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DEVI CE W TH CHECK VALVE FLOW CONTROLS TECHNI CAL FI ELD 10The present
invention relates generally to equi pnent utilized and operations

per formed WR2#BAEti on with a subterranean wel | and, FCA/URA008/087318
enbodi ment described herein, nore particularly provides a well screen
inflow control device with check val ve ¥low control s. 15BACKGROUND

It is desirable to exclude, or at |east substantially 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 conformance,
thereby5increasing the proportion and overall quantity of oi

produced fromthe interval. 30 Inflow control devices (ICD s) have
been used i WEEdnj SGREES INFLOW CONTROL DEVICE WITH CHECK VALVE

FLOW CONTROLS

TECHNICAL FIELD

10 The present invention relates generally to equipment
utiiized 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 proportion 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 gas coning, and more
contreolled conformance, thereby increasing the proportion
and overall gquantity of oil produced from 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
pur pose of bal anci ng production along an interval. For exa

| ong hori 28R %% bore, fluid fl ow near a heel of thgcﬁgggﬁgwglg

may be nore restricted as conpared to fluid flow near a toe of the
wel | bore, to thereby bal ance productiorf al ong the well bore.

However, further advancenents are needed in the art of reducing
productlon of undesired fluids from hydrocarbon 10 wells, in part due
to the di fFithl vekk PGty §§§0Eﬁ§teﬁomiQ&F%ﬂﬂ?aﬁéPWn@ftBéOduced

undesi red EhHi@Stﬁféuaﬁ'%%ed%%&%%ﬁsfk8£d§hf§ ﬁdyid%%fbécsaﬁaﬂciﬁgn

di sposing of the undesired fluid I'n the present
speC|f|catpéﬁduQﬁ#¢nsﬁ%Qﬂgw@nnﬂpéﬂEYéleonE@ﬁﬂeXﬁﬂﬁl@eslaré bPBYi ded

which sol voal,beast Qhauiebl e7uiA 06, Aldar Q6R1AMR! entS,OeBGLIbed

bel ow in which a velocity chéck valve is used to reduce production of
wat er . SAnomagrbexegis edsrdesed bedcpebaved ntCWﬁlcmdf Edpd hess 4 stoe

prevented. fb{ﬂ@a 3 or®XamR| €nksed Sﬁéi éq%dWﬁbﬁh F?ﬁ&réﬁé'on

to flow throug screen assenbly can tantia

decreased, veilkles¢red. In one aspect, a well screen assenbly is

provi ded which includes a filter portion for filtering fluid and a

fl ow control delowevaihi dvnreresdganesnerhcra acfkided oh the 25t fefi d

0] SSPOnSEohe And AR HELACLhNO! rLher 1 il c ERCLONCEORLL O]

devi ce My | ncrease the resistance to _OW a_s a n5|t
i ncr eabks. wghds § | bw ot dole devicbe dayf deekivlare aadf kowtar easppiated

response tQ;af) LOGLLASH] tHeNGndesired 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 to 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.



velocity of the fluid. The flow control device may increase 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 asSERABIYOTS1h ovi ded which includes a filter poPCRBIN2408/ps7318
filtering fluid and a flow resi stance device which decreases a
resistance to flow of the fluid in response to a predetern ned
stinmulus applied 5 froma renote |ocation. The stinulus nmay be a
pressure variation. The stinulus nmay be an increase in a pressure
differential fr&marrtihaerspecte anveki es¢recnfagsembiar denpragvadedy.

In yet ano a | el ye i |;9g8d,
i ncl udes a%PlgF?e%p(g%%?%n olrlt%l g??%‘gﬁffp} df cf]rgn%?é\élglgnc*@dg
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fluid through the va scree may al'so 1nc
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bl ocks 11 oy,0f.afokndesid od Bentioa(sHEMas, gas andlor BLer) ol the

fluid as the undesire ortion incréases hese and oth ures,
advantagesdlﬁéaeémtEakuﬁrqmna@custﬂmhbrbE@omm apparient offotbaescfeen
ordi nary sg E ?Ythe 20 art upon careful consideration of the
detail ed descrlp on of representative enbodi nents of the invention

her ei nbel ow andt 1@gﬁ&gﬁgﬁy%&geggam%nggll Ah.eh %lgbﬁgr.glenents
are indicated |n t'he various figure$ usin e sane re nce

nunbersl 25BRYEfedESCRIPTIMONUGESTHEL DRAGY NG tion fofE Giltekrsna fluid
schemat i c Qﬁét%a¢$i%é”fﬁﬁid%%%§h%ﬂakc¥h§¥69ﬁﬁﬂaﬁﬁg' L6 HPQHV'“Q

principles o resent” 1'nventio an en arged
scal e schedasptace©ssa9&&mammaltW|emprbssmxﬂld&ﬂmmeemlassethyer¢byhe
wel | SySteQE?LcEi&%lg”permit and prevent flow of the fluid through the
valve. The well screen assembly may also include a flow
15 restrictor and/or an excluder device which increasingly
blocks 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 inwvention hereinbelow
and the accompanying drawings, in which similar elements are
indicated in the various figures using the same reference

numbers.
25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-secticnal 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



30 the screen assenbly enbodying principles of the invention; and WO
2009/ 079612PCT/ US2008/ 087318 - 4 - FIGS. 3-16 are schematic
cross-sectional views of alternate constructions of the screen
assenbly eNB3#PIAY1Dri nci pl es of the invention. DETAI LEOTABRIERITTISON
5t is to be understood that the various enbodi nents of the present

i nvention described herein may be utiti%ed in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and in
various configurations, w thout departing fromthe principles of the
present 10 inveRl&dn. 3JHe aambedihematscaceosieseediviethaleveleysast

which is natirhite e R aBR e Ml PELE AR BN |

any speci ese-e
t he foIIompmgndéste$pmfcﬂhaﬁ1dﬂmataepnesentat|ve 15 enbodi nents of the
invention, directional terms, such as "above", "bel ow', "upper”
"l ower", etc., are used for cOBRIAILEDCPEBCORIBTEONINng to the
acconpanyi ng draw ngs. Representatively illustrated in FIG 1
is a wedl systeﬁtl@swhidhaenbbﬁﬁégoprth@tptkg wiridvs pmbodaments of

| nvent i on. ? %%‘Qlllltl. A il ?i%sc gﬁgdaﬁeﬁef)ﬁ tﬂe"%.t&ﬁ?%/@& in

string, is |ns in a me ore avi ng a substantia
horizontalvseeou@nQr$¢ntaqﬂqyamﬂsmcgcaeenna$3£ﬂdmiknyeniedn

t
nor  zont al *RERErBERLY THEAE bERE L4 R R PR 3 B et o
in FIG 1 astbeuhgdepmasied dircopehehpkénehplde dnﬁ)rurmorpu:abeseml on.
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16 i f desi exa t0o1solate erent” zoneés ervars
al ong the wélhbefellapﬂkxuatmmﬂ$ offthéhe principles of the 1nvention,
which is not limited to any specific detalls 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
gection. 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



30Note that it is not necessary in keeping with the principles of the
I nvention for screen assenblies to be W)

2009/ 079612PCT/ US2008/ 087318 - 5 - positioned in a horizontal

wel | bore pY¥PEPBA794Dr the wel | bore to be uncased, for PEERSRYSHRT31e
used between screen assenblies, or for any of the other details of
the well system 10 to exist. The well-system 10 is just one 5 exanple
of many different uses for the inventive concepts described herein.
Referring additionally nowto FIG 2, a schematic partially

Cross- sect ponativiedv of coremdizonelwetllsorearrsisenblfioesthé is

represent at | I 1lustrated at. an_en] arged 10 scale. This screen
assenbly 1 e;[gg%ﬁdé % s%eevuélrcglseﬁll’f ?8%%?0%’(%% %éoeofussegr ggﬁwgggenbl I es
descri bed bekeani amssdnlelireat, e ccobrganat odbnshe lotHdy sleexdipl ef the

screen assenbly 16 inc es a.filte ortjon 20 and .a.flow control
por 1 on 2208 ThestRr el A% et SEnBRELE e ol 1 ST R o
ot her debr egahpben & unahy? 4 ivittiecent| onss gémertid yidfvecomian exheepos to

an interior gfcrihe scleen assenbly 16. During production operations,
the fluid I3°GhPEL tVHITATy flow fromthe wel | bore 14 external to

t he screen 20 Ly. 16, {.hr.o he filt ortiqn 20 and.fl ow
control porti oﬁﬁéggp%ynncﬁ taigéfr%iﬁlﬁg%tﬂz]i% F%Ve#%:ﬁrﬂ% oz\t/(/ Sagggsreﬂa 8 whi ch
ext ends | opgrtidl haldnoddsmaghionhé stewenf assends ythas wpaldt sofeéhe

t ubul ar strinm%gi Th][e fluid 24 ca hen, be. produced .t hrough the

t ubul ar St??ﬁ% €3 §u§§3&FP§€§?nga£lvely lfHuéan ed at ag en?arged
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 extermnal to the screen
20 assembly 16, through the filter portion 20 and flow control
porticon 22, and then into an internal 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/or 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 to prevent

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

surrounding the wellbore, are described below.



25However, it is not necessary for the fluid 24 to always flow
inwardly through the filter portion 20 and/or the flow control
portion 22. For exanple, at times during conpletion operations the
fluid 24 M9 2009861h t he opposite direction. Sone exanplCE4ISgsaFEen
assenblies which operate to prevent 30 such reverse direction flow of
the fluid 24, in order to prevent loss eof-the fluid into, or danage
to, a formation surrounding the well bore, are described below. WO
2009/ 079612PCT/ US2008/ 087318 - 6 - It is also not necessary for the
fluid 24 to fIomtfissalsdnn@aQMebhsshkytéorpbmeiﬁﬂuﬂﬁ)&ﬂndotﬁéowtﬁinwgh

the flow c prt| 2. For .exappl e w contr ol rtion 22
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desired.

The flow control portion 22 performs several functions.
The flow control porticn 22 is an ICD which functions to
15 restrict flow therethrough, for example, to balance
production of fluid along an interval. Furthermore, the
flow control portion 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



configurations of the screen assenbly 16. It shoul d be understood
that any of the flow control devices 30 described herein may be used
in any of the screen assenblies described 25 herein, wthout

departi ng WP aMPOHE Dr i nci pl es of the invention. RCTAUSR{08/087318
restrictor 40 is connected upstream of the flow control device 30, so
that the fluid 24 flows through the f4H dw-restrictor before flow ng

t hrough the device and into 30 the flow passage 26. Different
arrangenents of these elenents may be used, if desired. For exanple,
the flow Wes2009Y@7 99BN 2RTTLAUS20081087848 dowhstreest pitctbe 4Dowoul d

be connect S f~ the flow control device 30. In the
exanpl e of 8&?%%\2&%\%2&% %(S)VV restrictor 40 is an orifice or nozzle,
but other types;of,fl Oevééaﬁng;%ter L&t QFE.”?}’ é%)&efl%%ﬁ%sltfrig%ékr%&-jrgoén
exanpl e, an annul ar passage, a helrcal  tube or other type of flow
restrict orocbfifce ber userklethbultl obheestypes arf L0 ceouledtibéctors may

diff t iLi N o] gt I ' 42 [ 28
LT erent BRShLLSSye | AP e B BB 2 R e RBs 8L OF
restricti ngelical ifulme.or otherThegpel ofv fhst riettoricA@ri sopiéflee aldad.

used to bal,anc o] ti. | qng I rval i SGu e.. The

r esi stancelf?% fjr%{%/v %S(r:tollul%ﬁo'?hglaf %\gvlzfl(%%r%lgt%f&f%len%yggggafq??ef efn(f]h

for each oéxbéhplscraemmssengbidizesnlthallonge anigkd 2A8ntfervatimitting the
fluid 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.



Al t hough only one set of the flow control device 30 and fl ow
restrictor 40 are depicted in FIG 2 as part of the flow control
portion 22, it should be understood that the flow control portion
coul d i nclMaetlAyPsRumber of flow 20 control devices an®CARPIWEHTEB of
flow restrictors in keeping with the principles of the invention.

In this construction, the flow control &evice 30 includes a check
valve in the formof a rod 50 reciprocably received within a
general ly tubul ar housing 52, and a seat 25 54 fornmed in a bul khead
56 t hrough whi chotdresof | uifd t2% dicestdoni of Produttauda epeeaseonsuch
The fl ow control.device .3Q.in onfiguration

s during comple thgsagl nsy et %L th SCEEEQ ro
assenbl y 16 p?even LIRS B PEPI*TRPS® £ he™ o e |o€ &dr Poun ?ng Qhe
wel | bore 140 Asedepiidied lividrEGow2ngt her3gHh | alisha24 jasinfilloni B i nto
the filter rtion 20, and t t br ough t fl.ow contr portion 22
nto the 1 PBAVEEECHTR TR o SPGalREr N B2 (il ke thelgpd’ €5
2009/ 079612PsB1 43520084 (B %3L@men8 with the Hoyweweys, ithetrbeydi recti on
of flow should reverse (such as during coppletion operations, etc.),
Che drag oREPREPFERE SR d Ss ERe TP BF T U heL oM Ggn FAS8nkp Foded
annul us 582betuyethe tarecgmicbrand the bouséngadbdemlyt 1Gause the rod to 5
di spl ace into engagenent with the seat 54, thereby preventing this

reverse fl ow of Dfid uta faadmrichenbbgempas shgerds tthd hede$eahdrtiod t he
screen assenb

gy5%6. 1 Due to sealing gﬁga enent bet we g t he rgd
50 and t he®§84t °84, 2 TBh§=a® FPEELEr &7 h Nl &xﬁ%&??ag ggcecas
exceeds) 10ppeessts ecetdmiaialta ahkhecseerens easeinbls ,1Ghet Beok| ow
control device 3 ill r in.closed. To.co n production

bressure | HORREST I S i olpe'ae CRROAB FLOURet 1l RPVETES pr essur e
external terbhecsisepprssaia YnlGhef 6lcrxpagdege M6 eiahcbkaretigeed
lighter weight fluid into the 15 tubular string 12, operating ,
ot o) T o FEPBby BoEn KHB TG SRS RERSE HRvHie Sy s GRSBNaLy al: PEPT
rod 50 awagxhmphe} ey seiatci4tifige 16.gH+60 wathiousliuigt 3Atal 8hef unction
as a fif“’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 fluid 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 viscosgsity of the fluid 24.
Similarly, fluid 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 additionally now to FIG. 3, another alternate

construction of the screen assembly 16 is representatively



restrictor, in that a pressure drop will be generated as the 20 fluid
24 flows through the annulus 58 between the rod and housing. This
pressure drop is a function of the flowrate, annular area, density
and vi scoswDyopforesnz fluid 24. Simlarly, fluid | oss frREfESA@sSHIMWN ar
string 12 to the reservoir will produce a pressure drop through the
annul us 25 58, thereby displacing the-rod- 50 i nto engagenent with the
seat 54. Thus, the pressure drop through the annulus 58 will hold the
rod 50 away fromthe seat 54 and function as an | CD during production
flow, and tiheupteasede driop skrdencadsembhe 1didcl eRgagdet ieogeat and

prevent fluid,loss in 30 the event of reverse flow - 9 -
i |1 ustrat eG°PFhE s%?%%ﬁmhég%ﬁﬁngléuPﬁiFﬁH%sa?rﬁﬁquRNQ§§nP}8P portion
22 which fpretrbands Abutd 13 a@d abseepeeyent Sow ldfi dHe0FIudue240

reverse fl of the fluid 24. The 1CD has two. flow restricting
dovi cos - - TRIEPOIRS TS LU GEAE TRRANS HATRICRA U SR bdtR¥on t he

rod 50 sndrtBerheusi ngo hd the anhi@uscheeBeagssiine ¥od060Fhi Bhé s
simlar in nané reigects to the screen assenbly of FIG 2, in that
the flow cBREFOPIAR%T ce 30 includes the rod 50, housing 52 and seat

10 54 for preventing reverse flqw and lLoss_ of _ fJuid tqQ the formation

surroundi ng theTaEI Tﬁﬁ?ﬁ:ﬁﬁsqqgigvgg,OFhEEQCr%éﬁs§E§BﬁﬁFle6m8?YFlG.

3 al so inclkudpecas abteidnairdaypassehboywpat hrfd. vihi ch eaatbenepensd

if desired to bggaés the flow ontrolagortion 22, or, at | east provide
s
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by assembly 16 of FIG. 3 also includes an alternate bypass
flowpath 60 which can be opened if desired to bypass the
flow control portion 22, or at least provide a decreased

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 comparxed to the

resistance to flow through the flow restrictor 40 and the



20 applying increased pressure to the interior of the tubular string
12 froma renote |location, etc.), in order to displace the rod 50
into engagenent with the seat 54 (due to the pressure drop through

t he annul u0380%/08%d2 bur st a rupture di sk 62. The fl| owp@CH/TBGOVE/AEI31S
rupture disk 62 thus 25 conprise a flow resistance device 59 for
decreasing a resistance to flow of thelbldid 24 in response to a
predeterm ned stinulus applied froma renote | ocation. It will
be appreciated that, after the rupture disk 62 has been ruptured to
open the fhawpath $9,béthegresihet andes00add theovhdietimeen2t.heThibi ethe
portion 20 and the fl ssage i,I | _be.substantjally decreased as
Ponpar od t SCPRED SarSThRea s S4 FOG-t fr BEGR-IFS 1M HoSb: FEELFT a5 And
the WO 20Q96078%4RP(d/ UKAIOT @8 M318tiod Oopetdtitnss, BHchet wees &heo
rod 50 and the_ housing 52.. Thus he screen assenbly 16 of _FlI 3

by ovt dee. t FUPGLPBS S RRRa e £OFCURENERS, Lot ParReePotier
oper ati®nsdeetieed, but al so enables increased flow through the filter

portion 20 when 5 desired. Referring additionally now to FIG
4, anot her alteragder tonsdddictiionnlaly hbe SSrERn. assSemdtyetbalsernate

representative i]J]lustrated. The screen senbly 16 includes.th

o oot cEPrE LY e B OB Tt SFaReD: BRECHATENS A5 deprarelcspivey

prevents revenseritedl ofTHh&ddeeindag24embbe 10 hisisidan0 thieowl ow

restricting devices --. the flgl\éy l:L_Ile%trictor 40 and the annul us 58
ot g

bet ween t hECRGHECS0PARY Tthe? gpotions ag pf L aRFodiAtnt of

t he scigenpassenbsyrdberdd & idwowiC@REr lutleviLe 3hd SCws@dsi Bwo flow
addition to at | east Oé‘le ot her 15 flng\év restrictor 40 (not v'*ksi ble in
B8 €

FIG 4) whifEAtprobtesIdores aid® T cEE5 ot Beétwddn SPRe PPl t er

portion 20aanditgess | wyepassage 26d FOragdanmpd enoddigige sequl d be one
or nore flowrestrictors 40 provided in the bul khead 56 as depicted

in FIG 3. 20Thenfinis cdddimetievibEetBO depést exbdantilyGl64 prentisw a
restriction to tre flow of the fluid 24 %o pbe decreased when desjred,
by openi ngCBREFSE POFEEDyHadS MP6RpaPhad8utLir i £ leqpti grpyother
bl ockets by fleapesstvectue ar (Mftevhkigse6bn AIE S gestlitbhl provides

acconpl i shed by_increasin ressure. in the 25 fl ow passage
relative to&°pr é%g ECIMUHE 308 PEFYEEDt Hee s it é’?%’&’rgpy%g@n‘{]o

thereby cause Ebhewrgssiyd @di spbacexbapesd therseriuldvadbagest the
flowrestrictor 40 (see FIG ?é) _ ,
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



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 fromthe flowath 64. A sealing surface 70 on
the rod 50vaizbdo/6erdsen engage the seat WO 2009/ 079612PCPLUIZODNEF8B3 18
54 to close off the bypass flowpath 64, so that any other flow
control devices 30 included in the flomcentrol portion 22 can be
simlarly operated to open additional bypass flowaths. The fl owpath
64 and plug 66 conprise a flow 5 resistance device 63 for decreasing
a resistance to &love aird hhe lbyipds24£LowpESIPORBE 40 thapr adet sthéned

stinulus applied froma_.renote_|location. Thus, n pressure in the
Tl om bes B ol etont Al fud s oS Be L Bad s vk o aph caoEany PRHE b 1
1;5 I40wd_10 reatzriﬁail;)lisé A Midd1 ydicpph-acedi EbOo%@ga@&Imﬁbl torailt Byphgsseat s
adj acent__t he ow restrjctors_4Q, there e ing.a pressure
PR it

di ff er ent i AFO¥B2HRS appiited 1oePass ACBEARCpPu§ 88 i s

di sl odged fegmstisce espeidd 63 floewaathefding e assietiapiced tbod16f £ | |
di spl ace into en f%enent with its 15 seat to cl ose off.thiﬁflo fﬁéﬁ

This proce$8ewF HHL1Gcctrth FEERORSEcFef BESEHRY B hIFSHGULHE £

string 12. sPpRdscCtémbes anndda ilcasunmed by reduci ng the pressure in the
fl ow passage 26 relative to pressure external to the screen assenbly

16 to thereby dispspacmdherR@ureliavwalefl £ Do Ahddyesedt ss54 and
allow flow,of the fluid 24 through the b Fass flowpaths .64. |t will
be appreci 2PEHCRREY; BPIHENAT “In¥RoFI npdte 3FSAHS S HHLEDt £oABat hs

64 in ihe Fbow coONSFH!4PaFiliIOMiddlaEeSiAtEt dRFddnddowieh the &baigl
24 through the flow control_ portion 22 can_ be substantlaIIX 25
decreased.54 adjacent the flow restrictors 40, thereby enabling a
pressure differential to be applied across the plugs 66. As
each plug 66 is dislodged from its respective 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 fluid 24
through the flow control portion 22 can be substantially

25 decreased.

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 additionally 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



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 enbodinent of FIG 3. Referring additionally nowto FIG 5,
anot her alWeeHAPE 3 construction of the screen assenbP¢THE2008/087318
representatively illustrated. The screen assenbly 16 includes the
flow control portion 22 which functien$2as an ICD and al so WD

2009/ 079612PCT/ US2008/ 087318 - 12 - prevents reverse flow of the
fluid 24. The 1CD has two flow restricting devices -- the flow
restrict or paévands t hevargr| iows@fhéheethuidiel4 od B d9® hhe hwastihgw
52. This e t i ans nos h . i ment of
FIG 4, exggg?lr?ﬁ%w?n% e %of"t tﬁggp?aéﬁg%&%ylr%fﬁ%:@ g‘.ngfggg
initially bhogkssfb®vivatfwadne thleuirdd280t andugie thmstiyngase .f | owpat h 64.
The rupture disk 72 may be ruptured due to an increase in pressure
differential frohshexdrimle fassiagen26almoshetlextsameowagf aghghgcr een
assenbly 1 : T oW C [ L C i i ditio
to at Iée/as% r’hgﬁgl% Illl%ro?%ofvé'r \gét r%?%? gkr: ggﬂ( n(f;?soﬁ%g‘sc}sﬁ%z%gﬁ E}%g §§’ 4
whi ch provicdesuferdislui ™ conririldat bbocket Wben athea e Iftleidpddti on 20

1 ow rostr PF PSR 268 e, STAMREE, 6b ot safiftlap, Blefodelhefitd

3. Thepfhosd cdind ricd adevinceedBedepi prtessure MiGfckepenimilt Sram
restrictiop,to.the flow of fluid 24 to be reased when desjred,
oS then notakoel 08 LUl Jehe ibdetlelfol ol RS IReEN E0- 001 Y

bl ockeWo bylsespective one or nore rupture disks 72. This result is
acconpl i shed by increasing pressure in the flow passage 26 rel ative
to pressure on The Ektwerdartmefll degiser @@nimssenblin elditaohhtoedy

cause the 0 i.spl ace _toward. segat, 54 adj acent .th | ow, 25
restrictor rl%%’%s%}égll%&é)%?ﬁm} QEESt%nl%28¥ hggrblbo%dplﬁalg’ﬁeenégggﬁét hge\6
seat 54 adjphtehtptdreiddsoviarefilniict opmdOni@aipras heteresinf tepeffiber

across the_rupture,disk. 72 will cause_the,disk.to rupture d._open
e T owpaPh Eath G Sl paC B8R 2" it st L BE S
15 could be one or more flow restrictors 40 provided in the

bulkhead 56 as depicted in FIG. 3.

The flow 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



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

2009/ 079612PCT/ US2008/ 087318 - 13 - included in the flow control
portion 22woamsbessi m | arly operated to open additi onalPChyj5as/087318

fl owpat hs. Thus, when pressure in the fl ow passage 26 is increased,

t hose rods 50 which are associated wth3flow 5 restrictors 40 w ||

di spl ace i nto engagenent with the seats 54 adjacent the flow
restrictors 40, thereby enabling a pressure differential to be

appl i ed aciagsufiBe Inpiny ef IdvskontZolApoeaidn di Bk b bes sitplured, the

associated rod 50 will displ Qe,intg gngagengﬂt MAHP its seat to

close off CREXEBeR| TWMIRSGE 1L 1oNGLeLEPHP P | L CCRAT 1% each screen

assenbly 16 along the tubular string 12. ter the disks.,72 are
i BatfagtL ¥

ruptured or ot hePWr se"PeidESTHE & o FRAEE AT Wi°l FSengage t he

seat 54, andckbeséepuiisier @fdd e epecat bod fsddintsey egrhagsewbly is
the 15 sane as descri bed ahaqve, for the FIG 3 enbodi nent Tge
flowpath 6XeSHEIFERTRrEY disid Fo-sPhaseciipri SIaTsRy redhsthRcaeats
device 71 bar adgstemsi itk EIRSIBsancetbosf Loy tietdrsy fhabdidd an
response to a grede erm ned stinul us %ng%e froma renote | ocation.

20Ref er ri n§TE8aPFF okt ¥§F Sow &to @1 &8 eI IR FPCoRSPFYER| BhS Y

the screen7assenbl ¥adib dissK @y aseriptively thé usdsdiededTRedss0ERNLL
assenbly 16 of FIG 6 includes the 1l ow control portion 22 whjch

functions S4SRA2FEDIRHY SNIRFFERFcHLEHr 6BBCEFDN 1 URFEsPEEJTPRUI ds.
The | Chyi nghudpatBd theid |deast kiGh0bcd@r in each screen assembly

16 along the tubular string 12.

After the disks 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 additicnally 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 narrow flow passages

which would more easily become clogged.



The flow restrictor 40 as depicted in FIG 6 is a bent tubul ar
structure which forces the fluid 24 to change direction as it enters
and flows through the flow restrictor. This repeated change in
nmonment um YO RM&0THIE d 30 24 increases the resistance t 8CEUSWISPRTHEgh
the flowrestrictor 40 without requiring use of narrow fl ow passages
whi ch woul d nore easily becone cl oggedi4 MO

2009/ 079612PCT/ US2008/ 087318 - 14 - A pressure drop through the flow
restrictor 40 will increase as the length of the tube increases, and
as the nunber of psrdsirden drbe tubeughctlieasEiow Aasitsdetisrf Lai€iklch as

oil will flow nuch sl r .t hrough_t tubhe as conpared tq 5 ter.
The 11 ow PRt Clod BEsrePEd iR Fite B Temrernantyie Bibwn to
t hose skil hedbén dhebeards dn @&heekabet ynehedeslal vevibtouackdesd such
poppet 44, a biasi Vi ce 48 and a seat 48. The biasing device.46
P es o #or Obl o Tnd i’ B Bef CF noh o o it rtag o PO ETE debar
48. 5 wheefl ow control device 30 of FIG 6 is responsive to a
flowrate and velocity of the fluid 24, and since the velocity of the

fluid is rel at ethd cflidws cdenrsolly detrhee f 3 OWleamintteal ideviice tsialsbd the
responsive,to the density of the.15fl uid. As the.velpcit f
Che t1ui o SHPP AR ED HHBearRGLIBRcEP o S doa RAOGH RuR TSR
over cones vhevbi asing Hangesexepbpdebydd hea iiasiing deviice 46,amddcht he
poppet dis

poppel, ot oBLasedy 1o G hseagal 4P ohereb, redueipg, e fiow
fluid 24 i pogpeatsenough ditdeetpoppavad4t v [tiengage tube
The flow control device 30 of FIG. 6 is responsive 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 overcomes 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.



seat 48, thereby closing the flow control device 30 and preventing
flow of the fluid 24 through the flow control device. 25As |ong as
pressure external to the screen assenbly 16 exerted via the filter
portion 20WDg0@wfd6izi ently greater than pressure in th@CTASe08/0373fs ow
passage 26 (as would be the case in typical production operations),
the flow control device 30 will remainiglesed. This wll exclude

hi gher 30 density fluid (such as water) from being produced through
the screen assenbly 16. WD 2009/ 079612PCT/ US2008/ 087318 - 15 -

| f i?rb : s later gesiteik timteastdst rpioductéonathrmpghidtienseneeagh
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6, then pressure _in_the nterior flow sage 26.ma e
Thor cased PUPPTUEST PSRRI d Sax tOPRAPTETS TR Soridtn LSeEHBEy LT
exanpl e, bpﬁﬁlhagéi ng rhan_s,lr tiee j_tn&@h laedSrel athge l%omml reagkebrhfie %o
SCreen asse to equall t he ressures, or ap. I.n Nncr eas
oressur e { GPEhECTPO TR AGOTeEEa P ey PRi SUHANS L™ KBCpbRBRLa R4
can be gl spkacad avagodiRdAe cFedhed8cradtl ddeadbioweorynal igeviee
30 will again be open for permtting flowof the fluid 24, 10 It is a
particul ar Pﬁ&@ﬁﬁfﬁge Of %i@%ﬁf‘ﬁggflﬁf?ﬁﬁe‘%fpﬁ?@% &onta8sEhBYy 16

that it capabBeagéesef "etd\ t.hi somanner muhesr fdeshd gtbppet 44 Bahepéi ng
additionally nowto FIGS. 7 & 8, another alternate construction of

the screendaSBeabPy AWRY SLroR tO6r 8685t 46+ vRTY 19 UiPaceatrehededteen

assenbly 1600{ikl Giyaim &8 dyesl udes pbhRift oMg condy alf ROkt Feaid22whi ch
functions as an 1 CD and al so reduces production of undesired fluids.

This ek@npfé i8 & RpTakcHipmasdyarésgecrs toit e Bmsddrrenf BRerl G

6, except thatehhgs&dddSy M6k tha@nhedbaBNbei NEdsdios an thAki Rbheer
device 74 which progressively varies a response of multiple flow
control deVPEBsd8®1E&IAnpre of the flow control devices respond to the

change in velocity of the fluid 24.
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 fluid 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.



25The flow control devices 30 include the poppet 44, biasing device
46 and seat 48 of the FIG 6 enbodinent, so that the flow control

devi ces function as velocity check valves to close off flow of the
fluid 24 Wienowhestd ow rate or velocity of the fluid | RETARLWEE/I37FI8e

i nhi bitor device 74 30 progressively inhibits the flow control
devices 30 fromclosing as an increasi ng Aunber of the flow control
devi ces close. WD 2009/079612PCT/ US2008/ 087318 - 16 - The

i nhi bitor device 74 includes a flexible cable 76 which passes through
extensi ons 78 ofhé henlpipipeirs d4ickn7El GicBudds rayf lexisaenchbae 1he
cable 76 exhends around .to each of the extins'oqga78 and glso asses
through ri §rdcB RIS 8 n50dt EEhEGSHER e 119 RYPEEHr of - devi ces
3g y When Sh_gt Viﬂ}OG:idB )Oésdéfn thatf tuéd?f;ﬂlélmﬁea@etnﬁeo?gbumet@f |
the flow cont evi ces |ncr§§ses ufficient % e flow contro

device wi | F2E o% the SXE MR Popper 28RO ougar Ta85Y As a

result,sthecgesr es P tihnk eekeBshobhd 8f W | catitsl1acevicts the
poppet 44, thereby applying an increased tensile force to the cable

76. Thi s wneh Etétséedfefl@:rcﬁ.&yt banshet tedid @4 hE ozdblge tRéowyh| one
inhibit the _ne ﬁ %LOM/COHtr devi ce ?ﬁ fromclosin
B e

the vel oci 65 S st cEoaFee Rr Lhreaecy | e S PR T, R

control de\ﬂ@e S6neess dditiceasaisutivsbepily. | anyeopper thewill
increased force in the cable 76, it too will close and thereby apply

a further PREPEASERF 134T 1%¥ ) or@é PorPRB babtR® ALTTRTESTAEIWI | | be

appr eci@t edxtBasioRs7®agh If lawpaeakr @ t ROt Ee b e30 4al,0888reblie
i nhi bitor device 74 |ncreasuﬁgJ£ i nhibits the next flom/control

devi ce froRPBIBSIAG" AL EVFLLC85OTSRICH d'% GPPng® - may be

i nterconnected in.the cable 76 to su ninitial for n.th
cable 76 This f%creased force tggngmftteé]to the ca%?e 76 wfll

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 c¢losing. 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



and to provide resilience. The biasing device 82 may be 25
conveniently designed to regul ate the anount by which each successive
flow control device 30 is progressively inhibited fromclosin

It is cont¥HpaN®§i2hat, if the fluid 24 is stratifiedPFﬁ@@ﬂP§W€?§ of
oil and water in the flow control portion 22, 30 the flow control
device 30 having the greatest proportidh of water flow ng through it
wll close first (due to the reduced viscosity of the water resulting
in an i ncreased WD 2009/079612PCT/ US2008/ 087318 - 17 - velocity of

fl ow of theelwatery tdfr dlighy tiiathel wateonthoduaiedhed) L1PKi sonktelreduce

t he producy) r LQU a4ss8 1 [ [l |
al | owi ng p?%gg% {bﬁa%ﬁj%ﬁﬁlghggggﬁgtﬁgé?gg%en aggéﬁglgétégutggéﬁg%t
f1 ow cont r bhe deviews GFanblly dbosehwhensfikl erlawicweasedugeiotiaf es

of flom1of8?f$%$%&%§}§§m{%k%§gg 5Q8e$£9 .control devi ces are

experience one or re of the flow control

devi ces: 30 ope ' e &1 ui Lhc t;ant.} P, rtion
of wat er, 10 mﬂ? *&{éﬁ%uﬁ&{l gllloﬁwgﬁééfgg #%‘%?eﬁ?ﬁ (%\?LV %gﬁ% ?o‘f’ﬁ%gvi ces
to cl ose whenthéwre frnareahsedcivedesibhby of shidw G diber filoado? 4 weltiegugh

C“e.be”ef'Ehé'f{8§“¢§ﬁ%é§1 %%bicgngPé”S%égff%&JEﬁi thasknALPLL of,
device 74 works in I'S manner to éexclu
keep one or more of the flow control devices 30 open until
the fluid 24 includes a substantial proportion of water,
10 while still allowing the first few flow control devices to
close when the fluid includes only a small proportion of

water.

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. O
“pushes” on the cable 76 via the extension 78, instead of

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



15 production of the higher density, |ower viscosity proportion of
the fluid 24 without regard to a certain azinuthal orientation of the
flow control portion 22. Thus, the screen assenbly 16 does not have
to be instAPPERHI%ny particul ar orientation to achi eVETHRBIHEER t s

descri bed 20 above. Referring additionally nowto FIG 9,
another alternate construction of the &8reen assenbly 16 is
representatively illustrated. The screen assenbly 16 of FIG 9

i ncludes the flow control portion 22 which functions as an | CD and
al so 25 reducesRpforicictd @aidifcigndédiyr eow f tai BE:S .THE KCD1i nehatlesr t he

flow restri 4 I.S,.e I Y. SlmJ-ar (to.the

enbodi nent é%&ﬁ%%.cof%%&é%@eé’?n?hgté‘?]ﬁ%eetl{ n Ei%belmtblc% &Evf‘%e 74 is
posi t i onedrenrascwpposidly dildassiathd. f | Dive comaasl adeembéy 306 36f

Thus, the et. 44 in t; di_gen f " " cabl e
76 via thegg%én%l&o&n %,lm?cr}sraggdtgg %;l)gﬁ‘]l%\rgﬁrogin %{Zﬁggbﬁgnﬁébﬁl t he
enbodi nent fohcFil@8 & &r8.ICDWANA00940 7861 RCT /HISRBEA/1087318unddBi red

Referring gdgihlonahly oW (e GLES 49 £ - ANGLIGL Alper nat e
construction of the screen assenbly 'S Tepresent ati vel y
illustrated. Th r S 1 I 1.i.n¢l t

fl ow control po?lil?%n p\el?lrs;ei %h%b%lé?ugg?lé%ﬁsgasseng%f éﬁd%g{ﬂggélfe uces
product i onmehyunésisestsdl Hd dibes emPhd in©R: | MT|RidEs tTheé Bl owxcest rikdtor

40. ' anpl.e of re a | 6 | I | LN ny
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stiff wire e W.le ten r h h si,on. of .t he
fl ow cont rgﬁgaggﬁc%%%%f%ﬁ%éﬁg ggs%g %gafrg&ﬁscec%&%%nsf%gﬁﬁzg? hieoi/vi re
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formed on %nggglglpead 56

ereon 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. Eight flow control
devices 30, with an ear B84 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



15Thi s engagenent between the ears 84 of the wire 82 and the inclined
surface 86 resists displacenent of the poppets 44 toward their
respective seats 48. Eight flow control devices 30, with an ear 84
posi ti onedvegtoa@Edizach adj acent pair of flow control #EVUSHE$08TBE
depicted in FIG 11, but 20 it should be understood that any nunber
of these elenents may be used in keepibhg with the principles of the
i nventi on. Referring additionally nowto FIG 12, another
alternate construction of the screen assenbly 16 is representatively
i |l ustrat edonThgusstvels asseéebbyndbwbth 2ohd-Ifzinkd pleel udeshéhe fl ow
control portion 22 which functions as an I CD and al so reduces
producti ontBY 0hté%1 red fluids. The ICD includes flow restrictors 40

and an annul ar flo h .36 bet ween rod, 32 a housi 34. This
vl e ot e Tof dbf D 30 BRLUERRE ot e ST e A8 ThavaliE 8
the FI G 6aeabpilisend dditilcedeBpnbtit ai estit@tedotiimanhtl thet roMalsty
can be achievedq. by different 0 079612PCT/ US2008/ 087318 - 19 -
o Do R P e e Moy (HELBUDRNOAT et WRaBPHOLHS 1 Th, The
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10 the housing 34 toward the seat 48, against the biasing force

exerted by the biasing device 38.

Eventually, the housing 34 engages the seat 48 and
shuts off flow of the fluid 24 into the flow passage 26. In
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 alsc reduces production of undesired fluids. The ICD
includes the flow restrictor 40, which could be a tube,

25 orifice, nozzle or coiled tube. The cpenings 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 actuatoxr 88 for selectively opening and closing a



10 the housing 34 toward the seat 48, against the biasing force
exerted by the biasing device 38. Eventual Iy, the housing 34
engages the seat 48 and shuts off flow of the fluid 24 into the flow
passage 26YO0R#IOMI6E2 manner, the flow control device 30PEPESHNERSTEE g
15 velocity check valve to eventually reduce the flow area through
the flow control device to zero as the2@etocity of the fluid 24

i ncr eases. Referring additionally nowto FIG 13, another
alternate construction of the screen assenbly 16 is 20

repr esent avevety9? Iﬂms:tlrreaiaxy cbherstr ébow asfs efibi iyl }aﬁhdotarEvent 1Boss

includes th oW, CO roI ion,22 funct.i
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Thi s exmnpbe ofithhescireemassensl Y006fb8 séaliimyly rngagengespeess to
t hose enbogh nts descri bed above (e.g., the enbodinments of FIGS. 2 &
3) which p ent reverse flow 30 of fluid through the screen

assenbl y. Hovvev the fl ow con evi ce I

eboai mont | § nol QR BERRAIRER, A b8, AR SF R AatieRE Sl §768e ng
and cl osi ngrassie 2&99:11{337%1112%}'/ U620084 Wﬂ&resﬁhr«e viabpetﬁﬁomgh

t her eby con ro d The actuator

L. flow of fluid, and event. | os
88 i ncl ude§ E B%%Yoﬁe@%r%ﬁoéfh )$p?é8e§lf’h l?egsopd’ﬁslel §SR1pFEstlrd
differemti ahrbetmerpumﬁrgwaihechaﬁbere 94, a196. seﬁien\galsmefaaes ntdwdes
a closure 5 98 ealin rfac 100 for s seats
102. RenE BBt F9HES 10 ZanEREE oS AT rBh L e ook
pressure i@luhe zmammucﬁﬁ HhdUuE1ba aopt s UsEr tircap 2A2hr oughetre, f1dw

reStrlCtOrp%g%suggelglghénéﬁg%ﬁgg BGdISE%fgf%A{Ey 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 to
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 differential from the
chamber 94 to the chamber 96. This will cause the piston 90
to exert a biasing 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



10 direction pulling the closure 98 and sealing surfaces 100 away
fromthe seats 102, thereby permtting flow of the fluid 24 through
the flow control portion 22. However, if pressure in the chanber 96
suf fici entw@2enroests pressure in the chanber 94 (as woBLCTUBHISHRI3IGase
typically in a reverse 15 flow condition), the piston 90 will exert a
bi asing force to displace the closure 98 and sealing surfaces 100
into engagenent with the seats 102 to thereby shut off the flow The
fl ow control device 30 nmay be "reset"” to again permt flow by

reduci ng pegssuse proddieifdnowspassaget@b. 2(ad almd in@ito2pr esSUideOm
the exterior of the screen assenblé516, t her eby increasing t he
6

pressure dPFPRFERIPEAPIL MY RE ¥RLRDerPO29X T HE Ieh IRbEr °86 i s

Wi || causeobbriRgston H& tcQoexerbra.biasing force on the closure 98
and di splace the closure away fromthe seats 102, thereby opening the

flow 25 control rporgdHex®A dderf Hewieé 1he gidfidla?4y includdle flow
control_port 2 of the FIG 13 enb al sq incl udes ghmater

; "
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are neutra uoygnt 1 n water, _so that en water | proauce
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and engage4pheo Opessdgse 42 HeO opbas8gof fnd henrani rgs1a8d bheaebyion
W)2009/ 079612PCT/ US2008/ 087318 - 21 - excl ude production of the
water. As PRetRFUIRF 24 AhdPGdddUadgr daF R EPIBHSY (ATERTEF REPRPTTLION

progressi VekYqa®| epdgidi iRaR Meselds afige stihdf 12 dbe 888sed

excl uder device 106 preferably includes 5 multiple spherical bodies
110 whi ch 8fé-less dense than oil, so that when gas is produced
through the filter portion 22, the bodies float on top of the oil and
engage the openfrgs¥h @#nd §86 GFFLPRRT oheriafss Wid tR&rBBY R%cl ude

producti onsehilhe @aSanyAof MackkUbdsddikant i N5 A @agaher npL oportion
10 of gas, progreSS|ver more of the openings 42 are _closed off.
7,185,706 and "application serlial nos. 11/671319 filed
15 February 5, 2007 and 11/466022 filed August 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, another
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.



The water and gas excluder devices 104, 106 may be simlar to any of
t hose described in U S. patent no. 7,185,706 and application serial
nos. 11/671319 filed 15 February 5, 2007 and 11/466022 fil ed August
21, 2006. WwRat@ATI6iZ di scl osures of this patent and th@&&&US2008/087318
applications are incorporated herein by this reference. O course,
ot her types of water and/or gas exclud2E devices may be used in
keeping with the principles of the invention. 20Referring
additionally nowto FIG 14, another alternate construction of the
screen asseénbhydibidos, repiesert abcteby thé usdalatred subfececiéenand

assenbly 16 inc es_the flaw contro ortion 22 which functions as
an | CD, prg’%lgt ibl?l"ﬁ]f% lfs’oesdsJ\‘nro%%@t P{SHng%%'ar string 12 and al so 25
reduces productiop of. undesj.red fluids, The two.flow

oatr ctore. 40, KPRt AR Cn0 5 R0p 08 0 sl elt i s
simlar inaaaynaespesistturtilte efbotdensatead d4Embly, 1éxdept t hat

the actuator 88 and valve 92 .are_s wh differently .30, configured.
nthe BnboRPRERET o RAEY £ R R REr hotnft (T b e B uaRE P
val ve 92 i sspeobigels Bndsinidapi sShonaf) oéspdietsacicuather eBBoliaseat of
| arger dif entjal piston.are WO, 2009/ 079612PCT/ US2008/ 087318 -
22 - In ad@? Foﬁf!,;'o ’F?/e%%gchgﬁjc%hgf aFhgd %5I?}had“]%euﬁc;ggcéslgérgﬁaf‘%eat
102 are usedpbpetiheo vatess 32 in the Reteridngflasdigdssagkl g6nonatan

FI G 15, another a{]{fr nate construction of the screen assenbly 16 is
5 represenPBEM'vePy 11 ustrated. This exanple of the screen assenbly

that tH0 act at BPS CHAMBE S8 ('S APFAEE) bo BXPLats G BHEsalre T t he
interior fhad, pastshagehd opdraman 10peprogidizy dirke cloanbedic86ios
formed bet%g%%eéxntﬁgﬂéﬁgﬁgg% %% ' 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 cof the valve 92 by wvarying 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 wvalve 92.



116, with the opening 112 providing direct conmunication between the
chanber and the flow passage 26. Thus, the actuator 88 is nore
directly responsive to the pressure differential between the flow
passage 26VaaeMofRsiext eri or of 15 the screen assenbly PETAS2088PEITa8ed

to the enbodi mrents of FIGS. 13 & 14. Referring additionally now
to FIG 16, other alternate constructi»h of the screen assenbly 16 is
representatively illustrated. This exanple of the screen assenbly 16

is 20 simlar in many respects to the enbodi nent of FIG 15, except
t hat t he actuatoie cMarlwﬁahrsbeobfexp@segbé Ckrjuves sior ehbret Sleilled

interior flowgass e 26, bu ﬁlénstead t?rh dtogpre surelgjea

line 118 exPehdfny’ asaargr%’t & ot aPPon? "5 THUS 15 BESUPE BRPTerass
via the li mﬁt&ﬂ.ﬁanﬁye}hﬁam&ﬂd crowt egtth ak es i dwwaddercdt ithe afhibtiberval ve
92 by varyi gg the g_dlff enti al et en he ch nbers 94, 96.
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di spl ace the pis and cI $& t he val ve 92._ Reduce essure

o Pt T eurenBreh e dii s a% LR siSpidr v orih Tov doperBloasYis
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type knowngho those skilled in thgkart as a control line, and the

line may b&EPPBYRER; B PIHAEY AEFEMBX¥ elfial or within a sidewall of the
anot her remote THAHT GIP 4 fE LAaT FPOEERIFSET (O Ml TGFEBIRY ol
ﬁDdU|elO|ndéhh&l@@ﬂﬂﬁkﬂﬁkﬁﬁﬂhl@Wb&@ﬁbéOﬁaﬂﬁvadﬁaﬂﬂbments in the art.
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 fluid 24.

20 The flow control device 30 may increase the resistance
to flow in response to an increase in density of the fluid
24 (such as in the embodiments 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



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 &XQapPre7%1he present specification provides aPWBUS208%PERlg
assenbly 16 which includes a filter portion 20 for filtering fluid
24, and a flow control device 30 whieh24aries a resistance to flow of
the fluid 24 in response to a 15 change in velocity of the fluid. The
fl ow control device 30 may include a velocity check valve (such as in
t he enbodi penyseod i FIGS. inmhi&it2rheThto¥ | owmicont devidesi 38 8Bommy

decrease a_f| rea in.re t N sed ClyL.y-
the fluid 551‘?g%‘g}haesaf%‘gv%%%%t%rg%ﬁgdg%‘ﬁ%%f 3ot engnye ifnlc%ﬁ’%aggle‘%ﬂ%g be¥i&s
resi stanceciosélow in response to an increase in density of the fluid
24 (such as in the enbodi nents of FIGS. 7-11). The fl ow control

device 30 nay iAtsegseiived esiesthaceeld sdwmen masespdyséoto an
| ncrease | 0nek agLive Ofn 1he shLulHo2d. (2T SRl Sar 68y agseyD! y, 16
ore T1ow res A €

may i ncl udé one or ri Ctors er connec UpSt r'eam
and/ or dowasdlY eanT bfwiiveh fdegweesntr 8l rédeviicanc@®) .to flow Phetiel fluid

screen asseybyy A8 iBd NG WIS IHCLLRY & Ja WL GRALOL eV LEeP, 3], 5 aNd
an inhi bit6r device whicht 36 progreSS|vé?y varies résponse of
the fl ow coahobé Uevdtcies.as Ther etdhulhe hdoweagptticel adevesssre espond

to the change.in.velogji.ty of the fluid 24. The inhibi.tor_device 74
my V0 20087 b9BEISPCTS A GsR s 7 4+ Laghon W ' p1 b8 aRCYREFeds
10 1in a pressure differential from an interior to an exterior

of the well screen assembly 16.

The flow resistance device 59, 63, 71 may comprise a

flowpath 60, 64 which 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 tc 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 flow 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



progressively inhibit the flow control devices 30 fromclosing as an
i ncreasing nunber of the flow control devices close. Al so provided
are the well screen assenbly 16 5 enbodi nents which include a flow
resi st ancéVe@ye®ssd 63 and/or 71 which decreases a r ESTIBHRPRT81S
flow of the fluid 24 in response to a predeterm ned stinmulus applied
froma renote | ocation. The stinulus-n&y €onprise a pressure
variation. The pressure variation nmay conprise an increase 10 in a
pressure differential froman interior to an exterior of the well
screen asswablysdfeedhasSdmpdyr 6 shdnee teveice 5Ehag®er734may the
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a piston 90 which I |n rgs gnse tranS‘2 ressure differential
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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, 106
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.

Of 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,
gsubstitutions, 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 foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the present invention
being limited solely by the appended claims and their

30 eguivalents.



- 25 - well screen assenbly 16 and an internal chanber 94 of the well
screen assenbly 16 in selective fluid communication with the filter
portion 20. The internal chanber 94 nmay be upstreamof a fl ow
restrictor 40 which restricts flow of the 5 fluid 24. The pressure
differential may be between a |ine 15? extending to a renote | ocation
and an internal chanber 94 of the welT screen assenbly 16 in
selective fluid communication with the filter portion 20. The well
screen assenbly 16 may include a magﬁﬁdﬁﬁ;excluder devi ce 104 which
increasingly restricts flow of the urd 24 as a proportion of water
in the fluid increases. The well screen assenbly 16 may include a gas
excl uder device 106 which increasingly restricts flow of the fluid 24
as a proporntion OfIPaS inth flu'g.increases. The wel |l 15 screen
assenbly 16 may Y HE ﬁﬁ?“ﬁﬁﬁmgybpﬁh]F@device 104, 106 which

i ncreasingly bl agisr fdrosk RhicRAltetedesid eglf portion of the fluid 24 as
the undesired portion increases, and a flow restrictor 40 which
restricts flow aflopfenepldeyicowhichincensesaaesiganserie Bow okinelflai inn t he

art woul d, .Lpgn..q, &%s%%ma%gﬁ%ﬁ&ﬁ8%&19%\9&%0&@0% d@@?%’?auge%suyainpt ion

of representative enbo e rnvéntion, readlily appreciate
t hat nmany mmdédse et drog forceadidilt 2y ths udrapdnentt | ons, del etions, and
ot her changes nay be nade to these specific enbodi nents, and such
changes are within the 25 scope of the principles of the present

i nvention. AccondifBcYeena8mbRy 83RIING: detai l ed description is to be
clearly understood as being gi'ven by -way of illustration and exanpl e

only, the spiri & filtecpetopehiol fitttreaflusbemt i nvention being |ini'ted
sol ely by the agpgndeg ol @ AN dekls SR B VRkERSe o 20 Ol e
displacement of a component of the flow control device caused by an increase in a

drag force which acts on the component.

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 1 to 3, wherein the

flow control device decreases 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 inl
density of the fluid. '

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

velocity of the tluid.

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

downstream of the flow control device.

040473 2.ck18665clains, 27




. A well screen assenbly, including: a filter portion which filters a
fluid; and a flow control device which increases a resistance
to flow of the fluid 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. 2. A well schpeen assenbly, including: a
filter portion which filters a fluid; and a flow control device
whi ch 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 act nent . .. A.well.scr S |y
accordi ng ?'o ei ch;ﬂ Sé g? %ﬁ%@y%g#o&?lﬁgaaﬂmg?gfl‘cﬁal[rﬁgrE??,Ofglvg Snt r ol

devi ce i ncinttigimganyeplochispitieeldw vaitnoBdevict, anf anhHibise deese wsisienbl y
according to any one of clainms Ito 3, wherein the flow control device
decr eases BIOBISHMAY Kaiiss 3 rpspepwof detllpwagonirplcgesigeeasimorg of Ge ey of t he

fluid 5. oAl acreamAS IR REdLAGE any one of claims Ito

4, wherein the ow cohtro I ce increa e resistance to flow
in response to an increase in density of the fluid. 6. A well screen

assenbly acgcording,to any one of clainms Ito 5, wherein the flow
control device f‘ﬁ’%neg&?é‘%X%ﬁ‘@blﬁ’ég?%@lﬂﬁwntyc?“? PotiA IR fYREE to an

i ncrease i thoughRGhiMpRlntte fd ﬂﬂvggong%a ?e%aee/eédd aﬁ%ﬁg)ir eéﬁsé%xh

according to any one of clains | , further 1nc ng at |east one
f1 ow rest r peigossively exhgni niciovdcatrol davites Gne abdsingps bn @areaginglnumber

downstream g@‘h he fltovy cont rcﬁé device. 27 8. A well screen assenbly
according t Shﬁwézﬂgr%fdeﬁllc%fi *1to 7, further including multiple ones
of the flow control device, and an inhibitor device which ,
progressively varies a response of the flow control devices as nore
of the floWconfrtil sgeeh asemplysipelydingo the i ncrease in the drag

force. 9. A we]ls een assenbly according to any one of clains | to

7, further includi nB{ multi pl e ones of the flow control device, and an
i nhi bi tor devi cefiyipottiqgprvageteSisdry e Klyidipnibt toi thsflail entbHigythe basepide;
devices fromclosing as an increasing nunber of the flow control

devi ces cl 8‘2‘](9. 10. A well screen assenbly, including:

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 which'
prevents fluid flow through the well screen assembly in response to flow of the fluid
in a second direction opposite from the first direction. '
|

Il. A well screen assembly according to claim 10, wherein the stimulus includes

a pressure variation.

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

well screen assembly.

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

flow control portion includes a flowpath which opens in response to the stimulus.

14. 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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a base pipe; a filter portion which filters a fluid prior to the
fluid entering the base pipe; and a flow control portion which
sel ectively decreases a resistance to flow of the fluid through the
wel | screen assenbly into the base pipe in a first direction in
response to a predetermned stinmulusygpplied froma renote |ocation,
and which, prevents fluid flow through the well screen assenbly in
response to flow of the fluid in a second direction opposite fromthe
first direction. 11. A well screen assenbly according to claim 10,

wherein the_stinulus inc ssure vari.ation. K 12A well .screen
hosenbly. actor dhiiss avanay ofREREI MRt pR R et doy Hheren e

i ncl udes afoiGAEADBrtion f@tHRF BREMESa ﬁlh% fnﬁfcﬁ@‘idp&'cesftb QRbIBEk thahekpK tO
an exterior of the well screen assenbly. A well screen assenbly

accor di ng torespepseopéheoftimligi ns 10 to 12, wher ein the flow control
portion includes a tlowpath which opens in response to the stinulus.
14. A well screen assenbly according to claim 13, wherein the

fl owpat h bypassasvell steenvagsemblyiacioddingbu =iy ohe st ¢lhidisd 3ftd 05y vikreirhiie
fluid. 28_ 15. A wel| screen @@senbl y according to either claim 13
or clai m 180w meiredipartiondutthesipe At # B1Clh el s which Blopsedhe Hlovanaties a pl ug

whi ch di splagese tPmkBih éwh@ema‘ch%ﬁ%tﬂ% m&wyaa%m Bnde®o Fllfisdrefl] US-

16. A well screen asse 'y accor to any one o alns 13t 5,
wher ei n t hetithlilosy control portion further i ncl udes a check valve mhlch
closes the flowpath in response to the stimulus, and which opens the
flowpath in response to rel ease of the stimulus. 17. A well screen

assenbly, incl udividgl sciteRaSEmBlyPRcIudinki | ter portion which filters a
fluid prior to the fluid entering the base pipe,;
a base pipe; .
a filter portion 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 restricts 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 internal chamber of the well screen

assembly in selective fluid communication with the filter portion.

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

is upstream of a flow restrictor which restricts flow of the fluid.
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and: a valve including an actuator having an annul ar piston

whi ch encircles the base pipe and which displaces in response to a
pressure differential to thereby selectively permt and prevent flow
of the fluid through the valve. 18. A well screen assenbly accordi ng
to claim17, further including a flowrestrictor which restricts fl ow
of the fluid. 19. A well screen assenbly according to claim 18,
wherein the pressure differential is between chanbers on respective
upst ream agd dotwvetirserzen siseteblyatcardieg fd cther @sitr i7Toiretaim 18,0vhefeimiiel

screen ass | ar di.n o either claim17 or glai.m 18 wherejn the
o esur o aprreyeRiEanen Bl foedla N peenord o B idtaranaa,

| ongi t udi nahdnybet BF taeIGBI] bdreerBdm B¢ ERRcARSRIP Edm AR cAAtdn WitheRd @ler
chanber of the well screen assenbly in selective fluid comuni.cation
with the fPPHIER portion. 21. A well screen assenbly according to
claim 20, wherein the internal chanber is upstreamof a flow ,
restrictor which restricts flow of the fluid. 29 22. A well screen
assenbl y aésor dinglltsoreen asenblylaadonditg tooinyohabfeldiths 1MhePEiftHehe
pressure dif{erential IS etmeenwgkkine extending to a _renote

location aHEUWHNGat B EAFIUERARYEr WHichinreeanBely revndnow ob RN asp

sel ective flgpbdion @PWHRE Sakd ANd Wddasdshe filter portion. 23. A well

screen assenbly according to any one of clainms 17 to 22, further

i ncluding a water excl uder device which increasingly restricts flow

of the fluiLd as,a proportion of water in the fluid increases. 24. A
2 2o ot SRR ARG e RS e OB ot irna T IS LR SRR ¢ i e

wel | screefi assénb
w of

i ncl udi ng ctiriingexk yettider @aicay ikt ﬁbremﬁqlﬁaﬁ@nmalfw ke figlss {10
the fluid as a proportiogon of gas in the fluid increases. 25. A well

screen ass8fAFPYORLESH H§ fluil Basrasshe of clains 17 to 24, further

i ncl udi ng an excl uder device which increasingly blocks flow of an
undesired portion of the fluid as the undesired portion increases,
and a fl ow2f.est Aivellleereamhessémblegateordihg tof dnguwnebf ¢iiesfll7 w 24, furler - A wel |

screen assenbly accor,ding t.o any, one of cl ai 1, 2, 10 or 17 .

subst ant i achy)“di/{ég %&F@F%%FBF%WE%E H}Dfaﬁﬁag%b?%[g o Pgﬁb‘éﬂdF%mE' Rarton

acconpanyi gthefiaid 8 @& 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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