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BACKGROUND OF THE INVENTION

Without limiting the scope of the present invention, its background will be described

with reference to producing fluid from a subterranean formation, as an example.

During the completion of a well that traverses a hydrocarbon bearing subterranean
formation, production tubing and various equipment are installed in the well to enable safe
and efficient production of the formation fluids. For example, to prevent the production of
particulate material from an unconsolidated or loosely consolidated subterranean formation,
certain completions include one or more sand control screens positioned proximate the
desired production intervals. In other completions, to control the flow rate of production
fluids into the production tubing, it is common practice to install one or more fluid flow
control devices within the tubing string.

Recently, attempts have been made to utilize fluid flow control devices within
completions requiring sand control. While certain benefits have been achieved through the
use of such devices, many of these devices are complicated to operate and have suffered from
poor reliability. In addition, it has been found that during the life of the well, as the
formation depletes and reservoir pressure decreases, the flow control characteristics of many
such fluid flow control devices may not remain suitable for achieving the desired production
goals, particularly in long horizontal intervals.

Accordingly, need has arisen for a fluid flow control device for controlling the inflow
of formation fluids in a completion requiring sand control. A need has also arisen for such a
fluid flow control device that is reliable in a variety of flow conditions. Further, a need has

arisen for such a fluid flow control device that can be used throughout the life of the well.
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create a pressure drop in fluids flowing therethrough.” In addition, the actuatable device 1

operable to initially prevent fluid flow through the at least one opening and is actuatable to
allow fluid flow through the at least one opening.

In yet another aspect, the present invention is directed to a sand control screen that
includes a base pipe having at least one opening that allows fluid flow between an exterior of
the base pipe and an interior flow path of the base pipe. A filter medium is positioned
exteriorly of the base pipe. A one way valve is disposed in a fluid flow path between the
filter medium and the at least one opening. An actuatable device is operably associated with
the at least one opening. In this embodiment, the one way valve is operable to allow fluid
flow in a downstream direction from the filter medium to the at least one opening and to

prevent fluid flow in an upstream direction from the at least one opening to the filter medium.
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fluids flowing from the fluid source to the interior flow path.
In one embodiment of the fluid flow control apparatus, at least some of the flow
restricting devices include one way valve capabilities to prevent fluid flow from the flow

restricting section to the fluid source. In another embodiment, the fluid flow control
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exterior of the base pipe and an interior flow path of the base pipe. A filter medium and a
flow restricting section are disposed exteriorly of the base pipe. The flow restricting section
including first, second and third flow restricting devices that respectively create first, second
and third pressure drops in fluids flowing therethrough. The first flow restricting device
provides a first flow path between the filter medium and the interior flow path via the first
opening. The first and second flow restricting devices provide a second flow path between
the filter medium and the interior flow path via the second opening. The first, second and
third flow restricting devices provide a third flow path between the filter medium and the
interior flow path via the third opening. First and second actuatable devices are operably

associated with the first and second openings. The first and second actuatable devices are

operable to initially prevent fluid flow through the first and second opening, respectively and
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annul aﬁar{éeaﬂﬁiethe annular retainer flange. A plurality of balls are disposed within an annular
region defined by the outer housing, the outer surface of tubular member, the annular flange
and the annular retainer flange. Each of the balls corresponds with one of the tracks such that
the balls are allowed to travel longitudinally within the tracks but are prevented from
traveling circumferentially within the annular region outside of the corresponding tracks.

In one configuration, the balls are remote from the passageways to allow fluid flow
through the one way valve in a first direction. In another configuration, the balls seat relative
to the passageways to prevent fluid flow through the one way valve in a second direction.

In one embodiment, each of the tracks has a substantially uniform circumferential

width along its longitudinal length. In another embodiment, each of the tracks has a greater
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Figure 1 is a schematic illustration of a well system operating a plurality of fluid flow
control devices according to the present invention;
Figure 2 is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figure 3 is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figure 4 is side view partially in quarter section of a fluid flow control device
according to the present invention; '
Figure S is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figure 6 is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figure 7 is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figure 8 is side view partially in quarter section of a fluid flow control device
according to the present invention,;
Figure 9 is side view partially in quarter section of a fluid flow control device
according to the present invention;
Figures 10A-E are cross sectional views of various embodiment of flow restricting
devices for use in a fluid flow control device according to the present invention;
Figures 11A-F are cross sectional views of various embodiments of one way valves
for use in a fluid flow control device according to the present invention;
Figures 12A-C are views of one embodiment of an annular one way valve having a
plurality of flow paths therethrough that may be used in a fluid flow control device according

to the present invention; and



Figure 8 is side view partially in quarter section of a fluid flow control

devi ce according to the present invention; Figure 9 is side view
parti al | yworoapuasiser section of a fluid flow control devctasa@sotanhg to
t he present invention; Fi gures 10A-E are cross sectional views of

various enbodi ment of flow restricting devices for use in a fluid flow

control devFigare3aGer-Qiang viewst dfeanpthes embodimean bf amannular oneRvagyuvaise haﬁng are
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discussed in detail below, it should be appreciated that the present invention provides many

applicable inventive concepts which can be embodied in a wide variety of specific contexts.
The specific embodiments discussed herein are merely illustrative of specific ways to make
and use the invention, and do not delimit the scope of the present invention..

Referring initially to figure 1, therein is depicted a well system including a plurality of
fluid flow control devices embodying principles of the present invention that is schematically
illustrated and generally designated 10. In the illustrated embodiment, a wellbore 12 extends
through the various earth strata. Wellbore 12 has a substantially vertical section 14, the upper
portion of which has installed therein a casing string 16. Wellbore 12 also has a substantially
horizontal section 18 that extends through a hydrocarbon bearing subterranean formation 20.
As illustrated, substantially horizontal section 18 of wellbore 12 is open hole.

Positioned within wellbore 12 and extending from the surface is a tubing string 22.
Tubing string 22 provides a conduit for formation fluids to travel from formation 20 to the
surface. Positioned within tubing string 22 is a seal assembly 24 and a plurality of fluid flow
control devices 26. Through use of the fluid flow control devices 26 of the present invention,
control over the flow rate and composition of the produced fluids is enabled. For example,
by choking production from the entire producing interval, a more uniform production profile
from the entire interval is achievable. Specifically, if production from formation 20 were
allowed without downhole choking, a majority of the production into tubing string 22 would
come from the portion of formation 20 near the heel of the well with little contribution from
the portion of formation 20 near the toe of the well. This scenario can result in premature
water encroachment as the desired fluids from the portion of formation 20 near the heel
depletes.

By incorporating one or more fluid restricting devices in each fluid flow control
device 26 of the present invention, a more uniform production profile along the entire length
of substantially horizontal section 18 can be achieved. In addition, in those embodiments

having more than one fluid restricting device in series within each fluid flow control device
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understood by those skilled in the art that tthe fluid flow control devices of the present
invention are equally well suited for use in wells that are divided into a plurality of intervals
using packers or other sealing devices between adjacent fluid flow control devices or groups
of fluid flow control devices.

In addition, even though figure 1 depicts the fluid flow control devices of the present
invention in a horizontal section of the wellbore, it should be understood by those skilled in
the art that the fluid flow control devices of the present invention are equally well suited for
use in deviated or vertical wellbores. Accordingly, it should be understood by those skilled
in the art that the use of directional terms such as above, below, upper, lower, upward,
downward and the like are used in relation to the illustrative embodiments as they are
depicted in the figures, the upward direction being toward the top of the corresponding figure
and the downward direction being toward the bottom of the corresponding figure. Further,
even though figure 1 depicts the fluid flow control devices of the present invention as

including sand control screen elements, it should be understood by those skilled in the art that
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base pipe 118. An actuatable device 124 is disposed within opening 120.

In operation, fluid flow control device 100 is installed within the well

wi th actuatable device 124 in its unactuated configuration. In this
configuration, no fluid is able to flow through fluid flow control device
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WO 20091045259PCT/ US2008/ 010204 10 fluid flow through opening 120 and
therefore fluid flow control device 100 is allowed. Accordingly, fluid flow
control deoi2e®/u8B39may be operated froma no flow confi garatseas/oteoa fl ow
enabl ed configuration by actuating actuat abl e devi ce 124. Ref erring
next to figure 3, therein is depicted a fluid flow control device according
t o t heflyid eB@mtthrovghndpeaing h20 and the{pfmrsdluidtﬂomlopntrbl devicaitl€8 iamilogeﬂder ally
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types of flo trr ¢
device 224 in its unactuated configuration. In this configuration, no fluid is able to flow

through fluid flow control device 200. Once actuatable device 224 has been actuated, fluid
flow through opening 220 and therefore fluid flow control device 200 is allowed. In this
embodiment, the fluid flowing from sand control screen section 202 to interior flow path 222
via opening 220 must pass through flow passageway 228 of flow restricting device 226.
Flow passageway 228 is engineered to create a desired pressure drop in the fluids passing
therethrough which also controls the flow rate at a given reservoir pressure. As discussed
above, when a string of fluid flow control devices 200 extends from the heel to the toe of the
well, establishing a suitable pressure drop in all such fluid flow control devices 200 will help
to equalize the production profile along the length of the interval.

~ Even though flow restricting device 226 has been depicted with a tubular flow
passageway 228, those skilled in the art with recognize that other types of flow restricting



WO 20091045259PCT/ US2008/ 010204 11 devices could alternative be used. For
exanple, in addition to tubular flow passageways, as best seen in figure
10C, ot hewoxwidmbise fl ow restricting devices include oripCras2@saies4 as
best seen in figure 10A, nozzles, as Best seen in figure 10B, coil ed

tubul ars, as best seen in figure 10D, helical passageways, as best seen in
fi gur edéhiides a0dldt dlerhdtive beaysede Fas etample, in addéfoar toi tobulaeRbwtpasaggwags, 4s
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device 324 in its unactuated configuration. In this configuration, no fluid is able to flow
through fluid flow control device 300. Once actuatable device 324 has been actuated, fluid
flow through opening 320 is allowed. In this embodiment, the fluid flow from interior flow
path 322 to the formation is prevented by one way valve 326. This prevents fluid loss when
pressure is used to actuate similar actuatable devices in this or other fluid flow control
devices. When the actuation pressure is released, fluid flow from the formation to interior
flow path 322 through one way valve 326 is allowed.
As should be understood by those skilled in the art a variety of different one way
valve configurations may be suitable used in the flow restrictor section of the fluid flow

control devices of the present invention. For example, a spring biased annular sleeve, as best

seen in figure 11A, a spring biased ball and seat, as best seen in figure 11B, a pivoting gate,



12 as best seen in figure 11C, a spring biased poppet and seat, as best
seen in figure 11D, a resilient nenber that radially flexes, as best seen
in figurewbkb)ymspburality of floating balls in an annulpar/usas/oannds
circunferentially spaced apart seats,12as best seen in figure 11F and the

| i ke may be used. In addition, it should be understood by those skilled in
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restricting device 426 includes a flow passageway 428 that creates a pressure drop in fluids
that pass therethrough. A one way valve 430 is disposed downstream of flow restricting
device 426 within annular chamber 412. One way valve 430 prevents fluid loss into the
formation when pressure within interior flow path 422 exceeds that of the formation, for
example when pressure is used to actuate actuatable device 424 and other similar devices.

In operation, fluid flow control device 400 is installed within the well with actuatable
device 424 in its unactuated configuration. In this configuration, no fluid is able to flow
through fluid flow control device 400. Once actuatable device 424 has been actuated, fluid
flow through opening 420 is allowed. In this embodiment, fluid loss from flow path 422 to
the formation is prevented by one way valve 430. Fluid production from the formation to
interior flow path 422 via opening 420 is allowed. This fluid flow must pass through flow

passageway 428 of flow restricting device 426 which is engineered to create a desired



pressure drop in the fluids passing therethrough which also controls the
flowrate therethrough at a given reservoir pressure. As discussed above,
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interior flow path 522 via opening 520 i 1s allowed This fluid flow must pass through flow
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pressure drop in the fluids passing therethrough which also controls the flow rate



Fl ow restrictor section 604 is configured in series with sand control
screen section 602 such that production fluid nmust pass through sand
control swoeet/msrsbi on 602 prior to entering flow restripcrars2esoiozon 604.
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controls the flowrate therethrough at a given reservoir pressure. As
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WO 2009/ 045259PCT/ US2008/ 010204 16 controls the flow rate therethrough at a
given reservoir pressure. As discussed above, when a string of fluid flow
control devi20@04330 extends fromthe heel to the toe of pcimarsemislo10204
establishing a suitable pressure dropisin all of such fluid flow control
devices 700 wll help to equalize the production profile along the I ength
of t hecontokrdesices 600 exteisistfiemrthe dregbio thee tenes tibepied; establistingha sugsllevoi r

pressure declines, the pressyfe dro reated by. flow restrictin evi ce 734
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Referring next to figure 9, therein is depicted a fluid flow control device
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section 804. Flow restrictor section 804 includes an outer housing 810.
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actuat abl e devi ce 830, 836 respectively disposed therein. A flow
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712. Flow restricting device 734 includes a flow passageway 736 that creates a pressure drop
in fluids that pass therethrough.

In certain operations, fluid flow control device 700 is installed within the well with
actuatable devices 726 and 728 in their unactuated configurations. In this configuration, no
fluid is able to flow through fluid flow control device 700. Thereafter, actuatable device 726
may be actuated downhole to establish fluid communication therethrough. Alternatively,
fluid flow control device 700 may be installed within the well with actuatable device 726
removed or otherwise disabled. In either installed configuration, once fluid flow through
opening 720 is enabled, the fluid flowing from sand control screen section 702 to interior
flow path 724 via opening 720 must pass through flow restricting device 734 and flow
restricting device 730. Each of flow restricting device 734 and flow restricting device 730 is

engineered to create a desired pressure drop in the fluids passing therethrough, which also



t her et hrough and an integral one way val ve 842 that prevents fluid | oss
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th h fl t.ri Cct. devj 0 i 824 i I .

st ReMIE bkl Ssptnibhy 847, #32naP BB Uil i o ReRDRtwedn e g,
Accor dpfigisy pigd '8 BB SREPAT idtBidr Ao Pah 828 witheh bAREpipd 918.1 Badihef sﬁsaﬁx? gg0,dr op
experienced bé/zqfl ui ds passing therethrough by est'ablishing a fluid pathway

t hat b§27a$28s826 bas areaqtuatable dgvive 330283834, B respectively disposed therein. A

flow restricting device 838 is disposed with annular chamber 812. Flow restricting device

838 includes a flow passageway 840 that creates a pressure drop in fluids that pass



As the reservoir becones even further depleted, the pressure drop created
by flow restricting device 850 nay no | onger be desirable. In the present
enbodi nenwQ 20év4prsessure drop associated with fluid fl omcrarsteosiolateyvi ce 800
can be further adjusted. Specificallyy7 when it is desired to reduced the
pressure drop through fluid flow control device 800, actuatable device 836
may betherethratigld antbawimégralt amesrdyardlve 847 that prezentsiflniddass into thierfommgiionpdni ng

826. Thjs.actuation may .be achie .by..pressuring up, i nterior flow path 828
to a p@@d%‘?‘b_r’i‘ri rtef.m?éang é&é(_lcet g‘g‘f 1$ ?sl‘hgﬂoﬁ rw‘flh%r‘?n&ﬁé ‘é‘é@bﬁﬁ 8Ilévell:l.?o‘tﬁuri ng
this presg ég@gvilég SQBglfﬁlcggdésl dhdw! %&ge%? 84Behdt UrdREd P BrdssurldBye I Adidey one

way val ve 8 comruni‘cation through opening 826 is ‘established,
t he f | thatpidsotherethrbughmasdiad integtal @ine seayewalve 848ithat @eertts flurd &oss antof thew

pat h 828 now pgsses thr.ough ni ng 826 assing.all, of the flao

Fest 1 DX o\ Een o o B F L DB G BT, Nad SBEbds Hth cREpaG cpiber 812
Accor dERY Yestriding RIRRAISTEREIAL] DWW Plsshdvay! SN Bas tréGtel @P#edsuRdiop ihhe
pressure drop experienced by fluids passing fherethrough by establishing

fluid faidsweat pashtheretrguemaind ah yntograh one aayivialvsndi4 dbaepregents flaid jasgyinto
rest ri@tﬁif%Qevi ces. Referring now to figures 12A-C, therein are
depi ct s views of an annul ar one way val ve having a plurality of

f1ow paths theéredifope@fiond)duid Flogeoaita Id¢vide B0 iftalRAOwitHiANE avelowithnay
val ve 900 nmay be used in any of the above described fluid flow control

de?/i cegachrpfcmgnblpidmiw 133008335 83h %36 by thein veactupteth gorfiguraionondn bl
15 £ SRGRER ng H0UE G 15 Boly Er R AY Y ¥SRnASRUES R, M hl Ry o

wi t hi nflaid oW edontrolidevige 808 rBaic be asstdlled withiarthbousdl nith @tudtdtde dédce 830

20091045259PCT/ US2008/ 010204 19 fluid fl ow control. devi ceﬁ descri bed above.
Bal | cEHOVED 01 otheryess disaklads largithsr pystalled gonfigusatinn, ongssflpidaHow Wit h
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peu<o G0 Hchie e P RuURIERORE RN SSHHASEEH A0 ke o
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both greater and | ess than el ght coul ternatively be used.
For meddisgushéchatidve, whern stringf afduid fflotwuboritml dedndse3000Odersisdrom theuhe] ka theof

| ongi t udi na | t endji | ot.s. 914. Each sl.ot 914 cj tially.
cor Fesigiane drefintTehiishe s Shhlroiarodop inafh of sugh B IH GPpliaLdgvices
radi al §00 @il HEpAb ¥qeatize Bkl pradadtival R filell GHNBE 1dngBNemh8 iftevari Ng a plurality

of notches 918 forned therein. Each notch 918 circunferentially corresponds
to one of t s the sessrainbecpaepst depleted: and dhepreserivaly pretsurfedecdings, 4he ps¢ssurs 914

formt k ] W thin f.t tracks, 920 4 s ,a. I __ \When
bat 1 08 Geded by hRbaEetls MVeRang Rieohh I MiilonEs b qyiBld Rede
each bpieker 2Zbodime&itathegitessuid\driopiassoctRed *SAANHH Mow taftiol ¥e0ice 80D dahadle t he
balls are allowed to travel longitudinally wthin annular region 924 but

are pradesiedd Speeificallnehemy isidesited & eadured the presswre deamthreyeh Byidoflowoy
beyond A t e di i . .
corr esii UHIcR. B0, ARARIE SRRRRCKEE rhdy B8 Sfiuod BERRACEHCY petish Suid
passagemamsnizi@on through lopenipgr&X2i. o Mhishadthatidi? thagoiwe aghievednby rpaedssri®® @ipi n
response to pressure difference between ssageways 912 and annul ar _ .
passagtVeHPTIR PA S%SStOS%P’(?éﬁﬁeVB}Wd}qﬁStf lebisla WA e, RS HNG YP RS o lHig

fl ow pRssas Y foRASion R brétaIRIR: onfel Wi v 4ehgami cat i on bet ween annul ar
passageway 926 and I nternal flow passageway 908 may be prevented in a
manner si m Oace tomtrivaicaties thriobghd opdinge 823 ishestablishedy the flwid dlovung fiolesahdvi ces

di d Wit hi i f ab i h t uat abl i ce.324
W & i neEh sisn e B3 doisds g Bethe REE 2% pives Bishnelh FOR ricibeneen
annul ageR@sseELWaY Hdtoptithg BIEbYRAssnpONbWaeRABENR YOS 898 anBaha |présest by

actuating such an actuatabl'e device. VWen annul ar_ passageway 926 is in
fluid doprassociated shergivith. | Aceardimigly, |thiy gmbedieniagll®os femthet iedugtiansuthe i n

ot o Pestrt MeBCRREIRER o) HuodesSB8 HOBhrbG RLERpEpRa AT RARGI8-0

i nt er neypakdeVilopassBiting\dePi@8 888. al | owed as balls 922 are renote from
passageways 912. When annul ar passageway 926 is in fluid comunication with
internal flow passageway 908 and the pressure in internal flow passageway
908 is greater than the pressure at passageways 912, fluid flow t hrough one
way val ve 900 toward passageways 912 frominternal flow passageway 908 is
di sall owed as balls 922 seat within passageways 912. Accordingly, one




WO 2009/ 045259PCT/ US2008/ 010204 20 way val ve 900 provides reliable flow
control by selective allow ng and preventing fluid flow therethrough which,
when usedwaiobwmsmne of the fluid flow control devices ®esascisdi@bove,
prevents fluid loss into a formation 8rominternal flow passageway 908 but
al l ows production fromthe formation into internal flow passageway 908.
Even thoughAsrtaek&saﬂﬁlrhhmn’mseﬁlrdwpldﬂp&ﬁﬂe@sthbePWQSWWdrau dryatsd obs ﬁmw,

wi thin the outer, surl‘t{f\c of tubul a %ﬂ gn ﬁ_hnotches 968 in uI ar
r et ai HEFTCIAR JEvisss 844 83 BIAY N dOMgs Faftis &y 10 HbE Bresepy FRAOGimenh R, ¢
that tgagkse W %90&9%& &hﬂemﬁqud“gttroﬁ&bpr&meugdm CRRf bgUsghln Oty @hed
bei ng considered wthin the scope of the present invention. For exanple,

radi al $gecrﬁnai/l@,r\dhgn g desitied ¢o resiuged theipnessureairop thypugit feid flow central glgvice

attac ter rface of tubula be, used to

tracks (g)Z H‘Bﬁée ﬁ%‘ci’)ﬁ#’ r My §e; agtuated, ‘[ﬂ}ﬁﬁ’nr &%ﬁﬁt@"f@%g bdugﬂmfrwgfcahg

cor r esfefithiheRg &@2%@&@({@\4%&@%%&&@& BY PrésBtking 1 YnleAbE Howapath

wi t hi n annul ar réegi on 924 beyond the rails Referring now to figures

13A- C, 82&1teraapmd%tpmudeqb seoad level that és hdgbwvsthaﬁ ﬂ?@rﬁrawﬁmlarl)m thispressuriag

havi n Iur | f .ns. there h. t neral |y desi gnated
950. A QE%Q t\%*?/égrglg Wrsvenh ‘?rh V%l?'g{gﬂg above descri bed
fluid flow gﬁee é&hmdﬁfchﬁ&sﬁwugp@pdmmgt SMSWBﬁabllﬂfedaﬁle&]mdiﬂbﬁ'ﬁﬁ‘g’:lﬁbﬁﬁsahd any
of the one way val ves descri bed above such as the one way val ves depicted

in fi gengel serger segtinmBa? t@netemy floay patho828 naw| passesathbeiigh HayeresBiEtingat i s
di SPOS%%% 540 ??cgﬁpgﬁgbgc agﬁngﬁéwﬁt&%&cﬁﬁé cié%c%é”s %P%h&‘Qﬁe glﬁes.h'i}%

fluid OW con scrl ove
subst adrbpahbsy)ciatﬁauﬂxafewmﬁbarcc&ﬂ&lgmamas ahbmgm&nt bllmviwﬁasr therredwantonoin thee

base pi pe descri bed above, defines an intern oW _passa y 58. al |
cage %zssurrcqimég(p%n&aﬂ by flpids passing there: %‘ﬂglbﬁ{d“@ghﬁhlﬁg a%uﬁaét Vi ng
a plur % wp&mﬂﬁg@mﬁ&%seéwnd' ng longitudinally theret hrough As

i1 lustr there are” el ght passageways 962, only sone of which are
vi si bl e | n Akdhe agseowadr bémnses dxtensﬂuﬁhéxddé;ﬂetud;d«hespressdrebglrroprmsaeéIhyl fled in

th t that aqth nb f h { t | th
el ght SN G RPBER S50y n PIEBEBE SRR [ bintewRL e bmeahtPe pERgyre
t ubul adro?%@&ﬁat@@@vﬁf Guftl BW Bbrdttol RbvideOstR &Hﬂb@%ﬂtﬂered@% NGpe 1:1%511}9642

Each sl ot 964 circunferentially corresponds to one of assagewag
Bal | cwben 95 desiteddios reducediitiag Ipyesserevdnog| thraaghefldidnfjownenntenl devicg BQQ,

ci 1 curteRPane A re &Brepbr aboleaiRuiot: Rcur gl hu) Siylint WU 200

corres fHgngp 1 0TRRRGnHeBnansl bt ALBieP&Y by predbir rﬁZx@o fbwRReed28it A n
each o?&?hegntracks 970 isna %;al I e. V\h%g bal Irfgccg%(la 952r I S gﬁsposed W thin

housi rered@amaised éhird devel |ﬂmatf1$ g]uglearltban theasdeond (leved 7 During thisprRSGUIRE MPn it
cor AL e R Pl b AUl (o Tl
ci rcunfer en()haé J:anuhﬁhﬁoﬁiﬂﬂudlgf opefngO82 Pié4stablished, thd@luid flowing from sand
2009/ 045259PCT/ US2008/ 010204
control screen section 802 to interior flow path' 828 now passes through opening 826
bypassing all of the flow restricting devices and the pressure drops associated therewith.
Accordingly, this embodiment allows for the progressive reduction in the pressure drop
experienced by fluids passing therethrough by establishing fluid pathways that sequentially
bypass additional ones of the flow restricting devices.
Referring now to figures 12A-C, therein are depicted various views of an annular one
way valve having a plurality of flow paths therethrough that is generally designated 900.
Annular one way valve 900 may be used in any of the above described fluid flow control
devices in conjunction with or as an alternative to any of the one way valves described above

such as the one way valves depicted in figures 11A-F. Annular one way valve 900 include a

ball cage 902 that is disposed within an outer housing 904 such as the outer housings of the



21 the width of the corresponding track 970. Accordingly, a corresponding
one-to-one relationship is created between balls 972 and passageways 962.
| n oper atworpodnabiss 972 nove within tracks 970 in respoRSE/USRONSNERBLT €

di fference between passageways 962 and® an annul ar passageway 976 that is

selectively in fluid communication wth internal flow passageway 958. For
exanpl fuidf flow oatroidevicat descritidt aee. dBdllicage 90 smbrlesnyy Wbstantiallyi tubatanal

fl ow passageway 958 y be prevented in_a manner. simlar to that _described
above. WEERSE 806 thatcalons with Ghes ostens, okt ©oe PR HeRFDFY 4D ﬁenfeﬁges 8 a
base pj = bl I I G, i : i-pe
Al o g Rl T R e T S R e

i nt er nflingel D0 pavseeng) plamalit9 o8 pamygdeaysl 91avaxterdyngilongituding)lysthetetlamugict Aat abl e

devi ce,. Wh | 976.is in flui i cati i th int |
how plesEHteossHe MRS D1 (oply AvBE A VRFD S LI Bl Baistbe
| ess t BRRs! HEsHBLRPBAficdtoRPEy ARRURY Hed GP thel driihg éth%drﬁts&yehpm%ewysval ve

950 from upstream of passageways 962 to internal flow passageway 958 i s
al | owebbthgrdzadrtharpatl lgssetham mghtcduld aitgraatveleboaysedo62. I n this enbodi ment,

tracks 970 allow ball.s 972 t linited circunf tially,di
which r educESTHe N, s ehfie: ritrolnPbhSianembalek, doe “6S¢ REiDTed ¢ o
one WapngihdifalBPkteiediag 5D 13D FWRh At DAk |circdhferaitRilI§okresibRids tdohd6f ther ect

fl owpath of fluids flow ng therethrough. Likew se, allow ng such limted
ci r cunpassagemays 192t rBalkicags Bxlincdudez 2z vadidliynoutvardly egrndingdargadar gietsdiesn of

balls 972 i.ch.coul d otherw se .reduce t al i capabi |4 ty of, bal 972.
When aﬁme\é\glﬁagg?ﬁl&gmﬁy pguf%ﬁ\ﬁys 0|f_n n’f)'icﬁ\esd @%ﬁ#ﬁﬂ?%d;?tpgﬁ??% t Hiaic tgmﬁ;gl QLI?OW

passageiréim{Sfshtiaing coiespph@s b bfthe Mt D84, Togwharassaepontindaidtdhes eat er
than the pressure at passageways 962, fluid flow through one way val ve 950

t owar dashyesdidpsmdmeks PPn Disposethvithinoeachf $hetragks Bgisjachadl 222 | Whea as
bal | i & hi . 96, dj 0,
rovt 2T EFPhNS BisPoRASS RARI ARG o AF SEHULIdN R RO MO CUT U 905

f1 ow tfeediméchrwitigh itdhicotrespolndingu srack vi20hswichotiigat othet ballsf hte dlldwedv tootravell

devi ce]z) descri bed above, prevents fluid loss into a forpation fromjnternal
1 ow pRESTEANAYY wB, Barulin 1SRN, F24cbittare Prealoe RN AERRURE SKOPRIEETHIY nal
flow p g,gﬁ.}@% t : hegn o S

bei ng fa’g@rre ly/mg?%?‘é 95%2 e%ﬁ(ﬁ@ﬁ tagggfj%%%gglﬁ?@égle 0 fctkubuf a‘ggér?reﬁ%gsl’ 356
and notatespogbtg ome-tiong slatioaslap necredted bgiveen balls 92X malpaisdgewansi®i 2t ood by

those skilled in the ar at tracks 970.c t ake ot her, configurations,
uch cont 1 it 8PFon Bfsu imovs AEia Bk, A 1 FARPSE dp TBTL L BT G

i nvent p@iyeer Opas§aRWRY €, 972 HNA! hmAkt Yaseywayt erglithg lion@idcHdégalkn M ghids or
other structures attached to the outer surface of tubular nenbér 956 may be
used teprhppmeatien kgtho idembblow passogeway 908f aber ekamplg fluid communication
20091045259PCT/ US2008/ 0102 22 tubul ar, nenber 956 h that correspondi ng
bal |5 G9ed) SUBPE eRsasropy dn6, i, BRI U0 Biseerant DUF iRt meERARR IR A

r egi onmAddereifdiot the dadctibed above withiréfErehbd fo hdifIB1E Aevides dRpeseddeRkini bed
with reference to illustrative enbodi nents, this description Is not

i nt endereningsisd ackase pinge dudhnasaactyatahle devise 324 within ppanén of baseinipe 3 bhd
conbi nagi ons of .tthe illustr.ati enbodi ts._as | 1 ot her dj nts
oD hobteBa% Ofua" SomntiilaliBh| BERERO SRR Sa8GetFry 56 UiCin@HPNER

r ef er epassagetvay NGOIRBGr P hileGWed by dctuatingesueh Gineactiathlsie dididehaWhenearampanded

cl ai ms enconpass_any .such nodifications or enbodi nents.
passageway 926 is in fluild communication with internal flow passageway 908 and the

pressure in internal flow passageway 908 is less than the pressure at passageways 912, fluid
flow through one way valve 900 from upstream of passageways 912 to internal flow
passageway 908 is allowed as balls 922 are remote from passageways 912. When annular
passageway 926 is in fluid communication with internal flow passageway 908 and the
pressure in internal flow passageway 908 is greater than the pressure at passageways 912,
fluid flow through one way valve 900 toward passageways 912 from internal flow

passageway 908 is disallowed as balls 922 seat within passageways 912. Accordingly, one



23 Wat is claimed is: 1. A sand control screen conprising: a base pipe
having first, second, third and fourth openings that allow fluid flow

bet ween amoerwarssy of the base pipe and an interior fl earastésoioznhe base
pipe; a filter medium di sposed exteri®rly of the base pipe; a flow
restricting section disposed exteriorly of the base pipe, the fl|low

r est r iway vajve 860 poovidesorhiatile flof eantrol by seledtivarailomhing dnCF prewenting Huidiflavg

devi t hat ect | yel first d thjrd . i
fhui adbereBipver PRererRPDUE Ve dreding R Ty B e s UERENES bt g
first SLowPabid 1B&INRED fdrhftibh osd int@HAIUTBvWAPEsshEsydy I 0% b allbwe Prathiction a

the first opening, the first and second flow reStricting devices providing
a secdnemfthoforpation e isemal fiew passagewase¥8um and the interior flow path via

t he second gpenjn he fi ecan third £l ow.nestri i ng: Ldevices
provi di ng ag‘(% ‘?’89% Eﬁ?felﬁa?%osfﬂaevte\?\%%ﬁ %ﬁ%pegi arstheerm My %bgn%gﬂtsﬁgtelmg{t%ﬁi dc}g f1 ow
pat h vhded daefatdbf SbORE Richther 906 and hoRh&s) 18 if @uhslasrebdiféridnge 936 0€ sledutd Wi t h
at least the first, second and fourth openi n&s, t he actuat abl e devi ce

IGAR

oper amwurak;;ss@qdabze@q&ietskilfeﬁénstb% artdhaygeackn §2 take| gthegrr eopdighEations,i ech | ow

configuration also being considered within the scope of the present invention. For example,
radially outwardly extending longitudinal rails or other structures attached to the outer
surface of tubular member 906 may be used to form tracks 920 above the outer surface of
tubular member 906 such that corresponding balls 922 are prevented from traveling
circumferentially within annular region 924 beyond the rails.

Referring now to figures 13A-C, therein are depicted various views of an annular one
way valve having a plurality of flow paths therethrough that is generally designated 950.
Annular one way valve 950 may be used in any of the above described fluid flow control
devices in conjunction with or as an alternative to any of the one way valves described above
such as the one way valves depicted in figures 11A-F. Annular one way valve 950 include a
ball cage 952 that is disposed within an outer housing 954 such as the outer housings of the
fluid flow control devices described above. Ball cage 952 includes a substantially tubular
member 956 that, along with other portions of the base pipe described above, defines an
internal flow passageway 958. Ball cage 952 includes a radially outwardly extending annular
flange 960 having a plurality of passageways 962 extending longitudinally therethrough. As
illustrated, there are eight passageways 962, only some of which are visible in the various
views. It should be understood by those skilled in the art that other numbers of passageways
both greater than and less than eight could alternatively be used.
Formed within the outer surface of tubular member 956 are a plurality of longitudinally
extending slots 964. Each slot 964 circumferentially corresponds to one of the passageways
962. Ball cage 952 includes a radially outwardly extending annular retainer flange 966
having a plurality of notches 968 formed therein. Each notch 968 circumferentially
corresponds to one of the slots 964. Together, corresponding notches 968 and slots 964 form
tracks 970. Disposed within each of the tracks 970 is a ball 972. When ball cage 952 is
disposed within housing 954 as depicted in figure 13A, each ball 972 is retained within its
corresponding track 970 such that the balls are allowed to travel longitudinally within annular

region 974 but prevented from traveling circumferentially within annular region 974 beyond



t hrough the second opening and is actuatable to allow fluid flow through
the second opening, thereby transitioning the fluid flowfromthe third

fl ow pat woaotdasmsecond fl ow path, the actuatabl e devi cecopseaisloyo204
associated with the first opening inittially prevents fluid flow through the
first opening and is actuatable to allow fluid flow through the first

openi nthe Widtheby thé¢ asvstespondinyy ttack 97U d Alctardinighygna t derespereintg fdnevtofumich t o
the first flow path and the_a tuatab(Le devi ce erably associated with the
f our t hredasionshig i$ eregted betyvespda ﬁ% £ pﬁsa}ge&m %ugh the fourth opening and
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act uat abl e devij.ces further rise res ctuated devices that are
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recited in claim1 f conprising a one way val ve In the flow
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pressure in internal flow passageway 958 is less than the pressure at passageways 962, fluid

flow through one way valve 950 from upstream of passageways 962 to internal flow
passageway 958 is allowed as balls 972 are remote from passageways 962. In this
embodiment, tracks 970 allow balls 972 to move a limited circumferentially distance which
reduces the flow restriction through one way valve 950 as compared to one way valve 900
described above as balls 972 are no longer in the direct flowpath of fluids flowing
therethrough. Likewise, allowing such limited circumferentially travel of balls 972 within
tracks 970 reduces erosion of balls 972 which could otherwise reduce the sealing capability
of balls 972. When annular passageway 976 is in fluid communication with internal flow
passageway 958 and the pressure in internal flow passageway 958 is greater than the pressure
at passageways 962, fluid flow through one way valve 950 toward passageways 962 from
internal flow passageway 958 is disallowed as balls 972 seat within passageways 962.
Accordingly, one way valve 950 provides reliable flow control by selective allowing and
preventing fluid flow therethrough which, when used within one of the fluid flow control
devices described above, prevents fluid loss into a formation from internal flow passageway
958 but allows production from the formation into internal flow passageway 958.

Even though tracks 970 have been depicted as being formed by slots 964 within the
outer surface of tubular member 956 and notches 968 in annular retainer flange 966, it should
be understood by those skilled in the art that tracks 970 can take other configurations, such
configuration also being considered within the scope of the present invention. For example,
radially outwardly extending longitudinal rails or other structures attached to the outer

surface of tubular member 956 may be used to form tracks 970 above the outer surface of



6. A flow control apparatus for controlling the inflow of production fluids
froma subterranean well, the flow control apparatus conprising: a tubular
menber hawvorgos4pisar al i ty of openings that allow fluid Pcowshesweens an
exterior of the tubular nenber and am2interior flow path of the tubular
menber: a multi-stage flow restricting section operably positioned in a
fluid tdbalar pmiembbetdseesuch fthati dorsespondingi tsdles @72 eité eprieverityd dforh havelingl ar
menber and { he jﬁ;enior fI?M/path, the flow restricting section including a
pl ur al Firsampferentiglly padin panylargegien Odd Seyopdithgpalsapl e to create a pressure
drop and eagg,; { A e . FePOR i i of
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fluids flowmng fromthe fluid source to the interior flow path, wherein at
| east orendefl that ¢heaanpend edotleindeancompasssing stickamabifisationsadrl emvboidiroénts.f | ow
through at | east one of the openings to create a fluid flow path that
bypasses the plurality of flowrestricting devices. 7. The flow control
apparatus as recited in claim6 wherein the actuatabl e devices further
conprise pressure actuated devices that are sequentially actuatable
responsive to sequentially increasing predeterm ned pressure levels in the
interior flow path. 8. The flow control apparatus as recited in claim®6
wherein at | east sonme of the flow restricting devices further conprise a
one way val ve that prevents fluid flowfromthe flow restricting section to
the fluid source 9. The flow control apparatus as recited in claim®6
further conprising a filter medium di sposed exteriorly of the tubular
menber between the fluid source and the nulti-stage flow restricting

secti on.



10. A sand control screen positionable within a wellbore, the sand control
screen conprising: a base pipe having at | east one opening that allows fluid
fl ow between an exterior of the base pipe and an interior flow path of the
base pipe; 25 a filter medium positioned exteriorly of the base pipe, the
filter mediumselectively allowng fluid flow therethrough and preventing
particulate flow of a predeternined si?2e therethrough; a flow restricting
device and a one way valve disposed in a fluid flow path between the filter
medi um and t he at east one opening, the flowrestricting device operable to
create a g@%é%ﬁﬁ@e fop in fluids flowi ng therethrough, the one way val ve
operable to allow fluid flowin a dowmmstreamdirection fromthe filter

medi um toqt he @ganld%g,.ﬁ;d &Fb%n@&ﬁ&!sﬂ@ and prevent fluid flow in an upstream
direction fromthe at |east one openin the filter medium the flow

restricti ﬁE}as&@\PFE%"”&f%ﬁttsiei)c}ﬁ‘@dh'@cﬁf\‘/ﬁ&“ﬂ%g‘?ﬁ”tﬂps PRlIohBIGERY REYYRPB 2N and a
pressure act uadxetiots theeseopey b lay ingsisTow atbdf he basetpipe; at | east one openi ng,

the press {n{%r gg*,mg,g&sg@g)h&gmp&@{eaoggeep”geo initially prevent fluid flow
t hrough t east one opening and actuatable to allow fluid flow through

the at | e%x%‘tw r@ﬁéct'a%eﬁf%dlﬁpegeﬁ@ﬁw% o the BgpeiPire rbaiay PHMIGPS sastignanqusting
predet er m ned fir@wektondrant ihed flow resttiaing Bévivas patrispectival} credta@rsg aeddngomt r ol screen

as recited in gl rEQs&rQ d@%@ Ghlds IO RRESRIRLG RRAIPIRAHRYNE & fcur t her
conprises ar upt
prowdlng a ffrst flow path between the filter medium and the interior flow path via the first

opening, the first and second flow restricting devices providing a second flow path
between the filter medium and the interior flow path via the second opening, the first,
second and third flow restricting devices providing a third flow path between the filter
medium and the interior flow path via the third opening; and

actuatable devices operably associated with at least the first, second and fourth openings, the
actuatable device operably associated with the second opening initially prevents fluid flow
through the second opening and is actuatable to allow fluid flow through the second
opening, thereby transitioning the fluid flow from the third flow path to the second flow
path, the actuatable device operably associated with the first opening initially prevents
fluid flow through the first opening and is actuatable to allow fluid flow through the first
opening, thereby transitioning the fluid flow from the second flow path to the first flow
path and the actuatable device operably associated with the fourth opening initially
prevents fluid flow through the fourth opening and is actuatable to allow fluid flow through
the fourth opening to provide a fourth flow path that bypasses the first, second and third

flow restricting devices.

2, The sand control screen as recited in claim 1 wherein the actuatable devices further
comprise pressure actuated devices that are sequentially actuatable responsive to sequentially

increasing predetermined pressure levels in the interior flow path.

3. The sand control screen as recited in claim 1 further comprising a one way valve
disposed in the flow restricting section to prevent fluid flow from the flow restricting section to the

filter medium.

4 The sand control screen as recited in claim 1 further comprising an actuatable device
operably associated with the third opening that is operable to initially prevent fluid flow through

the third opening and actuatable to allow fluid flow through the third opening.



12. A sand control screen positionable within a well bore, the sand control
screen conprising: a base pipe having at | east one opening that allows fluid
fl ow between an exterior of the base pipe and an interior flow path of the
base pipe; a filter nmedium positioned exteriorly of the base pipe, the
filter mediumselectively allowng fluid flow therethrough and preventing
particulate flow of a predeterm ned si22e therethrough; a flow restricting
device and a one way val ve disposed in a fluid flow path between the filter
medi um and the at | east one opening, the flow restricting device operable to
create a presslieeat @pre SrpenAsdecied By vireeieearn oLGR lov fretrigine dqusps val ve
oper abl e fuaheakbropmiséd albr@d iy 0uwd thatapredoms i @atioeh theldw estridting@ sactidreto tHel t er

medi um tof”%prgeo%ml east one opening and prevent fluid flow in an upstream
direction fromthe at | east one opening to the filter nmedium the flow
restricting device and the one way val ve being integrally fornmed; and a
pressure @ct uak gk cRNV6 GEpRREY faldoytraing e iirib@ df prbdubtidhMigidatrorh @ asdter@R@nopeni ng,

t he well PLESSUr e act ure?tﬁseéjomdﬁé’i% ce oper able to initially prevent fluid
flow thr oug'h the at’ P'east - one (5’perﬁ ng and actuatable to allow fluid flow
t hrough the ataiuedgrtmesiber kagen P RYrafie sheparingsehat gllcgrflvidflew dalween #n ptasissure to a
predet erm ned | evelofitra tithiRr nBhedriad arf ihteMér P& Path of2e tubular member;
a multi-stage flow restricting section operably positioned in a fluid flow path between a
fluid source disposed exteriorly of the tubular member and the interior flow path,
the flow restricting section including a plurality of flow restricting devices each
operable to create a pressure drop and each associated with one of the openings
creating a plurality of flow paths between the fluid source and the interior flow
path via the respective openings; and
actuatable devices operably associated with at least some of the openings that initially
prevent fluid flow through the associated opening and are actuatable to allow
fluid flow through the associated opening to sequentially reduce the pressure
drop experienced by fluids flowing from the fluid source to the interior flow path,
wherein at least one of the actuatable devices is actuatable to allow fluid flow through at
least one of the openings to create a fluid flow path that bypasses the plurality of

flow restricting devices.

7. The flow control apparatus as recited in claim 6 wherein the actuatable devices further
comprise pressure actuated devices that are sequentially actuatable responsive to sequentially

increasing predetermined pressure levels in the interior flow path.

8. The flow control apparatus as recited in claim 6 wherein at least some of the flow
restricting devices further comprise a one way valve that prevents fluid flow from the flow

restricting section to the fluid source.

9. The flow control apparatus as recited in claim 6 further comprising a filter medium
disposed exteriorly of the tubular member between the fluid source and the muliti-stage flow

restricting section.

10. A sand control screen positionable within a wellbore, the sand control screen comprising:
a base pipe having at least one opening that allows fluid flow between an exterior of the

base pipe and an interior flow path of the base pipe,;



13. The sand control screen as recited in claim12 wherein the pressure
operated device further conprises a rupture disk.

25

a filter medium positioned exteriorly of the base pipe, the filter medium selectively
allowing fluid flow therethrough and preventing particulate flow of a
predetermined size therethrough;

a flow restricting device and a one way valve disposed in a fluid flow path between the
filter medium and the at least one opening, the flow restricting device operable to
create a pressure drop in fluids flowing therethrough, the one way valve operabie
to allow fluid flow in a downstream direction from the fitter medium to the at least
one opening and prevent fluid flow in an upstream direction from the at least one
opening to the filter medium, the flow restricting device positioned downstream of
the one way valve; and

a pressure actuated device operably associated with the at least one opening, the
pressure actuated device operable to initially prevent fluid flow through the at
least one opening and actuatable to aflow fluid flow through the at least one
opening responsive to an increase in pressure to a predetermined level in the

interior flow path.

11. The sand control screen as recited in claim 10 wherein the pressure operated device

further comprises a rupture disk.

12. A sand control screen positionable within a wellbore, the sand control screen comprising:

a base pipe having at least one opening that allows fluid flow between an exterior of the
base pipe and an interior flow path of the base pipe;

a filter medium positioned exteriorly of the base pipe, the filter medium selectively
allowing fluid flow therethrough and preventing particulate flow of a
predetermined size therethrough;

a flow restricting device and a one way valve disposed in a fluid flow path between the
filter medium and the at least one opening, the flow restricting device operable to
create a pressure drop in fluids flowing therethrough, the one way valve operable
to allow fluid flow in a downstream direction from the filter medium to the at least
one opening and prevent fluid flow in an upstream direction from the at least one
opening to the filter medium, the flow restricting device and the one way valve
being integrally formed; and

a pressure actuated device operably associated with the at least one opening, the
pressure actuated device operable to initially prevent fluid flow through the at

least one opening and actuatable to allow fluid flow through the at least one opening

responsive to an increase in pressure to a predetermined level in the interior flow path.
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13. The sand control screen as recited in claim 12 wherein the pressure operated device

further comprises a rupture disk.
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