WD 2009/ 079612PCT/ US2008/ 087318 - 1 - 5 WELL SCREEN | NFLOW CONTROL
DEVI CE W TH CHECK VALVE FLOW CONTROLS TECHNI CAL FI ELD 10The present
invention relates generally to equi pnent utilized and operations
performed in conjunction with a subterranean well and, in an
enbodinent“ﬂ§@@%%ﬂ€a herein, nore particularly provi d8STHSIRRYB7HEr een
i nflow control device with check valve flow controls. 15BACKGROUND It
is desirable to exclude, or at |east-stbstantially reduce, the
production of water froma well intended for hydrocarbon production.
For exanple, it is very desirable for the fluid which is produced
fromthe well to have a 20 relatively high proportion of

hydr ocarbons, and a relatively |ow proportion of water. In sone
cases, it is also desirable to restrict the production of hydrocarbon
gas froma well. In addition, where fluid is produced froma |ong 25
interval of a formation penetrated by a wellbore, it is known that

bal anci ng the production of fluid along the interval can lead to
reduced water and gas coning, and nore controlled confornmance,

t hereby 4 ncreasing the proportion and overall quantity of oi

produced fromthe interval. 30 Inflow control devices (ICD s) have

been used i nygRT YPREEN INFLOW CONTROL DEVICE WITH CHECK VALVE
FLOW CONTROLS

TECHNICAL FIELD

10 The present invention relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides a well screen inflow control

device with check valve flow controls.
15 BACKGROUND

It is desirable to exclude, or at least substantially
reduce, the production of water from a well intended for
hydrocarbon production. For example, it is very desirable
for the fluid which is produced from the well to have a

20 relatively high proportion of hydrocarbons, and a relatively
low proporticn of water. In some cases, it is also
desirable to restrict the production of hydrocarbon gas from

a well.

In addition, where fluid is produced from a long
25 interval of a formation penetrated by a wellbore, it is
known that balancing the production of fluid along the
interval can lead to reduced water and dgas coning, and more
controlled conformance, thereby increasing the proportion
and overall quantity of oil produced £rom the interval.

30 Inflow control devices (ICD’s) have been used in conjunction



WO 2009/ 079612PCT/ US2008/ 087318 - 2 - with well screens in the past
to restrict flow of produced fluid through the screens for this
purpose of bal ancing production along an interval. For exanple, in a
| ong horizontal wellbore, fluid flow near a heel of the wellbore 5
may be nor & ¥8Y¥PERed as conpared to fluid flow near PETLSHB e
wel | bore, to thereby bal ance production along the well bore. However,
further advancements are needed in theZart of reducing production of
undesired fluids fromhydrocarbon 10 wells, in part due to the

difficulties and costs associated with separating the undesired
fluids fronftiHe v@edi PEERINUITds tRE P &er FEEET I HR¥NO8i BsEISRE of

the undesi rethid whdsugSUWMARYrbBnt heoPrdsenbuspesd fdeCahi ofinel |
screen inflow 15 control devices are provided which solve at |east

one probl ey Y 5y 1’3‘10@1@%%5??51*%‘3}3 FoLc PEIERL Yre FBwAi FO%hi ch a

vel oc: ty cme@hd .mt);ug g@}m@ tmﬁeﬁut::e:n«p?@;aucalmmfofmher%emmtcber
exanp e S escGril pbe el oOw | | C ul vent e

e Tl be dofeorrrtartel 35 oA SrRe et FLTIDTIrE PFe A fPgugh
a well screeh @sserblyoran tHoe thabsbraridlainky decdwedsed, aitngesiered. I n

one aspect, . a LJ screen assenbly is provided which includes a
filter portlon or filtering fluid and a flow control device which

varies a resi St%‘-%%ﬁe d:%ﬂ”éh%fr B@a@éeri(érft'sdaw EERRRNSE LRe aafé"%@ge

in velocity of t The f ow control device malgl I ncrease the
resi stance ¥eAYqing a§0<au<a‘é1n>sa ©of spdesrad dlyids chreas &y draprriiarow

control 1619be&ﬁdm&£n st€asfe %of ltﬁ@’ &iﬁﬁdu’ltﬁ.%%%&s@saﬂséé&ra%ﬁe in
the velocity, of | uid. The flow contraol device _ may increase
with separatlng the unde51red fluids from the desired fluids

at the surface and then disposing of the undesired £fluids.
SUMMARY

In the present specification, well screen inflow
15 control devices are provided which solve at least one
problem in the art. One example is described below in which
a velocity check valve is used to reduce production of
water. Another example is described below in which fluid
loss is prevented. Yet another example is described in
20 which restriction te flow through a well screen assembly can

be substantially decreased, if desired.

In one aspect, a well screen assembly is provided which
includes a filter portion for filtering fluid and a flow
control device which varies a resistance to flow of the

25 fluid in response to a change in velocity of the fluid. The
flow control device may increase the resistance to flow as a
density of the fluid increases. The flow control device may
decrease a flow area in response to an increase in the
velocity of the fluid. The flow control device may increase

30 +the resistance to flow as the velocity of the fluid

increases.



30 the resistance to flow as the velocity of the fluid increases. WO
2009/ 079612PCT/ US2008/ 087318 - 3 - I n anot her aspect, a well
screen assenbly is provided which includes a filter portion for
filtering fluid and a fl ow resi stance device whi ch decreases a

resi st ance W20YEH16f the fluid in response to a pred@CEURIOPRANGT318
stinmulus applied 5 froma renote |ocation. The stinulus may be a
pressure variation. The stinmulus nmay=-bé an increase in a pressure
differential froman interior to an exterior of the screen assenbly.
In yet another aspect, a well screen assenbly is 10 provi ded which
includes a filtém pBPER®H It | 8 e¥e g SCFERPE 2FRPPVal¢ePFoicidedi ng

an act uat oryiat NGcluBesStOEMeehodi-sRiAges ENLESRINEeutQ AdPressure
differential_to thereby selecti ve?y permt and prevent flow of the

fluid throulP HESIAFIRCE FRV1RE| Vhich clarraasefbt ey tars® hdilode a

flow 15 reséfiwHeorriand/ D8 rdpRxskUESra doviieeenhicdy isRehEaSs NPl ied
bl ocks f] ow.of an undesiyed portion%(suqh $s gas and/ or maggg% of the
fluid as t he" ThdedFreye p%?ci"’itdﬁni'ncT ASTITHHESBA A ME Gt REFSTW ur es,

advant ages, vaeiafiohs anite olijiect asWwidy HReeameénapmerin boppaesafe
ordinary skill_in the.20 art upon careful consjderatiqn,of the

Getai ted debtridrtnsady el n BREEROEIES oBOPRECEIT, PR REL 30860 on
her ei nbel ovassahktllye acconpanyi ng drawi ngs, in which simlar elenents
are indicated in the various figures using the same reference
nunbers. 25BRlI EFDESCRARTHIEN @FPFHE, DRAWLNGScreen g3s@mblyiss a

schemati® perdyidddy whiOF SiBtlab@nal £ v1&W %r@i&é\f?'foéﬁﬁﬁ%ﬁ@ ¥l RY
principles of the present_ 1nvention; FIG 2 1s an enlarged scale
schemati c c?¥ s FEVPoRRFLIUAIAE PRI JEYH TS BPEENT A LEMPY Vidhe wel |

Ism; ﬁ[n. 81;] _ F%%dpl%ce%oih hge S5IrRRN t8ss el A6 9B ALY NG REENCED! fer@byt he
' selectively permit and prevent flow of the £luid through the
valve. The well screen assembly may also include a flow
15 restrictor and/or an excluder device which increasingly
bilocks flow of an undesired portion (such as gas and/or

water) of the fluid as the undesired portion increases.

These and other features, advantages, benefits and
objects will become apparent to one of ordinary skill in the
20 art upon careful consideration of the detailed description
of representative embodiments of the invention hereinbelow
and the accompanying drawings, in which similar slements are
indicated in the variocus figures using the same reference

numbers.
25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of

a well system embodying principles of the present invention;

FIG. 2 is an enlarged scale schematic cross-sectional
view through a screen assembly in the well system of FIG. 1,
30 the screen assembly embodying principles of the invention;

and



WD 20091079612PCT/ US2008/ 087318 - 4 - FIGS. 3-16 are schematic
cross-sectional views of alternate constructions of the screen
assenbl y enbodyi ng principles of the invention. DETAI LED DESCRI PTI ON
5t is to be understood that the various enbodi nents of the present

i nvention deE0edzZherein may be utilized in various PETUEHIHBIGHS,
such as inclined, inverted, horizontal, vertical, etc., and in
various configurations, wthout departéng fromthe principles of the
present 10 invention. The enbodi nents are described nerely as
exanpl es of useful applications of the principles of the invention,
which is not |idkeEd gol@rprsspgespnpticermisikssettidade végpoddhrents. In

the foll ow ag-glaskel BLAMLGIeiRE bEPKRSALBERVEdduaRbadhaRpLS, Of the

invention, directional ternms, such as "above" , upper

"l ower”, etBringipdegsefl ¥t iGgRPEAPRNCE in referrlng to t he
acconpanyi ng draw ngs. Representatively illustrated in FIG 1 is
a well system 10 which embodi TBFFH%i?ﬁ%ﬁ?ﬁéF PHe present invention.

A 20 t I tr t t ubi st

Mnstal Il in a S Rord 56 ool ot anf: SrTH orreBEAr S on
Mul ti pl e wethe wmntasssmﬂﬂnoe:s débcaileed r’:tee'lectonmaeptk@d uith1{hed tiubul ar
string 12 a@$¥§ore S%£%é§&é“3 8£'£§ﬂﬁghi%sﬁt'fﬁbéﬁkehhe vel | bor e

14. 25The we 1t & "béi ng uncased or open
hol e in theh¢mmzqnhmialstmmqai1 ePackerd g mayites uxedibetakeems,

vari ous one lggogguaeﬁgggggb?%%gfegFS 5%§: ﬁe%e§£r§@%£¥ggig§anple, to

isolate different zones or 4 from each
ot her. BONoiwvemson-t The reitbofdaessaryre rde@é‘«éﬁbﬁ@ TGeR vt A8 examples

of useful applications of the principles of the invention,
which is not limited to any specific details of these

embodiments.

In the following description of the representative
15 embodiments of the invention, directional terms, such as
“above”, "“below”, *“upper”, “lower”, etc., are used for

convenience in referring to the accompanying drawings.

Representatively illustrated in FIG. 1 is a well system
10 which embodies principles of the present invention. A
20 tubular string 12, such as a production tubing string, is
installed in a wellbore 14 having a substantially horizontal
section. Multiple well screen assemblies 16 are
interconnected in the tubular string 12 and positioned in

the horizontal section of the wellbore 14.

25 The wellbore 14 is depicted in FIG. 1 as being uncased
or open hole in the horizontal section. Packers 18 may be
used between various ones of the screen assemblies 16 if
desired, for example, to isolate different zones or

intervals along the wellbore 14 from each other.

30 Note that it is not necessary in keeping with the

principles of the invention for screen assemblies to be



principles of the invention for screen assenblies to be WO

2009/ 079612PCT/ U52008/ 087318 - 5 - positioned in a horizontal
wel | bore portion, for the wellbore to be uncased, for packers to be
used between screen assenblies, or for any of the other details of
the wel | s{pxwmor®izo exi st. The well system 10 is j uBCr/ugmeosBsstanpl e
of many different uses for the inventive concepts described herein.
Referring additionally nowto FIG 2 @& schematic partially
cross-sectional view of one of the well screen assenblies 16 is
representatively illustrated at an enlarged 10 scale. This screen
assenbl y ledssitdneedfineaydoalizdpidleneitlbexanpbesicsf, §oreere assenblies

descri bed | t nf g gur.ati . i ?g@ t he
screen assgtr%lbq;go%% i@Jr)lc u_gigltscz%gg(?f I %%FI p%}):'g{??%ntégbéaggége? owngont r ol
portion 22.5CHeenf ppeerbiBRspopti 6o 20 9Tusbd ethay Kespitamt &b¢/ or

ot her debriygafyr @ﬁg%ﬂl.@b 24, whiigh. flaus wgenesaldon foomsan,&xtgil or to
an interior of the screen assenbly 16. During production operations,
the fl ui%d ﬁi%&?d#fﬁ%@;ﬁfﬁr%g 45 £RE R&|Wﬁ@tizees@r&%ﬁ to

t he screen &xasseabhyrdih. through the filter portion 20 and fl ow
control portion 22, and then into an internal flow passage 26 which
ext ends | ongi t ugetiakting rdaighoh el s cicee Roass@Ntd )y aaschafdciaf t he

t ubul ar striqg: n_then_be ed_through the

83131, The Ll uid 24, cp nBT9RUGe }
tubul ar st iy ¥ oS o SEFFARR JBI BT eP i ¢ (RSP het oSSRy for
the fluid 2dkdembilipays6 is representatively illustrated at an enlarged

10 scale. This screen assembly 16 is one of several different
examples of screen assemblies described below in alternate

configurations.

In this example, the screen assembly 16 includes a
filter portion 20 and a flow control portion 22. The filter
15 portion 20 is used to filter sand and/or other debris from
fluid 24 which flows generally from an exterior to an

interior of the screen assembly 16.

During production operations, the fluid 24 would
typically flow from the wellbore 14 external to the screen
20 assembly 16, through the filter portion 20 and flow control
portion 22, and then into an intermal flow passage 26 which
extends longitudinally through the screen assembly as part
of the tubular string 12. The fluid 24 can then be produced
through the tubular string 12 to the surface.

25 However, it is not necessary for the fluid 24 to always
flow inwardly through the filter portion 20 and/oxr the flow
control portion 22. For example, at times during completion
operations the fluid 24 may flow in the opposite direction.
Some examples of screen assemblies which operate t¢ prevent

30 such reverse direction flow of the fluid 24, in order to
prevent loss of the fiuid into, or damage to, a formation

surrounding the wellbore, are described below.



flow inwardly through the filter portion 20 and/or the flow control
portion 22. For exanple, at tinmes during conpletion operations the
fluid 24 may flow in the opposite direction. Sone exanples of screen
assenbl i es which operate to prevent 30 such reverse direction flow of
the fluid 240 2doe0meider to prevent |oss of the fluid irceusows/easmge
to, a formation surrounding the wellbore, are described below. WO
2009/ 079612PCT/ US2008/ 087318 - 6 - |t is-al so not necessary for the
fluid 24 to flow first through the filter portion 20 and then through
the flow control portion 22. For exanple, the flow control portion 22
coul d be upstrearm db thsofndt erecpesirpnfdd thief fithesd raad toSThew fiittser

portion 20 Jcngnﬂfg@qg Cc’h%df t@ %5%1% P(f'é}% %fhekh %?/1 %EOW&

"Wi re-wrappe nce| awrec ose
helically abowtrcl lpa:séltpnp& 28 Foun eharaﬂsqaacthﬁgfb@wmrphepwtmw aps

bei ng choseg,t S f t aps.
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pre-packed, expapdaklietes! gitadn @@rg[gr fpel@te@tfén)pf@Y2b§sU1§@ﬂ1 Icfe
desired. The flow control portion 22 ornms several functions. The

f1 ow cont r ofRPoTHRSHNOTN| &S a"ﬁ”iréDWWWff FAPFBN&t tie 189l ekt f1 ow

theret hroughird aflceayPhappdd hRlLabse1 Praoduet hoPadd dilpdi dsplwig an
interval. Furthermpre, the flow contro ortion 22 functions t
prevent fluPBRFE PEEECED YRR GHEE FFORF Steinfe® QP%?%I "’2’4?‘?%@‘1‘
passage 26 bﬁcih&dﬂebbb@iﬁg Jl:ébtw%@;ﬁev.‘@éahx@ ﬁzfrapent @RSt kypés s of
the flo cog gt devi ce_30 art{i15 escrti in_various different
confi gurati ons-of Eﬁ‘fgl%?e%%u ?@nﬁf@ If"egﬂoﬁ%e'k?@c Ader st ood

t hat any of expendddw, cehbt‘oéd,d@emfesa*@@i,dmr i} bealy Hey eisedpayf be used
in any of the screen assenblies described

The £low control portion 22 performs several functions.
The flow control portion 22 is an ICD which functions to
15 restrict flow therethrough, for example, to balance
production of f£fluid along an intexrval. Furthermore, the
flow control porticon 22 functions to prevent fluid loss due
to reverse flow of the fluid 24 from the passage 26 to the
wellbore 14.

20 Several different constructions of the flow control
device 30 are described below in various different
configurations of the screen assembly 16. It should be
understood that any of the flow control devices 30 described
herein may be used in any of the screen assemblies described

25 herein, without departing from the principles of the

invention.

A flow restrictor 40 is connected upstream of the flow
control device 30, so that the fluid 24 flows through the
flow restrictor before flowing through the device and into

30 the flow passage 26. Different arrangements of these

elements may be used, if desired. For example, the flow



25 herein, without departing fromthe principles of the invention.

A flowrestrictor 40 is connected upstreamof the flow control device
30, so that the fluid 24 flows through the flow restrictor before

fl owi ng through the device and into 30 the flow passage 26. Different
ar r angenmenw whsrarimese el enents may be used, if desiredci/Bemosgrznpl e,
the flow WD 20091079612PCT/ US2008/ 087318 - 7 - restrictor 40 could
be connected downstream of the flow eont+ol device 30. In the
exanple of FIG 2, the flowrestrictor 40 is an orifice or nozzle,
but other types of flowrestrictors may 5 be used, if desired. For
exanpl e, arreminikaor phssagdd aehebimaltetiullewnstmarentt yipe Ofow | ow
restrictor &Oq}grg)lbgey%eéi%‘[he flowrestrictor 40 could be in

di fferent positions, for exanple, an opening 42 in the base pipe 28

for adnitting thg ]{:bé‘iéjxagn‘ﬁlien%gef‘?i?. pAssader 7y %ég:@_iggoﬁ 4d Q‘é/blai}

restricting 10 orifice. ow restrictor 40 is prefera

used to bal¥HddCsr 88URLI DR aPBRgOEIRT HYBPFaPt aBlaH seassbetasovey The

resi stance g dsleaw throughddle FhovesLshel CLOrafhinRY ohesgid f arent
for each of the screen assenblies 16 along an 15 interval. Al though
only one set®igFratnEPe AF SHEroFTRR R E188 BRAEFITRTr 81T =88 ar e

depi cted i nrifd @lo@ 2&sPaidtcdf 4bhecdldWweCont Aot sq@intl eBs2Piod, gheul d
be' under st ogd, that  Lhe 110w cqnt {01 . OTLLN, SouI £ 105! ude, ary urber
£luid 24 into the passage 26 could be a flow restricting

10 orifice.

The flow restrictor 40 is preferably used to balance
production along an interval as discussed above. The
resistance to flow through the flow restrictor 40 may be
different for each of the screen assemblies 16 along an

15 interval.

Although only one set of the flow control device 30 and
flow restrictor 40 are depicted in FIG. 2 as part of the
flow control portion 22, it should be understood that the
flow control portion could include any number of flow

20 control devices and any number of flow restrictors in

keeping with the principles of the invention.

In this construction, the flow control device 30
includes a check valve in the form of a rod 50 reciprocably
received within a generally tubular housing 52, and a seat

25 54 formed in a bulkhead 56 through which the fluid 24 flows

during production operations.

The flow control device 30 in this configuration of the
screen assembly 16 prevents loss of fluid into the formation
surrounding the wellbore 14. As depicted in FIG. 2, the

30 fluid 24 is flowing into the filter portion 20, and then
through the flow control portion 22 into the flow passage 26

for production to the surface.



20 control devices and any nunber of flow restrictors in keeping with
the principles of the invention. In this construction, the flow
control device 30 includes a check valve in the formof a rod 50

reci procably received within a generally tubular housing 52, and a
seat 25 54 wormmdiesia a bul khead 56 through which the fcuugzoBdostdiows
during production operations. The flow control device 30 in this
configuration of the screen assenbly-16 prevents loss of fluid into
the formation surrounding the wellbore 14. As depicted in FIG 2, the
30 fluid 24 is flowng into the filter portion 20, and then through
the fl ow controliguererpni?Xhentidredeidl of fassasieo P frevepsodusatchon

&
to the surface, . 7961 [ US2008/ 087318, .- - v.er,
if the di re%%i%uﬁ: l\é\g fz' grggvﬂ%%lé)u %Brg%%%lr%les ( seggﬁ asthcfau%lral 8%%4%1%%&
oper at i ons, 5@tdug tot hbedf hgidorfibWeng ochsigdlue swathenhlding 58 ow ng

through a s u e ¢l t Oug LN il
cause the r%%é%eoﬁg%g}?s%?gg%@%?% g%&%&%%%t %\?\Ag%h t % ls%%t g%g,ztdtlmhereby
prevent ihg @hsglacevénse ¢nrgpgesent| vith fihemsens $4 owhsasbrge 26 to the

exterior of,Lhg Soreephassaitel®iow of MQat 9r<§rﬁ»‘%ﬂe“@l$@9$&%®%t
between the rod 50 and the seat 54, as long as pressure in the flow

passage 26 &Xcerddie18xpreiiud sReePergen ¢SFREPEEI Een assenbly 16,
the flow control device 30 . will renmin ;Iosed. To conmen

ce
production, predSif &9 AeRhErS SOEPHERRAYLHEAN IR TEUGLeAPT 1Bt i ve
to pressuresext agaakst Dotideass preepuas shiibhe 6oy fivasRgaNPE eexdieds

circulajin'ngli ht er ight. fluid into the 15FbuJCr tri 12,
oper at i dg apﬁ%%‘i)u,reefeé. ?9?7)1 tife P88y SOPEH (WESF g% %ntt?‘SI fg‘g‘(’/i ce 30 by
di spl aci ng tbetradd defiasayl fwidh thsaseatldséd. Theo rasme@dcand housi ng
52 al so f“”@%&d‘cﬁ%n‘?‘ BLoved.8Sthl hors1 i felldhod PE GS3ULE ALy !
be generated as the

relative to pressure external to the screen assembly 16 (for

example, by circulating lighter weight fluid into the

15 tubular string 12, operating a pump, etc.) to thereby open
the flow control device 30 by displacing the rod 50 away

from the seat 54.

The rod 50 and housing 52 also function as a flow
restrictor, in that a pressure drop will be generated as the
20 £luid 24 flows through the annulus 58 between the rod and
housing. This pressure drop is a function of the flow rate,
annular area, density and viscosity of the f£luid 24.
Similarly, f£luid loss from the tubular string 12 to the
reservoir will produce a pressure drop through the annulus
25 58, thereby displacing the rod 50 into engagement with the
seat 54. Thus, the pressure drop through the annulus 58
will hold the rod 50 away from the seat 54 and function as
an ICD during production flow, and the pressure drop will
cause the rod to engage the seat and prevent fluid loss in

30 the event of reverse flow.

Referring additicnally now to FIG. 3, another alternate

construction of the screen assembly 16 is representatively



20 fluid 24 flows through the annulus 58 between the rod and housi ng.
This pressure drop is a function of the flow rate, annular area,
density and viscosity of the fluid 24. Simlarly, fluid loss fromthe
tubul ar string 12 to the reservoir will produce a pressure drop

t hr ough t hevanmnubusi225 58, thereby displacing the rodpe@ukivhHos7sis
engagenent wth the seat 54. Thus, the pressure drop through the
annulus 58 wll hold the rod 50 away -f som the seat 54 and function as
an | CD during production flow, and the pressure drop will cause the
rod to engage the seat and prevent fluid loss in 30 the event of
reverse fl owaluséRa2€@9/ OTIAS 2PGEAUSRONE/1G8 T8 18nc1ttes ithbusiéwt ed. The

screen assenbl 6 _includ W control portjagn i ch
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52. T % glccﬁjgg‘ﬁgaggg%ow %gg%l%r]é gl%’sg%l m [ 531 Qg y

respect s5 t orés$ierigtose Al a@@certbiey aphu LG 58 beltﬁeeina’cthet hredf b dvambritheol

device 30 iggl shhe rod 50, housing 52 and seat 10 54 for
preventing reverse 'ow and loss of fluid to the formation

surroundi ng the Rl LBeLen Idhs IRV EE . of *ﬁescaeﬁ@ éﬁzﬁqfit}' Ynlfagf FIG
3 also includes an alternate bypass flowpath 60 which can be ogened

i f desired ¥&RFFFAEs §Ot ke 11U RCoAE PO b gﬁG222 ot &boteblg i de

a decr easedcéﬁtfcﬂseebassee,d qr{dlewegeeﬂ@%dt e, fhddBimgpent had sdkwand
t he flow passage is desired. to open the bypass

f1 owpat h 60°% cé%?l’freeeflh”f%erefvleﬁﬁ/apﬁ%%“é@@dZéoﬁﬁ beflivAdr EasEre
rel ative tofpressidhe sextetiting @hthee BXycaen 1assemda$e(zei6 therseeampl e,

by 20 appl ying i.ncrease ssure to.t nterio t he t ubul ar
string 12 f?%%?r?q‘ryeﬁgt 89I1g%c§'t ?’oﬁ?sgtﬁnﬁ U985 8Pd? tefrd’a&l sPYBR% t he rod
50 i nto engfgeswerith WOt Whidie comabebdpduhue itfo dehiret exs biypads ofhd hr ough
the annul use38) R BYM 3-8 dniBYY" 8 Al B2e [DS 1L WPALD 80 A

rupture dis
15 resistance to flow between the filter portion 20 and the

flow passage 26.

If it is desired to open the bypass flowpath 60,
pressure in the flow passage 26 may be increased relative to
pressure external to the screen assembly 16 (for example, by

20 applying increased pressure to the interior of the tubular
string 12 from a remote location, etc.), in order to
displace the rod 50 into engagement with the seat 54 (due to
the pressure drop through the annulus 58) and burst a
rupture disk 62. The flowpath 60 and rupture disk 62 thus

25 comprise a flow resistance device 59 for decreasing a
resistance to flow of the fluid 24 in response to a

predetermined stimulus applied from a remote location.

It will be appreciated that, after the rupture disk 62
has been ruptured to open the flowpath 60, the resistance to
30 flow between the filter portion 20 and the flow passage 26
will be substantially decreased as compared to the

resistance to flow through the flow restrictor 40 and the



25 conmprise a flow resistance device 59 for decreasing a resistance
to flow of the fluid 24 in response to a predeterm ned stimnulus
applied froma renote | ocation. It will be appreciated that,
after the rupture disk 62 has been ruptured to open the flowpath 60,
the resi st anget/o98Q@ fl ow between the filter portion 20ragshoddsesisl ow
passage 26 will be substantially decreased as conpared to the
resistance to flow through the flowzregfrictor 40 and the WO

2009/ 079612PCT/ US2008/ 087318 - 10 - annulus 58 between the rod 50 and
t he housing 52. Thus, the screen assenbly 16 of FIG 3 provides fluid
| 0ss preventhmul s Gi8 BrawPie,thdUkbags € ol ehbORoRRIRIAERONSTHES C.the
but al so enabl es increase | gw_t hrough _the filter. portion 20 when 5
desired. ~CTRet &rsﬁﬁﬁgf%ghé ﬁ%oﬁgpryy%ﬁvﬁgeﬁ lémztj 5t REFVHl v nat e
constructi onfof dxdeampder eduriasseohbyeilfon Dpeeptibsent atticuel ybut also
illustrated,, T y i ncl.udes . flow.control, portion
22 which fune *?iﬁen%%31??‘51%5‘?%%%&%?%%&1#% 3\#&% £ R8RS hndiOt ' L e
fluid 248 THesi@®.has two flow restricting devices -- the flow
restrictor 40 and the annulus 58 between the rod 50 and the housing
52. | n t hi Refpsdnaerddidionpdlycr@ercaienbt y argtheheatiqupate

control devises@3QdesoHses ink %@%gﬁoasgéhba? heass e eabhest Lk ow
restrictor 40 (not visible in FIG 4) which provides for fluid
communi cat i bh-FESREER - t hENG i 9GEELNPRFEHH Y23 bahBCIIEES tH% phBage 26.

For exanpl egotfiesie poeulién b e car ramdel Jlsowsr g5t farcta@usasfo provi ded
' . 20The fl ow control device

in the ]E(i” khead 56 as de$| c% ed iE FI G _3.

30 depi tl ed®TRVEIE TEVBET i T OYaOf 1T i THHGh “fo tTRE FiCBWP8F TR FUi d
24 to be decesasiedingetedbsis ed, thy dHhenimgteneter 4Wradbypass
flowpaths 64 which_ are jnitially_ blocked respeciive.one or nore

pl ugs 66. T%?I\é\ﬂrug’s I%t %?J%W%%I%:g:rltlﬁl f:gﬁe%&b%/nc{)rxﬁ‘gﬁegg?%]gngps&Sure in the
25 fl ow passage 26 aL i ] ress e i.or -of screen
assenbly 16, to t g%g_ygﬁﬁ%?g&tnﬁegfogﬁ‘gosﬁ}gggi%p%(%nggelygé\%ér%ﬁ?ﬁfelogéat
54 adj acent coherdl] gwviest 30 ctsormsad {BexdBitGon3io OndeasheoredtB@rhas

engaged; § hee$6atr 24,30k 8F 4 (@ visible in FIG. 4) which provides

for fluid communication between the filter portion 20 and
the flow passage 26. For example, there could be one or
more flow restrictors 40 provided in the bulkhead 56 as
depicted in FIG. 3.

20 The flow control device 30 depicted in FIG. 4 permits a
restriction to the flow of the fluid 24 to be decreased when
desired, by opening one or more bypass flowpaths 64 which
are initially blocked by respective one or more plugs 66.
This result is accomplished by increasing pressure in the

25 flow passage 26 relative to pressure on the exterior of the
screen assembly 16, to thereby cause the rod 50 to displace
toward the seat 54 adjacent the flow restrictor 40 (see FIG.
3.

Once the rod 50 has engaged the seat 54 adjacent the
30 flow restrictor 40, a pressure differential across the plug
66 will cause the plug to dislodge from the flowpath 64. A

sealing surface 70 on the rod 50 will then engage the seat



30 flow restrictor 40, a pressure differential across the plug 66
wi |l cause the plug to dislodge fromthe flowpath 64. A sealing
surface 70 on the rod 50 will then engage the seat WD
20091079612PCT/ US20081087318 54 to cl ose off the bypass fl owpath 64,

so that any@idogsrodibow control devices 30 incl uded i npthesiobsisrsis
control portion 22 can be simlarly operated to open additional
bypass fl owpaths. The flowpath 64 and plug 66 conprise a flow 5

resi stance device 63 for decreasing a resistance to flow of the fluid
24 in response to a predeterm ned stimulus applied froma renote

| ocation. Thaisso WheBePsES StHeL biyPakies fdwpatpassagss dhaltSahpcsaased,

t hose rods f](o) whi ch _are_associ ghed V\Ltcgefl.ow i_1‘0 estri c%ori 40 wil |
di spl ace i nt P EATRGERENTCWHIH PR ReIET4TabPacY CREFFPHWOTtLion
restrictors220an ber ebyi el iopgrates ess wpendadd erienialabypasde
applied acrpss t pl u 66. As.ea I 66 Ls disl odged omits
e becti ve TTOMR 04t naroyeashr &f o 8338, 8, T RaREg et th o
engagengnt wetistansel8evbat &30 fokodecwddsingeaf temimtadnceTho stjpvoogs s

w1 occur E‘%Mlds‘é&eﬁ? %}%&g’ghyt&% r%'&%t&?ﬁiﬁé&?%%%g%&% :a[d}%ﬂt%a

Producti on can be resuned Teducing the pressure in't
passage 26 fedmtd vempbe presxiioa-external to the screen assenbly 16 to

t hereby di splace the rods 50 away from 20 the seats 54 and allow fl ow
of the fluid 24 THSoulheR HEBFHaSsLR | Bl dtlRY BaASSa%e Fifl ESbe

appr eci at edi pdiadascly OREH: NDHARNS0O0Kh 18N & r@f abbscyvRas§ithoppat hs 64
inthe flow control portion 22, restriction to flow of the fluid 24

t hr ought & her $F'RHEoREr 89 Ptk iFB8P22°% A tve SEERETIRRYG AHLEY Bhe seats
decreased. 54 adjdcehurtherfi®duektoictdrd A0 ,r esérdist iedBbl Ond lpw of

the fluid 24 is desi. th’-‘:iﬁgy ass fl owpat.h 60 anqcfhéu ﬁure i sk _62
Lon b by ooPEREPIIES Oh F e S lu B e i e o i BritgS 66.°K a2
addi ti onal | yactowlg FbGis Xisddrdghar fabt ermzatrespective flowpath 64,
the associated rod 50 will displace into engagement with its
15 seat to close off the flowpath. This process will occur in

each screen assembly 16 along the tubular string 12.

Production can be resumed by reducing the pressure in
the flow passage 26 relative to pressure external to the
screen assembly 16 to thereby displace the rods 50 away from

20 the seats 54 and allow flow of the fluid 24 through the
bypass flowpaths 64. It will be appreciated that, by
opening one or more of the bypass flowpaths 64 in the flow
control portion 22, restriction to flow of the £luid 24
through the f£flow control portion 22 can be substantially

25 decreaged.

If further reduction in the restriction to flow of the
fluid 24 is desired, the bypass flowpath 60 and rupture disk
62 can be provided, as in the embodiment of FIG. 3.

Referring additiconally now to FIG. 5, another alternate
30 construction of the screen assembly 16 is representatively
illustrated. The screen assembly 16 includes the flow

control portion 22 which functions as an ICD and also



30 construction of the screen assenbly 16 is representatively
illustrated. The screen assenbly 16 includes the flow control portion
22 which functions as an ICD and also WO

20091079612PCT/ US2008/ 087318 - 12 - prevents reverse flow of the

fluid 24. Theadsdehias two flow restricting devices -- ptbgsiobssrsis
restrictor 40 and the annulus 58 between the rod 50 and t he housing

52. This exanple functions al nost the ganme way as the 5 enbodi nent of
FIG 4, except that instead of the plug 66, a rupture disk 72
initially blocks flow of the fluid 24 through the bypass fl owpath 64.

The rupt ur epglhadath2 raRyrHe MRt dEeehsua dia an. i NELase hAs PHES UL
differential framthe flow%z/ivssage 2$ to the exterilﬁ)r of. the screen
assenbl y 104%°tTICtINg THRVIGSSy-co bt of LUeVPEET 5059 4Ys889i HP%ddi ti on
to at | eastamnewat Ber bétwyen adier 68 050 40hd( BAe Niwdibleesen FI G 5)

whi ch provides for fluid comunication between the filter portion 20
and the fl ow pas@agee28mp Forfuecanphe, alinpeteth® saond dralyeasnieh®dr nore
flowrestri proevided 4 n e ) i.C in FLG
o R e e e e R e P STk Ay b
restrictionreptutse dipbw dfinildafllyi Blouks dlbe decrleadddidhzh desired,

by openi ng oR&,Yn TRECHAYRES 1k RUPRtAS. 64nuhi6h2Q anexi M tri.gﬁ)t %

bl ocked by respective one or nore rupture disks 72. This result is
acconpl i shefuBfrnadc ABASEAPDrESSERES | H tHFESFREY Pelfeagat2el riviom i ve

to pressurecn £y guL8LLON2Pft RBeSELRAN RSSEMDY st eehOadhiaiabY
cause the rod 50 to displace toward the seat 54 adjacent the flow 25

restrictbr h@)'(see FIG 3). Once the rod 50 has engaged the
seat 54 adjacent_the_flow restrictor 40 .a pressure djfferential
across the rupt (P8 GRSK 9GRAY 985LEE ThdarERALE ASRLGREm ot Dpen
the fl owpat befigk cheseahengflsuw frecer7Otam 4thenoddvEiblel inafs®. 30
eventuallyeﬁl 54 tq close off the b h .64, so

e_the.sea . ass flo
Chat any ot PrCT FRVRGRE 61 daviceoqyijpeiof SUARED the"Bftch:
2009/ 07961 2peHt 1d82Q08408 7348 flow passage 26. For example, there

15 could be one or more flow restrictors 40 provided in the

bulkhead 56 as depicted in FIG. 3.

The £low control device 30 depicted in FIG. 5 permits a
restriction to the flow of the fluid 24 to be decreased when
desired, by opening one or more bypass flowpaths 64 which

20 are initially blocked by respective one or more rupture
disks 72. This result is accomplished by increasing
pressure in the flow passage 26 relative to pressure on the
exterior of the screen assembly 16, to thereby cause the rod
50 to displace toward the seat 54 adjacent the flow

25 restrictor 40 (see FIG. 3).

Once the rod 50 has engaged the seat 54 adjacent the
flow restrictor 40, a pressure differential across the
rupture disk 72 will cause the disk to rupture and open the
flowpath 64. A sealing surface 70 on the rod 50 will also

30 eventually engage the seat 54 to close off the bypass
flowpath 64, so that any other flow control devices 30



- 13 - included in the flow control portion 22 can be simlarly
operated to open additional bypass flowpaths. Thus, when pressure in
the fl ow passage 26 is increased, those rods 50 which are associ ated
with flowb5 restrictors 40 will displace into engagenent with the
seats 54 adyagwmiretiae flow restrictors 40, thereby enablrigashefosrsis
pressure differential to be applied across the rupture disks 72. As
each disk 66 is ruptured, the associategfl rod 50 wll displace into
engagenment with its seat to close off the 10 flowpath. This process
wi |l occur in each screen assenbly 16 along the tubular string 12.

After the diﬁ&(&ld?aa anethepflwedotr6l hesise opeddd bel Bemseating
surface 70 wi | ts%cg% e the seat ,54, 1 nd the gemal der of the
oper ati on o?p?ﬂaee ﬁp%%s tjopel hpaps & tescri bed above

for the FIG 3 di ro nd rutu disk 72 thus
conprise a flow re% ng eprae§V|u53 ‘% glé:%r %%?‘P a%r éfistance to

fl ow of theiftxgabe@d Ehosespulss 6 0t wh'aclprae@eaesntnE@CSmmm fisowappl i ed
froma remeed aealang o A0l efisbidoadtlldd gg%mw‘m nHfR Geardl

alternate construction of e scC een assenb IS representatively
i || ustr at ed?4 e aseintehbesEenbinpstsiotord @0, 6thacehienabhéng | ow

control porji-Q8sde Wﬁf@@réﬁ%ﬁ%@ Qﬁsbés 1égDa@995§“fﬂé & Uﬁf@ disks

production of undesired fl The i ncl udes 25 the
restrictor 49: 2s ea*rhed%%vé@é@trpet:we%o the gepreieded ﬁoqtl@ wlls a

bent tubul agisprated UheoWBhEdydrRheegithe dd Wedt24o t o dxRange g ection
as it enters_and flows through the flow restrictor. This repeated

change th mbhe¥RafR-of Thi2 I?’TQﬁe(?SSB'l%Ji PH e d8e83F hSTESPs AP 1Yo

fl ow throughst fieord ewer eabulLt @trdgwiz hout requiring use of narrow
fl ow passages which would nore easily becone clogged. WO
20091079612PCT/ US238LB87RlBs 72 are ruptured or otherwise opened,

the sealing surface 70 will engage the seat 54, and the
remainder of the operation of the screen assembly is the

15 same as described above for the FIG. 3 embodiment. The
flowpath 64 and rupture disk 72 thus comprise a flow
resistance device 71 for decreasing a resistance to flow of
the fluid 24 in response to a predetermined stimulus applied

from a remote location.

20 Referring additionally now to FIG. 6, an alternate
construction of the screen assembly 16 is representatively
illustrated. The screen assembly 16 of FIG. 6 includes the
flow control portion 22 which functions as an ICD and also
reduces production of undesired fluids. The ICD includes

25 the flow restrictor 40.

The flow restrictor 40 as depicted in FIG. 6 is a bent
tubular structure which forces the fluid 24 to change
direction as it enters and flows through the flow
restrictor. This repeated change in momentum of the fluid

30 24 increases the resistance to flow through the flow
restrictor 40 without requiring use of narrvow flow passadges

which would more easily become clogged.



- 14 - A pressure drop through the flow restrictor 40 will increase
as the length of the tube increases, and as the nunber of bends in
the tube increases. A viscous fluid such as oil will flow nmuch sl ower
t hrough the tube as conpared to 5 water. The fl ow control

devi ce 30 awprot/@dsien FIG 6 is of the type known to thossoeddstdied in
the art as a velocity check valve. It includes a poppet 44, a biasing
device 46 and a seat 48. The bi asi ng-devi-ce 46 applies a force to the
10 poppet 44 in a direction away fromthe seat 48. The fl ow
control device 30 of FIG 6 is responsive to a flow rate and velocity
of the fluid 242 apmdssuineelddpe thebogh thheofflbherddutidtbs £@lwailad to

its density fl t.or ol . device i | so_responsive,to the
density of jfrllﬁéel%%‘fef g)évl %?@ le%gtg‘Ag%ti}_‘lee \S;cé'%gcll (f/r% SetsﬁeaF?u?Sd %f
i ncreases, iteadr af Pendse ion thhetpoppetcrédsgs adualdipcover Lloniek stihb

bi asi ng for ett. i as] i 4 t ?@&
di spl aces ﬁ%?é%?b&ggg ?ﬁ%*?@g@'§§§@%%g$g§§8Fegﬁéﬁﬁgetﬁg ? %%¥%§OZO
t hr ough % hevdtedw control device 30. Wien the velocity of the fluid 24
is great enough, the_ poppet 44 will| engage the seat 48, there%y
closing the fl oﬁhé’oﬁf-?‘élC‘H’é‘wﬂoéedéﬁl%cﬁ%p%épéﬁ??%gm F®k- of thef Ithed

24 through ¢the WnewnCeat fidscdekiteed 25A%nkORGE a8s [ §83YE eLEXdRnal to
t he screen assenblé 16 exerted via the filter portion 20 is
tim G[ﬁs

suf fi ci ent | YA gf%eat e&sBPBPT N e d RERTIRG JeVéGR phk Sige 226
(as woul d bsediha@gcasehé roiagingabliepi @dud ia@Bl0Peratioaas) totdee f 1 ow
controltfevice %p %ALI rq?aintclosed. Ehis %%ll e clgde hi gher 30
densi t y*& 1| FEPREUER 3B (T e HPBnTES igOPr 508c¥t FPough the screen
assenbly 16. The flow control device 30 of FIG. 6 is responszive to a
flow rate and velocity of the fluid 24, and since the
velocity of the fluid is related to its density, the flow
control device is also responsive to the density of the

15 fluid.

As the velocity of the fluid 24 increases, the drag
force on the poppet 44 gradually overceomes the biasing force
exerted by the biasing device 46, and the poppet displaces
more toward the seat 48, thereby reducing the flow area

20 through the flow control device 30. When the velocity of
the fluid 24 is great enough, the poppet 44 will engage the
seat 48, thereby closing the flow control device 30 and
preventing flow of the fluid 24 through the flow control

device.

25 As long as pressure external to the screen assembly 16
exerted via the filter portion 20 is sufficiently greater
than pressure in the interior flow passage 26 (as would be
the case in typical production operations), the flow control
device 30 will remain closed. This will exclude higher

30 density fluid (such as water) from being produced through

the screen assembly 16.



WD 2009/ 079612PCTf US2008/ 087318 - 15 - If it is later desired
to restart production through the screen assenbly 16, then pressure
inthe interior flow passage 26 may be increased relative to pressure
external to the screen assenbly (for exanple, by shutting in the
tubul ar 5 sy®bagedgizdownst ream of the screen assenbl y de@nesidpéshze t he
pressures, or by applying increased pressure to the fl ow passage 26,
etc.). In this manner, the poppet 44_can be displaced away fromthe
seat 48, and the flow control device 30 will again be open for
permtting flow of the fluid 24. 10 It is a particul ar advantage of
this configuratinm ief itheaser eriasgerdldestérihptoddctGan berodgset”

in this nmanper when desir Referring addit.ionall now to
o 5 & oohS BiEer SPEGRILE dcofBer GRISSILs Lo M e AsE R GE Bl v 16
is 15 reprepantadd 2@l yail b&lSJ‘trrcﬁfeadedeElaﬁQN%Eiﬁoaﬁﬁﬁﬁﬁryé deceindil G5 7
& 8 includes,_the flow contr

whi ¢ ctians
and also re 1Ff?:e"a’sm"ﬁp@reoduéf"?%bﬂ{)f Sndgs?rp% g 8%‘1%4%% é’-’x?iﬁ% grl?uslar
simlar ¥n gbning d¥pdotrsstedmef2@henhadianentssehb B Geo @gueXtapttitehat

the FIGS. 7. & nggodl i.nG| S i _nhi i e, /4 h
progressi vePy %Sarl es gg'rse p%%glgigg %ﬁ%%ﬁ%&g\%g}gnt@of% e%\?(%:"gs 30
as nore of Pphesddeowbeonteo)- déi thisrezpmud tbet beprdtadgecan kel oci ty

of the 11Ul diggacealifial! e¥bg aler Qkafoyd Cenadlnt nEldifiehRE, PORRALEA

bi asi ng device 46 and seat 48 of diment, so that
f1 ow controP? d‘é%ké@af’-ﬂné%|QH?TH§OVeP%’éIH*§?:1@ﬁIe§ROVa¢i/é§et leldsed »off

flow of 13 herfl 1 dy %ﬂar\e/@ealweaéda%ag@t@f qzrm\éel:eﬁficyuﬁubheoi | 4 d
i ncreases. The inhibitor device 74 rogressively inhibits the flow

control devPEERCRREEBRLE| b3ithgtadt ‘ﬁa‘i‘ er"r EESPRE" ntF@r-SoMaRPRE f | ow
control deviBes &dased. WO 2009/ 079612PCT1US2008/ 087318 - 16 -

Referring additionally now to FIGS. 7 & 8, another
alternate construction of the screen assembly 16 is
15 representatively illustrated. The screen assembly 16 of
FIGS. 7 & 8 includes the flow control portion 22 which
functions as an ICD and also reduces production of undesired
fluids.

This example is similar in many respects to the
20 embodiment of FIG. 6, except that the FIGS. 7 & 8 embodiment
includes an inhibitor device 74 which progressively varies a
response of multiple flow control devices 30 as more of the
flow control devices respond to the change in velocity of
the f£luid 24.

25 The flow control devices 30 include the poppet 44,
biasing device 46 and seat 48 of the FIG. 6 embodiment, so
that the flow control devices function as velocity check
valves to close off flow of the fluid 24 when the flow rate
or velocity of the fluid increases. The inhibitor device 74

30 progressively inhibits the flow control devices 30 from
closing as an increasing number of the flow control devices

close.



The inhibitor device 74 includes a flexible cable 76 which passes
t hrough extensions 78 of the poppets 44. In FIG 8 it may be seen
that the cable 76 extends around to each of the extensions 78, and
al so passes through rigid 5 posts 80 positioned between the flow

control dewwesas$9s12 When the velocity of the fl uipgrgdobd @60
t hrough one of the flow control devices 30 increases sufficiently,

the flow control device will close (i.g .- the poppet 44 will engage
the seat 48). As a result, the corresponding 10 extension 78 w ||

di splace with the poppet 44, thereby applying an increased tensile

force to the cahine 18hibitor HalvScknts easadaber ser tdamsei tawrk t7g t he
cable 76 wi 1|, inhibit tﬁe next flow contr% ?evi ce 30 from cl osing.
Hovever, whBW-Th&AFEFBCHIEPUSN ERESEFIARF 72 PF ol hPPREGEGh? 15 i s

next flow cents @ idembgebS8Gedmeshactigasabsuf 76 céaiindy bootverRone

the increased .for in_the cable_Z6, i o0 will close d_t hereby

apply a furthat C’lfﬁgpga%}é‘l'c]erfselﬁéllsl ggf o?%ée arH‘SOt SR r?ggﬂﬁilt%l,d’i t

wi || be Bppresiattddpbhat joms] eathebh ovhe dibwoto2fraleviiesecdd 3 .0ses,
the inhibitor device 74 increasingly inhibits the next flow control
devi ce from cl odihey. thebyvelsiqigydedi the Fiuidueh Bowingphhguginmpebe

I nt er connec | £t 7 : LALLI QL {0t
bl e 7 T R B o B e e B 05
conveni ent | {1Iesiopssalt devegumide ehesarfdufit r byhevuiapwesath Bildcessi ve

flow contr Oém%@é ¢8e39che 400" @8ShVeddiitnhichbt &ck-fd=08nal i NY.
It is contenplated that, if the fluid 24 is stratified into |ayers of
oi | and!%hat 8Ft§97CRe 78| itk SHSPIRCR ot o FheoPorert 1 -f EBRERSAL 1 ol

devi ce 30 haypngrighangiesiatiedprendilé ovrek vatete fdadengest hrough it
will close first (due to the reduced viscosity of the water resulting
in an increased Thi¥® 2008¢4:490 FARPEE/ tISP0BAA8A318 thel Eable 76 will

inhibit the next flow control device 30 from closing.
However, when the velocity of the fluid 24 flowing through

15 this next flow control device 30 does increase sufficiently
to overcome the increased force in the cable 76, it too will
close and thereby apply a further increased tensile force to
the cable 76.

Thus, it will be appreciated that, as each flow control
20 device 30 closes, the inhibitor device 74 increasingly
inhibits the next flow control device from closing. A
biasing device 82, such as a spring, may be interconnected
in the cable 76 to supply an initial force in the cable 76,
and to provide resilience. The biasing device 82 may be
25 conveniently designed to regulate the amount by which each
successive flow control device 30 is progressively inhibited

from closing.

It is contemplated that, if the fluid 24 is stratified

into layers of oil and water in the flow control portion 22,

30 the flow control device 30 having the greatest proportion of
water flowing through it will close first (due to the

reduced viscosity of the water resulting in an increased



velocity of flow of the water through that flow control device). This
wi |l reduce the production of water through the screen assenbly 16,
while still allow ng production of oil through the screen assenbly.
5Subsequent flow control devices 30 will close when further increased
vel oci ti eswaf200draowé1iof the fluid 24 through the fl ow ceot/osdoossswsices
are experienced. This helps to keep one or nore of the flow control
devices 30 open until the fluid 24 inhcludes a substantial proportion
of water, 10 while still allowing the first few fl ow control devices
to close when the fluid includes only a small proportion of water.
One benefi cralocfiegt of ef Iofw tdfi $hembockmehtrohght tatt tfhewi cndmhttﬁctlor

device 74 WBLISRA)D UBLS, TRANCL O, EXLI I AR, PIARYE! LaD 0T g i aher

density, |ower VI§COSI propor ard to
a certain a‘zhemiCBraEnow%&m‘ﬁém aA, o¥hilee sklidl ebimwisly p@ﬂdumczﬁ ©ofThus,

t he screen @flseéﬁ%iégﬁﬁtk&jé’es%x%% hay, ﬁﬂ;lg{ebe installed in any

particular orientation to achieve t nefits descri bed 20 above.

Referring additiznak uemmw Ebfcrdh c?e%qt:egra@mlqun@&sséomew uction
of the screen assenbly is representatively illustrated. The screen

assenbly 1GthhﬁlfGln@zrﬁﬁq%éf@%OFh’%l?ﬁ S @&ﬁi"r‘?ﬁ Bt £iLBhd 224 \ifrensh

functions asharFrilb&Deanerdll mvaéese@lw%s;p@mdu@éd on tafi sUREESH red
fluids. The I CD includes the f estrl Thi s examilels

very si m | et VRoOBIARA finEEoof P GERFoL 45V isesedl PRER A
i nhi bitor dend cAuid & posiidegnadsabs@htipfoptdordida of wiised, I ow

| 30,3 h 4 in;th f FIG 9
pushosd orE e B5Ee RN FECCET IS a T3V |HGAA SR (Fng:

on the cableles whebhthenbodidméntlefedlcB3y 7 Sn&8ll pPiOportion of
2009/ 079612PCT{ US2008/ 087318

One beneficial feature of this embodiment is that the
inhibitor device 74 works in this manner to exclude
15 production of the higher density, lower viscosity proportion
of the fluid 24 without regard to a certain azimuthal
orientation of the flow control portion 22. Thus, the
screen assembly 16 does not have to be installed in any
particular orientation to achieve the benefits described

20 above.

Referring additionally now to FIG. 9, another alternate
construction of the screen assembly 16 is representatively
illustrated. The screen assembly 16 of FIG. 9 includes the
flow control portion 22 which functions as an ICD and also

25 reduces production of undesired fluids. The ICD includes

the flow restrictor 40.

This example is very similar to the embodiments of
FIGS. 7 & 8, except that the inhibitor device 74 is
positioned on an opposite side of the flow control device
30 30. Thus, the poppet 44 in the embodiment of FIG. 9
“pughes” on the cable 76 via the extension 78, instead of

“pulling” on the cable as in the embodiment of FIGS. 7 & 8.



- 18 - Referring additionally nowto FIGS. 10 & 11, another
alternate construction of the screen assenbly 16 is representatively
illustrated. The screen assenbly 16 of FIGS. 10 & 11 includes the
flow control portion 22 which 5 functions as an I CD and al so reduces
product i on V6P 2M#Hef@&R2red flui ds. The | CD incl udes the PFEHESA0eBMTIIEL Or
40. This exanple of the screen assenbly 16 is simlar in many
respects to the enbodi nent of FIGS. 7 & 8, except that instead of the
cable 76, the enbodinment of FIGS. 10 & 11 10 includes a relatively
stiff wire 82. The wire 82 extends_ through each extension 78 of the
fl ow control deReEesriny HlditaenpbiY nB0 tar BIgSedl0 Endleathothise wire

82 has ear sp BB doh HErRAN WNHE N 1RNGRAB AN NI 1REd s Sy f ace 86
formed on the bul khead 56. 15Thi s engagenent between the ears 84 of

the wire 82XeRPHMEAFHERIhed1agtFaked 86 ThespereeniasserbYett 4t t he
poppets 44 tower dot heil IsReeki YBe SEals c48tr&l Prtibaw £optilal
devices 30, _wth an ear 841&8)05i ti Ofed bet ween each adj acent pair of

fl ow cont r of "HEVICREs 2 e WEpABHeB T FadECe 1PTHRCIER PL SHiRSd < Be
under st ood fhatdsany Thenbey ieklubesetisd erent segayidiwruged i n keepi ng
with the principles of the invention. Referring additionally now
to FIG 12, anotThés ekamplmiod tbasscrmrn ensefblhelésdesesimblssernl y 16

2 ] Shreserhal YRKkLL U8l (Ao dnnd B aa 8N Reserbl o) eflod® Rel 12

i ncl udes th_eeﬁﬁ ow %ont rol portio unctions as an
al so reducetngresdueti bime gfehlied@si r itk famodsmeTheod EDEBRclUdes If | ow

restriciprs; n 1 f t 6 ghet ween od, 3
housi ng£§4.lﬁr%@%xgn%‘?%&?ﬁegg%eﬁ%sggﬁbl y 1éafrl%ng%|go%€é}gg

somewhat t hEMEMER g3chhextEraiop éhboflithentlovutontaidndeyiaes hat
simlar fungii apabbbyscoh He achhevethddeadl, f £8L6Mtre 82 has ears 84

formed thereon which engage an inclined surface 86 formed on
the bulkhead 56.

15 This engagement between the ears 84 of the wire 82 and
the inclined surface 86 resists displacement of the poppets
44 toward their respective seats 48. Bight flow control
devices 30, with an ear 84 positioned between each adjacent
pair of flow control devices, are depicted in FIG. 11, but

20 it should be understood that any number of these elements

may be used in keeping with the principles of the invention.

Referring additionally now to FIG. 12, another
alternate construction of the screen assembly 16 is
representatively illustrated. The screen assembly 16 of

25 FIG. 12 includes the flow control portion 22 which functions
as an ICD and also reduces production of undesired fluids.
The ICD includes flow restrictors 40 and an annular flowpath

36 between a rod 32 and housing 34.

This example of the screen assembly 16 functions
30 somewhat the same as the FIG. 6 embodiment, but demonstrates

that similar functionality can be achieved by different



WO 2009/ 079612PCT/ US2008/ 087318 - 19 - configurations in keeping with
the principles of the invention. The FIG 12 enbodi ment includes the
rod 32, housing 34 and bi asing device 38, but in this enbodi nent the
rod is 5rigidly attached to the bul khead 56 and the housing is

reci procablwo diospmsied on the rod. As the flow rate or peelsmidosras t he
fluid 24 increases (e.g., due to decreased viscosity of the fluid) a
drag force produced as the fluid fl owsid hrough the annul ar fl owpath
36 increases as displaces 10 the housing 34 toward the seat 48,

agai nst the biasing force exerted by the biasing device 38.
Event ual | y, cohisi gvarasiiogs 3th drgadeg widh séet p4Bnaid sshufstiod f | ow of
the fluid 24‘6£§8_%he fl ow passage 26. In this manner, the flow
control devic operates as a 15 velocity check valve to eventually

reduce the fIowqq{eeﬁléhr%%b%ﬁ?méﬁ@"‘hﬁq'ﬁg%glt @Vfocde 0 E&E%rﬁi now

velocity of the flurd 24 increases rring a |t|o
to FI G 13, 2hdiisedng €eving S8cohyt rircttihds embedianasdr sba rabdrbl y 16

i's 20 r@preﬁ%ﬁc@y &%kxc&échl&;rtataeguuzﬁr@adsg%esﬁdaéﬁemhh&é o FIG 13
i ncludes th | ow control portion 22 which functions as an |CD,

prevent s fIEﬁ?ﬁﬂﬁﬂ§§bﬂYoﬂ+§Hﬂ§QFuBHI%?e§¥¥%ngAEZt%ﬁuf¥§W56aF%d%%es

product i on ®&1441deSbEeghd | 1ids: 2Ih§n&£age@,cl(ud@s tcﬂa% LhboMed@stdelact or
40, which could b%g g%ube 5.0rifi nozzl e or _coil ed tube. The
I

openi ngs 42VtEHH it g %%@FP@tBY%dqudSSSdE’éﬁﬁé’c}

Thi s exanp|e1®wstﬂmaoﬁgheenaam&embkyfﬂdhpathses1iﬁ&rdd&e&oag dfgym@@bs to

t hose eﬂpodng S desc bed a g%g% gé%%“ t he enbodlnenés of FIGS. 2 &

3) which’ prevent®¥av rse 6w 1§t RPBUGH (he Blprbp force

assenbl y. Hewesterd byhehé |lovesdont devideddce 30 of the FIG 13
enbodi nent includes a hydraulic actuator 88 for selectively opening
and closing a \iPeRQD8l LWOGI2PETLEUBXD(BY @8F348s the seat 48 and

shuts off flow of the fluid 24 into the flow passage 26. 1In
this manner, the flow control device 30 operates as a

15  velocity check valve to eventually reduce the flow area
through the flow control device to zero as the velocity of

the fluid 24 increases.

Referring additionally now to FIG. 13, another

alternate construction of the screen assembly 16 is

20 representatively illustrated. The screen assembly 16 of
FIG. 13 includes the flow control portion 22 which functions
as an ICD, prevents fluid loss from the tubular string 12
and also reduces production of undesired f£luids. The ICD
includes the flow restrictor 40, which could be a tube,

25 orifice, nozzle or coiled tube. The openings 42 could also

serve as flow restrictors if so designed.

This example of the screen assembly 16 is similar in
some respects to those embodiments described above (e.g.,
the embodiments of FIGS. 2 & 3) which prevent reverse flow
30 of fluid through the screen assembly. However, the flow
control device 30 of the FIG. 13 embodiment includes a

hydraulic actuator 88 for selectively opening and closing a



- 20 - valve 92 to thereby control flow of fluid and prevent |oss of
fluid. The actuator 88 includes a piston 90 which displaces in
response to a pressure differential between internal chanbers 94, 96.
The valve 92 includes a closure 5 98 with sealing surfaces 100 for
seal i ngly eviyzg¥ergeiseats 102. When pressure in thkrerwhmodosr3i®d
sufficiently exceeds pressure in the chanber 96 (due to a pressure
drop through the flow restrictor 40), Zthe piston 90 wll displace in
a 10 direction pulling the closure 98 and sealing surfaces 100 away
fromthe seats 102, thereby permtting flow of the fluid 24 through
the flow comIw 9@okbi CimeiZdy Howevel , flidw pftestuic ami thevehartoes 96

suff|C|entIg %ﬁ&ﬁﬁds @ﬂ{gﬁg{%tog é@ Q@Bgt%epuégﬁlg@uﬁg e the case

typically in areverse ow condi exert a
bi asi ng for@Jesxtl@c@ﬁspnawnm@ectgs@rmre%uanddsé‘éenmlsmr!ﬁmnloo

I nto engagengnt, ht Bp L e SEea,s éQZ Uihd %ﬁ.@gy9§%cl%fd ec]EclsQlWe The

flow control device 30 may be "reset”™ to again permt

reduci nf pr &% stirtd ﬁﬁa@h@fﬁtﬂ\ﬁasa%h@‘e 28 20t ERGY \ﬁélgﬁelm e‘-i%ii:rse on
the exteriofgpf the screen assenbly 16, thereby increasing the
pressure differential fromthe chanber 94 to the chanber 96. This

will cause the pinehopr&9sie qxlevcheacmmrngc;f@lﬁﬁﬁ&@nk:m é?:l:&ﬁalﬂse 98
and di spl ace the cIosuke a%%%l rog} @e seats 102, there eni ng the
flow 25 corR¥BiISWar tPoh 2P0 Yeh&Of puPEPTpre d 49,
control porth®rElde @ésthecﬂBxG403,3 e qgisrent 9al w0l rmcikspdase ainnat er
excludeg degice 104 augll %31 uder evice 10 gater cl uder
devi ce 1b4 pre er§3l? et ﬁu?? SBH r?%a:uﬁbg R i ch
are neutral awaﬁﬁrbanyhatseatmatoén tlsera:l:tyatpemnehtm glowsopridduced
t hr ough the 0 ti 2 l.pat er

9 LW o5 @5&8&%120{115 %an corH}%t hgﬂk@ﬁaﬁ LA hgw‘%\ﬁ 1§ WAl

and engage t € openi ngs ose openi ngs an er'eby WO
2009107961 2PCT9ug2008/ 08 3fgmbe2196 sufficiently exceeds pressure in

the chamber 94 (as would be the case typically in a reverse
15 flow condition), the piston 90 will exert a biasing force tao
displace the closure 98 and sealing surfaces 100 into

engagement with the seats 102 to thereby shut off the flow.

The flow control device 30 may be “reset” to again
permit flow by reducing pressure in the flow passage 26
20 relative to pressure on the exterior of the screen assembly
16, thereby increasing the pressure differentisl from the
chamber 94 to the chamber 96. This will cause the piston 90
to exert a bilasing force on the closure 98 and displace the
closure away from the seats 102, thereby opening the flow
25 control portion 22 to flow of the fluid 24.

The flow control portion 22 of the FIG. 13 embodiment
also includes a water excluder device 104 and a gas excluder
device 106. The water excluder device 104 preferably
includes multiple spherical bodies 108 which are neutrally

30 buoyant in water, so that when water is produced through the
flow control portion 22, the bodies float in the water and

engage the openings 42 to close off the openings and thereby



excl ude production of the water. As the fluid 24 includes a greater
proportion of water, progressively nore of the openings 42 are cl osed
of f. The gas excluder device 106 preferably includes 5 nultiple
spherical bodies 110 which are | ess dense than oil, so that when gas
i s producedvd fwosgdhiat he filter portion 22, the bodi esptroghosmariop of
the oil and engage the openings 42 to close off the openings and

t hereby excl ude production of the gas.2iAs the fluid 24 contains a
greater proportion 10 of gas, progressively nore of the openings 42
are closed off. The water and gas excluder devices 104, 106 may
be simlar ¢ecare @froﬁlli]@tSﬂ)rdeECth@eiﬁhﬁeﬁ: U 8s Piad enfuifo24 7iddmdég86aand
application_serial nos 319 filed 15 Febr S, quz and
PRSI L S SR s T SR T e

pat ent and ¢iesingappli et i drsedr e£Encor porated herein by this
reference. O course, other types of water and/or gas excluder
devices may be Redghn keepidey vdevhoe Hdeppirateplidly dhelhdes nventi on.

20Ref errg n%@ﬁ&;}lﬁog i’léyléﬁwbggng%q}_d]'%lhlgﬂongrlé’gst BEH8L Chan oil,

construction of “t creen asse I'S representatively
il IustratedSO'Wh@is@hééng%%S@ﬁmMFQdE%E¢rﬁﬂﬁ@ﬁéb e ﬁﬂh&ﬁrcﬁﬂtﬁkﬂn Bértion

22 which fuped Q8 e8Sr8fat G tBpe¥ENtS: TJiui an%afgreo‘ghéh@p _lgr’lsar

string 12 and al so 25 reduces production of undesired fluids. The 1CD
has two fl of retiPseoPEt 4ae ovenings and Ahgrebhrenciade cperdicidsandl v

16 is simlgf dHe @BY respes Fitoathe mhedhgeat xcas‘atgh;Gpragor@@@lept
that the actgator 88 and valve 92 are_sonmewhat dlff rentl
d

conf i gu]rQe Pd%1e PERBETF FEIRL Yo oR? T 12e SPRLERFS g@’r’ef%/]cﬂ?%&]r ea

t hrough t heof#l ve 92 is provided, and the piston 90 of the actuator
88 has a larger differential piston area. - 22 - In addition, only
one each of the Beakwrhgrsand goe &00Laixt seatcdd2l iy e l0seray rbe he

val ve 92. . r.r ti.an I not her
alternate c%nstruc%|ohggfgfﬁ%m?grgé%%gggéngﬁ E:é? ég%? nR185!
r epr esent at ¥ vE35, 706 andraped.cathps exaipd éoai thetklgn8efibedenbly 16

I's simiar b0, B, 5€SPEET Sl 11Nes 8FPROEHMRAL aRdust 21, 2006. The
entire disclosures of this patent and these applications are
incorporated herein by this reference. Of course, other
types of water and/or gas excluder devices may be used in

keeping with the principles of the invention.

20 Referring additionally now to FIG. 14, ancther
alternate construction of the screen assembly 16 is
representatively illustrated. The screen assembly 16
includes the flow control portion 22 which functions as an
ICD, prevents fluid loss from the tubular string 12 and also

25  reduces production of undesired fluids. The ICD has two

flow restrictors 40.

This example of the screen assembly 16 is similar in
many respects to the embodiment of FIG. 13, except that the
actuator 88 and valve 92 are somewhat differently

30 configured. In the embodiment of FIG. 14, a much larger
flow area through the valve 92 is provided, and the piston

90 of the actuator 88 has a larger differential piston area.



FIG 14, except that the actuator chanber 96 is directly exposed to
pressure in the interior flow passage 26 via an opening 112. 10The
chanber 96 is forned between two bul kheads 114, 116, with the opening
112 providing direct comunication between the chanber and the fl ow
passage 26 wWtmg(7od¢ihe actuator 88 is nore directly respousionspstinst he
pressure differential between the fl ow passage 26 and the exterior of
15 the screen assenbly 16 as conpared 220 -t he enbodi nents of FIGS. 13
& 14. Referring additionally nowto FIG 16, other alternate
construction of the screen assenbly 16 is representatively

i |1 ustratedin Biditéganpbelofoneheask raferihasseablny Birifgc@01®l minldar i n

many respects,d qotzhgrgr@%g ment of o HG ¢45, except that the actuator
Xposed t

chanber 96 Is not e O pressure In the interior flow passage

26, but is inst%qegfp@eéhéﬁeieﬁgﬁg,w@é RodrtsNe sL18,6¥h&nding to a
remote | ocation. 25Thus] pressure delivered via the line 118 may be

used to reg R @AKCOPTHAGERNOPE t Hhe \PEFPER 9PS IR Y nbS t he
pressur & di fereephicat 1 betyaanusbpa e ens s9dxaffie SReEhd i &alday, the

val ve 92 may be ¢l osed, by applying increased pressure to the |ine
118, thereb %eé’lli’gi‘?nésth% l&@%ué J1eT¥8 FESPRF 5P| it dhehemprdimsRto8t and
close the velwe 192. eReapic ethaftr €88 UsEtumprbehampdt ed vsaaiha-diyne 118
to open the val v%bgz WD 2009/ 07]%612PCT/.U828328/ 087318 - g3 -

The 1ine 118HARFDECP THE Y PpE kROWH 16 1PRoEECEIHASRE® #° tHE 4Pt as
a control lopenimgndithe |ine may be positioned internal, external or
within a sidewall of the tubular string 12. The line 118 nmay extend
to the ¥urface, Te tbadbain®thes fermgd Hegwaeh orwa pufliibesdd |1145uch as

58 a punp of1 £ORLER!  ARAW S s 11 D1 Se TRAARE: af R | QiGRM Bl ndevi ce
between the chamber and the flow passage 26. Thus, the
actuator 88 is more directly responsive to the pressure
differential between the flow passage 26 and the exterior of

15 the screen assembly 16 as compared to the embodiments of
FIGS. 13 & 14.

Referring additionally now to FIG. 16, other alternate
construction of the screen assembly 16 is representatively
illustrated. This example of the screen assembly 16 is

20 similar in many respects to the embodiment of FIG. 15,
except that the actuator chamber 96 is not exposed to
pressure in the interior flow passage 26, but is instead
exposed to pressure in a line 118 extending to a remote

location.

25 Thus, pressure delivered via the line 118 may be used
to regulate the operation of the valve 92 by varying the
pressure differential between the chambers 94, 96.
Specifically, the valve 92 may be closed by applying
increased pressure to the line 118, thereby causing the

30 actuator 88 to displace the piston 98 and close the valve
92. Reduced pressure may be applied via the line 118 to

open the valve 92.



may be operated renotely to control flow of the fluid 24 through the
screen assenbly 16. It may now be fully appreciated that the
foregoing 10 detail ed description provides nmany advancenents in the
art. For exanple, the present specification provides a well screen
assenbl y 1évawemgeyoéiacl udes a filter portion 20 for fi PCEUB0s/MBINE d
24, and a flow control device 30 which varies a resistance to fl ow of
the fluid 24 in response to a 15 chang8 i-h velocity of the fluid. The
fl ow control device 30 may include a velocity check valve (such as in
t he enmbodi nents of FIGS. 6 & 12). The flow control device 30 may
decrease a fl owTeedihm I¥spegsbet of drhd ypeakeowm tchéhoed osiitly edf
the fluid 2, aTheelLow GopiBl dedd Ceqd0 Y1 {ENRRSEe ik itioned
resistance to flowin response to an increase 1n density the f1uid
24 (such asinfennsd .eabbelmEnoy vt sidewpll Tfe Hheohnkelay ol

devi ce 30 ”@&/ri'r{@C&QQSGTEQQLfn%Siﬁb%H%F d:@ hliO¥s | thd GIRPASE, 14 AR
increase in velocity of the fluid 24. 25The well screen assenbly 16
may i nclude®®ffidedr TRBPES f1RATAEBt 11 CHISY ¥e44 /| BE@H BN EC P BT ST eam

and/ (r)nr) | dO\i’g@éﬁ&Q{D Qllf)dgh@. f :I?Wt%QB]EIF\&Anéie,Vttﬁél Bgew _contrgh]edé’ﬁlfe $ereen
asse y may include pultip oW contro evi ce and an
i nhi bi tor &AW & PRERATRH rﬁoﬁregﬁr*é%s?%r)?lvg}?‘éso% ti@s%l)‘h’s% & the

f1 ow cont r othemiyic eseascrage a@kenbey fi@aw control devices respond to
the change in velocity of the fluid 24. The inhibitor device 74 may
WO 2009/ 079612PCH W820084 087 318 1ly 2dpreqiragresbavelhe ifnkedpbing he fl ow

control 1(5’9"&1&@911%% HERR PO 85:1 805 'GLC R D AHUIRE" 1 8T e 1S oW
control devi cés cl ose.
For example, the present specification provides a well
screen assembly 16 which includes a filter portion 20 for
filtering fluid 24, and a flow control device 30 which
varies a resistance to flow of the fluid 24 in response to a

15 change in velocity of the fluid.

The flow control device 30 may include a velocity check
valve (such as in the embodiments of FIGS. 6 & 12}). The
flow control device 30 may decrease a flow area in response

to an increase in the velocity of the f£iunid 24.

20 The flow control device 30 may increase the resistance
to flow in response to an increase in density of the £luid
24 {such as in the embocdiments of FIGS. 7-11}. The flow
control device 30 may increase the resistance to flow in

response to an increase in velocity of the fluid 24.

25 The well screen assembly 16 may include one or more
flow restrictors 40 interconnected upstream and/or

downstream of the flow control device 30.

The well screen assembly 16 may include multiple flow
control devices 30, and an inhibitor device 74 which
30 progressively varies a response of the flow control devices
as more of the flow control devices respond to the change in

velocity of the fluid 24. The inhibitor device 74 may



Al so provided are the well screen assenbly 16 5 enbodi nents which
include a flow resi stance device 59, 63 and/or 71 which decreases a
resistance to flow of the fluid 24 in response to a predeterm ned
stinmulus applied froma renote | ocation. The stinmulus nmay conprise a
pressure vayo why/@me12 The pressure variati on nmay conpri ser/aseoisngysease
10 in a pressure differential froman interior to an exterior of the
wel | screen assenbly 16. The fl ow resixstance device 59, 63, 71 nmay
conprise a flowpath 60, 64 which opens in response to the stinulus.
The fl owpath 60, 64 may bypass a flow restrictor 40 which 15
restricts fprowrekstheld|intdnid4. tH@eE}fdvDWohESbBtmedEWJ ce&rd3 may

response t &Sk Fuf st "HREH T Bul TS PAn GRS dokT': SBar o Fatg s
i ncl ude a chibzie-val ve Whl ch closes the flowath 64 in response to the

stimulus, and 20 which opens the flowpath in response to rel ease of
the stinulus. AlsoApseovigiasliededthe evalie swpben scyssablistenbly 16

embodi ment Sehiahet AP A, 33l @%ﬂo%clragi%gar% agbyal g Bshaving

a piston 90 which displaces 1n response to a ressure fferenti al
to thereby &/&at iTde¥ 1%¥érqﬁ°treéﬁﬁsp?éiﬁ@ﬁﬁtﬁ%@v@ hlge of ublee F4uid

through thexyaily@e8Bonddecdel bregseomiaesie sl vuthé ragm@ééoffdaplaude a
flowrestrictor 40 which restricts flow of the fluid 24. The pressure

di fferenti afeBRiY BESBetMRen ToRafbENE Wy MaE0CIBP G 8sPERETWRE upst r eam
and downst reaf=5idas Oi‘hé herdel@vie r st 1d1Gbar méP. coip iBE eSS ik rease
differential_ may be v%egwfan i nner_fl ow pas eU953267(2)6 extendln%

| ongi t udi nat't y* FSE‘@’F\E AREr5 60/ TRI6 £2PETT SPogY FE-eries .

wel | screemassenbkyl 16ceswh agskbnbey nMad. chanber 94 of the well screen

assenbly 16 in selective fluid communication with the filter portion
20. The i nt er nalThehébhtrerr<li strapchedanpster 88m 63, a7 f maw cesprisst ear 40

whi ch reStrff%ﬁ%é&£0§69f64ly%ich opens in response to the stimulus.

The flowpath 60, 64 may bypass a flow restrictor 40 which

15 restricts flow of the fluid 24. The flow resistance device
63 may include a plug 66 which displaces to unblock the
flowpath 64 in response to the stimulus. The flow
resistance device 63, 71 may include a check valve which
closes the flowpath 64 in response to the stimulus, and

20 which opens the flowpath in response to release of the

stimulus.

Also provided are the well screen assembly 16
embodiments which comprise a valve 92 including an actuator
88 having a piston 90 which displaces in response to a
25 pressure differential to thereby selectively permit and
prevent flow of the fluid 24 through the wvalve 92. The well
screen assembly 16 may also include a flow restrictor 40

which restricts f£low of the fluid 24.

The pressure differential may be between chambers 94,
30 96 on respective upstream and downstream sides of the flow
restrictor 40. The pressure differential may be between an

inner flow passage 26 extending longitudinally through the



5 fluid 24. The pressure differential nay be between a line 118
extending to a renote | ocation and an internal chanber 94 of the well
screen assenbly 16 in selective fluid communication with the filter
portion 20. The well screen assenbly 16 nay include a water 10

excl uder dewo m@9/d@skzwhi ch i ncreasingly restricts fl owpgtrushesdstusd 24
as a proportion of water in the fluid increases. The well screen
assenbly 16 may include a gas excl uderzglevi ce 106 which increasingly
restricts flow of the fluid 24 as a proportion of gas in the fluid

i ncreases. The well 15 screen assenbly 16 nmay include any excl uder
devi ce 104,wdlb swireeh aowsnddsi ngl ¥ndl ocksitblaml ofhatetndesof athe

portion of fluid 24 as.t.he. undesired portion.increases,, and a
flow restri %‘?glr % %eﬁﬂi %%S?mebs rilgt %nf?%lv(vacé:flvfahgﬂﬁ uict?mﬁlz?lﬁtlcoélur se, a
per son ski | ¥E&th ithet iélbet mootlidn Bpon The2(ntaredllcheobhsi det atdyoeof

the above dgsgrinld 8% Qffio%Prr%Egﬁ?;;Q%éf’%oe%ﬁggg%ﬁt%i%stE o EeRLLon,
read|ly appr clate that many nodi Icatlons, additions, substitutions,
del etiorfs, Bheidbtdter Thangressvay Boffeknttiolt haydospetivbee a line

embodi ment s 1 @Nd.2ehng BN 9L S-eb8e M 48U 1 Inh 8ndSa s CORRrAb1 { Hamber
principles of the presént invention. Accordi ng%éé the for egm ng

det ai | ed de2treptitenvpilteLunenc pEaPrY L Lnde st sotrHEsiIse EABLGi ven by

way of il uséhdidiQRtand examhe enhVer thRE-t3Bhr k6. and scope of the
present invention being limted solely by the appended clains and

their 30 equivalm®id srell26ckdeti BB sknbiyeld n3§r €A1 @ES @Tihyeri ncl udi ng:
afilte portiﬁn whi ch, ont r ol

devi co it ot heicnsssiee AH Spdabe o vy ToRHRURGTIT (e BRse
to di spl aceffenid &4 ascenpomenitioh dhevddeowiaonhe of ludevinercasrsed by
an increaseq N 3,qr ad, LOf Co MGy P61 RayP 1k EaE UYL U o1 uger

device 106 which increasingly restricts flow of the fluid 24

as a proportion of gas in the fluid increases. The well

15 screen assembly 16 may include any excluder device 104, 108
which increasingly blocks flow of an undesired portion of
the fluid 24 as the undesired portion increases, and a flow

restrictor 40 which restricts flow of the fluid 24.

0f course, a person skilled in the art would, upon a
20 careful consideration of the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
these specific embodiments, and such changes are within the
25 scope of the principles of the present invention.
Accordingly, the foregeoing detailed description is to be
clearly understood as being given by way of illustration and
example onrly, the spirit and scope of the present invention
being limited solely by the appended claims and their

30 equivalents.



2. A well screen assenbly, including: a filter portion which filters
a fluid; and a flow control device which decreases a flow area
in response to displacenent of a conponent of the flow control device
caused by an increase in a drag force which acts on the conponent.

3. A well screen assenbly according to either claiml or claim2,
wherein the flow control device inclugles a velocity check valve. 4.
A well screen assenbly according to any one of clainms Ito 3, wherein
the flow control device decreases a flow area in response to an
increase in velocity of the fluid. (Baimswel | screen assenbly
according to any one of clainms Ito 4, wherein the flow control device
i ncreases the resistance to flowin response to an increase in
density of the fluid. 6. A well screen assenbly according to any one
of clains |1fo 5A wshesrednrasichdlyf Inomdimgntrol devi ce increases the
resistance to flow in respon ngrease in velocity of the
flurd. 7. A melqﬁ%%P%éﬂﬂgggiﬁgﬁﬁagﬁ@ ?@lng to any one of clains | to
6, further incl udilevgcatrol @aﬁ:&wﬁmﬁlrfcl'eﬁ;Wsﬁ@é&kfah@dt@ﬂo%@f&é@l@ﬁﬁ@ﬁ ed at

| east one of upstream and do trean1ﬁj e flow control device. 97
8. A well s&erslé‘g‘ﬁ "hﬁwené BPARFIE & ¢ vhepatrgidericgeayied by ga 7,
further lnctdéfyaibgnau}a%lf&b@wgele&tmntﬁélé%ni pofe.control device, and an

i nhi bitor device which progressively varies a response of the flow
control devices as nore of the flow control devices respond to the

i ncrease insthe Q%%Qs&&%%@embﬂ-mﬁumﬁ l screen assenbly according to
any one of clains | % her I n€luding nultiple ones of the flow
control device, @ﬂﬁﬂamﬁpmhhhhﬁbwsdﬁuﬁCQMMhlch progressively inhibits
the flow control | as an increasing nunber of the
f1 ow control dev?@%gégﬁgg%N%eY mRﬁ‘ﬂ%?Fa ngﬁiﬁgﬁgﬂﬁgv i nctuding: a
base pi pe; dxsi’:llad:et‘rent qﬁarchpcmemmh floi dogtisl dewifd daigdd py bdincreetie fluid
entering thg 2 @@g} a flow control portion which

sel ect i vel y“J&8FER ?t%%ﬁ%ﬁoéweée% flow of the fluid through the
wel | screen assenbly into the base pipe in a first direction in

response to_a predetermned stinmulus applied froma renote | ocation,
and which 3 A well screen assembly according to either claim 1 or claim 2, wherein the

flow control device includes a velocity check valve.
4. A well screen assembly according to any one of claims | to 3, wherein the

flow control device decteases a flow area in response to an increase in velocity of the
fluid.

S. A well screen assembly according to any one of claims [ to 4, wherein the
flow control device increases the resistance to flow in response to an increase in

density of the fluid. ’

1
6. A well screen assembly according to any one of claims 1 to 5, wherein the
flow control device increases the resistance to flow in response to an increase in

velocity of the fluid.

7. A well screen assembly according to any one of ¢laims | to 6, further
including at least one flow restrictor interconnected at least one of upstream and

downstream of the flow control device.
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prevents fluid flow through the well screen assenbly in response to
flowof the fluid in a second direction opposite fromthe first
direction. 11. A well screen assenbly according to claim10, wherein
the stinmulus includes a pressure variation. 12A well screen assenbly
according to claim 11, wherein the pressure variation includes an
increase in a pressure differential 2foman interior to an exterior
of the well screen assenbly. 13. A well screen assenbly according to
any one of clainms 10 to 12, wherein the flow control portion includes
a tlowpath which opens in response to the stinulus. 14. A well
screen assebbl y AawclbsaiéengssemblylaatomidBip awhereaif nlairksel th 7ofvpidrh bypasses

a flowrestrictor ich restricts flow of the flujd. . 28 15. A well

screen asse'r%lluﬂj/m%gl\é\@rpgeloﬁ'ﬁs %ﬁeé{ifqvh(écr"l”@l%V‘ﬁ’f@f?)"rm@b‘éqrﬁf‘iiﬁw rein the
f1 ow cont r oprog@ssivieBvafieyd 8&ondetE tHedRS cantidl deviobkEhodbBink A6RS tO

unbl ock the flomdo?a,th in response to the stinmulus. 16. A well screen

assenbl y actBal 4syicesespand ke a¢resse i thedragfoges: 15, wherein the flow
control portion further includes a check val ve which cl oses the
tlowpath in response to the stinulus, and which opens the flowpath in
response t o%r el eawell greenesemblyrrotanding tohRy ongk ofielaimssici Eelurtes senbl y,

i ncl udi ng: ; Lpes id t ortion which filters.a fl.uid prior
to the flui Ckglﬁ]? g#[ﬁg%f%‘gs %){{3{iéeeﬁcgp’)“lr g"e“?f"'a“%é‘“’ Indah lghl\b%cfrgawfen‘yfﬁhi ng an
act uat or hapropgssivel yanribitsahe five tantroidrivicks et Elbhes ah hetrdagsenypitee and

whi ch di spl Syln response to a pressure differential to thereby
sel ecti vel y° tg?' ﬂ?‘?coéﬁrap‘%rvéc\%ﬂ?sef | ow of the fluid through the val ve.

18. A well screen assenbly according to claim17, further including a
Flow et Il g o A S el Sl O the Thuid.
a base pipe;
a filter portion which filters a fluid prior to the fluid entering the base pipe;
and
a flow control portion which selectively decreases a resistance to flow of the
fluid through the well screen assembly into the base pipe in a first direction in '
response to a predetermined stimulus applied from a remote location, and whichz
prevents fluid flow through the well screen assembly in response to flow of the f:luid
in a second direction opposite from the first direction.

Il A well screen assembly according to claim [0, wherein the stimulus includes

a pressure variation.

12 A well screen assembly according to claim 11, wherein the pressure variation
includes an increase in a pressure differential from an interior to an exterior of the

well screen assembly.

3. A well screen assembly according to any one of claims 10 to 12, wherein the

flow control portion includes a tflowpath which opens in response to the stimulus,

4. A well screen assembly according to claim 13, wherein the flowpath bypasses
a flow restrictor which restricts flow of the fluid.
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19. A well screen assenbly according to claim 18, wherein the
pressure differential is between chanbers on respective upstream and
downstream sides of the flowrestrictor. 20. A well screen assenbly
according to either claim17 or claim 18, wherein the pressure
differential is between an inner flow passage extending
longitudinally , through the well scE®&en assenbly and an inteérnal
chanber of the well screen assenbly in selective fluid comrunication
with the filter portion. 21. A well screen assenbly according to
claim 20, wherein the internal chanber is upstreamof a flow

restrictor thi ch welbictdenasedhbloucotdiddro efthadicidim 13 @%taik 24, whewe] the screen
assenbly ac 7 or, claim18, whe rein the

di
pressure di ﬁ‘?‘é? %m‘?”si{“gréef W@Lﬂ“{f Rl ghigh displarenig UE‘PJ‘O%{( tf“‘eﬂ‘iﬂl@m

| ocati on anmramomﬁhﬁmgahnam@nber of the well screen assenbly in
selective fluid communication with the filter portion. 23. A well
screen assenbly according to any one of clains 17 to 22, further

i ncluding ajgvat ef w@%&lrééqggserqgiérfa&%rm 6Rad %ro??@nﬂ h¥o §£9nEde Gl f l ow A

of the fluid as a proportion wat er in i ncreases.
wel | scr eentles sentg rtamcfgxtl@ﬁr mgludes Mycmélemfhuxblcmsmhdﬂommthm f ur t her

i ncl udi ng aregg?o%seetémeléﬁz%[llug% S Bich DAl e MBH AR hebnle TR s el O |

the fluid as "a proportion o as’i A wel
screen asseﬂhmymaccordlng to any one of clalns 17 to 24 further

i ncl udi ng an excl uder device which increasingly bl ocks f|OM/Of an
undesired portion of the fluid as the undesired portion increases,

and a fl ow estra @'e;logcmthlaggbmm@shahaﬁg flow of the fluid. 26, A vvel I
screen assenbly according to any one of clainms 1, 2, 10 or 17
substantially as Y& RPmbefore described with reference to the

acconpanyi ng Dr a\ifRR@Sortion which filters a fluid prior to the fluid entering the base pipe;
and
a valve including an actuator having an annular piston which encircles the
base pipe and which displaces in response to a pressure differential to thereby

selectively permit and prevent flow of the fluid through the valve.

18. A well screen assembly according to claim 17, further including a flow .

restrictor which restriets flow of the fluid.

19. A well screen assembly according to claim 18, wherein the pressure
differential is between chambers on respective upstream and downstream sides of the
flow restrictor. .

|
20. A well screen assembly according to either claim 17 or claim 18, wherein the
pressure differential is between an inner flow passage extending longitudinally |,
through the well screen assembly and an intemnal chamber of the well screen

assembly in selective fluid communication with the filter portion.

21. A well screen assembly according to ciaim 20, wherein the internal chamber

is upstream of a flow restrictor which restricts flow of the fluid.
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22. A well screen assembly according to either claim 17 or claim 18, wherein the
pressure differential is between a line extending te a remote location and an internal
chamber of the well screen assembly in selective fluid communication with the filter

portion.

23, A well screen assembly according to any one of claims 17 to 22, further
including a water excluder device which increasingly restricts flow of the fluid as a

proportion of water in the fluid increases.

24, A well screen assembly according to any one of claims 17 to 23, further
including a gas excluder device which increasingly restricts flow of the fluid as a

proportion of gas in the fluid increases.

25. A well screen assembly according to any one of claims 17 to 24, further «
including an excluder device which increasingly blocks flow of an undesired portion

of the fluid as the undesired portion increases, and a flow restrictor which restricts
flow of the fluid.

26, A well screen assembly according to any one of claims 1, 2, 10 or 17
substantially as hereinbefore described with reference to the accompanying

Drawings.
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