VELLBORE SYSTEM AND METHOD USI NG A FLOW ACTUATED DI VERTER VALVE BACKGROUND
OF THE I NVENTION Field of the Invention [00011 The present invention
generally relates to a system and net hodol ogy for producing fluids froma
wel|. Description of Related Art [00021A wellbore is drilled into a
formati on containing a desirable production fluid. e.g. a hydrocarbon-based
fluid, and the production fluid is punped to a collection |ocation. The
production fluid often is punped by a subnersible punping system such as
an electric subnersible punping system An electric subnersible punping
systemtypically conprises a subnersible punp powered by a subnersible

not or. For exanple. the subnersible punp may be a centrifugal punp having

i npel | ers rot at edMBLUBGRE GESEEST AND MBTHOD OSIYGwW FOWHACHUATEM t he

surroundi ng wel | bore. This fluid i qﬁfardly often through a
tubing string that can extend for é“ﬁé?ﬁ#?%gﬂ‘ tances through the well
bore to. for exanple. a surface |ocation. 10003! When usi ng downhol e punps
to artificially lift the fluid fromthe wellbore. solids. e.g. sand. vax.
and other solid materials, canBheKprOUWOER W E INYENTIANsi red wel | fluid. If

the subnersible punp is turned off, a substantial colum of fluid stands
wi t hi n t heFitidlot theglns¢ntipng above t he punping system and often tends to fal

back throug,hmt;hﬁ,eq)wmh ngen%.xm&m.u Qﬁte§8la|<d>$cn¥\‘mtdmcnmﬂdﬂf&yq&l um of flUid
segregate and nove to thc tom'of the tubing string where they can plug

and danagePﬂﬁﬁmﬁdhﬁﬁﬁgm§y§ﬂen1 GB 2411416 describes a diverter device in
whi ch the production flow flows through an interior of the device, which
i nay thus cause undue friction | oss and inay add to punping energy

reqU|renenP““BﬁPEﬁngWWﬁRV OF THE | NVENTI ON 1000411 n general . the present

invention puyeyi des aa syfbRM &Ndd Metledaliagioniaal a desirable production fluid. e.g. a
hydrocarbon-based fluid. and the production fluid is pumped to a collection location. The production
fluid often is pumped by a submersible pumping system. such as an electric submersible pumping
system. An electric submersible pumping system typically comprises a submersible pump powered by a
submersible motor. For example. the submersible pump may be a centrifugal pump having impellers .
rotated by the submersible motor to draw in fluid from the surrounding wellbore. This {luid is produced
upwardly. often through a tubing string that can extend for substantial distances through the wellbore to.

for example. a surface location.

{0003] When using downhole pumps to artificially lift the fluid from the wellbore. solids. e.g.
sand. wax. and other solid materials, can be produced with the desired well fluid. f the submersible
pump is_turned off. a substantial column of fluid stands within the tubing string above the pumping
system and often tends to fall back through the pumping system. The solids within the colwnn of Nuid
segregate and move 10 the bottom of the tubing string where they can plug and damage the pumping
svstem. GB 2411416 describes a diverter device in which the production flow flows through an interior

of the device. which may thus causc undue friction loss and may add to pumping energy requirement.

BRIEF SUMMARY OF THE INVENTION
10004} [n general. the present invention provides a svstem and methodology that
enables the removal of solids before they are able to plug or damage a dowahole pumping system upon

stappage of the pumping system. A diverter valve is coupled toa



enabl es the renoval of solids before Mc% 31-C able to plug or damage a
downhol e punping s? stem upon stoppage of the punping s? stem A diverter
val ve i s wouepdrd3toe a tubing through which well fluid ipeTpBDdG/oEdsDHY a
downhol e punpi ng system The diverter valve automatically actuates to a
flow position when a well fluid is punped by the downhol e punpi ng system
However, when the flow of production fluid stops, the diverter valve
automatically transitions to expose an exit port through which a backfl ow
of fluid anbisgothicigh edichwelblhidaspiobecct BYadwhRb1e pliBing Wy 50MNEHLEg wel | bore
wi t hout paasi ngr igpto the punping system The automatic transition of the
diverter vaIVECGlveayinmatically asiiatesip pilogirosition wrhen arredl frid éupmirsd byl ow i s

i nterrupt egheREARELDSH h i gt hin t t ubi ng
has equalized with ?ﬁepg&’}%@ﬁgﬂ qﬁ"r“‘ee??ai”@[“g?@t on r‘?%ﬁ%g & S’gtg?e. BRI EF
DESCRI PTI OffvexterMalve primmaticsly 0a68ioge to axposeemizaitipoe irsugif whith aibastefiig on Wi | |

her eaft er i i rence.to t acconpanyi drawi ngs, wherein
like refer gﬁ%@ﬂ%ﬁ%@a sc%}élrg(‘)/% gljo |t§%ﬁ1§fn§r}%t83€? S“&WH%{%XYGQ?@F@G&@H& is a
front el evaissing intd ¢he mimpinglsysreno| Bhepubimiatio taMSHaNdORE IR valvedoWel | bor e,
accordi ng Lo an enblgdiﬁgent of .the pre encgpetilnventi on; éOOO?lFi gure 2 is a
schematic PHOGEHE SE BRIt SFCuws whem e @rodusiiopeflaw Sinieeppts reggetiess Af whethey st em
of Figure the istem@ stesgrd witldh 1y aBH: KB bquatfizel RAHAKE SABMal SNQDE he

[0008] Figure 3 iis a schematic illustration simlar to Fi'gure 2 but show ng
t he surrounding wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Certain embodiments of the invention will hereafter be described with

reference to the accompanying drawings, wherein like reference numerals denote like

elements, and:

[0006] Figure 1 is a front elevation view of a downhole pumping system deployed

in a wellbore, according to an embodiment of the present invention;

[0007] Figure 2 is a schematic illustration of a diverter valve that can be used in

the system of Figure 1, according to an embodiment of the present invention;

[0008] Figure 3 is a schematic illustration similar to Figure 2 but showing the
diverter valve in a different position, according to an embodiment of the present
invention;

[0009] Figure 4 is a schematic illustration of another embodiment of the diverter

valve illustrated in Figure 2;

[0010] Figure 5 is a schematic illustration similar to Figure 4 but showing the
diverter valve in a different position, according to an embodiment of the present

invention;



diverter valve in a different position, according to an enbodi nent of the
present invention; [0009] Figure 4 is a schematic illustration of another
enbodi mnerwoahordsersdi verter valve illustrated in Figure 2PCT[IBBM@)dS0SIUre 5 is
a schematic illustration simlar to Figure 4 but showi ng the diverter valve
in adifferent position, according to an enbodi ment of the present
invention; [O00l11l]Figure 6 is a schematic illustration of another

enbodi ment of the diverter valve illustrated in Figure 2; and [0012] Figure
7 is a schematic illustration simlar to Figure 6 but show ng the diverter
valve in a“ﬂgaifrent position, according.to an enbodi nent of the present

i nventi on. | LED pgs @CWEWMH@FP%@I[W@}mWQOﬁ@WBN@m ng
descripti Oﬂalvélﬂﬁﬁﬁ-ﬁé@mqqé@%b,saﬁe set forth to provide an

[0012] Figure 7 is a schematic illustration similar to Figure 6 but showing the
diverter valve in a different position, according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION
[0013] In the following description, numerous details are set forth to provide an

understanding of the present invention. However, it will be understood by those of
ordinary skill in the art that the present invention may be practiced without these details
and that numerous variations or modifications from the described embodiments may be

possible.

[0014] The present invention generally relates to a system and methodology for
pumping fluids from a wellbore and for protecting the pumping equipment. The system
uses a downhole pumping system which pumps wellbore fluids through a diverter valve
and a tubing to a desired collection location. If the flow of pumped fluid is stopped or
sufficiently reduced, the diverter valve automatically actuates and diverts any backflow
of fluids and solids from the tubing into the surrounding wellbore. This diversion of fluid
to the wellbore avoids any blockage or damage to the pumping system due to solids
within the fluid column.

[0015] The system and method can be utilized with a variety of downhole
pumping systems. One embodiment comprises a downhole submersible pumping system,
such as an electric submersible pumping system, as illustrated in Figure 1. As illustrated,
a well system 20 comprises an electric submersible pumping system 22, a diverter valve
24 and a tubing 26. The diverter valve 24 is illustrated as coupled between electric
submersible pumping system 22 and tubing 26. Furthermore, the diverter valve 24
comprises an exit port or dump port 28 through which fluid within tubing 26 can exit into



under standi ng of the present invention However, it will be understood by
those of ordinary skill in the art that the present invention nay be

practi cedweiznémssischese details and that nunerous vari aPCoMmB2006/003953

nodi fications fromthe described enbodi nents may be possible. [0014] The
present invention generally relates to a system and net hodol ogy for punping
fluids froma well bore and for protecting the punping equi pnent. The system
uses a downhol e punpi ng system whi ch punps wel | bore fluids through a
diverter v I fl ow
of punped F dﬁllagl ?%’%%g}eé?)o‘%ﬂesnu ?é‘lkgﬁ yB érde ce ’t%gﬁlgé ertsgétdéa ve

aut onat i cabfpunamnguayswnahd di verts any backfl ow of fluids and solids from
the tubing into the surrounding wellbore. This diversion of fluid to the
wel | bore avoi ds any bl ockage or damage to the punping system due to solids
W t hin the[go1g] d col Iihe ehﬁ@d;ﬁx]eﬂ'ﬂiﬂumﬁdﬁmvaﬂﬂldmedmdsmmﬂelp’ainbh)ged with a

vari ety of downhol e punpjng systens nt co ri ses a downhol e
subner si bl &SP ﬁ&lm?@ﬁwﬁ%eﬁ 2&5""@%’@ Idé'ﬁb‘ﬁ) @n&%?ﬁoﬂﬁ%yst em
as illustr ?Jrﬁﬂtlblmd): | B1ESic SubrfSsiblel pasd y.l?gts%@te 2‘"@'5415 ﬂc&ﬁwo@a GeMRises an

el ectric subnersible punping system di verter vaI ve 24 and a tubing

26. The di J2lacetedyigr oxanmie,jaga surfaqg B4 af the carth. cBuppiag sysame2 i aspeaded by
b bl t
valve 24 cOVRTL 09, BeRbaButaA0 SolibhBfle o R, ARLEN R SWURTTBE (L

tubi ng 26 @ail ieprdducadtlyy thepsmpinguystikmg2wel | bore 29 when the fl ow of punped
fluid drops, such as upon shutdown of punping system 22. [0016]In the
enbodi ment illustrated, downhole electric subnersible punping system?22 is

di sposed i poosg] | bor e ASi1uktiaedd, welltshié b9 Rdined wathhewMibeee dagingBE hating
geol ogi cal faormation 30. El ectrjc subrrer si bl e punpi ng system 22 | s

suspended BefRiensithiougl whih IM%‘W betyeendforpsion 30and yellhpre£0e FO1 of t he
earth. Pu ”Bka{ﬁq)lé c%?oohsba%d 9;}1@% f&dmmﬂlaaén 3¢ fiffou nglfeﬁufafubﬁm ubi ng,

coiled tubing,” or othe ubin rou which a well tlul roduced by
the punpi ngndipga wnhltgge 29 aol)m]ntsslecpmq: mneambld pumeingmstemm Ihnomen@angm th a

wel | bore casi havi.n rf 4 bet ween
formation 36-& IQ& V\EIHI%% g }Ef)ge or agf%g TO%uE%%%g 'yc%“’%ﬁ?éf‘% %Ld‘i #I%DUI d may
flow from fvﬁllVéle aadtuBbhgt 26rt0 watihg@dr3Rand bh oms désﬁ)redndllecnbmpmt.l bore 29

adj acent el ectric subnersible punping system 22. Upon entering well bore 29,
punpi ng system 22 is able to produce the fluid upwardly through diverter

val ve 24 apghiBpbi ng AGhb@:hédieR8m3siRePulping Qyterfl 83 nfa§@ofplibesividen poi nt.

variety of components, the example in Figure 1 is illustrated as having a submersible

pump 42, a pump intake 44, and an electric motor 46 that powers submersible pump 42.
Submersible pump 42 may comprise a single or multiple pumps coupled directly together

or disposed at separate locations along the submersible pumping system 22.

[0019] Electric motor 46 receives electrical power via a power cable 48 and is
protected from deleterious wellbore fluid by a motor protector 50. In addition, pumping
system 22 may comprise a variety of other components depending on the type of
pumping environments and applications for which it is designed. By way of example, the
pumping system 22 may comprise a sensor unit 52 disposed at its lower end for sensing a

variety of wellbore parameters.



[0018] Al t hough el ectric submersible punping system 22 may conprise a w de
vari ety ts, the exanple in Figure 1 is illustrated as having a
subner5|§%8%§9ﬁ§§§2 a punp intake 44, and an electric RGLEP20E003R35 power s
subnersi bl e punp 42 Subnersible punp 42 may conprise a single or nultiple

punps coupled directly together or disposed at separate |ocations along the
subner si bl e purrpi ng system 22 [0019] El ectric notor 46 receives el ectrical

power Vi a rotected fromdel eterious wellbore fluid
by a not or ct oraﬂfo 4‘???’ #511%%33?5?3‘?@%@“%5%@@ ble flyidwithio orhing 26 a
variety of ammrsoﬁdmwmﬁﬁmﬁ§ﬂtﬁﬁl@@ﬂéjddﬁbeﬁ@o %ﬁb&ﬁé@@ “ﬁ{"nexanp 16”1‘# &%EWWEPEZ

and applications for which it is designed.
system 22 thlp Praping systpm R ismmedfr. cﬂngolsenpmgmagamlmiﬁetredwd for

sensi Nng a Mgviud The m. .20 uses
sel ected porti nglylte%H enaHsg?cgl ui g Hﬁg{é%’ﬂ&é%gg e&r?ﬂ\e IE%?di kibe hin t he
fluid to b@ﬂmﬂﬂtﬁ&b}t wtiliging @mmu&osﬁremluﬂgﬂomn&m&ute@hﬁﬂtﬂdv@tb%ﬂgﬁ%é| bl e
punpi ng Sy@ﬁf&?@r%&l urneesd oi W%geéag rzgl ng IS agal n initiated,” a novabl e
mechani sm1's noved iPROSHLG dgs5 gpa ivagign phthemacch amﬁm@hﬁomqseaﬁd bl ock
the exit pbﬂ’ereﬁﬁall@yesumrelacﬁngkgl the BlcBRitnead M58 lg&ﬁé# %%[gqﬁ)@vol ut ed
fluid flowthrough the diverter valve. This essure sse

act i vat i ortBY S5 unetiste samaliging of pressee w1d lmtateea winrh alovemestsifitle acti ng on
the mechannédfe@Smivith BidihalRrld TR RGeS B PRW d]gerglog 'cc]>c %e V%n&aﬂeil&mw diate

equalizing of pressure and initates a return novenen smwth
mi ni mal f ofQVerathes thandyyditetpressares | ow di version to be controlled by fluid
flow rat her than by direct pressure. [0021] Referring to Figure 2, an
exanple of a diverter valve 24 is illustrated. In this enbodi ment, diverter

val ve 24 d@%ﬂ. ses Refdrtng (oRigage, Mexahfpwmdﬁ/améivu%lz4ﬁéﬂ1h§h~dté1 gynped by

punp 42 d oduct.i on of S|red well fluid, such as a
hydr ocar bon- %gls g%nﬁ:ﬁ diyertey W?Jg sesp How PB@a&%(Vaihmﬂgbles@tWﬂI Buidt ubi ng
26 to credspumpaibyming @dﬁﬁﬂ@/brﬁd\icﬂon 5F ¥ &dsir8d wéil tha:Jﬁ %%gﬁ%@?&,% es a

or

novabl e h%trﬁﬂl‘g] 6 which i s novabl e between exit I mary
fl ow port ulg'ﬁwvﬂ?ﬁﬁﬂgeéﬂ m?é(d’e\%laﬂypffﬁﬁtd'romtuemg Zﬂtomepmeolﬁtéd

Movabl e n&m,a{u  TDRBEOVEN [ﬁﬁﬂ% . bet

position bI ocki ng %r@rtmary éf%ga\jlvscg%rt gg %gv%bﬁ'«? ﬁg’ﬁ ‘\,/%? and a
posi tion [EBRR ¥t e&nt 28 pml ap@&msa&ow porti S8 thadwesh wmcEp@npai well ﬂﬂdfehteﬁs

enbodi mentg, g f‘ . 6 on 62 slid &Pm)unt ed in a cylinder
64 t hat nay Bie ofI ent edQ genera ?‘9‘%3 SPPRPSSRA ORI @&@éeswv% enabl e
movenent twvenrbeomﬁmbbbkmgpnmarymwpéﬂss\ldaﬂndsu"é&d%ﬁlﬁl 2 aRPLt 28. Menber
60 may be Vi Ng, proxi mate prim "ow port 58 and a
second pi .I;’%) g’%ﬁ \érf]ﬂ%?%f H@teﬁgr@rmmé% Ipdhip ﬁ@bp&{lmninmembMQ port
28 to sel ecmpmwpm@mmmasiy%&nﬁéa%%kﬁn&%& that &%g%ls\%gﬁ}e@g%{aﬂlz st ops

and there is fl ow of punped f ressure acti Yends of
menber 60 PGl Withlow passage @sqnh‘@}emmmt%memheM&betwe&ppmmgyﬂo&/ able to

nmove Menbeprt 80 aMd EAt parph rimry flow port
58. In th?s poSi ti onisa exﬁ%@%@?%&&%%g% &Wg"iggﬁf e\ t hin

t ubi ng 26PHBaEdew pert 58 wad h enod pﬁtanrmoﬂghﬂewubnocmfgtmaﬁber@s mdvidgst rat ed by
arrows 68pﬂ)fxnfét9 %?p&‘t 28 to selectively open and close the exit port.

[0022] When pump 42 stops and there is no flow of pumped fluid, the pressure
acting on both ends of member 60 equalizes, and a biasing member 66, such as a spring,
is able to move member 60 with minimal force to a position blocking primary flow port
58. In this position, exit port 28 is open, allowing the contents within tubing 26 to exit
into wellbore 29 through exit port 28, as illustrated by arrows 68 of Figure 2.



[ 0023] Once punp 42 starts punping well fluid, the pressure of the well
fluid pushes piston 62 and noves nenber 60 al ong cylinder 64 to open
primary fwowomss1928 and cl ose exit port 28, as illustracedBrone/bisgis e 3.
The differential pressure of the punped fluid is able to overcone the
relatively small biasing force of biasing nenber 66. Wen punp 42 is
punpi ng properly, the pressure P1 acting on one end of nenber 60 is al ways
greater than the pressure P2 (see Figure 3), thus holding nenber 60 in a
position enabling upward fl ow of punped fluid through primary flow port 58,

fl ow passa 4, and_ up through tubing 26, as illustrated by arrows 70.

However , ug@ﬁitoppa@%&mt@?ﬁm&W@Nt\ﬂb‘ide%mf@s‘n@@ﬁ‘élsWediﬂu.iﬁhger occur
and Pl equailsh toB2 8hd Fldy i te LasS r hes nmber 60
back to thgllj1 gdsa‘i&? iopn iIIust_}&artﬁg%g?tr@%%%%ﬂéde?gﬁﬁ%%pﬁ?’?aﬁg?iéwfplogvr%%port 58
i s bl ocked osexexit PP 8, dllusiratnddn Figyresh dBheadiffaickfidl pressdre fof theghufpedn t ubi ng
26 into th i I . 20, 24 her .embodi nent he novabl e
nmechani sm g‘éﬁ%é@ﬁbgds‘{g%ao e ?%qu—llvélgrsg{gﬁ% 1a§#§|vql%1:ce PF&FWJ% HEFP%SH%TE 0 npvabl e

mﬁc hanih sm Beng ézr}';slrpum?@pmmm thegprisairt Péaéting oh2nbaxd Bﬂrél@%abéﬁﬂl iP arzx%?ge ;4
t her et hrou valve 72 i s connegt 0.a piston 76 by a |inkage 7
that may bgg%tf"rvo%‘%%‘le;?méﬁ‘ﬁﬁ%é@e? 3 p&ps heldinganepsbes 64 1 @ posiéonyngbling 76.

Addi t i onal tpyward flowag iptgpedfibigrth®sh ?gﬁ&;gﬁ,pgpmg{ra%g ggg oﬁsa?ﬁ%gﬁh % %ngc ?ntgae]E ngsv n

pi ston 76 and top.80 to bias pis

t hr ough prﬁ%ﬁ%gs t‘ﬁ?‘%ﬁ/\?%&? fllusigated, By prowis 10- dil@evien uppy stoppage of pumnh2, thesi t i on,

fluid w t hfigw tkeld i I t hrouagh, fl.ow passage
410485 nd lﬁlglepﬁ\ﬁz%ﬁrfﬂlfl e ﬁlial%gymv\?gﬁéeglﬂ}{ 0%1‘51?’(1 b

74 of ball valve 72 and intd the surrou ore PFP8st r at ed by

arrows 82.mpmbertiopuales satinthen 60 backpp dsmesition diatrated in Bigueeii vigeB4 i s

di sposed t i L6, t eep the pressures acting. Qn bqth sides of
pi ston 76 @gga Iﬁ\?ﬁﬁb@l};ﬁégﬁ?ﬁ?&éﬂ 0‘?“"3?{}%@&? PRF OFF%{}\? @Wkﬁawgﬁuﬁd@ﬁna.
[ 0025] Howetubing 26firgn tie sirtrowndifg wellboré i d is initiated by punp 42, an

unequal pressure situation is again created, as described with reference to
Figure 3. This pressure differential is sufficient to nove piston 76

agai nst t hjgobilasi ng Adee cABEdihRE: dBthdinssitlomBBIRRE &Fis pﬁuﬁt% gpen primary
flow port 58, as illustrated in Figure 5. The novenent of pi sgon 76 al so
rotates ballpught gid FoIn thisembedingant inpryablesvechanisragé cmprised aebthting balel y WO

200710831 / Q54 ' t .28.,1n this position, well
fluidis gﬁa@%ﬁ@g?ﬁ& ﬁ%%&%g%ﬁ%%?‘%%ﬁﬁ b B lacsp FicnP9oLe 1B APSIFe 54 and
cont i nues Topwes littkpge Ti¥ batmay bbpivgtaBly, coapled td the bilavalde Py agd toaMEpiSOn

[ 0026] Anot-}&erA(ﬁl?go%gi msrt'rE of di vgr%%r vsl ve 24 is ilJustrated in Figures 6
and 7 I'n thr $enbodient ST DEPPEC0y e &8s 25pmng, smegitienedhetweqnnisten 6 t ool 90
coupl ed t and astp®ddo ¥iab pistonIR to@aldd fosiot bRlckiplRAY th¥sheh Pty ffé\gggﬁ 90

conpri ses fi'FISt | eq %6 and a second |leg 98, and secornd Y-tado

conpri ses & EotPEeElsin g - by thisggsition withindgnbiag g6 ictillogved écodd | eg 102
that are cRMAGEE@Fthieuchiflo% pd tiv . A
crossover tube 104 cor%nect sp fs%g?@loggﬁbgﬁév‘%?%%ﬂﬁ%%%ﬁ%a&g@ﬁg gt"ﬁzﬂ’%{%p of
first Y-ta8iaglusteind by asiows S8y én thisxyebotipers caypressiies dqunlitatibe gpebiy 4 isecond

| eg 102 aty; : -tqpl. 92. The.cro ver. tube 106 creates
primary fltdés\tﬁg%g&ftﬁggg P 131%%99 E%K%GP 0SS BVEME I FY OS“F‘QS? %fbﬂlﬂ%n g%ﬁ‘ﬂ’la ow of
fluid to ewiehppmptd228ndterodadingm fldw sfpung@dIwid.as illustrated in Figure 6.

[0025) However, when a flow of well fluid is initiated by pump 42, an unequal
pressure situation is again created, as described with reference to Figure 3. This pressure
differential is sufficient to move piston 76 against the biasing force exerted by biasing
member 66 and to open primary flow port 58, as illustrated in Figure 5. The movement
of piston 76 also rotates ball valve 72, thereby moving flow passage 74 and effectively



[0027] I n this enbodi nent, a piston 108 is positioned for sliding novenent
within first legs 96 and 100 for novenent between nechanical stops 110 and
112. St opwd2Bowvmy19ve used to bl ock novenent of piston 1@8TpRzwe/posdseary fl ow
port 58, and stop 110 may be used for nounting a biasing nmenber 66 agai nst
pi ston 108. Effectively, the |ocation of nmechanical stops 110 and 112
enabl es novenent of piston 108 between a position blocking flow through
primary flow port 58, as illustrated in Figure 6, and a position bl ocking
f1 ow t hr ouglosigyickit Bort 0826 thdpokitibalShd1Pigd 1é 'd?v%rti% menber
66, e.g. a s ang,pls used t? bi as piston I mggg%% %%gﬁﬂlon ocki ng
primary fl 6‘6@/"?)811 iaflpw passage 54 apd e@twemmeqrdlmﬂuekgg@bmm s iffogiatéddryed in
second Iega&§@ %@ prevent downfl ow t heret hrough. Wen the punp 42 is off,
pressure on both ends of piston 108 is equalized, and biasing nenber 66
noves piston 108 into the position blocking primary flow port 58. Fluid and

orossover Bl 10" At PSRRI e D Hhisb e s waes it A
wel | bore. hiﬂﬂls%ﬂi)ﬂﬁﬂéiﬁ,%%f 1BRODH1s Qe %Dy 1@@1@6?%@@0%2&%% 4 SecORET at ed,

t he pressug{ econes %%a { than the pressure P2 as descri bed above and
as further |tPP fodprya Aal pi-tpgh &4 7Eirst-too ?‘é%%ﬂr@emﬁ*%k&%@ad afsepands

pi st on 1081ex@SMmEsethddY BRI b} h&apﬁéeata oS %mye f08WnR 9% Brrésﬁ;oﬁ‘ﬂﬂ bl ocks
exit port 2 inthis position, well urrpe upwar g%

di veréI er x@ﬂcvad@g loiﬁ@tgm@pwctedmﬂrsﬂag\%annrswgdlefg%quamaglg B4, which
Cwardry. « Roaavp e RO hnloift B9 0B RESQBRPRE ok B fon Il Faolob) 44 19

st opped, t hempsoe’ssmbel(li&comnems fgtlen 160 tsdcamslepil 0nat thetoproFssisne YRibol and
pi ston 108,4 syoved b rd 66 to blogk pri ort 58, .t her eby
openi ng ex?% ]ﬁ%?ﬁroﬁgv%ﬁ@%ewgﬁﬁa%pm BWPBftrggi %1‘1&]3%1?{(8 so%¢n e 194 ough exi t
port 28 i ndigectsBie bavkilowdifRgl toekltPer@828mddtin SR WD ss MAkieed AgifRE Mat i on
of the dual Y-tool design can be acconplished by stacking and connecting

standard Yt ool s, or the general configuration can be customfornmed with
appropriately si zed tubing for a given application. [0029] The conponents of
the well system 20 and the specific structure of the diverter valve 24 can
vary accor §0R&dl t o t hla thiy pmbedimget, hipistan )8k pesitioned forwlitlingemsiementrent , and

desired de r X t he diverter val

vari ous co"r%iponen?tl%';gl%ean?1 lpﬁ?rngorvep[}a%meb WgeW?%gﬁ F°8§§¥6§nqc]g]rs}sr§?ﬂ:urred
t hr ough cohi\2ohay betudel] ti blotk mwvemmbebmoﬂrmspdst@gm@nﬂdsxoboﬂ\ssraﬂd%popem ng
and cl osi ng, of {; flow, H)s and exit ports. Additionall vari ous
pi stons or @F Q%‘P Gsine tagmlss 6 g@&a&?ﬁtﬁbgf@dlq{‘oﬁ f?ﬁﬁyﬂéﬁ‘rlﬁéﬁlﬂe under

the i nfl uelegicfofddchani@nkto 11@!@1&%2%&@&%&&&&%%&1&8%1)8 By G as
general ly described above. 0030 Accordlng al t hough on

enbodi mentRosEionileckingdiow, thr mhemmaéy] peapertiers Iue@tatqdbeaxgume él,eﬁndml above,
those of Oﬁd%itﬂﬁrﬁfo&lﬁlglsﬂllob\* ﬁ‘]r&&ﬁ eﬁ’ft{poWZ%l aslif ?tegepa leng'a? . Bilgl, many

nodi fi cati'ons are po e Wthout nmateria rom e teachi ngs
of this i muemberdié, e.Acxeprivizniglused te bids pisdati IOSaawmdraq;oaﬂmnibIﬁckmgqﬁuﬂaﬁy be

'CEZ: lI\J/ged V\flcgvt} 'pgrttsg.e A?s%og Slugfor to&ferS bl'()&gaeggtl '14? Ps p%%hggéd n secong léghIeOZCtL>a| -
prevent downflow therethrough. When the pump 42 is off, pressure on both ends of
piston 108 is equalized, and biasing member 66 moves piston 108 into the position
blocking primary flow port 58. Fluid and solids within tubing 26 flow downwardly
through tubing 26, through crossover tube 104, and out through exit port 28 into the

surrounding wellbore.



What is clainmed is: A systemto control fluid flowin a wellbore"

conpri si ng: wel | bore fluid diverter valve that may he coupled to a

t ubi ng stwonge7/ask®2wel | bore fluid diverter val ve conpri CmgB20os/H08a53 fl ow
port through which a punped fluid flows an exit port that opens all ow
route between an interior of the wellbore fluid diverted- valve and the
wel | bore; and a novabl e nmechani sm novabl e by the punped fluid to open
the primary flow port and to close the exit port, the novable nechani sm

bei ng bi asqgoig) c! OSWHGH?HIBf) 4084 Fpehdt QY 1ROrEssBRD, R ARELréd)e thihl the POT T UpON
st oppage of theé gunped fluid, wherein the novabl'e mechani sm conprises a

pi st on andPeEssye Pnasedesqrihed gbovgain s fusthet iHupigptedhin Figure @n Thisrpdessure g

ener al | | a .of f et Q nova chani sm
Phrough whi et S BT okl basicty AR opkb bty pR RS ARCT S
further cohlockséxigpat 28.0n tigs positian, sweh rfmﬁckislphmmdmmargly&mggmﬁitvermgye t he3

unped fluid through the .1 Qore fluid, diverter val ve and. the tubing.
'FI)'h rem syste mv%ge ?éc ?ﬁwl??d\élfué‘% ﬂ‘?‘f'? tb\m’@:hg}w LN a'%i“@ﬁ ﬁ’été?%?ﬁgré’ﬁg]& onprises a
spring to biossvehRbpiles i seeonreh 98, Beforé Estilintiihg \Wpivarily MeoughitiBiny 26,la8W port
Is closed,, 4. The systemas recited in claiml, wherein the novabl e
mechani sm Bprted BY aifows | 16. JEpwap (4 & stiornsddhe Areswyee Roqnee penin equpdizesoupl ed | o

the pi st onyif ildisreSUAL B MSidi6E | 68 rhdVel b sPidh 60 GkDrinley BbRRR 58
conpri ses glpréggﬁre ggﬂaliéing opeﬁ?ng tzgﬁgé%roug%, P % ’
thereby opening exit port 28 and enabling backflow of fluid and solids through exit port

28 into the surrounding wellbore 29. It should be noted the formation of the dual Y-tool
design can be accomplished by stacking and connecting standard Y-tools, or the general
configuration can be custom-formed with appropriately sized tubing for a given

application.

[0029] The components of the well system 20 and the specific structure of the
diverter valve 24 can vary according to the type of wellbore application, well
environment, and desired design parameters. For example, the diverter valves can have
various component designs that are able to utilize pressure loss incurred through
convoluted fluid flow, thereby providing control over the opening and closing of primary
flow ports and exit ports. Additionally, various pistons or other movable mechanisms
can be constructed for movement under the influence of differential pressures and

pressure equalization, as generally described above.

[0030] Accordingly, although only a few embodiments of the present invention
have been described in detail above, those of ordinary skill in the art will readily
appreciate that many modifications are possible without materially departing from the
teachings of this invention. Accordingly, such modifications are intended to be included

within the scope of this invention as defined in the claims.



6. The systemas recited. in claiml1, wherein the wellbore fluid

di verter valve conprises a housing having the formof a dual V-tool.
7. A downhol e punpi ng system conprising: a subnersi bl e punpi ng
systemthat nay be deployed in a wellbore to punp a wellbore fluid,

t he subnersi bl e punping system conprising a submersible punp powered
by a subnersible electric notor; a tubing coupled to the subnersible
punpi ng systemto direct the wellbore E’lé'ﬁk/& and a diverter

val ve coupled to the tubing, the di yeF al ve being biased to a
dunp position routing back flow of wellbore fluid into the well bore,
the di vert val ve responding to a differential pressure created by
operation of MfHe CUREFsi bl e punp to open a flow port for forward
flow of wellbore fluid punped through the tubing, the diverter valve
being located in an axially offset position relative to an adjacent

fl ow passage t hrdggtemid emirb] finid floy ipraodel ok, bgmphigng ubmer si bl e

punpi ng system xS emas. recited in clai.m7, wherein. the

di verter valve cao%%)b-sgg%ﬂ%&gﬁvsep ShYV3hee ggnrln%% esf(?uggeglrp?/a fung ?%ﬂ%éﬁef gellbore
bl ock ei t heffuiddivexer talywaoimpristhigough whi ch the back fl ow of well bore
fluid is nuted into the wellbore, or the flow port, to _prevent back
f1 ow t heret hrough whérPHREY W%ﬂ%ﬁﬁ'&gé@“}k}eﬂ’%@ﬂq“gﬂW& ops. 9.

The system as recitedyiRitGbRitmtBpete&l BoukdGerfbdeitinferi¥RbMBe wellbore
conprises a spring positioned to bias the piston nechanismto a

posi tion bl ocki rigpd dygrtetirabiegindtthewellore;podt . 10. The system as
recited in clalm7, Wigrghn Lha, dlNertok Al ye SOIDr 383, BBl BLon,
Cthe piston <BGY PR Bypymary

coupled to a ball valve el ng bl a 0 open
val ve and enabl eldvpor awktofdl@setied exfif port) termovableanéchbning befiighidsbé to close

wel | bore when t(l} subnersi bl e puppi ng system stops punping. |i.The
system as recit Ee P'ﬁméiyatfw port gﬂ‘é&e‘?p%n XY RPEYHPER S{?’Bgﬂ%@ 03 ynged g
nmovabl e fluid, wherein the movable mechanism comprises a piston and a cylinder for
slidably receiving the piston; and
a generally parallel flow passage, axially offset from the movable mechanism,

through which the pumped fluid flows.

2, The system as recited in claim 1, further comprising a tubing and a submersible
pumping system to move the pumped fluid through the wellbore fluid diverter valve and

the tubing.

3. The system as recited in claim 1, wherein the movable mechanism comprises a

spring to bias the piston toward a position in which the primary flow port is closed.

4. The system as recited in claim 1, wherein the movable mechanism comprises a

ball valve positioned in the exit port and coupled to the piston.

5. The system as recited in claim 4, wherein the piston comprises a pressure

equalizing opening therethrough.



mechani sm novabl e by punped wel | bore fluid to open a flow port and
close an exit port, the novabl e nechani sm being biased to close the
flow port and to open the exit port upon stoppage of the punped
wel | bore fluid. 19, The systemas recited in claim7 wherein the

di verter val ve conprises a housing having the formof a dual Y-tool.
13. A net hod, conpri sing: coupling a diverter valve between a

subner si bl e, punpi,ng system di sposed in .a wellbore and.a .tubin

t hrough whith a %ySt%Wlﬁaeﬁl@gﬁ}@a‘ade{’ herein the ‘?l@’\‘?fedt?‘ﬂgdlvﬁgerd‘?‘\y‘é@r ter
val ve W t h @nifei¥bes hdmMaaeinbehdRen o a@ugdpeddion flow position and an
exit flow position in which well fluid within the tubing is dunped

into the well bore, the nenber conprising a piston slidably received

in a cylinder; ﬁldf)wnﬁ@gk)&gpﬁgrgggggp mé%_g\i}\%he production fl ow

position via a. erenti a ssure (1 fluid punped by the
subner si bl e punpi supneystle ppmpngpysigm et maylbeiddplphedinghvellbgertepahipya
parallel flo assage, and . bi asi ng, the nmenmber with fficient
Porce to moVe ety beFuhaersihle RABRIESEIT HPRRER A eIy B Bunped
wel | fluid sdvaped byl4 subderéblcRdirsméegi ted in claim 3, wherein

provi ding conprises providing the piston in a form that is npvabl e
bet ween a pri mar¥tubingsopRied tosthe sehm@siple nysing systym tplireptdhe, wallgase fluid;
recited in glsaim13, wherein noving conprises noving the nenber to

expose a prinmary flow port through which the well fluid is punped
t hrough t he di vea digerterajalve coupled to the tubing, the diverter valve being biased to a dump

position routing back flow of wellbore fluid into the wellbore, the diverter valve
responding to a differential pressure created by operation of the submersible pump to
open a flow port for forward flow of wellbore fluid pumped through the tubing, the
diverter valve being located in an axially offset position relative to an adjacent flow

passage through which fluid is produced by the submersible pumping system.

8. The system as recited in claim 7, wherein the diverter valve comprises a piston
mechanism slidably positioned to block either an exit port, through which the back flow
of wellbore fluid is routed into the wellbore, or the flow port, to prevent back flow

therethrough when the flow of pumped wellbore fluid stops.

9: The system as recited in claim 8, wherein the diverter valve comprises a spring
positioned to bias the piston mechanism to a position blocking flow through the flow

port.

10.  The system as recited in claim 7, wherein the diverter valve comprises a piston
coupled to a ball valve, the piston being biased to open the ball valve and enable the back
flow of fluid from the tubing into the wellbore when the submersible pumping system

stops pumping.

10



16. The method as recited in claim 13, wherein biasing conprises

bi asing the nmenber with a spring. 17, The method as recited in
claim13. further conprising rotating a ball valve to enable fluid
flow fromthe tubing to the well bore when the diverter valve is in
the exit posi lion. 18, The nmethod as recited in claim 13, wherein
provi ding conprises providing a slidable piston within a dual Y-tool.

19. A syste C rising,; a.tubi depl.oyed..in.a weilbore to carr

vei | fluid iy gi rsty%tfm\%‘ﬁlr%te@&g%&% ‘%*‘%%%t‘lﬂ%ﬁﬂjf VPR CQRRIGEE 8 movable
val ve conprinsihagismane@bledyyiugtheli vasltbpRIEAUR dpeh auhy yH &1 d&e anekit port,
fluid is delivered, to the tubing; a cylinder and a piston nechani sm
slitiably niBtRosable mechaisny heipg hiaped tg clase Hgrflpv Pwrpﬁptop@rhﬂwgﬁ PRFiupRn
the well f|§ﬂ$ﬁa%é@f”kﬁebﬁ%9e&@@ﬂ%%‘ﬂﬁi'd!ﬂ ed fl ow passage when produced,
and an exit por I

exposing an interior of the tubing to the weil hore;
t he pi ston nechani sm bei ng noved to open the primary; flow port by a

flow of wel], fl uj r.oduced.t hrough the convol uted fl.ow passage, the
pi ston mec htazhi slr#h%o Py & lieggk&%%ap\ﬁeﬁgh}lq#g&ﬁg?ltve 3@‘8"%56%?(1‘9“%%
exit port viweingithefdrnamfaafualehtbolf | ui d decreases sufficiently, the

pi ston nechani sm being axially offset fromthe convoluted flow
passage.

13. A method, comprising:

coupling a diverter valve between a submersible pumping system disposed in a
wellbore and a tubing through which a well fluid is produced;

providing the diverter valve with a member movable between a production flow
position and an exit flow position in which well fluid within the tubing is dumped into the
wellbore, the member comprising a piston slidably received in a cylinder;

moving the member to the production flow position via a differential pressure of
well fluid pumped by the submersible pumping system;

pumping well fluid through a generally parallel flow passage; and

biasing the member with sufficient force to move the member to the exit position

when the flow of pumped well fluid stops.

14.  The method as recited in claim 13, wherein providing comprises providing the

piston in a form that is movable between a primary flow port and an exit port.

15.  The method as recited in claim 13, wherein moving comprises moving the
member to expose a primary flow port through which the well fluid is pumped through
the diverter valve.

16. The method as recited in claim 13, wherein biasing comprises biasing the member

with a spring.

11



20. The systemas recited in claim 19, wherein the piston nechanism
conprises a spring positioned against a piston to bias the piston
mechani smtoward opening the exit port. 21. The systemas recited in
claim19, wherein the piston nmechani sm conprises a ball val ve noved
by a piston to control flow through the exit port. 22. The system as
recited in claim19, wherein in the piston mechanismis positioned in
a housing hf97\{I ngTﬁehrgetLg(E ang r%gite% ig %ﬂllleg,t Rl(r)th'er comprising rotating a ball valve to
enable fluid flow from the tubing to the wellbore when the diverter valve is in the exit

position.

18. The method as recited in claim 13, wherein providing comprises providing a

slidable piston within a dual Y-tool.

19. A system, comprising:

a tubing deployed in a wellbore to carry a well fluid;

a diverter valve coupled to the tubing, the diverter valve comprising:

a convoluted flow passage through which the well fluid is delivered to the tubing;

a cylinder and a piston mechanism slidably mounted in the cylinder;

a primary flow port through which the well fluid flows into the convoluted flow
passage when produced; and

an exit port exposing an interior of the tubing to the wellbore;

the piston mechanism being moved to open the primary flow port by a flow of
well fluid produced through the convoluted flow passage, the piston mechanism moving
to block the primary flow port and open the exit port when the flow of well fluid
decreases sufficiently, the piston mechanism being axially offset from the convoluted

flow passage.

20.  The system as recited in claim 19, wherein the piston mechanism comprises a
spring positioned against a piston to bias the piston mechanism toward opening the exit

port.

21. The system as recited in claim 19, wherein the piston mechanism comprises a ball

valve moved by a piston to control flow through the exit port.

22, The system as recited in claim 19, wherein in the piston mechanism is positioned

in a housing having the form of a dual Y-tool.
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