WD 2006/ 036271 PCT/ US2005/ 025797 SAND CONTROL COVPLETI ON HAVI NG SMART WELL
CAPABI LI TY AND METHOD FOR USE OF SAME TECHNI CAL FI ELD OF THE | NVENTI ON s
This inventionrelates, in general, to a sand control conpletion positioned
in a production interval of a wellbore and, in particular, to a sand
control conpletion having smart well capability that provides for the
moni toring and control of production frommultiple zones within the
conpletion. 10 BACKGROUND OF THE INVENTION It is well known in the
subt erranean wedlooghiskari 1 Ng and conpl etion art that relgéiw8loyokione
particul ate materials maybe produced during the production of hydrocarbons
froma well that traverses an unconsolidated or | oosely consolidated
formati on. Nunmerous problens may occur as a result of the production of
such particul ate. For exanple, the particul ate causes abrasive is wear to

conmponents within the weII such as tubing, purrps and val ves. I n addition,
the particulate may R?f,({] 'ﬁ'(ﬁ&# Weting the need for
an expensi ve wor kover. I e particulate rratter I'S produced to the

surface, it nust be remM@Wﬂ@WﬁﬂmHQ’ESﬂlﬁﬁum ng surface
processi ng equi pnent. One nethod for preventing the production of such
particulate material is to gravel pack 20 the vveII adj acent to the

unconsol i dated or | oosely coa$diNIdak EB fPkrval . I n atypical
gravel pack conpl eiyQRyeforraRek, ﬁ@&ltefapjcoa%ﬁ 1kGingl ! b lohdldipldifentifel | DO!
on a work string to apositionproximate the desire uction interval. A
fluid slurry |m@n@hpfrﬁ;wgllbpm¢a@dn@emwlﬂértoaimﬂnd gpnfrel] @mplﬁmfyhmaﬁw peltti cul ate
material, suchg, LRI ed and
gr aded and whi cﬁz%are tf}rg?lg%\f(ﬁ&e?%?er réegato her erlsér}m%'rsn%é)r ave t&@zwﬁwﬁﬁéﬁ punped
down the 25 wothkecapldting and into the wel | 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 flow nge through a wash piBaCKCRGENE OF THEINVENTION se, the gravel is

deposited around t kg, 54 fkﬂo&ﬂﬂ&h‘é@dbten%ﬁé@@éh&i‘ﬂm@%&@o% Eu&raﬁ ES el fin1l Ch 1S

hi ghly permeable to the flow of hydrocarbon fluids the fl ow of

the fine parti moata@w&mw@p@émﬂ@wﬁleméuqﬁyru@%@mmnsrfrqm gwellthes such,
1 WD 2006/ 0362 ef3 QELH@@&QJ%Q@&Y&Z@ QDhYEledRRmkon CRENSHE pREREhhocRE eVent

the problens associated with production of these particulate materials
from t he for natsiagesult Pth?)EfPF&‘FhC@é?E%h particulgtey Fer ciesanly, Hspartiedateqanses tbmasive t he

formation Dy, ok 18¥aHHehé&:s A 86 WellGuch as tubing, pumps and valves. In addition, the
particulate may partially or fully clog the well creating the need for an expensive workover.

=D

Also, if the particulate matter is produced to the surface, it must be removed from the
hydrocarbon fluids using surface processing equipment.

One method for preventing the production of such particulate material is to gravel pack

!.‘ 20 the well adjacent to the unconsolidated or loosely consolidated production interval. In a typical
gravel pack completion, a sand control screen is lowered into the wellbore on a work string to
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

25 work string and into the well annulus formed between the sand control screen and the perforated
well casing ar open hole production zone.

The liguid 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

30 blocks the flow of the fine particulate materials carried in the hydrocarbon fluids. As such,
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a formation fracturing and propping operation prior to or sinultaneouslywth
the gravel packing s operation. Hydraulic fracturing of a hydrocarbon
formation is sonetines necessary to increase the perneability of the
formati on adjacent the well bore. According to conventional practice, a
fracture fluid such as water, oil, oil/water enmul sion, gelled water or
gelled oil is punped down the work string with sufficient volume and
pressure to open nmultiple fractures in the production interval. The
fracture flui dygBMesgdri Y @ suitabl e propping agent, sugfr@s. S, 9gravel or
to proppants, which are typically referred to herein as proppants, into the
fractures for gtang naels sgswccegsfulll prevink the problemy arsqcinied vidshaprodictionf figse he
fracturing 0p§%&+ﬂ9matlsﬁaldﬁm?t%§f3nﬂﬁbﬂ. known in the subterranean well

drilling and conpletion art that 1t 1s desirable to install smart well or

intelligent well cbofreasesiimayivdesirerietbrteniarsheformationbuder cemuplemetiouning on
fluids from d'aff{lﬁﬁﬁcmﬁa&@tﬂg%&;opf)ﬁgop@fa ﬂfﬁﬁBﬂt@&si&ﬂﬂIt&B&{?l:y“ﬂﬁthb @;&rﬁéa&:gg
t “wel I al ude on€ or nore

Specifically, these i s snar A conpl étions typic y 1 nc >
sensing ors compeaionEidrnic Sresisgefs hylsocabenipmation if wmstimesgeasssary fadnoaasee

sensors, -fl O%efpgahéaahtty%m Efrfatioh L{Eﬂeﬁt%@{eﬂm WCEHBRS toLoMeftRRal prabficd d
conposi tion neasurenent d t he

| evi ces_an |'i ke. These Smart well devices are
typical |y opeédastue fipdsihavynier.oflmiinatee srnlsias) sebebTates ongplled ofl is erured dawpdr aul i ¢
i nes, el eCtr iifdbork iddESvitblAGER Ritlsfe DAL ofthuli R lodtiSs in B BroGRAL O!

cabl es provide for communication between the snmart we 20 devices and the
surface such deevdlanbifpetinsflugh myesay @ Suitthle Prapping Reent grohe 620y BreYehAs i ssi on

of commapds fy oMb GnishiE Bt RePREH BLiEin & phdpPMiiCRR KM actHRViAE one
operat i onf?lnfj stpgte to@ anot%‘gr . S(It vvoSI d thepr ep?ore be edeagi r abl eeéugﬁa%:@onbi ne

smart wel | capibelding e fagiesoper fRlnTanedbmitarring pamfet i on. Accordingly,
attenpts have beenynpgg ¥ 90WP i Ge SBRFIncREY Al GARADINk cbhfsioh B taflit S Sand

control conpletion. For exanple, prior art conpletions have included

convention sarfési@Blst Bital} weer el getelligent el GRM@%Q‘%@* fusble Sipapnagomen af

insertion of ghoddPiRE USRI, &SRt Sk BfheMrddictioRinfhRINR Biteblalsl SiRcitRAY, theSe St abbed
into the I ower zone_conpletion. A valve within the siphon string controls
f1 ow from't he SPatheell sepppletions taeaLY 1n6iHAS 06 AR IRHR SCAPREY coGRgchaiREs f4sh dugh t he

annul us  bet waghneldi@e SchRO ProSifie séhBord MewlohirolRRREs, SO RIahdaQReniel! Rvik&le Casi ng
annulus and a flow control 30 device is used to control flow fromthe

annul us into tihed somperittanresAsUresTt dgicer prddhs lkse Thase smaghyrallglriess g hypi ver,

has limted anEriat%@@iﬂ lohdbr ASre bk B (HEGRAR BARIRAiInE0 i RhINBS, Abbrobtl S
manner. 2 WO 2006/ 036571_ PCTI US2005/ 025797 As anot her exanple, a multizone,
single trip cowpllietmdthedke Pheaontnt ebisirreddsireraminicaige betwssafe sbrbiell ncl udes

an upper pACKefevicd b6 s R sheN as GEIRARAT T ¥énb@s dutdrb BRKurBASH tiRhsBfssio of f | OW
control device ang B Ao iy ahice o opersts  Aow conibl Hevies Boms ons pecationa mste to 2OMES
fl ows through comman P P o
another.
{ It would therefore be desirable to combine smart well capabilities into a sand control
completion. Accordingly, attempts have been made to combine smart well capabilities into a
25 sand control completion. For example, prior art completions have included convention sand
control techniques for a lower zone followed by the insertion of an upper zone completion with
a siphon string that is stabbed into the lower zone completion. A valve within the siphon string
controls flow from the lower zone. Production from the upper zone flows through the annuluns
between the siphon string and the upper completion into the casing annulus and a flow control
30 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.



the interior ofthe flow control device and bl ank base pipe, while production
fromthe upper zone 5 flows through an annul us between the filter nedi um and
t he bl ank pipe of the sand control screen into the casing annulus and

t hrough the flow control device into the production tubing. Wile this type
of confi'guration may be used to conplete nore than two zones, flow from each
zone is severely restricted due to the relative small annul ar area between
the filter mediumand the blank pipe of the sand control screen. 20
Therefore, a need has arisen for a sand control conpletion having smart well
capabi lity tRaobi@dhdes for the nonitoring and cont rgly,RiHkeduction from
mul tiple zones within the conpletion. A need has also arisen for such a
sand control conplAstanetherisxample a syitizenesgiigle trinceopmlshion hay been attenipted Wdereini mited to
a two zone co WeYel [ héH{ré. . cqntrol
conpl etion ha\%hgz’%%?%uﬁ%%%g abi |e?’%§%nﬁ§lt)&%gsecg&%ot gsb?afiﬁg%g lng’g!ucti on
fromthe is daveensplaeviensadalpuermeckerr Bradretn fromithalpyrerzaporppyes fl BN The

present i nventyi Qi §8.256 Qont}glrdﬁ\iri& aﬁﬁ:fl‘ﬁki:a%@ﬁ;f)e?wﬁﬁﬁ%d&%ﬂﬁ frd2h thERR 6L ON

having smart well capability that provides for the nonitoring and control

of productsi on SpwWetkrone 4 gHpdus W%ﬁg@tmeﬁim apdy e blaplpring 9ighe sapdheontteli t i on,

the sand cont rQle, GARE @dsin?ﬁimﬁﬁk’&ﬂa%r&@ﬁ&k ANV bdntrG1RIR AR thib i pRiGudiBR nBhES €Nt
invention is not limted to a two zone conpletion. Furthéer, the sand

control conpl il Aistygiorrgnisieation wen e e 9aprplete o fhan e zpresdeRdrompodint i on

does not rest rjels seRhdfdfliddiué @B diRe Sl hRlaPardlRfRDEL AG: RERGHGRD. The
sand control conpletion ofthe present invention conprises first and second
packers 25 t hipblagkpippef the sprdrcgntro} greni n t he wel | bore. A production tubing

extends substant i afyedsokd) Add@Hastahi@n fof 4 fafid coftR SomplbtisRRRHng A WLl cRFbREN 1S
posi ti oned between the first and second packers. The sand control “screen

forns a first teapgrides fof theymenitoripg erdirentiob Al rredyrting feomymultinle censel withindheus wi t h

the wel | bore.coffletonf A0N¥eE QR AR arided | i QudnSa @Qﬁéoh&meﬂpm&m&ﬂ% ihe: fdir st and
second packers. The inflow control valve is rermtel}/ operable to

sel ectivel y alPrsbilifyigt ispetlissied tp p byodoResARIFHOR XU e hsstipedlar spher spadr st

annul us and t Rgptokdplelbn Bdvinlghehaid WM WElabiG thatl Bbel ot e PRAGABOELARIL . t he
inflow control valve is an infnjtelyvariablevalve. A crossover valve is also

posi ti oned betHEENF zopssleing prequcedhg second packers. The crossover valve is
remotely, nmechanically or hydraulically 3 W) 2006/ 036271 PCT/ US2005/ 025797
operable to selectively allow and grevent fluid conmuni cati on between the
production tubing and the sec I nbodi ment, the crossover
val ve is positi onethelplsie @iertide distibsedMir€O Binfpaibes \b @hniConte] dorkd)&ios AghCONt 1 Ol

screen. | n another enb%d_i ment, the sand control screen js pqgsitioned
smart well capability that provides for the monitoring and control of production from multiple

20 zones within the completion. In addition, the sand control completion having smart well
capability of the present invention is not limited to a two zone completion. Further, the sand
control completion having smart well capability of the present invention does not restrict
production from the multiple zones beinig produced.

The sand control completion of the present invention comprises first and second packers

25 that define a first zone in the wellbore. A production tubing extends substantially through 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 productiqn 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

20 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 valve is also positioned between

the first and second packers. The crossover valve is remotely, mechanically or hydraulically



s between the inflow control valve and the crossover valve. In a further
enbodi nent, the inflow control valve and the crossover valve are positioned
uphol e of the sand control screen. In yet another enbodinment, the inflow
control valve and the sand control screen are positioned uphole of the
crossover valve. In yet a further enbodi ment, the crossover valve and the
sand control screen are positioned uphole of the inflow control valve. 10
In the treatnment phase of well operations using the sand control conpletion
of the presemtoeadti on, athrough tubing service stridigsigmibespper ably
associated wth the crossover valve- A treatpent fluid is then punped
through t he sepegabledo selertivsly aflow gpdiprraent fvid pommpmcation betwe the Rypiuptine t¥ings s over
val ve and r et wygdnnd detbnfignnafe t aken t hrough the sand control screen, into the
first annulus and through the inflow cqntrol. valye into .the production
tubing for return JPereepBodiaent fegrossgver Yellms’ﬂ&“eggﬁtﬂeeﬁﬂfer‘%f&?”ﬁﬁm‘{” Yeui d | oss
ils prgvent ed h:[&tiﬁekdﬂEchublsdcrcaﬁmﬁ me?}aﬁmm'eagﬂielhmd RIS SQYAis }i@itM@edtO a
cl osed positi and operatin e |j ow contr ve to.a clos posi ti on.
St ated andt he QVW% wﬁ?@?"ﬂ;‘@ﬁ%&tﬁﬁ?‘)sﬁ%’erivg%?‘g[%é’%*‘? ‘b‘?’ﬂ%’?ﬂ? ¥ by
cl osi ng the ceamsDuRE andvhd dr@sevadvalyt as iposftichdiephdlé dfabe samitofitt] sardhVR.yetl N t he
producti on phase of || operations. usin he sand,control conpletjon of the
20 present in@@ﬁlefg?{’%ﬁ%&t?"grfo tf%‘f:ﬁ? 9 dt%‘?sﬂfco%hgrqe%mﬁms‘g'\?@uﬁﬁleo t he
producti on t ubftfigcbisovenpbmeani yaich fultier énitolliantCtheérbRbvey adlweand e sand eRE6L
position- In addition..v\hgfn ro erc%%‘{lon frqclma second zone flows through the
PBRe P ¥ &% o

producti on t uSFHY 2eFPuing e ne is allowed to commingle
t her ewi t huoby oper dhitiegrebtienti phise @fwelb njeratibnsviaing ¢het sandacono@aiompietdnt dfale.  AS

such, the sand control | et.i on_of %lfgle r.esent .invention is capabl e of
i ndependent | y P& %ef“i“inhagﬁrg%ﬁ“;b?n SAUCt ngﬁ%brﬁ%%%wafs@% ‘X@’rtheg“%sﬁ%ﬁ a
conpl etion. | nalegldA treapmert Guid ixckbgeruohpet thypughaiv seolideistig frtaithel sdcbeduntiihes sand
control conpl etion.of the r nt _ivent | al so.noni.tors, a varjety of
production fl %Fﬂlggamfgrﬁges veef‘éaﬁ)vﬁgﬁ‘ﬁﬁ or@ldggr}e{ﬁag@éhmusggnm&saﬁgm g\(}lls?:ree%n’]ﬁ{é’gtl‘%i oned in
a fluid fl ow (fizs imnolupand churaigh dire idflow cstrol Aeleantd rhe iprodedbibetubing i extumiioythe
associated with_th ensin ag%v' sathat .carries dat elating to. the
product i off fl u“lug"%gFro gonv{al%gesP %l at%ngn %‘%&gsﬁrlsfpé%gte{@ﬁ%ﬁ%%&e?o aﬁﬁo gré%rfgtt?eol cabl e
may be oper ableypssass galvedbd 2cdosed pdsitiblnand bpefdtiogtheinfiow aintrolwallveie aalogkd phsttionr ossover
val ve to carr rpﬁ%nd e b rational state .of the inflow
control val ve%}aa?]eg eex%?%gg%%rg&vzﬁaﬁ? &ﬁ\‘l% ernati ve Iyl/egglf ﬁ%sm ont For cabl e may
be operably 42aWndERE4HBERAGw RETHIVBRO051025797 associated with the inflow
val ve only, and t h@ﬂ% dadlidof Bks §ft\9% Oifti ) i B $RY Sner¥Plo
mechani cal Iy or hyc ra&’?l céé{"f?@ o?)era ]Ieoé’ usi ng %e ?aﬁr odlgé t}éﬁ}eﬁgﬂ/%fg%vi ce tool
string. |, angtdet inyepientprodudion fomstbnfirsi zeveistallowed igto dier meduetibnt tubing byul t i zone
sand control  fOl Bleliiby/Bil Jfctb btbgef Boslddn A1 iBAAL fien pHHuBi AR ' ON
corrprisesthreog sesél?ﬂ?(irst and 5;! Bositlln. 1&9 protuEie 2
second zone flows through the production tubing, production from the first zone is allowed to
commingle therewith by operating the inflow control valve to an open position. As such, the
sand control completion of the present invention is capable of independently controlling
25 production from each zone having such a completion.
‘In addition to independently controlling fluid flow the sand control completion of the
present invention also monitors a variety of production fluid parameters using one or more
sensing devices positioned in a fiuid flow path of production fluids. A control cableis operably
assoctated with the sensing devices that carries data relating to the production fluid parameters
30 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. Altematively, the contro! cable may be operably



s second packers that define three zones in the wellbore. A production
tubi ng extends substantially through each of the zones. A sand control
screen is positioned between each of the first and second packers. The sand
control screens respectively formthree first annuluses with the production
tubi ng and three second annuluses with the wellbore. An inflow control valve
.1s positioned between each of the first and second packers. Each of the
inflow control valves 10 is renotely operable to selectively allow and
prevent fl ui dweoassusegati on bet ween one of the first penvosthasssssezand t he

interior of the productiaon tubjng. A crossover valve is posit,ione bet ween
each of the fPFEta &é@d’éﬂ‘i’a’ Vﬁﬁ'&%@?’ggtﬁ%@?amm{ e‘é&ﬁé@(ﬁ%’é‘? AR ATS
rem)te![y],cI ngﬁhﬂﬁhﬁﬂbbm?gwmhmﬂﬂ@uﬁhﬁaﬁ@%mﬁﬁe?ﬁbﬁﬁg?ﬁﬂ&@bﬂg&hgeIy ?ILQM/andd
preven uid co ni cation  respecti.ve et.we e_pr.oducti.on ing an
one of the seconmr‘?ﬂ?}?‘iﬁsa@se.ﬂ’ i ‘Fﬁse%;elf‘veg%o&lﬁ@wi"gptgcat ?ﬂgltnﬁcgf)rsgnsfle?ﬂmi’tinventi on
rel ates to anedoipelioh dur ialpior id ngellvore! This canpldtion tonprisdsulttessets bf fist ai@s of
assenbling a co etjon.includi fir nd con ackers, havin

product i og tuﬁ?gr%i, p"é"i‘e?a%t gf’o#l t §%nfsz§enn,%ee¥r?ﬁ|§%?'l g‘w&(‘:’o cﬁ?nofu%]\%le\x/%“%nd a
crossover val wéstapialy throogheachivhtibe et e contrblacrsamchogtionkd kwesteagtesftidef | ni ng a
first annulus wth the productio t ubi n runni t conpletion.into the
wel | bor e suchﬁﬁkﬁ%s?cﬁ%dpg%’ o ens?nr%ﬁm?(?srcreegﬁﬁr%??ﬁpsorgl% %gca"‘lltclrmﬁs #ll}I us with
t he wel | bor e, tlegptddiciign tuhigg fddrtisrte sacvald srmoloses wilathk eeliboteo Ad éffloweomirof val®t zone,
remotely operating the infl ntrol .val 0 sglective al | qw .and prevent
fluid com"runl98 g’cfllg%nr?%g h&%réﬁa tﬂ"ﬁ%ﬁ?l F’tsafld Sacﬁ?]n\é;%ﬁcse%ng c?ﬂ%ad]'ei ?ﬁ}tk}e(’? ?O(I)'r&gfﬂv?he
product i on t ulregotsln dperableid wlevtjvelyaarhand peadnt fuideonimpdicatioh berabdn pnoogigheat i ng t he
crassover val Lhvel y. al . t i.d ﬁgqy [.cati.on

bet ween t he pﬁ%ﬁ%@%@%%%ﬁ%g¥2%¥gﬁﬁk?ﬁ%ﬁ§§§§%§M§%n&1%§¥&5%$ n a&#%P%ﬁer

aspect, the pbeawesneatinefahe frshandedeerngd padkers.a Eppbtdidies drassoviemdiéiee mdemdttly,

controllin Qﬂ%hﬁ ' g - d control
conpl et ong 'FI)' e net gé%@%%%@%ﬁ%%%%g&%%ﬁéﬁﬁfeﬁe&%%%%ggﬁﬁ t hree
zones bet ween resprctivalif befwepnsthe prpdictiandehing anperslobths sqougiatiudnesd i n a wel | bor e,
each of the sets i i I ol
screen, an infl owo%ﬁﬁf%ra g@f%;?@ééﬂg%gﬁ qur éﬁﬁgﬁsfgfg{\}ség?g&g@%deﬁ%géﬁ% & ﬁg'%%{e
t her ebet ween, tpiaridsk the geps abasesgibling arrgmpletidninsivging fitstrnd gecomsipaikers hasingiang Wi t h
each of (he CLASRANETA!Y SR BRI Ahedd bl MBow Lol DARPERICOLLY, ! 1A cach of
n ul ilfeta t he

the zones with treatne Ing returns throug I nfl ow
control val ve pesitiosed therehdtwei, Eretsnd comdtobscrsed dpfining e frsbahnulpy withethe prodpetidnui d | oss
into each of i ZORESHDYonhélsh e hFIBLRSRARE Y Y SontdNreb G ah Akl OW
control valves I the %o_negyﬂnot bei ng “S 0 2006/%%271 PCTTCUJ%Z 5025797
treated amd comerdimnpingrifythriudiopersefingthe Ertimd sfcondrackesrie definy 2 fishomel y _
operating the Jiphhip ookl HOLintlRh GBitol Gl 6 ChIURLY AlobOMaABf G4RANT 1 Ul C
comuni cati on betweeh each of the zones and the Inhtertor of the producti on
t ubi ng. communication between the first annulus and the interior of the production tubing and remotely,

{ mechanically or hydraulically operating the crossover valve to selectively allow and prevent
fluid communication between the production tubing and the second annulus.

25 In a further aspect, the present invention relates to a method for independently
controlling production from at least three zones in a multizone sand control completion. The
method includes the steps of defining the at least three zones between sets of first and second
packers positioned in a wellbore, each of the sets of packers having production tubing, a sand
control screen, an inflow control valve and a crossover valve positioned therebetween, operably

30 associating a through tubing service string with each of the crossover valves, one at 2 time, to
independently treat each of the zones with treatment fiuid 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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s BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
features and advantages of the present invention, reference is now nade to
the detail ed description of the invention along with the acconpanying
figures in which corresponding nunerals in the different figures refer to
correspondi ng parts and in which: to Figure 1 is a schematic illustration of
an offshore oil and gas platforminstalling a sand control conpletion
having smart well capability of the present invention downhole; Figure 2 is
a hal f secti owalodadosesriof a sand control conpl eti on hawchgishigasdenel |
capability of the present invention i nst%ed wi.thin a perforated casing;
Figure 3 is a‘TFaisd a“éé?,‘{“i"%‘ﬂ%l’m%mé%fg"lm ) 855 SPolely presating e PP g snar t
wel | is capabbdiol yaves to kiRt RIyeESM indipRvean iidconGtthicapn Betvidaidionte HRACESS in a
| ower zone; Figure 4 is_a half sect.ional view of a sand control conpletion
havi ng smart the integprof the production BB, - esent i nvention during a treatnent

process in an upper zone; Figure 5 is a half sectional view of a sand
control conpletion having %M@%Me present invention
during prdduction; 20 Figur v w of a second

enbodi ment of a samd acedt eahpleoaiileethdny of iR/ feftgres afr ddvaielgts cfapapredent y of the
present invention.installed within rforated casing; _Figure.7 is a half
sectional vi eWEF% EEERRS @ﬁ%ﬁeﬁ"eﬁf Q%?‘le‘gd?%ﬁ? 0%%3%?%1'3% &8 i havi ng
smart wel | capedamphdying Gighlee inpviele bdrrebpoxdiy mawerathuini the ddfetenteAgui ntfepto0Ccess i n
a |lower zone; Fiqure 8 js hal f sectional view of a second enbodi nent of a
sand contr ol c‘,’?)rffﬁg%lfi’lnﬁﬁm{gf?a’ﬁggﬂlig smart wel | capability of the present

i nventi onwduri ng aFigurehisasthtmgpic dheission of amoffshep @it and zaspdstfomi atslingh smgi a hal f
secgtional view of .a second enbodi nent of. a.sand caontrol conpletion having
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Figure 5 is a half sectional view of a sand control completion having smart well

capability of the present invention during production;
20 Figure 6 is a half sectional view of a second embodiment of a sand control completion
having smart well capability of the present invention installed within a perforated casing;
Figure 7 is a half sectional view of a second embodiment of a sand control complétion
( having smart well capability of the present invention during a treatment process in 2 lower zone;
Figure 8 is a half sectional view of a second embodiment of a sand control completion
25 having smart well capability of the present invention during a treatent process in an upper
Zone;
Figure 9 is a half sectional view of a second eﬁbodiment of 2 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 compietion
30 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 contrel completion

having smart well capability of the present invention during a treatment process in a lower zone;



s having smart well capability of the present invention during production.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wil e t he naki ng and using of various
enbodi ments of the present invention are discussed in detail below, it
shoul d be appreciated that the present invention provides nany to
applicabl e inventive concepts which can be enbodied in awi de variety

of specific contexts. The specific enbodi nents di scussed herein are nerely
illustrative of specific ways to make and use the invention, and do not
delimt the sm@omfmilhe present invention. Referri ng pcitivkioddidhdset O figure 1,

a sand control etion h VI n mar t apabi | i f t pr esent

i nvention being i %ﬁ'ﬁ? g p EV\%J e'"b‘ 'Mf“gﬁ\é?“gc?ﬂtrlo Wﬂ{eﬁ‘a’s
platformis ingvieg lﬁwa&dnceadabmtyiomu@ieﬁeat mlenamddlmpefrahﬁem stecignat ggherl 0. A
sem -subnersible platform12 is centered over a subnerged oil and gas
formati on 14 1%8%af¥d bel ow a sea floor 18. A subsea. conduit 20 extends

froma deck 22 of Fl@ﬁ'eDJﬁhﬁﬂfﬁ&tﬂ)ﬂaﬁrﬁw@fm&hﬂl&dinieﬁﬁifalsdnabdsmltﬁﬂﬂpieﬂ&‘d udi ng
bl owout preventers 26. as .a hoisting a ratus 28 and a derrick
30 for raisi nd®4ng™ dYﬁhl”’i‘pﬁla{‘%P%tﬁ W?tﬁlﬁ'gm’sc’ﬂgwmggmgg‘%?’bducti on tubing string

32. 20 A wellbore 34 extends through the vari ous earth strata including
formation 14. A casing 36 4 by cenent 38.
Production tubing string : =hd i ncl udes a sand

control conpleti on\hfmﬁwﬂﬁ@mnﬁd mﬁiglofwambleinbddgmeﬁ& dilhlleqhesmﬁ inyet&imtaroned

wi thin product] | il [ sand cont | eti on 40

has di vi ded df‘oasu?:dplpgﬁmﬁﬁ {}S{PA‘SHIAH'M r&lat?%ir kel thg rr?ses&ﬂfnl%epm‘ﬂ TE€hd

control cadpl applmabléﬁvmﬂmlcumtqﬁsvfhmhmn%embmheﬂmabmdewmayoéspmﬁﬂoemteﬁd)'rhan i nfl ow

control valve 52 é %oaﬁ’mfr& Ler Vegé Bmgrgfmel%l Sﬁugg veo c:ﬁ Wscr een 56d a packer
SBori\[? 70l élf avs

58, an inflow ¢rossover va Control screen
64, a packer &quamuomﬁdddmmoiddhmtxhe&ca;bewéﬂﬁsresatmvemMVer vaI ve 70, a sand

ule L LN ﬁrlrémugm{%%g}ﬁoeﬁ%ﬁﬁ as (Fc%m?o%cﬁ?p‘féﬁ 1 fain En?arr%e‘ﬁcaa lgt?;gf' s in

the illustrated con conearnin ravel ,
proppant.s or tﬂwpﬂesektenqunéemehﬁaquvehwemmn armf&hqmmémﬂaasﬁla‘tﬁﬁﬂ Isuch t hat

ool ated 1 ner et Mol E kI e, O oot it OO0

figure 1 depi ciestergd veer ¢ pubmbrgededil and gas fgmmnd%ecahd)bé@vb;ea@n@ 1§k|AlsIu®da| n the

art that the [ I |- hh | .0f t he

o oot L SRR AUl SALALAR 1S El AR LKt

wel | -sui ted f orownyepreventee R. $latoro 13 asaibhistingdpparatis 2 Havd b dorickdffardidngsnduch as
devi ated wel | s s o 25 dubQk | Il's. Also, even though
figure 1 depi ?Fsérgﬁkkggﬂﬁo%\%hg rgdt ?%Er%,u?o?% @lﬁ%g\fd be noted by one skilled
in the artethat thé vwsHbne ¥eoxmdythronghii verious pertavatrigcludingfomeionl4.copsibg | ity  of
the present inyantiom.d inGalbh W8y b 58 $rdatlioh ifink Bl ' QGadRGY at | ons.

Further, even
platform 12 and inciudes a sand control completion having smart well capability 40 which is

(

f positioned within production interval 42. Asillustrated, sand control completion 40 has divided

production interval 42 into three zones 44, 46, 48. Sand control completion 40 includes from

25 top to bottom, a packer 50, an 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. Ongce sand control completion 40 is in the illustrated configuration, a treatment

fiuid containing sand, gravel, proppants or the like may be selectively pumped into interval 42

30 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
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5 though figure 1 depicts one formation divided into three zones, it should
be understood by one skilled in the art that the sand control conpletion
having smart well capability of the present invention is equally

wel |l -suited for use in wellbores having any nunber of formations that are

di vided into any nunber of zones. , Referring next to figure 2, therein is
depicted a nore detailed view of a sand control 10 conpletion having smart
wel | capability of the present invention that is generally designated 100.
Sand control o@péeddzAn 100 is installed within the cagyrRgedids:ef a well bore
that traverses . a.subterranean hydrocarpon bearing formation 104. In the

i | | ust r at edpoWell-aHitedfpr uspie wellhedngomertiiictiond oTiqntsHipns fich asdadateryvellp inchned
upper per f or at 4005 hBal Yol VKPS B5AHITRR 110t BUBLAERIGOR ol aul i

conmmuni cati on between the interior of casin 02 formati on 104

Perforations benotegéy pregkilieddn the grithstdhesant ron %Fﬁﬁtha@ﬁgmwebﬁpﬁlﬂh‘@t i ons 108
produce from zogep 1\1331331 i¥entidnqt %Bl!;ﬂ%lﬂs%d SRS 1CAMkOdpeafdiB Blrthe evtl0

i sol ates zone 110 bet ween packer "114 and packer 116. Likew se, sand contr ol

conpl etion 10tonshdieate d Sepiciaue foxpatiga fiyided intg reezpnes. fishonytpeynderstood by opg

Preferably, paglarstnd ifthitkis aadl&namorﬁméﬁohlamﬁgstnxﬁefe@@@!ﬂﬁrtﬁoﬁtﬁ@gwsaﬁte capabl e
of seal ably passing one or_npre cont ro{l‘wl i nes theret hrough whi |

mai nt ai ni ng prEELGE S eI ijed forgsedg fiekhorss hrpyg anypmber ol 01111%1"‘151%“118 may

be retrievabl &vﬁa&if,@,raﬁyﬁmer@mwhydr aulically or nechanically set and
rel eased. Sand control conpletion 100 i cI udes a rod ction tubin 120 t hat
ext ends above pacKkRSErERgKtY tPertis epl"’i@"“‘i"f? BET o6 ksentol1 18,

Producti oy t Ubéniifetibr BaviR)hiert ﬁﬂl/caﬁéﬁllitﬁbﬂt@e rkati Gavedtioh tHatik foneraﬂ)f'&hlgﬁkeﬁg jointed
tulii ng, coil ed_tubi ng and the |i I n algltlon production 25 tubing 120

may form one FEF?IE‘“P}PPH‘Q”BP‘SFP&?H?‘? m hesesined D3pd @ wellbareihef \evensi ng
i <23<2:t i 2 gz | S?ralbmemy?ﬁmlkleéahﬁmorhﬁaonalos Qnthemgslﬂﬁ&pdrﬁlfnbﬂu%hsﬁﬁ&iaﬁléﬂn va: ?/es

nfl ow contro ves : i de some of the spart we
capabi 1111 o ORGP R bR A E TS o8 H R OE &t o
val ves 122, 124yddutic boyrthivaithtiondktvyenalpaiiterios of cabifd 100 iahdfoimatisn @8] Berfosbidi NQ
sl eeve valves ectiv e a ve t fluid flogwinto
product i off tuﬁ{)%oi% °%6°%%§P€M@f&g li)ﬁ’ff?r%%“gi)(ﬁt Rge @2‘) 124
coul d be nechaiingtiunlig4. (Spﬁfoﬁﬁtﬁ:dcoﬁjpleﬁﬁlﬂlﬂdlsbmezoné H%étwmqihdctrﬂn&anﬂp&heras‘ open
and cl osed po S. or pen osed d .one or re inter iate
posi ti ons. 3\H 2816%7 6§ P@%d@?ﬁ‘i‘%tﬁ?“ ggﬁﬁwﬁﬁﬁﬁﬁ?&?ﬁﬁ?"&ri on 100
i ncl udes crossmleme&t&ilﬂp&kérﬁﬂA MmAR18 Eiﬁﬁfuﬂﬂpé\bb:;{qpaﬁlfeﬁ&&)&&ﬁap&ﬁédf@&laﬂ;% 128 are
doubl e wal | ed,. sliding sl eeve valves_.that sel ive al | ow and prevent
i T Tow bEESEB e A P HHE HERonRE Ri i n PR ORI bo out er
wal | . Saneb comdmabnallqumieet1114),n1lﬁDﬂsfmaytH%aemenbleqﬂ&Smsmdmd@mﬁmlthmr eens
130, 132. In theh aﬂjstra 1d e({TbOdl nment ,

v set and reléas

Sand contro] completion 100 includes a production tubing 120 that extends above packer
¢ 114, through zones 110, 112 and below packer 118. Production tubing 120 may be any suitable

type of tubular, including jointed tubing, coiled tubing and the like. In addition, production
25 tubing 120 may form one continuous string or may have gaps between certain tubing §ections.
Sand control completion 100 also includes inflow contrel valves 122, 124. Inflow control
valves 122, 124 provide some of the smart well capabilities to sand control completion 100.
Preferably, inflow control valves 122, 124 are hydraulically operated, infinitely variable, sliding
sleeve valves that selectively allow, choke and prevent finid flow inte production tubing 120.
30 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.



s sand control screen 130 has a base pipe 134 having a plurality of openings
136, which allow the flow of production fluids fromzone 110 into sand
control screen 130. Likew se, sand control screen 132 has abase pi pe 138
having a plurality of openings 140, which allow the flow of production
fluids fromzone 112 into sand control screen 132. The exact nunber, size
and shape of openings 136, 140 are not critical to the present invention,
so long as sufficient area is to provided for fluid production and the
structural i nyagsdshi2af base pipes 134, 138 is naint aippeds20skessit i oned
exteriorly of base pipe 134 is a filter medium 142 and positioned exteriorly
of base pipe 138 iSandropirql peupplshian | Qincipdes cropspYer ¥tveR i b?siﬁfﬁmhlwmefbe any

type of filtr gfieanae, sislakb@bublewd1Bd bliding sipdve SRS Indt sy AiRwhitrévedt Gl
subsequent |y di scovered. For exanple, filter nmedia 142, 144 may consi st of

a screen wire DGV 3sppeen he ST & e dpoen Yl and exipris o1 thyr qiten §ally Sprd §o8telhat have
gagI tﬂerebet W@&ﬁbb 1&tra»ﬁmogfmhmmh in€itdek @hm?hﬁaecrémgdgsﬁ.l %Wleilm@ate{]dléﬂibﬁﬁm&ft, turns
and the gap between the ns . are determ ned has upon_t he characteristics
ot he ot FBH CPRDHRE |4 P BPolat B S RBg e ihBgh JEV g ¢ he
gravel to be ysedfptductig fulie figwhavell 1 PiankindGoMPRsctd 130, LikdAGsdaed Birol
alternative, filter di,a 142,144 may consi st of a_ flujd-porous ticulate
restricting ﬁ‘ﬁ?e@rlﬁ%igaesé‘&ﬂﬁ‘?pﬁf 1%18 }ba}vﬁﬁgélpﬁlfa@ty OPApET éloo?"h‘gha]%?'éﬁmﬁgg hat are
di f fusi on bonggrdudibn Siidiifenesnel 02 infdgeil bdytrolistredh Q3N TTHe dadt AidsbeN)bifeand@sde SCreen
designed to al lLow fl uj |.ow t her et hrqugh but revent the fl.ow of,
particul ate nﬁ%%‘feiméﬂgssbgfhg S a&w&%%& I?F"génvf%ﬂﬂsﬁg%‘?iaﬁ HBY 8k Fough.
Filter medi a béidbdifr fiagfreductaRad the waktirabhiegitfetade @ipeaise, 198 Baminladkd. 138 byany
i(t abl e nmean h..as .b | di,ng. . AlL.fernativel. jlter nmedia 142, 144,
?rgl)i be int egr:tl \?\n %‘hﬁ'%gg’xﬁ%ﬁéghf%ﬂpe ligiéagl&‘;‘%ﬁ@{*&%ﬁ“g?“ﬁm %Icﬁ“fné‘lfﬁ’l i ner
t hat provi des obtdséipipd 138ad aifiledr mieditupd #4. tBilted meldif 1420 44i ey be apaipielof fildatits. 25 As
such, any type of filterin stemthat can serve.to proyide the _structural
function of t K& a%,é'at lspPrﬁsggﬂ r?bsl%/éogg 111uﬁs}ee rssué‘e%HS?F%odﬁS@%‘iegg'f ¥?{eexaﬁ?pé% gﬁ?’:
invention in mhediad4)fl44 miytconsishefclisarechAdre whapdedanoind bplsmlity ofrés fobddhe ndS5. Sand
control conpl et 0Q further includes sensin evices 146.148. .Sensing
devi ces T46, %ﬂ%%ﬁ%hygbe]éeg?tg%ﬁ% P’g&ééﬁ%g?lgf,lm%rf@gs Eﬁeenméléeﬁgg}’%l,s anfilﬁgw rate
measur enent deep teteeen the tuingkre B@rioaibewd tronthe chemstenist csefithe anatiaeomewideht he | i ke.
Sand contr ol L1 .jnelu n n%gr nd._any .conbi nati on of
t hese sensi ng%@ge%{ééﬁgﬁ%ggﬁd@%ﬁzgﬁg%ﬁfg%gedm In arﬁ/tges%?vgi ]ﬂeng OP%'%& Ton
associ at ed wi tAs asdiwdelemative diltenoedia L 4% 149 mag @0sist Saflsidrgrods partiralsteteBictip4 8 ar e

coupled to caqntr. ahl e Vi oVvi N ni.cation to
sensi ng devi cg%aEeTgﬂéu&ﬁgg . pl&w%ﬁ&%%&g%g%%%@%ﬁrg}%g%fﬁe&dnt r ol
cabl e 150z2amay tegethentd dorhmyecirozauk wire Imeplesreere tlasighadi te allow flmeé low ftheppgirougpbiitc bundl es
and the liKke. i L . i LSt 1R . e
oper abl y assoé’f %%%g%oﬁﬁ?gﬁﬂ%#%ﬁ%ﬁg&ﬁd pac%gesr%g ﬁ%%?a%ﬁ%ﬁgieﬁé{u I 'nfl ow
control val vedilepmedial#2, 1 4dmaybe tesprotvely atiaghed todasedpres 182.9 38 oy any suitakle means

{ such as by welding. Alternatively, filter media 142, 144, may be integra] with base pipes 134,

138 in the form of 4 slotted liner that provides both structural integrity and filtering capabilities.

25 As such, any type of filtering system that can serve to provide the structural funetion of the base
pipe may be used as a component of the present invention in place of filter media 142, 144 and

base pipes 134, 138.
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
30 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, .
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control over the operational states of these conponents fromthe surface. s
In operation, sand control conpletion 100 is preferably run in the well bore
on a single trip. Accordingly, sand control conpletion 100 is assenbl ed on
the surface in the configuration shown such that packer 114 will be

posi.ti oned above perforations 106 with a section of tubing 120 extending
downwardly therefrom Inflow control valve 122 is positioned about tubing
120 downhol e of packer 114. Crossover valve 126 is positioned downhol e of

i nfl ow cont r olwormbsms2tio 122 al ong tubi ng 120 Sand cotddrRlsesde6n 130 is
posi ti oned downhol e of crossover valve 126 form ng an annulus 152 with

tubi ng 120. P&eXER cabiedSq mayipslyde INGRELFE 1nes elfhtisalimes LRer eptis bundiss andhedike.her |

these conponemntAafioh R inkGaed eahheltdammmfmawa@aeﬂam assE’éiﬁ&ﬁﬁM%fa&yfaﬁe &l ui d
ports of crossover ‘val ve 126 and infl ow cozgtr | ve 122 are in their

cl osed positi BHFkeralinb 6t HE mapw opmol 33ives 1475 {24 ap TrP%‘i‘\"e’_L'@l"Lef‘ lewi2 o allg¥cker 116
Is positi Onedc@fﬂﬁl/@leﬂ&éép&ﬁ@&nﬂ@ﬁ&saﬁﬁeswc&rboﬁnﬁ@ﬁﬁnlﬂ&&uﬂicetUbl ng 120 extending

downwardly therefrom |Infl ow o trol. val osi tioned about tubing
120 downfiol e of pREREAIoD F3d cRgiTg n]s 6'918?"“\%‘1?\? %ﬁ%g’l P& 4F9RIshol e of
i nfl ow cont r okeipy Alcv@dingh? hnddontRd cdmpitiog1 (b 20sseRElETbneiphrtRb n SRt aFguiBa | S
posi ti oned downhol e of Cr oS ve val.ve 8 farmn nnuI us 4 with
tubing 120. P pSuch{hgt pagker, i"?lﬁ %ﬁ?@ﬁuﬂg‘%éwep"@#‘ir’%?o&? ?{% f(ﬁ?fn°“2?§“$’5’§et her,

t hese corrponenme;&@ﬂ]ﬁgdoh@wmmheﬁ&x@nnﬂﬂw ceftvalved 22 Pp&fthaliabous tubihg1 ol ui d
ports of cro sove aI ve and contr 4 are in their

cl osed positi ﬂW‘H’L‘Pei b“]fe’ﬁlal Ff’s‘“i"ﬁerv 9“8‘{‘?03‘??1331??9 S IPYOb M nar ent
to those gkil Imﬂalbxngtﬁblaglw tSadidvaditrdl kweemmmfomdoﬂeeadmmaabfdr@fdv&vsluetnsas

eraton ot AR Ry G R o R vy he¥ adhretRdorn i ne

figures, the Gopatie titss @mboreits ben dg cbmylarodofinm Lp P@efferﬁ]:ﬂlﬁthé(ﬂl[ﬂ’d@ﬁﬂ@dﬂdl ng
figure and the_down |re ion bei t h
cor r espondi ng Frgur V‘\'/glvﬁd]tz ?ﬁl q 68 tm? ;{f\%dtz érrc?os 1ﬂ)vr\?r%{O tFeh%“gland

control conpl ehd instaldpfion. t he present inventi on WI LT keI y have the descri bed

vertical orientati Wnen aslag osn(ilon ab%wﬂe\%)en?mt%ns*og gﬁr‘}&"eﬁ"g"éﬁé\ﬂﬁg% t he

sand conttol conpl & Tor 1ot resen S no 0 such
orientation aaxuemdm@owqwdw themfrbrh. bt @ontfobyalwes@4 isrpositiared atedt tabiag t2or i zont al
wel | bor es. Rferr ng. NOW. f thr. tn) rvice.s rlng 160
has been run % gpac%r% lﬁ] Cmsgk}%fﬁ%l?? %)Zﬁmtp Oﬁgon%]i gfr]?/jlﬁ’(‘:vecmé °1v 5 160 may
be of any sui tlatbiﬂengttgqm IRQICSMﬂqomtﬂ bmmﬂﬂlsmlnmbéwmdnbfoyosshvama%d such as

j oi nted tubi I

ho061036271 PAFORAGEPEERYEYn GREPEY pEab it ibeBhonsh bt gt M o1 cer
pref erabl g, sd&ogdtine tiese jomgont@ form ﬂmwnmplcnomhézonbd)t?t dinfeslily, forlidrontbel t r eat ed
which in the il Ostnatehs GRMIWERMo vits 3228 it coneipbikifh difd f%un in

and installation.

{ It should be apparent to those skilled in the art that the use of directional terms such as

above, below, upper, lower, upward, downward and the like are used in relation to the
28 illustrative embodiments as they are depiéted in the figures, the upward direction being toward
| the top of the corresponding figure and the downward direction being toward the bottom of the
corresponding figure. It should be noted, however, that while the sand control completion of
the present invention will likely have the described vertical orientation when assembled on the
rig floor, once downhole, the sand control completion of the present invention is not limited to

30 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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160 i ncludes an upper seal 162 and a | ower seal 164 that respectively seal
agai nst internal sealing surfaces, such as polished bore receptacles, of
production tubing 120. Service string 160 s may include various service

t ool s includi ngval vi ng and comuni cati onports ofthe type known to those
skilled in the art, such that fluid comunication can be established between
the interior of service string 160 and internal fluid ports within
crossover valve 128. Once service string 160 is in the depicted position,
the fluid portwo sibsk06sover valve 128 and inflow cont;&lmsy@%,yzgm 124 may be
operated fromtheir closed to their open positions. Preferably,

operation is Yilgdbornes Bacy tregtad By Oxier )?re\’;‘iraélysﬁﬁm%c%o%?%ﬂméﬂmepnent and

control cabl eb&%%moedzbﬁét@@etdemawmﬁmahmgm&ambmﬁmeg{ isG6RI BOAKicYMinge 128 and
i nflow control valve 124 may be shjf ted bet ween their _cl osed and open

posi ti ons necHéhmnekfssyn BPPeﬁ‘iFﬂlr]é%I“i‘dc%l oper 1531 194 dhehisrertively se! aETHRtE™Rlat chi ng

tools or pressupEsuaRed, hﬁﬁis?élﬂhéd@%&c&ﬂicllaé , Bf pBeGdtios RbS rzonger&&fémgim desired
treat ment process t& be perf orned is

zone 11% now proceed
exanpl e, \then T#H@cl ee"é’f‘??éf‘f’f"“‘[’ilt‘l?@é“:? vay gy @W’é‘“ﬁ PR WH‘?@“Q’S‘E‘] ective
i s to enhance td diése sESRPBEUN ﬂu&%@ﬂm&%ﬁﬁﬁﬁcﬁdﬂb@é%ﬁﬂ@%eﬁ%ﬂﬁjﬁém&ﬁéﬂ ng a

fluid slurry containi ng_ proppant a hi. flowrate and in a |l arge vol une
above the fraCf HFacegrEgl gqﬁnﬁ e“i“fu@“‘ﬂg tg‘ﬁﬁméi%?‘i vilkea}28s PREEEiEsStigay be

formed within 15@@11{@6&@&&@190@6@ ﬂ{empeﬂﬁﬂmbyso%e@mas &dnhﬂbw&ﬂﬁ&dlvm if the
treat nent praocess

pack r. fracturing objective is to
prevent the protaY f’%q?e@?d%?m&wtﬂ?s ﬁ?awwgmflh@s p%%@?ky PR {fal wi t h
|olr3 oppant sy Si momphgaeduyﬁraﬁhmﬁﬂag@faﬂmﬁm?mf ﬁtwf;coﬁu-cgéaﬁlée‘ﬁﬂ Anargitivelyhe
objective is t the pro 0 i ne roducti on
interval wit helﬂbegﬁ‘&@ﬁ TPEH. f‘lvf cg ajfﬁ é% 615}81&‘??2’? 8?11 *fhe
foll owi ng exarmpke amddpbn;dﬁﬁ&fsnb@mhamﬁm@c&ammmbﬁddmﬂm@pmﬁﬂfﬂlathlmgm on
during a gravel pa ion...The .gravel ack slurry is punped down
service stri nd’rﬂrﬁ% eé@%ﬁ&?@&%@%ﬂ%ﬁ% 166. The gravel pack
sl urrypasses thr ough: dasmasmuﬁamﬁr%ss taBepeffHﬂnwﬂhﬁdné)MZiiﬁayﬁw pieBeed.andan Nt 0 t he
wel | annul us. veI ack slurry travel e far of zone 112,
as indicted %Vﬂpé\ %‘“ﬁ?%ﬁ/ﬁr er%ﬂ?cﬁbef"b%e tbveéﬁtﬂre’fc‘{ﬁ?“cﬁ bui | ds
up fromfor natpemaﬂnﬁkﬁpfthétrelaﬂsd ﬁgnaﬁﬁfﬁy@lél&tehmg’hﬁluﬂﬂﬁu@&ﬁtaﬁrﬁlﬁg prépbantsat High S
surroundi ng sgphd cont.r.ol. scr 32 f n ack .1 figure 4).
Wi l e sone or af&?"lm%?ndﬁ%mé%‘fﬁ ?Vleﬁtiegm%fe ?ﬁ%@ ergﬁ{}%@mwgyn ﬁ“%hééﬁg%‘f to 30
formation 104,mztyfbefo|tmmnthﬂehqfomﬂanmmdhﬂd tpae b@opphes. Iﬁhddltrdn,pﬂhsmuﬁehtr ough

sand control screen 13 25 | I. OWS 1m? f|OWI ng back
through sand CONtTo s%crpéle ga “Elflg’ l%}/ec@vf"tlsetro i P’S e 124,

as i ndi cated tp}clmtgth’nllsodjﬂh@p ingamail w:&s;semanmtSmnﬂmlg,dﬂm tr@nndntmmqeg is a]gtav\éD

2006/ 036271 PCT/U 05/0 5797 t o t.he .surf.ace e..annul us
bet ween pr odud¥ 0% Qb Stf?ﬁvékg'g ége)c{ru\(}?ogé’ys % eraCknigéltfpmd“ Irll ?eﬁva eH‘ by

arrows 176. gravel, w1thout ﬁactu.nng the adjacent formation.

f The following example will describe the operation of the present invention during a
gravel pack operation. The gravel pack slurry is pumped down service string 160, as indicated

35 by arrows 166. The gravel pack slurry passes through crossover 128, as indicated by arrow 168,

and into the well annulus. As the gravel pack slurry travels to the far end of zone 112, as

indicated by arrows 170, the gravel drops out of the shurry and builds up from formation 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

30 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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After the gravel packing operation of zone 112 is conplete, service string
160 maybe noved uphol e such that other zones maybe gravel packed, such as
zone 110, as best seen in figure 4. Inportantly, either prior to or after
service string 160 is noved uphole, the fluid ports of crossover valve 128
and inflow control valve 124 may be operated fromtheir open to their

cl osed positions. This operation provides for the isolation of zone 112
during subsequent treatnent processes. Specifically, unlike conventional

conpl eti ons whkyBidds@aAnsi derabl e fluid |oss may occurpdpfRihddiEeye! | bore
t hrough the gravel pack and into the formation, which is not 10 only costly

but may al so- Mfa@fetﬂtﬂﬁ'etbgﬁlﬁfﬁe@mp@@@“ﬁl‘?@@@ﬁ%@“@ﬁ%mﬁ&ﬂﬂds%mhe sand
control corrpll@tésqﬁm&{edggﬁr JW:95€Nnt invention prevents such fluid [oss due to
the isolation of zone usi ng crossaover valve 128 and infl ow control

val ve 124. Accor diAfigt (e sl pagkippiepemionpt eenst 1o compbig petisesting fl6¢ ey bsr esent

I nvention not nglg mé@%hﬁmﬂﬁmgasﬁye@mg& é&bﬁi},zf:ﬁéll!lﬂ s 8&BseBtih  al so
protects the %rave pack he formation om t he damage that naybe caused

by fluid sis B&ses loperntds it or'stﬁpﬁﬂﬁaf%@eﬁ@lalﬁoksﬁ@vﬂ@pbo&q@aﬂﬁém ion, with

upper seal 16gr@RdovkOMRE 12Ak infibh SortBRalve B4 Mibe btk fldTRin 1BEAH b g T aces,
such as polished bore receptacles, of production tubin 120, the fluid

ports of cros&@we positgnye This greggign PWFF‘?E\XPTC%WSPIG‘I“’%IZW@ %%2 g sBkseRRr at ed

from their chesgshtBcebdleiSheiRay, Bifisd dohRfifonal EBEpIEHoRY PlerddilsidelbleMigl S t hen
punped down serV| ce stri nﬁn 20 1 (5 as indicated by arrows 180. The gravel

pack slurry p#SsBY Y Spgirecrlass {hropeh fhecaravelpack; apdiinto{hefarmations Whighis 182 and

into the yell oﬁgwdehmtmé,salwmmggem%{av@m thd fotndaérd R Yéth,Sisih@thé 8d édfrolend  of
zorie 110, as indicated b%rearro gr avel drops out. of the sI urry and

bui | ds up frof™ReoRat Po %Btz!n"ef"il‘lnlpi“i’fﬁmpﬁfhf Brdosssiye tortbrsisolstign ARl 2 annul us

surroundi ng S@ﬂﬁ%&&@&v&ﬁ&alv%@ﬁ%ﬂuﬁﬁ@coﬁh@”ﬂv@mtﬁ N8y, RafKnd Sdd édntrgiUr € 5) .
Wil e sone or of the carrier fluid in the slurry may 25 | eak off into

formation 104 SRR 8hF pragert inyeptiagggt onfysayen e gxpepsp afsoqaiad vt Shyiddess byt ough
sand control aBEpeRes theGrave pack Al EedoREhtiBY fréth the WEmakSfat nlfy®e tdusddthyfiiawi Ng back
t hrough sand control screen 130, if any, enters inflow control valve 122,
as indi cat’ed S-arrows 188, and passes into production tubing 120 for
return to the surf@@esdrﬁcetsh&lgaﬁmuhlu&db;ﬁétwﬁumadmaﬁph@ealumﬂagmé%aland

service strin 0 as i ndi cated_b anr ons so After vel packing
operation of z1 1gf"6‘s| "‘g SPRERe ?‘F‘?‘?Wlm 8‘51 ‘g’tt? ed to

the surface on2oyeieddidypinl erosehvalvears o kb w Zenrobvalva Y2 AifiayQE Bpstked ok ed.

| nportantly, either or to or. after s Stri 160.is noved.uphol e,
the fluid por "8 Sedg"rthes“s"&‘?é?os’\'}%ﬂsv ef%g “’F‘H’FWW% FISEVGRSTE) nay be

operated fo omlti(has indidgebyt @rcivl @B, Tk 2raléd pdkOhirQ IaR 1 thidadh é:ﬁ?&@ﬁi?ﬁZﬁ?Q?

ol 0sed pos U1 oo 908 SULhRLALES ANG IO SR RS D'

of zone 110, as indicated by arrows 184, the gravel drops out of the shurry and builds up from
( formation 104, filling perforations 106 and the well annulus surrounding sand control screen 130
forming a grave] pack 192 (figure 5). While some or all of the carrier finid in the slurry may
25 leak off into formation 104, the remainder, if any, of the carrier fluid passes through sand control
screen 130, as indicated by arrows 186. The fluid flowing back through sand contro] screen 130,
if any, enters inflow control valve 122, as indicated by arrows 188, and passes into production
tubing 120 for return to the surface in the annulus between production tubing 120 and service

string 160, as indicated by arrows 190.
20 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

12



until production fromzone 110 begins. As best seen in figure 5, production
into sand control conpletion 100 will now be described. Sand control

conpl etion 100 all ows each zone to be produced and controlled s

i ndependently of all other zones. It should be noted that while only two
conpletions are depicted in figure 5, any nunber of identically constructed
conpl etions could be sequentially installed, treated andproduced according
to the principles ofthepresent invention. Specifically, figure 5 depicts

pr oducti on fl ows Joesmsezane or nore | ower zones, not pi CtpdrRE200ddaghbs 1 S
indicated by arrows 193. This. flow travels W|th| production tubing 120
through the c&lRprdepsitigs: oﬁlfhlszFféh%ém?ﬁzm?\h@r‘imWﬁSFW"EHH‘F?%F“t PRrEEs 1@4 isin
an open posi tluﬁﬂﬂ,pm’dﬁcublh‘fr&ﬁfzdnauﬁrbegm oduction from zone 112 is aI | owed.
Specifically, this product.i |_ows . thrau rave 7 n control
screen 132 into a 393?’513%5%‘ weRdsLdn tg ?f’gcﬂ?‘%’ aﬁ%r"ﬁ |ng 120,
as idndi cat e]g Ryscritedr Gaml cbBHol cﬁﬁﬁl@ﬁoﬂ 1Bthdia;sreg:hl mﬁi m/%ecpamuesgl m&admne?éum. hThe
production from zo 112 .is then e roductjon fronthe one
or nore | dwer ‘%?@%mﬂ%@fz 11#1‘3?355?’58 ﬁﬁﬁg‘]} tef\sﬁfg Bt QAPIEdons & ari et y
of char ag teri siepiesd @\f;hgkhﬁ, awmﬂmtdlfmgntfcmqrﬁbﬂs&mﬁadmplewas aRldee sausiallyby

sensi ng eV|ce i,C nc e er € _sSensors, essure sensors,
flow rate gﬁ'ﬁ’?{e‘iﬁg@g’?ﬁcg‘i 'éfl%‘ h‘fiﬁ%ﬁ?g‘f? S Prrasabig YRt 5 Wgﬁué"es and
the like. In aﬁﬁibtildqﬁ;ts Iﬁsducﬁdilfﬂoﬁ\ﬁ‘oﬁmﬁé Sr@bore/lawar@onk dof lﬁcttﬁéd?ﬂﬁthﬁhlhyatain
infinitely variabl e e, . rate of 1.he produ fromzone 112
maybe cont rol IPS&™® v?dggl% Iﬂg?'lt?ve pﬁﬁdll%]ﬁ?%lhlﬁg P@Iﬂ“@’&ﬁ °Tﬁ°t‘°n° zone

i si nanopepposiit. o.mhm&fﬂowlcbnnswahzbeummmuqiomﬁmasfmlmmtabpreduﬂ:ﬁdﬁﬂoﬁazahd owed.

Spdcifically, CtJ 0 ovvs v 2.an nd

control scr eenltl%] (3]1‘?‘715? RERS ig?d%g?ﬂggﬁ%a%gﬁvﬁgmgéﬁ gf?ﬁ%ﬁlctl on

t ubi ng 120, asmdtm&taemumysawetmbaiﬁﬁpe Ibﬁﬁxﬂpﬂadmbmﬂubmglzomhmmtem r ol

val ve 122. The t rom one | ed

product i on froafﬁ %che% erenze(r)m flow, gonfrd %g%fzedqﬁ P uF%%r}ﬂ’TﬁnéAizlé ortant ly,
a vari ety of mbammgteémﬂsﬂwmsdmtﬁontﬁhmmmnmrmefzunm a:mrda:at&d@a&amlﬂe nmeasur ed
by sensi n e[]n S 146 %&% t.he t1;111 1sofﬁ1te Ecughga_ﬁ)ré)d l from one 110
may be coftrol ugi’ ng ow con ,&ccor(?nngﬁny, '@’n sand
control conpl ekisong dé0es dﬂS tWiheh prag Sexitde itgmperatureosenioss, mdreckermnm,gﬂovarater eat nent

process such Feattr r@:’%%a%aﬁiﬁ o&tngoiffin mﬁ?aﬁ%ex%ﬁte @év{c saﬁa‘él‘hleehk%pﬁraﬁ&h & s teagh

zone can be in zones are I's
Al so, follow riglowcbmt@htalmwlmrdcreleisqnhiﬂrmlﬂ@ﬁdﬂ@abﬁehpélnwabﬁﬂlemmcm ng from

the wel |l bore i es 'when sand control conpletion 100 of the
pr esent mventﬂg%ﬂn ?‘%ﬁﬁgag@é‘%ﬁﬁ I'onal ly, once production begins, sand 13 WO

2006/ 036274 PCT/ USZie06102E7 8iflow catrblvelve 10 ¥ a bpeo positiog auiflustrited, prodstiort
invention all gy the plafeh Qlflfe3eRudiBN o ArliBh pravel pack 192 and sand

conirol screen 130 into annulus 152 between base pipe 134 and production tubing 120, as

{ : indicated by arrows 196, before entering inflow control valve 122. The production from zone
110 is then cormmingled with the production from the lower zones, as indicated by arrows 198.
25 ‘Tmportantly, a variety of characteristics of the production from zone 110 can be measured by
sensing devices 146 and the flow rate of the production from zone 110 may be controlled using
inflow control valve 122,
Accordingly, when sand control completion 100 of the present invention is used during
atreatment process such as a gravel pack, a frac II)ack or a fracture operation, each zone can be
20 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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individually nonitored and controlled fromthe surface. Referring next to
figure 6, therein is depicted another enbodi nent of a sand control

conpl etion having smart well capability of the present invention that is
general ly designated s 200. Sand control conpletion 200 is installed within
the casing 202 of a wellbore that traverses a subterranean hydrocarbon
bearing formation 204. In the illustrated portion ofthe subterranean

envi ronnment, casing 202 has upper perforations 206 and | owerperforations 208
that provide fwagzeodiggdsaul i ¢ comuni cation between the jiRkd&ds@f casing 202
and formation 204. Perforations 206 produce fromzone 210 and perforations
208 produce f rceRreLesrpletornl 08 pf the prstet iBYenoqpplioythesprpdpciepigbtack mplodei on 200

i sol ates zone ;AR BRINEAEPAA kefrodidonltge RFEker 216. Likew se, sand control
conpl etion 200 isol ates zone 212 between packer 216 and packer 218. Sand

control conpl eti orReforg 1seto fage & BT denes ﬂ“%?ﬁﬁlbmeﬂt Rbt sk t@hels above
packer 214, tHrQLR thQ{ées&axz e &%aaﬂayl 8¢ thebreeht m@@ﬁﬁ%ﬁ tAiiS genadiFldegiontidaol
in

conpl etion 20Q _al so i ncl udes | ow control valves 222, 224 that provide

sone of tHe srBY Saugspniodcormistion 20D 1sdnstalledvriing thespsinegP2 ole welhom that yArs00.  Sand

control conpl glivefar@Phytackior 8srifd PHRAMEI4 tathY BEstdR@poridondf BsbiedAcm cont r ol
screens 230, 232. In the illustrated enbodi nent, sand control screen 230 has

abase pipe 2SAIREDIHGSPE AL IRSHPPE peinratiSpls Hd owsepsrionigns 708 hat WY 4R £ | ow of
production fl widgit @ndRaenddcen t iOteSi BEcaEAEI02Qhd HEHB6112043 Perfokdtik@W Se,

sand control screen 232 has a_ base pi 238 having a plurality of openings
240, whi ch al APt R P Foedtrie 208 roflea Fghicp AL o fompipndOdand 20
co gt rol 2s gor eg rsaxzﬁzntm?&mptmm mepateleﬁohemloyet@éentpaﬁa z% a8aﬂ packér 2}16 llﬁikefwislet Sr

medi um 242and paqsi ti oned ext rior of _hase pipe s a filter nmedium
244. Sand contscORE Gfﬁlaﬁeﬁ%/of‘ﬁélrz Sﬂ.ﬂﬂ‘g‘f‘@éﬁg ME<He\i ces 246, 248,
3 uch as H%rmgr at Lﬂaﬁd&@ﬂﬁé&rﬁﬂeuﬂfmﬁﬂh@es&ﬁﬁ&@ﬁcﬁmﬁdgﬁ%tﬁzﬂ&;ft@nﬂﬁ%&xﬁ:@&ﬁ&g g
evi ces, ui itiaon asur enent vices and the |ike t an
control conpl @ﬂ‘fgﬁnyuﬂ%@n%@o Pﬂ%‘la °VéPﬂ§keﬁgﬁbg?n§‘2‘%m3’rmegﬁﬁ'§f’“35 h“&i“id‘c'fn of

t hese Se”Zi ng ﬁﬁm oﬁgﬁ)ladllﬂsﬂl% Hﬁyprb\&deﬁbxﬁg%dhdssﬂlaﬁﬂw Gipdbilied 16 sdnggc&ltzrzgn
associated with san ngr ensi evi are
coupl ed t& coﬁP‘FP}an@g‘gI%m‘g%@uf’ {?E%Prbﬁﬁg\?“% cf%%% % 2@@%?@6&@1 on to
sensi ng devi cesntdfifreed4 8, 2ﬁomttﬁe@11ustraahhmc&5&t mﬁcﬁmisdd&l’zbmawséﬁpel i nes,
el ectrical Ii flb tic bu Ie t tion,

i |lustrated, 2)3%1? 'érﬂlllrg ijf b“(}l %6@?“"8‘? ?f’wé’gg%@lcﬁ?"ef@m\iﬁ?ﬂz%lﬁ% nor e
of 30 packers izd dand 20hro] s2ddh, 230. mkmAsepsaﬂddoﬁdmlvmenemmibaseﬂﬁeﬂldax&[gassover
val ves 226, 22 IIow nt.r. r 4 he_operationa at ese
conponent s frd’ﬁ‘}‘ SBWC%B }H&oaﬂ} g\eﬂ(g‘ﬁt’f%rgcﬁl ﬁﬁgi’még’r?%?%#"c?ﬁl 00 is
pr ef er abl yo rurtommlichm;we] Robiciored enermrlgofibate fipe 23¢ iga. filtdatsdiuehi 2A2)dnd positingal cont r ol

conpl etion 200 js assenbl.e n the surf in the configuration 14 WO
2006/ 036271 Pé’fée%g’(?gg"fﬁ%‘g%g ol B2

Sand control completion 200 further includes sensing devices 246, 248, such as

( temperature sensors, pressure sensors, flow rate measurement devices, fluid composition

measurement devices and the like that. Sand control completion 200 may include any number

25 and any combination of these sensing devices and they may be placed in any suitable location

associated with sand control completion 200. Sensing devices 246, 248 are coupled to control

cable 250 that may provide power and communication to sensing devices 246, 248. 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

30 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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shown such that packer 214 will be positioned above perforations 206 with a
section of tubing 220 extending downwardly therefrom Crossover valve 226
i s positioned about tubing 220 downhol e of packer 214. Sand control screen
230 is positioned downhol e of crossover valve 226 form ng an annul us 252
wi th tubing 220. Inflow control valve 222 is positioned downhole s of sand
control screen 230 along tubing 220. Packer 216 is positioned bel ow
perforations 206. Together, these conmponents formthe conpletion of zone
210. Prefer ablvyomt;dr(gﬁzfyﬂ uid ports of crossover valve chqn%%ﬁ zE‘ng; ow contr ol

valve 222 are in their closed position during the run in Irnstallation.
Li kewi se, pac awnzudb thaspages 2 vt beposibienrd ahous aegfpratians A withe suftiphofaubitsct i on of

tubi ng 220 i Qz@é&&%ﬂg Wygﬂ&%&ﬁx t(Y84s6det PiRe 2% ‘i% Y Sled X@hﬁ"tﬁb@%ﬁo' S

positioned about tubing ownhol e of acker Sand control screen 232
i s positi oned dewwhalsof rackst 24 Sansrpetrol agep 430 IQE‘BIﬁP%qdﬁPY@OEr?f gastevenERl®s54 wit h

tubi ng 220. | nbi ;g taﬁﬂaiusyﬁmn@o%fgm mwohm%e(i@mp& thnedbwERRA control

screen 232 along tubing 220. Packer 218 is positioned bel ow perforations

208. Toget hepf smﬁ@gﬁolmmﬂﬂns tubing A2G: Reckerghdis aesitigpeddploy rréoratipps 206.

Preferably, thg Jtﬂeyk&s&%ﬁlmeﬂg fo el OEBINARIof Yok YR, 32&Feratif] tHeHuldPac oMt 1 ol
valve 224 are in their closed position during the run in and installation.

Ref erri ng nowWOV?IgQY%H?anddnfi%’rf@l}*gﬂ"%lﬂ’&z?@e?é?W“E?éadé’PW?’i’giuQ’@)‘hW&%mbeen run
downhol e W t hhdimpfiRgyct i on tubi ng 220. Service string 260 nmay include

various service togls including seals, valving and conmunication ports of
the type known to ke nerker 318 positiqnedabgyeperfarations 308 aith o section of b Muni cat i on

can be establ icplaRthbf eyt thetdit. emagov&fvawzgs & peiftibhdatibe @ Quii23ont er nal
fluid ports within crossover valve 228. Once service string 260 1s in the

depi ct ed posi tdpBrRolerofpacks 2{f. Papsiopiol siresn 2elis prpionsdfdoyholend crassgver HalYeow
control val ve 2224niByanRemResAki8CuHd2D. tlﬁﬂdvfconﬁ?dl emcizi Qp&slil{%héd BREMle

positions. The desired treatnment BJgrocess to be formed at zone 212 naynow

proceed whi ch Shfaf conbe) sgreen dilalong algﬁ@)r@pqlfe%Sgp@s,mgpg\beBg@ BHEPABon. The

gravel pack slagdtner, |t§es@ébﬁi§@ﬁnt@§ﬁfﬁﬂ&%iﬁbl@&no$hd’nbagz F08eralds theTRiCRLEEr DY
arrows 266. The gravel ack slurr asses th,rlﬂ}F 1crossqver 228, as

i ndi cat ed*by &FFEENFTIEE Zﬁﬁ’&iilwﬂ“b vl 424 &g losodposifien dyFing Be BTk sl urry
travels to themaia.gtanaﬁm of zone 212, as indicated by arrows 270, the gravel

drops out of the slur and ui | fromformati 204, fil
perforations 208 and "Wé? g"éﬁ?d\ﬂlﬂﬂglggﬂﬁb}”éﬁmﬁf&’%gﬁ%mﬁ?ﬂm@l "Y-mboéecreen 232

form ng a grawathinpacdsctidd iblnk DB Servd} stridf1ich eha$ DiBlBdeOaridts ker@e thren@ading er fl ui d

inthe slurry may l.eak off |ntofo tion remai nder, if any, of
the carrier flsﬁfiktzly%‘ﬁ%gs% d cqupmugigafipn p mﬁ&ﬁ?%‘&mé‘bﬁg 8?’“1%2“&%&'{ FisttEat ed by

arrows 272, Thmid dothinnitdtion\tan e &abkshtd Vetieathenidor o@@aﬁde@inn§moaﬁdnn%ﬁﬁl, if any,
enters inflow go O v atve 355 Oaok S5 keS S s hOWS deaited postian, (e

fluid ports of crossover valve 228 and inflow control valve 224 may be operated from their

{ closed to their open positions.

The desired treatment process to be performed at zone 212 may now proceed which will

25 be described herein as a gravel pack operation. The gravel pack slurry is pumped down service

string 260, as indicated by arrows 266. The gravel pack slurry passes through crossover 228,

asindicated by arrow 268, and into the well annulus. As the gravel pack slurry travels to the far

end of zone 212, as indicated by arrows 270, the gravel drops out of the slurry and builds up

from forrnation 204, filling perforations 208 and the well annulus surounding sand control

30 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

contro] screen 232, if any, enters inflow control valve 224, as indicated by arrows 274, and
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WD 2006/ 036271 PCT/ US2005/ 025797 passes into production tubing 220 for

return to the surface in the annul us between production tubing 220 and

service string 260, as indicated by arrows 276. It should be noted that in
the presently described enbodi nent, since the inflow control valve 224 is
positioned at the opposite end of zone 212 from crossover valve 228, the
gravel pack slurry tends to travels to the far end s of zone 212 prior to
entering sand control screen 232 which can inprove the quality of the pack.

After the graygl..Rasking operation of zone 212 |s corrg,k:%gm syed-y4 ce string
260 may be noved uphagl e such that other zones éq%gﬁq-g*,r’ave packed, such as

zone 210, as R3e}mQ@muqtign tuping ti0dorgetum fo, e T‘%ﬁel‘ﬂl € e“’fﬁcT‘Bli" ¥y af t er
servi ce stri ngyiRdhoiabd #BNRuidPhen| &, indidard by aidds R, tIsshollll beKcRRIMY Arthy/al ve 228

and inflow contraol valve 224 maybe ated fr eir_open to their to

cl osed posi t i RFE WS“F%&%@%&“E&@‘E’B%WW ﬁ?@%}%@?ﬂ“@‘%@é‘tﬂ?ﬁ?ﬂ?°s‘& ocesses

to prevent fldalefAofER2 frofddEsotphalveCRs, ﬂtergmagpaﬁemﬂﬁtem tmeldﬁmlieCfir@ﬁh posi ti gn
ro ve 222 may be

the fluid ports of_ crossover va i.nfl aw co

oper at ed ¥ r orftEImeRH? %‘PU%@&"“P%SEP# V‘%Bcﬁ%eﬁg%ﬂ?‘lcwpm‘#ﬁcq t’é&éqep Bkck slurry
is then punped dO\M[’cer&ﬁ’gﬂvﬂ@a@ﬁﬂ’gloﬁ@atﬁﬁefzoﬁézmI’Hiioﬁlﬁlbﬁ@eﬂi)iée mﬁﬁmnﬁﬁ% The
gravel pack slurr

pass ugh crassov |nd arrow 282
and into the %Weﬂ}{?hé’%é Ag‘ef’ﬁ‘ r%*v@wa ﬁu@laﬁ?‘?"ﬁ f ﬁ’&’@f@g@flb“the far
end of zone 2dge gammu@mm it 1ot BftsMEerviébAtring L406s 1g6vad ephole i TRidpatts Of t he
slurry and builds up fro tion 20 | 1'ipg perforations 206 and the
wel | annul us SHFHY] ai’lﬁegi% ?P%q% éﬁer%étﬁlaﬁ PP‘B‘PﬁSrE?f@ T gpeRReihack 292
(figure 9. Med RsiHOE® iSlatsdohe 205 dlﬁh?&ﬁ&ﬁﬁmﬁfeaﬁrkﬁtbﬁcésﬁsfobﬁwﬁit ﬂlﬁdMssmiy | eak
off into formation 204, the _rennin i anyeyé) the carrier fluid passes

r,
t hrough sand cont r-gf°® ?@F%Sé‘ﬁlgﬁ%smg‘fgfphﬁd(?&%‘téo& thyluastpors of GRESOUREIERRS £ | ui d
flowi ng back iddfidleglromanchleQn? e} bea:@éraemﬁ-aﬁ&mr tibsed RytheiuptiesRitibmf ITasv  cont r ol

val ve 222, as _indicated by arro 9‘6‘2% es.into roduc% on, t ubi ng 220
for return t8* °§ﬂ?‘%{&é‘ m@"&‘ﬁr‘?ﬁf"ﬁ% a%éeaﬁ m&FBt% tFQRE d.?biqﬁ@ 220 and
service stri nga2bfhck dam pasibsthdoagh crdssovar226,vus indidfled ifairew 282wnd gmamehrelpac ki ng
operation of zo %&g l. et é g et rieved
to the sdff ac@mgl}"s‘ Efa‘oeﬁ?fn‘F S“aﬁgﬁ%tﬁ?ﬁﬁ?ag%?%ﬁ LH%%‘YCB yﬁ?oﬁr\% packed.
| nportantly, e grh&tdrmfslomrofmeslmryaﬂdmﬂds @ﬁfoﬂf@ﬁamamglhﬂ@&xﬂ:ﬁummmol e,
the fluid ports ollf1 ossov vaI ve Zi% and, f .OW anLIi’Ok 2(&_ 22 may be
operat ed frontf K ?BHBJB‘% éf”rdco%tfo Yo % %asgr“f % %% i sol at es
zone 210 duri Wlssda&ecquﬁmtf theroadienuid mme@maﬂy wldofﬂhftblfdumptﬁdndam,then from
zone 210 begins. % ﬁs t see n fi pr ction, into.s g control
conpl et i on 200™HRTS ! %%C'g ©cgeg dl?ésﬁesq%gﬁ% ST P’ﬁ%’rs"e O 15 5 %g Y al | ows
each zoneot o aevwpredl utl&dltahﬂbvmgqlianbthtoag] sanmdmparsdemmp ibénypénterOinfler zones.
Speci fically, ductiqn fl.o [LQm ony nor e es ot pictured,
e  nd cat e BRSTHE L2 pid o S A0 Ao AR o e R0 B g 550
t hr ough to the surface in the annulus betweenproducuon tubing 220 and service string 260, as indicated
{ by arrows 290.
After the gravel packing operation of zone 210 is complete, service string 260 may be
25 retrieved to the surface or moved uphole such that other zones may be gravel packed.
Importantly, either prior to or after service string 260 is moved uphole, the fluid ports of
crossover valve 226 and inflow control valve 222 may be operated from their open to their
closed positions. This operation isolates zone 210 during subsequent treatment processes and
until production from zone 210 begins.
30 As best seen in figure 9, production into sand control completion 200 will now be
described. Sand conirol completion 200 allows each zone to be produced and controlled
independently of all other zones. Specifically, production fiow from one or more lower zones,

not pictured, is indicated by arrows 293. This flow travels within production tubing 220 through

ls



16 WO 2006/ 036271 PCT/ US2005/ 025797 the conpl etion of zone 212. Wen infl ow
control valve 224 is in an open position, as illustrated, production from
zone 212 is allowed. Specifically, this production flows through gravel
pack 278 and sand control screen 232 into annul us 254 between base pipe 238
and production tubing 220, as indicated by arrows 294, before entering
inflow control valve 224. s The production from zone 212 is then conmi ngl ed
with the production fromthe one or nore |ower zones, as indicated by
arrows 295. | y, a variety of characteristics 0 duction
from zone leqggﬁk@géﬁeasured by sensing devices 248 angn%%ﬁsﬁﬁgﬁlrate of
the producti die dompletioroefezold 212aWhen wfiew coittbevhivesiZdgs iméd epsn positianphs vaI ve

224. Sim |l arl n,

i ustrat ed,  rsiisf pllloltGeiht & bt Spaitci, BiigRER pRSRbLAT, | 2
product i on fl @veseltpackod 7§ e saad cdntrplescieerD?P2 infp @nrydus P54 bdwtm@hsemeé’é& aIBBO into
annul us 252 b &HR! E% di cat ed
by arrows 296%%%%& temglgtzgdr P‘ﬁm& %%g%%%?fgluo%a l've “2‘%&6’18?“8" U(Q:tl on from
zone 2104§s tﬂhenmé@ﬁmfﬁgnwe 2tipthertrempingied it &ie produgiion frem fhowae orzmrres,  as

| ndi cat ed by a5y Ysnel 3 incidolER 8 Lt 05 FrmiHabif), Xv‘ﬁﬁaf%&%&&%ﬁ&td e Of the
production from zone 210 can be measured by 1S sensin evi ces 2 and t he
flow rate of tpwsugiiondgetzoen? 1E canhezesatired by Smyg)éevéﬁeh%%dmﬂ'éelﬂg\smgﬁthmf | ow
contr ol val Ve o G6REaAe oy G TR BALY BhnnSAARL 834 0N 200 of the
present invention Is used during treatment process such as a gravel pack,
a frac pack or a f$1m¢1@r1}’s@@p@@\a@qnwvalwé’wsmn@mmmgeas1ilmptv¢,méucn9n treated
while the,pt h%&ﬁﬁ@ﬁoﬁaﬁoaeaoépaaﬁauyﬁh%du&%h tﬁ}guﬁgﬁ{}e@?&mtan@sraﬁ?ess 20

flyids are prevented fromflowng fromt ore Into the treated zones
when sand conteegtol S%@ﬁﬁ%t“iwmﬂ@ﬂ)%éﬂ’e‘?’h@ b@?edyfléﬁn%%l ¢ eredicipn fubing 340 as

Addi tional Iy, ﬁﬁ&?edgfQ’M%@Bef&@@&t&ﬁgmﬁ&pgonu@%véﬁz %@L@kﬁ&%&@&&f t he
present invention allows th Erocuctl on fromeach zone to be individually

moni tor ed and B#thes pomepingl threpraiugtion frem thedower gonesgas isicated by Aoy ei?98. 10,
therein is depj ‘P&rﬁ‘ﬂﬂ}y @Rra:ﬁt%tfE}ﬁﬁcﬁ%ﬁ&%fﬁﬁfﬁhd@naﬁ‘ﬁéﬁ%&@@&h% messere§ GYTP| €ti on
havi ng smart we capabi | it the present invention that is generally
desi gnat eds 30Ensinggpicee #§en %’-t‘.i‘ffbtP WW@G@Hi&QmFT’@@é@lpéfd’emﬂﬁhﬁ?qﬁiuﬁ% casi ng
302 of a wel | by ol viibeser ses  a subterranean hydrocarbou bearing
formation 304. In the illustrated gortl on of the subterranean environnent,

casing 302 has uppéfeopinigovien s songplgompletiondiiat fepremiinyestnn iope! urng provi de
for hydraul i ¢, iammEpdeat k&ﬂ&%@&ﬂ&ﬁ@&%ﬂ%ﬁ%@&%ﬁﬂ%

formati on 304. Perforations 30 306 produce from zone 310 and perforations

308 produce f rigfriget repted vepfle thPﬁﬁtzPEﬁ% argsplatedSAsg. follaingd tr@hep! eGeHn 300

i sol ates zpne R1f RYNERA RACKRingIrbth tRIWLIBAE K thdikdited bbréSWhed 8and cSitfadl contr ol

conpl etion 300 isolates zone 312 betvveenedoacker 316 and packer 318.
completion 200 of the present invention 1s used. Additionally, once production begins, sand

control completion 200 of the present invention allows the production from each zone to be
{ individualty monitored and controlled from the surface.

Referring next to figure 10, therein is depicted yet another embodiment of a sand control
25 completion having smart well capability of the present invention that is generally designated
300. Sand control completion 300 is instalied within the casing 302 of 2 wellbore that traverses
asubterranean hydrocarbon bearing formation 304. In the iliustrated portion of the subterranean
environment, casing 302 has upper perforations 306 and lower perforations 308 that provide for
hydraulic communication between the interior of casing 302 and formation 304. Perforations
30 306 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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17 WD 2006/ 036271 PCTI US2005/ 025797 Sand control conpl etion 300 incl udes
aproduction tubing 320 that extends abovepacker 314, through zones 310, 312
and bel ow packer 318. Sand control conpletion 300 al so includes inflow
control valves 322, 324 that provide sone of the smart well|l capabilities to
sand control conpletion 300. Sand control conpletion 300 includes crossover
val ves 326, 328 and sand s control screens 330, 332. In the illustrated
enbodi ment, sand control screen 330 has abase pipe 334 having a plurality

of openings 33w 2wty al | ow the flow of production fl wdssihomsone 310
into sand control screen 330, .Li kewi se, sand control screen 332 has a base
pi pe 338 havi ng a Sapscgntepl sompleion 39D implpdsgapraguerion ifing B0t exigndsigbove paskier of
production fl 8idf:ch0mhet NG 313034 belopadikdils. SNl cHRFIARA3@®IRo mER&st | oned

exteriorly ofbaSepipe 334 is a filtermedi um 342 and positioned to
exteriorly of §g¥eonyplyaelvess32,i324 thaiprqvidg fomeod g smasiwell capphiditiesdhiapdionER npl et i on

300 further i pghdidies 36E @IS \ebiEMsioR 460 indfides cioL6Ver ffves BEI)DRS Al 4in@ Sensors,
pressure sensors, fl ow rate neasurenent d_eVI ces osi tion

S fluid co
measur enmerit devATEksEreandEt 98- In fhedluptrrizd embodiment; 834 FOBfrol eGP AR PRSP my
i nclude any ngsiaving ANEalRFYf ofeRikEy 338 WhRA IRk tidTRFOf HERSid HudeYdntR8e H0d t hey
may be placed in any suitable | ocation is associated wth sand control
conpl et i on 308 Bahopt] sgerp Pt iksnie sand cgtol LEEHPEdat WIS LaVEEBI e 350
that may provipaelRenefeniasit40,HouRAlGRthE D6w bGhréRftfh MEidsRMh 688 3 34kto sa3dS.
Control cable 350 may _incl.ude Q%%éaU|'C l.i nes, Electnlcal i nes, fiber
opti ¢ bundl es SHHg! seie 3P7-Eestagngd it of pase pinesdSf e dUer msding 347 ptrasidpred abl e 350
may be opgr ableytersls 0ftasd Bt 388 ish id@meaig 3a4. nore of packers 314, 316, 318,
i nf{l ow control valyves 322 324 ang crossqver valves 326, 328 to allow 20
control over the dﬁﬁfﬁFWBhﬁpmkFﬁlg%) ?H%@@“%ﬁﬂ%%h@%ﬁ%s?%%ﬁ%%ﬁﬁm§ﬁrface. I n
operation, samghpe@fiter @hsofsPpiadsart is@RordOfbwi fatepmh@f@Emaddt evidds) fiuld dof@osivilnl bore on
a single trip. Accordingly, sand coptrol conpleti 300 i s, assenpl ed on the
surface in th e@ﬂﬁ??ﬁﬂ?@%?%ﬂﬂwgﬂﬁﬁﬁ'gﬂ@ﬁ“?ﬂﬁggﬁﬁgwgso§¥ﬂmWﬁFFW' Bsi ti oned
above per f or atahdHa§ cortbbnatibii dT thidseS@@inkg devicad and tHal Rigy bepAdedin biBRGitab lsdaavar dl y
therefrom Inflow control valye 322 is_positioned t tubi 320 25
downhol e Bf pAtREGAIY F%g?{&“%‘i?ﬂ?’%{} n 3§er§’8§‘|‘1 cﬁségﬁg A9 %?Pé%q‘ﬂ?ﬂ%ﬂol e of
i nfl ow cont r Olcable/3sh iRt @AZprévidefiotver s combiitintchtfon 3Osknatb g davitds 346) 382 Wonkglossover
val ve 326 is pqsitJjoned hol .0f sand control screen 330 al.ong tubing
320. Packer 3 f%i‘i %Sl 055y i“i“}?“gﬁmgﬂgﬂ’g? AR ?Wi??soh]%“ Spf. bm%gj’ﬂ‘?ﬂ‘é }]‘}%" ?jﬁ‘es e
conponent s f oradifidagas Glinetpdtedt doatiol 04blez330 g1aBHA hperk e isedciabd with tdy@né drumadle g¥or t s of
crossover val ve, 6326 a i.nf.l ow contr gl 322 are in thei | gsed
posi tion duri r%ckf’rﬁgmr 81% % 1:%’ "”%H’ %?H@D i"%%etgéﬁ’ éf“i B FIOT_SP%W‘?&,&%pgé E°e$l‘s"§16 is
posi ti onesh abeweropsvef the @jetatistal BB ofthéshcamperatsifom thef sutfatbi ng 320  ext endi ng
dovnvar di'y ther ef rom 1oL | oW SOt L Qbick 3513 2rket, BOR k! 26k SOt UDI 1O
trip. Accordingly, sand control completion 300 is assembled on the surface in the configuration
( shown such that packer 314 will be positioned above perforations 306 with a section of tubing
320 extending downwardly therefrom. Inflow control valve 322 is positioned about tubing 320
25 downhole of packer 314, Sand control screen 330 is positioned downhole of inflow control
valve 322 forming an annulus 352 withtubing 320. Crossover valve 326 is positioned downhole
of sand control screen 330 along tubing 320. Packer 316 is positioned below perforations 3086.
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
30 and instatlation.
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

dowmnhole of packer 316. Sand control screen 332 is positioned downhole of inflow control

18



downhol e of packer 316. Sand control screen 332 is positioned downhol e of
inflow control 18 WD 20061036271 PCT/ US20051025797 val ve 328 form ng an
annul us 354 with tubing 320. Crossovervalve 328 is positioned downhole of
sand control screen 332 al ong tubing 320. Packer 318 is positioned bel ow
perforations 308. Together, these conponents formthe conpletion of zone
312. Preferably, the fluid ports of crossover valve 328 and infl ow control
valve 324 are in their closed position during the runin s and
installation. Referring nowto figure 11, a through tupi ryice string
360 has been runoﬁg\/\ﬁﬂol e Wwthin production tubing S%H%eo?s\?/“ﬁgég string 360
i ncl udes an uppe€328&aining Gaeuig 384 WithwehingSe@ [Cros86¢ vhlned2s ispsqitdntd dewhhples eal

agai nst internal seali,ng. s es.. . i.shed bare receptacles, of
product i on tuﬁ’?%a@g?f%?ls g?é%%%&éﬁbfn%gg@g%%ﬁ%gé{Sﬁgﬁﬁg)a%dob\?g’?vipgu%&so%%??ce t ool s
i ncl udi ng val Viopghet,cheasiabmporrents fiinnalie complptinntos zayk 31 ePrefynlaly, Kirediamd togs bhose
skilled in the_art uc mﬁIﬂ L I ;O n.be £st i shed

bet ween the i ncfoessf“lv%rrvglg ngerw cJe“lés$ ?‘flr‘{gg)%gygﬁﬁﬁlnnc@esgfrpgflgﬁ ul atg‘%)%nrlfns Wi t hin
crossover sval \aed B28latiGnce service string 360 is in the depicted position,
the fluid ports . % Iamg' f raol | ve 324 may be
operated fromt he?fr{ef%jgénég\{f%ﬂ%é??gg%en 0 c% %&%?éa#ﬂeg@élglﬁ?}gff

treat nent prooceti gralntien pbmg S2hredrvice stpogis0 3tRderay uprersepl3éZ edd lawer sl Wi | | be
descri bed herejp,as 3 k .'QPE [ Iry.is
punped down S?P@I ce %cg?e?%ghg%%&%%giﬁ%%#ﬂfa e%%@“%?%%“@@ﬁ&%@“ﬁ%m pack
sl urry passes prévnctioghubing 820s Sersice g, 360 may inalufie vartopgthetyice ok dwlu@if8yahamyd i nt o
the well annul us. - r vgls .t he, f .0f zone
313, "as i i cabS goRfuicifaChai s Pl Bloh el Buiha R P, uBh g ML 8
bui'l ds up 20 foommuficativmtan bmesBblished tietwternilie ipteridrof wtvicnsingBH aphidtemhldiuie]| |

annul us surro L DGk OHed gn’%ﬁ 1 . . 378
(figure 12). Wélg'%e so‘%e&g%‘?é t e%cgarrl esrgﬁéfw 3{6%8{%1@9%‘1%5%??%%%%% of f

i nt o formati orpoBOefcropsever vaveiZh aidinilyfv cotiwl alve BI4amaybb opethted fomdiwirtlsedtogh sand
control screep.. s _j.ndi cated by arrows 372. The fluid flow ng back

t hr ough sand ?gerll%?%?pog%?ﬂesén 332 enters inflow control valve 324, as

i ndi cat ediby ar r owEhegdigsired aratioeptpzasess tobp pefopmed dirons 332 meyrpwpgpced WBRBwilor ret urn

to the surface,l Q;:%?Qg I %&ga 1 i i ‘g’égi Vi ce
string 360, :DS? dl ndi cg‘?gjg&l#a g??%:)cws _}1%&01?1? %tegﬁﬂc%ﬂﬁgng%t d %@Féﬁ# t he
present |y desciingd60, enipdichtaddr errowssioh cErerieel pask slowy passes thoduglyerpsseve32s, | s
positioned at : i f v, , the
Jsmc%pﬁ'gt ARk »@3@%9&% EORR s A 40 &sﬁﬁrguyx%%‘(oeth%

gravel pack slurr to travels to the far e zone 312 prior to
entering sand end ofaonp}l2eas insicptedBangive 21, baaravekgiops/eut pftbe durmyiapd Yuildf upt he pack.

30 Aft ' E i i
er %J‘e ;Slﬁz%ie/ﬁa!rmé?i%ﬁ 5‘)“39}%@?5&@% 38% arft eér?lllzgmﬁlﬁs éﬁﬁ&&h@ §and Bérlird! C€

string 360 ma noved up e such that ot zones may gravel packed,
such as zone 3tGen {2 foyaing a giaeshpdck 378 (figure 12). While some of the carrier fluid in the slurry

may leak off into formation 304, the remainder of the carrier fluid passes through sand control

{ screen 332, as indicated by arrows 372. The fluid flowing back through sand control screen 332
enters inflow control valve 324, as indicated by arrows 374, and passes info production tubing
25 320 for return to the surface in the annulus between production tubing 320 and service string
360, as indicated by arrows 376. It should be noted that in the presently described embodiment,
since the inflow control valve 324 is positioned at the opposite end of zone 312 from crossover
valve 328, the gravel pack shirry 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.
30 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 fo or after service string 360 is moved uphole, the fluid ports
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figure 12. Inportantly, either prior to or after service string 360 is noved
uphol e, the fluid ports 19 WO 2006/ 036271 PCT/ US2005/ 025797 of crossover
val ve 328 and inflow control valve 324 may be operated fromtheir open to
their closed positions to isolate zone 312 during subsequent treatnent
processes to prevent fluid loss. Once service string 360 is in the depicted
position, with upper seal 362 and | ower seal 364 seal against internal
seal i ng surfaces, such as polishedbore receptacles, ofproduction tubing s
320, the fl ui avgpbsiosszaf crossover valve 326 and i nfl owcganrivsdswal ve 322 may
be operated from their ¢ othelr 0 0si tion ravel ack
slurry is then of ﬁ‘ﬁ%eﬁvﬂ‘éﬁlé%gﬁdg sontrgl raly %Q%‘gyg °§’ﬁftﬁ§mp‘5ﬁgﬁe§) %ﬁ‘? ws 380.
The gravel pacd{ossdpnﬁlﬁgmmm&oﬁéﬁnmmghgmbm&mwmaﬂﬁmcéa&stolpfbdmmheldssby arrow
382 and into the annul us pack slurr vels to the far
end of zone 310, .ﬁ?ﬁf%&?%&‘*@fﬁ%&?%ﬁ@%%%‘ Bre &P%%%%?B?és‘o%ﬁfe f the
slurry and bui36@l§ealhgmflsltmmniﬁe:ﬂmgSﬂ[ﬁid&()wclﬁiﬁﬁohsﬁddlbbmmg@efcfeQb@fddmnfﬂﬂﬁg

andt hewel | rou sand trol_ scr or.m n ravel pack
392 (figur® 1%50%‘11 oz ""“g"?rﬁ Veap ppddpaop coniry "ag Sﬁ%%’[‘t?ﬁ’? Bhk of f

i nt o formati onthdrlgsed th their ey postiens. The grivel paek stungis thdnqnmdpqdals\se&rvﬁdarsmugh sand
control screen, 30 a nd| cat 86 he fludiflo back

t hr ough sand cSht Fat dlcsa%‘rilg Og%gnter%mw’p]t’\flvslfgi c%as %F@?oﬁ\l\‘égg

i ndi cated by adelmmlbﬁﬂ'Bwﬁh@dm&e@eﬂmmm&yimmchshhyng/eﬁﬂﬁha‘fMend S return

to the surface jn t.he anpul r |on t 32 rvice
string 360, asfl T & %%y%%%grromﬁggg& S?%e&ger’sg Ian%%% rPg gberatl on
of zone 310 |sfowmmm,eﬁlﬁlsemﬂﬁmﬁme@ﬁﬁnmsmunmgtsmdmdlsmeerﬁsh@ surface

0 oy e 1 PnOL BB B0 i R RSt o BUEH RS S ey hTRAE Y

either prior to 0 Sefv st'ring i's oved dports
of 20 cr ossoventofarimagon3R4 tirremaimiet afthecarientinid paabaﬁh'omandmymm@mnai%d from

thei  open £0 LEiLueqt! 836 905 RPnol AanRRLL LA 88t 0, 310

during subseque nent "processes an production from 70nhe 310
begi ns. As besmﬂe,\eemtrcblmalfw@&memmsated;bwum»@ﬁsﬁpmdlpmsesMemrddwmhulg3@©fmpl etion

e produces ang ERTE o raqn BAtE et onIRA FblspPor g Bl g 386 L 20n® 10

Specifically, pdiodeidyawews3dw from one or nmore |ower zones, not pictured, is
i ndi cat ed byarrows t hr ough
the conpletion of ?oigéh%%gj %ﬁ%"}ﬂlp&? \o{\?v%%(l)lér{]\%ltrog &Héﬁg %g%g%drqg%ﬁ%%pen
position, as felrevedttp gheethrfager aydueved opholer woh theheth@1@ndssmayl beogrer! Packed
Specifically, 0 ti90;f I

control scr eenwjlgga&%t%ﬂgrﬁng{] &%ﬁ% S%r%ﬁ/em% %%ég}ﬁg%ﬁg‘%%‘é%ﬁﬂdﬁgg" pr oduct ion
t ubi ng 320p 'ascihsselier ealved26 yndanflaweon®d #alve3 gray be npaatédnion: ikl opmdothtir ol val ve
524.  The produgloh Oftubho Thié Bt Rorkis AR8R0 SRR LR Gh: Waliflnd e LT ON

fromthe one or
unti] production from zone 310 begins.

{ As best seen in figure 13, production into sand control completion 300 will now be
described. Sand control completion 300 allows each zone to be produced and controlied

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

not pictured, is indicated by arrows 393. This flow travels within production tubing 320 through

the completion 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

30 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 arows 395. Importantly, 2 variety of characteristics of the
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| ower zones, as indicated by arrows 395. Inportantly, a variety of
characteristics of the 20 WO 2006/ 036271 PCTI US2005/ 025797 production from
zone 312 can be neasured by sensing devices 348 and the flow rate of the
production fromzone 312 maybe controlled using inflow control valve 324.
Simlarly, wheninflow control valve 322 is in anopenposition, as

illustrated, production fromzone 310 is allowed. Specifically, this
production flows through gravel pack 392 and sand s control screen 330 into
annul us 352 befgeRRseAase pi pe 334 and production tubi ngrRles@sed Ndi cated by
arrows 396, before entering inflow control valve 322. The production from
zone 310 is piedietionfiom n‘gllegéﬂ oo top messares by epnting dsricesr3dfrandbe fignete of bwes, as

i ndi cated by 3f6a05, 5 19y 8 Bidrkr¥tied Bsiih iR onfd) vEDESACt eri stics of the
producti on frg{r% zone 1%°ngan bé rreélsur ed bg'% sengi nS devices 346 and the

1€ . 0y J : ;
flow rate of the pinidulhennfiownenzarveditss manoprposiben slluseated podugion10 i nf | ow
control val ve 302, ARROLIRNEE ISheci AR S BRBuEH Howe hrdu iRl 1a0rBo3 0 s t he
present invention I's used during__a treatnent process such as a gravel pack,
a frac pack oromdok sereen $A0cnte gagulpsioh beteemaibasegiing %ém%@odwmitwbuw@s;s,s treated

while the ot h%ic%t@d‘l%&n@&&%%k&ééﬁ%ng%ﬁ&v coh@bI VAW 9. @hd gh&REHIR RbmPERCESS,
fluids are prevented fromflowng fromthe wellbore into the treated zones

when sand conBtYis therscomgiigailed with fhe Bgucgen Fouthploweraes,apindigtieddmy arews 38%d.

Addi tional ly, 1@5&9&@@%&% bmﬁaﬁ&&sﬁ@pf@a?xdducﬁmwionémmg BRselyof the
present invention allows the production fromeach zone to be individually
moni t or ed and seiE ficesSA6 mddinflon eateqfihearoduotipniiorezons Y maybesenidled 18 been
descri bed, W t bygofcefRiiel3s.i | | ustrati ve enbodi nents, this description is
not; i ntended to be construed in a |limting sense. Various nodifications and

20 ‘conbi nati ons of Accpréingly, wWhen sand GopEo! sopleipmiQtherresgelinvention iuprd duingh odi nment s

of the invent ia%m%bzlogemmé}pm?@mp&@,am%ﬁ&m&aﬁﬁwe%gedﬂantetﬁz&{etcaﬂuaon

reference to the description. is, therefore i ntended that the appended

t [
clai ms enconpaalividaly teeateh Whilsdhs plheseimss e isplaled bl fellowang adratgyaiprocess.c| ai med

is: 1. A sand Rkt pﬂw&mb@mb@mgta% theWeliBdrd Rilol 1R trehtdd 2n¥etel Q€ contrhle _
conpl etion conprisin first and second packers that define a first zone in

the wel | b&re; camﬂﬁbagéq of She Aresent Fyenion Enrdn gIditionatn Arce grodyctiphbegrgaadne fir st

zone; a sand GHiHol HmpREHER0 oP B biebaiiatknlia! BRI HhE PRdclisrSkondéldh sR6 @We packers
and formng a, first annulus with the production tubing and a second annul us

with the wel | pesfdsuallymeniered,and copffofled frapuhe wirtasssi t i oned between the first and

second packers t hahilethis @ifieHaebebieseib&icith YeHrdhcato iIRMraA R EnBb @M, thfs! Ui d
comruni cati on between the first

description is not intended to be construed in a limiting sense. Various modifications and
20 combinations of the illustrative embodiments as well as other embodiments of the invention,
will be apparent fo persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments.
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annulus and the interior of the production tubing; and a crossover valve
positioned between the first and second packers that is operable to
selectively allow and prevent fluid conmunication between the production
tubing and the second annul us, wherein production fromthe first zone is
allowed into the production tubing by operating the inflow control valve to
an openypasisticiffed #: The sand control conpletion as recited in claiml
wherein the crossover valve is positioned between the inflow control valve

and_ ¢ e, sand, ool £Bleck S5 R8R07 or TG BRI £ 0WLI BlreCATBASELON B8mbeGhES T

claim1l V\,her‘gl e san screen i's nfl ow
control valve and the cro sover The sand control conpletion as

4.
recited in clishsndiseapre Rackers that; dﬁ?p?ﬁ,ﬁ%ﬁ?@dp theveldbare  positi oned bet ween
the sand control screen and the crossover valve. 5. The sand control
conpl eti on asproduétiandubing cktending substangialy threugnthe dstzong;r ol val ve and the
crossover valve are positioned uphole of the sand control screen. 6. The
sand cont r ol 3 g@ARbBErbIRIRE positivh@lbdtWed the first andh edcend padi@rs 41dl fomniggmat r ol
val ve and t @i saRtusGomt iRl predicasn nidif; 85 debOMPshnuRRGLieh Bk WdllBofkr OSSover
val ve. 7. The sand contr ol corrpl etion as recited in claim1 wherein the

crossover valy ﬁﬂ%{ifdco'ilt}gl v SNl B %‘é&ﬁ%’h@{a‘i}dps%é&d aggspphel e of the

i nflow contro In claimil

further conp?ReL Ose!eﬁ lzsﬂ ﬁ“gggpﬁ Ve iyl 8%@#@ 1B é‘B’FS}tﬂ}f 8Ci ated with
t he crossovef{ usHAR Woing: and i s punped t hrough t he
service string |nto the second annul us through the crossover valve and
return fl ui dscrasevenkave positoangt betvesen hredfinsoandrssbomslpagkers that ioonehabld for st

annul us  andseldtioelyhallbveandpréxent flodiconimunidavien betweeh e podettiohitebing ald ng f or
return to thge séddntiaguiud) whehéin pestthcGONfrbMl the AP ketd i9allawed B HRd in claim 1
wherein flui ﬁrohf?@tﬁm'tﬁbﬂ@%y%&}&ﬁﬁn% EHeanléxb%oﬁtkdl%lv%%ﬁn%}Ser@ﬁ&’iﬁ’éd ng the
crossover valve to a closéd position and operating the inflow control valve

to a cl Qsed {PQ&ES %atnd ont(Sgl coilhglletlon as%@cn%dﬁﬁ) E:]lta g ll w&%@%gl{e cq'gss%%r v%?ve 1$d in claim

| wherefn the erating the
crossover vaP‘?ﬁétlcfn(?hgc‘aﬁ'e(‘}Eelbe lﬁgg?’vﬁ% Ola‘f‘?t!ive t Wzﬁé COPHBJ ﬁyFﬁeBOW control valve
to a closed position. 11. The sand control corrpl etion as recited in claim1l
wher ei n3pr od}lﬁb@ sa0 cPREPh compdationcrs recsied it clalng 1 trherig thersand pemsenl setieethist ubi ng
and pr oduct i pesitionedhbetvechithesinflewrvenirel vadtd adabe crossooenvalgd.e t herewi th by
operating the inflow control valve to an open position.

4, The sand control completion as recited in claim 1 wherein the inflow control valve is

positioned between the sand control screen and the crossover valve.

5. The sand control completion as recited in claim 1 wherein the inflow control valve
and the crossover valve are positioned uphole of the sand control screen.

6. The sand control completion as recited in claim 1 wherein the inflow control valve
and 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.

8. The sand control completion as recited in claim 1 further comprising a through tubing
service string operably associated with the crossover valve, wherein a treatment fluid
1s pumped through the service string into the second annulus through the crossover
valve and return fluids are taken through the sand control screen, into the first annulus
and through the inflow control valve into the production tubing for return to the
surface.

9. The sand control completion as recited in claim 1 wherein fluid loss is prevented into

the first zone by operating the crossover valve to a closed position and operating the
inflow control valve to a closed position.
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12. The sand control conpletion as recited in claim1 further conprising at
| east one sensing device positioned in a fluid flow path of production
fluids fromthe first zone, the sensing device identifying at |east one
paranmeter of the production fluids. 13. The sand control conpletion as
recited in claim12 further conprising a control cable operably associated

with the.at Tieashd eoRrdBfiphgicdaY rkfted odlaw@l Wil Bledikeioat idigoardt he at

| east one p @Iﬁ%t&t zeﬁes p@faeﬁt Qlte &Bsst)bw\%ette aldi$sed Poéia6S and dperdity sand
control co Qﬁﬂ Rr@‘tiob cmtlon urther conprising a control cable
oper ably associ a d ]h ﬂ rol vaI ve that carr| es conmands to
change e era |onal st at e. of the L, 0f |.ow roI 5. The sand
cont r ol H@ 2B CauTol eBmpletion as eeliedimelpin | § re&% e th&%méosﬁtm cabl e

oper abl y ass%%lﬁﬂoé‘ﬁ thiough thecpredussion yulring and rrodussion drgm thefIrstzaRgAYs t o change
the oper at i dlvatedde gommingle Hrerewiths By oparating the inflogy corie] salve te ghepes)
conpletion asositemi ted in claim1 wherein the inflow control valve is an
infinitely variable valve. 17. The sand control conpletion as recited in

cl ai m 1imher ghdsahB@ontid]l compledivirad recitad Vtﬁclhﬁn 1 it ebipesiap ablegstioge

sel ectivel y ahlawqande poSy&R ih h¥hsd 8 Mﬂugﬁh‘aﬁﬁrfr&n?ﬁle firkt Bhe,annul us
and the i nt ej Qnchle dRRRGHSRL Qb aratln er D0ehe388,E0R s, o et i on
as reC|ted in ¢ r% e crosso er va ve | renp y operable to
sel ectl ﬁgow and reve t fluid. c nJ Ci% bet ween t he roducti on
t ubi ng ¢ GART lonfére%e f‘é‘g}’?&‘:%ﬂ??lt}gaé lep Sn for

install ati onol?eﬁa}i&}’ WPFIB@Fié“ﬂt‘h‘é atlsagioae ﬁ@ﬁmgdi?ﬁﬁlelt%qtﬁ@meéﬂaqaéﬁlé ing {ighet s of
first and seederst pacchesasetehof thepraduetien fluidaty the werfacsnes in the wel I bore; a
production tubing extendi ng substantially through each of the zones; a sand
control 14cr eEhe padicbhwslednipiitivaen reset) inélainh @ firtlies compelsing aeogtrpiaakkr s and
formng res p@;S‘efraiB{? hssodibteld QAR the Wefldw EStitroR Rl E U@ Saried Borhhandy 0@HEhdeQRe t UDI Ng

and at | eas} éc(}%ngpsqgg f%qﬁhg@%n&blt@]%he wel | bore; an inflow control
val ve p05|t| bet ween each of the first and second packers, each of the

inflow ntr val,ves r eto sel ecti,vel y .ald ow and reve

ppky t.oﬁﬁ%%\stégwr@ ﬂ@?’et S T i tﬂt%i&h%ﬁampﬂal AR caﬁff the
production PRFEAGNY assgrigted Ve GERsSONER VYK F3TigheRmBpandsde shangedhor ¢ he
first and seerpitigpabyete of thegzpssayeryvalye.

16.  The sand control completion as recited in claim 1 wherein the inflow control valve is
an infinitely variable valve.

17.  The sand control completion as recited in claim 1 wherein 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.

18.  The sand control completion as recited in claim 1 wherein the crossover valve is
remotely operable to selectively allow and prevent fluid communication between the

production tubing and the second annulus.

19. A multizone sand control completion for installation in a wellbore, the completion
comprising:

at least two sets of first and second packers that define at least two zones in the
wellbore;

a production tubing extending substantially through each of the zones;
a sand control screen positioned between each of the first and second packers and
forming respectively at least two first annuluses with the production tubing and at

least two second annuluses with the wellbore;

an inflow control valve positioned between each of the first and second packers, each
of the inflow control valves operable to selectively allow and prevent fluid
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crossover val ves operable to selectively allow and prevent fluid

communi cation respectively between the production tubing and one of the
second annul uses, wherein production fromone of the zones flows through

t he production tubing and production from another of the zones is all owed
to commngle therewwth by operating the respective inflow control valve to
an open posi ¢dmfuniéMiontheeweal dieZ AR SRNshreRRES Ad 6.0 TRERSH dTRh@Sroli@&iohed i n
claim 19 furg gl @prising a through tubing service string operably

associ at abl e w th each of the crossover valves to individually treat each
of the zones, 21. The,multizone,sand contr onpletion,as, recited .n claim
10 wher ei n {1 HOETELIIEROS tlg@@kf%ﬁeg C?Mbﬁ%f Eﬁ%@ﬂ%ﬁ%&f%beaﬁﬁpcé}%i ng
the respect | VESOYBGNRsopgiablrdd seiectively gllavyanstareyens Tl PRBBPISHR, ( he
respective i FPSHvelsderwenihs predugiion tebing and peesetthe pecong andylusess wWhersigne sand
control conppredigiendtom ea¢ pbdheizanes| fiawn thoough dhecpraduciion tebing ped proguetion; s

i sol at abl e f fromanhthepofibe zofiestihellowerbte dopnupgle dbdrengith by operspieg thieve crossover
val ve to a creopdvpafion cmt@hdaloper at opeg pokicionespecti ve inflow control val ve
to a closed position. 23. The nultizone sand control conpletion as recited

in clainl9 whemsihopt sdrdaphuON@nHletida R 1SG6AM cRARH TRk oR riéﬁig% is al so
one of the f il Slehnabike SoRl st deabfPSociatible (i dih bf 81153800 vaRAL T o
conpl etion a .r%l e cl mg rern production romitwo zones flows
t hrough the %rIB ERoh rFﬂbelaﬁ}bo 8 2BPSduction froma third zone is allowed
to comm ngle therewth by operating the respective inflow control valve to
an openZposi Thomulizgne ad gepirel wrgew reqdied i Flaps 18 véherain flad logcist ed i n
cl ai m 19 f ur piseentederpito sachpfahe zanga by operetingihsirenpeciéne wesspoivalvsried in a
fluid flow pebtedgfospprondng opemtifig thedespectova iefloW confroltvadveztonadgsed Ipesisemsi ng
devices identifying at | east one paranmeter of the production fluids being
sensed. 226. ThemitZohe 91 coaftel EApléin £801eatA eRIAT 9MWferdif dadhofthal M 25
Lg;} Qg; COMPLIRY mizigaaﬁs{m&ﬁ kh&@chér%mpéia@@é ui aférgﬁﬁg%@eighértnetc?&rsé@?s' ng
producti on f?’%%{so %Png @gﬁ@e%Bng%r%gn%ﬁlr ? %@e‘ft ggﬁh%ﬁggﬁu@t\i%’%r}g ElscgnS ;
control conpP®Yi¥h as recited in claim19 further conprising a control
cabl e ogerabl associated with each of the inflow control valyves that
car ri es23.combbhamltizene pandgentrabeospietian asiegitedimelaim 4P wheeein gt leasioseaf r ol
val ves. 28. tieecenmdipagkareobentozonemt alen onsorfphefiiso packsrsrafainpther tamecl ai m 19
further conprising a control cable operably associated with each of the
crossoves. valkesmulthdhe saidrdoatol empleivhsastreciklian grirh e vapesiapiahafiost at es of
the crossovefromalednes flows through the production tubing and production from a third zone

is allowed to commingle therewith by operating the respective inflow control valve to

an open position.

25.  The multizone sand control completion as recited in claim 19 further comprising at
least one sensing device positioned in a fluid flow path of production fluids from each
of the zones, the sensing devices identifying at least one parameter of the production
fluids being sensed.

26. The multizone sand control completion as recited in claim 25 further comprising a
control cable operably associated with the sensing devices that carries data relating to
the at least one parameter of the production fluids being sensed to the surface.

27.  The multizone sand control completion as recited in claim 19 further comprising a
control cable operably associated with each of the inflow control valves that carries
commands to change the operational states of the inflow control valves.

28.  The multizone sand control completion as recited in claim 19 further comprising a

control cable operably associated with each of the crossover valves that carries
commands to change the operational states of the crossover valves.
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24 29. The multizone sand control conpletion as recited in claim219 wherein
each of the inflow control valves is an infinitely variable valve. 30. The
mul ti zone sand control conpletion as recited in claim19 wherein each of the
inflow control valves is renotely operable to selectively allow and prevent
fluid communication between one of the first annuluses and the interior of

t he pr ,099‘.0'[ | PRe thﬁbHQsanaJeoanBlecomﬂlétioﬁ%@eé@ﬂ‘i’n g1 nolwHerliR k& Jfiha@s recited
in claim19 Wﬁﬁ@vedoﬂtrgla&ﬁvé%fis mﬁﬁnﬁé@a%ﬂyﬁg Vyiﬁl,leve is renotely operable to
a prevent ul

sel ectively ow an communi cati on between the production
tubin do of ..t he second annul uses. 32.. A.nmethod,fqr conpleti a

wel | bgr 'con'EE;i E‘PH’&OPT]EN’&CQQE&O@%Pgég’RQSF gteglnngrrll ?i"‘gﬁrqlﬁg %ﬁgﬁgfi rst and
second packelndlowLpnHg! velyrsdytroeqtely opeiaBlerty Selsctivehaalighandprexet dif an i nfl ow
control  val veommunigatgndassweay ongaf ke Histannubiserand the interaenfdhe productionnd
control screwbingefining a first annulus with the production tubing; running
the conpletion into the well bore such that the sand control screen defines a
second 3nnul TBe uitlrohd Sandedohtior @mpsaidn A3gedifed if tlaih 18Mhesas eauh ¢fakkers to
define a firghstQBeyal@PiRéthbel dhdpabldtol BIWCGHRIN Albw YAl pRvEM Rgject i vel y al | ow
and prevent é&dﬁh%ic&tﬁdﬁ%ﬁ%&ﬂﬂh@%&&kﬂﬁﬁ%h %nli'ohs b BiAIHLR aaaeﬁume_ I nterior

of the production tubing; operating the crossover valve to selectively
al l ow a preve uid comruni cation betweepn the production tubing and the
Second Snul AT ool cOmETAG Srisileal SRIERINS PERLEE {on t ubi ng. 11 om ¢ he
first zone by operating the inflow control valve to an open position. 33.
The nethod a#ssemblingdcompletion mchingfaseand &eﬁ@dsnaéberéhawgémc{)uﬁg%

conpl etion fubinghasamsgptrobsesegnoen inflomi sogtrohealve asbouessover vedvepasitewadt he

i nf1 ow cont r therebatween, thadartddnensrahstreeaniefining adirsermnuBg witththe pedduotdoras reci t ed

in claim32 whaigei n the step of assenbling a conpletion further conprises
positioning the sand control screen between the inflow control valve and

the crossovep, ) E&ﬁ 1P ROk Gh 1EF tielafd Bbo o bipagiishhe step

) e
of assenbling a (f S0 u . conprises positioning the inflow control
val ve bet wee%c??l g@é‘%‘gl n%hreo erlfbgger’een and the crossover valve. 36. The

nmet hod as recited i r} claim 32 wherein dt r'le step of assenbling a conpletion
setting the first and second packers to define a first zone;

operating the inflow control valve to selectively allow and prevent fluid
communication between the first annulus and the interior of the production tubing;

operating the crossover valve to selectively allow and prevent fluid communication
between the production tubing and the second annulus; and

producing fluids into the production tubing from the first zone by operating the inflow
control valve to an open position.

33.  The method as recited in claim 32 wherein the step of assembling a completion
further comprises positioning the crossover valve between the inflow control valve
and the sand control screen.

34.  The method as recited in claim 32 wherein the step of assembling a completion
further comprises positioning the sand control screen between the inflow control
valve and the crossover valve.

35.  The method as recited in claim 32 wherein the step of assembling a completion
further comprises positioning the inflow control valve between the sand control
screen and the crossover valve,

36.  The method as recited in claim 32 wherein the step of assembling a completion

further comprises positioning the inflow control valve and the crossover valve uphole
of the sand control screen.
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further conprises positioning the inflow control valve and the crossover
val ve uphole of the sand control screen. 25 37. The nethod as recited in
claim 30 wherein the step of assenbling a conpletion further conprises
positioning the inflow control valve and the sand control screen uphole of
the crossover valve. 38. The nethod as recited in claim32 wherein the step
of assefbl i nFhanedydlaetrécrd i dlalrh 60 wherg itResepiikicnbling@ dorgplafmssover

val ve and t hauriepeompiides Pbsifiehiag teiRfloweon@bl vahe dndfthOWndQohiel scdhve. 39.

The method agpkfEbt @ ctdis&ledivilvé2 further conprising the steps of operably
associating a through tubing service stri ng with the crossover valve,

punping3g. t1 g3 erﬂ{odf WL hed QA2 VISR I 58 SUEIAIAL g pgeONd

annulus OSSOV.Elr va h the
cand cont Tor npriges 8°%lﬁ8mP8r‘%‘%“&ﬁﬂ&?ﬁ]@r‘%gdt"?ﬁ Y FONFHSCTRR T
val ve into tREt eowfelvabieng for return to the surface. 40. The method

as recited in cl al m 32 further conprising the step of preventing fluid | oss
i nt o t hd%fir Jhe netiwderg repeedan clagn 88 durtheo sempesing devtesof apelablyedsquasingi on
and oper at i ng thrbligh fubfrgendandtring withltecrbssoterctabae guppitigta tevatmédnkt flulhe net hod
as recited i fhr&hgai e 3evick st infoARP Edcdhd Bndul®s thidtigh Me droorbd Rivd i fi st

zone from ot pg ﬁ&ﬁﬂmﬁs%}%ﬁ tHeGahd CorftioPSGOME Tnt sf&rﬁh&'aﬁ&%&} I tion
and oper at m:e [1 v AW RRNR ?Othe dftidntuBing 105 aiﬂfﬂhte's Beccid HhE ret hoo
as recited inc her co r|S|ng t eps 0 u0|ng fluids

froma con zone throu t he ctjon tub| n and co uids from
the fif &h%neﬁydamr?ﬁgwnggﬁ?gg o RamPRAiPg AR ST vERipe Bl i open
posi tion. 43ntqHe first o byope qr?ﬁS@Yf‘é.Vﬁ%vszoMMS%PO%%%r}dsqmgatmae st eps
of positioni thy iaflowsastrol vake te@dosadpasitivne in a fluid flow path of
production fluids fromthe first zone and identifying at |east one

par anet di. of Théeepfoddisetdired ifi blaim$2 férfher tomprisihp i saep sRicolbmdeh the fiedtai m 43
further CO”pl’zd)rﬁal Mnfolﬂﬁer 9bRRDYUpeHdils MR HoRSSQGIaRlel tBA cldked PBLitioh ak@Abl e with
the at |east, §I1 BYAtES vaRd 16 2blokdd sbsiidd relating to the at | east

one pararreter o e pro uctlon fluids to the surface. 45. The method as

reC|ted42 urth ? the steﬁ of oper.abl asiuc({latl ng a
cont rol ‘Cabl S\Am[e 0[ Eg];\ts PHHHE g PE Eﬁ% o) change
the operati H%agetcﬁ’ﬂ m@/%‘? %Pm Brelpg dupist

recited in cligtapmoth ffiswwry %@ﬁqsngéhen@ 9Wé:0§tr@bga mtom@@psapysla%oc. atl ng a

control cable with the crossover valve and carrying commands to change the
43,  The method as recited in claim 32 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.

44.  The method as recited in claim 43 further comprising the steps of operably associating
a control cable with the at least one sensing device and carrying data relating to the at
least one parameter of the production fluids to the surface.

45.  The method as recited in claim 32 further comprising the steps of operably associating
a control cable with the inflow control valve and carrying commands to change the
operational state of the inflow control valve.

46.  The method as recited in claim 32 further comprising the steps of operably associating
a control cable with the crossover valve and carrying commands to change the
operational state of the crossover valve.

47.  The method as recited in claim 32 wherein the step of operating the inflow control
valve further comprises operating the inflow control valve between infinitely variable

positions.

48.  The method as recited in claim 32 wherein the step of operating the inflow control
valve further comprises the step of remotely operating the inflow control valve.
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operational state of the crossover valve. 47. The nethod as recited in claim
32 wherein the step of operating the inflow control valve further conprises
operating the inflow control valve between infinitely variable positions.
48. The nethod as recited in claim32 wherein the step of operating the
inflow control valve further conprises the step of renotely operating the
i nf | ow BNt r Phe Malhed as 2%ité@in Jlbien BEURGRRthe SRPIE Oferafing i ds3@vatharei n t he
step of oper fhBOednifises ARSVHFIF rvabS ofetdtindhe &O5RNESRIvd.he step of
renmotely operating the crossover valve. 50. "A nethod for i1 ndependently
cont rol kg Rrodied ke ooty LSRRI BroBOES hiln B 1T (kb Z0A &AM contr ol

f

conpl etion, . C rs1ng. S, 0 AUNA he at [east two
Zones. bet weelulizpte ndcppe! cotpidion, e Melhorsumsiie Ps sEaS PR o wel I bor e,
each of the sets of packers having production tubing, a sand control screen,
an i nfl ow codrfang theat leagiiwo goresdwiwucaarsetsaf fisstgnd iseqond packenepesiféangd dma

oper abl y asswelllare,rgchuof the setglof padkierschayimg\fireduction tutgngiatsand eatrod seredng
crossover vainveslow @naobtalee dridvecrotsovenddaangitivnky tHetebatweach of the zones
with treatnment fluid while taking returns, if any, through the inflow
control val vgpagiPaisdtBnyvh tiltoldeuBRRRe R \rind WRRESD: ofRREVRBIJvVEEvAIldY d | 0SS

nto each of oddi afeSo MehlriiRhiluldl e ASROYSHes WAINFRABE AOE whlB! | OW

control valves.1n_t ne 0 el.n ea contro n n from
cach of e Ehiedem,fiang, pitdiebel PprshAbEan Shdctuad Wadhelors el
al I ow and prté?/aé > fluid communi cati on between each of the zones and the
interior of the production_ tubing; and producing fluids fromone of the
zones t hr ougprevendingfbdd tass bro eadhi afghereanes by posing|theerossoserevdlrds and theds from
anot her of tmdlonommegobyalvgsanshd zvges het beawpemtddve i nfl ow control valve to an
open position. 27

controlling production from each of the zones by operating the inflow control valves

to selectively allow and prevent fluid communication between each of the zones and

the interior of the production tubing; and

producing fluids from one of the zones through the production tubing and

commingling therewith fluids from another of the zones by operating the respective
inflow control valve to an open position.
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