VELLBORE SYSTEM AND METHOD USI NG A FLOW ACTUATED

Dl VERTERVALVE BACKGROUND OF THE | NVENTI ON Fi el d of the
woO pwengiten [ 0001] The present invention gener aP¢TIB2006/003953

relates to a system and net hodol ogy for producing

fluids froma well. Description of Related Art [0002]

A wellbore is drilled into a formati on contai ning a

desi rabl e production fluid, e.g. a hydrocarbon-based

fluid, and the production fluid is punped to a

coll ection location. The production fluid often is
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the submersible pump may be a centrifugal pump having impellers rotated by the
submersible motor to draw in fluid from the surrounding wellbore. This fluid 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. If 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 column of fluid segregate and move
to the bottom of the tubing string where they can plug and damage the pumping system.

BRIEF SUMMARY OF THE INVENTION
[0004] In general, the present invention provides a system and methodology that
enables the removal of solids before they are able to plug or damage a downhole

pumping system upon stoppage of the pumping system. A diverter valve is coupled to a



enabl es the renoval of solids before they are able to
pl ug or damage a downhol e punpi ng system upon stoppage
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downhol e punpi ng system The diverter valve
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[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;[0011] Figure 6
w0 g00a/083abemati c il lustration of another enbodi PENIB2006/003953

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 different

position, according to an enbodi ment of the present
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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



24 and a tubing 26. The diverter valve 24 is
illustrated as coupl ed between el ectric subnersible
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di verter valve 24 conprises an exit port or dunp port
28 through which fluid within tubing 26 can exit intoa
surroundi ng wel | bore 29 when the flow of punped fluid
drops, such as upon shutdown of punping system 22.
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Submersible pump 42 may comprise a single or multiple pumps coupled directly together
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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.



punpi ng environnments and applications for which it is

desi gned. By way of exanple, the punping system 22 may
W@ op08He2 a sensor unit 52 di sposed at its | oweeT/&B2d06/003953

for sensing a variety of wellbore paraneters.[0020]

The well system 20 uses sel ected porting to enable

fluid within tubing 26 and any solids within the fluid

to be dunped to wellbore 29 when, for exanple,
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be [ ton 62 novin r oxi mat e
compnses a plston etz sli% y mounted in a cyh%dgr 64 that may be oriented generally

parallel with flow passage 54 to enable movement of member 60 between primary flow
port 58 and exit port 28. Member 60 may be formed with piston 62 moving proximate
primary flow port 58 and a second piston or other flow blocking member 65 moving

proximate exit port 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.



primary flow port 58 and a second piston or other flow
bl ocki ng nenber 65 noving proximte exit port 28 to
w@edogositvel y open and cl ose the exit port. [O00PCI/IBA&003953
punp 42 stops and there is no flow of punped fluid,
the pressure acting on both ends of nenber 60
equal i zes, and a bi asi ng nenber 66, such as a spring,
is able to nove nenber 60 with mnimal force to a
position bl ocki ng primary flow port 58. Li this
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Figure 2 in which primary flow port 58 is bl ocked and
exit port 28 is open to enable backflow of fluid from
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downwardly through flow passage 74 of ball valve 72 and into the surrounding wellbore

29, as illustrated by arrows 82. In this embodiment, a pressure equalization opening 84 is
disposed through piston 76 to keep the pressures acting on both sides of piston 76 equal

when pump 42 is not producing a flow of pumped fluid.

[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



58, as illustrated in Figure 4. In this position,
fluid within tubing 26 is allowed to fl ow downwardly
wao booalogi19f | ow passage 74 of ball valve 72 and PE/B206003953

surroundi ng wel | bore 29, as illustrated by arrows 82.

In this enbodi nent, a pressure equalization opening 84

is disposed through piston 76 to keep the pressures

acting on both sides of piston 76 equal when punp 42
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espectively. A crossover tube 104 connects first |eg
96 to second leg 98 at the top of first Y-tool 90, and
a crossover tube 106 connects first leg 100 to second
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p]c}g'i%ibn E}O%Eing flow through primary flow port 58, as illustrated in Figure 6, and a
position blocking flow through exit port 28, as illustrated in Figure 7. The biasing
member 66, e.g. a spring, is used to bias piston 108 toward a position blocking primary
flow port 58. Also, a plug or other blockage 114 is positioned in second leg 102 to
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.



112 may be used to bl ock novenent of piston 108 past

primary flow port 58, and stop 110 may be used for
worRwibsIg2 a bi asi ng nenber 66 agai nst pi ston 1BSI/1B2006/003953

Ef fectively, the location of mechanical stops 110 and

112 enabl es novenent of piston 108 between a position

bl ocking flow through primary flow port 58, as

illustrated in Figure 6, and a position blocking flow
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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.



[0029] The conponents of the well system 20 and the
specific structure of the diverter valve 24 can vary
wa@ewangipy to the type of well bore applicati onPCTMB2006/003953
envi ronnent, and desired design paraneters. For
exanpl e, the diverter valves can have various
conponent designs that are able to utilize pressure
| oss incurred through convoluted fluid flow, thereby
provi di ng control over thecppgpisng and cl osi ng of
primary flow ports and exit ports. Additionally,
various pistons or other novabl e nechani sns can be
ﬁ@@?&%ﬂ&h&?ﬁfor novenent under the influence of
itTferen |a1 pressures and pressure equalization, as
general ly descri bed above. [0030] Accordingly,

| t hough . onl few . di f the. t
P o R st BB R e P st i ove. ¢ hose
of or di naraywelliokd fliid divegterdalvenhht m&;ﬂ%ﬂdohglea {apzs bR Bring, the
ou

t hat difications are possible wt
nateﬂgaﬁ%vg@@ﬁQPFﬁﬂ@meUﬁmﬂﬁ@m%éachings of this

i nvention. Accqinig) o fnfsadh fngat ; :

i ntended to be incJudegW%?thin g%e scoae gF@?ﬁ¥gﬂmN&

i nvention as défiewégort hat peens ladlowstoicAlevemaa intersor of the
clal ed | Syerbord iy SHERL AN GR ydilndld afd oW 0 2
wel | bore, conprising: a we °Bore 1 urd afVerter val ve
that may be couph@dbleanahinitrh mgovableibyghe pungpeddluidordpen the
fluid diverter yalve conprising: a primary flow port, i
t hr ough mﬁ%ﬁﬁﬁﬁﬁg&nﬁ%ﬁdﬂseﬁﬂ%%‘? 8% %&%{?V%ger@g‘%ﬁ%‘?m being
opens a flbaved RilGsclies Fow PUreaddab ofén thbexivBbrt RedE
fluid diverter val ve é%%ﬁ?ﬁe még?bore;ogﬁh a ﬁ%@ab?@g
nmechani smSHPPags  thgpunmedslwidbed fluid to open the

primary flow port and to close the exit port, the

nmovabl e mechani sm bei ng biased to close the prinary
%1 ow Thersystemds rasiteiarclaiinel, dwitter pomprisippa tubingppd gsulahersible

the %ﬂﬁa%?g J}Jsféqndtb 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
piston.

4. The system as recited in claim 3, wherein the movable mechanism further

comprises a spring to bias the piston toward a position in which the primary flow

port is closed.

5. The system as recited in claim 3, wherein the wellbore fluid diverter valve further
comprises:
a cylinder for slidably receiving the piston; and

a generally parallel flow passage through which the pumped fluid flows.



2. The systemas recited in claim1, further
conprising a tubing and a subnersi bl e punpi ng system
W 000mo8Ha9IL he punped fluid through the wel | bor er€T/1B2006/003953

di verter valve and the tubing. 3. The system as
recited in claiml1, wherein the novabl e nechani sm
conprises a piston. 4. The systemas recited in claim
3, wherein the novabl e nechani sm further conprises a
&PT | Nbhd GRS rédiRd Bi QLA3, WARRGH 1R BORbid R hbshuGibr
the primary flow port is closed. 5. The system as
reci tedprisescs balhatye pasisionedinttheexikpdrbandeofpled tb the piston.
di verter valve further conprises: a cylinder for
slidably receiving the piston; and a generally
‘par al Thel sybteovas persisd greclaihr 6 wetersih ttetpistbrecqmprivesia plesdute
flows. 6...The syst recited in claim3, wherein the
anaﬁﬂgdﬁgﬁ%gﬁﬁgﬁﬁg%%gﬁgﬁﬁtonprises a ball valve
positioned in the exit port and coupled to the piston.
7. The systemas recited in claim®6, wherein the
bi st oHheciem as gecitgd gy daigy . avhesrim thevelgorsfnd diyerter valve
t her : : ' {n claiml,
whor aoEHE Y hRping Ry e TBHAS A BENSCRole Compr ses a
housi ng having the formof a dual Y-tool. 9. A

ownhgl ' Syst conprising: a subnersible
%uongggggggghgg%%%S §€£”: F%yed in a wellbore to
punp a weld sobmersiblepuinpiag systinm that op be degloyediig a wellbore to
subner si bl e punpi.ng systemto direct the well bore
quidﬁmﬂhﬁwﬁmﬁgggF%ér val ve coupled to the tubing, the
di verter \"(ﬂhﬁiﬁF bsipial BiRSRBriefikle gtﬂrﬁplng @%dtérh RNdiF Lt e Rebiibore
backf| ow of wellbore fluid into the wellbore, the

di verflwd; and

a diverter valve coupled to the tubing, the diverter valve being biased to a
dump position routing backflow of wellbore fluid into the wellbore, the diverter
valve responding to a differential pressure created by operation of the submersible
pumping system to open a flow port for upward flow of wellbore fluid pumped

through the tubing.

10.  The system as recited in claim 9, wherein the diverter valve comprises a piston
mechanism slidably positioned to block either an exit port, through which the
backflow of wellbore fluid is routed into the wellbore, or the flow port, to prevent
backflow through the submersible pumping system when the flow of pumped

wellbore fluid stops.
11.  The system as recited in claim 10, wherein the diverter valve comprises a spring

positioned to bias the piston mechanism to a position blocking flow through the

flow port.

10



val ve responding to a differential pressure created by
operation of the subnersible punping systemto open a

wo b@wogsapr for upward flow of wellbore fluid peapEEi06/003953
through the tubing. 10. The systemas recited in claim
9, wherein the diverter valve conprises a piston
mechani sm sl idably positioned to block either an exit
port, through which the backflow of wellbore fluid is
IDut eThd systent dseesied ibelhien 9,Gherdi e @VErRPVAlve E&%?y £Pkston

en

backf| ow t.hro t he submersi bl e punping syste

t he fqogﬁegito %H%E}éeﬁvewg}q m¥pbeipg bigsask te open the balt melve and enable
syst efie BackiB®i Jremlid Mod iR {bihd intb G 6 | yerLer.

val ve conpri ses alspring.%%égpponedﬁ?gmgpgggpﬁga&%5ﬁﬂ*e
me c hdhrg systempsiepistpuoipitg. ocki ng f1 ow t hrough the flow
port.12. The systemas recited in claim9, wherein the

di verter val ve conprises a piston coupled to a ball

\al velhetsygempias repitedin abgmbd), adrebii the@pftet Nlvd@nhprisdd ¥ Bovable
and %Qﬁgje t he bac f|0m10%§f uid fromthe tubing into
the WerTBErE NHANCOKEUSREHELbqse Suid feepeiyths flowaparkand siose an

punpierd poitthe TR all¥ SeBiAnfen b&RE bRk ) cfose D Rw YOELRI 3 open
the dj verter valve conprises a novabl e nechan

novalec Bl PR §torpagetsd the Hunied weblborsdivid.he f | ow port

and close an exit port, the novabl e nmechani sm bei ng

bi ased to close the flow port and to open the exit

lgg rt Theshstem eppatied infclaime, meﬁgthmﬁjeha'r \Qh:dh ' _risés”ei housing
e : ite aim9, erein the diverter
TR BBk SEL AET ¥ o

val ve corprises a "havi ng the form of a dual
Y-tool. 15. A nethod, conprising: coupling a diverter

al ve be en _a subnersi bl e punping system di sposed in
1§' me?’t%%ﬁ’\@ﬁaﬁﬁaﬂp&s‘%bi ng through which a well fluid is

Pnr) 8 g glc zd b gt&j\/\lg%% gglﬁ&?‘tglg\ﬁaéﬁ Béeﬁx?z&e%ra BbRiBH bﬁn&n&%@eerﬁ disposed
n 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;
moving the member to the production flow position via a differential
pressure of well fluid pumped by the submersible pumping system; and

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

flow position when the flow of pumped well fluid stops.

16.  The method as recited in claim 15, wherein providing the diverter valve with the

member comprises providing the diverter valve with a piston movable between a

primary flow port and an exit port.

17. The method as recited in claim 15, wherein moving comprises moving the

member to expose a primary flow port through which the well fluid is pumped
through the diverter valve.

11



flow position and an exit flow position in which well

fluid within the tubing is dunped into the well bore;
worenwizgpidbhe menber to the production fl ow posi PCDIB2006003953

a differential pressure of well fluid punped by the

subner si bl e punpi ng system and bi asi ng the nenber

with sufficient force to nove the nmenber to the exit

fl ow position when the flow of punped well fluid

K. 0psThelficthdd v r8&icd 96l ciafin fi §,GhAEn bhsink %blﬁ%ﬁés pGLGhdmember

providing the diverter valve wth the nmenber COﬁ'pfgI ses

proviWheSRTHE: di verter valve with a piston novabl e

between a primary flow port and an exit port. 17. The

method as recited in claim15, wherein noving

Wonprihearethaslasmeritetlén oleimb &5, fushecpmprisiag potatimrayballlvalve to

port I gh the [l fluid.,is nped t hrough . .
Phe. droseada i Gan'eenbis nindiutiiogts Pheh beanereshteds in e
15, wdépesitiohi asi ng conpri ses biasing the nenber with

a spring. 19. The nethod as recited in claiml1l5,

further conprising rotating a ball valve to enable

20l Ui drHeh@thddr 8 Rditde irf M gs,%e}éa?ﬂfag%djﬁgg%?npggggbﬁ%{l@% a

diverter valve is mthe exit posi
as r kflablepistan githing duwl Yufieek ei n provi di ng conpri ses
providing a slidable piston within a dual Y-tool. 21.
A system conprising: a tubing deployed in a well bore
2o cadsyptem, wenprifingii d; a di verter val ve coupled to the
tubing, the.diverter.valve conprising: convol ut ed
fl ow passgguebu%%ﬂ(?egipaﬁfi%‘? E’ﬁm{'%ngy ‘\“i"‘ﬂfgmﬁ's del i vered
to the tubidivgitertvabyel doipled ke tibify, MhediverRe DAVE S8hprising:
slidably mounted in the

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 the 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.

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

spring positioned against a piston to bias the piston mechanism toward opening

the exit port.

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

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

12



cylinder; a primary flow port through which the well

fluid flows into the convoluted fl ow passage when
w@e@dugad and an exit port exposing the interPOIIBM06/003953

the tubing to the well bore; the piston mechani sm bei ng

noved to open the primary flow port by a flow of well

fluid produced through the convol uted fl ow passage,

the piston nechani smnoving to block the primary flow

2ort PRcyaRens the@X d1aRP5 1, W%HTE Es&)‘ﬁ’n?éch%grh is positioned

fluid decreases sufficientl e system a

reci tia@ bonsieg bavingthe fmoﬁadumlh(ewp] ston rrechanl sm

conprises a spring positioned agai nst a piston to bias

t he pi ston nmechani smtoward opening the exit port. 23.

The systemas recited in claim2l, wherein the piston

mechani sm conprises a ball valve noved by a piston to

control flow through the exit port.4. The system as

recited in claim21, wherein in the piston mechani sm

is positioned in a housing having the formof a dual

Y-t ool .
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