti&ly BGfo#eiy, oF s t he
response of the flow control device 54 to inflow froman exterior of the

string tenamother v profes, aldig the lengld qfahesiroduasion/inigctaany vtesyal forgbgo] The 1 ow
trol ' hillak ] g, 56 Wi led to th
contro ]gl?%é&eorﬁm i gﬁlgfg[‘%%%‘sh%r hhe %%ge%lat%gal} %Oél"e"' el‘rqgmgg%{aﬁgﬁ%%%azoﬁg o the

base pip a rend cou créen 20 such
that fl ufldids $o €epoifitiddedagion i stibterrimdas zbey 1@Tht kellhaasbaighuddn whité ween t he

housi ng 48 and .the base pipe 46) and the interior of the screen 40 (between
the wirethgawseping ﬂéldﬁé%séfeplpélé? w%}e.rrap@%x wonallPlp srtaiiipdireetbheicary spaced
low t nerernrargn LRMEERR, RAnESrnedo SRFniSE AP of fufis rodun cate

one sub-interval, through the string 10 and out to another sub-interval. Thereafter, the

string 10 is used to produce fluids (e.g., hydrocarbons and/or other fluids) from the

subterranean zone 16 substantially uniformly, or in some other flow profile, along the

length of the production/injection interval.

[0025] Referring now to FIGS. 2A-B, schematic detail cross-sectional views of the

example production/injection string are provided and show an example particulate control

screen 40 suitable for use as screen 24 and an associated one-way example flow control

device 42 suitable for use as flow control device 26. FIG. 2A depicts outflow from an
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outflow fromthe interior of the base pipe 46 (and thus string) to the
exterior of the base pipe 46, and close to restrict or seal against inflow
from t he wet2er@se4bo the interior of the base pipe 46. [PO03KR1A®3ITIEEt Seen
in FIGS. 3B and 3C, the check valve 58 includes a cylindrical plunger 60
with a frustoconical tip that is carried in cylindrical cavity of a valve
housi ng 62. The val ve housing 62 has a bottom port 66 open to the interior
of the base pipe 46 and an upper port 68 (shown in the side of the valve
housi ng BRxioopéthetsaritghe anrkeriooof the string (fHoowm Ioyoatevad) adéFiGe2Bdusicsg 56. The
plunger 60 is sealed to H}_@Fj terior djanmeter of valve hous'Eg 62 with a
seal 70 dgviecs Iespagsen PR FIRBeT 8 %é%‘)g.toﬁﬁémﬁﬁl‘ﬂfrf&]é CHENY| ased

Nt 0_t he(gtdhaih Bltrodl) it is SARLRG, ¢ pAGLLRG BRIYEERCHNG iPUYRGE 169 and
top 72 of the valve housing 62. The top 72 is affixed (threadingly and/or
ot her wi sejrectvoapried scrempihasimg aobire i helalally wraprsidngdd.a base pipovin. iThe FI G 3B,
when pressure is greater int interjor than the exterior of .the base pipe
a6, 1 Fowdtht P EREAGRs L6 BV et TR N BraootP bR b St BE R e T nter 1 or
to the exeeific@kizRlf btichRERIIRIRELAhe sMBeN40 hehdbise 9ate £0s cenBRAMR@ 1 n the
bottom port 66, the seal 70 is beneath the upper port 68. Thus, when

pr essur ecquplaftlraedinglsbodior ethervasd)eyifhothe rerazindey of tee strngrAlghough t he base

pi pe 46, ,pr e hol t he pl down. T C l ve i s thus
hel'd ol ol ISR R 056t R BRSSP gl eript S from

t he ext ehdvirg 6 dritfore Myt efrwied widpe nlesis endporhdiltriNgon ddfuetivenNtoddbent o t he
wel | bore or string is required to actuate the flow control device 54.

Rat her, ¥%d- f1ow control device 54 responds to pressure and direction of
f1ow. W@)%%@ﬂ%ﬂ&éd%nﬁ’@%@le@% h@?aﬁ" Q8o M sﬁlgqg’vﬁﬁ{‘&{e%d@@é{é&fmhé he flow
control devitce can alternatively Be con Igured as a two-way flow control
devi ce hbask pgpeat ogmdaheotheesidstoapied td theiondl lo6 viefscrem Bhesuek tient floid iko t he
interior of the base pipe 46 than outflo rominterior tg exterior of the
base pi p@?n@B?lC@ﬁ‘g%ﬁP_Et&lgi“ﬁ_eré‘lfcﬂr}tt f‘olilP“tS’élg_t"}ge(L%tWé’Elkt opggs _ég_,an%&tﬁ §%nal

aper L ur egip¢3p) BRI RE EARD AR SRenDBTEREAEHAGyirT SRl AddhdifaRake)aper t ures
woul d not “be governed by the flow of the check valves 58, and thus woul d

al | ow t wexiblg stacond @ ksrigugghtly hewubd e pisppip4 @6 iiTHe inwtiat of thowowsiemn4d.hr ough

the wal | _of the hase pj 4 ul d then.be greater r .out rom

nter o MY ARG B APt R e oD riren e ouht B VB ee bot b
the checfyyatasmes(aabgisteha taddinhikasTaburaRe PésemnvOR e, ava), alloe for
outflow During inflow fromthe exterior of the base pipe 46 the total flow

ar ea t hretigtpalnacialihe cad of He slesse SPpperosie theogranye is egisdde thewsanie t he
check va l-d seal i nst, Lhflow | .eavj he.addi ti onal
aperturelé&gl@%??ea%e%f?}berﬁ%ﬁﬁ%g\?v{)w rgég%sc%g?éﬁllﬁ/#&ghgg!‘ %ﬁt g(f)ntrol devi ces 42
or 54 cagirduénfprcaraltiegavéd dpetrutts 5L arepmbvidudiethe dagy gipe 46,268 rmédigpeid ures 52
or check valves 58 to provide increased or decreased resistance to fluid
flow FofndsRAatfs deevasP dhafronmymeate Joybepyreaihs isrios angeyerior ofithehsei ze can
be provi?@gé‘Fo increase the flow area through the wall of the base pipe 46
and provide l'ess resistance to flow. Fewer apertures 52 or check val ves 58

and gi vef002VkzAs slaowibm G0 iAd edheh pradact date itthsorf dfale base pipendd iph@hicde nor e

resistance to flow Simlarly, apertuyres. or .check .val.ves. 58 of a greater
flow ar eHaBHi BESSPRGH RS Of depeet wns é’sﬁl’rlgg%’tse@i‘?géﬁ?dmﬂlwfttﬁ? Btigh the wal |
of the bﬁ%@m} @qux%ﬁth&ﬁ)%ﬂhférs%% F8e AidCRREK0 pabY @2 RS ch@¥t g Rxmdl | er flow

area can be provided to provide nore resistance to flow through the wall of
t he baseslgivee046vayidnh dreemteroo nf thgibast pipnd6 ofid pasoes mpweanghe dlesvecds, such as

flow contr evi ces 42 in_one- and/ or -way configyrations)
hndor otEhe BETETAG T e Srp P BRR o bt AR A St

t wo- way) in FI&n 282 wheR pidasle irotht aitk@dr dffilee bdsewiperdefis v @hRimahé pRssir& i Ng.
[0034] Ot her types and configurations of flow control devices can be used

in |ieu oferr qfsheckasd PipgtHootenreshure owentid tanids kghadd Hiedlextde slegeid) e, a
fluid di . h i hed, : t .Applicati
o 2/ 780 g RE GRSy THER IR AP USRS R 4t Bt SRR ol e H oo

Sel ection with Pat hway Dependent Resi s)tance System filed February 4, 2010,
or that described in U S. Patent Appli’cation No. 12/966, 772, entitled
Downhol e Fluid Flow Control System and Met hod Having Direction Dependent

FIl ow Resi stance, filed Decenber 13, 2010, is a fluidic device that relies
on fluid properties (rather than opening and closing a port with a

mechani cal device) to produce a different resistance to fluid flowing in
one direction through the fluid diode than another. By using the fluid

di ode based valve in a flow control device, it can provide a flow control
device with an asymmetrical inflow outflow The above-nentioned application

__________ N L Y o e - o - Y r 1 o



the flowrate increases and |l ess restrictive as the flow rate decreases or
vice versa. Also, for exanple, the flow control devices can becone nore
restrictiwe 2o0f2/iBasdd fl ow as the viscosity fluid increa®es/usne2/08330
restrictive of viscosity of the fluid decreases or vice versa. Al so, for
exanple, the flow control devices can becone nore restrictive of fluid flow
as the fluid density increases and |less restrictive as the fluid density
decreases or vice versa. In certain instances, thus the flow control

devi ces canimmbtanassiscdingyaghastyfioe afdliid fromithectteriavadfehe bdsapipeido tothevi ce

versa, npre, retrlctlvet sthan OI| or Vi versa, and/or nor e
restri ct INREIOF 8% &)&ﬁﬁc@%ﬁg %ﬁwptﬁhvgﬁt%m% h@&qﬁﬁﬁrerqrowrtgrlswoege@& sa. [0035]

A nunber a&ﬁat@ﬁf’éW@orRﬁY Geh&eA B8R Fé%chﬁf&%éaﬁﬁé §88nst ifflo Add be

under stood that various nodifications may be made.” Accordingly, other

exanpl esalvengoutiion. tRethactbpdowfcontrel dayideoniasporsk & peessurdHATditcStiGh 8f VED | S:
1. A vveIh\Broduction and injection string for use in a wellbore, the string
conprising® a plurality of spaced apart packers each adapted to seal with a

wal | of Ed@éS]"thh&%’hQies@fBid as a one-way flow control device, the flow control device 42
can alternatively be configured as a two-way flow control device having a greater
resistance to flow from the exterior to the interior of the base pipe 46 than from the
interior to the exterior of the base pipe 46. For example, additional apertures 52 not
covered by the sleeve 50, and thus not restricted to one-way flow, can be included in the
base pipe 46. These additional apertures 52 would then allow inflow into the base pipe
46 and thus allow two-way flow. The total flow area through the wall of the base pipe 46
would be greater for outflow from the interior than inflow from the exterior, because
during outflow from the interior of the base pipe 46 all apertures 52 (those beneath sleeve
50 and those not covered by the sleeve 50) would be available for flow. During inflow
from the exterior of the base pipe 46 the total flow area through the wall of the base pipe
46 would be reduced, because the apertures 52 beneath the sleeve would be restricted or
sealed by the sleeve 50.

[0029] FIGS. 3A-C are schematic detail cross-sectional views of the example
production/injection string showing another example one-way flow control device 54
suitable for use as flow control device 26. FIG. 3B depicts outflow from an interior of
the string to the exterior of the string (shown by arrows) and FIG. 3C depicts the
response of the flow control device 54 to inflow from an exterior of the string to an
interior of the string (also shown by arrows).

[0030] The flow control device 54 has an exterior housing 56 with one end sealed to the
base pipe 46 and the other end coupled to the end of the screen 40 such that fluid is
communicated from the interior of the housing 48 (between the housing 48 and the base
pipe 46) and the interior of the screen 40 (between the wire 44 and the base pipe 46). A
plurality of circumferentially spaced check valves 58 are provided in the wall of the base

pipe 46 to communicate flow therethrough. The check valves 58 are configured to allow
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a plurality of flow control devices distributed between pairs of adjacent
packers, the plurality of flow control devices adapted to communi cate fl ow
bet ween awmoOi2nt2e4B@d and an exterior of the string wth PesaSe@2108i16¢i on to
flow fromthe interior to the exterior of the string than to flow fromthe
exterior to the interior of the string. 2. The well production and

I njection string of claim1, wherein the flow control devices conprise a
plurality of flow passages between an interior and an exterior of the
string andflawdtdos éte ioferibhef thabsegese 4OMad itlas soine) wathepassiagestht bate restri ct
fluid flowfromthe exterior to the interior of the.string. 3. The well
pr oduct i BRC ARIAGRSEHR Btrict P #rg! against aﬂwf,?ow%é? SHIFFIQHE ﬂ%ﬁf@tﬁwapogf%s ages
conpriseuggﬁﬁ%zyglves adapted to close the passage in response to a
pressure differential between the interior and exterior of the string. 4.
The wel | [498bHAs bestnecand Fl@PedBiand 3€1, thendpedf vadvabnntludehecelimirichle f1 ow ar ea

to flow fromthe interior to,t.h xteri.or. of ..the stri.ng.ds greater than the
ow ar cRluBEr 05T BinPr @k bESE R il bRl Y neoBeihghe s “The
wel | pr ogicthdvhlvkbusigaRtHa9R bt briade deitdnht intehsF &f the bixe piRl 4dor e
extends froma terranean surface into a target subterranean zone and the

porti on ®fd anppst perhge (hownen thersidet ofshbvalyve bensang 620 wecritsf the aeripr of

S N N e R
valve housing 62 with a seal 70 (e.g., o-ring and/or other type of seal). The plunger is
biased into the bottom port 66 by a spring 64 acting between the plunger 60 and top 72 of
the valve housing 62. The top 72 is affixed (threadingly and/or otherwise) to the
remainder of the valve housing 62. As shown in FIG. 3B, when pressure is greater in the
interior than the exterior of the base pipe 46, flow lifts the plunger 60 and allows outflow
of fluid from the interior to the exterior of the base pipe 46. When the plunger 60 is
seated in the bottom port 66, the seal 70 is beneath the upper port 68. Thus, when
pressure is greater about the exterior than in the interior of the base pipe 46, pressure
holds the plunger 60 down. The check valve 58 is thus held closed, and the seal 70 of the
plunger 60 seals against inflow from the exterior to the interior of the base pipe 46. No
intervention into the wellbore or string is required to actuate the flow control device 54.
Rather, the flow control device 54 responds to pressure and direction of flow.
[0032] Although described as a one-way flow control device, the flow control device 54
can alternatively be configured as a two-way flow control device having a greater
resistance to inflow from the exterior to the interior of the base pipe 46 than outflow from
interior to exterior of the base pipe. For example, in addition to the check valves 58,
additional apertures can be provided in the base pipe 46. These additional apertures
would not be governed by the flow of the check valves 58, and thus would allow two-
way flow through the base pipe 46. The total flow area through the wall of the base pipe
46 would then be greater for outflow from interior than inflow from the exterior of the
base pipe 46, because both the check valves 58 and the additional apertures would be

available for outflow. During inflow from the exterior of the base pipe 46 the total flow
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6. The well production and injection string of claim5, wherein the flow
control devices are adapted to provide substantially uniformflow of fluids
bet ween tWe 2extwsidsor and the interior of the string al orgTiuseoiensiise
production/injection interval. 7. The well production and injection string
of claim5, wherein the flow control devices are less restricting to flow
between the exterior and interior of the string toward an end of the
string. 8. The well production and injection string of claim1, further
conpri si aga ehrphghr tht wayl ofthepzast pipaldatveoutdbe radbcsic bemnse thoohéogunbdst® filter

soel 1RSSR SheB S L PR e RBRL  Sho il

subt er r anpas) REARY, RTRA &1 SGALi0D:30 ARBUpHYRRIWRPPafrgh | String and

a wel | bore apuralty of | ocations;
number and/or sizes of apertures 52 or check valves 58 to provide increased or decreased
resistance to fluid flow. For example, more apertures 52 or check valves 58 of a given
size can be provided to increase the flow area through the wall of the base pipe 46 and
provide less resistance to flow. Fewer apertures 52 or check valves 58 and given size can
be provided to decrease the flow area and provide more resistance to flow. Similarly,
apertures 52 or check valves 58 of a greater flow area can be provided to yield less
resistance to flow through the wall of the base pipe 46. Apertures 52 or check valves 58
having a smaller flow area can be provided to provide more resistance to flow through
the wall of the base pipe 46. Different configurations of flow control devices, such as
flow control devices 42, 54 (in one-way and/or two-way configurations) and/or other
configurations of flow control devices (one-way and/or two-way), can be provided to
tailor the flow profile along the string.
[0034] Other types and configurations of flow control devices can be used in licu of or in
combination with those described above. For example, a fluid diode based valve, such as
that described in U.S. Patent Application No. 12/700,685, entitled Method and Apparatus
for Autonomous Downhole Fluid Selection with Pathway Dependent Resistance System,
filed February 4, 2010, or that described in U.S. Patent Application No. 12/966,772,
entitled Downhole Fluid Flow Control System and Method Having Direction Dependent
Flow Resistance, filed December 13, 2010, is a fluidic device that relies on fluid
properties (rather than opening and closing a port with a mechanical device) to produce a
different resistance to fluid flowing in one direction through the fluid diode than another.
By using the fluid diode based valve in a flow control device, it can provide a flow
control device with an asymmetrical inflow/outflow. The above-mentioned application
describes a number of different configurations of fluid diode based valves, and some are
responsive to change resistance to flow based on at least one of the flow rate, viscosity or
density of the fluid in addition to flow direction. Thus, for example, by using one of

these configurations the flow control devices can become more restrictive of fluid flow as
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injecting an injection fluid fromthe well string into the subterranean
zone between the plurality of locations through a first flow area that
provi des woOf2or¢msddow resi stance; and receivi ng product ipom/tdSbuizd3fisom t he
subt erranean zone between the plurality of |ocations through a second flow
area that provides a second, different flow resistance. 10. The nethod of
claim9, further conprising reducing the first flow area to yield the
second flow area. 11. The nmethod of claim 10, wherein reducing the first

fl ow ar ethedonpricsiasreseakhndipsaresirictiat ag the dfow tamdgpassagesicefvetdae Aflsa, st ar ea

pan bet UIEHEREBF TaNG PR 6N icsS el Pisoie A TR e Lol B Felist ance 1 <
a flow resiciamest RERhidand NAL rREREVE BBviReosity of the fluid decreases or vice

versa. Also, for example, the flow control devices can become more restrictive of fluid

flow as the fluid density increases and less restrictive as the fluid density decreases or

vice versa. In certain instances, thus the flow control devices can automatically be more

restrictive to water than oil or vice versa, more restrictive to gas than oil or vice versa,

and/or more restrictive to production flow than to injection flow or vice versa.

[0035] A number of examples have been described. Nevertheless, it will be understood

that various modifications may be made. Accordingly, other examples are within the

scope of the following claims.
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substantially uniformflow of fluid into the subterranean zone between the
heel and the toe of the wellbore. 13. The nethod of claim 12, wherein the
first fl owmonrepiss@nce profile is greater at the heel of pCmaSaskiobse t han
the toe of the wellbore. 14. The nethod of claim 12, wherein the first flow
resistance profile is greater in |ocations of the subterranean zone havi ng
a higher perneability. 15. The nethod of claim9, wherein the first flow

area is e second flow area. 16. The met hod of claim9,
wher ei n ﬁhﬁgiﬁsﬁéngﬂwiﬂaggtion fluid conprises injecting at |east one of
acid, hydrocarbon solvent or steamfor stinulating production fromthe
subt er r aneawzR PR dudilon thd¥ajektiGy tBEforGRERI 4 §elMBbre, the string comprising:

a plurality of spaced apart packers each adapted to seal with a wall of the
wellbore; and

a plurality of flow control devices distributed between pairs of adjacent
packers, the plurality of flow control devices adapted to communicate flow between
an interior and an exterior of the string with less restriction to flow from the interior

to the exterior of the string than to flow from the exterior to the interior of the string.

2. The well production and injection string of claim 1, wherein the flow control devices
comprise a plurality of flow passages between an interior and an exterior of the string
and a subset of the passages comprise one-way passages that restrict fluid flow from

the exterior to the interior of the string.

3. The well production and injection string of claim 2, wherein the one-way passages
comprise check valves adapted to close the passage in response to a pressure

differential between the interior and exterior of the string.

4. The well production and injection string of claim 1, wherein the flow area to flow
from the interior to the exterior of the string is greater than the flow area to flow from

the exterior to the interior of the string.

5. The well production and injection string of claim 1, wherein the wellbore extends
from a terranean surface into a target subterranean zone and the portion of the string
in the target subterranean zone defines a production/injection interval, and

wherein the packers are distributed along substantially the entire

production/injection interval.

14



a well bore extending froma terranean surface to a subterranean zone; a
wel | string conprising: tubing; a plurality of seals arranged

al ong t hewoubizrgs@nd each adapted to seal with a wall ofCrhis2eweloBlies e; and
a plurality of flow control devices arranged al ong the tubing and

di stributed between pairs of adjacent seals, the plurality of flow control
devi ces adapted to comunicate outflow froman interior to an exterior of
the string through a first flow area and inflow fromthe exterior of the
string te. tThe wallteodwtioofand hgeionistringtdfretugld, avhssdothd, flosnednitiet déticw ar ea.

18. The well systemof c¢claim 17, wherein the first flow area conprises a
plurality &f°? aawdﬁgggoa%u?g@méw HENT foBr g g e e f&?tee?rn%ﬁie string
agd ; hg S eGRdrloPWr e QeI BEEne PR 0D InjddiBn Ritknal 1 ty of flow
passages.
7. The well production and injection string of claim 5, wherein the flow control devices
are less restricting to flow between the exterior and interior of the string toward an

end of the string.

8. The well production and injection string of claim 1, further comprising a plurality of
particulate control screens configured to filter against passage of particulate larger

than a specified size from the exterior to the interior of the string.

9. A method of accessing a subterranean zone, comprising;:
sealing an annulus between a well string and a wellbore at a plurality of locations;
injecting an injection fluid from the well string into the subterranean zone
between the plurality of locations through a first flow area that provides a first flow
resistance; and
receiving production fluid from the subterranean zone between the plurality of

locations through a second flow area that provides a second, different flow resistance.

10. The method of claim 9, further comprising reducing the first flow area to yield the

second flow area.

11. The method of claim 10, wherein reducing the first flow area comprises sealing a

plurality of flow passages of the first area against flow.

12. The method of claim 9, wherein the plurality of locations span between a heel and toe

of a wellbore and the first flow resistance is a flow resistance profile that produces a
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19. The well system of claim 18, wherein fl ow passages conprise check
val ves oriented to seal against inflowinto the string. 20. The well
of clai mw@2omas@on the first flow area i s arranged toPpT@s2@e/032130
substantially uniformflow into the subterranean zone.

substantially uniform flow of fluid into the subterranean zone between the heel and

the toe of the wellbore.

13. The method of claim 12, wherein the first flow resistance profile is greater at the heel

of the wellbore than the toe of the wellbore.

14. The method of claim 12, wherein the first flow resistance profile is greater in

locations of the subterranean zone having a higher permeability.

15. The method of claim 9, wherein the first flow area is greater than the second flow

arca.

16. The method of claim 9, wherein injecting an injection fluid comprises injecting at
least one of acid, hydrocarbon solvent or steam for stimulating production from the

subterranecan zone.

17. A well system, comprising:
a wellbore extending from a terranean surface to a subterranean zone;
a well string comprising:
tubing;
a plurality of seals arranged along the tubing and each adapted to seal with
a wall of the wellbore; and
a plurality of flow control devices arranged along the tubing and
distributed between pairs of adjacent seals, the plurality of flow control devices
adapted to communicate outflow from an interior to an exterior of the string through a
first flow area and inflow from the exterior of the string to the interior of the string

through a second, smaller flow area.
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18. The well system of claim 17, wherein the first flow area comprises a plurality of flow
passages between the interior and exterior of the string and the second flow area

comprises a subset of the plurality of flow passages.

19. The well system of claim 18, wherein flow passages comprise check valves oriented

to scal against inflow into the string.

20. The well system of claim 17, wherein the first flow area is arranged to provide

substantially uniform flow into the subterranean zone.
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