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SAND CONTRCOL COVPLETI ON HAVI NG SMART WELL CAPABI LI TY
AND METHOD FOR USE OF SAME TECHNI CAL FI ELD OF THE

wo MERTd2AN Thi s invention relates, in general , P€DUS2005/025797
sand control conpletion positioned in aproduction
interval of a wellbore and, in particular, to a sand
control conpletion having smart well capability that
provi des for the nonitoring and control of production
frommultiple zones within the conpleti on. BACKGROUND
OF THE INVENTION It is well known in the subterranean
wel | dr iSAND@C GQNTROIGIGVIPAETHON HAVING ISMARI] WELIe
particul ate materials i
product i on %ﬁPﬁyﬁnggﬁggﬁgﬁﬁﬂghsg%ﬁgﬁﬂﬂﬂi$ﬂ9$$&ﬁ%rses
an unconsol i dated or | oosely consolidated formation.
Numer ous. probl ens nmay occur as a result of the
producti on of SIBRGHNEEAL FIEBDOF FHE DREANTIENt he

parti cul at e, causes .abrasive wear .to_conponents wi thjn }
t he Thip mye@twﬁelgrgs,tnagﬁqq&L t(b%ﬁ?ag corpEp!l complglon pasitioned i a production
1to|fo4IWe:th§' %El,t{ Cgérﬁ&ﬁ Ty ap%ﬁ'c%h{réﬂ 95m1§1lé{i&i h&éfiﬁg smart well
& welt "Creat i ng "hehéed for an expensi ve wor kover
capbisility thit ptdvedde Brithebsitcringahd esntiobofproductien from rhilléple zones within
surface, it nmust be renoved fromthe hydrocarbon
the pempletioni ng surface processing equi pnent. One net hod
for preventing the production of such particulate
material is to gravel pack the well adjacent to the

unconsol i dat ed 0oBACKSROYNID OFUIHEANVENIIONICt i on
interval. In a typical gravel Pack cor(ripl eti on,

d

cont it i welbknsern inshd syesrareanYal] ditting end asrmictis st DarRlatively fine
A e . t . .

S e AR b oy oS i MERbH EE R i & wet ha

tré\Rebed an @hRdhsolRbd 6PROERY BstsbliddiéEfotmaRine Nudderowsipesblass may occur
sand, gravel or proppants which are typically sized

asamgswlt affibd peaddictivhi ofrsuglh partigypica (Floy exastde.rtbelpirg cHatesppses abrasive

as gravel, is then pu d down the work strin nd o
wiin & et AT WGy iR BebiBenBies bid, JvEL mpaditon, te
pRREASR nd)akiiBiyRe Y 8lo8 dhdWRbil cfafihg) theQlee®@ BSNarh@ipRnsive workover.
production zoné. The liquid carrier either flows into

Atsoe iff thenpertianate matesr is psodused e thaisirfase, Bymfitobd rgnoved from the
t hrough a .wash pi or both. In. either case, the

h}ggwgl?oq @ulgg%ﬁﬁugﬁc%p@ammlgﬁgu@gw& ‘control screen to
for "bh?ﬁﬁ%a\fﬁl g)rr@s%ﬁﬁn% tgg@gg&ﬂubﬁorhdl)ﬁlﬁlﬂypﬁﬁéﬂﬁt%%a@eﬂa‘l’isthtb @ravel pack

flow o rocarbon f but bl ocks the flow of the _
thi iwed] adpctnt catha tiecomasletat el s lanaelyicensolidatedprodyetrandaicbiah In a typical

fluids. As such, | k : L t _
B oA s SRR eF e UL o <LP S Ragaror sring

aposition proximate the desired production interval. A fluid slurryincluding aliquid carrier and

a relatively coarse particulate material, such as sand, gravel or proppants which are typically
sized and graded and which are typically referred to herein as gravel, is then pumped down the
work string and into the well annulus formed between the sand control screen and the perforated
well casing or open hole production zone.

The liquid carrier either flows into the formation or returns to the surface by flowing
through a wash pipe or both. In either case, the gravel is deposited around the sand control
screen to form the gravel pack, which is highly permeable to the flow of hydrocarbon fluids but
blocks the flow of the fine particulate materials carried in the hydrocarbon fluids. As such,
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particul ate materials fromthe formation. In other
cases, it maybe desirable to stinulate the fornmation
whoshar7exanpl e, performng a formation fractPCT/H§005/025797

. .. .andproppi ng operationpriqQr to or sinmultaneou

| lywith .
gravplepagka @l sysaesefinly rspesnh hednoblrpd Aataciateds vk t%agl\;mli?&%tfon of these

Pal?iﬁ@%%régaggl{izﬁg %Of‘l‘ioﬁle"?ci)lﬁ%ﬂ?ﬁs soneti mes necessary to

e pernea y of the formati on adj acent
t he gthéreases, it MEFIRY dlisitghl¢ o stimmieanth foralatipn By, forerample, performing
fracture fluid such as water, oil, qil/water enulsion, )
a fqyulationfroptvdng @dpg@pu@pp@ralﬁongﬂﬁﬁ}ﬁﬁ’éﬂm&gwwﬁ&“%m@ gravel packing

strin ith. suffici :
T T R T
thef peRifbatiBty druhormti cheddjacet thelinietibbre. proogidinggo@gavintional practice,
such as sand, gravel or proppants, which are typically
a firetuey flwd such dsavatarrpikgilisvaty saision, Belies wakr of geltedgilagpuriped down

B T T—

intKRAMN ThE 42818 W@ Magnaas ai/\ﬁiiiablérl?ﬂobﬂ)iﬁg agbiet, eQiPhse§and gravel or
) art that it is desirable to install smart well or

proppeets) wigeh erevglitallyoeforred fodissein hxnroppraks, iite the fractures for the purpose
agement of production fluids fromdifferent parts
Ofggﬂtr%éﬂgﬁa&‘ﬂ@ﬂ%ﬁ“ #@Pg’ll% eﬁiacﬁuﬂfl%?l’/%{ﬁtéc?n' Speci fically,
t hege; S8 velihbwh QHRhE bR tank P v drillihg) éhdl d6mpREo®art that it is

nore sensi ng or contpol mechani sns such as tenperature
desiesbbotosinstpll emen veslsa@risHigent Wethcoopletions thatinebls the mepagement of

propfison DA BOBG 1TSS P of R PIOCREORR ST Qriliervafe pecificaly, these
sngﬁ%&?fonzlgb icser%é Q%}%i%ﬂ}b’in@llﬁﬁé 8L &6k HteNEnHNE010¢onBI Mechanisms such as

contro i nclude hydraulic ITnes, )
tereperaturd sambork, presyref sehears, dlpw-cortoh dedsesa figwitate thedeurement devices,

i oG o L 8 erant e G5 1 HieeE S e QeVREE are typically
op{e{aMng%hg Or ﬁ%re%gﬁhscﬁ 16804 id Qudeh§dHié BER, @éctrical lines, fiber optic

ansm §si on of conmands fromthe Surface to operate a
bubhlieWasd tHerlilte. dRhei coatrdlraahies peovideeioa tommahicatiait ketveen the smart well

another. It would therefore be desirable oc?n‘oing .
degifay endip FUdagsABF 7 FASMISIOP Of SERAEP o e of fansmission of
co%%n:%xldgtﬂ'o%] thé%qﬁﬁf‘,? td) %éf teB HETRLRHIPY& i REESm TE SpbRtional state to

LIRS Shart  Wel T “capabi I 1ties into a sand contfol

anof@p!l etion. For exanple, prior art conpletions have
i ncl uded convention sand contr ol technilﬂues for

| owe weBlddhersfare he desiibierie CPRBECCTER Bl Sipabiyfes Mg asand control
| etion W | | s OOt
L AR5 R b B B o

safill Ebiitebl BMplefibs. Fbo¥xahiplptioe att cvmplerionehaverindudsdi convention sand
fromthe upper zone flows through the annul us between _ . .
contrel te¢hstipres Sarpailoerzione fohlewap b thedpsepica9i gR UpPRE goRg ompletion with

a s%?ﬁc’oinns%inagqﬁgtl i§ s‘?‘[abab%g ifto Eﬁe%vwgroﬂ?)lhé &meletion. A valve within the siphon string

controls flow from the lower zone. Production from the upper zone flows through the annulus

between the siphon string and the upper completion into the casing annulus and a flow control
device is used to control flow from the annulus into the production tubing. This type of
configuration, however, has limited applicability as only two zones can be controlled in this

manner.
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device is used to control flow fromthe annulus into
the production tubing. This type of configuration,
whowwews271 has |imted applicability as only tmbCWUsnmymwﬂn
can be controlled in this mannper. As another exanpl e,
mul Aiszoper examytle, a mplizersmsingle R REY %’@@ﬂlaabﬁwega’ted wherein
ere| . eac etion
cod Rt it B SRRk 2 YL e B0 RARAZA bl base pipe.

ﬂoﬁz%hfr@l' dedi%b‘ bfia RWEr padkervroduatite fromRhioidwet zaie of zaies ﬂbWS through
| ower zone or zones flows through the interior of the
thefitovionafthe W enngiod ée\acmné blank bassetpepvjie Prgangtion from the upper zone

ﬂogzﬁ gﬂq%ﬁtglll glg Ly S f)%gre%? 1&;?51% dn%? %%Eﬁﬁ&%?gﬁg of. the sand control

sci@fn fnffthe @E‘ﬁn% S and ¢K88sh the Flowt dvatrobédviig iamrtké pﬁ)dﬁﬂﬂm tubing.
through the flow control device into the production

wmwthypewt‘cmeﬁmmmmp»ebmﬁe@wnmlﬁtgmomhmpwqm@% dlopigfrom each
conpl et

oSO G LS LA R0 | LSRG B pciom

theazzl ﬁEWﬁﬁ shitBeddtiol Sdredi®di um and the bl ank pi pe of
e sand control screen. Therefore, a need has arisen

f or Theseford, et hes aris@n@r@tsamhcml etgmslntu;mt hawgng smart well capability
capahi_| i t hat provi de n|to ng_a
thaf Greviegs ¥ (e BRI T ik L BRac St be i iible panss within the
cofng{%loﬁt |2 ﬁeen?A hiEEo BASerPlo? ué & §ﬁfdl édi’l'i:rof’bl FI@tl&@ﬁQVlng smart well
ntrol conpletion having smart well capability that
capabilitgthat isviot Hohited tea twiozano nempbtmm elt“urdwr nged h&s@nsenrfeewch asand

has arisen for .such a s havi
configh mRif o HYAEA FRE) WHLEeraony (gt Speadregtior proiiion from the

@%Egmﬁ&ﬁ mul tiple zones being produced.
m@%&&@é% [ NVENTI ON The present invention
di scl osed herein conprises a sand-control conpletion
having smart well capa t at yides for the
noni toring and cont Iﬂﬂhﬁh&yiﬁiﬁ @ﬁ?@éﬁ? I”.‘.?nultlple
Zoneﬁlevﬁrg?ehp rfv%ﬁh&?ﬁ@él%éd%rah c@ﬁlg}—lgésodwsanﬁ%nﬁép%mpletlon having
control corrp et1on having smart capability of ‘the
sniiesEnéapabiVienihhigrovidesot tHeinmoditering anchcdnbml ﬂf)p‘reduchon from multiple
conpletion. Further, the sand contro

zonasxwﬁgmsthﬁrqorrmt}onc a{éla%ﬂdﬂtﬂqw thst S@Hé%ﬁek R PIEH G eyig smart well
caggqeﬁta g I‘%Eéél"[ ?ﬁﬁreﬁ{l&gﬁ ngtfs& ?JT% A rrp%dﬂél ctohff)'le?loﬁo B fther, the sand

duce he san etion of the
coRfr6F EdthplefiME RAVIAS sERAPKELS e@af)ilftﬁ fof dind presem idyemdike rdees not restrict
t hat deglne a first zone in the wellbore. A production
proditsiting feont @lﬁd@u@%@?mﬁhem& P}OQW‘FF@}ug h the first zone. A
sand,.cont ree
San ggﬁ rie h P E‘ésgﬂtq?véﬂl‘%sc ip: ﬁ&?ﬁﬁslt Erﬁfsecondpackers

and e sa con

thht cfe%ilhe 8 indd |zﬁﬁe iﬁsﬂ thél wten@or@r AGieduictitn tublig ek tedd saammmdthrough the
annulus with the
first zone. A sand control screen is positioned between the first and second packers. The sand

control screen forms a first annulus with the productipn tubing and a second annulus with the
wellbore. An inflow control valve is positioned between the first and second packers. The
inflow control valve is remotely operable to selectively allow and prevent fluid communication
between the first annulus and the interior of the production tubing. In one embodiment, the
inflow control valve is an infinitely variable valve. A crossover valveis also positioned between

the first and second packers. The crossover valve is remotely, mechanically or hydraulically
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wel | bore. An inflow control valve is positioned
between the first and second packers. The infl ow
we@owbad27val ve is renotely operable to sel ectiR€l/ys2005/025797
al l ow and prevent fluid comunication between the
opérialpls to mhtmw@ﬂsf aflay anAerqvenieind communcatioh Bween d production tubing
é‘ﬂ_lbl n ne enbodi nent, the inflow control valve is
an |apléll1 ‘'vari abl eval ve. A crossover valve is al so
POSIik br@%oﬁﬁhm e tRRsdvief $dlveR Posidomyitbepacdnehsinfldivecontrol valve
crossover valve is renotely, nechanically or ) ..
andyletr sud |coaﬂr¢1ya§;ﬁ@naﬂn anetes apbedimort ;heawaméwoaﬁal §iespdn positioned
be{v}:?g}l g.@ dBﬁTmm Ca fx‘/e &ﬁ%%?os:s]ggver 95199 Uﬁlt e %ﬁé&@%@&ﬁ the inflow

coﬂt%l\(fﬁlv'e%n@% eré%ﬁ%‘i' VaBleee poditihet] Iﬁf)hﬂWoﬁﬂi&tsaﬁﬂ cotfttoV screen. In yet
and the sand control screen. |In another enbodi nent,

andther mﬁ:mdlmm’u,tth@inﬂsw,\frc@eﬁol x@lwgﬁthe@wwom@pm&?ntaﬁéﬁosmoned uphole

.\oflflgcltrgts\évip\(r:eg% Gi ﬁrég%t\ae@ﬁgeq em %g%%%,ﬁtg? gﬁosso%JF% ‘Zal‘é% %uftﬁe sand control

scﬁéﬁﬁl%g%ﬁ'ﬁoﬂéﬂ o?é’ & thoaiflowotReorpid. e of the sand

ontr screen hi yet another enbodi nent, the inflow
contin dhe tredtmentapithse loé vedinebecasions uking dhe eandaia@trol completion of the
posi.tioned u hoIe f t he. crgssover vaIv

présgRLAwAS lqgﬁsrveqﬁé o Pt ek figyte crossover
vafRNA Qg ? ﬁﬁldalg‘»% I?.‘IQJ, &rite EﬁﬂF|1%|tﬁWsecond annulus
contro va e treatnen phase of we

theoRgh afelcwssowsvﬂge aﬂderewm fluide atertalfen clonpglethe sandstontrplescreen, into the
present invention, Igﬂthro h tubL 8 serv
i

gy O o1 bl e RS ARG e g for rotum to the
su}(fgéev %*‘OHAWH%%%EHE Bathle hl’c HuiBlobdie greQHﬁfQ@ thid e T & 0h&By operating the

service s ng 1nto the second annul us through the
cr6dsOrS QNN E to/adlusedaposition td opdratinigdie mflowtcakizol vahveda g klosed position.

the sand control screen, jnto e. first annul us.an
StetRil GueRer ) it Fh RGPS b eted Trpp ot Eon5 5y G foe crossover

a{le bag;'ta%losfr{g th? nlﬂé)qi Lol Garsyr face. Following such a

0SS IS prevented into the first zone
by opehépiodgctidieplekess axtiropedtivas tgng thel aaé «tommil doigphetion of the
and operating the inflow control valve to (g@
prpesst inivehtiorstriedustin dtome thanlis! Zeteisrallogied %tﬁetgﬁé’}}o tion tubing by

oR%a?lj\;%tt %lalfﬂz(’)?vr%o% F{I%HZ?@ {be%? %ﬂ? b9 Iﬁ Q 1ﬁ519 Sv&i%‘ﬁ roductlon from a

oSI ng r ol

seBbREHEE o s piaGeh B pr&luctieptibals pmaummnrﬁ;pm ﬁfe fﬂatnzdme is allowed to
control conpletion of the gresent i nventi on,
cquuothglst therwith dpnopprating Fiprinilew €ontsol yplvg g a0 PRELPQsiion. As such, the

a@é&%ﬁ&%lggogﬂélgtg% ggglé opegénﬁhﬁg& gﬁ s c%éib? of %Heggl ently controlhng

pioliddioR f2Re 6nd zéﬁ@ﬁaﬁhgy&htamommmhhe product i on
tub| ng, production fromthe first zone is all owe

comminregidgionie nrginpcnﬂebg}y eqrsrodling igpid Mew the sed %ﬁp} g)qmpletlon of the
P 25 ERaROP LA e A o 54 SR S5 o o o
senBlg H@\‘lg&,‘f)tolsfﬁoﬁ&ﬂh%‘ﬂuﬁd 8w path of production fluids. A control cable is operably
associated with the sensing devices that carries data relating to the production fluid parameters
to the surface. Likewise, this control cable may be operably associated with the inflow control
valve and the crossover valve to carry commands to change the operational state of the inflow

control valve and the crossover valve. Alternatively, the control cable may be operably
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production from each zone having such a conpletion. In
addition to independently controlling fluid flow the

wa@ and/oaent r ol conpl eti on of the present inventPONUSL088025797
nonitors a variety Froductlon f.l uid Faraggters

asipstate Bie hernfieyy & alé’é R8I gL iopeIatipRad iate{die Frpssgver valve may be
I
et BBy A A e b OB B o R
car rmesmotiak aspet,athengretent tifreenpivn dsicliieoted ftb ud dnultizone sand control

paraneters to the surface. Likew se, this contro
cow&bqt@nrfaymé@llatww yeHlargc iThseepmnletipn: goannrises tpe sets of first and
v to,C
oS0 B NPHEE AL Ee SRSOBYB KRNG! 040 BRidgtin, g exenc

substéitiadly threhghesacnel théreones.0s sandeoniyéllseen Blpbsitibadd Beedsen each of the
the control cable rmy be operabl yassoci ated with_ the
firstrand gogond poekesn Bhe sapteango § Tespretively deran tirea fiyst annuluses with

thé& l%ﬁﬁ %rtulylg% X&% ﬁgg %@oﬂgg H'zg?ﬂ]ég G\Jv ty th%rwéi%g au l%n %?io'wy control valve

e usi roug ng Service

is j)diblt&m{éﬂ Ibefeas R&H of thé firg bed €tbnd packBisi ach Sf tﬁb fefdve Gontrol valves
to a multizone sand control conpletion for

is yemtely RerRbl to selestivelyiablowend Priventciitig cemmynicedembitween one of the

ﬁr%‘rhgrnenglh%sg.%] élé(? h}] ?05\%?%3%% u%w%ra%ger S %R:%%sagYeﬁ vafve is positioned
beBdeRNeish DY IS Bt 2l el PALEBrse ABARNAST thh &rdBERS - vaﬂyes is remotely,
sand control screen is positioned between each of the

mechprieallyrer @ém@h@alb'av& ; toBaleckealyl albom amepregmtébm@ communication
i rst .annu ses wWi,th t

reds BBt bebfiedh P R AR mbire Sed BBR A R R alolibSes: ¢ ne

vel 11k 9ét@another as%‘@clt PN 184t 1Bl eri R Y8lateStoR@dihd PREEbmpleting a wellbore
bet ween each of the first and second packers. Each of

that lirecludes thpsteps of asPmbhing @ somgleh@mpbtkiylgdbetraadlsecomd packers having a

priBieRh SRS o eotol BErekim (S SHRRRG o] pgopver valve
polifien®y MELEEIREY, DAY coftrSll RRRA \d@ﬁmﬁg R si SRS l\’&tl{hotﬂg Production

bet ween each of the first and second packers. Each
tultihg, mnnmgah@comﬂbwmmm theemﬂbetwsuchmhmalm mﬂlcynml screen defines a

hydr aul j cal.| Ie to s ctlv al lo
iﬂ@ﬁ@ﬁ tuf PPhe SeHaen ? apd ?%/FQP p &%@@eﬁﬁe a first zone,
rerpnygt’%gbﬁﬂﬂ% uipls nﬂlﬂ%Wj c% f?OIOfvafvlaetoS RERBE N WS B prevent fluid

not her aspect, e present invention relates
commatnieation betweanthk &t st anguﬂumﬂ tHedrteridrvefthel pn@ﬂmdelsmbhg and remotely,
eps .of assenhling a conpl etion |nclud|ng firs
m@é@t@ﬁﬂlypqséwé?%l el Rgraing HBRICFOESOBE YakKS 1agFe eaﬂgedﬁ @How and prevent
§POh bR & eJétw@eE‘l th? p}oaw bhid &‘lrh‘éese ‘& a%nulus
crossover va Ve posil one ere meen and
continal fisthee @speadef thei prgseat ﬁm\reﬁhora mélutlesl S0 Wl ttﬂetlﬁdﬁ? for independently

production tubing, running the conpletlon into the
copieplliBs PeodBieqR HATRRL IoRE Theeh doRas il A GTuleane spdyamttabeomapletion. The
mestﬁéépﬂgluag%ﬂle gt%;%%i; &tﬁtnﬂ% et)ﬁ@ Lﬂ! IQ:QSE .?o%teé B&v&;egr? sgt% Bfﬁrst and second

secona packer ne a Zone, reno

paciaes pdsitighed ita Weflbare) eaehbf Bk sita bﬂpadlc@rsmbmgtpm@bﬁon tubing, a sand

al l ow and prevent fluid
control screen, an mflow control valve and a crossover valve positioned therebetween, op erably

associating a through tubing service string with each of the crossover valves, one at a time, to
independently treat each of the zones with treatment fluid while taking returns through the
inflow control valve associated with the zone being treated, preventing fluid loss into each of

the zones by closing the crossover valves and the inflow control valves in the zones not being
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comuni cati on between the first annulus and the
interior of the production tubing and renotely,
wore@hasi2cal | y or hydraulically operating the cPOBBES2005/025797
val ve to sel ecti vel aIIOMIagd 5{event fluid
&t

tregtedrandicontrolbings PEAGHEEID fIRm GF § #Rct hpregetglygonaring the inflow
con [
Ryl 8 RS SR g8 en cach of o oncs
and@&ﬁhwﬂokBﬂmﬁgﬁﬂu@ﬁﬁonMﬁ@pn1at | east three zones in a
mul ti zone sand control conpletion. The nmethod incl udes
the steps of defining the at | east three zones between
sets of first gpysEEARRIPARICOY 28D ARARGS" 2
wel | bore, each~of tfie Sets Of packers having

produgtd aidrd Ubhplte andeaddshdbgnbf e fatuéBnandasdvianfab@of the present
control valve and a crossover_ val ve positioned

inygnsionprsfanense,is ppw madsieyio dhesértnilad; degeription o dahinvgligngalong with the
service st.ring.wth each of t.h r Vel Vay
acf i nel s i Jer g 2B RS i Rt Ee BBSFes rofer 1o
cotfelfbnliiR3aE Bhd fl Whighwhi | e taking returns through the
i nfl1ow control val ve associated with the zone being
t r edigare 1gs esehematigiltustrptipnl ofsw ofishereed@nd gos plagorzpinsiglling a sand
b | osi,ng t.he.crossov val ves d the. inflow gont.rol.
coplp eI E s soeRE e et iisniPh AT e
pr Odﬂgﬁfeoi‘ if & o reReior VidWe of aNRad R¥nir&N®r@di¥tion having smart well

operating the inflow control valves to selectively
caphbibity cfithe pressnemveftian igstelledruithivatpeolordbet weimg; each of

B SIEBRCHR PP AR e R el RORTH hpaekighrapg smart wel
cag%ﬁfysdfaﬁ@f)ﬂa&n_@ fnvehgod @R tndlAseaBNcht PEOCRE iRGaswES zdnBe

reseént invention, reference is now nade to the
det aFiet 4és e rhalftseotmorwd vidve of avsand icontrell exmgplefiarh hatieg smart well
acc ing figures in which correspondi ng nuneral s
CapROIIAP GG PEsh VPR SeEd EhA TRt BEIF RSB GHAPRY 7987 s
and 1§1gml\gh5 ?Jﬁ_l{élfgéércﬁoﬂdl Sidv SENCHRA! Gntrbl BehpRiibPRafthg smart well
an offshore oil and gas platforminstalling a sand
capalsilityodf thopretat inventhavdurmgpraductioe| | capability of the
present inventjon downhol e;. Figure i.s a half )
sectFighi6 iy ol sectignalanel ebnecond eBhtieEn asaud reptrol completion
L . " -
oV s ARy, b e Bles i R B0 Mt R penforgd casing;
hal f Figeet7 io aahlfectionslfview sfasecond tmbbddimenpd et sand control completion
having smart wel | capability of the present invention
haying smpravel apebitiprof flepeessat iypnfiop oS SAFRENCIEPISEES 1 a lower zone;
Ihs .aFigﬁtlefS i3 Fi(ﬁtadfg ondI iy BF a Qecﬁﬂ@ Emﬁgﬁlh{eﬁi ?ﬁoﬁﬂh Ebdth completion
aving snmart welT capabrlity o e present 1nvention
helird Sfar@well eapabRIRty of HRcKssent MvaitichpdieingzometmehtgiosSin an upper
is a half sectional view of a sand control conpletion
ZaW&yvi ng smart wel |

Figure 9 is a half sectional view of a second eﬁlbodiment of a sand control completion
having smart well capability of the present invention during production;

Figure 10 is a half sectional view of a third embodiment of a sand control completion
having smart well capability of the present invention installed within a perforated casing;

Figure 11 is a half sectional view of a third embodiment of a sand control completion

having smart well capability of the present invention during a treatment process in a lower zone;
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capability of the present invention during production;
Figure 6 is a half sectional view of a second
weredvogsarent of a sand control conpletion havi NBCEIBI005/025797

wel | capablllty of the prese on installed .
wi t Hiigusg lgds Fb?léfé@@we%lsw%o %ﬂaﬁf %neéodl@elg e écomfol completion

[
hadif elvel oAy 81 BEGAAR OO i aﬁeﬁ%ﬁ?‘% PEQOSS§,in an upper
zopeggant |nvent| on dur| ng a treatnment process in a
| ower zone;. Fi ure8|sah?lf sectlo 1al wewo(;
secdrigugnfdep kalk secsipnal vian gl & JHrd b tafiasanheRRtipy completion

hasvﬁgs&mg%atl &gﬁ g}bhxe BIeséIR‘?m%ﬁéﬁﬁﬁnﬁ &ﬁétﬁg. duri ng

n~an up zone; gure is a
hal f sectional view of a second enbodi nent of a sand

contr ol corrpl etion haV| n srmrt vvel I capabl | tKI of the

pr esent |nve =L:-"’- LR ANMENTIQN s g

hal f t f . .
R B! e AR, iy i o

diBheSATh defh‘ﬂ%b‘ldv@ flt §Hvuldbd §sbrvdistbdl thaa theagrtnaingention provides many
casi ng; Figure 11 is a half sectional view of a third
apphodde mmtwgpomesﬁn‘dn@mpbepmb@dm v fe yagighrf specific contexts. The

spg?i?’ g gﬁgﬂ]{neﬁ? a(P sl,clglgste HQI%H{ h\?\gl%{e%iﬁﬂts@tﬂf\ér%ggﬂl g{hcq#é}s @oglin]ake and use

th8 @&lch 86 |and 46 Wotdelignit the sebRIBTTEE Hregknt ﬁfveﬁtlcﬁlan d control
conpl etion having smart wel| capability of the present

i nv elh@feumgdmtlaﬂxgtoéigureebtam cogtreb@@@letwndwvmg@maﬂwﬂewpabllﬁy of
re 13 vi ew of

;
RS TSR R Soh e b e ST ah S S agp plactorm s

sc\ﬁ@ﬁlhu&ﬂgqtméﬁatéd é}fd éﬁ@raﬂl QRel atb@\aentAcsem@Luﬁbrﬁ@smle platform 12 is
production. DETAIL CRI PTI ON OF THE | NVENTI ON

cenbrredovere subkuerggd a)ridandgas] @armatlvlarlfl mtedrhym m@m Hogr18. A subsea

SRR T U SRR P A Lol 24t

blBWBMﬂ Event&Ee. Q’lﬂﬂﬁ}d ©ahk e hbﬂﬁﬁé‘ﬁﬂp‘é&tm%ﬂtaﬂel\ﬁ&gb for raising and
canbe enbodied in aw de variety of specific contexts.

loPreeing papeistrings endhodianeodwtidn sdussgungs?ei n are nerely

illust f fi K d he . .
| nveRtT ROt iR Br B A oL L e T e OB . A casing
36 [VeHehRA- wﬁFﬁ Rlelbg 34 #deﬁ{ehﬁ/ 38. onddQUt'icﬁl t%lbm% 32 extends from

control conpletion having smart we capability of the
platfesen? ahditehideon sdyeli dmgtmrmm;ﬂém havirgg snedrl Wwelt ea};fabxhlry 40 which is

ORIt FADELPraRe R SULATI. D6 UMb poTRol compldfion 40 has divided
pl%ﬁg&tm?HH%Wa? P éﬁ%ﬁ%%; 34 'é@n%ﬁG'o%S (1:% Sdgg?%@c\égr{éﬂ%b?’n 510 S1nc1udes from
tobl t0 Q)bttdﬁi a PackebS@aun inflow control valve 52, a crossover valve 54, a sand control
screen 56, a packer 58, an inflow control valve 60, a crossover valve 62, a sand control screen
64, a packer 66, an inflow control valve 68, a crossover valve 70, a sand control screen 72 and
a packer 74. Once sand control completion 40 is in the illustrated configuration, a treatment
fluid containing sand, gravel, proppants or the like may be selectively pumped into interval 42
such that each zone 44, 46, 48 may be individually treated while the other zones are isolated
therefrom, as described in greater detail below.

Even though figure 1 depicts a vertical well, it should be noted by one skilled in the art

that the sand control completion having smart well capability of the present invention is equally

7
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conduit 20 extends froma deck 22 of the platform 12
to a well head installation 24 including bl owout
w@e@epsi2er s 26. Platform 12 has a hoi sting appeCHUSRIZGRS5797

.. .and a derrick 30 for raising and |owering pipe strjn .
welrsuttedior Bsein Belishavang qthﬁsﬂﬁﬁcgf %{\g%f‘s inclined

tona] qiigniphlongSushas dayt

tends t h i : i i .
weShERTR 4% S, ¥niRiRn SRLLE Bbekap cRehtdbpion it shoua
be ]géteé By 6888leBB thSkrohdeth edhdioshirolgosiplétivg 1BRingsirartdeell capability

romplatform 12 and includes a sand control .
of therpksent trventian isequaily welkspited:iop 356 1 eyshats eperation.s Further, even

o RER b Gt BT BEARAGH 85 Lot B mgrsiood by one
skile@ Stk iapnthatth € Ml cohBol EdmiplbtdrER v @BarthWell 48pab#ifly of the present
Sand control conpletion 40 includes fromb5 top t

. 0 .
invwotiomis equalhavkltsuisd, fonuseiin fieBbpreshaving anyqupebes of fogmations that are
sover valve sand control screen 56, a packer

.GLO 4, a
dl‘ﬁ@?dSIEW?Wﬁ“HWGEBE%QPSf' val ve 60, a crossover valve 62,

a SINEHRRhER! to THREN tRéteinds BBFILRE aGhorealdtailed v of a sand control
control valve 68, a crossover valve 70, a sand control

cospletion h7ging suhag weakdapebility, oftthe presemdnceniion ghat is generally designated
onpl etion 40 is. i he il trated caonfigurati

106, Shndrontorommtiosrob Minsa i G GaRe S il Pordipat waverses

a sﬁﬁ’t@ﬁ%ﬁ%ﬁﬁg h)BYERbSEdBRhE MR ROTRG I 1Ak Alusthted ¥értioder the subterranean

suc t” each zone 44, 46, 48 may be individually )
envireahed, oaking €02 has uppérgerfoatiess Hioeni dpyapedortiensdOB it provide for

SR RS S50 B o g P
10?%)@(?1&6%&1 k@‘ﬁj\: LD bPRrRbfiod Te. POSrAGE ®BNYrb@lce from zone 112 of

npl etion having smart well capability of the present
foirmatntliodNnSarsl @tral dopwpdtond 0D isedhtésoronea $ €0 betwees] pasker 114 and packer

havi_ng .ot her directional orjentations ch as deyi d
T A A S
h | 16 i@ksitRftard dapable of sealabl
115 Bireph P ticRer HSPLIE, FLERe AR GEBRIRIS Rilard fapable of salably
paSang @menbr @horeocmitret iles hawsrcthgoupin mthileetaintzipiagi piessyre integrity.

of the present invention is equally |l -suited far .
Addigonallyonatksrce! Hpehiar | ha1aVFRs FHEFVEDLE, BIFPHG @tharﬁﬁgy&raéﬂ{cally or
it

méw%ﬁil%i?jlf%sset%%refle%%g&ati on divided into three zones,

€ understood by one skilled in the art that

t he Saan doﬁtﬁﬂEélﬁhleﬁ&ﬂm(ﬁhdzlﬁdbsfa@vddmgti&nmbmgm@d) that extends above packer
capability of the present invention is e

al | .
11diethroughizoaes 116y 1139ad balowmarkss i &8 Era@vwn%n&ﬁ%@wlzﬁany suitable

for ions_that ar.e diwvj. ' 0 3 :
oop bR e S Lo e AEPSc O 4806, roducton
tuBREQ 20 laFifbidlond @itifhod sEiiptr atthaot ggRiietvadeh oertdiatibing sections.

smart well capability of the present invention that is
Sapdrmentid] sonplsiiom 0 alsa drludsa deflavn senter! veabies)léei bif- 1flow control

LT 0 05 A PR A i 10,
Prifffably, ity édrnestdldsad2, Non kictiydRiilitdIR cpulted infifkefivariable, sliding
sleeve valves that selectively allow, choke and prevent fluid flow into production tubing 120.
Alternatively, inflow control valves 122, 124 could be mechanically operated or could have
fewer positions such as open and closed positions or open, closed and one or more intermediate

positions.
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envi ronnment, casing 102 has upper perforations 106 and
| oner perforations 108 that provide for hydraulic

W@ oimasi2chat i on between the interior of casing RORUSIVAS/025797
formati on 104. Perforations 106 produce from zone 110

of fandaerte cappletipe 1 §Qinghufest50sEOBeT yRlyER EX, 1 2% mRrglsrably, crossover
i 4 f i :
o820 15RO . BRSSP0 09 g reven i

fldw loewies  the anei@osk fhel infQPAIE bhd BxkHOr bE Herb@sr #aANE Sand control
112 between packer 116 and packer 118. Preferab

copalstiens 08 further 151udey gardceninelispreger K30; §b Ipdbsdbngatotambodiment,

o oGP RT3 LSRR 320 Pl SRS BRELIS b o e
fldwnbegtoiiction AUttt abhe/1 10080KaAE cdnkrbl sdrdén 13018 ik@WYisd)8and control
retrievabl e packers that are hydraulically or

scrree 3% hest bgsegupe ditibrdngapbaelitgah @pewngy K40, sdngh dtovothe flow of

rigpe” faidk BpndoRe ARl e Sl taeeg 153 Bo it b sizeand shape
offpekiabs 138 140r 26l wet bgfical WP tHedprd<it mnﬁ@n,asaylo,ﬁg lad 3b¥Rient area is
type of tubular, including jointed tubing, coiled

providedigr nid nrhdudtiok end the siddtintal onegrity offerst pipes  3hilag is maintained.

120 y. form,one. conti nuou tri or .ma ve, gaps ;
b o daiondd PPRST s BRE T Disel i1t Rpatin 1 A5 SEioned exteriorty
i8¢ i1 99isLOR1t& Bedil desitd nf -
oA 190l BRsbe| I TEA Yt O S o Flraton

Stlmﬁﬁltdﬂ'élasmsméy knowpaibitte 41t esssubseqmnidly disneventdd. For example, filter
C letion 100. .Preferably, inflow control, valves. 122, .

B3 4 1 AR PR M P F A USF OB forming turns

thHatl 89 tBLEEUR HPIYRBhIWIALL REhARI HEHYEGY) PHe mﬁfzilgéf ®f turns and the

and prevent fluid fldw into production tubing 1
gapbtmremathc wehyare detbinonedimsed wlonviad chemctbAticsbPthe danratdotnfom which

chani cal.l oper.at ed qr. coul have wWer positions: i
ﬂ@&wﬂ@w&ﬂ&%ﬂ&%ﬂ@%@@ ﬂ'ﬁ&fmefjf&&g ua?g@ﬁag,tg%gra?éaa operation.
BB ES TR R 012 1305005 PN OISR g rsiing
miteedlaneabhy a plurekgoselayaralof asvitd hesH 2t are didtisionebonded or sintered

wal | ed, sliding sleeve valves that selectively allow
toggther ip doian e morlsdvie Sugsh Serre Aetigned; tatatlopofuigfflaw gherethrough but
e oSS REnl of DGRt Uos (58 g et

Fibamesiies1 423044 thadPbe ospettiecly dttahddia bast pirds 08i ITBB by aiBasuttable means
control screen 130 has_a base @%Pe 134 having a . ]
sugh a5y Welgings Adisenstively, filtes megis k42, 4, sngyihedntegiglywih base pipes 134,

4 Lo fluids ' n . s
PR LA b RSB A9 Blrpecapabite.
ANASE 2aY Poe dBBItE M sHGie it dirderteto pfovaRané saiftkdfunction of the base

which allow the flow of production fluids from zone

piperpay bg wped angcerapanest oidhe piesent myentipmdn plege of filteriveadia 142, 144 and

ize a pe of openings 136, 140 are not critica
béﬁpﬁﬁ%ﬂgfi%gnt I nvention, so long as sufficient area

I S Sand control completion 100 further includes sensing devices 146, 148. Sensing devices

146, 148 may be temperature sensors, pressure sensors, flow rate measurement devices, fluid
composition measurement devices and the like. Sand control completion 100 may include any
number and any combination of these sensing devices and they may be placed in any suitable
location associated with sand control completion 100. Sensing devices 146, 148 are coupled to

control cable 150 that may provide power and communication to sensing devices 146, 148.

9
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provided for fluid production and the structural
integrity of base pipes 134, 138 is naintained.
woemssamned exteriorly of base pipe 134 is a fPCT/B82005/025797

medi um 142 and. positioned exteriorly. of hase pipe 138 .

Cohtrokpabiel 150 mayaenluia bydmulieipess Flepggrtiings, 1 e&sanfﬁr!ﬁ’yd%é and the like.
any.type..of, filtrati tyr ' . .

In %{%W{Y’ ??111 uﬁtéatgclir, tco%l?r(l.)lgzgglzé(el 3921?}#{ ‘t§e J&’?@i’%’v%?%&‘ggéthm of any one of

padedPl4e114, i1 8 anflom domirdi4dlved 422, M2y and ombsivenfaleessi@6e s to allow

W re w apped around a gl@grality of ribs formng turns
conttrtovhithe opeiptianabstalse oWBIETE JORIOBEHS FerLiRe FBHRSt | on
fluids flow The n - LUl .
e Sl S D R b 05 AR rR REHEERE: oo i
trif®: NREREdiREIY Shhd Sonol édigpl RN i Ofssémbled wh thelsufthasiinltheicbhfiguration
e produced and the size of the gravel to be used i
shaiwm surly thdi packenl b4 wiblesmastiongéd abgviepsriozaéions, G with a section of tubing
|ternative, filter di 42, 14 i St .
B EhSB i b e, BB 28Rl g g 129
dogm%i!f)l‘é obidicér Pf4. |@¥&0TeOfalvid M6HEpsRtEdhetl dBivnB61e of inflow control valve
I fTusi

n bonded or sintered together to forma porous
12Qiatomg iwshg 626 Send dewiajserden b3Gis pesitipned; dgwnhelg of crossover valve 126

t her et hr ough t .preven he f.l 0 f parti .
forlp e PH 157 BB aREE nPhoediel 17 pe b longe ek perforations 106.
TdoBRlE 0 Yatinokents BFm MRE@ndiddon df4neBY e PearefabB} ihedld ports of

tacheé to gase pi pes 134,” 138 by any suitabl e neans i
cresdover aslvb 1 2Gediinfigw cahtrelrvadtd 128) ape infthéir elosedmpisiiongipring the run in

144, may be integral with base pipes 134, 138 in the
an_fiélilsﬁ"ﬂ@fm% slotted liner that provides both structural

| nt qgfc%v@i e, pAef 116 RoBGoRAPARVE pérf®Btionds 08 With a RBon of tubing 120

type o I'ftering systemthat can serve to provide the
exsdniditgst dovalwaidipdhérafornf Infiew wasteolpiabes Hdyisipositionefl akpug tubing 120

t of th t i ti N f fidt
dq?fgﬁgggno%gggk%ihm.gg%g%%ggvaﬁgv nlilggfs:r{tulin %o%%ﬁal% & Hi ogsfe Control valve
9 by I ' SiRSh A Ao RES cichBover valve 128
u%fgalg%gr%gg%%&gse%/llagég&gllfg&%%@%@be t enper at urec Veﬂ_,ave
fofBighSannilue $ S4 mathsiebingrig). fHackerriaBes pesisenedrheinw perforations 108.

devi ces, fluid conposition neasurenent. _devjces,and the
Togethsr, thess GOBPARTS] }Oé@rfb? eemplstian efﬁ%l}? ] ﬁc B E‘fgmﬁﬁgf the' ifid ports of

nunber an i i i i . .
el ag idg AL P AR L MR R EF oAt REHIiCRrng therm i

ardSaasliaioad W th sand control conpletion 100. Sensing
devices 146, 148 are coupled.to controﬂ%cabl e. 150 that

may ¥ slwildiee grparent rthoseskitier i eiaghthatdhe s ot HH@%WP@%@HS such as

146, . 148. Control ca 5 in : iq :
R0 SRR By Bt BRI LA MTRY i rinion o
ihlsikRive lelnbagisichts@ theyard ddpitséd iatiestigires) tealpwaabdiescli&dbeing toward

- may be operably associated wth all_of_ any.on

.one of
the sarkefite cotepsportidg figpes and the dowrsre dipctica bplg teward thobottom of the

and crossover valv 12 . o of
oo freP SHENERF Bhalt S 8 e sk, Bt S B Ll CORS comptetion o
the ?EJS@IQQHV&IHOIQ%_[ AkdIPRavetBEdeseAbEd vek ticabofidritionrwlibi@ssembled on the
preferably run in the wellbore on a single L o
rig floor, once downhole, the sand control completion of the present invention is not limited to
such orientation as it is equally-well suited for use in inclined and horizontal wellbores.
Referring now to figure 3, a through tubing service string 160 has been run downhole
within production tubing 120. Service string 160 may be of any suitable type known in the art

or subsequently discovered such as jointed tubing, coiled tubing, composite tubing or the like.
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trip. Accordingly, sand control conpletion 100 is
assenbl ed on the surface in the configuration shown

W@ owh/0sd2at packer 114 will be positioned abovePCT/US2005/025797
perforations 106 with a section o

bi ng. 120. .
Whilet A diongs aa¥rhgelrasfes! mh@ye?rﬁaqnprqgﬁqaﬁﬁwsg%ﬁprs%png, 1§Q,is run to the

bot o%ﬁmb%zggezté o ?r@%%l,%?%&ig&ﬁ@hﬂ&ajc&&n% Hi8s %ne‘@f@.kgérvice string

er "valve I's positioned downhole o
160 BfdRies GARIpPE seubl 622arkP? lakangal LG thgt kafectiBelycseal against internal
control screen 130 is positioned downhol e of ﬁéﬁ sover .
sealiag swiares sidvagpolishad bers repepiacies o piodpctiopsipe 14y Service siring 160
Packer 116 is Posi t.i - f | kn
mex iRl b SRR S S OB bRt or g petnowm

to tha& skitafigfiRlktysuch et fihidicompainication carbessiabkshed Abtween the interior
126 and i nflow control valve 122 are in their closed

of gavsice stoimgd@Piand inthrmak lwid partawethmeessoydable, 128; KUiRP service string

acker 116 i si tjoned Vi ' . Wi
16@ M%&%&e@f(’t?‘ﬁ%q%ﬁﬁ)%% ?121;((} IZO%I oﬁ’ ézpog%%%\%\gélg? 3?22 %l%gler gﬁ?&o/%oﬂtrol valve
124 RidyaW GRBEEPHoMah¥E cbedd ioSthBie Dipbh pBsilordh Ribfetdblly, Migis operation is
120"downhol e of packer 116. Crossover val ve 128

acqagilishesdradesbotieswface edutioheaspmens pnd egnfiol gaple Qﬁ%o Adternatively,

. ubi 120. Sand control .screen 132 i Sif+0 .

e s DTS e PR s prcn e

clodkd ;%hdtogt@h g&siﬁ&@ me@ﬁ&ﬁ&ﬂlg%i—ﬁydrﬁﬂfé@ﬁjr by ARG thedppYpriate latching tools
orati

per ns 108. Together, these conponents formthe
or prspire bpplivatdn wolsevilli@ serPicefbingloP; the fluid ports of

ORI O SEpt Bd oct ss
exhifiplelvheh itl'i%pﬁeaﬁherﬁ Potless Rer ARREFIPerdtion] e 9BjesK¢ 1s@d enhance the

In the art at the use of directional terns such as ,
peahenbility béthe wreatad fematibmbedslivepnga Quidsbuwnieontiinanpgpronpants at a high

oy iAo o vl Ao e pRebridiet e R pffuion spefythat fractures
m ofndl gﬁﬁfnit DREhAch SRMRIEo éﬂ%ytﬁi’gpﬁ%ﬁtst k@ addition, if the treatment

orresponding figure and the downward direction being
pro@sgisia fae plkt hiten fodetirheg, therabgspivedi togréveguthe production of fines by

shoul d be noted, however, that évhi.l?? tiltll?hsang?cqntrol . |
paglinp R prefncaon fHE VAR FioPPFRIE P YHRIN; i e tfoRERgRtRERAgss is a grave

t d ' ' i i ) .o - .
e SRRl I A R BT b SGRinal it
orERIpYigidue fractiribthepdpsantformmient i on is not limted to

such orientation as it_is equally-well ited for use .
i n i e follewingraxappl wBheescribg thestherdion Rzﬁ?rl?fﬁ??& HERPQ during a

figure 3. a th j ' ' 1BBER indicated
e
bySrfdwid 66 6Phamivd) pack shafypassdstiabtgh drygsevdem 8yas imlicateel by arrow 168,

art or subsequently discovered such as joi gjt e% tIgJ)i ﬂg
andaintoette twdl arpuluso gx@et%a\teb qu{s'gslgyryttqqgelp it Eh 2 9. one 112, as
indieateq arymfé@%’vg 17,588 gr%v«'%lhrhreé‘ﬁ%you? LR st RREY up RS ofifation 104,
filling perforations 108 and the well annulus surrounding sand control screen 132 forming a
gravel pack 178 (figure 4). While some or all of the carrier fluid in the slurry may leak off into
formation 104, the remainder, if any, of the carrier fluid passes through sand control screen 132,
as indicated by arrows 172. The fluid flowing back through sand control screen 132, if any,

enters inflow control valve 124, as indicated by arrows 174, and passes into production tubing
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bott onmost zone to be treated, which in the

illustrated enbodinent, is zone 112. Service string
wae@eiomerudes an upper seal 162 and a | ower seRCT/LIB2005/025797

that respectively seal against internal sealin

126 frfretowsto thesurfass ipdie apnBlys Bevecer SEFARY %@%ngolf% and service string

rodugction tubin 0. Service string 160 5 may
16(?’r?§luﬂfﬁ%at?fgwaéﬁ%wggﬁi ce tools including val ving and
CONMYIRY Bt drve] Paslise Gferdtiva ofypee Kidiskompletd) eaeics kirlngdd0 may be
in the art, such that fluid comunication can be .
mayed aphile seah thet atberzonerampybe giayel Repkads pushces zong 1@, apdest seen in

and internal fluid.ports wthir 38 .
fiedfic, TPVl sy RyBaG T bR AR ROTE Rt g o fid ports
of ERSsdvkrialvd 028 SudihilewsaeyealnalMenddi @rebtédfrbmheir open to their

control valve 124 may be operated fromtheir closed to

clasepositpesn Paisiopewtien prvidesfab e, iselatien epaeng 1 bhdyring subsequent
o acconpl i shed hydraulically via surf . con ) _
e RS e LA B SRl BB BRSO RERhY B opsigeratte tid

1o mBYcBuOtork HRSE AW Hadish tHEad fatiiinddinoaReor@btion, which is not
ngﬁlve 124 ?raybe shifted U}k%gtween their closed and

onbﬂ&ﬂﬂpbhﬁmmsmm itl_magra\pel pfckh ;I@rfgmna,tigmo[r yoﬁyumg g*and control
co{nggqtigg\%rf I?k?ﬁr é{géegllt i}r}e\lftggtl?é{] e%%?%_%&grﬂfﬁé ﬁ%g ?]G?e E)St?‘g ksg)aa?fﬁlélg) zone 112
us%rg%%aﬁévetr QaRe 1P LH@ IR, &ntrePPAvd 124, MRYCORENLIR! @GeHe sand control

an 1 exanpl e, mﬁen the treatnment process is a .
cofripiationrod tperesdnt drventidrenaslopbotaivessthe sxpanse adsaeisied with fluid loss but
perneabi lity of the freated formatjon by deljvering a .
algo| RIpigets (thf gff}"%m%ﬁﬁlff {ig TOTBR G081 1 Sqihesy Foak gy, oF Spdped by fluid

10%nd in a large volunme above the fracture gradi ent of
he formation such that fractures may be formed within
t he Omersatviicrst@dmg1 60k ch thp depibted posippantish unper seadil 62 ol lower seal
if the treatnment process is_a fr ck, after : .
166 sepd .gtgﬁms,tlgl’terpﬂée%)‘gjgég 3ces sy as 80%%_58 ﬁﬁ)ﬁe r@c‘ﬁg’tagllf:% aa}gpfhbcijimn tubing
129 ik ?(f%&%é)% qu%@&}& Ozﬁy% P85 RIQEHGE CORrd1RhRET 2D iy B operated from
nts. Simlarly,

ptoppa I'f the treatnent process iS a _ .
thélif 8lvedd tpaedis opfeh @ositipec tTihe gravs pack plueryesnthen fremped down service string

roduction of fines by packing the productign interval
16 e inghosikdl bY oRrew 801 The ELFhBRok- LY passentirough crossdver 126, as
. for ion, i | i i
o RhPRbS §fsFLALI AL, R Lyt ot e cnd
ofPREK 1 DNQE Mdiced Bhhardvsalsa| the@edvebdiops yuti of tix shpeyaobuilds up from
service string 160, as indicated 2s by arrows 16d6. The
fogmatiasl 1 0galilking benfargtionsd Qeandithy wellpnu s swenmdmgsand cogtrol screen 130
i ndi cated.by .a 1 ' -
B
ledid @ RS fdrmeHi st RIdthl Yeradindeng £ dnfOof thd\engeradlngd padses tigowgitsand control
of the slurry and builds up from formation

schéehn(1B s pratidataddryiaones 166 'deluﬁd]ﬂomgﬂoacaﬁh{guég s42ind control screen 130,
3 RUBSRy SRS AL )85 B oo
tublrig! 1801£8r fehtn & e siirfATRYn kRaMneliub béthleen production tubing 120 and service
string 160, as indicated by arrows 190.

After the gravel packing operation of zone 110 is complete, service string 160 may be
retrieved to the surface or moved uphole such that other zones may be gravel packed.
Importantly, either prior to or after service string 160 is moved uphole, the fluid ports of

crossover valve 126 and inflow control valve 122 may be operated from their open to their
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30 formation 104, the remai nder, if any, of the

carrier fluid passes through sand control screen 132,
wa@soosisli2cat ed by arrows 172. The fluid fl ow ngP@EUKR2005/025797

through sand control screen 132 .if any, enters infl ow
clasedpesaionsa Tis oppretiondsalter 2oae 440 AYring FBiRaueM4Teapent processes and

sses .int uctyon. t ubi ngl20 for return to the

ungﬁ?rf)g%cémflrfot“ﬁé&genﬁtﬂbuegu%ét ween production tubing 120

and Axepest Sensihfigige $5Prodasidnnidiocenddtobirolacdmayistidy 00 will now be

After the gravel packing &(gerati on_of zone 112 is

deswibpil.etSeand senyplceonanletiony 1aG allewsy c3d #9¢da hepproduccd pud controlled
. that . oth b :
ind B8hoGhY5E 053, 23, R AGKSt U9 R Brpcions e

de?fcte‘ﬁrin teuRrs5, ahy Bimb&T ofiigantishlly didsthiled coniflyidshseptildibe,sequentially
~the fluid ports of crossover valve 128 and inflow _
ingaliedy odatadzind protipgedrepbrdingie thapaaciples o thpaiepens pwanticy. Specifically,

t hejr, close osiLions. This operation vides fop . . .
FRURCS HGtY P IONCOT DONG o SR TG U LRaRe At Fdi iy o ndicsed
byARGRI98 SThiSPRH thdveRlvithin PrIdhRnAEHME 120 Bi@lgh the completion of zone

conpl eti ons wherein considerable flurd | oss may occur

112r Svhentmefloveboriol valvé L 24ig in anmpey pesiéon, paidkestaaied, ipredyctioreirom zone

N PN T it v -
schdf 132080 %ﬁ%ﬁsﬁl%%ﬁﬁfgeﬁ%h&%iﬁ 138N0d PFRmeHdn fubMRNR0OAR indicated by

prevents suc ui oss due to the'isolation of zone
arfok® 194] beforerenssimgdnflowicoetrd 8lvarid4i mhe pveduoiien Gpmzeng é12 is then

g Sl 0 P U b BB o 1
X gt\gltgt;lﬁtsac Wgtnog chirdé it f HetpradiRoR Ti8hELIR 111P&an be measured by

the formation fromthe damage that may
scheing alasiees b48 fwhicld maysiaclu@n cenmeatuiecgensers; prgssube sensoisp flow rate

L L PRI AT SR S T AR v
inﬁgxgra&%thjé Q?]IQIS ?%{ § gfe?gr?iﬂl af lBRiteYvaREROVAd, b Pl f the production

ports of crossover valve 126 and 1 nfl ow
fre@nrbhiol 1 maby be ddidrdileybe operated fromtheir closed to
t heir open positions. The gravel. pack slurr

punpaBlagivReainilencatidl ﬁﬁvq?@é,lswpmpeameé%f)hltéﬂgtgwmducﬁon
180. The .
om0 0SBl SRS i RARERT HAYENAGS ERBAHRK 1920 e

cafiol kétSen A0 i@ agiilell SPaetwesi baseypipe &% hsd produbtiorf tbing 120, as
end of zone 110, as indicated by arrows 184, -t

h .
indicald by grrops 1 ditbedtre epieriag Wfloy ceRBobAlYedl?2y he Pafiuction from zone
tion 104, . filli : i d, &
R OB AR SRR AR ABHEL by o 15,

To§oRiégly, F&%kietg% chhiagtdfistids Jof théprbducsiontront z@lel 110fcah e measured by
carrier fluid in the slurry may | eak off into )
sehsingdeviens 1#64nd thedlomersts of s proquctign fromgrong b £0 gy bg ggntrolled using

it PR 2 owe. 136, The {1 uid 11 o ng back

t hr onghhr&apK, WREH Ja8ll c&@fd?8smBRHon 100 of the present invention is used during
a treatment process such as a gravel pack, a frac ﬁack or a fracture operation, each zone can be
individually treated while the other zones are isolated. Also, following a treatment process,
fluids are prevented from flowing from the wellbore into the treated zones when sand control

completion 100 of the present invention is used. Additionally, once production begins, sand
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if any, enters inflow control valve 122, as indicated
by arrows 188, and passes into production tubing 120

wo oroet0ai20rn to the surface in the annul us bet we€nUS2005/025797
production tubing 120 and serV|c strin 160

conrucowpisbony Oaer oDt TPRERn s e tigin g cach zone to be

. ration. service string 160
1“4%5@ aﬁ%’ Ip%qlg)lr vaélgi %0%&&%(?%%@%%&%? c noved uphol e such
t haReRIARE n&ANE Fighiy6, hergina depipd kedthed embediment of a sand control

either prior to or after service string.160 is nove ?
completibe having st wellgpabilityrofdheprssrné VGBI hen EgReally designated

w co trol
20 5 P B TP RSB A bl st rveres
a BB ankaPh b dafsbnbeRsaefeanhtidn 204! hé ﬂlpstmas}sceﬁomﬂhe subterranean
until production from zone 110 begins. As best seen in

enflrcgmmt,@asmg i ks ipperipetierations L 066AE FasTer BefgIpEensERS mprowde for
now be

e B S5 S e pectaions

206 deRes %ﬁ{ }oheOS1 08l RHBRMI0AODES prodices ol dnbe 1D of Estmation 204.
at while only two conpletions are depicted in flaure :

Saﬂd c<|am;ol nazmpﬂetloro?-OO idelntes geitd 31 0bshrenen pedker? torndinaclksAd 6. Likewise,
| | talled d
sl O B e it AR pue ot

SPe&ahil @(ﬁ{ifol/ooniﬂlaiﬁn@o@ iRl es ﬁﬁroﬂﬁ@cﬂﬂl(iﬁblﬁ%ﬂd 8 ektefR above packer
one or nore | ower zones, not pi ct ur ed is

21#ntittcngh echds 1@y dwad bdaw pathes 218.dvend contet] complehipn200 also includes

n 4 O(ggl%flg ?{2 V}fﬁu ﬁ?wg%%ﬁl%f ﬁ%{,&ggg@% ri])gﬂw S a]lttﬁxtleg caggbelhéesn[o s¥hd control
coH‘{ﬁ?étfoh?@O &8indl eI BhRTbtioRVBURSILAR ckdveE Y8R ed 326,298 and sand

Specifically, this production flows through
cogtralweteemse30, 2323 athe ilbestrdted embo dimesit; B@Eintomtml screen 230 has a base pipe

annul us 15 bet ween bas e.13

23 aying s pbeIt S rareat av Bl b Pt i TSt et Ruids from zone 210

mﬁ%ﬁ& g%groﬁ Qérlztﬂl 3@0@1&81715?’ 3Ly E cojn%%l scl& ZZQ@QS‘ ﬁbh&rbqf)é 218 having a

en comm ng h the production from

plﬁl’@ﬁtyaﬁ‘e)pemngmzm mmlrallzamths ,ﬂowsoﬂpmazkiwﬁbm tluidy fimnr pws 212 into sand
195. s Inportantly, a variety of chgracteristics

copiyel %?%@gg ERtOn G MO PP A i dpdgm 28 andpostioned
Sty %%QS%VIJ i55s'eE Al ﬁﬁdﬂﬁzzwcl ude tenperature

NS sure sensors OwW rat e measur enment
deVl SR, cohlrbll doepIFEos i200 ofrthrera Ruehele nensitey Hedeesaddb, 248, such as
like hi addition, as inflow control valve #24 i S

tempelfaém ISEySOESn DEGSFIIR] SCBIYS\HOW dBlecmeasinrment dgviesy ffuid, cgmposition

oduc 0
mga[smerrbern é Vu;,ﬁﬁtafl&) Iﬁle g\?\i}% Og%d]ﬁjo% g?é()rrﬂ)? t%ﬂ%b%%{ygﬁclu@e any number

ardR@R REMbinafeh ofthedel sehisihig aév@cts apd aobyaiidydr pﬂetoed‘nzam&uﬂtilﬁle location
is allowed. Specifically, this production flo

assonigsedyith sandetonfsaldompdetion290s Saesingdvicss 240 248 arepggpled to control
ah)[}aofwgtﬂnu' 5 §\571 e%%%vvevre & go%&%mq cﬂ?onlt't)i%el?s?rgg BERNGhE Ot48. Control

cable 250 may include hydraulic lines, electrical lines, fiber optic bundles and the like. In

addition, as illustrated, control cable 250 may be operably associated with one or more of
packers 214, 216, 218, inflow control valves 222, 224 and crossover valves 226, 228 to allow
control over the operational states of these components from the surface.

In operation, sand control completion 200 is preferably run in the wellbore on a single

trip. Accordingly, sand control completion 200 is assembled on the surface in the configuration
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i ndi cated by arrows 196, before entering inflow
control valve 122. The production fromzone 110 is
W b@a/oaemm ngl ed with the production fromthe POWES2005/025797
zones, as indicated by arro 198. nt | a.. i
shover s@hyha@paqiqqawcwékbegzqsg@ngialt(Wé PB%@HB‘P it of tubing
e ¢ ddMBout tubing 220
22 Fsae QO ARD BEEaTET oo S e TP aa g toout ubing

doWwARS1E BF h&Mtet!Si4NBand barrolcoren 280 lsqiosmoﬂlé’cﬁdownhole of crossover valve
Accordingly, when sand contral conpletion 100 of t.h

| 22@fcesmgan amislys £5hwitS (s 2l IRARP SORT HEING A2 fsatiLigeed downhole

S .a ac a t
of Fpgratremeeler) JBREpid 20 B ARG AR RO REHRICR: perforations 206
Tog&h&e b8 cSHhpSHen® GBRA (1S Conysieticat efzonA2$0, Paftrablyi ﬂng fiid ports of
eaf nent process, fluids are prevented from f]ow.n
crdsscom vilwe 324 ifsonBow r@pntr‘?lﬁfél‘terzégtaéf‘dmiléﬁ#’é%lowdré’t‘?s@ﬁﬂ éuﬂng the run in
h'ﬁ conpl etion 100 of the present invention is
3‘ &flii tionally, once production begins,

S anqgantitOhakerPl ik pasltidHd 2Bbvd hefopitRse D08 vithentdtivh of tubing 220
al l ows thé production fromeach zone to be

extendingi dhvaiwardiyothietefosd &rrdssouen miw 238 tip esttigaed about tubing 220

do&@é{)]gfo aa%%gﬁ]é §eg1l%: frprto ge'g%%g chc,g Oélgcrl] r%}'fxfxcﬁe of crossover valve

228 i 519 ﬂ%é'z@@ ﬁﬂﬁ&ﬁ&ng@m Iﬁﬂ@ﬂ*ébhtkdlb(fa% 20 & goskivast downhole
I nvent I's generally designated 200. Sand

ofema]tdoﬂtrotmrqeh esz along 0®ing2%30n ftaeltelr 38 isipopitianedeclem pprfgrations 208.

Togaiber (b SaMRGE B AP BN EIFRIRGT 61 fARe 207 Becferehly: fgdid ports of
crégsbﬁtvﬁgfg 2@% REJ flae% Bhtrbh@uwdnes aNBain cRBdd poeiiBafturing the run in

casl ng as upper perforations 206 and
and Gnedlfpeibhor at i ons 208 that provide for hydraulic

comuncatlon boiveen e LSELor 5 SR 808,400 v
@ﬂg gacgfugﬁs%kﬂ@ﬁogeﬁﬁét%?sgﬁ‘fﬁg 38R Z PRRIAE Yérifs service tools including

nd con conpl etion 200 isol ates
seZleN@AAL altbd oneainipaivkgrort? b theryp gdaokearto 2k6e slgllkdam theart, such that

ﬂégggmfn%%héﬁ%@ég{@iaﬁ%fé SRR BB S TGHE Sgbmd internal
ﬂlgg %\gc c&(gs%%‘;e"r Iv%lr Sggﬁ Bcedy E@&ﬁlﬁ%(ﬁ@%me depicted position, the

zones and bel ow
ﬂlﬂ@ e o lﬁ)ssoS%ﬂdalO@ 028 ahd adlopt edritoh vaI06 224 sayibecdpetksl from their
| ow control valves 222, 224 that provide sone of
closreét@ﬂmnonmppsm@&fabu lities to sand control conpletion

200. Sand. ¢ ) .
val VIR Bos iR GRERGb b Berf el Ar e 2P 9 AGR Y Rcpod which il
bd d@cﬂﬁéd‘lﬁidﬁ@iﬁﬂg@m palikapetation ATHe grandl padk sﬂm‘ryerslpuﬁ@@d down service
has a base pi pe 234 havi ngrcb@pl urality of open
r

stuihg 260,ab finsligatedebyt amws&%p e PR SUITBEP 55 ﬁﬂ%&&% crossover 228,
d
asclgﬁ%tsz?tgﬁ 8% %r?(gv% %g Eg ggnégﬁéﬁs A%tggﬁ% avel paﬁﬁ Elqrry travels to the far

el 4 Rhk bY2,0k 11‘111?@&%@9}%1’26‘095 2T kichgravdl dvsps hﬁt f)f ’le shfrry and builds up
production fluids from zone 212 into sand

from formation 204, filling perforations 208 and the well annulus surrounding sand control

screen 232 forming a gravel pack 278 (figure 8). While some or all of the carrier fluid in the

slurry may leak off into formation 204, the remainder, if any, of the carrier fluid passes through

sand control screen 232, as indicated by arrows 272. The fluid flowing back through sand

control screen 232, if any, enters inflow control valve 224, as indicated by arrows 274, and

15



10

15

20

25

30

control screen 232. Positioned exteriorly of base pipe

234 is a filter nmedium 242 and positioned exteriorly
wototbase7pi pe 238 is a filter nmedi um 244. SandPCDOB200$/025797

conpl etion .200 furiher | ) i V| .
pes§ R RGP R A LB AR AP BHLBRRsAEm procuccon

tubfrleOWOr Al ReNRRSHIRTEI, a8lBMiBRE, byl drtbves T/BMIOSicuidbe noted that in the
measurenent devices and the |ike that. Sand control

pressotipesciibed @ diment; siedeitieranBeny conira ealvaAedt igpgsitioned at the opposite

end U RRAA P Shosh MR 0P 251 B SR SR MALEAR TRYaREp o orena
ofz%ﬁélk}Pﬁﬁ&%@it&{ﬂg%an@&ﬁmoﬁwa&n@gzdmém;ﬁ iBfRwve BRualit§ of the pack.

coupled to control cable 250 that may provide power

andAenthe gravel packing opstatiei afizane 218 éscapdiete xegvicaGiring 860 may be

capl 50 i ncl ude hydraulic.lines, electric .
mo s ol s e e St S el RSHeR A o5, KT, st seen i

i bk&viee QB Y 6O R NBRUABhYe, the fluid

) Db SRR TEPO0S R ARhols, he fuid ports
of drodsboay vabret228 land aiflesscR2®@] va2d 22hthay be sparaeed fioat the open to their

226, 228 to allow control oyer the operational states . .
clot POEES DA EMeS L7 FUIE HESEBER Hieaimey bigfees P ryent fluid oss.

san . > '

ol | BEPRRIEE sHEITOR, 1t G Rl e B LM bl of okt r valve 226
andcinfipvadontrol 20& 122 msseaiypeesicd frotrhtheis widsed o their ohen positions. The
~ configurationshown such that, packer 214 w ||
grapelack sey nkey @u@@r«‘f? dpup isamceﬁtmlgv%q%h a%lﬂ&@éi@ﬁ%ﬂ agows 280. The

' ' rBlsy el Q¥@into th
o 08 588 PR 18 Mo BRLSD h BRON R e we
anrfAeK &ls tielgdavebpantt stuprtiraokls scthe &m e2BOf Zose UG at indivetdd by arrows 284,
downhol e of crossover valve 226 form ng. an ﬁnnulus 252

the\gravis] draps oty 0bthe slurmyppd Rpuddsp fem {pamgdon M, filling perforations 206 and

 thelPR %g%gggﬁgggﬁgé Soyit Ar3 PRI LM b ! L8y FoiR 29 Brigure 9).

6 1's positione

WHIRS Joaicabt 8IS 26 carfio Aufiein, thehaey aanyiedesffsinfo farmatien 204, the
conpl etion of zone 210. Preferably, the fluid ports of,
remginstos,of any, & heeanies Tuhpasps thpueb iendoronial sreeepitiOgpsgindicated by

in i by Cleps Siqt ' t ' . :
s 81 o SR BB bR S Pt bt Berkdh 2 ity e inflow
coR VAN ab2 D RS indRBtediblArraws 288,288 padsed ink predRROn itubdng 220 for return
ext endi ng downwardly therefrom Crossover valve 228 is
to thestirfacoinctte amwlis betytden grazpotiervinhing|280 and seadreytring 00, as indicated
b Sand g trol screen 232 is positioned downhol e of
Yero¥sa¢er val ve 228 forming an annul us 254 with tubing

- 220 A fleP e PvePRickBlg dpeta¥itn $24orie2 10GS EdrhpleRscesB beihg 260 may be
of sand control screen 232 al ong tubing 220. Packer 2

retd@eil stopibe i wirfaere dr wedved yrboteosuchi Biat othes zomesgrialidie, gravel packed.
t hese canponents formthe.conpl etjaon of zqgne,212 .
PG Dy aBIPT PORG 1 PUMETISTEE B 2600p Guehd aiphgi: the g ports of
croffret M OME I Ir@lowV@n¥8] #Ade 202 mafy Yeh§ekatéd B8R Gkheir open to their
position during the run in ,
closed positions. This operation isolates zone 210 during subsequent treatment processes and
until production from zone 210 begins.
As best seen in figure 9, production into sand control completion 200 will now be
described. Sand control completion 200 allows each zone to be produced and controlled

independently of all other zones. Specifically, production flow from one or more lower zones,

not pictured, is indicated by arrows 293. This flow travels within production tubing 220 through
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and installation. Referring nowto figure 7, a through
tubi ng service string 260 has been run downhole within
w@e@dusd2ron t ubi ng 220. Service string 260 mayPCTUB200%025797
various service tools_ including seals, valving and ..
the semplatioatafoingcrids Bihen ABIQY (FONRRLYRIVE F2¢Hs 4B aaKPRopeRpsition, as

L n Lh . t £ bl | eat | .
il drdf RSB GaAR} AEP s R SPTRELAR, L BALR foys through
gravifl paslt 2781ahd bndi €bnRol §Geani 238 te bondoy 254 Yegween B2R. pipe 238 and

Once service string 260 is in the depicted position,
prodiction fnking 829,45 dndieatesksbyreaws &4, betppaenipiing inflpwigonirol valve 224.

L. er. 1 i cl
NI —

loWer PefdsobsTatli@te By arrdwa 298y IRPUrnidg e dadty off chiratteRSiics of the
be descri bed herein as a gravel pack operation. The

productien frome korg 2F% cani be messeed RYowRASIBE deviees 248 andghe Bow rate of the

i,.hdicat ed 2 The q | |
SR ) Bt R iSes MR o BBt w02
268, sigfifhrlyAViRentiifow\RInkro Pl 228 is ilan bpéh Zﬁjl-)gﬂl\éﬁl asPlBleated, production

slurry travels to the far end of zone as
fromaiued ds sovead: Specifiqally, thiserefdugtion flawssoushierayel pagh 292 and sand

| il d f [ 2 firlli . .
ot ety Eaektia oot 447050 B e 284, ppd akedfbion hips 220, as
inﬁ%ﬁfeﬂ Bl a3BwS 0061t S Sntb @R InABwa o frBNVedlvedBIK ThéProduction from zone

2h
(figure 8). Wile some or all of the carrier fluid in
2 10nie tieheomyningled witk thfrirodustion frormthe iayrer 20des, asindicated by arrows 298.

SRR e s TR b Ay B 558 Mt
se-lzl;giglg fibwEd ol ni PR FRREHITIRUEDdRADE foANEdne 16 ffa§ 8B controlled using

, IT any, enters inflow control valve 224, as
iniflodi coatreldvabye 282 ows 274, andpasses i nto production

tubing 220 for_ return to.the rf i.h the annul us . .
bet wAEHT RPN Gty comaefmp 2 Motk et Figrisgs used during
I : :

o E B B0 oot o2 RS R e SRt £ ARURRRHbRach Fone can be

inddriduadlly treated ewlZR4he sthposores areeidolatedt Hdsqfpldeving adredtnodnt process,
zone 212 from crqossover val ve ﬁ%}g t h§1 gr avgl gac

fhyds preyprevssited frogm Hloging for dhe Yiellhosy indey thegdrealrd ggneg ighen sand control

8 3 r S r .
o Bor A B bR iR IR S AUBRBRAR M. £04#n begins, sand

cipok chagpefien 200 onthefpraseneindRionallowsphepredudnviae each zone to be
string 260 may be noved uphol e such that other zones

indixjdusdly groniteredad captrolled drpnp thesyHac® 10, as best seen
in fj ) t . @i ;
Loy REGeex R0 dobeciri hORE R tdhothfh iglhéif ot agand control

cHTRFISEAV Rivinddniat ¥eB candilltnbf te preseht @ventibnvkatdR derepatlyalesignated
o(gerated fromtheir open to their closed positions to
30 Sland eontroh eompletion 3 ¢Gig instabsd itk the @@m&@ﬁpf pvgblaze that traverses

a %@é&%@%&ﬁ{y&f&&u gagpk)?%ﬁ{g fct()‘ggnga%]pfi $64 | Iﬁ?nesifhrlgtlg%d gﬁioinsof J.ch% subterranean

urd ports of crossover
eMlovifheR® Basing 302 has upper perforations 306 and lower perforations 308 that provide for

hydraulic communication between the interior of casing 302 and formation 304. Perforations
306 produce from zone 310 and perforations 308 produce from zone 312 of formation 304.
Sand control completion 300 isolates zone 310 between packer 314 and packer 316. Likewise,
sand control completion 300 isolates zone 312 between packer 316 and packer 318.
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and inflow control valve 222 may be operated from
their closed to their open positions. The gravel pack
W@ kaos/03627s t hen punped down service string 260PCHES2005/025797

i ndi cated by arrows 280. The gravel ck slurr a
t hr Smwﬁr@@mﬁ%é@ ingdes AR HEn E‘fﬁ’l‘%&?&kﬁ%é&@%\%@ggvepackef
jnto the ] r ;
3 1%,} slégl%z%n\é?#eo, ?g?%&r%loﬁ%c‘gg% 1% 1 g\éﬁ% %}j ?%Igélé%orb’a;oo also includes
infRRW iBroPBdvest3ng, Inaued préviapsonmeisf thé smiwe wellwapabilitied to sand control

corggﬁiigiag ShnpendiabsompIion A0 His P areBTHEr Bhvee A e 428 and sand
3 i i i
cofiotsgPoe 022 Pl SRl Gt (g Pn iR,

334 R4vind Ps1ERLILyIT oBEifngs 336, wikiBRalwethe flofv cfpyoductio fivéds from zone 310
~carrier fluid passes through sand control screen 230 .
inta saridintral sseeepy338r Likesisegend TRBtrel seregn AP lpnhdbasg prpe 338 having a

t hrough sand ntro creens2 i fq Q8 j A
phg!i,\m/ Pg PPW$3%9 2% ch gﬁ?w gl?ecg?\g g»f B%/Odg?ﬂr?%i V\E‘%% g‘?ﬁlaér?gg b PMinto sand
comPsl $&Sert 3920 PREIGEHGE dx@dioklyBE e 3 380 fs o filtert hiddiun 342eand positioned

surface in the annul us between production tubing 220

exteridrly ef base @inst338niga Aber medivinididcat ed by arrows 290.

After the gravel .packi operati.on of zone Qi
con‘gla‘é‘ﬁ éﬂomg%lr ?ﬁn&%lgté?l} ?ﬁ@ rr}ﬁf/lug%s PEr lglige(\l/%épef 03S4t6h 348, such as
tergl?grgtﬁf‘ee sésorIDYREHORANBrsS Yok tAdimbiiemeAn &S cd¥p Ylufiecomposition
avel packed. Inportantly, either prior to or after

measuremert devicengndBo like thab \feud epitod somplesion BOP ghap drcludegpy number
rossover valve 226 and jnflow control ,val ve, 222 ) .

anf AP e R TOE it B ey ool Bl B Bty Pfpte tocaton

assHiaBedAPRY Snki RBntk A bRpESioF 0E: Qéfﬁix%'-ﬂeivﬁgs ) segiaerbupled to control

treatment processes and until production from zone 210
cable 50 shat Amyheetide pewei andfdogummiatioprto densingatevicas 46 #48. Control

caglg n&ts E) gLa)g 'glggqldg ttl‘ﬁlya%ugg gin\é\g, :ekﬁﬁg—l%\é\iaﬁ eesgI %ﬁgrr (I?}glecgamgfeg %B% élbe like. In
ad@%‘égf@q}lﬁ%&eﬂg cdrlglg)‘? padesy 1:an 9% operhbl9 abBkiaZRRMith any one or more of

ically, pr [ rom one or nore | ower

%@Fﬁ%? ?base pipe

uction fl ow
pagleste314, 306, Jiscinfloadsontrs] vahdis SA2 ciyandrorapasve 98lvesTilos 328 to allow

flow travels within production tubj 220 t hrought he
cogsphAvet ﬂ@rvpélrah%q%étaﬁ@f@?ﬂ\mwmme% thesHrigey 8e 224

IS i [ : : ' .
RSB o S A, s
tripr A6kedingly, fahewsntidi camplbtion 3006k agsankled 68 thersrfaeerid the configuration

shéégtség‘iﬁ?%&{aéfétsﬁ?mﬁ BB DPGIGIE beres MeHOTAMRE 06y 1a AREgon of ibing
94 £ j infl . . ]
5238 R L R A ARkt e FRfohpout bing 32

dawPgieCdfipabkdr30m Saad esrerod kcro@r &30 Bwesitiaekdowalsole of inflow control
i ndi cated by arrows 295. Inportantly, a varjet

I
vabtedPa forringan apsulys 3§ hwith RGEESED oRrSEIT %v@%i%m%gﬁ?ns%domhole
0 P]IZ é'lorn?r%l sbc¥ee‘§’1%§6 'apo%g glﬁ)\{ﬁ§§j) %%g’ke?@% isr})%siftiloﬂgﬁ B p&fforations 306.

Together, these components form the completion of zone 310. Preferably, the fluid ports of
crossover valve 326 and inflow control valve 322 are in their closed position during the run in
and installation.

Likewise, packer 316 is positioned above perforations 308 with a section of tubing 320
extending downwardly therefrom. Inflow control valve 324 is positioned about tubing 320
downhole of packer 316. Sand control screen 332 is positioned downhole of inflow control
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production from zone 212 maybe controll ed using inflow
control valve 224. Simlarly, when inflow control

WO 200603222 is in an open position, as ill ustraPemys2005/025797
production fromzone 210 is allowed. Specifically,

vaivei328 frodngan ARVE Sddkwith iubing? 28 Grastovshralvedps 1 yltgogﬁ@downhole
ot Bl PEESRe Aol D240 S R Pifaions 05

T3 ther, 1Bs0 cBmPBicaitd fgmi thé tamplensi bDroned 12e BiéRrabRhehe fluid ports of
production fromzone 210 is then conmngled with the

' crpssovroeived28 pedinglew qoptiel valvaid areH thejg Plogedppshipn during the run in

r.r 298. Inportantly, a variety of characteristics
aI@Pné%%q@mﬁ}loduction from zone 210 can be neasured by

SenspAFe e Ho&Aas figdR 1and tHrbesh tibing kévive@iring B50 has been run downhole
production from zone 210 may be controlled usin

itk ponducter ubing A0 Sepace Stmae HHAAGHISS arvkRAGT seah 62 and a lower seal

optrol conmpl etion 200 of.th resent ipvention.is
SCaB R RR ot ear o bA e ERER sl SRR begeptacte. of
prAdidiRA 3. RriiESGtibE S6(PRESY mkiudd vaitdtReRARQ0618 thelling valving
individualTy treated while the other zones are

anidscdramenicatidns ports of thenitywg knowmetet these skilled a8 sthe fartyisgeh that fluid

are prevented fr | ow ng fromthe | | borg. | t he .
BRI P GHLCe G Us BB R PO LTSN S 5158 5P el femmal fuid
pdHsSRIR cloBMRBE Yk 328, USRA ser®istring 80 i¥in RO ﬁ%}icted position, the fluid

production begins, sand control conpletion 200 of the ,
pqrtses erssdvereaive 398 adliniley téreropvduedi4 way be oparaiad fromdhgar closed t

to be individually nonitored and controlled fromthe
thelg opeROSIBSer ri ng next to figure 10, therein is

depi fﬂ&f&sﬂ%ﬁ@aﬂﬁ&ﬂ’t?hc@@@ g rnfefi afz @B £RPHERproceed which will

conpletion having smart well capability of the present _
bé dvgeriticd hiereithasta gravel padrapetayionleThagrave gpadOdurrBasmpamped down service
control conpletion 300 js. installed within the casin
st 361, ag MGATated YRGSy 346r ) &eggl Bacg\é%{r@fpagﬁeéghrou m%ssover 328,

asjr;i}{&ii%’(g@ﬁy%xﬁ g@% iaﬁ@inft@{h@'@&}eh%ﬂmﬁgsﬂ -Ad e ?ﬁ%gfga!ck' §lhgrggﬁ¢els to the far

ortron o ubt erranean environnent, sl ng
elltBst 20pP 812, pe iidicaadd IonaT@ao3 Ay thel gravws] dpeysfant af thersdur80fd builds up
that provide for hydraulic _conmunicatjon Qetmeen éhe
183

frpm fermafionot 04 AdlinggPestypationg 308 raﬁﬁtﬂifwowelé@an weFyrEtating sand control
306 ' '
R S B RRRE 1P (BTG, B WRIALAS AR AR e sty

m@p Mk otfiift fofthtionalal @s rehtuieded dOthb etmieeflujdaakses tiddush sand control
and packer 316. Likew se, sand contrql conpletion

300
sdreanl 332 cas indiepsedhyarigats dd énl i flow g bagk thsegheand control screen 332

18. Sand contr ol ta incl ' ) .
e LR B A k495 RLHES bt bin
330 for i 18Nk hiefaewime kefuldlBetwsanstodwtionalibifi® BP0 eid @hvice string
300 al so includes inflow control valves 322, 324 tha

3@, ovindisated by anpws HES. Jhehonldhsmpted st 1 the presenthyslesaibad gmbodimenta
SFERBElaOTBE - S eSS0 Shp TR B A D0t rosoves
valve 328, the gravel pack slurry tends to travels to the far end of zone 312 prior to entering sand
control screen 332 which can improve the quality of the pack.

After the gravel packing operation of zone 312 is complete, service string 360 may be
moved uphole such that other zones may be gravel packed, such as zone 310, as best seen in

figure 12. Importantly, either prior to or after service string 360 is moved uphole, the fluid ports
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control screens 330, 332. hi the illustrated
enbodi nent, sand control screen 330 has a base pipe
W@ 3ehazing a plurality of openings 336, whi chP@l/UB2005/025797

t he fl ow of od ct on flujdsg f zope 310 into sand .
of LR Valvp ek andputlony sempLElve Jmag e pRTatse g, g spen to their
clg%gyﬁﬁﬁ?rgsﬁo géloFa? Z'Jt%}% 3@??10\,\/ £ %ﬂgﬁﬁgﬂeﬁ%}]&; }I)IQQ Qésqg revent fluid loss.

ZoneOddeZerviterstsag 36T It theldepictodgosiBia , Wﬁbupper(sméﬁ& and lower seal

exteriorlyof base. pipe 334 is a f.ilter nmedium 34
3%@?1@%%@’[@%%%1&8 Syrfasce%s&gléasm% e§§8rqr50%9tqutépr0ductlontubmg

vhtel t

3R @G TR EADLEGL 3 S0 iR ol oD may be operated from

thSﬁe oResdto tisiegeunpesisions ofte,grdvebpuck atveryrie then penpad down service string
devices, fluid coggosition measur enent devi ces and the

30, @ indigated lsn ABOWS ABP-0 | The GRPICEPAGHSIWmn PRSESS seyahugossqyer 326, as
o R RN s, NS BERF R At 66550 arenc

ofa56 81 @tae thdidaidd ls;ambve@mm the geprEpi®bs out (X8R sl ahdbuilds up from
devi ces 346, 348 are coupled to control cable 350 that
formgtion 39 félémsmréqrafaw 306 A the well e lus sus eplingpapdeqniiekscreen 330

5] 34 |
R R
inkd K)@mb}morﬂm theQBman@ler b ths tdraibeluid pastes trowghldand B&Qrol screen 330,

may_ be operably associated with any one or nore of
agpiadicated by parows BE6. e, flyid floging bavkrthrough sqrdscayrp] sygep 330 enters

ir ng, c%étg? SVO}/ aass;flg 1ca:%eagl?y a%rﬁ)gxzs%ﬁgg%p O\r/]a\{ses% {Hté ﬁrlodu%tﬁon tubing 320 for
refith k@R suiﬁb&ﬁ&h@&ﬂlﬂdlhs HRARenGRctucabn 10 @i 3P8cd dring 360, as
preferably run in the wellbore on a single trip.

indiseted by agoys 388nd cont r ol corrpl etl on 300 is assenbl ed

on th rface in.the co sho such .t hat

packafeith e bl Sobao dhid af SR B DAL Gine 360 may be
réffidviad 3o SBE tsificObr dve@dpRde axhanst Bliefl OWAARHREY Yoo gravel packed.

therefrom Inflow control valve 322 is positioned

Im;tmtamtly,u@thmg P8R0 talonwafier! ssrife gring 860 34 movednghelonthedfuid ports of

R T
IS RSRBNBhs. VALY @%gtg@oﬂ RBo1RRS Lédconediuiayainibuddt trm‘ént processes and

control screen 330 al ong tubing 320. Packer 316 is
upd preduvotied froml zone B&0 begint. i ons 306. Toget her, these

conp nts formthe l.etjon of z
Pr of 87 ZBYpen HolYIg 1d- PORtaiogring 58 D E S apieioag gl now be
abBIbAN SO EdMro b BIAER 300 llblys hEl boiid RSELpRRALL Bl controlled
uring the run in a Installation. leevvlse packer
ind&enidentlyasfiatliotiree doreds 0 S pecifiratlp b duwtisn 808 frarh bn@or more lower zones,
section . of tubing 320 extendi hg do vvardl therefraom
N RGBS e p. (LS 198 AVE R Qugtipgitphing 320 through

th%zt%mpletlon of zone 312. When inflow control valve 324 is in an open position, as

illustrated, production from zone 312 is allowed. Specifically, this production flows through
gravel pack 378 and sand control screen 332 into annulus 354 between base pipe 338 and
production tubing 320, as indicated by arrows 394, before entering inflow control valve 324.
The production from zone 312 is then commingled with the production from the one or more

lower zones, as indicated by arrows 395. Importantly, a variety of characteristics of the
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downhol e of packer 316. Sand control screen 332 is
posi ti oned downhol e of inflow control val ve 328 form ng
wa@pooaosizius 354 with tubing 320. Crossover val B@T/ESB)OS/sz5797
posi ti oned downhol e of sand control screen 332 gh
perylbtlmg frgmozonpd Rean B¢ gngagurgd by sersingdgyiqes @4 and the How rate of the

tions 9H§F t he
pﬂ%@ﬁé Pgﬁng?gggﬁg§ggg&n§$§?era nyg?g Bﬁgégggls of
Cr OSH@N Ay, Wakl BfldR&oatd] viabfel302isioant dpeh pNSiﬁ(Vrﬁ aﬁillﬁstﬁa’tal production
in their closedé€OS|t|on during the run in

frommameBl Qisialawe® w*ﬁ%@y,ﬁ@wmuwcglﬂwswouah W@@@i* 392 and sand

t t d t
copfRtiter oo g 430 52 SR OEE Bk PuE B Bl et bl 320, as
ind1PRE] bP SR w5, BEdrePent it inS&a ot vhh'aBZB espepiodvéetion from zone

seal agai nst internal sealing surfaces, such as

310 ¢ thehexmbingtedrveideiye atadustionfop thigwer e, B inficatizy arows 398.

Tm]%ﬁlgt%lrlg eﬁ%&t{}é&? 8f ébar%ct%{%s&c d e X gﬁl%nn D%E%oéé gio %eﬁ%é measured by
seﬁs)hﬂgedéﬂr%!\’gﬁ shd thoaewsite of ﬁi@ phﬂiut:f@l Réh zoBTID thi@e controlled using

conmuni cati on can be éestablished between the
JnﬂmﬁemMUﬂvaWe§é2V|ce string 360 and i nternal f|UId

ports within ossover val ve ervi ce strin :
560 AeOTdPa o R 3Tl G mh i SRST Fedt By Gigh Fused during
a thdaHRaf é?d’ceééasluyl? asga?gra%l(ﬂ)ablf‘ fal W PR QNS Ofractidt bBerdidn, @E&%ne can be
operatéd fromtheiF closed to their open positions.
in&hﬁmdmﬁheadiwhﬂaﬂnﬁmhmpmmcess1&@Mﬁb béﬁfﬁﬂhwunaauzmmemtmnm%s

2 may now, proc ch will_ be .described, herei
i svgqvegs%@ SRRt e IR G, kg s e Sand control
co@%@&ﬁﬁl 300\Yr r¥éeﬁ?n§f‘éﬁt’1&ﬁs%§é& R&dilidHIS26RE RYARER Begins, sand
gra pack slurry passes through crossover
coB8], comsplétivahi 300t efdthd preaent ouwed68n alowds fhetprodustionudion each zone to be

annul us. As the ravel lurry travels to the far
indiiyiftugy mgpHored gn ﬁ§ﬁﬂﬁﬁggﬁﬁﬁgeﬁyﬁgfroms 370, the
gr a%llg{h%ﬁ é?ﬁ’i‘on F‘l’é s Bk d%cﬁﬁéd’wﬁﬁ‘féfé}%ée‘i’§1llﬁ@tr£l1\fereﬁmod1ments this
formation 3 I'ng perforations 308 and the wel
desdtiptiodss siof Tn@&mﬂddl g bs aouktizied fin alhm;mng @ens83 2V afrmummrgilﬁcatmns and

gravel pack 378 (figure 12) le so of the carrl
coRftiationof e ilystrptiye %9041@5%8 8f Wellﬁ'f‘ gthep PP IBIFS S the invention,

A PATY Sl SR 1 SR UBE SR

infehédithhd thvbRgnbet Kainly eehpsss ady swhtnialifistioasar @8R diments.
enters inflow control valve 324, as indicated by
arrows 374, and passes into production tubing 5 320
for return to the surface in the annul us between
production tubing 320 and service string 360, as
indicated by arrows 376. It should be noted that in
the presently descri bed enbodi nent, since the inflow
control valve 324 is positioned at the opposite end of
zone 312 from crossover valve 328, the gravel pack
slurry tends to travels to the far end of zone 312
prior to entering sand
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control screen 332 which can inprove the quality of

the pack. o After the gravel packing operation of zone
w@1dei0s62conpl et e, service string 360 may be noRETUS2005/025797

uphol e such that other zones maybe gravel packed, such
Whet ividainedi®, as best seen in figure 12. Inportantly,

either prior 1o qr.after ryi.c i Ng:. 3 ] V. .
aphar e, " ehand Sofio) bRl KrcBuahiliPipc® dyufook B completon
cmhﬁﬁgﬁggcontrol val ve 324 may be operated fromtheir
0

open their closed positions to isolate zone 312
dur ifingy and becond eackersrtbaitdeine 2 fird censiadhe web@oent 1 ui d

| oss. ce service strin 60Q. LS .40 1.h icted
posfﬁpgﬂfﬁ%? ngﬁggwdggg%béggugﬁghng%?wgﬁaﬁ0§§4 sea
agaiRstd dodkT eRlen BERHMidiitd betWcbA BRFirstaHE Fecafid PRkES ABEforming a first
bore receptacl es, of production tubing 5 320, the fluid

anpdns with thecproduntivn tubiag el Bseeorthennuhis| voith hentellbpreval ve

ST T -
to SEENVER aﬁf)ﬁri agg Bl?e@Qnt fRSd Rt ERERDNDEAEH INSRBAmultR@nd the interior

gravel “pac rry passes through crossover 326, as
of thedireditotidn inybimg; andv 382 and into the well annulus. As

the gravel pack slurr ravels to the far .end of .zone
310 esprah el arobyndt biETBe Srd spaiP R i operable to
; ’ ' - i [ iRty tubi d
R e s T i R
secomdranmuids.ng sand control screen 330 formng a gravel

pack 392 (figure 13). Wile sone of the carrier fluid

in the slurrymay | eak off into formation 304, the

r emai nder.Qf, ' =L L) Melg 1.

Cont ol -GBS i gossover vlve
is pdsificheti lheticeg thrsiaRow lepotighvabaratd dlordand torsor sereB 30

enters inflow control valve 322, as indicated by

arrows 388, and passes into production tubing 320 for

I S aretur o

pr odtct | e T piFiohds e Rl v R Egsand contolsorcen
is ponilii it etvren dig iaflow 380trolAfalwerant ise gosveedr vaheki ng

operation of zone 310 is conplete, service string 360

may be retrieved to the surface or noved uphol e such

that, oth zon . :

ci'ter prit oAb ol epEp R 5 (ARG i ahfBcReth e tpflow contrl
valRN©psitidriea beivitesl thiyahs coiiral Gcreéasialie trogsveevaled and

i nflow control valve 322 may be operated fromtheir

open to their closed positions. This operation

i solates .zone 310 .durin ub ng - . .

or ocos sesaand feno shBIFRER 38 REE i SR Tfesdp thgginfiow contol
vali® 238 %he §B88BvérvalvieGi FosliFoned PRBIE bf B shitt on&@NEtreen.

control conpletion 300 will now be described. Sand

control conpletion 300 all ows each zone to be produced

e O S PRI oSl B ol 5B o convo

valy@'Had the sand control screen are positioned uphole of the crossover valve.

7. The sand control completion as recited in claim 1 wherein the crossover valve

and the sand control screen are positioned uphole of the inflow control valve.
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not pictured, is indicated by arrows 393. This flow
travel s within production tubing 320 through the
weomplai2ibn of zone 312. When inflow control vECTESBAH025797
IS in an _open position, as |Ilustrated roduction
f r ofa zon&hgsand;contepl commlietionse g5cited &} ¢lgim fﬁ}@er comprising a through
roduction flo throu
wutBigrerare Shpeaf bR R MR e o585 e el M Frcatment id s

purdp&d 84 ﬁothg et iy fntiheGed2d, anaslus nidoagh @ dayssover valve and
arrows 394, before entering inflow control valve 324

retﬁmdllpdmm ¢akicorihonghthesard gaprol scresie Ante MW@P@E‘ yg ang through the
t f ly :
inflogs Eieoioy Hhe siedgoR Mhill chR ' G iR ufages 2o

characteri stl cs of theproduct| on from zone 312 can be
nmeasured by sensing devices 348 and the flow rate of
t he 9pr od Tht sand coniwoh cpnméet@mas reﬁgteddé clagntl rwi}er%ﬂu@lwg is prevented

intg g}ﬁ }r\é\{] z%gg }r&&l)esréglg\écﬁe ?rﬂssgﬁer 38 Vﬁzg%% Xltosed%)%sftlon afiloperating the inflow
co t!réll{%‘fqu ediosBd Egsllll%ﬂ on firom zone 310 is all owed.

pecifically, i's production flows through gravel
pack 392 and sand control screen 330 into annulus 352

bet ween se pe 334 an oduct| bi n .
i ndilPat elcﬁﬁ)ﬁ CERHEO 59 ?65 e elrnl(ﬁ %f‘%b in‘ife first zone is
i afve@dh 21061 pddiioh 8nd operating the
1sot§%§%ﬁ§ﬂg%é§%e§%%0?%9%?25%?’8%33?%n ef rom-t hg% | ower P s
infleon esntra yalvedo e atosetl positamr ows 398. | nportantly, a
variety of characteristics of the production from zone
310 can be neasured by sensing devices 346 and the
f1owyrat ef&%fsaﬁ(b@orﬁro P(H@Slh@&h {9 BeacRBladE 9 WRYAE production from the
cont roI I usi ng | n control val ve 322.
firdicoas Biallghvyd intdithe psatudtiaonbing by operplieg the mf®e0camtrot yadve to an open
present invention is used during a treatnment process
posifieR- as a gravel pack, a frac pack or a fracture
operation, each zone can be individually treated while
the other zones are isolated. Al so, followng a
t r eatpreNtTHeY 26€ 86ntrdllcoimpietion @s peoited i eldinf A ovheidinprovyction from a

Sef@él%tn;ﬂgjg %@vvgeﬁ';;{rg%@h'e DG GHon Wi PR ARSI T B L zone i allowed
It 1
to 88WB$ gb .0 pl% Hé%'{]peﬁg y CgetP [Iﬁﬂupéc}n%l PRAL 05m A Qonon

e present 1nventionallows -
t he pr oduct| on fromeach zone to be individually

moni tored and controlled fromthe surface Wiile thjs
i nveli onTh%@%@m‘ﬁfobmles\ﬁﬁqﬂﬁ prelaipehgth [:rdzomprlsmg at least one

sepﬁp%ﬁ'é\rélgé Ipés?lggn OIH g ov& Batﬁl %ﬁﬁ?&dcﬁbfé gﬁlédessfr%tthe first zone, the

selBdL ibhad idensryiacht %&Eﬂlﬂn’é @btaﬁfe&r of tHel'];ﬁ‘odldcltlljﬁ flugalsi ve
enbodi nents as well as ot her enbodi nents of the

invention, will be apparent to persons skilled in the

art on refer desc

t her €for erth Srzi‘flg ﬁ%‘ﬁﬁh £ap F?R—:\a aﬁ%{;ercl1 6881a1+ té? @hgﬁg%rﬁ%nsmg a control
ceBWopeHbily 48B6Hitb@ Fth ARSat MastyH @eisiRitevickhial carsieCdAa fofling to the at

I'S:

least one parameter of the production fluids to the surface.

15.  The sand control completion as recited in claim 1 further comprising a control
cable operably associated with the inflow control valve that carries commands to change the

operational state of the inflow control valve.
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1. A sand control conpletion for installation in a

wel | bore, the conpletion conprising: first and second
wpawkms®7t hat define a first zone in the wel | bP€EUS05/025797

production tubing extendi ng substantially through the

fir6 zofhe sandsandolesmnlesionss el #s¢lams h durthsa coparsng 2 control

he first and secopndpacker ] f
g bR R PR i 0 MR ot 10 chanes e
op&ﬁ%mﬂa}@aﬁé’iotfﬂletdi@ss%éﬂv*ﬁ(ife?2 an inflow control valve
posi tioned between the first and second packers that

is operable to selectively allow and prevent fluid
co ni cation bet n the.first .apnul a : !
i n{nén(] i or %‘? S?Wecoﬁﬁgﬁ%?ﬁstﬁoq U Iiteﬁlg({mgnc 7 2?"3&%&/%}6 inflow control
valVv@td iRBsidl) 9nembibeiveen the first and second packers
that 1s operable to selectively allow and prevent
fluid conmuni cation between the production tubing and
t he_seco annul us. . 2. The sand conirgl. |l eti .
recitted &??e é?"édj ‘Fﬂr’%"@l\ﬁ%‘F@]@W’q frefee eoslgocsgpl gg;{%\?lgethll éh% iftflow control
vaR@1d dr‘ehf&ﬂﬁ? OP&%UY% &8 sélaﬁivb[?fdllﬁw #aPréveht Maid\eonmmthidakién between the
sand control screen. 3. The sand control conpletion as
firstaandledandthe iemorloftiey modudtion tddngl control screen i s
positi oned between the inflow control valve and the
crossover valve. 4. The sand control conpletion as
rec !IP.ed e Gh BnkroYBGhREod RGebifddl iR M8ANT W Rdreitiahd/Gotsdver valve
positioned between the sand control screen and the
is ecrosBlyveperatit te . sekctivithe alawdandoptevent faidptasmepication between the
recited in clajm1l erein the inflow control val ve
pregygtiomwbaead dhetecond YW MSe posi ti oned uphol e of the
sand control screen. 6. The sand control conpletion as
recited in claim1l1l wherein the inflow control valve
and the sand control screen are positioned uphol e of
the crossover valve. 7. The sand control conpletion as
recited in claim1l wherein the crossover valve and the
sand control screen are positioned uphole of the
i nfl ow control valve.8. The sand control conpletion as
recited in claim1 further conprising a through tubing
service string operably associated with the crossover
val ve, wherein a treatnent fluid is punped through the
service string into the second annul us through the
crossover valve and return fluids are taken through
the sand control screen, into the first annulus and
t hrough the inflow control valve into the production
tubing for return to the surface.
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9. ..The sand control conpletion as recited in claim
Iwherein fluid loss is prevented into the first zone
whgooepanat i ng the crossover valve to a cl osed pOFUB1005025797
--and operating the inflow contro| valye to a closed
pos2@.i onA multizongrand Geatreb sewgletien nior éP‘?’tEﬁPt’s% Pegi vellpore, the
in claiml.wherein the first zone is isolated from
corgplRRYD VWIS operating the crossover valve to a

cl 0586hsPQ&) ets@f figdh BhdResat paokert that defink avleast s dneyalthewellbore;
to a closed position. 11. The sand control conpletion
as neuiduetion mbingaxtandingstbstantistly direrghosach PEHe298eS i r st

' | | d | £.h '
200 e A RS PRS0, 85 s ks o

ve to an
forRRSd fés?éltivé-l?-at 1da8: tSRNGEsCaMulRks waRheplodictn tubimitaad at least two
Inclalm1l wherein production froma second zone fl ows

sedohd angiuseh svithrtbelwellbase; t ubi ng and production fromthe

first zone i | | owed .f.0 ingle th '

oL AR ek DG o ks,
of RSt Hm:oil?tg} valA& o‘i%%l&%e‘l&'tiv@l?rﬁﬂlbﬁft drfdrpravent €kid @dnmunication

in clarm lfurther conprising at [east one sensing
betheeh ore phihi firdmeoulises and Fhei intefiboef thepredsetiqn whimet ansh
fluids fromthe first zone, the sensi.ng device
| deACTISPYG valvo PRsiioneg RO ek & DB AT FreBR peckg, cach of the
cr&%&eﬁj% 1 %40 e éﬂﬁe RARLHOBY Bbw R &lehPuidToh@idi@tioh Respectively
claim ig rther conprising a control cable operably
betraea theagreductioh hulihg amt onesxfbe snendamyiuses.-devi ce t hat
carries data relating to the at |east one paraneter of
the production fluids to the surface. 15. The sand

contyol - Goupl &R0 4Rl do F’bltc%ﬁl I dhiof a@elitdd ihelabA @0 further comprising
conprising a control cable opgr ably associated with

a thigaghrtfibiaw seovider stting abemblyhmtoctaalle edthcenviranidhe crpssover valves to
~ change the operational state of the inflow control
indizidyally Geat vped &f4ReiZ6Ht rol conpl etion as recited in

claim1 further conprising a control cable operably

associ ated with the crossover valve that carries

commnds Te nelifnge stdeconpel @nipdetadn = redited of clsine20 wherein fluid loss
crossover valve. 17. The sand confrol conpletion a

is peayentebleiiniocpell of the\iRBPENHORSFINETRY ERPRSTE CBISSQUST Vlve Lo a closed
. infinitel i
e B S A R N S

control valve is renotely operable to selectively
all ow and prevent fluid communi cation between th

A e .
fir 93. anntheuguliigena ssad conte] completion ﬁ%reﬁ}t%@d‘t 2igH20 wherein each of

thte lzjgrllers] gs isolatable from the other of the zones by operating the respective crossover valve

to a closed position and operating the respective inflow control valve to a closed position.

24.  Themultizone sand control completion as recited in claim 20 wherein at least one

of the second packers of one zone is also one of the first packers of another zone.

25.  Themultizone sand control completion as recited in claim 20 wherein production
from one of the zones flows through the production tubing and production from another of the
zones is allowed to commingle therewith by operating the respective inflow control valve to an

open position.
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19. The sand control conpletion as recited in claim1l
wherein the crossover valve is renotely operable to

w@eleosd2sel y al |l ow and prevent fluid conmuni caPCDES2005/025797
bet ween the production tubing and the. s ngd . A
ann26.us . Zhe mpltizone sARGFRNEAFRIMRIEHIT 2515 AAIPr heein production

installatjon.in ks iS00
5 a3 U OSSO ST e
to ShhRglAhele®AE byloperadag e redpettive inflowonieol valve to an open position.

producti on tubi ng extendi ng substantially through each
of the zones; a sand control screen positioned between

each, of e first an . ] -
Fesptet i Far ity Ohe 3 B PIERALTAG AN QR Mfurther comprising
at IRAQHHE LGN HERENEhsatfhedin 4 Bad lobwsutis 600duction dluidsesom each of the
wth the wel | bore; an inflow control valve positioned . .
zoixst theeansng Hevifestifientifying tat kosst ensauwmmeaicyicthe predyehonfluids being
thg i nflow control val ves operable to selectively
SeIBPf-ow and prevent fluid communicati on between one of
the first annuluses and the interior of the production

tubi ng; and a crossover valve positioned between each .
of ©B8e f ilhsmudtimdns mndm:dmpd@hmpgiioeamcmd in pleirg 2 6 §8dgegomprising
val ves operaple to.selectively .all.ow a prev f Ll
o COBMMP AP St VEn Btk HOVRE BrBamies g ottt to the a
| Rﬁgh i ACh AU BRIaS thelshirfadéle '
h%#ﬁ%ﬂg%%@ggan %%ﬁ??%?ﬁggﬁpletion as recited in claim
20 further conprising a through tubing service string
operably associatable with each of the. cr.ossov .
VAl Vs { A RN ARG Aol TDIR A T DG e 20 §ther comprising
i ' i SR it gkd @8k dafties commands
aéﬁ@?ﬂ?§%°@ﬁ@?¥?ﬁe a%?ﬁﬁ?%%??is 6?232%?2%?2 into each
to eharigb éhezapresiohyl stper aftthaipflolvecongsbedvdsve crossover
valve to a closed position and operating the
respective inflow control valve to a cl osed position.
23. 3 e %tn'l be%e§ﬁ{adco&95']¥croﬂ'{}?léiﬁ%§ Lt QN n@Bith @0 k8 fdr comprising
in claim erern each of the zones is iIsolatable
a don@B1 dabR Pehely Rodidel witheschnf tiepeombieryalviesthat carries commands to
respective crossover valve to cl osed position and
chepge the ppeyational statgpaEhe GEOSFoEr ¥Veont rol val ve to a
cl osed position. 24. Thenultizone sand contr ol
conpletion as recited in claim20wherein at |east one
of tfie senpngulbacieahad ebntieompletion as adcited ndainf 2 Wherein each of
first packers of another zone. 25  The nultizone sand
the inftovo¢ontrohpilessiis an ifinitely; vagable yakvPai m
20wher ei nproduction from one of the zones fl ows
t hrough the production tubing and production from

- anotder ofpdhgltizone sand control completion as recited in claim 20 wherein each of
the inflow control valves is remotely operable to selectively allow and prevent fluid

communication between one of the first annuluses and the interior of the production tubing.
33.  The multizone sand control completion as recited in claim 20 wherein each of

the crossover valve is remotely operable to selectively allow and prevent fluid communication

between the production tubing and one of the second annuluses.
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zones is allowed to commngle therewith by operating
the respective inflow control valve to an open
w@oemssam 26. Thenul ti zone sand control conpl erCDOSAG5/025797
recited in clai m20whereinproduction fromtwo zones
f1 084. t hAoughod fs complntiag AFYFIOAT GRRaIsHStBRISIERS Yn fr om

a third,zone is .all owed ' it . )
o pe et se T iutHRahE o B A8bfu beRE Rkl Broduction tubing
a SARESIRBPsdréedNan RflowddaYl Hdlvde Sadssovanialvelpositioned therebetween,

conpletion as recited in claim20 further conprising
theastend! earttol oereerséafigingp fest prnwlysouith thepeeuchomtvbig d f | ow

h of. d ' f.l ui
0o RS4GRS0 L S R o

sedol@ aREAGUGIth 8k Wdibogls bei ng sensed. 28. The nultizone
sand control conpletion as recited in claim27 further

conpetiiag fig fastcod seand padiess plsiiappfirdgeni at ed wi th
the sensing devices that carries data relatin e unicati
at CBgR{ngHeHlowGRnfra Va&)‘fect? ﬁeéecg}vggr&gltowo%dp b sffug%% g numeation
beRRRA Ak £Qt LfA812 Uhd fSnteA8r ofthE pradutticiPfBinga@d cont r ol
conpletion as recited in claim20 further conprising a |
c ontopetating eecrogevarbiajveatosssisictively allpwhandguhvest flufdecommunication
i nflow control val ves thhat carri as commands to change
befwen Spsepraducsion tutung psthg feqopd apiyy control val ves.
30. Thenultizone sand control conpletion as recited in

claim20 further conprising a control cable operably )
assasi at athewhdtiodemateitetl in bleing B4 sherear the slep e§assermbling a completion

carries commands tqQ change the operatjonal sta f
futhes cempSOPERTIgHPG e CTogOVeTFRlVRRATY PILE! W&Oe%ﬁvf'*&e and the sand
coﬁ&gﬁkg%&pn as recited in claim20 wherein each of the

I'hf1ow control valves is an infinitely variable val ve.

32. The nmultizone sand control conpletion as recited

in claim?20 wherein each of the inflow control val.ves .

o bt cih e Tesig 8 G o1 VPP e S Sh GBI completion

Id ol 4 Comuuicat G bedtlerf thé foAdIHBRSve and the
fmé[hg Ctoﬁli)%l nt efc’ﬁlgﬁﬁlg?hétoﬁé&gég?ggt ieon t ubi ng. 33(’). The ‘
crddsbidraane. sand control conpletion as recited in claim

20 wherein each of the crossover valve is renotely

operable to selectively allow and prevent fluid

co | capi on . be ! e 1RG£ 23EmB ks #Eomplet;

t he Secon Eﬂﬂﬂﬁ %%%gggﬁnﬁxgﬁgsﬁgﬁk?%?&%gﬁgle%%ng gﬁg otpieton
fuyvaLd RafRiseBRitiosingghd in@owtcepsolofalvedetestalihargnd control screen and the

conpl etion including first and second packers having a
crpssoderctalven t ubi ng, a sand control screen, an inflow

control valve and a crossover val ve positioned

t her ebet ween, the sand control screen defining a first

annuidls Wkdinéthed & recitketih elairh BRiwl@iein the step of assembling a completion

further comprises positioning the inflow control valve and the crossover valve uphole of the

sand control screen.
39.  The method as recited in claim 34 wherein the step of assembling a completion

further comprises positioning the inflow control valve and the sand control screen uphole of the

crossover valve.
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runni ng the conpletion into the wellbore such that the
sand control screen defines a second annulus with the
wowedosloaer setting the first and second packerBCT/US2005/025797
define a first zone; operating the inflow contro
val ve to selectively allow andprevent fluid
communi cati on between the first annulus and the
| nt g or 9t rxﬁéﬁ%d@s%’éﬂ@a 00 afny b %ereﬁﬂﬂe SRS bRhdsBEbinea completlon
crossover valve to selectively allow and prevent fluid
fuklesimsnipeisds mositiaingethe ctdssover valve tahd thet sabil egnizeidscrasn uphole of the
second annul us. 35. The nethod as recited in claim 34
inflgye eeptrpl vAest e ep of assenbling a conpletion further
conpri ses positioning the crossover val ve between the
infl ow control valve and the sand control screen. 36.
The 4t1et hotheagethed iat ectitied ix Ichiinn B4 furdher edmpridieg Hteegtensfof operably
assenbling a conpletion further conprise

osi tionin
asgasiatiogdiobsh HbIESETise B Vb e CHECT VST F O QURPITg & Tebtment fluid
val ve and. t I
e e 0B R Rl s Pfougl Ve B B0 B and taing return
e R Fhﬂfé shndrdohies] seeen/ihteeise fresinhilanamightdugh thefihfiow control valve
control val ve between the sand control screen and the
intorthe produetiondrbiag fggetmnto thesldecas recited in clai m 34
wherein the step of assenbling a conpletion further
conprises positioning the inflow control valve and the

cr 084320verTnéahetﬁodu@Iaednedﬂ{clmhesﬁaﬂﬂemmpmmgﬂm@mfp&genﬁng fluid
The nethod as recited in claim34 wherein the step

losssigtarthe ifirgy zana:tzmﬂeéqtm@ﬁhff erPBRuEr abrRpiacdesel pesitipy ﬁl?Cﬁ@peraﬁng the
m%} e inflow cqntr a/al ve and the sand control screen

ﬂh&P@n@fapﬁ 8rg§§oeo$t%alve 40. The nethod as

recited in claim34 wherein the step of assenbling a

conpl etion further conprises positioning the crossover
v aI v48. andTheteetbedas reasied ollaigy hergprgpesiag the iep pHEplatpg the first

trol I 41. The d te

q%lgpth\é%% B}’ P‘%er%tm;g tge 81'é)§sovlgrs %%gffgb cqoéa@ g%ﬁg{}nﬂﬁ% o%eratmg the
1nﬁ8fv%gﬂolt\1‘émeﬂg a%fIc¥l p6siéd.i Ng Wi th the crossover

ve

punping a treatnment fluid through the service
string into the second annul us through the crossover

val ve and_t aki retu qu.l
cont b1 sEirhod st iipt T e ae B Sagherpfucing fuids
inkdYhk ‘B%cﬁgt%rf t‘ﬂhmﬁéﬂo‘fﬁthe first zone by operating the inflow control valve to an open

position.

45.  The method as recited in claim 34 further comprising the steps of producing
fluids from a second zone through the production tubing and commingling fluids from the first

zone therewith by operating the inflow control valve to an open position.
46.  Themethod as recited in claim 34 further comprising the steps of positioning at

least one sensing device in a fluid flow path of production fluids from the first zone and

identifying at least one parameter of the production fluids.
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into the production tubing for return to the surface.
42. The nethod as recited in claim34 further
w@ompis@ing the step of preventing fluid | oss i PEDUSIWE5/025797
first zone by operating the crossover valve to a
cl osed position and operating the inflow control valve
to a cI osed position. 43. Thenethod as recited in
cl aiym Trﬁé?ﬁcfd SOFBRItES ISR 38 tRANGT cn§Rlsdld M@ stdd8 of operably
fIrSt zone rom ot her zones by operating the crossover
assvaiatifg & ordtrod bﬂﬂewltpdm at laast czmdelmng d&viaegnd harrying flgarelating to the
control valve t ({tugsed f44 The nethod as
at leagione gasapmeter §F @&0 P?fh BWF@ the step
of producing fluids into the productlon tubing fromthe
first zone by operating the inflow control valve to an
opergposiTht anethekbas Tdoitednixt bt 8¢ fuethért @unpriving thierst@s of operably
further conprising the steps of producing.fluids f&om
ass&c@easﬁao@mi gable it e lflﬁ%""p‘}%@‘ﬂé’la{v&ﬁn BS sepgmands to change the
first zone therewth by
Opgﬁgngﬁg 1%%|E@ﬁ3&%%§%{ro val ve to an open
position. 46. The net hod as recited in claim 34
further conprising the steps, of p05|t|on|ng at | east
one 49ensiThg raethe¢ as resitgd i Glaﬁnﬁ oWB%rt an?ﬂsg}ggﬂwcﬁt‘?%rf’f operably

as%)lﬁgtlt dglaf ?%L{n 8# ceﬁ)flf ::W{I]let thé % ]S'F Xligigg %hgﬁﬁrfagtﬁ%] to change the

op@&tlbﬁﬂlsta@@oﬂtﬁe@ﬂoasd%r?:&lwrther conprising the steps of
operably associating a control cable with the at | east
one sensing device and carrying data relating to the

ast qne neter, of. t 0 - .

o s R RBIT SheR D PO Hll g Bt o
cofRIP¢ I MfhéN@nreesoRtatpehailywasanel wilvatgtaeadniiniodly variable
cable wth the inflow control valve and carrying

posisionands to change the operational state of the inflow
control valve. 49. The nethod as recited in claim 34

- further conprising the steps of operably associating a
contgiol cpRlGethbd s G IR SRAU S VRV thE @te@&fff dpefifing the inflow
conmands to change the operational state of the

~ controbeabweefurthed cpenprises the lsiep wErdneielsoperating ¢ infiow cantral yalve.
whérein the step of operating the inflow control valve
further conprises operating the inflow control valve
bet vgen i ’13{6' Iﬁéth&h ¥s fé@ﬁé@f@ﬂ $aiROS Wh&B®: th®dtep ShEpdtBAMOEe crossover
as recit [aim 34 wherein the step of operating
valveefurthéd comprises the step of remotely operating the crossover valve.
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control valve further conprises the step of renotely
operating the inflow control valve. 52. The nethod as
wo e@oa27i n cl aim 34 wherein the step of oper apCnyS100&025797
crossover valve further conprises the step of renotely
operating the crossover valve.53. A nethod for
i ndependent|ly controlling production fromat |east two
zon §§ | N A3, Db d bk RRRpSRTRALE O8HtFoRlingGRBMcBibh @dm dtheast two zones in a
met hod conprising the steps of: defining the at |east
multi¥pnz eaebconabimipletiins thefméthod corpprisingbosttppatker s
positioned in_a well bore, each of gﬂg gfts 0 g@pkersi. di
hav daEnipE St 1588 WO FBRHPerEeRARlg of SR ART SEERG Ry e positioned ina
(e ’ ¥Rer@ Ak QG RYBAbIKE! MBnPES ol 8RS, an inflow
We;l lﬁéllreé%égg\%e%ﬁ ?étgéﬂaag? y aslg%gllroat Ing a 1t rough tubing
cofiesWiaBR agdl bicRgsovet haleapbsitbnetiikerebabssayer val ves, one
at atine, to independently treat each gof the nes
wi t lepeteblyapsasiating athioneh PamgSeTvies %%WH@ ,eaqq*r Oéﬁ?ﬁmssovef valves,
Lhrqugh .t ha it bpifg! L,h6l i d Whildking return
ong 8tnace{¥r%%ité]%a?éegg%rg&t&%&ea&gr?tf ?ﬁ%gz I%isw gﬁfégss&?nt 0 each ofn S TEHTS,
if &fetzaneshdinflohointol vdiee sxsodsted efthvid xes being ttdated;

intflow control valves in the zones not being treated,
and pewienting findgopy Birueahonf the sones deiFleving e gefiaierixplves and the

. er at,i he. | . to selectively
m@?\y 89\?%{1 %alé'F Sel\%[ ﬁ% E‘?I?@S :"ﬁg 0{1)19 tr%a?%:&étglﬁ % n between each of

t he zpREEngpfbdhéteon fRire ehddrof die Aohes Hr apdtatinigaite inflbwivgntrol valves to
selectively allow and prevent fluid communication between each of the zones and the interior

of the production tubing.
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