1 A FLOW CONTROL ASSEMBLY HAVI NG A FI XED FLOW CONTROL
DEVI CE AND AN ADJUSTABLE FLOW CONTROL DEVI CE
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[0003] A completion system is installed in a well to produce hydrocarbons (or other

types of fluids) from reservoir(s) adjacent the well, or to inject fluids into the reservoir(s)
through the well. Typically, one or more flow control devices are provided to control

flow in one or more zones of the well.

[0004] In a complex completion system, such as a completion system installed in a
well that have many zones, many adjustable flow control devices may have to be
deployed. An adjustable flow control device is a flow control device that can be actuated
between different settings to provide different amounts of flow. However, adjustable
flow control devices can be relatively expensive, and having to deploy a relatively large

number of such adjustable flow control devices can increase costs.




2 SUMVARY [0005] In general, according to an

enbodi nent, a flow control assenbly to control fluid
flowin a zone of the well includes at |east a fixed
flow control device and an adjustable flow control
devi ce that cooperate to contpol the fluid flowin the
zone. [0006] Other or alternative features wll
beconme apparent fromthe foll ow ng description, from
t he draw ngs, and fromthgm BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0007] Fi [ lustrate different
enbodi nents of conpletion systens that can be
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lateral well, according to an enbodi nent. [0010]

Figs. 23-25 illustrate stages of providing conpl et| on
[G96} prenOthieh ofaltothdtivicl fedtarea wilMdbdomasppardit fgni the following
anot her enbaqdi pent. [0Q11] Figs. 26-27 illustrate
degcripaens fiom thecdrawingsrand Sigs thefdeimst a conmuni cat i ons,
according to some enbodi ments. [0012] Figs. 28 and 29
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[0009] Figs. 14-22 illustrate various stages of providing completion equipment in a

multilateral well, according to an embodiment.

[0010] Figs. 23-25 illustrate stages of providing compietion equipment in a

multilateral well, according to another embodiment.

[0011] Figs. 26-27 illustrate different schemes for power and data communications,

according to some embodiments.

[0012] Figs. 28 and 29 illustrate different electro-hydraulic wet connection

mechanisms, according to some embodiments.



[0014] As used here, the terns "above" and "bel ow'
"up"” and "down"; "upper" and "lower"; "upwardly" and
"downwar dl y"; and other like terns indicating relative
positi ons above or below a given point or elenent are
used in this description to nbre clearly describe
sonme enbodi nents of the invention. However, when
applied to equipment and nmethods for use in wells
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pielgﬁlrélfgy\émé ol val ves. "fixed" fI ow control devi ce

is a flow control device vvhose fl ow path cannot be
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The fibwaestrd] asaemblyH, 1 2dnclades accreen, sieliias e witeawrapped Screen 116,

which can be used to perform sand control or control of other particulates (to prevent

such particulates from flowing into an inner conduit of the flow control assembly 112).
Inside the screen 116 is a mandrel 118 on which various flow control devices are
arranged, including fixed flow control devices 120, 122, and 124, and an adjustable flow
control device 126. The need for using a screen or not using a screen depends on the type
of formation. Typically soft formation such as sand stone requires running a screen for
preventing sand or solids production. A hard formation such as carbonate may not

require a screen. However, sometime a screen is run in carbonate to prevent solids from



provides a pressure drop. An "adjustable flow control
device" is a flow control device whose path can be
adjusted after being installed in the well to
different settings, including a closed setting (in
which no fluid flowis allowedl through the adjustable
flow control device), a fully open setting (in which
the flow path is at its maxinumto all ow nmaxi num
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[0019] In the example depicted in Fig. 1, the adjustable flow control device 126 is

electrically coupled through a connection sub 132 to an electrical cable 134, which can
extend from the earth surface. The electrical cable 134 runs through the isolation packer
106 and also through the isolation packer 108. Instead of using the electrical cable 134, a

fiber optic cable or other power and telemetry mechanisms can be used.

[0020] The flow control assembly 114 for the second zone 104 similarly inciudes a

screen 136, as well as a mandrel 138 on which are mounted fixed flow control devices



coupl ed through a connection sub 148 to the electrica
cable 134. [0021] As depicted in Fig. 1, the section
of the conpletion systemthat includes the two flow
control assenblies 112 and 114 is positioned in a

devi ated or horizontal sectiof of the well 100.
Alternatively, the section of the conpletion system
can al so be deployed in a lateral branch of a
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Controlling the productlon profile by control]mg pressure drops along the completion

system in different zones has several benefits, including the reduction or avoidance of
water or gas coning or other adverse effects. Water or gas coning refers to the production
of unwanted water or gas prematurely, which can occur at the “heel” of the well (the zone
nearer the earth surface) before zones near the “toe” of the well (the zones farther away
from the earth surface). Production of unwanted water or gas in any of the zones may

require special intervention that can be expensive.



[0024] By using the conbination of fixed flow contr ol
devi ce(s) and adjustable flow control device(s) that
cooperate to provide the target flow control in each
zone, costs can be reduced. Fixed flow control
devices are relatively cheap 60 provide, as conpared
to adjustable flow control devices, which are higher
cost devices. [0025] Fig. 2 shows an alternative
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Fidhe adj ustable flow control device 126 into an inner
bore 130A of the pipe 200 for production to the earth
ace. 027 . T- 1L h
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contevl dovice 126 128Sn Tn@Mbé:2930A of the pipe 200 for production to the earth

surface.

[0027] The flow control assembly 114A similarly includes the outer screen 136 and
the inner mandrel 138. Also, the pipe 200 is concentrically defined inside the mandrel
138 such that an annular space 212 is defined between the pipe 200 and the mandrel 138.
Also, sealing elements 214 are provided inside the screen 136 to define annular spaces
216, 218, and 220 between the screen 136 and the mandrel 138. Fluid flows from the
reservoir through the screen 136, annular spaces 216, 218, and 220, and through



reservoir through the screen 136, annul ar spaces 216,
218, and 220, and through 7 respective fixed fl ow
control devices 140, 142, and 144 on the nmandrel 138
into the annular space 212 between the mandrel 138
and the pipe 200. The fluid tfhen flows through the
adj ustable flow control device 146 that is nounted on
the pipe 200 to allow fluid flowinto the inner bore

SRR B BT 5 ey IR 5 o

aper space Hrzﬁ)ed\ﬁé&ﬁfﬁd nn’gmd&é 388 amyl thle@lwﬁ(m e fhi2@ mené}mdvs
227. 9 e e f Fi th bl

ﬂgsue@n% I abiGHIa coniros dsnog ] 46 At Seymiadon G PsRe 291 o allow

ARRCHEN 1&?%6 ﬁlﬁéroc}&;@lﬁ(ﬂ@o? \Ag-;?@zcﬁi enment 224 and into

the annu space 202 between the mandrel 118 and the

@2@& egglr\Ilngﬁ%tqﬁe m%lﬁ%g%&l ?50? ﬁﬁ‘cff }]Zzggtwe ?g‘japﬁ%\?\sll lelS,l i”348, and

connect ust a

theqiipd 200 ﬂe‘dbﬁﬂecﬂﬁjﬁseaﬁhg elealzh 221,3?26 aiid D2T. ext ends
through the sealing elenent 226 into the annul ar space

[6bDB] Wheffihe bhBogiattnCoflBig. 2 Shebfas lB&éitEﬁ’dsQHﬂﬂgﬁ bedb 22
the adj ustable flow control device 146. 21%01} The

attashed tosthetisodationfpacker 106nthraughdhe wbm niemmt 1yl inteethe annular
s%%% I%ﬂ% :théVs agkers dfiloﬁl Saarnga%fé%%lﬁg 2@ {h% tﬁé %u‘fa&@{)ﬁ&l 202, the

Iside 1 uppe

cENEDB£1s Mot tSEL lc@ﬂnéof&itoltli@ltdjdﬁﬂ)lé ﬂbwrl@nﬂrﬁpdeﬁzﬁtfé 126 The cable
E‘bOdUCtI on packer 230. In sone |inplenentations,

érb parthen pfen ugh the saling elsmeat F26rintorthe a@marvsme 211@@ where
tl}erhaﬁ‘lesl' 3&% lglefth hlﬁ)y cdr{ﬁe@teg H {hg Etabfgﬁmﬁtfﬂl 'dgﬁc tﬂfﬁ 0

SEec can b runinto

19501 e .fﬂ\ B8t sestioR o Sl gttt int B o sptation packers

16@NRET 1(Pdhdx8E No@ bontrBPAdmiiNG 1112ACT1PA aronfit@ld ® an upper
fl'ow control devices that can be used in various

C@Infb]@twwﬁlgn ithas lingdhedss @blm hef andegroduciipnpagker 230. In some
~ re{ndﬂ 4 YRSl V%Slb casgéo b ‘ﬁﬁ aRALL 100 in a single
%’md SoBPsT I ?

) r he  ac I on

tﬁ}ﬁ C]mi (ﬁﬁErehSlrﬁp’lelﬁlaﬁﬁﬁcbﬂ chéomeﬁl corﬂpltetiaﬁ betioh eahm wmmo the well
i n _which s;g‘gnal S provided over the electrical cable
1@ firshy followed)| late bygun-um eEthe pppeIfomMletiomesee o foE gpgaegment with

ﬂ%qg{',vgﬁgdmﬁlgngl sfecﬁ{n‘?.m enbodi nents, other actuation

[0031] The types of adjustable flow control devices that can be used in various
embodiments includes sliding sleeve valves, cartridge-type valves, inflatable valves, ball
valves, and so forth. In Figs. 1 and 2, the actuation technique is an electric-based
actuation technique, in which signals provided over the electrical cable 134 are used to
actuate the adjustable flow control devices. In different embodiments, other actuation
techniques can be used, including hydraulic actuation, electro-hydraulic actuation, smart
fluid actuation, shaped memory alloy actuation, and electromagnetic actuation. Smart

fluid actuation refers to a fluid that expands in response to electromagnetic activation.



techni ques can be used, including hydraulic actuation,
el ectro-hydraulic actuation, smart fluid actuati on,
shaped nenory all oy actuation, and el ectromagnetic
actuation. Smart fluid actuation refers to a fluid
that expands in response to efectromagnetic
activation. 8 Shaped nenory alloy actuation refers to
the use of a shaped nenory material to perform
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ow
i inea Y A4 RS 3 e et 1o iy A 18y Four How control
assemblies 320, 322, 324, and 326 are provided in the respective zones 302, 304, 306,

and 308. Each flow control assembly includes an adjustable flow control device,
including an adjustable flow control device 328 in the flow control assembly 320, an
adjustable flow control device 330 in the flow control assembly 322, an adjustable flow
control assembly 332 in the flow control assembly 324, and an adjustable flow control

device 334 in the flow control assembly 326.

[0035] The flow control assembly 320 includes a screen 336 through which fluid
can flow into a first annular space 338 of the flow control assembly 320 between the

screen 336 and mandrel 346. The adjustable flow control device 328 is positioned



control assenbly 332 in the flow control assenbly 324,

and an adjustable flow control device 334 in the flow

control assenbly 326. [0035] The flow control assenbly

320 includes a screen 336 through which fluid can

flowinto a first annular spa@e 338 of the flow

control assenbly 320 between the screen 336 and

mandrel 346. The adjustable flow control device 328 is
bVTLL LRTRS SrpaP e384 % S A as B FE 18 ontrl
aﬁembtytﬂm POednednvaxter hmnsiog eambeo 329 alyd thembandrg 296 aiitic flow

ndr 46. .The fl.0o nt rol ice 328 .has a
O AR A bos 1o Pat Tid o ATel LB R aiop bt fisgn the
arftrti®ar spaded hag aﬁ@?@@s’_{ﬁéﬁi i5h18 18w cﬁhﬁo%vk&tﬁ@l@pé&ﬁ’&ﬂed
control device 328 is p03|t|oned bet ween the screen

b@peemtig stteen Bt and thennnesmapdes] 346, Euatidition a ﬁt;eﬂ iflewicontrol

fl.o nt,r ce 344 i.s on
agpish B e e e Tl pit 350 THY i HOE coflhf dries ¢
alldis fok Aufl foFldv Bl theBrdoE af@RfS hasdPUl RlanSRRG BorA P70 6f the
an inner bore 370 of the conpletion system [0036]
corhpletien sissteabl e f1 ow control device 328 is controllable
by an electrical cable 348. Signaling provided over
(0B 6] eI ecTha z{djm-mﬂleﬂaw&onanl deyiag$S2d is cpmMIBbblbytdn@Iectncal cable

t dj ble fl t d 3
S osialieraties Ortndir Sovtie sroEaE8RM Peuedio SSus hoseying of
ﬂé%@]lﬁﬁal}lé“@d&ﬁcbﬂ?dﬁd'e%é 32@rrangenents as the flow
control assenbly 320. [0038] Additionally, in the zone

B nL | us rlg%?tgﬁs@q% 3%5[{09} ?%ﬁgﬁgg Pean? %‘d??%t f b identical

arcorpemehtsas slenfddw cditdol aksenshdyB20.i npl enent ati ons, the
sensors 350, 352, and 354 can be part of the cable

[0348] t heAgdiyiondIBKinliec Zbge 304 kénsahB 58, SE2)a0d 364 btedrbvided in an
can have other sensors. A sensor cable (also. referred

anryylys region 3P optsidgl ascyeens 5B a8 theaflavy cante) gesembdy 324. In some
lr&pﬁ%glgih%&s,rﬁae%%ﬁo%gsﬁ?ég?,ga%ﬁ 359 cm\tf’ﬁé Elih 3?&%% e%'&g . thereby

sensor 'S con ous I'n

miakin thdieabdeduon sensatdablethatdat davaothendensoraus seﬂsazlr cable (also
rq?g al ntata fs!erlljsloi;i gndle% 12 bgsslczill\ﬁ(l e{ (Po%[u%ugtllsuclo%tsi'ol l?llleol? %mg portions in
which sensors are provided. The sensor cable is continuous in the sense that the sensor
cable provides a continuous seal against fluids, such as wellbore fluids, along its length.
Note that in some embodiments, the continuous sensor cable can actually have discrete
housing sections that are sealably attached together (e.g., welded). In other
embodiments, the sensor cable can be implemented with an integrated, continuous

housing without breaks.

[0039] In one example implementation, the sensors 350 and 352 can be pressure
sensors, with sensor 352 detecting pressure P1 in the annulus region 356 outside the

screen 358 and the sensor 350 sensing pressure P2 in an annular space 360 downstream



Note that in some enbodi nents, the continuous sensor
cabl e can actually have discrete housing sections

that are seal ably attached together (e.g., welded). In

ot her enbodi nents, the sensor cable can be

i npl enented with an integratd@® continuous housing

W t hout breaks. [0039] In one exanple inplenentation,

the sensors 350 and 352 can be pressure sensors, with

o ESa5% S5} Sk Be LT ANE D 1S slen 3504445, 18 v
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adj ust abl e fl ow contr L ce t.h
ittt bt oR P SRR AESIOR SR the QoL DR ow control
d&ggggﬁcaﬁqﬁqﬁ‘ggrﬂu&% Usi ng the sensors 350 and 352,

the pressure difference between the annul us region

and t
(B0 20 8 g 354 AR A 8 Bt e e o
flaf4hstdn irbhe anfiklus cbgiche3fol fOthat draitematisosertarsden be pravinded, such
s&é pe of fluidthat is in_the annulus region 356.
FPRrayire SPRsars Poles e O FEe%n be provi ded, such as
erature sensors or other types of sensors. [0041]

[O% 4 skigwé sly@vs e enother espbsimprtnf aspmpletionsyaemahat can be

S mthat can
oY Fedh BtRuisRE 2%t Hath® EBodifheft SN L Pyl g 00 402, and
4@4béreareﬁnete6y rethtiby paa@ksactoeo AOR A Reasl 4106, 408, 410,
and 412. [0042] Flow control assenblies 414, 416, and

[6bk3] ar € PloAviARS] A3chBRELARONTE, AAd 419 El%spréﬁ@ed #0Rrredfshding

404. In the zone 400, an adj ustabl e fl ow control
Zofws 468, 4120 a1d:404rdarthezonsr08nan aﬁhwwiaﬂaw«aqontrebdmcetﬁ@ is

R e SRR otz A B RLABRARA b AR o

adsb@Bly M40 indMdLd 4lScrediReethrbigh eichiidked Weerinto an annulus
seallng el enents 428 and 408. Fluid flow n g into the
€

s%acm 426 defingdhetvaencseplingelements 428 epd469. duidbofiewigg into the annulus
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SRy U5 ﬂérvg&t%ﬂ]im%rf‘low&%ﬁop&{ o2 iftfo %ﬂﬁn%‘}%@hﬁ bl

ySteém | ow " con asse
c@hmeha;ﬁ kystémir anged as the flow control
[0043] The flow control assembly 416 is similarly arranged as the flow control
assembly 414, and includes an adjustable flow control device 427. The flow control
assembly 418 has two adjustable flow control devices 434 and 436 mounted on an inner
mandrel 438 to control flow into the inner bore 432 of the completion system. The flow
control assembly 418 also includes annular spaces 444 and 446 defined between sealing
elements 448, 450, and the isolation packer 412.



assenbly 414, and includes an adjustable flow control
device 427. The flow control assenbly 418 has two
adj ustabl e fl ow control devices 434 and 436 nounted on
an inner mandrel 438 to control flow into the inner
bore 432 of the conpletion sjydtem The flow control
assenbly 418 al so i ncludes annul ar spaces 444 and 446
defi ned between sealing elenments 448, 450, and the
ati d
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Various designs of adjustable flow
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varfdus %“ﬁ%éehnlfo? a%%%ﬁﬁﬂ@seﬁs&{ss@rhb'o% h sbRen 5088 @Yﬁg@ QCan inlet to

to provi ow I nto a space 506 insi
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I's configured to nove a choke nenber al on
514bthgt Iswdnﬁalredi io wové enhaife méraberf3 16w1<mmt luonglhuhnal airection of the

RO BTt Bt < Bt B BV RO e e oped

efddg @xﬂ%&ﬁrfﬁ@é S BSihand 'pﬂﬁrl&éd% %ﬁg%ﬁfoﬁ@ﬁm’i&ﬁxg‘ s‘lbdpetiﬁﬁrface 520 in
inner wall of the hous;w_g 512 en the sl ope

theunmexoesd] E1Be beusigol 2e getheabpedl emf@qeedw nnd:ﬁlgp CIEBEe, as

oG5 S ASTRR oo BER SR04 ph DR bl oo e
e Ot phrt 52D e teGlbw L&A vailB80b! ow control val ve 500
is in the choked position in Fig. 5Ato allow fluid

[(fd4@]"’ ar riid 8w dbnfrdl&alvel %00 iPa tlﬁe %Q&céd%o@ﬁ%h'lﬁ‘ F% SA to allow
hrough the outlet path 522 and the outlet 1p
ﬂtmi fiow amiving #dheinddt pathe508dtn ¢prtimBahrough the outlet path 522 and the

outlet port 524 to an inner bore of the mandrel 502.

[0047] In the closed position, as shown in Fig. 5B, the choke member 516 is
engaged against the inner surface 520 of the housing 512 to prevent flow from reaching
the outlet path 522.

[0048] The choke member 516 is attached to an actuating rod 526 that is movable
by the electric motor 514 in the longitudinal direction (x direction) to cause movement of

the choke member 518.



[0047] In the closed position, as shown in Fig. 5B,

t he choke nenber 516 is engaged agai nst the inner
surface 520 of the housing 512 to prevent flow from
reaching the outlet path 522. [0048] The choke nenber
516 is attached to an actuatilfg rod 526 that is
novable by the electric notor 514 in the | ongitudina
direction (x direction) to cause novenent of the
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a RAEH tre BORof Ak anfb1ispper bore 600 of the mandr el
502 [0050] Note that the flow control valve 500 is
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dapidtéddoes noehavieraocuvensuch ltimt dlnofl dve monlmpilmlmns exposed toathe wellbore

cover rovi ed to.cover the ocket GOﬁ"d
e OB I Snoat s e o oy ieen e PEwider S oy drside
pdeket@oot he flow control valve 500, with sensor P1 used

to neasure pressure in the chanber 510, and sensor
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FCAER AT St ok el
scedenqwgf, Istricen 504 frl Bigl $ AR Ml dentidl &rafve P00 @an blsobe positioned in

val ve 700 .
the side pocket 602 of the mandrel 502 (Fig. 6). The flow control valve 700 has an outer

housing 702 with ports 704 to allow fiuid to flow from outside the flow control valve 700

into a space 706 inside the housing 702 (provided a seal member 712 does not block all
ports 704). The fluid flows through thek space 706 and out along outlet path 708 to an
outlet port 710 of the flow control valve 700 to allow flow into the inner bore 600 of the
mandrel 502,

[0053] The seal member 712 is provided inside the housing 702, where the seal
member is attached to an actuating rod 714 that is moveable by an electric motor 716.
The electric motor 716 is able to move the sealing member 712 in the longitudinal

direction (of the valve 700) to engage an end portion 718 of the sealing member 712



into a space 706 inside the housing 702 (provided a
seal nenber 712 does not block all ports 704). The
fluid flows through the space 706 and out al ong outl et
path 708 to an outlet port 710 of the flow contro
valve 700 to allow flow intoi1B8he inner bore 600 of the
mandrel 502. [0053] The seal nenber 712 is provided

i nside the housing 702, where the seal nenber is

agaiﬁsﬁ@gaaﬂd e 78 ﬁ&t#%; H&*Ff%%d’ 1]781 Dridddhe LALAPURAYEE7PY and end

an el ectric notor ectric nmotor- 716 is able
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1n&§ﬂkﬁﬂ@nﬂ®h®ﬁomﬁ&% can al so be provided at an
internediate position to selectively block one or nore

[00651 he g tSshtkd dBodified fsten of the Slovmbn@bEvalOs£Fig. 7, where the
positions. [0055] Fig. 8 shows a nodified form of t he

flgw eanteeebvsi of Fag-\feis mfemnged 35, 700e r EherdiBerepeebpteser thg flow
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oW con
Figo® tinbbdivieny, eOi{dPwiss, thé ﬂowromatrei vatveoT008\ sfFige® isdéntical to the
the Fig. 8 enbodinment. OQherw se, the flow control
ﬂq,\gpg@m}o/@}yeo?f()()mfglgg is identical to the flow control
val ve 700 of Fig. [0056] A top view of the flow
(00861 r ol Mnnﬂeewoﬁmcaﬂ@ngost&ltwabw 7908 Pengsegtiom9i9%of Fig. 8 is

oG ile o oTieco el g EBrel R SRR Bidncre 00, with

u%ggrt mﬁdrpmb&ﬂioma Befwien 3¢ Resn300 afd the Mandrelid2ab support
to su
the screen 800 gn the mandrel 502.

{0057] Fig. 10 shows another embodiment of a flow control valve that uses a
screen., The Fig. 10 flow control valve 900 has a screen 902 at its inlet to allow fluid to
flow from outside the flow control valve 900 through the screen 902 into a space 904.
The fluid then flows from the space 904 along inlet path 906 into an inner chamber 908
of a housing 910 of the flow control valve 900. Inside the chamber 908 is an electric
motor 912 that is able to move an actuating rod 914. A sealing member 916 is attached
to the actuating rod 914 to allow the electric motor 912 to move the sealing member 916
longitudinally (in a longitudinal direction of the flow control valve 900). The fluid flows

in the chamber 908 around the electric motor 912 and around an inner shroud 918 also



the screen 800 on the mandrel 502. [0057] Fig. 10

shows anot her enbodi nent of a flow control val ve that

uses a screen. The Fig. 10 flow control valve 900 has

a screen 902 at its inlet to allowfluid to flow from

outside the flow control val 14 900 t hrough the screen

902 into a space 904. The fluid then flows fromthe

space 904 along inlet path 906 into an inner chamber
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an et
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Fi 10 sho the flow.c rol.valve 900 in its open
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prodsiird 1 the ovtled@ath 221 |y cl osed position. The sealing
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[0066] Pormigs. 924-11C Nreirhtd GnothbevaRabon bea B6MK®Etrol vaive 1000. The
posi tions. [0059] The flow control valve 900 of Fig.

flaw cantse) valie 190BdsyhudrewlicsBew contrelyalvednsteag ofipnslerirag flpw
contlmE ézﬁ%g{‘&isafsgéd% oVe ‘ﬁdn &ngcticnl leﬁggo > tlﬁ O?lgp ?ﬁ SB%\ES the flow

sensor measuring pressure In

cdn@06031vE 1080 inlifsAull bpen pbditiér!, Fige 1aBahbes theaflovatomrvl ¢hlva in its
flow control valve 1000. The flow control valve 1000
fullclosed pasition, ad s h L dothows the few sontsekvalys ipan dpfermediate

poeskt?o%t (rch(?kefdlp%\é\{tlon).

[0061] The mandrel 502 defines a structure 604 that has an inlet port 606 to allow

fluid to flow from outside the flow control valve 1000 into an inner chamber 1002
defined inside a housing 1004 of the flow control valve 1000. Within the chamber 1002
of the housing 1004 is an inflatable bladder 1006. The inflatable bladder 1006 has an
inner space 1008. The bladder 1006 is arranged on a support member 1010, where a
portion of the support member 1010 has an inner fluid control line 1012 to allow
communication of hydraulic pressure to the inner space 1008 of the inflatable bladder
1006.



control valve as discussed above in connection with

Figs. 5-10. Fig. 11C shows the flow control valve

1000 in its full open position, Fig. 11B shows the

flow control valve inits full closed position, and

Fig. 1 A shows the flow confol valve in an

internmedi ate position (choked position). [0061] The

mandrel 502 defines a structure 604 that has an inlet
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califes tﬁ&Qﬁlahbmﬁaddw 006 hflk. [Fige 1 AGhdws ShetKIBMRE 1 606 frflated to
a control nodule 1014, which is controlled by an

andhtepmedislglpoition. 1016. The control nodul e 1014 control s

the application of hydraulic pressure to the control
[0D63le 1018 thanenacdiaequsitienef Fidd 1 Ay Gna fléwing tessgh theiislet port
rovijded over a hydraul

GREPES AH areiech oatiens b fapledidpn i b outet path

1(@5%@% batdpeaswre. from the hydraulic control line
to the inner control line 1012 to cause

ol S ST S ot

maximize fletl dlowrpagt the Inflatitdebladber 19060 Qerthd 606r harid, Biged 1B shows

t n intermedi ate positi 03 Int .
the Rlagfsrol 0 el dieted stiolp that b infialgblc plafe ﬁ%éﬁl&@ges the inner
d t f t
w5 UGBl | Tl DRy LamBll Gt n ARG e
regcditig the @20ettpattek@20. out | et port 1022. [0064] Fig. 1 1C
shows the inflatable bladder 1006 in its fully
[0063]r act ek depididd MIFig.Ol | Ayprdstire 8ersots 024add/ 1026 tart lbwprowded to

i nfl atabl e bl adder 1006, On the. other hand, Fig.
maaRPressure on the two sides of the inflatable bladder 1006." A pressure dlfference

between the pressure sensors 1024 and 1026 (which can provide pressure data P1 and P2,
respectively) would indicate that the inflatable bladder 1006 is fully inflated to the closed

position.

[0066] The flow control valve 1000 also has pressure sensors P1 and P2, which are
used to measure pressure on two sides of the chamber 1002 inside the flow control valve

housing 1004.



the bl adder 1006 fully inflated such that the

i nfl atabl e bl adder 1006 engages the inner wall of the
housi ng 1004. This bl ocks flow conmi ng through the
inlet port 606 from reaching the outlet path 1020.
[0065] As depicted in Fig. 116, pressure sensors 1024
and 1026 can be provided to nonitor pressure on the
two sides of the inflatable bladder 1006. A pressure
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val ve 1100 that has an inflatable bladder 1102

mpde tlDbéh@dablmtguaoplydwdmwﬂg pegssrh fiene hydrawie copgropline 1018 to the
hou5|n control valve 1100. The
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f | 20. T 1102 .
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sHORREELH oW cBfrdi Ve 1100 11? RE Efo@éd pdshfon] dddFieS 120 9RS86S @i flow

to the control nodul e that is controllableb
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val ve 1100 in its choked position, Fig. 12B shows the

bladdsy1 é%toftbp outietwpertilldd that is previded oa dhpipaen manrelkig0. In the
clo 'e% pom%co:n Sahso 1cEe|?iemfF11g 2B, fluid flow is blocked between the inlet port 1112
and the outlet port 1114.

[0069] Fig. 14 shows a multilateral well 1200 that has a main wellbore 1202 and
multiple lateral branches 1204, 1206, 1208, and 1210. Also, a lower section 1212 is
provided at the end of the main wellbore 1202.

[0070] Within each of the lateral branches 1204, 1206, 1208, and 1210, and within
the end section 1212 are provided completion assemblies that are similar to the
assemblies discussed above in connection with Figs. 1-4. Completion assembly 1214 is

provided in lateral branch 1204, completion assembly 1216 is provided in lateral branch



control valve 1100 in its fully open position. Fluid
flows through an inlet port 1112 to the inner chanber
1104 of the housing 1106. In the choked position and
open position of Figs. 12A and 12C, respectively,
fluid can flow around the outl3i de of the inflatable

bl adder 1102 to the outlet port 1114 that is provided
on the inner mandrel 1120. In the closed position,
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[0072] The main wellbore section 1202 of the multilateral well 1200 is lined with
casing 1223. A first index casing coupling 1224 is provided in a lower position of the
casing 1223, where the index casing coupling 1224 is located in the main wellbore 1202
before the lateral branch 1210. A second index casing coupling 1226 is provided past the
lateral branch 1210. The index casing couplings 1224 and 1226 are aligned azimuthally
so that subsequent completion equipment can be properly oriented with respect to the

lateral branch 1210. The second (lower) index casing coupling 1226 is used to



mai n conpl etion assenbly 1201 of Fig. 14 is depl oyed
as a continuous string through the main wellbore 1202
and past the lateral conpletion assenblies to the
| oner conpletion assenbly 1222. The nmain conpl etion
assenbly 1201 is able to cont@nicate fluids with the
| ateral branch bores, and communicate electrically
MAth the | ateral conpletion assenblies. [0071] The
o lling tool
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controlling the adjustable flow control valves 1308 and 1310.




1302, 1304, and 1306 to define nultiple zones. Al so,

the conpletion assenbly 1300 has adjustable flow

control valves 1308 and 1310 in the two respective

zones. Screens 1312 and 1314 are provided in the two

zones for sand control. The &8ljustable flow contro

val ves 1308 and 1310 can be any of the flow contro

valves in Figs. 5A-13. [0075] An electric cable 1316
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Alsaéddabone 1332 defined by isolation packers 1324 and 1326 includes an adjustable

flow control valve 1334 and a screen 1336. The flow control valve 1334 is electrically
connected to a electrical line 1338 that passes through the swivel 1330 and through the
isolation packers 1324 and 1320 to a third inductive coupler portion 1340 (which can be a
female inductive coupler portion). The inductive coupler portion 1340 is attached to a
connector housing 1342 that is engaged to the first indexing casing coupling 1224 for

proper positioning and orientation of the pre-milled window 1345 in the connector



branch 1210. The conpl etion assenbly 1220 has packers
1320, 1324, and 1326 to define two zones. The packer
1320 can be made of a swellable material (such as
swel l abl e rubber) to swell at the junction to provide
the desired seal. Alternativ2fy, the isolation packer
1320 can be a conpression-based isol ati on packer.
[0078] A first zone 1328 defined by packers 1320 and
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to the t eral nch 1210. [0079] In sone
lowrtRAN ?ltletﬁ??alqwgﬁﬁl?fﬁnect or hOEISi ng] 13428(al so referred
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line up wt | ower part of the main wellbore.
sw1vel is not allowed to rotate while running in the hole It is unlocked and allowed to

rotate once the completion is close to the indexing coupling 1224.

[0081] The upper end of the connector housing 1342 is attached to a liner packer
1348, which when set seals against the casing 1223. A work string 1350 is provided

through the connector housing 1342 for running of the lateral completion.

[0082] Fig. 19A is a cross-sectional view of a section of the completion system
depicted in Fig. 18. As depicted in Fig. 19A, a longitudinal groove 1352 is provided in

the connector housing 1342 to run the electrical cable 1338, according to some



[0080] The | ower end of the connector housing 1342 is
attached to the swvel 1330. The swivel is in turn
connected to a pipe section 1346 that extends into the
| ateral branch 1210. The swivel 1330 allows the
junction liner 1342 to freel3lrotate in relation to
the lateral branch conpletion 1346 to allow for
proper alignment of window 1345 in the junction |iner

ent bRl dThéFﬁérH]%ctjo?flﬁ][sﬂgsﬁ@qﬁE F%Péj—n%ﬂ&l »Vﬁfdﬂw"‘l%% b ‘M@reover,
equi prent . e swvel 15 not allo to rotate whil

thé basing R 23rhak AerévaliBed Windosr 122Bocked and al | owed to
rotate once the conpletion is close to the indexing

[oeg3pl i ng\s]@e%{]otec{ ﬁqaélw'ﬁ‘l@nst@ﬂeﬁpﬁnddxﬁﬁ tl'td‘@c)@wrfﬁdt(ﬁ[g 19A) in
housi ng 1342 is attached to I 1 ner packer

thmmmctmﬁ beusieg 134, railsdga3 san by mvwéulwaﬂzﬁéefe/&hmlﬁ 1353 run
5
L SR CHFRHF b O T NE cAPRBAR D15 can

be"_\ilﬂde(ﬂ-&pkhb suier SUreRs of ﬁﬁdoﬁﬂédtonhaﬂmngﬂ 342.sOther attachinenhe

conpl etion system depjicted in Fig. As depi din
mgghgnismg san alsp ba geed i atber I@Pkwetai@s% R&? Opf Waé%%f fpn be used

tOfgggctﬁ L PR %3?@.@%&1%3%% h{%r%ﬁl{ll;ﬂe el ectrical cable

ccordin odi nents. The connect or

tOBﬂ@S'CQE.Fl@“l%E’;%%ﬁLm giereFipp Bl SR s B RO formed
m/éSco@lﬁéut@rtrﬁﬁsing 154% 191&Bargbmd &Rev O thy providiongftboeh the electrical
agroove 1352 (ki in _ the connector housing 134

ki 1338 psmellasip lwérths@pm linggl3d3gwhigh gansbg H%sdrtap%ﬂo
h
hyfigific c?*ﬁmsﬁérﬁ%?ea‘%% L R

t he ter, surface of t
[0885ker  at¥neerherm: g%?ﬁsgq}slyc@ﬁaz?ggee&s%ﬂ%etﬁg a%é'gltzl?]ranch 1210,
thk W) E 5@k a5 0 iSpul Bl 98t ofthe WEBborkIS PestiRfin ke doffiguration depicted
cover the cable 1338 that runs between the rails 1353.

in[Fig. 4} N:exg mqgmsmmaytetzsammm defiastdilRaR is refriaxpd pm the
R N B R

ndH-REidvied fbr pe‘fsﬁbﬂl@lt)]ii’aﬁﬁl BoBWehaimsn ﬂlehydﬂmué i Aﬁaahe deflector has
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bees apioigeed; the maipLompllios sagsRbly 620348 & Fﬂallf‘bbs Tun 1nto fhe main

wellbore, as depicted in Fig. 22. The main completion assembly 1201 includes

'\4

completion tubing 1400 and a completion packer 1402 that is set between the tubing 1400
and the casing 1223. The completion tubing 1400 has a first male inductive coupler
portion 1404 and a second male inductive coupler portion 1406 for positioning adjacent
female inductive coupler portions 1340 and 1318, respectively. An electrical cable 1408
that is run along the completion tubing 1400 extends through the completion packer 1402
and a length compensation joint 1410 to the first male inductive coupler portion 1404.
The electrical cable 1408 further extends from the first male inductive coupler portion
1404 through another length compensation joint 1412 to the second male inductive



[0085] Once the conpletion assenbly 1220 has been set

in the lateral branch 1210, the work string 1350 is

pul l ed out of the wellbore to result in the

configuration depicted in Fig. 20. Next, the

retrievable part 1230A of thg2deflector 1230 is

retrieved fromthe wellbore, as depicted in Fig. 21.
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[008Tuct | VEheatistmbsion prlgi; dds22d8Gme natasiftg that hasohied ereamilled with

o BiordeloB A ERETDR il theaiere) Pt o foal Ao drpidiss in Fi.
2% QM1§%U9@D ARAGTY pte-hdRld WindoReis! iRt AN in ATRAA RveliBIR- 1502. The

cond | nduct I ve coupler provides electrical
casmgmsao hag firshandsectmd tdey basingeoupiingmBiOf and 1306 intended to be

t 1212. T I
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ective l'ocator 1416 is
dedféreorol f08i(Heving a rdtdeabbgppat 1 M8 A artdl mgermdﬁéhtssattﬂ 508R) is run into

the wellbore and engaged with the indexing casing coupling 1506 to position and orient

the deflector 1508. Following deployment of the deflector 1508, a lateral window 1510
is milled in the casing 1500, and a lateral branch 1512 is drilled through the milled lateral
window 1510. The remaining tasks are similar to the tasks of Figs. 18-22 discussed

above.

[0089] An alternative communications arrangement is depicted in Fig. 26 to allow

for communication with lateral branches 1602, 1604, and a lower section 1606 of a main




when the sel ective |ocators 1414 and 1416 mate, that

is an indication that the inductive coupler portions

are properly aligned. [0087] The discussion of Figs.

14-22 assune a casing that has been pre-nmlled with a

w ndow to all ow communicatiop3with the | ateral branch.

In contrast, as depicted in Fig. 23, a casing 1500

without a pre-mlled windowis installed in a main
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. possi bly a power and telenmetry nodule to supply power
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rst el ectrica
to electncally connect the control station 1612 to the inductive coupler portions 1618,
1622, and 1626. In the Fig. 27 implementation, one electrical cable segment is used,

rather than three separate electrical cable segments.

[0094] Fig. 28 shows a completion system that includes an electro-hydraulic wet
connect that allows for wet connection of both electrical signaling, as well as hydraulic
control conduits. As depicted, a main wellbore 1700 is lined with casing 1702 that
extends partway into the main wellbore 1700. An open hole section 1704 is provided
below the casing 1702. The open hole section has the completion assembly deployed that



segnent 1616 to a first inductive coupler portion
1618. The control station 1612 is also connected over
a second el ectrical cable segnent 1620 to anot her

i nductive coupler portion 1622. Mreover, the contro
station 1612 is electrically2d4onnected over a third

el ectrical cable segnent 1624 to a third inductive
coupler portion 1626. [0092] A benefit of using the
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an upper completion section and a lower completion section.

[0096] The inductive coupler portion 1728 communicates with another inductive
coupler portion 1744, which is electrically connected to an electrical cable segment 1746
that extends upwardly through the length compensation joint 1740 and through the packer
1742. The inductive coupler portions 1728 and 1744 enable an electrical wet connect to

be made between an upper completion section and a lower completion section.




control line segnent 1726. The el ectrical cable
segnment 1724 is electrically connected to an
i nductive coupler portion 1728, and the hydraulic
control line portion 1726 is hydraulically connected
to a hydraulic connection negfani sm 1730. The
hydraulic connection nechani smincludes a groove 1732
that can run around the circunference of a connection
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exlrpl eti on section. [0096] The inductive coupler
portion 1728 communi cates with another inductive
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section and a | ower conpletion section. 25 [0097]
ingeRfionpg shows a multilateral conpletion systemthat
al so provides for electro-hydraulic wet connect. As
depicted in Fig. 29, a hydraulic wet connect
mechani sm 1802 simlar to the hydraulic wet connect
mechani sm 1730 of Fig. 28 is provided to allow for
hydraul i ¢ connecti on between hydraulic control |ine
segnent 1804 and hydraulic control |ine segnent 1806.
[0098] Inductive coupler portions 1808 and 1810 form
an i nductive coupler to



el ectrically couple an electrical cable segnent 1812
to an electrical cable segnent 1814. The renai ning
conmponents of Fig. 29 are simlar to the multilatera
system depicted earlier. [0099] While the invention
has been disclosed wth respget to a l[imted nunber of
enbodi nents, those skilled in the art, having the
benefit of this disclosure, will appreciate nunerous
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4. The apparatus of claim 1, further comprising a sensor in the first zone.
5. The apparatus of claim 1, wherein the adjustable flow control device

comprises an electric motor and a sealing member moveable by the electric motor to

provide at least an open position and a closed position.

6. The apparatus of claim 5, wherein the adjustable flow control device
further comprises an outer housing defining an inner chamber, the adjustable flow control
device having an inlet path to receive fluid from outside the adjustable flow control

device, and wherein the electric motor is provided in the chamber, the apparatus further



provi de at | east an open position and a cl osed
position. 6. The apparatus of claim5, wherein the
adj ustable flow control device further conprises an
out er housing defining an i nner chanber, the

adj ustable flow control dev2Ze having an inlet path
to receive fluid fromoutside the adjustable flow
control device, and wherein the electric notor is
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a%ﬁarat us of claiml, wherein the adjustable flow
Erol device has an inner mandrel that defines an
i nner bore, and the adjustable flow control device

controls fluid flow fromoutside the flow contro
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ingifle bhie ieudatae bladder. The apparatus of claim1, wherein
the flow control assenbly conprises a nmandrel to
whi ch at | east one adjustable flow control device is

mounfgd ofﬁesépgﬁrahﬁ%f claim 1, wherein the adjustable flow control device has
an inner mandrel that defines an inner bore, and the adjustable flow control device
controls fluid flow from outside the flow control device through an inner chamber of the
adjustable flow control device and out through an outlet path of the adjustable flow

control device to the inner bore of the mandrel.

11.  The apparatus of claim 1, wherein the flow control assembly comprises a
mandrel to which at least one adjustable flow control device is mounted outside the

mangdrel.



mandrel . 28 12. The apparatus of claim 11, wherein
the mandrel includes a first |ongitudinal bore and a
| ongi tudi nal side pocket, wherein at |east one
adjustable flow control device is positioned in at

| east one side pocket. 13. A28ultilateral conpletion
apparatus for use in a nultilateral well that has a
mai n wel | bore section and a | ateral branch,
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to control fluid flowin a correspondi ng zone of at
| easi3.oneAcfultitateraindompletidnbapperagsdbr use indnltitateral well that has a

branch. 14. .The tilatergl conpl.etion apparatus of

AT P sehPR ﬁ%‘fy&%%ﬁ?@? COMBIIFB&Ger positioning
devi ce f of fiR@AbLH daﬂtragasbﬁhwfpbaﬁoh@& R'thé miPREMb0r8 8ktion and a
an uEper posi tioning device for positioning above the

secendcHew cpniaelcissemtty pesiniondsain|thsateralibdanghper
posi tioni ng devices or inde asj ng ¢ lin re .
Dot ha Y gersie e oo W lesl AR RR0SEHRY Bifnisfomppics has
fizddndvatoigralidecicannd dftadjhistallb BlowCamRol Sdvik that dd@pérafett control
ﬂégg]age,abl e wwth the | ower positioning device to direct

OphARr corxspgTlingeonciof peleast ope aht maig weilhere section and lateral
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conprising a junction |liner engageable with the upper

posi tioning device, wherein the junction liner has a

wi ndow that is _orientabl e by the upper positioning

devi ¥e t ol myHilyieiehcempletien appariny efldim b further comprising:

a lower positioning device for positioning below the lateral branch; and
an upper positioning device for positioning above the lateral branch,
wherein the lower and upper positioning devices or index casing couplings are

azimuthally aligned.

15.  The multilateral completion apparatus of claim 14, further comprising a
deflector engageable with the lower positioning device to direct equipment toward the

lateral branch.

16.  The multilateral completion apparatus of claim 14, further comprising a
junction liner engageable with the upper positioning device, wherein the junction liner
has a window that is orientable by the upper positioning device to align with the main

wellbore.



17. The multilateral conpletion apparatus of claim16,
further conprising a swvel attached to the junction

liner to enable the junction |liner to freely rotate.

18. The multilateral apparatus of claim 13, further
conprising an inductive cou@%r to provide electrical
connection to establish comunication and transmt

power between the adjustable flow control device and
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wherein a groove is forned in an outer surface of the
connector housing, the groove to carry a control |ine
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further conprising plural inductive couplers, and a
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continuous string of a main conpletion assenbly into

the main well bore, wherein the continuous string of
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copneation meehanisnpty allow fordifferantisgerions of the gempiction gppatafus to be
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SR S

setting the deflector in the main well bore;

21.  The multilateral apparatus of claim 13, further comprising plural inductive
couplers, and a control station that is electrically connected to the plural inductive

couplers.

23. A method of deploying a completion system into a multilateral well
having plural lateral branch bores and a main wellbore, comprising:
running lateral completion assemblies into the corresponding lateral
branch bores; and
running a continuous string of a main completion assembly into the main
wellbore, wherein the continuous string of the main completion assembly extends

through portions of the main wellbore that are adjacent the lateral branch bores.



defl ecting one of the lateral conpletion assenblies
into a corresponding |ateral branch bore; and
retrieving a retrieval part of the deflector fromthe
main wel l bore while Ileaving a non-retrieved part of
the deflector in the main wed bore.

24,  The method of claim 23, further comprising:
running a two-part deflector into the main wellbore;
setting the deflector in the main wellbore;
deflecting one of the lateral completion assemblies into a corresponding
lateral branch bore; and
retrieving a retrieval part of the deflector from the main wellbore while

leaving a non-retrieved part of the deflector in the main wellbore.



