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FLOWIN A WELL 10 TECHNI CAL FI ELD This invention relates generally to toJ _
and nmethods for managing fluid flowin wells, particularly oil or gas
wells. A pavpidgigétdd i nplenentation of the tool of the invertrwson/s9330
‘unitary flow control device 15 that can function as a valve, a fluid flow
sensor and nmeter, an electrical generatar,-and a punp. BACKGROUND In the
oil and gas industry, well and reservoir nmanagenent is an 20 inportant
aspect of efficient andeconom cal production of oil and gas. Fluid flow,
such as of the oil and gas being produced, needs to be nonitored and
controlled. There are various flow sensing devices, flow netering devices
and val ves used in downhol e pipe or tubing strings to performthese
functions. Wth changes in the industry, however, there is the need for 25
I nproved tools and nmet hods. One of these changes is that nore conplex wells
are being drilled. For exanple, horizontal wells and wells with nmultiple

| at eral bores extending JAN 2404 WD 01/ 06090 PCT/ US00/ 19330 2 froma main
borehole are being drilled to inprove hydrocarbon recovery rates at
reduced &ost relative to drilling nmultiple individual vertical wells.

Anot her of these changes is that nore and nore control is being put

TOOL AND METHOD FOR MANAGING FLUID
FLOW IN A WELL

10

TECHNICAL FIELD

~ This invention relates generally to tools and methods for managing

fluid flow in wells, particularly oil or gas wells. A particular
implementation of the tool of the invention is a unitary flow control device

15 that can function as a valve, a fluid flow sensor and meter, an electrical

generator, anda pump.

BACKGROUND

In the oil and gas industry, well and reservoir management is an

20 impartant aspect of efficient and economical productian of oil and gas. Fluid
flow, such as of the cil and gas being produced, needs to be monitored and
controlled. There are various flow sensing devices, flow metering devices

and valves used in downhole pipe or tubing strings to perform these
functions. With changes in the industry, however, there is the need for

25 improved toolsandmethods.

One of these changes is that more complex wells are being drilled. For

example, horizontal wells and wells with multiple lateral bores extending



.downhol e to inprove recovery to cost ratios. A presently evolving areﬁcnﬁﬂﬁzmﬂ
5intelligent tools applying mcroprocessor and conputer technology in the
borehol e. These and other types of tools require sone source of electricity

to operateyghyRies! |y these sources have included power geg@iﬁ%b?}gﬁo

“equi pnment at the surface with wireline connections to the downhol e tool or
sel f-contai ned downhol e sources such as batteries contained in the tools 1
o thensel ves. To provi de anot her source, there is the .need for a downhole -

gener at or th?t is powered by . a well's own flowing fluid. As a specific
situation arf{réhh@ HiReper E‘EWBE pEe deing drifiechte dmmrovechydraterban doverygas

Il havi i i . . . . hal d.
I thie, ag falReSrRaheayed e bR EBuRRE bR i B0RBGLT AR G808 i

t b d i th, ,desired hyd b . T t ds to b
Separat e 11 om ¢ MERRUHF oat IR SPATRA FheBet PULEEnd fhors (ARG being BSt e
back into thgowahbledto inhprova hcepesato }t\@dﬂrati—Bﬂi A iygéﬁﬁﬂﬂ ¥vol|§f|ﬁq IArea uses

producing the entire streamto the surface from t he we as been
drilled Gor indeldigendtioglsna pplyba s dnicrepeecessarf and doaepitarytdohn addgs Hor theo

Ils), ' t f .and th
Feturhng ¢ retehdft. PieROliRl oS Tyrek EY (O FERIRT ol o S o efictisiNiepe ™"
desirabl e t copeeatd| Bypizally thése seenmsdiavignantisdepoyecténg até@hipmensave
the tinme and expense qf produycing the water all the vv%y to the _surface and
t hen returnidly e bgéHanent\S’ltth%eng . CHRPRCtioBfaltPy thier domath@eertoebupl be
25 separ al etefibnh el aVihblcRe FRFCsKIKIPCA! BAfRr Lo REDE ABH AL {4 e

vol ume previously occupied by the water. This m gl so obviate the
necessi 19 ofthhawah*gese%@rmwde@nthmsomcen Hbeseiis dbe neai ffr aaddwghale

Peparate | a5k oyl SboBbhet Al gty aneRglasy e Aroordinal v, there
o0 dounhol o vet ety ePBAALT AT B85k LT wAPYEQSRORENE i HRELGRERL: .
JAN ?1Q4 consider an oil or gas well having a main borehole from which several
lateral boreholes extend. In this, as with other structural types of oil or gas
15 wells, undesirable water may be produced with desired hydrocarbons. The
water needs to be separated from the hydrocarbons, and in at leagt some
instances, injected back intothe well or intoa disposal well. This typically
requires producing the entire stream to the surface from which the well has
been drilled (or to a platform or other water-surface facility for offshore
20 wells), separating thewater from the hydrocarbons at the surface, and then
returning the separated water to the well or to another well. It would be
desirable to be able to do this separating and reinjecting downhole to save
the time and expense of producing the water all the way to the surface and
then returning it back intothe ground. Additionally, if the water could be
25 separate'd and left downhole, more hydrocarbons could be produced in the
volume previously occupied by the water. This might also obviate the
necessity of having separator equipment at the surfice and of having a
separate injection well or other water disposal system. Accardingly, there is
the specific need for an improved tool and method with which to perform
30 downhole water separation and reinjection. More generally, there is the

need for an improved tool and method that can be used downhole to control



WO 01/ 06090 PCTI VS00/ 19336 -3 and nonitor fluid flow There is also th® JAN J00¢
“need for such a tool to have the <capability of generating electricity in
response to fluid flowin a well, such that the electricity can be used in

the controlyggpedebe as needed, for exanple. 5 SUMVARY The pr t|on
_nmeets the aforenentioned needs by providing a novel and |ng§g}\;}gad’{]%§

nmet hod for managing fluid flowin a well. .The tool and nethod can be used
downhole in a well to control and nonitor 31 uid flow, such as could be

used in reinjecting.water. o} The present 0 invention can al so be
used to genérl};t“(if @338’5 ﬁoﬂomﬁ;ﬁg%lﬁ ﬁf)ﬁoeé}foﬂg%d fay suqhupctool dwilay ¢ the
wel | . The pr Bhlit \59 t?ﬁ’ iesicld oL QL

functi ons. 3 rtllc)pu I a tatl(():nyoi'\rﬁ\‘Pﬁgjogl éﬂ?ﬁ‘u he ﬁésgg‘iye h\?‘éﬁ]ﬁ on
provi des valbhatahde&mltelrcutrygca‘mbcmsed\m thabomidl maqiebt ake@bd&d}dbr@ﬁﬂﬁf;ﬂbor 15
and punp functions. Two such tools can be used such that one generates
electricity downhole to power the other tool to operate as a punp. For

exanpl e, one tool can be used in one flow zone of the well to generate

electricgty in response to fluid fl ovgyymmayzone, and the electricity
fromthat tool used to power the other tool |ocated in another flow zone

i n which water Z@Hépf&eﬁﬁlﬂ%tﬁ?h?@etb%é’afd}@nf &%@%e&%&hg?ﬁ%@ﬁg%%n

al sobe used to control flow and do reservoir evaluation on
As ot her nomaviehinidim prswadpioekand metpod fonm a magingifomidciowbia asesli The

hori zont al I I .cont act agati ng.do

sel ected | e\y&%l affﬁﬁﬁﬁ%ﬁéglbfon%gl d@%@??%nm %ﬁ“ﬁeﬂ {0 E‘?fﬁ gaﬂg V}E‘éﬁe a
back pr essurﬂerw nswete ase¢duldShes aneddn V\bid]@ctﬁhﬁ%\wﬂgzrd@é\ﬁ'nhaleanoﬂﬁ'@r pré§é&iti on.
O course, a single rrulti functéon t ool of resent i nvention can be

used al’dhe MRVENYOBreaT alspRfdise &%@Fa%selé%q:% doywmieelerin zegponse dror
or a punp; AW WVIAE iR eliool s
The present invention combines flow control and monitoring
functions. A particular implementation of the tool of the present invention
provides valve and metering functions combined with electrical generator
15 and pump functions. Two such tools can be used such that one generates
electricity downhole to power the other tool to operate as a pump. For
example, one tool can be used in one flow zone of the well to generate
electricity in response tofluid flow in that zone, and the electricity from that
tool used to power theother tool located in another flow zonein which water
20 istobereinjectedintotheformation. That power can alsobe used to control
flow and do reservoir evaluation on another zone. As other nondimiting
examples, the present invention can be used in horizontal well sections to
keep water contact from propagating down a selected length of the
horizontal section, and it can be used to create a back pressure in one well
25  section while drawing down in another section. Of course, a single multi-
function tool of the present invention can be used alone in any of its modes,
whether asa valve, a meter, a generator, or a pump; and two or more tools
canbe usedtowork together such.as suggested above in the examples of two
tools of the present invention. Thus the present invention has advantages
30 apparent from theforegoing.



.can be used to work toget her such as suggested above in the exanples 2 JaNQb
tools of the present invention. Thus, the present invention has advantages
30 apparent fromthe foregoing. JAN 2004 WD 03/06090 PCT/US00119330 -4 The

t ool of thewproa®es?d i nvention generally conprises an outer lpotysolvasasng an
~opening defined in a side wall of the body. A flow control body is

di sposed in the outer body such that the f4ow control body is novable

bet ween a cl osed position blocking the opening in the outer body and an

open 5 position ughl ' F 1 h I

bl ocki ng/ unbl ocki QJQEQE’Q ﬁ%*%‘%@&ﬁ%‘?@ iflg ehfich g%’?#;‘ﬁﬁ’l BOME RS futgr body
unbl ocked) . Bawinguanicpeningniefined ina side walwf ¢hotiody. hadlovardn thid frsldis n
the outer boqy such.,that the rotor c rotate within the outer body in
response to E1SPE¥ lﬁpgl“? Quter badye spgh gthatrhae ¢ oairdll bedy nis ey able
actuator di sposeshy ; éqﬁ;g;]y : I G

l'inearly betgveen t gc}:ﬁggﬁgggogﬁggﬁ&%nﬁlt e o%%%ﬁqgggﬁﬁo%%})l’ %hgbaﬂg%pen
particul & ipmigmenimblocking tee optrngnnvide duteedrddy (hielblodidngfliabl axkit ol

body and the_f. ow control body rotates ,w.th, t.h or. .There.,can also be
sui tabl e seg?%lnﬁsaﬂgév&’eeﬂg %@%i@#ﬁ Sl?lﬁ’%‘?ﬂ iacF‘ﬁi éﬁo@'o HRIOFERD- o it Ba I8¢
managi ng fl uichridco¥d td2hedlcv Wehtirol Bodhiagha @ispbd iFOthé oht FVoBLshSh that

| ocated, the flow control device haViﬂ& a_body in-which an gpening is
defined bet weTter saRIAiateowitiad hegitep body simdresponsavte Haferae applietbtone

flow C.Ontro'thcﬁ%t&e.’TﬁQQO‘%IQ%anIQ%n(ﬁQHé%Lﬂlacqﬁ%(hﬁ'edl QAo &b 4 ?ﬁd a
plurality of "el’'ectromagnetic nenbers. e nethod conprises operatlngf e
f | ow combr ol mdeeithe fiaw edntrel bodwliaegdyeh ettxeenrihder] osedapgsitign modtthdbpen

met hod of managi n luid flowin a,well can al,so he defined as., noying the
f1 ow cont rolp%ﬁd?,% Eh'hé‘ Pﬁttﬁ”\,ﬁ,aﬁh@pi’-%e Faetb‘?l?’a}r%ﬁ‘ﬂgﬁ’ E“%‘?ﬁé’?%arli’o‘b’étt}hg?eto
sel ectivel y fihweln@rol ball agld tHel @pesh i@l bbdly 2ofkded Wit EHe MRES] There can

alsobe suitable seals as needed.

The present invention alsoprovides a method of managing fluid flow

15 in a well in which a flow control device is located, the flow control device
having a body in which an opening is defined between an annulus cutsde

the body and a flow channel inside the flow control device, and the flow
control device also having a rota and a plurality of electromagnetic
members. Themethod comprises operating the flow control device in either

20 agenerator modeor a pumpmode.

The method of managing fluid flow in a well can also be defined as
moving the flow control body, the rotar, and the electromagnetic members
together to selectively block or unblock the opening. In a particular version
of this method, the flow control body, the rotar, and the electromagnetic

25 membersare moved axially within the bod‘y of the flow control device. For
example, this can include energizing a mota coupled in the flow control
device totheflow control body, the rotar, and the electromagnetic members.
As another example, thiscaninclude applying to the flow control body, the
rotar, and the electromagnetic members a longitudinal mechanical force

30 ocriginated outside theflow control device.

The present invention also provides a method of managing fluid flow



of this method, the flow control body, the rotor, and the el ectromagne®d®c AN 700
=25 menbers are noved axially within the body of the flow control device.
For exanple, this can include energizing a notor coupled in the flow

control dey the flow control body, the rotor, and th
e foasy fRUS NG 1o

. el ectromagnetic nenbers. As another exanple, this can incl
the flow control body, the rotor, and the el ectronmagnetic nenbers a
| ongi t udi nal mechanical force 30 originaPéd outside the flow control
devi ce. The pr esenlj invention alsg provides a nmethod of managing fluid flow
2" JAN 2( Anvipwell debnedroTromamisnga0 predutingaa vwliid e ne dudgerranean

conpri si ng: Wy fuhul o] terranean , fgrmation intqQ the well,

the fluid i rﬁ%rggﬁ%l %?/g? (;[(k:lgr g’gfr]lg Q}fg fﬁmg?efrl,idugé%r%i’aﬁ%arbﬁnf heleMatefat er

from hydr ocaeparatiog, the theuinell, and ter efrBheChy Afhcak bRt Vit v fjfh?id“"ehhd the
0 e

separated water, sych that the 5 separated water is not produce "t
surface froRfiHeHRnELdhe sathiydhe el hthe depara tedomwater t fischrettvod tihfe

R e

conpri s€s ge

well with the el | Gl : knyention al so.proyjdes a s em for
managi ng fluid fﬁg)\tg"tﬁfr' g&“ﬁ]ﬁg&v@f ﬁ?ggg%hgﬁsq?ﬁﬂanﬁg’fnrgr g’?‘l‘gﬁo‘%ﬂnpﬁa&yéﬁ dnj n
the wel | toacefidance withsthezpresena intentibnfd@Mpeiasy EeheadR¥h £ fledPRify 15t

fl ow contro* devbce iseg_ogj]ed bet ween tﬁe irst set of packers in the well,
the first fiMWENRAIIPIalingA RUmr R shewe)l with theiedertrisiopeni ng is defi ned

bet ween an annul outsi de the body and a flow channel inside the first
flow control devif8PraRfting ention; alsp provices oty stemi for managing flanid rftpva

rotor 3ad P4 Well icon Kisiflee | t ot or and
el ectromagnetic %e%erglg?lgtﬁateﬁ?igr%gﬁsﬁ%ﬁon F% ®§g\gpc%%"seeﬂl’ g@f{ 5%’??1 a
operate todxsidiowsasittdledevicgetive irgr flow cominoipdevice etigpded dictoleenpgitker s

in the vel I5!@ @elf Brcirs 85 WY N Ak TFFEOS of HOWS I 0l, dqvicer
which an opening is defined between an annulus outside the body and a flow
channel inside the first flow control device, and the first flow contro! device

15 alsohaving a rotar and a plurality of electromagnetic members such that
the rota and electromagnetic members of the first flow control device
selectively operate together as either a generator or a pump; a secand set of
packersin thewellto define a secand zone; and a second flow control device,

the secand flow control device disposed between the secand set of packers in

20 thewell, the secand flow control device having a body in which an opening is
defined between an annulus outside the body and a flow channel inside the
seccnd flow control device, and the second flow control device also having a

rotar and a plurality of electromagnetic members such that the rota and
electromagnetic members of the second flow control device selectively

25 operatetogether aseither a generator or a pump.

Therefore, from the foregoing, it is a general cbject of the present
invention to provide a novel and improved tool and method for managing
fluid flow in a well. Other and further objects, features and advantages of
the present invention will be readily apparent to those skilled in the art

30 when the following description of the preferred embodiments is read in

conjunction with theaccampanying drawings.



the second flow control device disposed between the second set of p%&¥§£ﬁ7ma
“in 20 thewell, the second flow control device having a body in whicha -
opening is defined between an annul us outside the body and a fl ow channel

i nsi de the wsERALehef | OW control device, and the second flow control device
,also having a rotor and a plurality of el ectromagnetic nenf&<UeER3P0Nat
the rotor and el ectromagnetic nenbers of t{he second flow control device
selectively 25 operate together as either®a generator or a punp.

Therefore, fromthe foregoing, it is a general object of the present

I nvention to provide a novel and inproved tool and nethod for nmnanagi ng
fluid flowin a well. Oher and further objects, features and advant ages of

the present invention w BRIEF DESCRIPEPON O THE DRAWEYGK ed in the art
30 when the followi ng description of the preferred enbodinents is read in

conj unction with Fi@ adiospanys ngn ditbh ngs] wbiN204 NS, 6
PCT/ US00/ 19330 6 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI Gg}é&i (F}?@’s‘f PLEEOL,

mul ti | ateraBY@EYOR S WEEEH the tool of the present invention is used.
FIG 2 is a sectignal view of a preferred enbodi nent of the tool of the
present Pnventi ont1GE2G1s 8 ﬁe§ﬂﬁn?£'ﬂﬂ)‘é@f BV efereed efm bodint el ofi iHeutsdol af €Hei n

FIG 2. DET Il.e@{i.“’( LON 1o Amlti-lateral well illustrating one
envi ronmantA’]bn Ich t tje?a- present invention can be used is shown in FIG i.

The wel |l i ncludes ' hole 2 fr i ch.devi ated or horizont al
laterals 4 and 6 Pé@[gidqna P‘EIO%DE%QV?P’F?}@P?QE%A@???hﬂlﬂﬁ;r%ﬁdépaﬁl%ar-eho| es 4, 6
are drilled into respective formations. The formation into which the

| ateral 4 extends contains hydrocarbons

DETAILED DESCRIPTION

10 A multilateral well illustrating one environment in which the
present invention can be used is shown in FIG. 1. The well includes a main
borehole 2 from which deviated or horizontal laterals4 and 6 extend. In the
illustration, the lateral boreholes 4, 6 are drilled intorespective formations.
The formation into which the lateral 4 extends contains hydrocarbons

15 mixed with water, and the formation into which the lateral 6 extends has
hydrocarbons without significant water.

The bottom of the main borehole 2 extends along a horizontal path
into yet another formation which does not produce hydrocarbons but into

which water can be injected for disposal.

20 Theboreholes aredrilled and completed in known manner and are not
limiting of the present invention; however, theillustration of FIG. 1 provides
a convenient way for explaining various aspects of the present invention.
Further regarding the boreholes, they can be cased/lined or
uncased/unlined as needed andfluid lossmeasures can be used as needed, ail

25 asknown intheart;accardingly, noneof these details as to the environment
are further described or intended to be represented in any particular

manner in the drawings.

Regarding the equipment illustrated in FIG. 1, this also is only
illustrative of the present invention. It does, however, show one type of



.15 mxed with water, and the formation into which the lateral 6 extandaNheH
" hydrocarbons wi thout significant water. The bottom of the main borehole 2
extends along a horizontal path into yet another formation which does not

produce hydWoddiB¥hs but into which water can be injected g gégpnesgl - 20
. The boreholes are drilled and conpleted in known manner and are not
limting of the present invention; hovvever7,_the illustration of FIG 1
provi des a convenient way for explaining various aspects of the present

invention. HFHHIARERT IS rn%p[ef:‘fs t can he cased/lined or
uncased/ unl i neg as Irllii;ededﬂ%m f ui(g%gggétﬁlz’gsqﬁépéﬁﬁ dNYEBHORs needed,
all 25 as known i rs. c l.nal noneof these details as to the
environment are jfj?ﬁa?gerhdetggrﬁ)agh gpy‘?hrﬂl%n%elf o RSedHEtipRsatTiRg Bn afhe
particul ar produetionn stiiagd8awongectsRagaraiing ' it ! husfrated in
FIG 1, this also s only _illustrative of thgmﬁgggﬁgﬁ%%i %n. Oﬁmb‘ggs,
however, sdeQSIHStWﬁéS%‘Pbi’yGOJAN 2004 WD 01/06090 PCT/ US00/1 9330 -7 5

i npl ementation for aspects of the method of the present invention. Located
in the ndin bor ehhe dewinhde ppraductioonastenibly 8.0 Theludesoslugidlen $hr ihd, 8

connects to .cate 1.t h_a_downhol rqQduct jon assenbly io. The

downhol e prg ﬁgfﬁg%gg&%l 6’% ilﬁcﬁegdﬂsh’é‘g S’QEME 1R spown EBARSEL| oridhe

type which ipmcket 1bnsdahetibotohoheld prédhuior BAAIbIy T8 PARKEC 18,9581 he
2

downhol e pro?)ﬁctiﬁn assenbly 10 from the annulus 14 above e pac
and out si de 3PR¥EESNERBEREHR2 AN o1y sisle thedreguptionstpnpduct i on assenmbly 1 o

al so includes a Lr%ol 16a of the
e downhole production assembly 10 alsoincludes a tool 162 of the

10  present invention. In the environment illustrated in’ FIG. 1, the tool 16a
meters hydrocarbon production from thelateral 6 intoan axial flow channel
communicating with the production string 8. Hydrocarbon production also
flows intothetool 16a through the axial flow channel from thelateral 4.

The hydrocarbons from the lateral 4 enter the tool 16a after being

15 separated from water through a separator 18. The separator 18 is of a

conventional ty pe (for example, a hydrocy clone separator). It operates in

known manner torecéive the entire fluid production from the lateral 4 and

to separate the water from the hydrocarbons. The hydrocarbons flow up

through the downhcle production assembly 10 and specifically intothe axial

20 flow channel of the tool 16a for production to the surface through the

production string 8. The water separated by the separator 18 flows down

through the illustrated tubing disposed in the main borehole 2 for injection

~ intotheformation through a tool16b of the present invention functioning as
apump

25 | The equipment located in the lateral 4 includes packers 20, 22
between which a tool 16c is connected. The tool 16c operates to meter
productionreceived from theformation between the packers 20, 22 out into
thelateral 4 communicating with the separator 18.

| Production into the lateral 4 is also received through a tooli6d
30 receéiving production from the formation to the left of the packer 20 as



10 present invention. In the environnent i llustrated in' FIG 1, the t3olAN 2004
16a neters hydrocarbon production fromthe lateral 6 intoan axial flow
channel comunicating with the production string 8. Hydrocarbon production

al so fl owswomtesushe tool 16a through the axial flow channelpﬁagghﬁéﬁﬂ
.lateral 4. The hydrocarbons fromthe lateral 4 enter the tool 1lba arter
being 15 separated fromwater through a sgparator 18. The separator 18 is

of a conventional type (for exanple, a hydrocyclone separator). It

operates in r, tanr ' the.entire fluid productionfromthe
lateral 4 an#ﬁgﬁﬂﬁg@ﬁé ?Rs?é@% igcﬁgﬂqu &S mMeteet ke semtrol the production

hydr ocar bonsoffthaMfotinatidy Quids. t he down hol e producti on assenbly 10 and
specifically into the axial 20 flow channel of the tool 16a for production

to the surface throe@histdeimihP&eEkd ry t.er. separated by the
separator 18 fl ows down trﬁoughgﬁ\dég?ﬁtlstlt}%gtagga!gﬁi #%Iﬁfgﬂjﬁg'éﬁe i”f’iq“ﬁjés B
mai n bor eholRACker R 4;, Ajpeand b9pls 1 el & feThesentiol oeort thobtigh prodior 8 119fid

t hepr esept i Nt i Qning. as. ump. 25 Th qui pnent | ocated in
the | ot opal BTt 6 SIS AP snfo BhT hain onedieles a1 camanusication
connect ed. 'Eheoﬁg)hIthwco]qmef@h@f@nmh@@aucgbﬁgﬂ%écgw_ received fromthe
formati on between the packers 20, 22 out into the“lateral 4 comrunicating

with the separat f1tAugIPtRE WAV rh BhPahR kndsd $ cei ved

t hr ough a ti_&l_l_lﬁd 30 Fecei Vi ng pr qduc?%lo%t]%l?%%gﬁlelﬂ#g?’ﬁ%f'gr?ﬁﬁoltqfee Pk ¢

of the packemiangef thgprespbinventionoshey dediitssads h9BRAhod oft heredenn

FIG 1. The; 6Cs a ers to control. the production of the

f or mati on ff%?glgﬁo he'rrgjilggngﬁécﬁdmﬁ g}r%s rTERRBERE ﬁ?lﬂeﬁ% &R af U?ﬁTHPQ it

struct ur®e i nompiéses: prodecingd, fli2id froth b culbtert@acan bor mHIPGE thPOtEe 4PALT O

the productjgn ofs fl-uid, 5 fror’athe aorllace t formation into the nmain

bor ehol e 2 ?’Vg}‘cﬁ&%ﬁ?&%ﬂe&#y rocarbons and water; separating, in the well, water
from hydrocarbons of the fluid; and reinjecting, from within the well, the
separated water such that the separated water is not produced to the surface
from which the well extends. This is implemented in FIG. 1 by the

15 equipment shown in lateral 4, theseparator 18 andthetool 16b.

Another aspect of the method is that reinjecting the separated water
can be performed by generating electricity in the well, such as by using the
tools16¢,16d,26eo0r 16fin a manner described below and by operating the
tool 16b as 2 pump in the well with the electricity to pump the separated

20 water. Thatis, any oneor more of the tools 16a, 16c, 16d, 16e, 16f can be
usedto generate electricity, andthat electricity can be used to drive the tool
16bin a pump mode. If needed, this electricity can be augmented by other
power sources, such as from one or more sources at the surface; and, of
course, electricity can be totally supplied by other sources in other

25 applications of thetool of the present invention.

The illustration of FIG. 1 also shows that the present invention
providesa system for managing fluid flow in a well, which sy stem includes
multiple setsof packersin the well to define respective production zones and
multiple respective flow control devices, at least one of each such too} being

30  disposed between a respective set of packers to control flow either into or out



‘through the too] 16 a and into the production string 8. Al though the 2¢ jJAN 2004

environnent and structure illustrated in FIG 1 are not Ilimting of the
present invention, they do illustrate a nethod of the present invention.
Thi s et hoawiomee®oeof managing fluid flowin a well and it iR 906GRHbHSS:
.producing a fluid froma subterranean formation into the well, which fluid
I ncl udes hydrocarbons and water; separati_nl_g,_ in the well, water from

hydr ocarbons of the fluid; and reinjecting; fromwthin the well, the

separ at ed vvahfms%}%h that the separated water is not produced to the
surface froffl WHTIORM3EOWel | extends. This is inplemented in FIG 1 by the

15 equi pnment sho in.lateral 4, theseparator 18 and thetool 16b. Another
aspect of the nem(%alil%oéﬁ?ﬂmpgq’ijogélflﬁﬁﬁeqeﬁé15@%@@@@@@\@&@6n‘tﬁathOdlethe

perfornmed bypgapgt #h{ B9tish&Fll bErhyH fil;‘?;r' s g the .
tools 16¢c, 16d, 16e or 11#1 in g rrantrllieelr}aesCI\P‘?E%H@%I%%%%ﬁ%xﬁgﬁgd%ﬂ?]imﬁgt he
tool 16b as drawings.n the well with the electricity to punp the separated
20 water. That is, any one or nore of the tools 16a, 16c¢, 16d, 16e, 16f can

be usedsto generBaehef ehtertiotlst y6a-a6d isHaengbelin ithetilusaa tbg MSB&HinPesl:i Ve
the tool x 6b in a %CLH) rmggp. _Ié, D§6dﬁg’ ;ﬂlﬁis electricity can be augr_rerited
by other poXeVeLsireadl cande idividualrausnd aprevabie sechake; e raetdring:;
and, of «co e LG ot ghl | J y: .ot her ,sour.ces, i n
ther . 25 ap S5t f antafiton of A pinb?, Tk BUER ¢ €is P4 T RRIEE% o
i |l ustrati orprafviding alsiaigh ustifed sthurturher whett canvisnbperatefdr oviadgs of

e O SRR b o b BBl MOl S 18 o S et ©
nul tipl eor esjeadeé thaftl cam denis@l t6evnted, flalv hieagthanQinktRAC Hetiebnt 404

being 3o disposed between a respective set of packers to control flow
i ther i nt o AANWIAS FOOUYR TeEiRR Wt Bide £ 0seoland Bisoevialofian chamstelrwbich s

formati on. always open through theinside of thetool. Each tool can also function as an

electric generator.

The preferred embodiment of the tool 16 will next be described with
.15 reference to FIGS. 2 and 3.

Fachtool 16 hasan outer body 28. The preferred embodiment of the
outer body is a cylindrical sleeve having an opening 30, or port, defined
through the sleeve. There can be one or more such openings. In the
illustrated embodiment, such multiple openings would typically be disposed

20 around the same circumference of the sleeve; however, openings can be
disposed along the length of the sleeve as well if the interior structure is
suitably modified to provide opening and closing control of the various ports.

The outer body 28 acts as a stator in that in the illustrated

embodiment it is connected into a production string or other equipment

25 which isrelatively fixed within the borehale or which otherwise is used as a
reference for other actions of thetool 16 described below.

The outer body 28 (and other parts of the tool) can be made of any
suitable material, such asmetal, plastic or ceramic capable of withstanding
the pressures, temperatures and substances downhole. The material for the

30 outer body 28 is machined or formed to have a desired shape and size and



Details of the tool 16 of the present invention and of the nethod of 2tchgaN 700
“present invention will be further described with reference to the renaining
drawings. 5 Each of the tools 16a 16f is identical in the illustrated

enbodi ment ; womvesgser, each can be individually used as a val ' e, a
‘metering device, a generator or a punp. Thus, each tool 16 l?tgrngénuoﬁlﬂ%
I ntegrated tool providing a single unifi_gqj_structure but which can be
operated in any of several different nodes of operation. Broadly, each

tool 16 is a.fl I . devi ce that .can be used to control flow in
ei ther di recPflg(rBle?g&\;éeléﬁ-lqﬁ%&)nlfﬁ?ﬁﬁ %“%?&&%@Cw@éabﬁpm@ecqm@ononts ahd
an axi al fl othebeuln@or wha®iplé,Stheddvay Bo@PeB hHE AUGH; nsl the, ool .
Each tool cap al so functilgllri;J as_an _ el ec?fi C ggﬁeratg%%#Hgﬁ%%%’g4 eadld g%
enbodi ment ofOT{IHEFROgR tollee dpscribegihelps. described with 15 reference t o
FIGS. 2 and 3. Each tool 16 has an outer body 28. The preferred enbodi ment
of the outer bod¥hesod 1d/alsnimeludes alfmveotrel bodnn RBRIpRitEshs 6f Wikh.

defined _thr -sleeve. There n.bge one or re such openings. In the
i |l ust raPed ée)‘#%g%t ﬂg‘rﬁ ,f?%% %FF?[)&@“GJEWHSH%EF the perda) 13y0-beTHeshosed
20 around t herstaskEbedy e@isedie dqh tHeo %@F, r | Ras. can. b
di sposed al gng_ t he | e}rlgth of I?(?]sg sl eeve 1gﬂse?we ??Vf&\ég Ehn eﬁ?éoﬁ%ﬁ FaRt e e
i's  suitabl Padyds Bilem oveabl e brteeaspe siosgd positiohdsiodg ng it spendh g & ho ¥RIG. oUS
ports. The . in that in e illustrated .
enbodi nent %%dggﬁeﬁﬁﬁﬁﬁ} aﬁ%ﬁ%‘}i{téﬁgﬁ?@@eg{qg%%%q Ham ZHEH ng" 25
which is relastived in fthiedeswription bhd fhey daghe @icodpsRePphefidilgeopen UseH as
a referenc i}gr ot her . a ﬁéonshof %kﬁ‘f tool 16 descri bed” bel ow e outer
body 28I‘€an§u HREApLeS (B1G1 3,80 0w fylle QRep statgle of any suitable
material, such a n@?eg.lg Iasai C %rl'_ ceramnj c_capable of withstanding the
pressures, tenperat RpH e, The @onditolfloedyt B& BO
lustratediprelereed embpdisnent, the fiew 1

outer body 3% asniRATbERAmUdE R R tdtle BRY Ferta UGSV 8% SRIPE b2 S 281300
between the body 38 and the body 28 (e.g., metal-to-metal for low pressure
differential applications). The height of the annular body is sufficient to

15 overlie theopenings 30 when the openings are closed.

The flow control body 38 isusedin thevalve or choke function. It can

be positioned to close the ports 30, fully open them, or limit them somewhere

in between. Preferably, theflow control body 38 canbemoved thraughout a

continuum between fully closd and fully opened. This last feature of a

20  continuum of openness or closedness enables the preferred embodiment to

provide metering. Metering isusedboth with regard to controlling flow rate

through the openings 30 as well as providing a signal responsive to the

actual flow rate. This sensing feature is implemented in part in the
preferred embodiment by a rotar 40.

25 One rotar 40 is illustrated in the embodiment of FIG. 2; however,
more than one rotar can be used (e.g., stacked rotar flow tubes). Other
varijations can also be implemented (e.g., longer flow tubes and other
variations in size, different angles of turbine vanes (which vanes are

described below), multiple stacked turbine vanes, ete.).

30 Therotar 40 provides an interface with the fluid whereby the rotar is
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needed to accommbdat e ot her conponents of the tool. For exanple, the outer
body 28 has interior cavities 32, 34 and 36 for purposes to be described

bel ow. The woobk«deo al so includes a flow control body 3 8, theraRehidens of
-which 5 control fluid flow or prevent fluid flow through the port(s) 3o.
The flow control body 38 is disposed injthe outer body 28 such that the
fl ow control body 3 i s nmoveabl e bet ween a cl osed posi tion blocking the

openings 30 | | | pcki s 30. The
term "unbl OCCE:J:\I{]@ y?sr ‘ﬁggﬁgl ﬁﬁ éislé'rl tﬁ%ﬁ@ ﬁatl%%sonéﬁ’gﬁﬁﬁ&%es
partial |y ofidremtd 4m(isfulsbdyoopnnthMﬁSﬂdvFlt@nﬁecﬂﬂQﬁ@af%ﬁ ¥ GPEReStsg) - I N
the illustrated preferred enbodi nent, the flow control 'body 38 is an

annul ar body mad&hefrobdashbtigkbens@iedtbah e BlioRV, b >
bet ween t he_ body 38 and ‘!t#he body 28 I(E?S e, dﬂt??iolﬂﬁ 8 Gﬂ‘ﬁ n%ee?tmgiure
di ff erent i afis 8p¢h that asiby 1l 0Ph§01h’(-‘!|0b dpf3 & hpemnthe ;mrﬂsgty e1$h&uﬁlfdu6ﬁlem to

15 overljie | sed., .The flow control
body 3 &1 s e oth I BortS Al et ot o3 Pt 2k fuSibprad Bndha o
cl ose the pootcs JSOcomn’uhmaamecﬂl thireaghothd ipsrts Bloem Ep%\é’“%%aiirﬁeﬁ‘i‘t When-
Preferably, the flovvbcontrol body 38 can, he noved throughout a continuum
bet ween f ul FORREGEEY ‘éﬂﬁe%Fhﬁrﬁé@r@@ anghe flgwicandzelubedyisz & igsuchrtiatuum

of opennesshgih %@@@@Hﬁ%gﬂﬁm Q%tét@et%eglﬁ%'{gﬂé?ﬁ)rol Fegﬁrnbpﬁl ﬁlg 'é iht

met eri ng. NEterl ng is used both with r
t hrough t he 1@p©mmg'eera@nasoom$ bag Hreovotd ngo acagi gnadterﬂslanﬂal Me the fide

o ef or A1 erBELRRY 397675 BY,4 PR Bedne BuBhREN0 i o i [ Lstrated 1n the
embodi ment of FI 'ﬁle T'ot h0\av% Has two degrees of motion. It can rotate about its
longitudinal axis as referred to above. Therotar 40 can alsomove linearly
or axially within the outer body 28. In the illustrated preferred
embodiment, this linear movement occurs simultaneously with and in
15 conjunction with thelongitudinal movement of the flow control body 38. As
illustrated in FIG. 2, the flow control body 38 and the rotar 40 are linearly

disposed and adjdin each other within the outer body 28.

Therotar 40 of theillustrated preferred embodiment hasa cylindrical

squirrel’ cage configuration comprising a plurality of angled vanes 42

20 circumferentially spaced such that spaces are between the vanes to permit
radial fluid flow between the inside and the outside of the rotar 40 and such

that an axial channel is defined through the rotar to permit axial flow

through it aswell asthrough thetool 16.

The rotar 40 is used to provide other features of the preferred

25 embodiment, namely the generator and the pump. In the generator
function, the rotar is rotated by fluid flowing into or out of the tool 16
through open ports 30. Theresulting mechanical power of the rotar 40 is

usedto generate electricity as explained further below.

In the pump mode, the rotar 40 is rotated electromagnetically to
30 pump fluid either in throaugh the ports 30 from outside the tool16 or, by



more than one rotor can be used (e.g., stacked rotor flow tubes). GOnghN 2004

“variations can also be inplenented (e.g., longer flow tubes and other

variations in size, different angles of turbine vanes (which vanes are

descri bed b#OR0s0%ul ti pl e stacked turbine vanes, etc.). 30 ptrauseoaesso40

. provides an interface with the fluid whereby the rotor is 20 JAN 2004 WO
01/ 06090 PCTI USOQ 19330 11 driven by or dpiaves the fluid relative to fluid

flow through the openings 30. The rotor 40 is used to convert fluid flow

to mechani cah c T C ted Lo the flow
control body %g %a?%d\égnﬁééétspg&tq §H§.Eu§tﬁ8 é%@ptﬁ]é{afe? c F’BFalbhﬂ‘?' 38
opens the pochsnﬁ@l ofeilteteol {6 owtkthtauglbtheportsts f) the ports 30 inpinges
the rotor to rotate it or fluid punped by the rotor is comruni cated through

the ports 30. In A@aneﬁbmlewtmve; hte AN had tt}ﬁ:tﬂsﬁrhoh JVB’M&F t3“83 a2@d

the flow control 38 is such that both nove linearl
t oget her. | ncqﬁéﬁ%é SHﬁﬂbdhlaFréh?}’ cask g m oy e in ety ewithin dhcwlﬂeblhmdyrmB

rotor 40 38 b

seal ed bgarl ng c@hp?féﬁl@t éfflhe‘ﬂr}g%g? lﬂg&\é{%&@%%g?e@sﬁow%mgsp@uég&

rotate aboutby am adtomagort ydi Rrefarabby adh e aftenteads i oisabddy to liTker Kohesv &Ph&an

al so nove |ipearl q |abl thin the outer hody 28. In the illustrated

preferred Oﬁ@?ﬂ b‘ﬁi’ 3 %lrh‘fé}?e ﬁBVErfb?\ttod’@é'ﬁﬁf@Ysadmﬁft hh]@@ﬁ%ﬂllylg\/\ﬂf theind

in 15 conju 0 ' t

5 19,50} IRy 1 b deommigrek b BSHRI 1, Eiet] pREbERL gy

are |inear| yondirspége etavrenal an yqplené:ﬂh t he outer body 2 8. The
ndi b ﬂ;lbﬁ cﬁoad: difub

rotor 40 of the illustrated preferred enbodi ment has a cylindrical
squi rretocage confligaetataiton 4cdorspmicsimgd anpthe seeveyofoth eemelee bodgnes 423120

circunferent] a t hat aces.are _between the vanes to permt

radi al fl ui &0?}‘)1 Egt&a asr{cﬁ-gl i‘{:@ilélz ipﬁea t&’?i?rdé“bfwlthe %tr(?rtahd* %nd

such Operation of the actuator 44 moves the mandrel 46, the rotar 40 and the
flow control body 38 axially within the sleeve 28 to displace the flow control
body 38 andtherotar 40 relative to the openings g3 o.

15 ) In oneimplementation, the actuator 44 includes a motar 48 mounted
in thecavity 36 of thesleeve of the outer body 28. The motar 48 includes a
rotating element 48a having a threaded inner surface which engages a
threaded outer surface of a ring 50 axially fixed by retaining rings 52, 54
relative tolinear movement of themandrel 46 but rotatively coupled on the

20 mandrel suchthat themandrel 46 can rotate inside the ring 50. To obtain
axial movement, the ring is maintained (e.g., fixed or by clutch, such as
electromagnetic or magnetic, that sets the relative movement relationship
between the ring 50 and the motoar 48) rotationally stationary relative to
the motar 48 element so that energized stator 48b - driven rotation of the

25 mota 48 element drives the ring 50 and the mandrel 46 up or down;
however, preferably disengagement or other stoppage is provided for at

limits of travel.

Another way toactuate thelinear movement inside the outer body 28
is by manually shifting it with something external to the tool 16. For

30 example, a separate downhole shifter can be connected to either end of the



that an axial channel is defined through the rotor to permt axial 9/ 00
“through it as well as through the tool 16. The rotor 40 is used to pro Mé
ot her features of the preferred 25 enbodi nment, nanely the generator and
the punp. IwWadgegenerator function, the rota is rotated by b@@ #&
into or out of the tool 16 through open ports 30. The resul |ng Cfni caI
power of the rota- 40 is used to generate electricity as explained further
below. In the punp node, the rotor 40 is r&ated el ectromagnetically to 30

punmp fluid 0 rts, 30 fromoutside_ the tool 16 or, by 2
JAN 2004 mqéﬁaﬁ%@&/%%gsﬁﬁﬁﬁaﬁl@%q@ 96%9&9@914:311}{ @@lbppqmshethe

di rection, tmrmnrmsﬁdmlblj/ f rKimet P ea @b 8lonf £OW too

t hr ough theyforts 3 Q. ment i oned abO\Ille thaelgé.'g?g'%l %u # %ce

control body?%B&ns e %H@%P@dl %G@hneqffangtWyhnapslbddnm;Q@l]I ﬂumﬁgldf &Héu n
t he outer e%§ tubﬁl%ggljﬂg’nﬂ;r%} ﬁ{pqg embodi nent illustrated in FIG 2,
ua

this m)verre |s cause 44, Preferably, the actuator 44 is
able to |nearly W WCO trol y. 38 and the rotor 40 to

vari abl yg adj ust t‘ﬂ% glptgﬂq%é O hd aﬁdPPé’e‘gGhFé]%‘f sontrel bodyiaB te'arf bpm
control (i . qositimmt bpbrdtherpughett eldderorg fubl '05 d
fully Openedhbag Tﬁg act uator_44 is r?ouﬁ%ﬁ%tnon t%ﬁ%\geég H%ft E‘F‘?

body 28 and® Repkd P&trét?ﬁaﬁﬁr 81643 bentrey dffeetivet, uafl‘hé a%,emllg»

rotor 40. 0 f s the nmandrel the rotor 4o
and the fl ggvgggineisr %Ino dg&?é aX| f? f "Yn%cﬁ RBVET tée\?%ewwabl BpWETeta he
fl ow cont roBlecmaytyS B umt tvhaesa” ot an 6n@ dﬂrﬁh‘n\g@ st Htel h&@%?&‘ ?gt‘}ﬁéﬂé I'n

a nots 48 m)unte

gg\e/ i It %’%ﬁﬁi&eéégﬁe“’(‘ﬁ:ﬁ% é‘ﬁgﬁﬁ}tbﬁng gqqi?@nﬁ%t@ﬂumbmdmmmaa
onraftthitel ng
el errent 48ard5t@tfl4l§], andlineaitter BPBFatthg SBLR, ‘fﬂb%’?ec?p&%%%%e%c assembly 56
rotates therotar 40 in response to electricity applied to the electromagnetic
assembly 56.

The electromagnetic assembly 56 includes the mandrel 46 that

15 providesa support for a plurality of elecirical windings 58, a plurality of pole

pieces 60 and a commutator 62, which are also part of the electromagnetic
assembly. '

Themandrel 46 of the preferred embodiment is a sleeve having an

axial flow passage defined through it. The mandrel 46 is connected to the

20 rotar 40; in the illustrated embadiment the mandrel and the rotar are

integral and unitary, being constructed with the same tubing piece. The
mandrel 46 isalsocoupled totheactuator as described above.

The plurality of electrical windings 58 are wound on the mandrel 46.
The plurality of pole pieces 60 are disposed radially outwardly of the
25 windings 58 sothat the pole pieces overlie the windings 58.

The commutator 62, or brush ring, is mounted on the mandre] 46.
The commutator 62 is connected to the electrical windings in known
manner so that one end of the windings is connected to one (or more
electrically parallel) segments of the commutator 62 and the other end of

30 thewinding isconnected to another (or more electrically parallel) segments



threaded outer surface of a ring 50 axially fixed by retaining rings %2, gL
relative to linear novenent of the mandrel 46 but rotatively coupled on the
20 mandrel such that the nandrel 46 can rotate inside the ring 50. To
obtain axi @lodfageygent, the ring is maintained (e.g., fixed mﬁ%"#& %ﬁtoCh
.such as electromagnetic or magnetic, that sets the relative A
rel ati onship between the ring 50 and the gotor 48) rotationally stationary

n

relative to the rotor 48 el ement so thaf* ergi zed stator 48b - driven
5 rmto 48 el epent drives the ring 50 and the nandrel 46

t at f t 2
Lg grl ggwg, &%Q‘QPmb L 02| gﬁ&%" h@nb20is rBedeof suspbleyeldctrically

provi ded foregddudtive hsatefigir avel . Another way to actuate thelinear
nmovenent inside the outer body 28 is by manually shifting it with

sonet hi ng extern e downhol e
shifter gan be Cgiagé%%ﬁ:ﬁﬁghﬁ@asgeg%bxg%gr@% 39@? gﬁu ty1PhBvRNEtE3
PCTI US00/ 19384 mnnatechsneuitd gutef btoldg zmhcﬂ;&h%mdh@ﬁﬁhgheﬁs 69 Hﬁ%P&Ei GAlkhY
pul | or push.t i nner.. a zipb ctuation can al so occur

r esponsedt o Sf SH’eagféFrH‘i ﬁﬁ ﬁl%heléée Pﬂ”d gHh e eleshricat Mngdmg$l5|8ne In the
slickline, t en
he act uat or 40 e b e e R podlieObr B %) S a8 A dlimeied
oper at i on ofaramnél mmnﬁagmemmfemmmeﬂan}othe hevnyejﬁrdfeﬂe s@éﬁi@bﬂﬂﬁ'é
illustrated .ecti The .assenbl provi des an

el ectri cal 'oﬁjtq ?élé’ ﬁ/ﬁ ﬁ‘ﬁ%ﬁ@%{l ﬂ%@ﬂ%rﬁaé’éﬁy &ﬁe@ggég"él Wcthe gnagnsts
vice versa. withitehepgevayi ng, 1§ts@él@thhhﬂa@ﬂn€h%tﬂe?£rﬁ n&td ﬂuégol%ﬁfi%?% 80553 e

generates electricity in response to fluid- |nduce rot at
40; and9n sH mtxaﬂﬁéraémeé Yyrgegh Ovhéhéﬂl@@ardnagﬂemft@eamrtﬂgseﬁﬂ)ly of

rotates theyhptgsr1%.0 i n response to electricity applied to the
el ectromagneti c

The electromagnetic assembly 56 alsoincludes a plurality of contacts
66 mounted on the outer body 28. In the illustrated embodiment, the
contacts 66 are electrically conductive members referred to as brushes
15 disposed in the cavity 34 such that the brushes overlie and engage
respective segments of the commutator 62. The contacts 66 provide the
interface to external wires 68, 70. Electricity generated by the present
invention is communicated over the wires 68, 70. This electricity can be
used for sendng flow and for providing output power. The contacts 66 also
20 provide the interface through which power is input to the commutator 62
and the windings 58 when thetool 16 is driven in the pumpmode.

The electrical contacts 66 are disposed aroundan inner circumference

of the sleeve 28 such that the brushes are spaced longitudinally from the

_ magnets 64. At least one brush contacts one section of the commutator
25 connected toone end of the windings 58, and at least another contact brush
66 contactsa different section of the commutator 62 connected to the other

end of thewindings 58.

The brushes 66 and the commutator 62 are sized sufficiently so that
electrical contact is made throughout the linear movement of the inner

30 assembly of thetool16.



‘assenbly 56. The el ectromagnetic assenbly 56 includes the mandrel 46 2hgaN 2004
15 provides a support fora plurality of electrical windings 58, a plurality
of pole pieces 60 and a. conmutator 62, which are also part of the

el ect romagneild @seegesenbl y. The mandrel 46 of the preferred enbodinent is a
.sl eeve having an axial flow passage defined through it. ThePGHHM0EP3IN6 s
connected to the 20 rotor 40; in the illustrated enbodi ment the mandrel and
the rotor are integral and unitary, beifig9constructed with the same tubing
pi ece. The mandr,zl 4 6 js_alsocoupled to the actuator as described above.
The plurality of CP&EEPthefluid withigstzsratce sodtiomobthe hren ereashest bl46and Hae
plurality ofj [ i e diaally outwardly of the 25

wi ndi ngs” 58 ggﬁitﬁépe{%ﬁg%g e%?@&@%@gr%l&eﬂ}aen@e%r B aegietss assemablyo sy frarar

62, or brusthe flyid,i thenguefeeredren bedimment of t468. tool N% q%ﬁ;‘laa?%gﬁg%r{?o%

connected tq_the.elgctrical w pdipngs in known manner so
the wi ndi nggnicgu%e&n @Fe%fah*‘b d&% @%rmweél %2 dstmiovat ¢q ipaa gy defynedt s
of the comMmuiraibd £7 eAARf tREf1SIRN L ngdi hS npected to
anot her . (or .more el ectricall y par altﬁgﬁﬁgegggki}%&%\%%ﬂf%ﬁ%%@yé(’l
PCT/ 0500/ 19399y corvnested ke thenpiarad or Biis Hlaees et ingr séid - 5 dﬂﬁeﬁeme

y 56

sui tabl e el ' |y, ive eri,al,. .The el ectronagnetic asse

al soi ncl ude%sg%‘fg?r]atﬁet (g/rqgl?&%%[hg{@bGE)n?fumeeﬂ?%ﬂngﬁ@%ut e Beady7 2&eglch

that the nabetwserdihe fiveraitr ol Bdd | ' ' r d with
seb4he 538 mm&gﬁkhfgafcb%kgﬁ% genan LR, Wl

‘the electrical windings 58. In the ‘illustrated preferre _
by the cavi Ly 32 07 L hece aeve of redehd 2ot B H S E ¥ BRabRbene
cavity %o, Mmﬁgégefﬂgmﬂggghe mandrel 46. The seal 74 seals between the

mandrel 46 and the inner surface of the cuter body 28 between the cavity
32 andtheports 30. Thisplacesthe seal 74 below the openings 30, and thus
on the oppasite sidg of the openings 30 from the seal 72, for the orientation

shown in FIG. 2,

15 A third O-ring seal 76 is mounted in a groove on the mandrel 46
between the commutator 62 and the upper retaining ring 52 of the actuator
44. This provides a seal against the inner surface of the outer body 28
between thecavities 34, 36. '

The tool 16 can be operated remadely and it can provide generated

20 electricity remately; however, theillustrated embodiment of FIG. 2 has an
on-board controller 78 housed within the body of thesleeve of the cuter body

28. Thecontroller 78 is of any suitable typeto provide thenecessary control

and signal process asscciated with the operation of the tool 16. One
implementation can include a microprocessor; however, other types of

25 digital or analog controllerscan be used

Regardlessof the specific controller used, in the preferred embodiment
the controller 78 receives electricity from the wires 68, 70 (and any others
used with additional contact brushes 66). A characteristic (e.g., magnitude,
frequency) of this electricity can be correlated to flow rate through the

30 openings 30 that generates the sensed electricity, and thereby indicate the



W thin the cavity 32, is such that themagnets 64 and the pole pieces §9 wma
to substantially aligned throughout the linear travel of the inner asserlrb y
of the tool 16. The el ectromagnetic assenbly 56 al so includes a plurality

of contact s w®6i/@ent ed on the outer body 28. In the illustrated
.enbodi nent, the contacts 66 are electrically conductive menbeFASposraio; ed

to as brushes 15 disposed in the cavity 34 such that the brushes overlie

and engage respective segnents of the co tator 62. The contacts 66

provi de the .nt 0 _e r j,res, 68, 70. Electricity generated by
t he present S%%v@%??%ﬁ“%&c%%ﬁﬁ&% gFree Bk oppneess6l tHO poFké $0. The
el ectricity cantfmlerup8dcharakenstdiddé | W P QonREQVI di out put power .
The contacts gtIGEBaI so 20 provide_the interfaceer{ %rof)lﬁs i ‘pPo nﬁf@rmﬁput

to the comufdbRABRNE GHFenhdodinentrtyrrest whrnetsien) Do ehefg ¥ Sstgfé%eﬁgt?.%ﬂ

‘the punp nodBst+iEpe gb 4GAl contacts 66 are disposed aroufid an 1|
circunference ofﬁt heﬁg{-%lg\%g' 28 such that the brushes are spaced

| ongi tudiznal Iy fr t n 64. At |east one brush contacts one
section O8f the co%t{ﬁﬁg@% %ﬁﬁ@&t Ot@néH@ ewitable eleetnicabisogscesd(e.and
at | east andbdigerieshhadtdiive sdirafibr g5t it t sectign of fhe
commut at or 62 connected to the ot heyr: egggﬁmﬁgeh\% Eﬁpﬂtﬁg 3 thhdriyey thes

66 and the LGS} EHMPOTUCdeRRIBt tati@ntdrycamn efihah a:ﬁéﬁf&ﬁb@uﬁ@nt act
movenent of the inner 30 assenbly of the

I s made througho thg_ I'i near |
tool 16. ; ¢ JAN??O@)Q MON0tY tiee §or eg 0 g2 CTeUBoDO S 1838 0h dip dkesPbk Nesdd whd,

W thin the rphef e§8&H ' assenbly and to isolate the

el ectri cal conpongn?’sﬂlo t’t & re}l\%el'l(’#?sg'{ﬁfgq{é‘ﬂ%n HEF §eIE8T$.r om the fl uid,

the prejgrred empadifBModld HBGvE e t8m' 1 g USLI AL %%ecll ri]x'llztlai?her2 a generator
mode or a pump mode to manage fluid flow in a well, such as the well
illustratedin FIG. 1.

Operating the flow control device 16 in the generator mode includes

at least partially unblocking the openings 30 in the flow control device such

15 that fluid in the annulus outside the device 16 flows through the openings
30 intothe flow channel inside the flow control device (or vice versa). This

is performed in the illustrated preferred embodiment tool 16 by operating
themota 48 tomovethe ring 50 linearly. Thismoves the rotar 40 and the

electromagnetic members axially within the body of the flow control device.

20 Operation of themotar 48 occurs through the controller 78 connected
by electrical conductor cable 8o (FIG. 2) in the illustrated preferred
embodiment. The controller 78 can have an internal timer by which it is
programmed to respond in preset hardware or software implemented time
intervals; or an external signal of any suitable and detectable type (e.g.,

25  acoustic, pressure, electromagnetic, radicactive, mechanical) can be applied
to cause the controller 78 to turn the motar 48 on and off. Feedback can be
provided thraugh the metering function of the present invention in that as |
themotar 48 shifts the inner assembly of the tool 16, the controller 78 can
monitor the resulting electricity that is generated in response to fluid flow

30 thraugh the rotar 40. When the electrica] signal indicates the desired |



includes three seals. An Oring seal 72 is nounted in a groove defi neol JAN 2004
around an end of the flow control body 38 opposite the end of the flow
control body connected to the rotor 40. This places the Oring seal 72 on
one side (@Rpsmehdy the orientation of FIG 2) of the openings 30. The seal
72 seals between the flow control body 38 and the inner surfGEsStH19330e
outer body 28. An O-ring seal 74 is mounted in a groove of the nmandrel 46
near the xo juncture of the rotor 40 and&ffe nandrel 46. The seal 74 seals
bet ween t he rrandre{ 46 and the_inner surface of the outer body 28 between

the cavity %8ctigalparameter goflowhiade i being adidesed| tdmhbowst El&ﬂq,% 94 NgS
a

e
2, for

30, and t hUSen&%igﬁs\(ﬂ?ﬁi‘Bﬁ%H&grﬁé?%g g&u?ﬁ} ?)Bﬁ% l?qglffg?’gséférlrﬂ%%tqfh gh;&ndueﬁd in a

the orientation

groove on the na | 464..between the commutator 62 and the upper retaining

ring 52 of the agﬁhgﬁo?gdﬁ%n RASPeHs i eResatingethe fgwl pontrohdeviveer6 Sur face

of the out ergdrpeatyt@Bm dvkd Rdndd HeivGAY I thi 4 The tool 16 can be

oper at ed renptel y andf'b.tt:i can provi deg%}elr?g\r%ééeﬁo?qgh&@%‘?rc%h@ deyies wiiph

however , St hd € Howing fhtide potating thegrlural@y 2f b@&tﬁ%a@ﬁ‘mﬁ@%rﬁﬁ&@ Qliter
The

78 housed wii,hi e bod eev.e. of .t he outer body 28.
control | er %}SIEI gogc? éﬁg %{lﬁﬁ a{)l‘Pa:t ?;%Fgrlfgypﬂﬁvg%}éer@ﬁ%dn@d&mﬁucbng othe and

si gnal procedxtraispcfrane dheifidw tblﬁr@pdéﬁfc'le.or’!['}ﬂfslﬁgiest[aﬁg% ﬁé?ietv%ggsiag the

i npl ement ati_on can anl ude,.a m croprocessor; however,
digital or SHRTBYRENR O3, the ceatpdebindies 6egamd] ¢he wirdshe8spesii Ghe

control |l er {dedrated tinddi@feqtr ed enbodi nrent the controller 78 receives
electricity fromthe wires 68, 70 (and any others wused with additional -

cont ey venes MBepeha DRkt e SO B AR50
gener at o5 ttedetanmpincen dbuidi ftow parametenef A0 HRHiSRt i g2 Phd el VO
That is, as the electricity is generated, the controller 78 senses it through
the conductors 68, 70 and determines the correlation between the
electricity that hasbeen generated and the flow rate, for example. Thiscan
15 be by way of a look-up table in the contraller 78, a mathematical formula
thatisusedin a software implementedcomputation, or whatever technique
is suitable to correlate the electrical signal with the flow rate of the fluid or
the position of the flow control body 38. This provides the feedback signal
referred to above in controlling how far the motar 48 axially moves the
20  inner assembly of thetool 16. Thus, operating in the generator mode can
alsoinclude controlling the step of at least partially unblocking the opening
in theflow control device in response to the sensed electricity.

Operating the flow control device 16 in the pump mode includes at

least partially unblocking the openings 30 in the flow control device so that

25 pumping can occur in either direction between inside and outside of the
outer body 28 of the tool 16. The pump mode further includes conducting
suitable electricity tothe flow control device. Thisis provided through wires

68, 70 and brushes 66 in the illustrated embadiment. The plurality of
electromagnetic members are rotated in response to the electricity, and the

30 rotar 40 isdriven with therotating electrom agnetic members such that the

driven rotar pumps fluid between (i.e., in one direction or the other) the



PCT/ US00/ 19330 size of the orifice defined by the degree of openness ab tjk 200
“ports 30. The <controller 78 can al so provide for power conversion (e.g.,
transforner, alternating current to direct current conversion) and energy
storage (egoquodp@btery recharging). 5 The controller 78 ca | ain
~suitable electrical sources (e.g., batteries) and drive ci ?83{@?/?%%3‘?
energi zing the windings 58 to drive the {J tor 40 as a punp, or such

o)

ener gi zation can come from an external In addition to the
f or egoi ng, 16 .can i be used with other equipnent, such

t.ool ncl
as pressure Bﬁﬁ‘lf”éﬁlﬁ@’r qnl‘éeléqgﬁgg,tgo 1fnand theeut rasn ubetsided hedol 16. can

be used in u | ui win
a well, sucﬁrgg%{tl?grme}i Eﬁ%lf’cfeug?i?g{ﬁlelgﬁ st @a%é:&é?(ﬂdgt“n gweéig’rﬁ r ol
devi ce 16 i reither agetmk%mommdeunt&rlcltﬂkms@ﬂlﬂe@ﬁah mlbhle@uléétidihmt%%kfd?& the
openings 3 0 in the control ice,such 15 that fluid in the annulus

out si de t he dRPHERPI HUY Wﬂﬂ?@ﬁdﬁ'e‘ttﬁéﬂ dfefhibromh the penepents g @ lintmel
d h
i nsi de the fth@WnQﬁﬂhEO'Tlﬁl%’éﬁBeh%édYbﬁﬁéﬂ@ﬁ%’iﬁ ba {?lﬁto{ e BRLIAGOR Gl dde

illustrated preferred _enbodi nent tool oper a
the ring 50wWithdare tool Tbsintl@s1t hE tdmmtmas a'mhttaﬂen theathermainaition,

menbers axi of t.he ow rol device. Oper at.i on of
t he notor 4@56%8134%8?%83 3&% TS Igé’r" ﬁﬁ REEISEHPs ’E‘}Oégécﬁxﬂ%gpw
conduct or C@bhﬁnéboflfh@utoab 16N This ¢dnt bt 8¢9 el £6 iRdar fRgi -thEhe
controller 78 can have an internal timer by which it is programe to

respond in PAIACENTAGTMAMOB- or software inplenented time intervals: or an
external signal of any suitable and detectable type (e.g., 25 acoustic,
pressul® el ect r dmihes aspect gftlhe eperadiomet hae preent canebtaoappllnem ovtmg

Coue o SO Sl el i 00 B O B0dr s oLERRE SR,
the notor 48 sdledtivelynbldackrerumklockithy afenite. tAolkxphintdeaawel tbekehrd 8
can moved together axially within the outer body 28 of the illustrated tool 16.
The axial movement occurs in response to any suitable force which can be
15 internally generated or externally applied. Regarding the former, the
motar 48 can be energized to drive the inner assembly up and down within
thesleeve of the outer body 28. Movement can alsooccur by applying to the
inner assembly a longitudinal mechanical force originated outside such as

via an external linear actuator or a surface coupling as described above.,

20 The linear or axial movement of the inner assembly can occur in
either direction so that the ports can be opened or closed. This movement
can also be used within any one tool in conjunction with either generating
electrieity or providing a pumping function as described above. Thatis, any
onetool 16 can be usedasa valve or choke, a meter, a generator or a pump.

25 Thus the presnt invention is well adapted to carry out the objects
and attain the ends and advantages mentioned above as well as thos
inherent therein. While preferred embaodiments of the invention have been
described for the purpose of this disclosure, changes in the construction and
arrangement of parts and the performance of steps can be made by those

30  skilled in theart, which changes are encamnpassed within the spirit of this
invention asdefined by theappended claims.



monitor the resulting electricity that is generated in response to ffuiaN 2004
“flow 30 through the rotor 40. When the electrical signal indicates the
desired 20 JAI 2004 WD 01/ 06090 PCT/US00/19330 -1 7 5 electrical paraneter
or flowrate is being achieved, them Qcr 48 can be de- energized to stop

- the linear novenent of the inner assenbly of the tool 16. Thus; additional
~aspects of operating the flow control device 16 in a generator node
include driving the rota 40 of the fl ow dohtrol device with the flow ng

fluid, rotating the Iuralitﬁg of electromagnetic nenbers with the rotor 40
such that eW Ed&&h&%@ I3t ed, and conducting the electricity from
the flow control device. This |last step is achieved using the conmutator

62, the contact brushes 66, and the wires 68, 70 in the illustrated
enbodi ment. 10 Thegener at or nodecanal soi ncl ude sensi ng the generated-
electricity to determne a fluid flow paraneter of fluid flow ng through
the opening. That is, as the electricity is generated, the controller 78

senses it through, thg eebfbict ekl 66m pfsiagd determ nes the correl ation
between the electricity that has been generated and the flow rate, for

exanpl . This Caanl&tafﬁggywmg o b9&kin Riéfﬁ‘@dqniaﬂlsi‘a@%vzﬂggfﬂ?éBS('ing’ a

mat hemati cal formul a is used in a software | npl enent conputation,

or what ever techpi i [ I 0 t {.C i,gna ith
Che fhow rat e of 2t 1% ormnB bbaY, 8ishObePOI That Gyt o ShEh e ool
‘Thi s provi destrbebbde thmciv abl ghetweareé etosed posit mndveckin getdret apedrlin gd nhidve f ar

the notor 48 axi.al ves the 20.inner,assenbly of the to i 6. Thus
operati ng | A RRGAS oRTaSoRMe SRbBERIE tie CEOREIT the SHE SBa of
at least partially unblocking the opening in the flow. control device in
response C)thte f}?ogecrésn%goleblo%cyt {ég%llagt}/rig fluid flowing through a sidewall of the outer
body between an exterior and an interior of the outer body via the opening;

and

a rotar connected to the flow control body and disposed in the outer
body such that the rotar can rotate within the outer body in response to a

force applied totherotar.

2, The tool as defined in claim 1, wherein the rotar moves in
response to movement of the flow control body between the closed position

and the open position.

3. The tool as defined in claim 1, further comprising an actuator
disposed in the outer body to move the flow control body linearly between
the closed position and the open position.

4. The tool asdefined in claim 3, wherein therotar moves linearly
with the flow control body.
5. The tool as defined in claim 4, wherein the flow contral body

rotates with therotar.



Qperating the flow control device 16 in the punp node includes at |€agaN 2004
“partially unbl ocking the openings 30 in the flow control device so that 25
punpi ng can occur in either direction between inside and outside of the

outer body 3% ffoshdre tool 16. The punp node further includes Wple
sui tabl e el ect ri’ci ty to the flow control device. Thisis pr ovll)%fe}gg@ﬁrgbéj&gh

‘wires 68, 70 and brushes 66 in the iIIu_s%rqted enbodi nent. The plurality
of electromagnetic nmenbers are rotated ifh response to the electricity, and

the 30 rota 40 is driv with the rotating, el ectronagnetic nmenbers such
that thel driven Pota %E‘ﬁﬁQDrPﬁ%&ﬁE’é@v@eaaW.Be.whﬁrﬁllbﬁhe(ﬁu{@tbpdﬁ, thet he

other) the A, Y& Ol D94 B/ 3 Ik e 4 Q
channel of '[2% tooxﬁQQG é%’t e out’er%é#ggﬁ ou?%eéfei‘&t%el at%%ﬂggéﬂafﬁéd
el ectricpty tamough tontodl | ed such that the rotor 40 can be rotated in
either a clockw se or a counterclockw se direction. In one direction, the

rotor 40 punps fluid frominside the tool 16 out through the open ports 30
into the annulus. This can be used to punp fluid back into the formation

such as ;w th the,t 00'Tﬂ§l?o¢l”as':de e?i-inlél?%rjlg%,{vﬂ?&rei.-s rotated in the other

direction, punpi’ng occurs fromthe annu ough the ports 30, into the

Gown t he? ad] acont s A kO et ante £8% Hieffiatay PR IpRR The

present $nvenmttenbodsg; andnoving the flow control body, the rotor, and the
el ectromagneti c nenbers together to selectively block or unblock the

openi ng.4 As expl dhradobinetiesr tdrpeiseas:e noved together axially within the
outer body 28 of the illustrated tool 16. The axial novenent occurs in

responsesto any suitahl Girkiok&d, thi it st 38albdispdsetd HdaOSh ¥nIERE &t Gtk Blow

external |y applieq. Regarding the fornmer, the notor 48 can be energized to
drive tH i ﬁﬁamﬁg@@atﬂgp%eghramaaﬁt hi n

7 a secand seal, the second seal disposed adjacent an end of the
8 rotar opposite theflow control body.

1 8. The tool as defined in claim 1, wherein the outer body, the flow
2  control body, andtherotar define a flow channel through the tool.

9. The tool as defined in claim 1, further comprising an
electromagnetic assembly having a first operating state wherein the

electromagnetic assembly generates electricity in response to fluid-induced

W -

rotation of therotar.

10. The tool as defined in claim 9, wherein the electromagnetic
assembly has a secand operating state wherein the electromagnetic

assernbly rotates the rotar in response to electricity applied to the

HWN R

electromagnetic assembly.

1 11. Thetoolasdefinedin claim g, wherein:



the sl eeve oftheouter body 2 S. Movenent can al sooccur by applying to2® kN 2004
“inner assenbly a |ongitudinal nmechanical force originated outside such as
via an external linear actuator or a surface coupling as descri bed above.
20 The lin ial nmovenent of the inner assenbly can o [.d |t her
.direction g‘glbtﬂ g?@?he ports can be opened or closed. This %@3@3@’”@%
~also be used within any one tool in conjunction with either generating

el ectricity or providing a punping funcfi*dn as described above. That is,
any one tool 16 can_be used as, a valve or choke, a neter, a generator or a
purp. 2% Thus, t kBegledteamagnelia assemklynénelugesm supportcacnpeated thethe
obj ects , an t a : ioned above as |1

t hose i%he?gﬁ%’ ﬁ}@}%{hﬁlﬁC&?é@%{%ﬂé%@ﬁﬂﬁ%@?ﬁbﬁ? R ?ﬁﬁesqw\é\ﬁt iaﬁ@ave
been depcr cbednfioatdrhen punizds @nofthe héspirs ch AGUEEnnERBAIES %Hle td18ctrical
construction and arrangenent of parts and the performance of steps can be
made by ﬁhoé“’éngﬁl%ﬁiﬁﬂadgd in the art, which changes are enconpassed wthin
the spirit of this invention as defined by the appended clainms. 20 JAN
2004 - 1% WHAT | Stirg malferther com prisesan & evuat oneion plasotpth ssupporan camtoste

body havi ng i N i hed. Lde he. body: a. {fl ow, control
body di ?pos%@#ﬁﬁ}%b%g? I(za){r&lb%cli;lf/int srﬁecﬂb‘gh%@t%ﬂggﬁ%a}n?(Sﬁ rVE’ItI"HbJPei%uter
movabl e 8oethedn a cl osed position bl ocking the opening in the outer body
and an open position unbl ocking the opening in the outer body, the flow
control body regulating fluid flow ng through a sidewall of the outer body
bet ween an exterior and an interior of the outer body via the opening;, and
a rotor jconnecteg,to f lsn b a i i,n ut er ,.body
such thellt t he roitj%'r c'gﬁsrt_gkjgt&\%(a\%ﬂ?ﬁler%ntﬂg&gu?% %%%@ﬁfgh&%l%%%é’g’%ﬁ%fm
force appl i assemdly Hurtheromcludes;

3 a plurality of magnets mounted on the outer body such that the
4 magnetsinteract with electromagnetic fields generated with the electrical
5 windings; and

6 a plurality of contacts mounted on the outer body in engagement with
7 thecommutator.

1 13. The tool as defined in claim 12, wherein the electromagnetic
2 assembly has a secand operating state wherein the electromagnetic
3 assembly rotates the rotar in response to electricity applied to the
4 electromagnetic assembly.

1 14. The toolasdefinedin claim 13, wherein:

2 the flow control body, the rotar and the support are linearly disposed
3 within theouter body; and

4 thetool further comprises:

5 a first seal, the first seal disposed adjacent an end of the flow
6 control body opposite therotar; and

7 a secand seal, the secand seal disposed between the rotar and the



2. The tool as defined in claim1, wherein the rotor noves in response JAN 2004
“movenent of the flow control body between the closed position and the open
position. 3. The tool as defined in claimi, further conprising an actuator
di sposed i Ryd fodebd er body to nove the flow control body |i peptisyoasoveen
.the closed position and the open position. 4. The tool as defined in claim
3, wherein the rotor noves linearly vm't_?zt_he flow control body. 5. The
I

tool as defined in claim4, wherein the ow control body rotates with the
rotor. 20 J 2004, WO Q1/0609Q PCTI USOOY 19330 -20 1 6. The tool as defined
in clai® 3, elasEreawindngs oD, t Prhe 2 flow control body, the rotor, and
the actuator define an axial flow channel 3 through the tool. 1 7. The
tool as defined in claim3, wherein: 2 the flow control body and the rotor

are linearly disposed within the 3 outer body; and 4 the tool further
conprisds: 5 a figst Taaltookdredefined irsekiimdl 4 pobereiadbeomer hodpnhoflowhe

flow 6 control dy,. opRosite the ta: and 7 g second seal,, ot.he secqon

seal di Zposturriial Fke O shEornhat HBPett HeBBE R BREN: Ao SFRH
body. 148. {Bmtgqp{h@@(ﬂiefi ned in claiml1, wherein the outer body, the flow
2 control body, and the rotor define a flow channel through the tool. 1 9.

The tool as defined in claimi, further conprising an 2 electromagnetic
assenbly having a first operating state wherein the 3 electromagnetic

assembl y generatgg el phLhiGlddadih ditPAARA 1, Wwhbiifl: | nduced

2 the flow control body and the rotar are linearly disposed within the
3 outer body; and

4 thetool further comprises:

5 a first seal, the first seal disposed adjacent an end of the flow
- 6  control body opposite therotar; and

7 a secand seal, the second seal disposed adjacent an end of the

8 rotor opposite the flow control body.

1 17. Thetoolas defined in claim 16, wherein the outer body, the flow

2  control body, andtherotar define an axial flow channel through thetool.



4 rotation of the rotor. 1 10. The tool as defined in claim9, wherein
el ectromagnetic 2 assenbly has a second operating state wherein the
el ectromagnetic 3 assenbly rotates the rota in response to electricity
appl i ed t o WRe10&| ect romagnetic assenbly. 1 11. The tool ASTASHYIH3W i n
-claim9, wherein: 2 o JAN 2004 WO 01/ 06090 PCTI USOQ 19330 -21 2 the

el ectromagneti c assenbly includes a suppa@rg-connected to the 3 rota, a
plurality of electrical w ndings nounted on the support, and a 4

comut atpr mount e@, on A Bsoyl ePPWell, 2Bgh rpanget ed to the electrical 5
wi ndi ngs; and 6 the tool further conprises an actuator coupled to the

support Jo nove ,7 i , .
i near | y2t within & I%?%FQP%E%’O%%/&%{%& opflithd BERICPINCRRN Me BRYe: ,
wherein the el ectr ' f [s: | X a,plurality
of magne"'{ S nount édggq?}g‘zp Eté) ?ﬁté?ﬁ%%’g‘g@{sﬁ%ﬁ%@ h{a}’te df#ggé#a%é}g{‘? i%nt%eﬁ%c{n%\?t h

el ect r ompgneiricani feekfice oftieg sle@ck;wi th the el ectrical windings; and 6 a
plurality of contacts nounted on the outer body in ' engagenment with 7 the

commut ator. 1 13 ﬁhﬁa‘lﬁg oﬁ@leieﬁbﬂp@ohfhcqlafﬁ@hﬂe&dm?gde@ Arblifd a second

el ectromagnetic 2 assenbly has a seccnd operating state wherein the

el ectrofagniine drewsdepincer of athes sle o gush ithat edporiwatshes eavet spagedy
appl i ed ',7t 0 ]toiﬂ%itudinally from themagnets;
8 an annular flow control body disposed inside the sleeve adjacent the
9 opening;
10 a cylindrical rota connected to the flow control body and disposed
11 inside the sleeve, the rotar including a plurality of angled vanes
12 circumferentially spaced such that spaces are between the vanes to permit
13 radial fluid flow between theinside andthe outside of the rotar and such that
14 an axial channel is defined through therotar to permit axial flow through
15 therotca;
16 a mandrel connected to the rota and disposed in the sleeve, the
17 mandrel having an axial flow passage defined therethrough;

18 a plurality of electrical windings mounted on themanadrel;

19 a plurality of pole pieces mounted on the windings and aligned with
20 themagnets; and
21 a commutator connected to the windings and mounted on the

22 mandrel such that at least a first one of thebrushes contacts a first section of

23 the commutator and at least a secand one of the brushes contacts a secand

24 section of thecommutator.

1 19. Thetoolasdefinedin claim 18, further comprising an actuator
2 mounted on thesleeve and coupled tothe mandrel such that operation of the
3 actuator moves the mandrel, the rota and the flow control body axially

20 JAN 200



4 electromagnetic assenbly. 1 14. The tool as defined in claim 13, wher W““
2 the flow control body, the rotor and the support are linearly disposed 3
wi thin the outer body; and 4 the tool further conprises: 5 a first seal,

the first swaowhissgposed adj acent an end of the flow 6 contrmdT/DSmby19330
.opposite the rotor; and 7 a second seal, the second seal disposed between
the rota and the 2c JAN 2004 WO 01106090,RCT/ USOQ 19330 -22 8 el ectri cal

wi ndi ngs on the support. 1 15. -The tool as defined in claim 14, wherein

the outey b : f [ o -t he support define
an axi aIJf I g\av)(c %Eﬁglﬁé%fet E? ougiiﬁtel?‘?%“f Egﬁgé)?tb%fqg %&gﬁl{’ggtodﬁ?ﬁgﬁmﬂg
claima.5 whkreigh tBesleevkl ow control body and the rotor are linearly

di sposed within the 3 outer body; and 4 5 6 7 8 the tool further

conprises: a first seal, the first seal disposed adjacent an end of the
flow control body opposite the rotcr; and a second seal, the second seal

di sposed, adj acen n i Sl 1{1.}?1@ ol body. 1 17.
The tooIq as defi %gg inc %ﬁ%%@?fﬂmﬁ&e?ﬁ%?gﬂ ere{)!é@gﬁﬁﬁgeé'f | ow
a first seal, the first seal mounted on the flow control body on a first

side of the opening to seal between theflow control body andthesleeve; and

2

3

4 a secand seal, the secand seal mounted between the rotar and the
5

windings on a secand side of the opening to seal against the sleeve.

1 21. Thetoolasdefined in claim 20, further comprising a third seal
2 mounted on the mandrel between the commutator and the actuator to seal

3 against thesleeve.

1 22. Thetoolasdefined in claim 18, wherein theactuator includes:

a motar mounted on the sleeve, the motar having a rotating element

having a threaded inner surface; and

a ring axially fixed but rotatively coupled on the mandrel, the ring
having a threaded outer surface engaging the threaded inner surface of the

L AT # 1 BN - S ¢ B V]

rotating element of themota.



"tool .

conprising: 2 a cylindrical

004
2 control body, and the rotor define an axial flow channel throughzoth
20 JAN 2004 WO 01/ 06090 PCTI USOO119330 -23 1 18. A tool fora well,
sl eeve havi ng an openi ng defined through t he

sleeve; 3 a plurality of permanent magnets di sposed around a first
.circunference of the sleeve; 5 6 7 a plurality of electrical contact
brushes di sposed around a second inner ?brcum‘ erence of the sleeve such

that the brushes are spaced |ongitudina

i nner 4

y fromthemagnets; 8 an annul ar

fl ow control body disposed inside the sleeve adjacent the 9 opening; 10 a
cylindrical rotor connected to the flow control body and di sposed
I nside the sleeve, the rotor r}cl uding a ﬁl urality of angled vanes

ci rcunf érenti al I%3spa%e’élle§ e 9

hB2NAZAB &S

i
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Hitk llewt waeh wold inawddch oa ftowi t

such tnat el ABer R HERIRG The AR SOnf AR R slodvh D AL o

flow thg ougipenlﬁgtmdeﬁnedrhet%en amadnelﬂusonmdé eHebody e d atflow @hdnnel

di sposed int | eeve, the, 17, mandre Vi ng an XI al fl ow passage

def | ned4théF w ggnir ohdgyige; ppddne @%mfe Wﬁa.arl@% %mﬁ BFQFF t he
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8 the step of operating the flow control device in the generator mode

9 includes:

10 at least partially unblocking the opening in the flow control

11 device such that fluid in the annulus flows through the opening;

12 driving the rotar of the flow control device with the flowing
13 fluid; '
14 rotating the plurality of electromagnetic members of the flow

15 control device with therota such that electricity is generated; and

16 conducting theelectricity from the flow control device; and

17 the step of operating the flow control device in the pump mode

18 includes:

19 at least partially unblocking the opening in the flow control

20 device;

21 conducting electricity to the flow control device;

22 rotating the plurality of electromagnetic members in response

23 totheelectricity; and

24 driving the rotar with the rotating electromagnetic members

25 suchthatthedriven rotar pumps fluid through the opening.

1 24. The method as defined in claim 23, wherein the step of



.23 the commutator and at |east a second one of the brushes contacts a2C JAN 2004
second 24 section of the commutator. 1 19. The tool as defined in claim
18, further conprising an actuator 2 nmounted on thesl eeve andcoupl ed

t ot hemandr eVOSHEH% hat operation of the 3 actuator noves t RETAISAUIBBY t he
‘rotor and the flow control body axially 20 JAN 2604 4 5 WD 01/ 06090

PCTI USOQ' 19330 -24 within the sleeve to2dBi-spI ace the flow control body
relative to the opening through the sleeve. 20. The tool as defined in
claim:la g, oherfalthes theMbWSEdetroR devidd sh §e$énertafn@r fibak i%@@hexmiﬁehf‘d’eson
the flow control body on a first 3 side of openi ng to seal between the
f1 ow corft r oFeTHRIY thﬁaeméat@deﬂéwrlcamtmdgeama@@rfgugieﬂww paemstenod fhid
nount ed pet wi ndi ngs on a second side of the opening
to seal agaﬂﬁ'&{héﬁ %}g\%}égeg Ié‘?‘%'The tool as defined in claim2 0, further
conprising a third seal 2 mounted on the mandrel between the commut at or
and the actuator to seal 3 agal nst t he sl eeve s 22. The tool as defined
in claim18, wherein t udes: a notor npunted on the

He act él
sl eeve, 1t he rmt o?5havT § E‘ﬁ"t t?ﬁ mGf AR C@%V?ﬂg ‘ﬁhﬁl’ﬁiéaébé stape rof
surface, a dhafis 5 @ae%\@ %tfblxﬁgvi&%t¥ﬂ°&aéén‘@£t’orc%ﬁé P hgxei%’a%ée"

the ring 5 hr ea out er surface %®ngagi ng Rt eaded Fhner
sur f ace 3of cdmetromng)tlae step ofladnkeast partididy nothdocking ﬂm\bﬁtﬁﬁng in the fiow

4 control device in response to the sensed electricity.

i 26. Themethod as defined in claim 25, wherein the step of at least
2 . partally unblocking the opening includes moving the rotar and

3 electromagnetic members axially within the body of the flow control device.

1 27. Themethodasdefined in claim 23, wherein the step of at least
2 partially unblocking the opening includes moving the rotar and

3 . electromagnetic members axially within thebody of the flow control device.



-25 1 23. A nethod of managing fluid flowin a well in which a flow 20 JAN 200
control device is located, the flow control device having a body in which
an 3 opening is defined between an annul us outside the body and a fl ow
channel 4 inside the flow control device, and the flow control device also
-~having a rotor 5 and a plurality of electromagnetic nenbers, the method
conprising 6 operating the flow controlagevice in both, a generator node"
a punp 7 node, wherein: 8 the step of operating the flow control device in
the generator node 9 includes: 10 at |east partially unblocking the
opening in the flow control 11 device such that fluid in the annulus flows

th h,th ing; i Vi f. bhe £l trol ,devi i th
Lhe f ot ng s 4o ¢ o B amARakeinhh, A0G i Sorall 1houshehi € Tikber s
of the $| owontivlenticeols 1dexteds thk flow Bentrol aévﬁz@qiaﬁhg]ga VRGN FHivhi $n

generated; and, 16, conducting the electricity fromthe flow Control device;

and 17 3 he opeRp®s opfened PAGVeHL an HNEbH Pwisdeetheeodh anidea flowp cheaeel 18
i ncl udes: . ' 4N i i i L.ow control
20 dovi fe; 1310k $hER BAEPEALYicUTRLOH L U ARF el DsbiaihYs T
rotating tleenplalr dddyy efljaekrtt theagpening menbeainsad, n arebpansplurddityo bhe
electrigcity: and 24 dr.vi rég?%i}e rgt or wth the rotat 'hng el ect romagnet.i c
menber £ 251 &HEIMARRELICHD O PSFSn LREBE I HITPF 1HRE thectigh LB QYdagi e 1
24. The, me haed: i [ , ' 04, WO
2%, e Pié@%%%gt/rggg%ﬁ thOr&lcd Fhd%heRERbh 4ttt BPerRberd tdfN 0k

8  selectively block or unblock the opening, the flow control body, rotor and

9 electromagnetic members displacing in the same direction when the opening

10 is blocked or unblocked.

1 2g9. The method as defined in claim 28, wherein the flow control
2  body, therotar, and theelectromagnetic members are moved axially within

3 thebody of the flow control device.

30. Themethod asdefinedin claim 28, wherein the step of moving

1
2  the flow control body, the rotar, and the electramagnetic members includes
3 energizing a mota coupled in the flow control device to the flow control
4 body, therotar, andtheelectromagnetic members.

1 31. Themethod as defined in claim 28, wherein the step of moving
2 the flow control body, the rotar, and the electromagnetic members includes
3 applying to the flow control body, the 'rotcr, and the electromagnetic
4 membersa longitudinal mechanicalforce originated outsde the flow control
5 device.

1 32. The method as defined in claim 28, further comprising the
2  steps of:

3 driving the rotar of the flow control device with fluid from the



-26 2o0perating the flow control device in a generator node further incicu?gﬂ 2004
3sensing the generated electricity to determine a fluid flow paraneter o

fluid 4fl owi ng through the opening. 125. The nethod as defined in claim 24,
wher ei n t heWQ @Wsed 2operating the flow control device in a geRgsayREz0de
further includes 3controlling the step of at |east partially unblocking the
opening in the flow 4control device in regsponse to the sensed electricity.

126. The method as defined in claim25, wherein the step of at |east

2partial jyu i : ' j Vi he rotor .and.

3el ect rolrlragriw;trﬁglﬁrsrg%ovgl?% axi aH)gﬂ\l}\ngtBh‘lﬁ%?%hg%&dg%o OphEhanReh Wside shedlaw ce.
1 27. Thg mechowlaeviesi ned in claim23, wherein the step of at least 2
partially unbl ocki ng the opening includes noving the rotor and 3 .

el ectrongneti c metdiéng theiphitalityi bhélectridabd Lpe.
20 JAN 2004 27,28 . A nat hoc!riﬂnlcl)f wnagi ng tl.ﬁ%ﬁﬁ%ﬁ?&%ﬂ?% W?ﬂb%?@ﬁ%éf
flow cohtr8EVHENVHEE the 1Qbersueh thaieleciaivitnas generdedrandavi ng a body in
whi ch an, opening is defined between an annul us outside the body and a fl ow
channel 8inside €RAYetingtbgelestrigiyifzem thefloweohtmbdeside ol devi ce al so
having a flow control body adjacent the opening, a rotor, and a plurality
of electromagnetic nenbers, the nmethod conprising the step of noving the
fl ow control body, the rotor, and the el ectronagnetic nenbers together to

sel ectively bl ocg3or Thiel makhode sopefitigiin tcm@ixﬁld@yy ﬁ%é?'coﬁﬂﬂé{ ingQ A’ pand
el ectrorragn&tf%eg rTFnberz. di spl.aci ng in the sane direction whe t%e dpeni ng
i s bl ocKed RBF SERETOR 9YVing LhrEpiEdvHA Brid frem itheanaiulugsthevwtapsi n
the flow cogtrol 2 body, the rotor, and the el ectromagnetic nenbers are
noved axially within 3 the body of the flow control device.

4 conducting electricity to the flow control device;

5 rotating the plurality of electromagnetic members in response to the
6 electricity conducted totheflow control device; and

7 driving the rotar with the rotating electromagnetic members such
8 that thedriven rotar pumps fluid from the flow channel of the flow control
9 device totheannulus. |

1 34. Themethodasdefinedin claim 28, further comprising:

2 conducting electricity totheflow control device;

3 rotating the plurality of electromagnetic members in response to the
4 electricity; and

5 driving the rotar with the rotating electromagnetic members such
6 that thedriven rotar pumps fluid from the flow channel of the flow control

7 device totheannulus when the opening is unblocked.



1 30. The nmethod as defined in claim?2 8, wherein the step of noving ib%ﬂw)%g
fl ow control body, the rotor, and the el ectromagnetic nmenbers includes
energi zing a notor coupled in the flow control device to the flow control

4 body, the rotcr, and the el ectromagnetic nenbers. 1 31. The nethod as
defined in claim28, wherein the step of noving 2 the flow control body,
the rotor, and the el ectromagnetic membesg.includes 3 applying to the flow
control body, the rotor, and the el ectromagnetic 4 nenbers a | ongitudi nal
mechani cal force originated outside the flow control 5 dev ice. 1 32. The
met hod as defined in claim28, further conprising the 2 steps of: 3
driving the rotaor. of the flaw.ontrol devi, with fluid fromihe 10 JAN
2004 VIO 01/ 0609G5PCTA BERIPESDIER Anaging Bnid Figl i 6\70(% ¢9%R BrigH & hReshRIsi ng
into the flypw channel inside the flow 5 control device; 6 rotating the
plurality of electromagnetic nenbers of the flow control 7 device with the

r ot or ch that riclty, | : gting,the elegtrjicity
from thb 11 ow cBuPiarisey uld (R TuBReriBRtah ARRENEON 181 BecvRfiasht
furtherg cofipid $nelading ey dridcdihdey £nd widtee; from driving the rotor with
fluid fromthe annulus, the steps 3 of: 4 conducting electricity to the

flow coptrol deyeggrating Gn/theBv€ll, water from hydrocarbons of the fluid; and
6 reinjecting, from within the well, the separated water such that the
7  separated water is not produced to the surface from which the well extends,

8 wherein thestepof reinjecting the separated water includes:

9 ' generating electricity in the well; and
10 operating a pump in the well with the electricity, thereby
11 pumping the separated water.

1 36- The method as defined in claim 35, wherein the step of

2 generating electricity in the well includes:

at least partially unblocking a first opening in a first flow control
device having a first body in which the first opening is defined between a
first annulus outsde the first body and a first flow channel inside the first
flow control device, thereby allowing fluid to flow through the first opening,

the first flow control device alsohaving a first rotar and a first plurality of

W N o A W

electromagnetic members;
9 driving the first rotar with the flowing fluid;

10 rotating the first plurality of electromagnetic members with the first

11 rotor such thatelectricity isgenerated; and

12 conducting theelectricity from the first flow control device to operate



rotating the plurality of electromagnetic nenbers in response to thezoJAsza
electricity conducted to theflow control device; and driving the rotor with
the rotating el ectromagneti c nenbers such that the driven rotor punps

fluid fromthe flow channel of the flow control device to the annulus. 1
.34. The nethod as defined in claim28, further conprising: 2 conducting
electricity to the flow control device; 3 rotatlng the plurality of

el ectromagnetic nenbers in response to thel "4 electricity; and 5 driving

the rotor mn h the rotating el ectromagnetic nenbers such 6 that the driven

rotor pldps WIERWID om the fl ow channel of the flow control 7 device to
t he annul us when the opening is unbl ocked. 2 JAN 2004 29 1 35. A nethod of

managing fluid flowin a well, conprising the steps 2 of: 3 4 producing a
fluid froma subterranean formation into the well, the fluid including

hydr ocarbons andvga;t er ;Tlhe seypthad | ayg definetihén Welabm vigd, ety HerfR hils Oﬁgbb%ﬁs
of the fluid; and 6 reinj ectl ng? fromwithin the well, the separated water

such that t(Peratingspy ‘i's not produced to the surface from which
the well extends, .8 wherejn. the rei-n ectl ng the separated water
includes? 9 generddeds I&!ré’c?tlbi E‘beﬂckﬁlg ﬁéem opening i0 woperaatd flgwac gnuterpl | n

Lhe el Ly W by b 4 5 Lok bAAPRERY i By PUIRLAG, LG, sEpar pled water, 1

36. The 4f’ﬂet hod as de erei
5 a secand annulus outsnde the secand body and a second flow channel inside

the secand flow control device, and the second flow control device also

6

7 having a second rotar anda secand plurality of electromagnetic members;

8 conducting the electricity to the second flow control device from the
9

first flow control device;

10 rotating the secand plurality of electromagnetic members in response

11 tothe électricity; and

12 driving the secmnd rotar with the rotating second plurality of
13 electromagnetic members such that the driven second roter pumps the
14  separated water between the secand flow channel andthe second annulus.

38- The method as defined in claim 37, wherein the step of

oy

generating electricity further includes sensing the generated electricity of
the firg flow control device to determine a fluid flow parameter of fluid

BWow

flowing through the first opening.

39. The method as defined in claim 38, wherein the step of

[

generating electricity further includes controlling the step of at least
partially unblocking the opening in the first flow control device in response

& wow®

tothesensed electricity.

1 40. Themethodasdefined in claim 39, wherein the step of at least



2 generating electricity in the well includes: 3 at |east partially 20 JAN, 2004
‘unbl ocking a first opening in a first flow control 4 device having a fiﬁgt
body in which the first opening is defined between a 5 first annul us

outside the first body and a first flow channel inside the first 6 flow
.control device, thereby allowing fluid to flow through the first opening,

7 the first flow control device al so havin?'a first rotor and a first

plurality of 8 electromagnetic menbers;"ddriving the first rotor with the
flowng fluid;, ro rotating the first plurality of electromagnetic nenbers
with the2fimpartiaily wdiletkisgdhe fagt epening vidlydes mysring attedfirsndott? and

SAN 2004 odttR BRIyt oot Al A e Stn b St e b i Br b oBiamd
the step of wRewpenheistap of arUeRsti prattitdbs unblakihf¥aé sPékid Bbém dntcgghwg a

second opening jn second flow control 4 deviceé having a seco y In
whi ch t sé‘é@ﬁﬂlﬁagéﬁﬁ%ﬁjnﬂ§qg@f ARdasasen deplirabity of edenttorvagmietic membdes t he

second Rkpdy : el inside 6 the second flow control
devi ce, andagﬂglﬁﬁgﬁﬁpﬁ%ﬁgﬁﬁ?@p' device also 7 having a second rotor
anda second plurality of electromagnetic nenbers; 8 conducting the

electricity to the second flow control device fromthe 9 first flow

control device; 1 rog%%ing H?ﬁ second,.plurality of el ectromagnetic nenbers

in respdnse 11 -t hdDETBELR ?%g?%ﬁ%laflmﬁﬁwgyhﬁ’@laéb@rﬁﬁep@f@ﬁ lgasth

the rotati nﬁaﬁﬁQHS*duﬁbkbEEid%}Vh@fﬁrsﬂ%p%ﬁ?é ﬁﬂ@lﬁ@@@&%&%ﬂtﬁé %:%P%t&h% the
the en the second

driven second rotor_punps 14 separated water bet ow
channel 3andiiffieplagabihy cheleginesn agnadc nTém hees avidllyswitdinnbe finst blodiym 37,
wherein the step of



2 generating electricity further includes sensing the generated el ecttd AN Qﬂ[}[’
of 3 the first flow control device to determne a fluid fl ow paraneter of
fluid 4 flowing through the first opening. 1 3q. The nethod as defined in
claim 33, wherein the step of 2 generating electricity further includes
~controlling the step of at least 3 partially unblocking the opening in the
first flow control device in response 43®-the sensed electricity. 1 40.
The nethod as defined in claim3q , wherein the step of at |east 20 JAN
2004 -31 2 partigqdy uynbhakbadof i ahiagsig ORER Mov Mgl ufeq ViKW mighblr st
rotor and 3 first plurality of electromagnetic nenbers axially within the
first body, comprigingidresiteps ¢fest epof at | east partially unbl ocking the
second opening i grée‘détgﬁﬁg ebedtHkitPdntthe welt R gespume tanffuisleflondb@vegenl aty of
el ectromagnetic nber

s 6 axially within the secong b . 41. The nethod
as defined fubudarastAngentemesy a1 ex 105 gough 3csiflews Ofgg%‘a'ﬂlhuéﬁfl gpring;

unbl ocki ng first opening includes noving the first rotor and 3 first
plurality of "ele t [ 1.5 A first body. 2a JAN
2004 -32 41. . A%ké?#ofﬂgébﬁa“%fé?ﬁéé AiNGithithtel  fict I, the method
conprising the steps of: generating electricity in the well in response to

fluid fl ow between a tubular string interior and exterior through a
sidewal | of the tubul string;, an er,ating a pu in the |1 with the
ol ectriclty. 1 493 ThdhfouRSHIR SoreABa if CRARM A wHErGEI (TE LGP 8f | 2
gener ating g'egﬁﬁiﬂiﬁgfeyedtﬁcmﬁirmhéwlenqhbrﬂﬁﬁs: 3 at |least partially

unbl ocki ng Irst opening I'n a first flow control

3 at least partially unblocking a first opening in a first flow control
4 device having a first body in which the first opening is defined between a
5 first annulus outside the first body and a first flow channel inside the first
6 flow control device, thereby allowing fluid to flow through the first opening,
7  the first flow control device alsohaving a first rotar and a first plurality of
8 electromagnetic members;
9 driving the first rotar with the flowing fluid;

10 rotating the first plurality of electromagnetic members with the first

11 rotor such that electricity is generated; and

12 conducting theelectricity from the first flow control device to operate

13 | thepump.

1 44. The method as defined in claim 43, wherein the step of

o]

operating a pumpincludes:

at least partially unblocking a second opening in a secand flow control
device having a secand body in which the second opening is defined between
a second annulus outside the secand body and a secand flow channel inside
the second flow control device, and the second flow control device also

having a secand rotar anda second plurality of electromagnetic members;

conducting the electricity to the secand flow control device from the

w oo N O kW

first flow control device;



4 device having a first body in which the first opening is defined befGedl 200
a 5 first annulus outside the first body and a first flow channel inside
the first 6 flow control device, thereby allowing fluid to flow t hrough
the first oWOWi@E09 7 the first flow control device al so haiGRUS00{19336t
.rotas and a first plurality of 8 electromagnetic nenbers; 9 driving the
first rotor with the flowing fluid;, 1o r@&ting the first plurality of

el ectromagnetic nenbers with the first 11 rotor such that electricity is
gener atgyl; and 120mMg|¢hersgc¢ﬂwpm1a¢Tt¥| cﬁleuyctféxﬁ@ghhﬁcfmreﬁlbéﬂsqw ﬁgé
device to operate, 13 fthe pump. 1 he nmethod as defined in clal

wher ei itk het@ i}éﬁ)e]cﬂ‘:trlgltd’pélna'h ng a punmp includes: 3 at least partially

unbl ocki ng a second opening in a second flow control 4 device having a
second Ugody in mﬂrmnighéhsecsam(bpmhmgwu@ ddfe methtbeg weenmnds puselibnd of
annul us _out and a second fl ow channel inside 6 the
secondi V\?i@gﬁt ggggﬁgég R’aa% Sthe second flow control device also 7
havi ng a second rotor anda second plurality of electromagnetic nmenbers; 8
conducting the electricity to the second flow control device fromthe 9
first flow control devjce; 20 JAN 2006 WD 01106090 PCTI USOQ 19330 -33 10
rotating the secéfBd pl @ﬁmm@ as| definRedaiinclaln ndkpewhereiny é:%pbn?iep ofl to

ol ural | By cFeada B el “ﬁ’ef‘g“"@? AREROIE Ll fhe Rehifated reed i o

claim 44, wiez first floe sbnucbfdevﬁcgetnedestbrmgnelze(ﬂmdcﬂb\y pardrheter @ﬁlﬂl@lﬁs
sensi ng .t he ener?#led Igﬁ Iﬁ&%g 3 the first flow control device to
deterni fie al & F‘&Welb PPYRIEL Ui d _

46. The method as defined in claim 45, wherein the step of

o

generating electricity further includes controlling the step of at least
partially unblocking the opening in the first flow control device in response

HoWwow

tothe sensed electricity.

47. Themethodasdefinedin claim 4¢, wherein the step of at least

[

partially unblocking the first opening includes moving the first rotar and
first plurality of electromagnetic members axially within thefirst body, and
wherein thestepof at least partially unblocking the secand opening includes
moving the secand rotar and secand plurality of electromagnetic members
axially within thesecand body. '

(= S T S I N

1 48. Themethod asdefinedin claim 43, wherein the step of at least
2  partially unblocking the first opening includes moving the first rota and
3 firg plurality of electromagnetic members axially within the first body.



4 flowing through the first opening. | 46. The nethod as defined in cl & AN 2004
45, wherein the step of 2 generating electricity further includes
controlling the step of at least 3 partially unblocking the opening in the

first flow swmbwabsodevi ce in response 4 to the sensed el ect}rmqvg@o,lggsoﬂ
‘The nethod as defined in claim46, wherein the step of at |east

partially unbl ocking the first opening i Iudes novi ng the first rotor and
3 first plurality of electromagnetic nenb s axially within the first body,
and 4 wherein the step of at |east partially unbl ocking the second opening
includes 5 moving the second rota and second plurality of electromagnetic

menbers _6 axially,wi,thin t second bo . The, nmet hod, as defined in
claim 4-3 wherei At AeYXEP h@f nh?n?%‘é’&gg@ %‘é‘f’tmél voll eBneEiang; the first
openi ng i ncl udes rTﬁ‘\Ell ngge E rst r ta and 3 first plurality of

el ectronBgnetic riehb&rSty P&FIF%YS\J\Ptt eiwelhto defing a by gyzor@o JAN 2004 WO

01/ 06090 PCT/ US00/ 19330 -34 1 49, A systemfor nmanaging fluid flowin a
wel |, co&prl sing:a Brsy flows contol dieVp%ﬁ;kéhg finstt flewneloh titcd decfncaedmpbse&t

o0 ok | MethebhOMERRY e 8P Yb8Rerd B T Fl BE SOTLAS) ST il
device § ha‘mmgaafﬁrﬁtbm}dﬁnlwh\i\ﬂid‘lf&ﬁld;ﬁm@g)eiﬁl @éﬁhéd dahivegd Behyeen a
first 6,annulu OUtSI he_first, body and a first fl ow channel inside the
first fl®w 2ATHYHSBIt Ec,eeﬁf%rhfdb’r@ iar Brstf flow channe|ingide dee Srgoflawi ng

a first ot ontytl dvick, Hidth JH M ﬂb{«vtébn‘%folede‘%%é ﬁg%ﬁ%é{m\%ﬂ Op;}e‘&glat hat

the first rotor and first 9 el ectromagneti c nenbers
t oget her8 as fisist phtradityiof electiemggnetiatnendera stch sha ptinpfirdtiratas em@hﬁrﬁet

control Sioy bt EndBRE At R LA SoRFEP e Rk dpeehs? 35°MRer ' it

10 generator or a first pump;
11 a secand set of packersin the well to define a secand zone; and

12 a secand flow control device, the secand flow contral device disposed
13  between the secand set of packers in the well, the secand flow control device
14 having a secand body in which a secand opening is defined between a secand
15 annulusoutside the secand body anda secand flow channel inside the secand
16 flow control device, and the secand flow control device also having a secand
17 rotar and a second plurality of electromagnetic members such that the
18 second rotar and second electromagnetic members lselectively operate
19  together as either a second generator or a secand pump.

ot

50- The system asdefined in claim 48, wherein thefirs flow control

2 device includesa first actuator tomovea first flow control body adjacent the
3 first opening, and wherein the secand flow control device includes a secand
4  actuator tomovea second flow control body adjacent the secand opening.

1 5t . The system as defined in c¢laim 50, wherein the first actuator

2 moves the firs¢ flow control body, first rote and firg electromagnetic
3 ~members together axially within the first flow control device to selectively



.13 between the second set of packers in the well, the second flow ggnisnojnii
device 14 having a second body in which a second opening is defined

bet ween a second 15 annul us outside the second body anda second fl ow
channel i nsydeitdyee second x6 flow control device, and the pegardoddig
-control device also having a second 17 rotor and a second plurality of

el ectromagneti ¢ nmenbers such that the 18-second rotor and second

el ectromagneti ¢ nenbers selectively operate ig together as either a second

generatqQr ar. 0 ne_S e . in i aji m 4q.

wher ei n't hgblpglf éﬁ%ﬁ}r}g%%?érg eééh@gtéﬁ?n‘gb%zeégqgefl Eg}é‘g@k%&& dc‘)’e"r(‘fnves
first flow @enkscindddw adhactnbodie sedafd rstaopert ngcasddelebaionh aghétc
second fl ow control devjce incl des_g second 4 actuator to nove a second

" f1ow cofit r SREBYRRF Sadpe@bsE @fEalbecyH eHihgsecan & 1 tlowrrondyal edgeise dépi ned
inclaimb5 { i the first flow contro
body, f rs%e%ég?gqun%é%k?aré{] hﬁbé%gg%%&]?ﬁe 2nbers together axially
within the first flow control device to selectively 2a JAN ?flf L WO

01/ 06090 PCT/ USO0/ 19330 -35 4 bl ock and unbl ock the first opening, and
wherein the second actuator noves 5 the second flow control body, second
rotcr and second el ectronagnetic 6 nenbers. together axially within the
second flow control device to 7 selectively block and unbl ock the second
openi ng.





