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I nvention relates, in general, to equipnent utilized in conjunction
wi th operations perforned in subterranean wells and, in particular,
to a flow control screen assenbly thatlis operable to control the
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TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates, in general, to eguipment
utilized in conjunction with operations performed in
subterranean wells and, in particular, to a £flow control
screen assembly that 1s operable to control the inflow of
formation fluids and selectively operable to prevent reverse
flow of fluids into the formation.

BACKGROUND OF THE INVENTION

[0002] Without limiting the scope of the present invention,
its background will be described with reference to producing
fluid from a hydrocarbon bearing subterranean formation, as an
example.

[0003] During the completion of a well that traverses a
hydrocarbon bearing subterranean formation, production tubing
and various completion 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 unconscolidated or loosely consolidated subterranean
formation, certain completions 1include 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 flow control devices within
the tubing string.

[0004] Attempts have been made to utilize fluid flow
control devices within completions requiring sand control.
For example, in certain sand control screens, after production

fluids flows through the filter medium, the fluids are



[ 0003] During the conpletion of a well that traverses a hydrocarbon
beari ng subterranean formation, production tubing and vari ous

conpl etion equi pnent are installed in the well to enable safe and

ef ficient production of the formation fluids. For exanple, to prevent
t he production of particulate material2from an unconsolidated or

| oosely consolidated subterranean formation, certain conpletions
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packers. Current flow control screens regquire the running of
a separate work string into the completion string to achieve
this result or require that one or more permanent check wvalves
be incorporated into each of the flow control screens. In
addition, it has been found, that it may desirable to allow
reverse flow from the completicn string into the formation in
certain completions requiring fluid flow control, sand control
and tocls setting capabilities.

[000¢6] Accordingly, a need has arisen for a flow control
screen that 1is operable to control the inflow of formation
fluids in a completion requiring sand control. A need has
also arisen for such a flow control screen that is operable to
be pressured up during the completion process. Further, a
need has arisen for such a flow control screen that is
operable tco selectively allow reverse flow from the completion
string into the formation.

SUMMARY QOF THE INVENTION

[{0007] The present invention disclosed herein comprises a
flow control screen for controlling the inflow of formation
fluids in completions requiring sand control. In addition,
the flow control screen of the present invention is operable
to be pressured up during the completion process. Further,

the flow contrel screen of the present invention is operable



conpl etion process, it nmay be desirable to pressure up the conpletion
string to operate or set certain tools, such as packers. Current flow
control screens require the running of a separate work string into
the conpletion string to achieve this result or require that one or
nore permanent check val ves be incorpagdated into each of the flow
control screens. In addition, it has been found, that it may
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rever sarf | dwtkeramlt heeaanpketi oa stelhgti ndoséhiel fortmdt onis radially
outwardly constrained in a first operating position of the
piston body to retain the wvalve plug therein and radially
outwardly unconstrained in a second operating position of the
piston body. Reverse flow 1s 1initially prevented as an
internal differential pressure seats the wvalve plug on the
internal seat and causes the piston body to shift from the
first operating position to the second operating position upon
reaching a predetermined internal differential pressure.
Thereafter, an external differential pressure causes the valve
plug to be expelled through the collet assembly, thereby no
longer preventing reverse flow.
[0009] In c¢ne embodiment, the vwvalve assembly further
includes a retainer sleeve that radially outwardly constrains
the collet assembly in the first operating position of the
piston body. In this embodiment, the piston assembly may be
slidably positioned within an axial opening of a housing
member of the flow contrecl screen. Also, in this embodiment,
the piston assembly and the housing member may be initially
secured together with a retainer pin that prevents movement of

the piston body from the first operating position to the



[0008] I n one aspect, the present invention is directed to a flow
control screen having a fluid flow path between a perforated section
of a base pipe and a filter nedium positioned around a bl ank pipe
section of the base pipe. The flow control screen conprises at | east
one val ve assenbly disposed within thedfluid flow path. The val ve
assenbly includes a piston body and a valve plug. The piston body has
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out war glilypgconstrain the coll et assenbly in the second operating

pOSiti%%OaE]the In one embodiment, the valve plug may be in the form
of a spherical blecking member or a substantially cylindrical
blocking member. In another embodiment, the collet -assembly
may include a plurality of collet fingers having radially
inwardly projecting lips. In a further embodiment, the collet
assembly may include a plurality of collet £fingers having
radially outwardly projecting lips. In yet another
embodiment, the flow control screen may include a fluid flow
control section in the fluid flow path that causes a pressure
drop in fluids traveling therethrough. In an additional
embodiment, the flow control screen may include at least one
reentry barrier in the fluid flow path operable to prevent
reentry of the valve plug into the piston body.
[0012] In another aspect, the present invention is directed
to a flow control screen having a fluid flow path between a
perforated section of a base pipe and a filter medium
positioned around a blank pipe section ©of the base pipe. The

flow control screen comprises a plurality of circumferentially



pi ston body.In this enbodi nent, the piston assenbly may be slidably
positioned within the cylinder assenbly. Al so, in this enbodi nent, the
pi ston assenbly and the cylinder assenbly may be initially secured
together with a retainer pin that prevents novenent of the piston
body fromthe first operating positions5to the second operating
position until the predetermined internal differential pressure acts

on the yalve plugs L0010, ong, prbodiienly dhe vahyve Alwg my;he Hy,
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operable to prevent reentry of the valve plﬁg into the piston body.
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internal differential pressure. Thereafter, an external
differential pressure causes the wvalve plugs to be expelled
through the collet assemblies, thereby nc longer preventing
reverse flow.
[0013] In a further aspect, the present invention is
directed to a method for operating a flow control screen. The
method includes disposing at least one valve assembly within a
fluid flow path between a perforated section of a base pipe
and a filter medium positioned around a blank pipe section of
the base pipe; retaining a valve plug within a piston body of
the valve assembly by radially outwardly constraining a collet
assembly in a first operating position of the piston body:
applying an internal differential pressure to seat the wvalve
plug on an internal seat of the piston body to prevent reverse
flow; applying a predetermined internal differential pressure
on the wvalve plugs to shift the piston body from the first
operating position to a second operating position while
continuing to prevent reverse flow; and applying an external

differential pressure to expel the wvalve plug through the

collet assembly, thereby no longer preventing reverse flow.



di stributed val ve assenblies disposed within the fluid flow path.

Each val ve assenbly includes a piston body and a val ve plug. Each

pi ston body has an internal seat and a collet assenbly that is
radially outwardly constrained in a first operating position of the

pi ston body to retain the valve plug therein and radially outwardly
unconstrained in a second operating position of the piston body.
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nore conpl ete under st andi n% of the features
to an embodiment of Tthe present invention;

[0017] Figures ZA-2C are quarter sectional views of
successive axial sections of a flow contrel screen according
to an embodiment of the present invention;

[o018] Figure 2D 1is a cross sectional view of the flow
control screen of figure 2B taken along line 2D-2D;

[0019] Figure 2E 1is a cross sectional view of the flow
control screen of figure 2C taken along line 2E-2E;

[0020] Figures 3A-3C are cross secticnal views of a valve
assembly in its various operating configurations that 1is
operable for use in a flow control screen according to an

embodiment of the present invention:;



and advant ages of the present invention, reference is now nmade to the
detail ed description of the invention along with the acconpanyi ng
figures in which corresponding nunerals in the different figures
refer to corresponding parts and in which: [0016]Figure 1 is a
schematic illustration of a well systemoperating a plurality of flow
control screens according to an enbodi nent of the present invention;

[0017] H 2A-2C are quarter _sectional vie of .successive axia
seot i on SR 71 alids oPRCtE A e Br e nE B Lo e T o e ve
presentadgusity onin [ 00dS8] gt 2D dise Battings Soetipnedt vdew ofhdhe is
fl ow control screen of figure 2B taken along |ine 2D 2D; [0019] Fi gure
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taken ae!nﬁﬂgilldé}?c 5 %he present invention;

[0022] Figure 5 is an isometric view of a piston assembly
positionable in a valve assembly that is operable for use in a
flow control screen according to an embodiment of the present
inventions;

[0023] Figure 6 1is an isometric view of a piston assembly
positionable in a valve assembly that is operable for use in a
flow control screen according to an embodiment of the present
invention; and

[0024] Figure 7 1is cross sectional view of a valve assembly
including a reentry barrier that is operable for use in a flow
control screen accerding to an embodiment of the present
invention; and

[0025] Figure 8 is cross secticnal view of a valve assembly
including a reentry bkarrier that is operable for use in a flow
control screen according to ancother embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] While the making and using of various embodiments of
the present invention are 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.

[0027] Referring initially to figure 1, therein is depicted

a well system including a plurality of flow control screens



[ 0020] Fi gures 3A-3C are cross sectional views of a valve assenbly in
Its various operating configurations that is operable for use in a
flow control screen according to an enbodi mnent of the present

i nvention; 7 [0021] Figures 4A-4C are cross sectional views of a

val ve assenbly in its various operatimg configurations that is
operable for use in a flow control screen according to an enbodi nent

of the present invention; [0022]Figure 5.is an. sonetric.view.of a .
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present invention; [0023]Figure 6 is an isonetric view of a piston

assenbpﬁlustrated embodiment, a wellbore 12 extends through the
various earth strata. Wellbore 12 has a substantially
vertical section 14, the upper portion of which has cemented
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.
[0028] 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. At its lower end, tubing string 22 is coupled to
a completions string that has been installed in wellbore 12
and divides the completion interval into wvarious production
intervals adjacent to formation 20. The completion string
includes a plurality of flow control screens 24, each of which
is positioned between a pair of packers 26 that provides a
fluid seal between the completion string 22 and wellbore 12,
thereby defining the production intervals.
[0029] Flow control screens 24 serve the primary functions
of filtering particulate matter out of the production fluid
stream and controlling the flow rate of the production fluid
stream. In addition, as discussed in greater detail below,
flow control screens 24 are operable to be pressured up during
installation of the completion string. For example, when the
completion string is positioned in the desired location in
wellbore 12, internal pressure may be used to set packers 26
to divide the completion interval into the desired number of
production intervals. During this setting process, flow
control screens 24 are in their running configuration in which

they are operable to hold pressure for repeated cycles as long



positionable in a valve assenbly that is operable for use in a flow
control screen according to an enbodi nrent of the present invention;
and [0024] Figure 7 is cross sectional view of a val ve assenbly
including a reentry barrier that is operable for use in a flow
control screen according to an enbodi ent of the present invention;
and [0025] Figure 8 is cross sectional view of a valve assenbly

i ncl udin reentry barrier that is,operable for einaiflo
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depiCt%%nfiguration, flow control screens 24 continue to hold
pressure, however, when the internal pressure is released and
the differential pressure across flow control screens 24 is
positive between the outside and inside of £flow control
screens 24, flow control screens 24 are operated to their
production configuration.
[0030] Even though figure 1 depicts the flow control
screens of the present invention in an open hole environment,
it should be understood by those skilled in the art that the
flew control screens of the present invention are equally well
suited for use in cased wells. Also, even though figure 1
depicts one flow contrel screen in each production interval,
it should be understcocod by those skilled in the art that any
number of flow control screens of the present invention may be
deployed within a production interval without departing from
the principles of the present invention. In addition, even
though figure 1 depicts the flow control screens of the
present invention in a horizontal section of the wellbore, it
should be understood by those skilled in the art that the flow
control screens of the present invention are equally well
suited for use in well having other directional configurations
including vertical wells, deviated wellbores, slanted wells,
multilateral well and the like. Accordingly, it should be
understood by those skilled in the art that the use of

directional terms such as above, below, upper, lower, upward,



a well systemincluding a plurality of flow control screens 8
enbodying principles of the present invention that is schematically
illustrated and generally designated 10. In the illustrated

enbodi ment, a wellbore 12 extends through the various earth strata.
Vel | bore 12 has a substantially vertiqgal section 14, the upper
portion of which has cenented therein a casing string 16. Wl |l bore 12
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repeat ethtyc! esFrBsw | 888trol screen 100 includes a base pipe 102 that
has a blank pipe section 104 and a perforated section 106
including a plurality of production ports 108. Positioned
arcund an uphcle portion of blank pipe section 104 is a screen
element or filter medium 112, such as a wire wrap screen, a
woven wire mesh screen, a prepacked screen or the 1like,
designed to allow fluids to flow therethrough but prevent
particulate matter of a predetermined size from flowing
therethrough. Positioned downhole of filter medium 112 is a
screen interface housing 114 that forms an annulus 116 with
base pipe 102. Securably connected to the downhole end of
screen interface housing 114 is a sleeve housing 118. At its
downhole end, sleeve housing 118 is securably connected to a
flow tTube housing 120 which 1is securably connected to the
uphole end of an intermediate housing 122. In addition, flow
tube housing 120 is preferably securably connected or sealably
coupled to base pipe 102 to prevent fluid flow therebetween.
Toward its downhole end, intermediate housing 122 is securably

connected to a production port housing 124 which is preferably



9 as the pressure renains bel ow a predeterm ned threshol d

pressure. Once all pressure operated conpletion conponents are set or
during the setting of the final pressure operated conpletion
conponent, the internal pressure may be rai sed above the
predeterm ned threshold pressure to opgrate flow control screens 24
into their sheared configuration. In this configuration, flow contro

screens 24 c e to hald p sur.e, . however, en the internal
pressur"‘éez"l Cf IL‘ g%%s%na’lpﬁe {ﬁ?f@renf Al eSS §BPoss TL‘FF‘SW various
cont r olcfifRanordd isr pagid | ieobetveensdde cng siggy ansk | ngddle ofn f 1oy
control screens 24, flow control screens 24 are operated to their

pr oduc tSusr- 4o | @@@Iaie@@nln[:@(;g@paveﬁhdmh Fhxpaeing d@pﬁcfﬂ@et He. 9 o
contr ol eaeé‘stl%o@gﬁ 9[} %t 'Hef%;%@%hé{‘sa 4 ORe0sh e“‘@{ﬁo“@f‘ém
od K

it sh031 e unders ose’’s in t eart t t'he
cont r olargrr egies Qfideéhe pr aaﬁgﬁthéw,entum afcmsemgal Igewﬁicbnssummhtf@r a
use in cased wells. Also, even though fi gur depicts one fl ow

cont r ol 9SG Y n2BRBHABr ddittd o LPHt & bFFWEﬁBUI%ﬂbfee{mH‘@P%PB‘odHZ

by thosg skiddeddird he@riord hade asy guubes; @ fdow control screens
of the present invention may be deployed within a production interval

wi t hout[CPSA2dr t i ng’CfSrlqurmd pdinncicpeesaphuife pregenn ibeeve¢nn.haysing
addltlo even EH fk%y e 1. deplféf t.he flom/ ontrol screensrof126
t he pré3 TS nv 2 hoPi-Zont al“ sect i dn Bt 1:he weld boF e =it

shoul d Hes iuiderest O@ﬁthynt hosglekalied iof taeialt opkatingike Ii@wln flow

control screens of the present_invention are equally well suited for
use i n Gw&S lwaﬁﬁh@goﬂﬁg% HF ¢ edtlicgnat weonf ilglr at %%sfpﬁ@ldﬁlﬁéU1d flow

vertic S, e lRor n I mul al [ 1
and th?oﬁ:%l;]é:’ k &%%%%g?i@lt%hﬁtdgbg %ﬁgee‘%gt 228 by %iogéggkﬁe% in

i n the faourchat2t,he thse dfl ldistewttiaghalentterdignesuch iasclatsbae, diet owxial
upper, Jﬁ@g?hgs q%%-dnd six flow tubes 130, however, those skilled in
the art will recognize that other numbers of £flow tubes both
greater than and less than six could alternatively be used and
would be considered within the scope of the present invention.
Each of the flow tubes 130 is secured within flow tube housing
120 by a threaded retaining sleeve 132. One or more of the
flow tube 130 may have a threaded cap or a plug 134 associated
therewith to inhibit or stop flow therethrough. The use of
plugs 134 and flow tubes 130 having various inner lengths and
diameters allcw an operator to adjust the pressure drop rating
of each flow control screen 100 to a desired level such that a
completion string including a plurality of £flow control
screens 100 is operable to counteract heel-toe effects in long
horizontal completions, balance inflow in highly deviated and
fractured wells, reduce annular sand transportation and reduce

water/gas influx, thereby lengthening the productive 1life of
the well.



10 downward, left, right, uphole, downhole and the |ike are used in
relation to the illustrative enbodi nents 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, the uphole direction being toward
the surface of the well and the downhol e direction being toward the

t oe of I'1. 10031] Referring.next to figures 2A-2C, -therei.n is
depi ct ed suUccessi (fé%é%ﬂe e%f?%h% 3f3%%%%%%(%wﬁfoﬁx§é}eéwgﬂﬁ%%%i%%6
to the ipf eseidridWBité ORobdRhgi $20 epresealaki welserbdllivst nged g form

general |y designated 100. Flow control screen 100 nay be suitably
coupl ect t 5eBERER lHichr fipvwCopitiodl Sefeers, ofr ofltRY i eRNFaSRergcreen

| ocat i ng i pph%s’be%@d%%%koriﬁ UPg!;ggé U, OLOEL qﬁ%@@r%tte(&o'esr%%dir%ﬂ

a conpletions String as descri be ove. 'Fl ow confrol “screen
i ncl udesxcd akse Ppipeaiddlt baenhagsa I@akngi pexsealliven aEdernides 136,

perforated section 106 includjng a plurality of productjon rts 108.
Posi t i glr?éf?va?r%unﬁﬂaﬁeu eéorf?oﬁ@@f HEn%’lgilper%%?:‘iﬂ?b%e 1643t gFher

screen RIEY OF KR g8dimm 142, M §Se ¥ @HANAPASE! 88Bs 3 han
woven wire nesh screen, a prepacked screen or the |ike, designed to

al | ow fdig§ deoulsl fabbve xmat etk vugh baedprademupslr biccwaase dratacervbthin
predet Gl Nedsl 28! LT Tadg. hereh Dl gnoh. ARpsidlenedefounnol s oles

filter Tedium I's a’screen intertace housin orns a
annul uSAERR ,Wddrthasel i pesdorbl petBcabhylcanseat ed stent ke schowinol 138,
end of screen interface housing 114 is a sleeve housing 118. At its

downholée BaHVEsPddde hdlisi Ag 19821 5eldfabl §° cBRfed edot818°F| cWeeve

tube hqusji ng Pli?socawi&éﬂséﬁbfﬁcyﬁ@biﬂcﬁ@&@gcéegi%%ohh%o!d@h%% end 19fg ath
intermedi ate housing 122. I'n addition, flow tube housing 120 is

pr ef er abinireecurabliey Tohneed et pinsgababkby 168upkedbesthaserpijge fQigre

to preyent fluid flow therebetween. Toward its do e.end, :
o oy e Bhhb b kY SRR o BTk eht BoO I PAENR: rnrarity
housi n@ fl24oWhe€h fiisigaref e18bl orklingel dedcdla drasespenp1$02 5. i t L£ach
downhol e end. The vari ous connections of the housing sections may be

made i #odrftsuftBBPE flaxdhi bACIAEFEdingTrAdlalhy, radiass ngtand 2 As
and t hE FERE Fogarner THe houS) R SoRtione crear e a GORBralyio < oF
annul arcdlllgitd #sempayh 15t weea friddierl Ipdouhwdt@lgndgertforiateat in a
SeCtio%igg (%pg?ggi ép%o%Q%ion of piston body 148 to retain valve
plug 140 within piston body 148 and radially outwardly
unconstrained in a second operating position of piston body
148.
[0034] Valve plugs 140 are depicted as spherical blocking
members and are initially allowed tc move within piliston body
148 between shoulder 160 and 1lips 158, as best seen in figure
3A. Those skilled in the art will recognize, however, that
even though wvalve plugs 140 are depicted as spherical in
shape, wvalve plugs 140 could have alternate shapes including
cylindrical configurations, substantially cylindrical
configuraticens or other configurations sco long as valve plugs
140 are capable of creating a seal within piston body 148 and

of being ejected from piston body 148, as described below. As
illustrated, uphole travel of each wvalve plug 140 is limited



[ 0032] Positioned in the annul ar regi on between housing sl eeve 118 and
base pipe 102 is a split ring spacer 126. Positioned within a
plurality of axial openings 128 in flow tube housing 120 are fl ow
tubes 130 that forma fluid flow control section of flow control
screen 100. As best seen in figure 2Dj3the illustrated enbodi nent

i ncludes six axial openings 128 and six flow tubes 130, however,

t hose skill ed t he t w ec ze that _oth nbers _of f

Lubee g5 nspcuiter T hER' e | ST SrraRhal Ol AT Bakly Lol e
and V\Dthdnlbfédloﬂ [ dPI[ﬁad \M5T8h|£1st &%ﬁ%qufy obutherar egsiimdriiventi ofbllet
Each of the flow tubes 130 is secured within flow tube housing 120 by

a t hr edldew e aildidng 16| e@wléall?,tzwe@héom LRl T t 19d eevew EdBe 13CR¥wEyL
Stop {6 Theret Froudhe The T3E 67 b gt 13¢ and FF St ubRs. 130 o o7

havi ng nesrd ioes | pver 1M 2pgwving cand rhiranigtler Ssathoss apiepenat@sanly 138

adj ust the, pressure dro ratlng f each flo ntrol screen 100 to
desirecq eSSt 2 tat ha QUELRBI & £Pon s"w 1n§?HaFE§§ Al Ay ot

flow cotdRIntscr eans d0Q 48, 0perabligd 0 gouer agddgsly t oesef fagtSugh
in long horizontal conpletions, balance’i nf | ow in hi ghl y devi ated and

fract urcaendeld sl4G.educe annul ar sand transportati on and reduce

vt er/ agpdail| Ux.e L gTeby,l engihent ng.the, £ odygt e LLLE 8Lrbbon of

wel | . 033]50 i oné Ih a i ngs

in intealwd abatheusi sgrd@z ard vahvewm@lenh}alaﬁe la@stefm@th%@r nlaG are
reverse fluid flow control section of flow control screen 100.

best s&&FULES i bor dHEIMERE AN JRRRERY drfodtHENTAINEl RIS S| 1i5xiane
open! ngs L RN, Sl Y aby e 4aSEERLLES 1130, NENMEYRE s LIATE altldcied | tun

the art wll recognize that other nunbers of valve assenbli es bot
gr eat erinttleamadndiil Essrarntaim sipresulce al veenatnvehy peeasedeandlamiﬁl do

be considered. wit the sco e_present _invention. een
b 1 ouee ShBe Mo S At F et bl 5 nRF BT e SOt

138, apigleve g Ugné-frobeaabgudbﬂertcpl‘d’hé—4€uﬁtﬁlﬂaﬁ éekah@eae@ﬂl@@r\ielglmow
Pi ston assenbly 138 includes a piston body 148 having an o-ring

gr oove PRGTEAd 4RI Yr b80e 15 Irskl weehle nintgarels qﬂfﬁfég%%ﬂlyﬂl

FutenagHa AR TELOD RO, ek agh B EIoGRl) eLof g8 S

radi al If)LOmedtJlu:E@utyhlpflﬁ)& Asontrol screens 100 is prevented by valve
assemblies 136 as valve plugs 140 seat on shoulders 160, as
best seen in figure 3A. Repeated pressure cycles may be
applied to the tubular as long as the pressure remains below
the shear pressure of retainer pins 142.
[0036] When it is desired to operate flow control screens
100 from the running configuration to the sheared
configuration, the internal differential pressure may be
raised to a predetermined threshold pressure above the shear
pressure of retainer pins 142 causing retainer pins 142 to
shear, as best seen in figure 3B. In this configuration,
valve assemblies 136 continue to hold pressure and prevent

reverse f£lulid £flow through flow control screens 100 from

production ports 108 to filter medium 112. Once the internal



explained in greater detail below, collet fingers 154 of collet
assenbly 156 are radially outwardly constrained in a first operating
position of piston body 148 to retain valve plug 140 within piston
body 148 and radially outwardly unconstrained in a second operating
position of piston body 148. [0034] Vahye plugs 140 are depicted as
spherical bl ocking nenbers and are initially allowed to nove within

i ston ho 148 bet ween shoul der 160 and |ips 158, as best seen in ,
I s 0w LU g R g TR ML LT LR
even t 22l ve \ldigs 40 a5 e sdanighed as,sphes | aalsd n shape.1 0l ves

pl ugs 140 coul d have alternate shapes including cylindrical .
conf i g@dteTs, tabsthat Pappyuegl iinghidcalbassnfpipr al Péns 16r apiHdred to
config j O o] val pl 4 c bl f iL.ng
cenl  with BPEPERt Do b b B0 by YLy Ry caUR oir i sfBRTLEH) fom
148, agpideseribesdehiel bws A8 [dustaaied) yupholwedd aveverdéneaolf wadMest

plug 140 is limted 13 by shoul der 160 and downhol e travel of valve
pl ug 1407198498 MY%ed HyPi %%n‘i%lé 4352 44PUPHY PEUEREPd PRBY SRV Sof 44, as

col l et fddoessrl5a, i 81di g8l hewed diyd el RhLel 8] eo¥evddb1u%i alio enter
nmovenent of piston asséenbly 138 is initially prevented by retainer

pi n 14znnatiagh feahgnbllpisesutles thiast orelssentsbpmnb38eso 13 enpedictger
housi ng 122. A seal ., depicted.as o-ring 16 revents.fluid tra .
ar ound BB ST eSBAS HaBE b DohP HpERT Ao 198, CPBOSEIFEGAFEPSAL00 n
repr esemes it ke gduyting eedigunatdien.of flow control screen 100 in

whi ch val ve assenblies 136 are secured to intermedi ate housing 122
and vallP@3flugs FeF e sl whBRFeHi 4RoAChodiNES iR 21N daRicted

confi guratd On, -4 d NLAEBaE mdhf T gFE_e%t 1 e§§ﬁéﬁbl%’”$‘b@i@ib%‘éd within
pressure iTisi de o base pi pe 102 is greater than the pressure out'si de
of base pilper 1Gtnay berappl tbdtt d & lpenannillar deésiggadepl 890ng fHlow

control_ screens 100. Specifically, the.internal differential pressur
Wil ¢ ESPE S SEEREBr Galct  on SPBRe t PEUBLEE fHCou LAY oL TC
flow cerireeln stoeensesldbivsd Paewedt edi by Ha/ecasspibbhes 486 R%ailed

val ve %Gugs 140 seat on shoul ders 160, as best seen in figure 3A
Repeat 8¢ lpessuf@ cits ed ldtytBatappliad 1@ 1 héleub At ool | 8R5eas 4

pressur Jl%%isp%x@%%%iﬁéhﬁ@ﬁsgﬁgsﬁ§@e Lq_]‘ag e%gi QEEugggﬁyl%nnected

[0036]When It 1s desired to operate flow control screens
to a production port housing 224 which is preferably welded to
base pipe 202 at its downhcle end. A plurality of wvalve
assemblies 236, only one being pictured in figures 4A-4C, is
positioned within a corresponding number of axial openings 246
of intermediate housing 222. Each valve assembly 236 includes
a piston assembly 238, a valve plug 240, a retalner pin 242
and a cylinder assembly 244. Piston assembly 238 includes a
piston body 248 having one or more pin openings 252, as best
seen in figure 6. Integrally extending from piston body 248
is a plurality of collet fingers 254 forming a collet assembly
256. Each collet finger 254 includes a radially expanded lip
258.
[0038] Valve plug 240 1is depicted as a substantially
cylindrical blocking member that is initially allowed tc move

within piston  body 248 between shoulder 260 and a

predetermined location within collet assembly 256, as best



100 fromthe running configuration to the sheared configuration, the
internal differential pressure nmay be raised to a predeterm ned
threshol d pressure above the shear pressure of retainer pins 142
causing retainer pins 142 to shear, as best seen in figure 3B. In
this configuration, valve assenblies 186 continue to hold pressure
and prevent reverse fluid flom1through fl ow control screens 100 from

producti on ports 08 to fjlter nmedium 112, e internal
di ffer eiftSal gt WS s 4l eased® arftf Hri Bkt eﬁjﬁ%\‘? Hr§t et enttl may be

pr essurgﬁseﬂéﬁ&éﬁ e PL eSSy e gyﬁ§sd§4bas_ﬁ RinRe £ ir e Eint o v
the pressure inside base pipe 1 is applied to flow control screens

100, vazmﬂelrgimg@lldml@melmmmlé@mr@m phet dakaddanbldi ©f 3@ sasype of
radi al | n t f|n 5 no. n .

i sal | O by B nar oresusetaas g pesPighereb vy 20 o Soretnde oo
expell@&pemﬂe&ei&ugsd&é@de@bﬁpa&@mﬂﬁﬁ tiegi ephéb4cauc b lideadi nealnveanber
assenblies 136 no | onger prevent reverse fluid flow placing flow

cont r ol2SscfB8REIREE iFPAMei r PPOIdLLVSH eSS gurREPR. travel of each
[ 0037] Refr&yd IEQ'I:QJQT"IOXVA;@OJ_EI g.‘i‘fn%ﬁte%’b%ﬂsﬁ&ﬂ@éf‘ 856 dep Q:fto%h%ﬁ_e travel
al ternate enbodinent of a valve assenbly positioned within a flow

cont rolofscveénet hpiuis @é@nerm I )leemeghatﬂel@ 200. Fhew xatiably scireerd
200 is substantlally g % contg%4 screendl 0 de crlbed_t n
above WYWIHE Siept on§O et SﬁPgﬁrﬁel | FPPREY) P Ust it edORtaC

porti omethicad conbs ol 58CT LM %ﬂ@ i Nelardesuiribeenesl atg1hadsknG Ehbly
that is securably connected to roduction port housing 224 which is

pref er @81y welhded t sl isasld Pispe ad{ ¥ t LUl eBHRReL plafr aqujylet
of val vy 2595 236,000 MR ARIA0 RICL Wikl Qg ALAD 155
positioned wthin a correspondlng nunber XI a openlngs 46 of

i nt er negiiiatie llgusimg v22x.edeadly valara iassemyiyn 23814 nclwidiesh a ﬁnastgmbly
assenbly 238, a valve plu 40, retain in 242 a y er
ResenbiFars BT AR 2% | el tuosnde: S55r B0uy 238 havisas

one or JeByietRid 9Pei-dS 25262 AS presters@enfinilli g8, éﬁb@ﬁaalpwston
extendi ng from piston bo 248 is a plurality of collet fingers 254

form n@séee‘ifkﬂ]wet%&séféﬁiﬂ WllEéj@Hf éel9eab 1Y A 254 incl udes a
radi al Iy @gia”de%l §A [ %}8@/@1{%@ R gﬂgnﬁﬁgde@&)ﬁ#fnguﬁ%‘?fon of
drical a a

substantlally cyI| menber that 1s rniti owed

t o nove lwiwt hcnnprsilonsdnmbn 2428)Obeﬂ_wee:vhas¢ioulvdﬁwe26@saanlbaies 236 are
secured within intermediate housing 222 and wvalve plugs 240
are disposed within piston bodies 248. 1In this configuration,
internal differential pressure may be applied to the tubular
string deploying flow control screen 200. Specifically, the
internal differential pressure will travel through production
ports but reverse flow through flow control screen 200 is
prevented by valve assemblies 236 as wvalve plugs 240 seat on
shoulders 260, as best seen in figure 4A. Repeated pressure
cycles may be applied to the tubular as long as the pressure
remains below the shear pressure of retainer pins 242.
[0040] When it is desired to operate flow control screens

200 from the running configuration to the sheared

configuration, the internal differential pressure may be



predeterm ned |location within collet assenbly 256, as best 15 seen
in figure 4A.In certain enbodinents, it may be preferable to use

val ve plugs 240 in the formof substantially cylindrical blocking
menbers as the likelihood of this type of valve plug 240 reentering a
pi ston body 248 after being expelled iils reduced conpared to the
spherical bl ocking nenber as described above. As illustrated, uphole

t | f, h | | 240 i limted ]l d 260 d hol
Lravel SRS vabate BTy P rahtute ed ST Potparad CaNel Sy

conpr essdtQnisned gohket2 44 nger $héed caasedely tdrconhacti ugtaneen. | i pen
258 and the inner surface of cylinder assenbly 244, which disallows
radi al I5higut werd isveridmn of VediVicet 2FisREEAd €85423 A aPRRdVBRENEC 0ofhold
pi st on LS.t % t aj i 42, i
Pt angt By oS, R evis SieyePAEienbeg AP hPShaR T840 ot
seal , depicctred 2800-firiang 262, mroelerttisonf | podt$ r avel tlas odnd tpirstnodium.

assenbly 238 through cyljnder_assenbly 244. [0039]Fi gure 4A
ot 6SSHIGE { RB% UHAFSi Ebnd GhaRaTOr Tt - PFBAEBAL rbf - Sersarssooan an
whi ch il asiselbE F €8:R862 8 eregeui-ed W tdyhin 1 44 epppdiat e1kQUsddittrol

222 and val ve plugs 240 are disposed within piston bodies 248. In
t hi s cavdapr at£0h; | vedmeal pidderentPal spreessexieehigdbe fppl | adistoon

t he tuhul ar ,st.ri pLayi A C S 0, Speci,fi cal 1.
the | nEBIE Y 7 St el ZBrasdtre 1A SBT SRR TSR Bradts i anoers
ports BH4 reyense Idyet hoasghlblvew dont cplisceeemns2@mkHlsy p2eyedued to
by val ve assenblies 236 as val ve plugs 240 seat qn shoul ders 260, as

best sé&&if | FPH Yur ETIRVRefdft etf pF¥sslfier assembly 244, ‘as best seen

in figure 4C. Once expelled, wvalve plugs 240 enter annular
region 264 such that wvalve assemblies 236 no longer prevent
reverse fluid flow placing flow control screen 200 in its
production configuration.

[0041] Referring now to figure 7A, therein is depicted a
valve assembly including a reentry barrier that 1s operable
for use in a flow control screen that is generally designated
300. Flow control screen 300 is substantially similar to flow
control screen 100 described above with the excepticns as
detailed below. In the illustrated portion, flow control
screen 300 includes intermediate housing 322 that is securably
connected to a preduction port housing 324 both of which is
preferably welded to base pipe 302 at their downhole ends. A
plurality of wvalve assemblies 336, only one being pictured in
figure 7A, is positioned within a ccrresponding number of
axial openings 346 of intermediate housing 322. Each wvalve
assembly 336 includes a piston assembly 338, a wvalve plug 340,
a retainer pin 342 and a retainer sleeve 344. Piston assembly
338 includes a piston body 348 having an o-ring groove 350 and
a pin groove 352. Integrally extending from piston body 348
is a plurality of collet fingers 354 forming a collet assembly
356. Each collet finger 354 includes a radially reduced lip



cycles may be applied to the tubular as Iong as the pressure renains
bel ow t he shear pressure of retainer pins 242. [0040] When it is
desired to operate flow control screens 200from therunni ng
configuration to thesheared configuration, the internal differential
pressure nmay be 16 raised above the ghear pressure of retainer pins
242 causing retainer pins 242 to shear, as best seen in figure 4B. In

t hi | | i 2 t
bnd” pr ot 1 SOR0EE PR onr EhPGudt i CHATIREY s dober SOt BhtY
the pragucid.em porbssteathedf iiht e fEMhtiMpOAseibhleportieidal of piston

differential pressure is released and an external dlfferentlal
pressureds 3 gﬁn ted wdedds Y3 bV cBAbE oIS 48 reldi izpopi § 8P e Pplg s 4B crnd

are exeld et iy ool ebon: gSSaNble fe: 22RA0 1 adl aldY QULKRL) TOMERRNIng

of col I'et T ers o | onger by cylinde
244 duepdsm‘ri:hmo:tﬁlpeﬁsmmdmadQGﬂ&n cylinder assenbly 244, as best

seen in fj] re 4 Once e val ve, pl.ugs 240 ent ann

eqt on I o S apYBSs sEhb FEG BeB i Sbngar SBABaE r SARTEing
fluid flawddaci ngnfikew1eoNt n@ihSId eePavdD bl idPr e8uee i glug 340 is
configuration. [0041]Referr now to figure 7A, therein is depicted

a val v iasise@th| 5y i akpuding éG%ee'rmd yadyerrre e th@‘tfelsO§pé*raémee Hlovg usel
inafloweanirol SOreenstnals is. oenerally desiapal 6l 200y Flaw corier

cont r ol %screen stantla ly"sTm ow con SCreen
100 destmirideats abBeve wist hdibel exeept ions st deicat | ed deelecow34kn t henxial
illustrated portlon flow control screen 300 includes_internediate

housi ndO¥ERYMat Ofs BeEGPADI §5EFAREEt etPd 018 prBdhdEidN pBFEvRRLREndY
324 bothyQf; ey Z;.h 1'153@991‘ Shakhy M?Arﬁﬁ%ltf Q@é@r@é pﬁlé%natasts*é%ibrly 338

downhol e ends. plurality of valve assenblies 336, only one being
pi ctur é¢ i mdyediy¥e heupdrdt P8Aed Vi t¥wala depne§pdnd|8ng>mmger3&ﬂ,

axi al o eni nNgs 3 inte dlate ho S|n 322 Each VA S

3361 nileteits il LY B IS S | B e

342 anperieiciIves. SIBleveh84411l3lsﬁﬁféﬁeaséﬁtﬁbld)iméa& | Bcl e s 1oy MBSt

body 348 haV|ng an o- rlng groove 350 and a groove 352. InaggraLly
§y

ext endidfP ronTFFEETH BB e%@8lF§e5mﬁﬂﬁP5?|gQuéﬂn@oﬁaﬁ qqquﬂﬁ
form ng, 4.C (Hd§§1@§s§ﬂply B2bnt EBCRACOL Lt 3blnaer 34 dNElddeS &inate

radi al 'y reduced
the dlscharge ends 368 of retainer sleeves 344 and is axially

disposed within intermediate housing extensions 370. As best
seen 1n figure 7B, reentry barrier 366 is depicted as
including a plurality of flexible arms 372 that allows wvalve
plugs 340 to exit wvalve assemblies 336 but prevents reentry of
valve plugs 340 into wvalve assemblies 336. Preferably, the
number of flexible arms 372 corresponds with the number of
valve assemblies 336.

[0043] Figure 7A represents the running configuration of
flow control screen 300 in which valve assemblies 336 are
secured within intermediate housing 322 and wvalve plugs 340
are disposed within piston bodies 348. In this configuration,
internal differential pressure may be applied to the tubular

string deploying flow control screen 300. Specifically, the



17 358.Col l et fingers 354 of collet assenbly 356 are radially
outwardly constrained in a first operating position of piston body
348 to retain valve plug 340 within piston body 348 and radially
outwardly unconstrained in a second operating position of piston body
348. [0042] Val ve plugs 340 are depictagd as spherical bl ocking
menbers.Initially, uphole travel of each valve plug 340 is limted by

houl der .360 d.d hol e.t | f | | 340 i |imted by |
308 ns IR SRt har e b b e Y T FRAERL st B etk
by ret gidweds Sheeverdé¢drsaXi gl owrd @R rof FPbRt CoSEENDIEr338 1 800 is

initially prevented by retainer pin 342, which frangibly secures
pi ston g 338 V81Vt TRRIIEE N od3F ngS3VRLYE sehrgs défPctseRtason

RIS
o-rin flyj e ' r
opent g TG TR 11 Ker et 2 RS e Y LR AR TR et S e
secur et detlween ant domedi atse hbesi pgel38Arandrpmadnst i oalper ttheussinggr

324. Reentry barrier 366 is positjoned proximte the discharge ends
368 of Bt Her efe%/te@s“é%ﬂg]ﬁbsi%‘logxi al Iy di sposed within

i nter medjeadsy housinih ext eng anssBrdd A8 ResdrasRenri Buf kgwi@olB screens
reentry barrier 366 is depicted as including a plurality of flexible
arms 380G hatfrgim owsheal veewinigyg 340Cant einatigve dssentilies 3836ded

prevents [AeNLIM. Of, val Mo, bl ygs, 340 | ko ryal ug, 335emblies, 336 nay  pe
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Prefera e nunder of flexrble arns corresponds ™ wth the
nunber rofi asal vaba@sserhki eha336. pFOO43TE gur erefdhirepr esens s 3ulke causing
running configuration of flow control screen 300 in which val ve
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configuration, internal differential presSsure may be applied to t
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production ports to the filter medium. Once the internal
differential pressure is released and an external differential
pressure is applied across flow control screen 300, valve
plugs 340 are expelled from piston assemblies 338 as radially
outward movement of collet fingers 354 is no longer disallowed
by retainer sleeve 344, Valve plugs 3240 then pass through
retainer sleeve 344, pass by flexible arms 372 and enter
annular region 364. Once discharged, reentry of a wvalve plug
340 into a piston assembly 338 is disallowed by arms 372 of
reentry barrier 366 such that valve assemblies 336 no longer
prevent reverse fluid flow placing flow control screen 300 in
its production configuration.

[0045] Referring now to figure 8, therein is depicted a
valve assembly including a reentry barrier that is operable
for use in a flow control screen that 1s generally designated
400. Flow control screen 400 is substantially similar to flow
control screen 100 described above with the exceptions as
detailed below. In the illustrated portiocn, flow control
screen 400 includes intermediate housing 422 that is securably

connected to a production port housing 424 both of which is



18 internal differential pressure will travel through production
ports but reverse flow through flow control screen 300 is prevented
by val ve assenblies 336 as val ve plugs 340 seat on shoul ders 360.
Repeat ed pressure cycles may be applied to the tubular as long as the
pressure renmai ns bel ow the shear presggre of retainer pins 342.

[0044] When it is desired to operate flow control screens 300 fromthe
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configuration, valve assenblies 336 continue to hold pressure and
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enter annul ar region 364. Once discharged, reentry of "a ‘val ve plug
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val ve assenblg including a reentry barrier that is operable for use
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100 descri bed above wth the exceptions as detailed bel ow.
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housi ng 422 that L, 3gsuigbl y, connsstad Lo a;productjgn part housing,,
position of piston body 448.
[0046] Valve plugs 440 are depicted as spherical blocking
members. Initially, uphole travel of each valve plug 440 is
limited by shoulder 460 and downhole travel of valve plug 440
is limited by lips 458 as radially outward movement of collet
fingers 454 is disallowed by retainer sleeve 444. Axial
movement of piston assembly 438 is initially prevented by
retainer pin 442, which frangibly secures piston assembly 438
to intermediate housing 422, A seal, depicted as o-ring 462,
prevents fluid travel around piston assembly 438 through
opening 446. In the illustrated embodiment, a plurality of
reentry barriers 466, only one being pictured in figure 8, is
positioned within a corresponding number of angled openings
468 of production port housing 424. Each reentry barrier 466
includes a support member 470 that is preferably welded within
opening 468 and a rod member 472 that preferably extends into

annular region 464. In this configuration, rod members 472



preferably wel ded to base pipe 402 at their downhole ends. A
plurality of valve assenblies 436, only one being pictured in figure
8, is positioned within a correspondi ng nunber of axial openings 446
of internediate housi ng 422. Each val ve assenbly 436 includes a

pi ston assenbly 438, a valve plug 44020a retainer pin 442 and a
retai ner sleeve 444. Piston assenbly 438 includes a piston body 448

havi -1 4 d ' 452 |, |
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radialhy reduced lip 458. Coll et fingers 454 of collet assenbly 456
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radi al 'y outwardly unconstrained in a second operating position
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454 is disallowed by retainer sleeve 444." Axi al novenent of piston
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plurality of reentry barriers 466, only one being pictured in figure
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[0048] When it is desired to operate flow control screens
400 from the running configuration to the sheared
configuration, the internal differential pressure may be
raised above the shear pressure of retainer pins 442 causing
retainer pins 442 to shear. In this configuration, valve
assemblies 436 continue to hold pressure and prevent reverse
fluid flow through flow control screens 400 from the
production ports to the filter medium, Once the internal
differential pressure is released and an external differential
pressure 1is applied across flow control screen 400, wvalve
plugs 440 are expelled from piston assemblies 438 as radially
outward movement of collet fingers 454 is no longer disallowed
by retainer sleeve 444. Valve plugs 440 then pass through
retainer sleeve 444, pass by rod members 472 and enter annular
region 464. Once discharged, reentry of a valve plug 440 into
a piston assembly 438 is disallowed by rod members 472 such
that valve assemblies 436 no longer prevent reverse fluid flow
placing flow control screen 400 in its production

configuration.



al l ow val ve plugs 440 to exit valve assenblies 436 but prevent
reentry of valve plugs 440 into val ve assenblies 436. [0047]Figure 8
represents the running configuration of flow control screen 400 in
whi ch val ve assenblies 436 are secured within internmedi ate housing
422 and val ve plugs 440 are disposed @ithin piston bodies 448. In
this configuration, internal differential pressure nmay be applied to

the t tring depl oyjng fl, trol 400. Speci fically, .
the i ncIBT ol 1 PERT] al i esstl STt 8081 O GUgh e BABEE on i b

ports erampisecd | oM b8 pagivé | embeanheat ssCcraer HaQdrs pRrieventLthot
by val ve assenblies 436 as valviéglugs 440 seat on shoul ders 460.
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differential pressure e r.ai sed above the shear essure of
retain [ﬂ?@f%ﬂ?scaﬁggﬁéeget&qunt ?nsaEEZtQP%%ea¥g%?ﬁe?ﬁ?s to the

confi gald At ival ve assentl,i eshd36r6081 I Nua 4ud9! drpressute fPbnded
prevent reverse fluid flow through flow control screens 400 fromthe
pr oductdlen o s ampastie iy techawididil @idenshey mmbrashlmedits.er ent i al
pressure is rel eased and an external differential pressure is applied
across flow control screen 400, valve plugs 440 are expelled from

pi ston assenblies 438 as radially outward novenment of collet fingers
454 is no longer disallowed by retai ner sleeve 444. Val ve plugs 440

t hen pass through retainer sleeve 444, pass by rod nenbers 472 and
enter annul ar region 464. Once discharged, reentry of a valve plug
440 into a piston assenbly 438 is disallowed by rod nenbers 472 such
that val ve assenblies 436 no | onger prevent reverse fluid flow
placing flow control screen 400 in its production configuration. 21



[0049] Whil e this invention has been described with reference to
illustrative enbodinents, this description is not intended to be
construed in a limting sense. Various nodifications and conbi nations
of the illustrative enbodi ments as well as other enbodi nents of the
invention wll be apparent to personspgkilled in the art upon
reference to the description. It is, therefore, intended that the
appended cl ai ns enconpass any such nodifications or enbodi nents. 22
CLAI Ms: 1. Aflowcontrol screen having a fluid flow path

bet weerca g f orat ed section of a base pipe and a filter medium
positioned around a bl ank pi pe section of the base pipe, the flow
control screlen cdhpriilgivhg:control atsciregst ba¥ingl ve aStehnd| yfHewpazath

within,the fluid fl t he val ve assenbly_including_a pistop,
body ar?c?hcéqevegf v% pngFB?%ge%i s?%cntlb%%y qr?avianglg‘?ﬁlei rﬁléjrenal‘_’méiea%l apnhl%er
col | et nassianbl poishat.onedr adirabhyl cut wWakealky popst reddietbn nof fthet base
operating position of the piston body to retain the valve plug

t her ei PIRfY rdth 43 SRV VS HRBhIFTR R T a second operati ng

position of fhe;phston,podY,s1ve as‘é’@ﬁfﬁgrnncgslf’sﬁ@é@(ﬁn@}itwifrf ergatialyig

pressure seats the valve plug on the int seat to prevent reverse

flow, flow mpheheithe prebet erssradlyntisralaldidid f er gritstain predguredom
oper at 1 oo PERBh (071 e BEemaoaEr 41 i boSrt | SRLShIT Got naPflg 2
to prewwntidtevessembiowtratd is radially outwardly constrained in a
first operating position of the piston body to retain the
valve plug therein and radially outwardly unconstrained in a
second operating position of the piston body,
wherein an internal differential pressure seats the valve
plug on the internal seat to prevent reverse flow;
wherein a predetermined internal differential pressure on
the wvalve plug causes the piston body to shift from the first
operating position to the second operating position while
continuing to prevent reverse flow; and
wherein an external differential pressure causes the
valve plug to be expelled through the collet assembly when the
piston body 1is in the second operating position, thereby no

longer preventing reverse flow.

2. A flow control screen according to claim 1, wherein
the wvalve assembly further comprises a retainer sleeve that
radially outwardly constrains the collet assembly in the first

operating position of the piston body.

3. A flow control screen accorxding to claim 2, wherein
the piston assembly is slidably positioned within an axial

opening of a housing member of the flow control screen.



wherein an external differential pressure causes the valve plug to be
expel l ed through the collet assenbly when the piston body is in the
second operating position, thereby no | onger preventing reverse flow.
2. Aflow control screen according to claiml1, wherein the valve
assenbly further conprises a retainer 23l eeve that radially outwardly
constrains the collet assenbly in the first operating position of the
pi st on body. . A flow control screen according.to claim.2 .
therain the b1 st dh SLQENERYRES o Ty HOSTETONedrR CAFR o A =oin
openi ng¥ ikausi nguwnary ofanthethkowneaBtihgl memneeR. a28 initiaMly
A flow control screen according to claim3, wherein the piston
assenblSPEHEI HePTRRG hgW Hebar F&Ea NIt PAN Fhede ray ardgetfengith @f

retal naf, i pilshal, PLEUSN! e BRVEROL ofr dihe Jpiealan hodkobhebhnecfi rfe
operating position to the second operating position unti the
pr edet evguared] iopeeratdlngli oerignioinal uptédsutbeacpsedateheivad velptamnal

5. Aflow control screen according to .any e of. the preceding
ol a o, T e AR VS Ut P (i v Dt s & oyt nder
assenbly that radially outwardly constrains the collet assenbly in

the first operating Eosition of the piston body but does not radially
outwardly constrdi nfife csintatclassendbey ias igecobd eper aendgof the

positi%&e e&ﬂh f%f%#ﬁ%boﬂMere%%etheGVaﬁvgl%@§%ﬁgﬂfﬂﬁﬁﬁﬂﬁgyxfomprises

according to clfaimb, Wwherern prston assenbly i's
posi ti enedywinbienr theseybindethatssemhiiynlly outwdrdAvfl | ovnhsbnains the

screen according to claim6, wherein the piston assenbly and the |
cyl i nd&P rﬁﬂgiﬁfgt?%yi APt P8P Y IEdur R R tgE hePOR FROR™ Pét difePiptPn
that preygnt suRrovgsest bt t he dliStign Q%Q%a%@.!ﬁ?l tBgnEkEat noOPERAt i 1et

position to the second operating position until the predeterm ned
i nt er na&ls serfcfler di itdle Fresnd ermstas 0w tHws bl are @ ugie piston body.

6. A flow control screen according to claim 5, wherein
the piston assembly is slidably positioned within the cylinder

assembly.

7. A flow contreol screen according to claim &, wherein
the piston assembly and the cylinder assembly are initially
secured together with a retainer pin that prevents movement of
the piston body from the first operating position to the
second operating position until the predetermined internal

differential pressure acts on the valve plug.

8. A flow control screen according to any one of the
preceding claims, wherein the valve plug is selected from the
group consisting of a spherical blocking member and a

substantially cylindrical blocking member.



8. A flow control screen according to any one of the preceding
clainms, wherein the valve plug is selected fromthe group consisting
of a spherical blocking nenber and a substantially cylindrical

bl ocki ng nenber. 24 9. Aflow control screen according to any
one of the preceding clains, wherein the collet assenbly further
conprises a plurality of collet fingers having radially inwardly
projecting ljps fl ow controal Sckﬁfn according to a

. 10. A
one of claims 1 tb 8IUn&VITF The CoPFRt “EEEEMIY £ vt REY c3hpr P Zst}ée

pl ural ignecfdice) | ek1kiingers haskagnr adird | y coutiwar dl ¥speRbEGt i NBurther
l'ips. ~11. Aflow control screen_according to any one of the
precediafdryifats, & urbheratblpri efngcalipli d fAne®réontdiingectfahiahly

the fl l{nqggrlh&vﬁ\; Qﬁt%éé{@tn AajTL[]]sEgass a pressure drop in fluids traveling

t her et hroug ow control screen according to any one
of the preceding clains, further conprising at |east one reentry

barrier in the fluid fl ow path operable to prevent reentry of the |,
val ve plug iltb['o th V%t%?lg%‘ﬂjy. creen af_{g??s&lpgoﬁpcéﬁm &nes@ré:é#alms

~accordiing {0 any QRerefint henprecgding ciatidmniphergithibereombeises a
plurality of said circunferentially distributed valve assenblies

di sposed wkialtiitry t heff | updli¢ow paittgers  haviag A nedhallyor outwardly
oper at 'pr}%jaecftli%‘g Cﬁrijtsr_ol screen conpri sing:

11. A flow control screen according to any one of the
preceding claims, further comprising a fluid flow control
section in the fluid flow path that causes a pressure drop in

fluids traveling therethrough.

12. 2 flow control screen according to any one cf the
preceding claims, further comprising at least one reentry
barrier in the fluid flow path operable to prevent reentry of

the valve plug into the piston body.

13. A flow controcl screen according to any cne of the
preceding claims, wherein there are a plurality of said
circumferentially distributed valve assemblies disposed within

the fluid flow path.

14. A method for operating a flow control screen
comprising:

disposing at least one valve assembly within a fluid flow
path between a perforated section of a base pipe and a filter

medium positioned around a Dblank pipe section of the base

pipe:



di sposing at | east one valve assenbly within a fluid fl ow path

between a perforated section of a base pipe and a filter medium
positioned around a bl ank pipe section of the base pipe; 25
retaining a valve plug within a piston body of the val ve assenbly by
radially outwardly constraining a col et assenbly in a first

operating position of the piston body; appl yi ng an internal
differential_pressure to s§at t he val.ve .pl ug on an iEt rnalf sc%at ofl
the piston Hody@ b eVedt-VevErsd fowt™ & Prapply 8§Ya° € vailve
predet efgudied § nber rakidiflierntiald1pr essHserMming Yalow Ritugssd@nbly
shift the piston body fromthe first operating position to a second
oper at iliy dshitstorPRMI 3 el D R Tk ¥R t‘btpp?hﬁ/é?ﬁs’?%ﬂ/é?%‘éyif | ow, and
appl yi ng an - .ff i : .Q 1eX val ve g

t hrough t he a?ﬁ]]%feltq%asggnbﬁ,%%‘%ir el%%ﬁ%%lreglr%%rl pgg%/%%l??%gaéroevgrgég the
flow valve 15lud oet hod acoormi hgséatcldi mist pistder bodppribcsipigevent

preventing reentry of the valve plug into the piston body with at
| east (Fr‘?é’gerrectent "Garrier disposing within the fluid flow path

\?Sf ‘\’/Vgegstsgremal%?ﬂyqrrﬁ} ed SeEddOn: AhiRedase Rirk@1andi kRerahth 82Stp s ure
on the valve plugs to shift the piston beody from the first
operating position to a second operating position while
continuing to prevent reverse flow; and

applying an external differential pressure to expel the
valve plug through the collet assembly, thereby no longer

preventing reverse flow.

15. A method according to claim 14 further comprising
preventing reentry of the valve plug into the piston boedy with
at least one reentry barrier disposing within the fluid flow
path between the perforated section of a base pipe and the at

least one valve assembly.



