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VELL SCREEN | NFLOW CONTROL DEVI CE W TH CHECK VALVE
FLOW CONTROLS TECHNI CAL FI ELD The present invention
wo edoaesigeneral |y to equi pment utilized and OPET/EB1008Y887318
performed in conjunction with a subterranean well and,
in an enbodi nent described_hgrein, nore particularly
provides a well screen inflow control device with
check valve flow controls. BACKGROUND It is desirable
to exclude, or at |least substantially reduce, the
production of water froma well intended for
hydr ocar bon production. For exanple, it is very
desirable for the fluid which is produced fromthe
well to have a relatively high proportion of
hydr ocarbons, and a relatively | ow proportion of
water. In some cases, it is also desirable to restrict
t he production of hydrocarbon gas froma well. In
addition, where fluid is produced froma |ong interval
of a formation penetrated by a wellbore, it is known
t hat bal anci.ng_the production_of fluid alon

t he
WRLL: SEREEN | ENELQY  cQNIROLa DFV EGE dp!aTsTgoﬂﬂFg?KaNd*LVE
nore controlled confo e i ncreasing the
proportion and overal&qgﬁgnFFbgﬁgéiﬁ | produced from
the interval. Inflow control devices (ICD s) have been

used in conjunctionwith well screens in the past to
restrict flow of produced fluid through the screens

for this purpose of bIEENIERLLFIFI i on al ong an

interval. For exanple, in a |long horizontal well bore,
f 1 ui Bhe | prepear bnveetlion rababes| gererahly beo ngdeipment

£ep1LLGtEf P £t Eophdafioveae i {ehh
ume?%%%?e? ?gé?%egggé %a#%ﬂcé p?%duc??%n?g?g%ggﬁhg &
swietéboawean well and, in an embodiment described herein,
more particularly provides a well screen inflow control

device with check valve flow controls.
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
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
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
controlled conformance, thereby increasing the proportion
and overall quantity of oil produced from the interval.

Inflow control devices (ICD’s) have been used in conjunction
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However, further advancenents are needed in the art of
reduci ng production of undesired fluids from

whyaworwibon wells, in part due to the diffi cub€T/@S20a81087318

costs associated with separating the undesired fl uids
fromthe desired fluids at the surface and then

di sposi ng of the undesired fluids. SUMVARY In the
present specification, well screen inflow control

i i i e t
o B R oo T e Baf i, G2 hoed
f el dcthyoepleckhe asvreéns ubed tlis eplaceope oolfichd banoing

M85 8L A0OLNEL, CXRMPL € L5, sleschibed, bl ow | 1y whi £f,
PYYOrd-t %r dvent ed- ' Yet anot her o ex i's d

0SS TS anple’i
hoeszonbel walbded, reshtdction hoaf | avhédI ovifhtlze Wwedllbore
screen assenbly can be substanti II% gecr ased, if
MYL e AT F oL HSHRdt2S S PRT & r B nt bk QWjRear a toe

oPr ene dgsh bb£d, | 66| tiEleseBy fhd1&icPOpEbicE Dbn fadldreg i ige
fluid and a flow control device which varies a
wekkpe¥ance to flow of the fluid in response to a
change in velocity of the fluid. The flow control
devi Bewe§T i nEvehbler t advarcereRheca¥® Reeudedsin the art of

r%&@éiﬁgngio%ggtiéﬁigfi 4&E8PFS Eﬁgiééoffgﬁnﬁiﬁéﬁfarbon

evice ecrease a oW area 1 n response t
wéhts case part hdueetocthy dfffheuities. afddhecdsosv associated
control device increase.t resistance to.fl ow as .
iR Sepatet i OBy LT B e Pl T e plalthdletnias
at vt lseefeen asgetibdy dbspooimgedt whhehunhdes Litked Bluids.
filter portion for filtering fluid and a fl ow
resi stance device which deymas®s a resi stance to fl ow
of the fluid in response to a predeterm ned stinul us

appl tedché méséml_s}eéﬂﬁféa@mn Thge B1 | SaH&6n NBYE Bew @
pressure variation. The stinulus nmay be an increase in

cenprelsieelens faFenpraridednvhich ntetverat olegst one
pPIbBEM O n Ofhd NEr8CT €6Re 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
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
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
the resistance to flow as the velocity of the fluid

increases.
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assenbly. In yet another aspect, a well screen
assenbly is provided which includes a filter portion
wo evoofordeteri ng fluid and a val ve incl udi ng an BCT/US1008/087318
havi ng a pi ston which displaces in response to a
pressure differential to therehy selectively perm:t
and prevent flow of the fluid through the valve. The
wel | screen assenbly nmay al so include a flow
TeStth&‘i’éTﬁé‘%/&’é exelpde] deviss Y0i&hb1y is provided
I ncreasi ngly | 5cks flow Of an undesired por¥|on such
whsclyasnahades aafielyenfpoheidh ufor afilber imgeflued and a
£ PQrLL00; Logreases, : Jhese; apdyoihel feal Uesy srance o flow
advantages, Benef tST ana o Jec?s WY Hecons appareﬁ?
of otleef Dliidr th nBeypSksd | td Nat peedétetpbmed ageimhlus applied
consi deratjon of the detajled deSfriptio 0

f
ErQPr2sEFPQALT vECehbbaR nent 8e of FHARLHBRY | bR @ pressure

vael £t 1Oe| oWred ds ¢ Nty BES ONRR Y NG df Rtk EGSe 1M AhpESssure
simlar elenments are indicated in the various figures

differentibak afom e r BRkRr HORLEP s2 BRI oESTR He Gpereen
asEerbi, DRAWNGS FIG 1 is a schematic partially
cross-sectional view of a well system enbodying

pringy F’%§§ Qﬁtloit,llﬁg pé%?@élﬁ, ié‘Vﬁé‘iioé‘éré:éﬁ?‘ agsén?b# is
enl arged scal e schematic cross-sectional view through
prosidedwhbtskenbhgyludes he feltesysoeniol oG filltethmg fluid

screen_assenpl nbodyi n rinciples.of the.invention:
affed e foe) tee Yudlnd " SeRlntt havhug. e detERg Wa L
dﬂépMﬁ%?é ﬁ%%ﬁ%@péﬁSQOﬂﬁtaU?fé@@?r@gdihﬁeﬁémefml to thereby
asse enbody| ng principles of the_inventjon,
SORT} L EO- DERCHI T SR | PERECRE HLOWndbr SRofI F 1k thFRuTh the
vy By QUSTREDRE] MBS Se&h 4586 BF eRdy | AVEHt 1001 GEsSCa | PESY
herein may be utilized in
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
art upon careful consideration of the detailed description
of representative embodiments of the invention hereinbelow
and the accompanying drawings, in which similar elements are
indicated in the various figures using the same reference

numbers.
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,
the screen assembly embodying principles of the invention;

and
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various orientations, such as inclined, inverted,
hori zontal, vertical, etc., and in various
wa@ombiogasnat i ons, w thout departing fromthe prPeTUpLes087318
of the present invention. The enbodi nents are
descri bed nerely as exanpl es gof- useful applications of
the principles of the invention, which is not limted
to any specific details of these enbodinents . In the
fol | pyhag §§f§ré{%'§%héﬁaﬁfg LEREESERLAI LN views o
enbodi nments of the i1nvention, directional terns, suc
abketrmbow e¢onsbelioions upbetie S¢oeen"assernbly aermbodyitng

for convenience in referring to the acconpanyi ng
PHIGIREES Mepr R8eht 4TI VErY 111 ustrated in FIG 1is a

present | nuentton. SEERRRETORERHTERTOA" ' L2 o
DaohbE 16 5 moraderafoha HEpal chisI TeetPrs e Ridhes of
thel proseeeni @ssebbh e§edbr BbEd | Ré£ELONMEETIBS hHilheed in

tubular string 12 and positioned. in the_ horizontal
VaBeYHrobieR et 1ol $ boFech 425 TheC hkh¢Bor Envered,

thP£8ﬁ€§llnvéiéic&lﬁseggiPgaH@C§§e@aPIo@Qeaoﬁf&€Ff£Eions,
the horizontal section. Packers 18 may be used between

wi/ehowl sdepast g t feom ckkernputrehpl ¢esoficthe pleesert,

. I (o) i f e ' ryal
APnEIIE! Pt DahS0y Bhen e AEL FA £OIESQ thet BLFTIE Sxamp1es
ofictsafgkssppVicat keepi of whe hpthecpplesi f eshefinhention,

i nvention for.screen assenblies.to beposiftioned jn a
VB EE PR B0 ATHESS or 31 0o T ol T RSSRRT bor et  Bhpas
enbsaswenté or packers to be used between screen

assenblies, or for any of the other details of the

vel | 18ysh&nFd D1 bwi ki déscA NSt 16h | oBYEhEMdPréSehtistive
one exanple of many different uses for the inventive

e@?@@%ﬁ@% AeREr iR gimeerion, 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
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.

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.

Note that it is not necessary in keeping with the

principles of the invention for screen assemblies to be
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Referring additionally nowto FIG 2 , a schematic

partially cross-sectional view of one of the well
wa@eremeassenblies 16 is representatively il | uBCT/EHERA8/087318

at an enlarged scale. This screen assenbly 16 is one

of several different exanples aof screen assenblies

descri bed belowin alternate configurations . In this

exanpl e, the screen assenbly 16 includes a filter

| 0; an t [ Th [ r

e o o i T T P BB O Sront nee” debti o
wélbpofée utd P whiabed ) ofwr gemeket $ yté rioen asedxbervesn

to an interior of the.screen assenbl 16, i n
sifell SRSEhnblogr aPcesEl S8, SFOFER Juih ookt bls of the
wéldbwysoemt he velébdse. 14Textwshhl syotémel ci€efust one

assepbly_ 16, through the filte ortion 20 and fl ow
eXYRR 1| g{)o‘}‘%%ndlzg?e’é%tt‘ﬁ%%s i %‘?E Ghe | HreeRGt Ve | uapcepts
dPSsSsaged Z2he¥bigh extends longitudinally through the

screen assenbly as part of the tubular string 12. The

f1 ui g 24r £80 t 5@ DL RE DINICEE T 16 OpEd. the 4 uUbsth&hatic
string 12 to the surface.” However, it is not necessary
Papkiahby f ¢S 2ge¢blanahysley oof | on@raf ytharveh seeeen

obLAEL 00" 14 oy egndbof A0 LLON ERILEPLLBOTSL O Zptarea
s¢dled 2Thhmysétesni assérebbppbéi i one cof i saveSphedifferent

exanpl es pof screen_ass lies. . which operate to prevent
AR el e R e T bt Ao e o b ' PP fifE hate
couf pevevioh®ss of the fluid into, or damage to, a

formati on surroundi ng the wel |l bore, are descri bed

bel ot | this &k&mp®) tiesesShednfogséhiel §!| Uf dirdllides a
flow first through the filter portion 20 and_ then )
£1 hFRtgPOY RECR | % 213%t 2 of LPBrEPBR 22 PEEE L@X atrpt e, TRPef11ter

pc{;f@%ﬁof‘érﬂls BOEL | €8 §§1€@H|§amh&ﬂ$}?éﬁa&ﬁértcﬁ‘@bris from

ilter portion 20, 1f desired. The filter portion 20
fleidedt cvichnf o gengrablngfedm 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
assembly 16, through the filter portion 20 and flow control
portion 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.

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
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.



10

15

20

25

30

the type known as "wire-wapped,” since it is made up

of a wire closely wapped helically about a base pipe
WQ@309rdeln2 a spaci ng between the wire w aps bei PQI/TRIOE087318

to keep sand, etc. from passing between the wire

waps. Other types of filter gparti ons (such as

sintered, nesh, pre-packed, expandable, slotted,

perforated, etc.) nay be used, if desired. The fl ow

contfol ; poLEioN, 32 R SEYEr ehe FENG1H 098 tJNE1ow first

rom;coh?r%%é%or§?on§%%§%§§%n(¥CD ﬁ%icE&%unctions fo °

thestgh cthé | Hid téerpoht bogh? 0 f and eiklaep| ehrowghat e celow
roduction of fluid along an jnterval ., Eurtherpore

BRET RPLERTR ot *bor T oot e T 167 HEEEAT Foortiom

2% ossulllebé oupevesse &f ovhof fiheet | pdat Pdnf2Om thedesired.
passage 26 to the well bore 14. Several different

consthelct i DESr Opotbitoh | DV CONdEPLcEiedi L8 BOcare as being of
descri bed below in various different copfigurations of
CRAetERP BROWR s2bl Y1 4G W RPRFSul oS bRCanter £ dBede ndp ©of @

w Ry @ioé@fyf@ﬁﬁbﬁ@@tﬁ@ii9§Yi§e§b§@tdésﬁéé@eﬁﬁﬁ@fﬁﬁn with a
may be used in any of the screen assenblies described
SPRE NG, P veRut tiR pat¥e Ngrapd e hed pehorepl e keep hpand,
| Qveps | | C | ect S
RN i R i T LR
filoes poroughs t heudh os resntéceds hesoy epféopacied,

through. the device and into the flow passage 26. .
e Pt TSR P b el SO IRET HE FRedcif
dé$itesired. For exanple, the flowestrictor 40 could

be connected downstream of the fl ow control device 30.

I n thige eRBOP!| Cotr&l portioh he2 fpovEbans rsst@Fa#Ofhisctions.
an orifice or nozzle, but other types of flow .
T?%sf%?%t%@%tﬁ%§ PRT5RY, 2% 19ed r Eel W%&C%X%H%W%+O%% to

r&0PH & PRSWAPRer&through, 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.

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
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
the flow passage 26. Different arrangements of these

elements may be used, if desired. For example, the flow
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helical tube or other type of flow restrictor could be

used. The flow restrictor 40 could be in different
w@ombiens, for exanple, an opening 42 in the PEFESEOPE87318

28 for admtting the fluid 24 into the passage 26

could be a flowrestricting grifice. The flow

restrictor 40 is preferably used to bal ance production

al ong an interval as discussed above. The resistance

rd%i&%f h{@%iﬁ%%'?ﬁhﬁ@éﬂé&%&&néﬁ%% O€ the flow

erent for eac e screen asse s 16 al ong
camtipt edeaice AB® hough only one set of the flow contro
device 30 and flow restrictor 40 are depicted in FIG
2 asIpathe oéxatelé| ofv EDGL rd) et fbow2Pesttichonl 40 bes an

understood th the flow control portion could include
Oﬁhgl%%n%lérn%?%? b&?‘&%nﬂ\'ﬁ& L JeX{PeRsC nﬁf%%f%%%%?t% S may
bé | @ged psifigéoifed N keepi dgampld, téne PinBTHP! ©5sOdgd hea

invention. In this construction, the flow contro

hebiFRe BHPP ner akkReh trRe KOV af 1oWi res el ¢ orm oPutd g used.

TRE fE&kPFOSEPI YtHL£CLH VESu W tHE NI R FEREERLLY P&t Béns, for
housi ng 52, and a seat 54 forned in a bul khead 56

eXarplgh @i ebenhed f42i 4n 2ghe | bage deiPR g2 Hrbelucadmitting the
at o The f t4 el ECe, 30 | ] P
DR P Mo P TR RRERE 16 cBRYA e *] ot Dok Mdstriciing
opifideid into the formati on surroundi ng the well bore
14. As depicted in FIG 2 , the fluid 24 is fl ow ng
i nt cThdef Iovtresoi¢ton 20, isnpdréehenakbhy cusddt be hdbance

control portfion 22 into the flow passa 6 for
pE Bt o B LT 1A b Erke Bt vt SETE S oV S 1 B of
réd Dyt Shedll € r EVEE SEnfSUGH €lse 0BT bNOr 98P €EdPN40 may be
erations, etc.), the drag on the rod. 50 due to the

0
dif{erent o@\?ﬁge% o‘aﬁht%e sHRr RN eRP 5e et ertrRHiedn
i hP8-and, the housing 52 will cause the rod to

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
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
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
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.
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di spl ace into engagenent with the seat 54, thereby
preventing this reverse flow of fluid fromthe fl ow
wWEaweayw126 to the exterior of the screen assebPti/ysSH68/087318
Due to sealing engagenent between the rod 50 and the
seat 54, as long as pressuregn the fl ow passage 26
exceeds pressure external to the screen assenbly 16,
the flow control device 30 will remain closed. To
COMERCE,OF OULET{ 00, G PEESSHER b ff&wfél‘i’éﬁ‘bi’@sfé‘%ﬂ@@ (such
can be reduced relative to pressure external to the
ascdeehngssenpl gt ién (dperakbops e, eby. ki rch adiag on the rod
i ghte ight-fluid into the tubular_string 12
50 ira tRothS prmi e f 107 R CReb iR Safd ] (i 5
beomeen| thkevic® 30d byhedi Sphatndgs2 heil Docddsa@welye fredn to
t he seat.54. The rod 50 anﬂ}&housi n% 52 42' so function
digPlafe ol T RsERIRITPENt Wi HAL the pPe’buwr e dYRpESRY | be
pBevehel eg esisheeddtid 2ol | onstihi @ughorh heha@nfbwSp®Ssage
bet ween the rod and housing. This pressure drop is a
26 ybrttlom oFteREo¥ | ol e eSCHeRl @FSelRelY Hensity and
viscosity of the fluid 24. Simlarly, fluid |loss from
t he Pedutarsezling anJagenert rebyeen rthe | rogro@urrd gthe
Sspre  dr h nnul 5
ST Tond A8 et R oY e oot afRlae 28 ewceeds
pBdssUheisextéenpl esgutlee dsope¢hr asgdmiv he béinuths HBow
V\§i1 I fold the &?d Sglaé/va fronlthe sea# 54 and
CPRHET AL AR Y B bhir T RERBY oatietTOn T Rw OWRE T e
pPo@SStLen Ar pPeyblite ChSEhd hEl6Wlpd Os &GHQYaRE ¢dme ISeateduced
and prevent fluid loss in the event of reverse flow.

TR b}V niP REPEF BRI PHEAONR T ot ®I Bl 35CTgpR drFembly 16 (for
eRAMST ALy CONBERUEE1 08 DI ghher SpE eght asBeI@| ¥ndd ide
representativelyillustrated. The screen assenbly 16
tlﬂlﬁ‘él%e%tlfh@gfl%w RRAYABINGOR t PWAP 222 Wit LhtP LklkeTePY open
I I ventis, fhud t eyer
tlﬁ‘?oﬁf%xf?%@@??%i %@\éﬁé@ $HtSy f i gh LOBRg ke t Lol BYET £fay
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
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 viscosity of the fluid 24.
Similarly, fluid loss from the tubular string 12 to the
reservolir will produce a pressure drop through the annulus
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

the event of reverse flow.

Referring additionally now to FIG. 3, another alternate

construction of the screen assembly 16 is representatively
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The 1CD has two flow restricting devices -- the flow
restrictor 40 and the annul us 58 between the rod 50

wae@bmesihousi ng 52. The screen assenbly 16 of PEI/G52088/087318

is simlar in many respects to the screen assenbly of
FIG 2, in that the flow conrtrol device 30 includes
the rod 50, housing 52 and seat 54 for preventing
reverse flow and | oss of fluid to the formation

iPHES Leg thRe Wel L DoK €3 dden V& ind DEISET €8E flow

asse y 16 of FIG 3 also includes an alternate
chypest poowpen h2 50whé s hfeaet benspanean i ICHesnd el $©

bvpass t flow control ortion 22..0r a eas )
pEdPaREs Efuld Pas I r 8LV E%1 8, BE LEE e 24

The | t@D pasttwd 20owrntesdteidt dng pdssbges 26+ thei f1ow
desired to open_the bypass flowath 60, pressure jn
TeRHer FF oW p‘é\@s%@‘é ‘gl%en% ‘E)]Zu‘f" n%%pe‘%%*%‘&e?%l ¢ o4 05‘5 and the
hdassssre2 external to the screen assenbly 16 (for
exanpl e, by applying increased pressure to the

| Nt efhOr s@fedNCadsbitbty $6THAOFLE. 1503 5 {RIPAL in many
| ocation, etc.), in order to displace the rod 50 into
resppgeser® We hseheercadsamblyuer tBIE he? prigsufat dilep flow

h npall r [
R b Er Bt hie Ple AT 08 B0 { g #F B seat
54| Hbor reseeerntieg deavees&9fIow amedr bass ngf af Tesd stanchke

to flowof the fluid 24 in sponse, to redet erm ned
Pt PO St reb he e el FBORECE | o ot oer| Mk Ereen
aSPPheTy at €dof Bt G. ad t £1sd hene Lpdes eadi Skt 2nhes beedss

ruptured to open the flowpath 60, the resistance to

E1ovRA bRt GRHnFR ¢ (Re Perrednibodambrefiete Rypass the

fP@ﬁS@QStﬁélW%éftﬂ@nSQPSt@Fté@Jiaa§€cﬁﬁé§§@ea§ GOPPEE £
to the resistance to fIOM/through the flow restrictor

reggighnedceaniil o Betweenckehe t htl foH Borahenthe and the

ff@#i#ggsé Jous, the screen assenbly 16 of FIG 3
provi des urd | oss prevention

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
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
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
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
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(for exanple, during conpletion operations, etc.), but
al so enabl es increased flow through the filter portion
wQontoemsiziesi red. Referring additionally now t BCHUR008/087318
, another alternate construction of the screen
assenbly 16 is representativepy-illustrated. The
screen assenbly 16 includes the flow control portion
22 which functions as an I CD and al so prevents reverse
f j S esh i Chi
@ e@?%%ssgPﬁ?ﬁtg%ﬁoﬁﬁ?e%$§i%gﬁéﬁﬁot%%ghéﬁgfg n%?hsc%%gg' the
stheeamensserablydl 600ANHIE he3 hpuevhdeS2f luhdt hdss prevention
(£8podl fEnt o of gt Dey §CLER aéf&ﬁ‘bc'éﬁle 161 Lhe, Thow conbrol g,
Vi SR P e UL AR T OP t BPRET AT oREC of het
efidloVe s ebhdtedoed 401 gwothvosgd| €he nf Fl€er dpdrdide 20 when
rovides for fluid conmunication between the filter
de3tE$dn 20 and the flow passage 26. For exanple, there
could be one or npre flowrestrictors 40 provided in

t he BRTRFERO spIGLt R EHB 0P ¥9 G 1Q- 4 Thanethey alternate

cERMF Ot I8N I 68 BRe dePFELRUasHembly fl6 PEE MédSrésentatively
restriction to the flow of the fluid 24 to be

iHbes eaaeed whePheles¢reen dyseipehy ngb obec bidemreheyhhew
) o  DY=R 4 3 :
coh OVHR §§$elo¥mé§h%@£@qkﬁﬁﬁé@i$ s PLockedr by é&ﬁg%f%gve

one or pl ugs Is result is acconplis
precerasi ngveressiitewi of t tiee f f bunigpazd4éageTé T@D ahavetwo flow

h [ h I
< BRERRYE Pad b oL e SR T e
adu by as@ e tiieed | Ohe resdrict omd 46hé sikeusity 8). Once

the rod 50 has engaged the seat 54 adjacent the flow

rest1h ctiofs 4mbSd e UL €hé f ©F Ladh ads@emesy 16 Phalgf low
66 will cause the plug to, dislodge fromthe flowpath
C%ﬂﬁrgés%%Y+%% 30riacesed bh dltbenseo vt | legeh one other

fggﬁfﬁg?égﬁi@gﬁgg {Ro€l ps&inid Lherbypass fh LR abfodldes
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.

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
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
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
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fl ow control devices 30 included in the flow contro
portion 22 can be simlarly operated to open

wa@dawbrenal bypass fl owpaths. The fl owpath 64 pemUpL008/087318
66 conprise a flow resistance device 63 for decreasing
a resistance to flow of the fiuLd 24 in response to a
predeterm ned stinulus applied froma renote | ocation.
Thus, when pressure in the flow passage 26 is

5% NCLEaP68. &PPSERL 89@?%% ‘é‘?%%{?%éﬁl‘? G8505h Al fpgde WA other

|l ow restrictors 4 ce into engagenent” w
fidre seatsobidedieesnd0thecitded r st thet biew 40onthel ebyrtion
ial_t acr 0ss

bl i . diff b L
2£08041 B9 SRLESAH SoGLELetent alodp s BPELLSH kg5

he pl ugs
frespechs ve ThowpbdipHdh ¢heardsprugt €6 c¢otpblsan 4l flow
disglace into.enggge nt with its seat tp close of
159

f
TeHEs FRRwpatRY pF O edSCHRRFLRE cRr L PRI RERPCS crRehlow of

tRSSEMRIY 16 2h OoPEspbRsé UbY| ArpBddé PertZnedr SEURET@H applied
can be resunmed by reducing the pressure in the flow

f el sageepete el @¢atyEOR o pressure external to the screen
assenbly 16 to thereby displace the rods 50 away from
t he Bea$ s Wacmpressove flovils fhevwipassaad 2hrbugh

140FoDIDASSALOUPALES 86 hicHl LEe DEs AP EELAL SRS NA o

y openi hg 'one or nore of 'the ypass owpat hs I'n

rederi¢oorsohd rwllpodisphad?, inestengagemenio wichy oie seats

he.fluid 24 through the flow coptro ortion 22 can

shesdinleine o | Pl crencate oS o0 ¢ nerPReRctraR TiY @

pitéestiestdi £téoentDal |l oav & &bl fddi se2dss SstilespIegs 66. As
t he bypass flomgath 60 and rupture disk 62 can be

SR BVP R, 0617 i HLOABOGTFRAL 16F FFEPCRtivet LovPagh 64,

tREdisEO0Rh Ly NPyt 90 Rk 1 Sdispnatdel nebt &RHagEment with its
construction of the screen assenbly 16 is _ _

seabreceptase veff the uStewpath. THEhEgrrepcessefbly aecur in

eé@ﬁlggféeﬁhgsééﬁ%ﬁy 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
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

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
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



10

15

20

25

30

control portion 22 which functions as an I CD and
al soprevents reverse flow of the fluid 24. The |1CD has
wo ol restricting devices -- the flow restPCT/US2008/087318
and the annulus 58 between the rod 50 and t he housing
52. This exanple functions_ajpost the sane way as the
enbodinent of FIG 4 , except that instead of the plug
a rupture disk 72 initially blocks flow of the

pfé#ilqt%ﬂ' r& V& é'&hfi&ﬁ prgﬁ‘é floywash, 64pndhech URLL 6o flow

e ruptured due to an increase I n pressure
rd$tte¢bnmgaﬂevl©a$the thewt baw seget 2ictor t 4@ axd ether

reen asse Iy . | ow ontrol deyi ce 30
an%u%sed§ in ad%e?lon $ ? as?éoﬁ% ot NeT ??O§¥
restrJictor_40 ible i

whi ch
for TREF £7Q %.%%??’%h bE Al t e 7S ol Fare 5

erbed ithent | Fv ]DB@S&Q;E @hcebortgxanphsteddese ﬁm@lplllb@ 66, a
one or npre fl om/restrlctors 40 grOV|ded in

THRTRRR AL SE A8 HRpFtEElY ibletks slovipk ‘Fﬂl%mf%%@ rof

tHeYh @@ed@f%§§§dfl@w 4 h §4Perfhé3r@p£@§érdfék0ﬂ2tﬁby be
t he OMIOf e fluid 24 to be decreased when desired,

r%@t@lp@ﬁu%e ofe @ HpPEedypatl Prowardsdsifererhial efrom
thdl &5291 %&’g&eﬁeb of@ﬁ@e&té@r%eo?f%ﬁ@@cfé*@ﬂ Ul Esembly

di's resu I's acconplished by increasing
lpressure in the fl ow passage 26 relative to pressure
on the exterior of the screen assenbly 16, to thereby

cauSEhehélowdcﬁﬂtt@lddswieee3®oMar@se@eiseaddEﬂion to at

acent the restrjcto Fl G Once e
18458 80 e DBet Lol TReSLEL P ot a0 Biat T ai e oot F1E° 5)
wlﬁﬁ@m rpr:cb@idé@ fér pfmwr@oﬁmﬁlﬁﬁé@aiml b@ewess the filter

ture disk_ 72 wil] cause the disk to rupture and

%]E) P hel f2RpBRd BUOV PR2ERIAG Sur fERE FERBRLE hethere

c%?lmt ﬂaéé &hS gglin%‘fél af] ¥ CREROLI L ESr$€RY PAoTPI&H OB the
bulkhead Sg 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
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
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
eventually engage the seat 54 to close off the bypass
flowpath 64, so that any other flow control devices 30
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flowpath 64, so that any other flow control devices
30included in the flow control portion 22 can be

W@ Rolozasllyy operated to open additional bypass PCT/US2008/087318

fl owpat hs. Thus, when pressure in the fl ow passage 26
is increased, those rods 50 yhich are associated with
flowrestrictors 40 wll displace into engagenent with
the seats 54 adjacent the flow restrictors 40, thereby

_ L ng. < . N y

patuian s ereseie ilecebalute be, S0 de st iRy

opssacedt ed open 58ddi tionkkpbyreass nf bowpgklyenent with
its seat to close off the flowpath. This process wll
occuThus, eeltdn spressunbs sembtlye 161 el opgs $dge t 2bul ar

.Stri 2. ft t ' . 12 t d

ifthertede hebSarsdRSLaRide &hF ALRss bRt dlvirh agpov

ré&er seedrS5440 antll 1 hei seratadentof ehdi@gonenatwDih ofhé heeats
screen assenbly is the sane as descrijbed above for the

32 @J%C%BOEIW%HQWTH%S‘F]F%)%%% B9 ahleTeRY uPRakil Sk 72

ptEYSuFOND] § BErént 1 QW £6ShHSt Pid@Vi&Lodd €8¢ rupture disks
decreasing a resistance to flow of the fluid 24 in

7% esphseach Alpketlet &9 rirREIEed mithe appPebated ored 50 will
d{§§g$@ | pgag | qa ERLTPORAJLL T 002 |y, noYLL 0 nﬁgffge

alternate struction of the screen asse
fleowpaph esefh s i pedyess | Wbl adecur The saclkescossendssgembly

6 of Fl 6, i d the f t I ti 22
1o Bing Uihe R e Ly o0 T odubes: broduat i on

f i d fluids. he I CD i | the fl

oo DFERE Ehe kS 17 Era cruptrde B L oGhen e opoped.
tik Ge#lisg ashefdcé uboll il BtEnGadi etNbi €8at 05 £pSahdethe

fluid 24 to change direction as it enters and fl ows
r@m@%&@ﬁFt%% thvPresitier off W%?ss?%%%%t%%s%%%%bel$nthe

s SREEAE U 8t 11584 A bb ol 20t NEREASES. t HeRESABHERNEE tPhe
flow through the flow

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.

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

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
24 increases the resistance to flow through the flow
restrictor 40 without requiring use of narrow flow passages

which would more easily become clogged.
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restrictor 40 wi thout requiring use of narrow fl ow

passages which would nore easily becone cl ogged. A
w@e@ssmee2 drop t hrough the flow restrictor 40 PET/US2008/087318

increase as the length of the tube increases, and as

the nunber of bends in the_tubpe_increases. A viscous

fluid such as oil will flow nmuch slower through the

tube as conpared to water. The flow control device 30

depi gt j [ p : e :

i 1T e e e foua S DL R P e PO a0 win
ineceagskesasn poppkenddh af bthei tgbeeviceedseandard saatthe

48. The bji asing. devi ce 46 applies_ a force to the
R S5 PIL T AR TR no Aokl S9iHS rfkid such
a$ | i cohl T of 1ok vinaeh 391 offe Fl €arbugls €les pounisé Ves t@mpared to

flowrate and velocity of the fluid 24, and since the
WyEFbrity of the fluidis related to its density, the

flow control device is also responsive to the densjt

y
of theefiiPY. COREEPL JRYHCF 19V ofehheteduly BEG- 6 1s7of the

tyPETRRSHS  td hendsA0sk P1 £Ed O t B PRPPCAs 44 B BSUIALY Yeheck
overcomes the biasing force exerted by the biasin

vebve ce U, inptudes popprReti $pi sk dalanied tdawice the and a
s?%@ué‘?’ ) flgPé{siﬁguﬁé@%é h@e“éﬁ%‘%{?‘%&%@&?&‘&%é

e
oW contro evice 3 en the city of the flurd

p@dpets 44 et @ndigbctide poppefrdr whelsemgad®. t he seat
48, thereby closing the flow control device 30 and
pr evEi i ifow | cwntofol hdevice d3@4of hFDEIghé t he fésponsive to a

t devi ., As. t |.to t
SCHESN IR PRI R e R A L L
véBoSUty | 6f erlié YLD EAt B8 DA HAEESULEs | dehHELY NTEHE Of Low

flom1£assage 26 (as would be the case in_typical

CORbERtt ISR S et Bt 2 FR) TeERRNF 1B ERnER®| deRviee @b the
fWeld.remain closed. This will exclude higher

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
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.

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
density fluid (such as water) from being produced through

the screen assembly 16.
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density fluid (such as water) from bei ng produced
through the screen assenbly 16.1f it is later desired

WO owesteazr t producti on through the screen assebP@i/yS6§/087318
then pressure in the interior flow passage 26 may be
increased relative to pressuig external to the screen
assenbly (for exanple, by shutting in the tubul ar
string 12 downstream of the screen assenbly to

equat  ze the Eé@?f%@éir&ﬁ 0y ﬁ@@éé&@%fé‘&ﬁé‘—ﬁf&ﬁ through
pressure to the ow passage 26, etc.). In this

tinansereen hespepipkty 14, chimehepriésphoeeth avey fnmoeride flow
$58Lq4% ¢ ang, the. Thow conyroly device 39 Ll a0aLRBa1 <o

popeng(?or per%1??ing FToW of ?%e Y0 2 °751is &

tipar§ccekmr agsemabl poefof ékampronfbguskatt oingfid hehe tubular
screen_assenbly 16 that it can be "reset” in this

S%h%%rlahi‘hwﬂ% TP, OReFRF r P LRI Y yEQ TR 12€ the

pFééSurds & 8r, bPNObPEY iRyt LRGP Es EQNSEESSETONE O thderlow
screen assenbly 16 is representatively illustrated.

PIRRagereen %%%ehblyIHGt%$SFm@EPeVr8$@eim%PH%%s44h%an be
t : : f . _
dfé:%gﬂ\éé:@@ 5x9<J:\y pf’f%rh 8??@023%% 058 u&q& | ﬂ?? ffoxﬁmccgrlgl%@f ddeVJ_ce

o reduces pro n undesired flurds . T
3@xehbl eagzinibe | @pen nfoangerrespetng fbov hef enbedf hweihd 24.
f.EFlG 6 _,.except_that the E . { & 8_enbodi nent
Tkt BREHERTD TV AR SE i rolr PRI gr ene
syBEéRSasserispynse ohatrulti hr bé otrcoat ¥ oln devi € asadier
as re,of the flow control devices respond to the
wvhenndeStredel ocity of the fluid 24. The flow contro

devices 30.incl ude the fo pet 44, biasing devi ce 46
and Re5THENGf 4Gt £prR %Jlo MPBAFAERECS 507 t hal / t FROFRRKy

aTOSL A9t e dSNh SESuELNGH T §A @ﬁeV§%£@éﬁ¥a§§@ﬁﬁlyaiﬂe§st0
close off flow of the fluid 24 when the flow rate or

reprogentabivehe illugtrakedasecbhe Thereemhi asserbHev] ¢eof
FY&. 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
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.

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

close.
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progressively inhibits the flow control devices 30

fromclosing as an increasing nunber of the flow
wa@omvnme1zievi ces cl ose. The i nhi bitor device 74P¢TUB200€687318

a flexible cable 76 which passes through extensions 78

of the poppets 44. In FIG_81t_may be seen that the

cable 76 extends around to each of the extensions 78,

and al so passes through rigid posts 80 positioned

bet : C Y, e i
of 1 TE0 R LON Fat Lo P iERudds SNEle kARG V76
whbmhrpasﬂawitbso@@hlaxt@@sesnsu78i@fehhéypoppﬁt$léﬂv In
Ff@nté 1%ﬂ2vg e?m%%%ncégsg éheu??bi?hegogg enés %Found to

engage cor Fespon
e&mhe@slﬂﬂe7@xwem$1dmsp7&pegmdt&1$®ep@®@®@ttMﬁou¢Merf¢md

appl ying an,increased tensile force to the cable 76.
P‘?‘Eg% Mcﬁ’%%-’s’%bo?%ﬁ?cl%e’f‘?’%%% ntie eg{% TRREEQbI SR 1 $0 -
inhibit the next flow control device 30 from closing.

HoweWeen GhRnveHecHeY oef t herfiwkd 124 HLOWLRY oW Fgugh one

of ERYOM &I SoRexb1 f 4OV 6881 50! i Hevé £8e S0s dPLEC 1 BRE BRSCLhe
sufficiently to overconme the increased force in the

£ el eorrerol tdevbeey Wllbl@%@s%ndlmer eblye appppety 44 will
%#‘é%@ﬁh%”&é&@%é’ ezgé f@é&fttotlé]g §APL JﬁdJrJ us,

e apprec at as eac OM/C
eﬁéemsboﬂo7&lw$bs diﬂplaq@l%itbrthevpcppéﬂ 4hpr€bsra@yy
i bits_the next ow._con

d f )
ahPLYPh ol UFndfEhedq iR Lot €6 n%ﬂé’ b LS 7.
t ted b )
For CENPR CReE Capre. g%rggnér?%smﬁp LefP afiele Mevint
ilh 8151 BgtHe vih £t 821 oY Het EONVEE EHé | 30 dﬂﬁd)lﬁ rkeﬁoépng

regul ate the anmount_ by which each successive flo
HeWeY ¢ bt W%@@c%h%ov¢%°%$%@r%§s?@%l§1Fh%|%?t%%PW¥Qﬁnthr0ugh

tE%?Z??Qt 1o ScERPESTPESY £le t DRt dodd fhErddsd ds@friSiently
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
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
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 o0il and water in the flow control portion 22,
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
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into layers of oil and water in the flow contro

portion 22, the flow control device 30 having the
w@e@abest2 proportion of water flow ng through PCTNE1008/087318

close first (due to the reduced viscosity of the water

resulting in an increasedvel pgity of flow of the water

through that flow control device). This will reduce

the production of water through the screen assenbly

véfocmlgfs%cllﬂb S| Ol NG PLLAUELS08 Ofn OF | £1 4V CUGN £8P

screen asse y. Subsequent flow control devices 30

dewiderl osEhiheni I lrréduce ncheaseddwet ben tdEswater | tywrough
of the fluid 2 hr ol . devjce

h the fl
the screen ass%ﬁbiy 9?8 wﬁ%f% sgfifogffo%%?% %¥o$%€{fon of

expert enced: i 's* hel ps eep one or
oil ovhcoudh otheleytcesn 3dso@ewlynti| the fluid 24
i ncludes a substantial proportion of water, while

stil$uinsdguemg £hewfeostrdEvadydvesont rwlltdeyices wigen
cl ose when the fluid inpc|udes onl% a snallng%@fortion
\d

FRrcher etnCerRs BBt terhf 1ot fir BIOY ¢hishe %rent Flrough

thdak1&PechRbEDl L @Ev A8¥E COrd 4o MPEKBehded NI STHBONGE 1SS to
excl ude production of the higher density, |ower

k@B coRe t 9T proporef okheffivke ¢ontrosderieent 30 cgpen wotil
e CPIL £ ”%$2%13 ’ g 04! %ﬁéﬁ@i&’%%&%&%ﬂ!‘b&%‘f fvf?%ﬁter '

porti on 2 the screen asse oes not ave
whbléestnkl ahl bowimg ablye phrtstcufew Dioententonl tdevices to

chieve the bepefits.descri bed above . ferrin
o Ear Yol T 5% bi 18 Er e ogeS epEY nromp 5 Rl ion of
w&east ruction of the screen assenbly 16 is
representatively illustrated. The screen assenbly 16

of Fbke Behdeldled foetitOVOEOHRIH| eibdimen22i yhtigdt the
functions _as, an |1 CD and al so reduces production of
1phiRETPEAEY1F/s’ 4 THRIKEDL R nElhLgidBa P! f FRVP¥@LEE® ct or

pfOdudbisn CXRPhE 1hSgNEF YasShEl t Rl 1GwdPey L89S PP SoPbrtion
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

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
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. Thus, the poppet 44 in the embodiment of FIG. 9
“pushes” on the cable 76 via the extension 78, instead of

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



10

15

20

25

30

FIGS. 7 & 8 , except that the inhibitor device 74 is

positi oned on an opposite side of the flow contro
wa@leovo®edD. Thus, the poppet 44 in the enbodi neet/UsI008/087318

FIG 9 "pushes" on the cable 76 via the extension 78,

instead of "pulling"” on the ¢gble as in the enbodi nment

of FIGS. 7 & 8 .Referring additionally nowto FIGS. 10

& 11, another alternate construction of the screen

ass S Yid! raj gdg

cor cop SEsEng o AgRt B Bl M b ARSI SCE THE anoiper
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enmbodi nent of FIGS. 7 &.§ , eﬁéggt t hat _i nst ead
P Freses

f the .
fURGHEOHS, 3% hal ehd dR AR n? PROGYCHHn u%lfg sundesired

fIeldd| verwe stehfine 1 €82 tHer Wow er St £x&€HEsa § hr ough
each extension 78 of the flow control devices 30, but

NO PPELS SRampPe USEUchd NSELEEn A8Ecblp B2 DaSsHRIBab4in
fornmed thereon which engage an inclined surface 86

M3 RY NEeSRRC P et put v eembadimant soEnhEGRement & bt ve¥gerphethat
f t e
l?%é?%?s gltﬁ$a%%%%§t$%fagﬁe %ﬁ%$é§%é ?§a£$%§th2?r& 11
lmeB@@e$|&erebatsvdBy &t ght Winﬂl&bntrﬁhed%yree&ZSQXtends
an_ear 051t|o d ef yeep ach adj ace
L o0e e S For CRRL P o8 o e R T OR Lo RE R E a8 30,
but ndopbstHesUnges stoed. t hahs eyd putiherwdie t§esitas ears 84
el enents may be used in keeping with the principles of
EoHRET nRAE FOm. IREFRr$19TS tJr%?]]aJr’P?/dn% ?%CGFI% jormed on
RO hEEhSbd espat e construction of the screen assenbly
16 is representatively illustrated. The screen
assefip] y é@g@éeﬁ%ﬁ% Bt i 86h Uges égﬁsfé@waoﬂﬁéoﬁlre 82 and
portion 22 which functions as an |ICD and al so reduces
the obiuet {oed osurhriesi $edresists, displacement of the poppets

44 toward their respective seats 48. Eight flow control

re

devices 30, with an ear 84 positioned between each adjacent
pair of flow control devices, are depicted in FIG. 11, but
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
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
somewhat the same as the FIG. 6 embodiment, but demonstrates

that similar functionality can be achieved by different
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The 1CD includes flow restrictors 40 and an annul ar

flowpath 36 between a rod 32 and housing 34. This
wex@aprsinf the screen assenbly 16 functi ons sPOBEWRZINS/087318

the same as the FIG 6 enbodi nent, but denonstrates

that simlar functionality_cage be achi eved by

differentconfigurations in keeping with the principles

of the invention. The FIG 12 enbodi nent includes the

E0F ra PYSL NP 398 & GBLNGHEVD £ SPp1 Yo s

ceng%)%lg‘rrraent the rodeléﬁ r?g‘?d?y attaﬂéﬁed th% t eot)z‘f%:ead

imGemnton he housing is reciprocably di sposed on the
rod. As the flowrate or velocity of the fluid 24

i ncrebseBIGe. 12, enibedinentecirabedeyi she@srog 32, theusing 34
flLuid) a dr force, produced .the fluid flo :
23 BARERR IR oo Fl Bapath Goit nereadifent e rod.ie
rifedhpust bgeRdd t ovat e t el Bleedd 486 fgai tisé Kdes bh@sigg
force exerted. by the biasjing device 38. Eventua

ly,
refePHotRP hYy BUSRATE e t Hee skat - 4t ainthenttew O]F‘?tgl%v
vOlothey fbti eh@dr1 i@ 2heihé P PRSSPEEG25. dhd tHi §ecreased

manner, the flow control device 30 operates as a

viggewlty ehethe valvidl oo edeny UEPTGR redRdecedeas | the fluid
£POWE Eﬁfé’&g}lﬂ %1’9& %ﬁﬁ’&‘i%f’”ﬂ% dey! §§R£ cPELSe85ad isplaces
velocity of the f eferring

urd 24 |ncr%ases.
theldhouninag | ¥4 noowand Ftie d8at ahdt hegabhsertia ebiasing force

tructi f.th mbly 16 i
e%%% %ég%¥ggﬁ%g?ﬁa?f?%g%$§$%§§§§he gcreeksassenbly 16
f FLG 13 jnpcl the fl trol ti 2 i ch
funciYenEiablen ‘Ho8 SoFatany s rPhsdoeothe Pl b S
shubsll @f £ SE1bWMdof 2t R df Bh 5@ ZLdUEES PROUETOHW Ofa®éage 26. In

undesired fluids. The I1CD includes the flow restrictor
thps DERRAT cobfd HEOW ¢emErobrievtee HHPerIfeT R

v& 1D t JNen QPR D1DSe 4o COWL B @4 BDy SREYEc@Sthd M ow area
restrictors if so designed.
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
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 fluids. The ICD
includes the flow restrictor 40, which could be a tube,
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
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
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This exanple of the screen assenbly 16 is simlar in
sone respects to those enbodi nents descri bed above

W@ e00g/o796the enbodi ments of FIGS. 2 & 3 ) whi chP@r/esmns/087318
reverse flow of fluid through the screen assenbly.
However, the flow control deypce 30 of the FIG 13
enbodi nent includes a hydraulic actuator 88 for
sel ectively opening and cl osing aval ve 92 to thereby

v&PPLT 9 £ oy Of %%uégn@PglpffH@n$flPgﬁi@faﬁ ubfoydhe 10ss

actuator 88 inc es a piston 90 whi di spl aces i n
of efpeide tDha aresstwre 88 fircbadéal abeiskeen 90tehhch
dfgagggég gé’rgg' H@g galve Pgségglu fffgrgﬂgfgfebéﬁ% en
Wt Seal Tng SR T aces 100 For sea?ing y ‘enigaging seatrs
idO2rndthechsmiesssir @4 j nN9é he ThanmbeIvO49suificTthd@ds |y closure

xceeds pressure in the ¢ er 96 (due.to a pressure
9§r‘63pt1& h? oUGHY RV F 3587 e%&??g%rs%é%n%}é %?%%)W‘@oseats

10¢l1 displace in a direction pulling the closure 98
and sealing surfaces 100 away fromthe seats 102,

t herghyn PSFE3EG100i A | ONe ObhdhSef | 94 ds2fs { b OnEly tdeceeds

flow control portion 22. However, if pressure in the
PEp2PRee DB the fehember yextdeestpraspRigasyye theop through

4 | . . _
LHVEr b 1100 Condh 1o, Ctheb o eren boru |14 leeg in
dbresthgnfoutking dheptbosutded 8| asdrec®dBiegdssedhcay 100

surfaces 100 into e genent with the seats_102 t
YAk BEST ShIE BF9C7 hh0A 1 onne THeY 1P Ebht 191 T HAUi ok e
f ay/d be4 "tlesetigh t 6haghl dw pesmttol | pwrbyor ezi2ici Ngowever, if

ressure.in the fl ow passage 26 relative to pressure )
Pgﬁs%%e ex’t e‘f]il%rc%?m]?‘ﬁg 26 r eeht Leterbly %C,e?ﬁ%rl%]b‘?yssure 1n

thdCieambas dhe psegsuig wbfiwsenisal typpraihg chagbesverse
94 to the chanber 96. This will cause the piston 90 to

fexereondbibeR hg #or cRivkor he0 cvbblrexest ande Hrsprackorce to
S|EELFLEUEE BIayals o S8 5\l BAEDY) BP0
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
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

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
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
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The flow control portion 22 of the FIG 13 enbodi nent

al so includes a water excluder device 104 and a gas
wez@voaest2 devi ce 106. The water excl uder devi cEC1/082008/087318

preferably includes nmultiple spherical bodies 108

whi ch are neutrally buoyant p water, so that when

wat er i s produced through the flow control portion 22,

the bodies float in the water and engage the openi ngs

eﬁglﬁ&bf¢95§u?éi%ﬁh§fO@ﬁgi@§§?ﬁnd %%?ﬁ nyf&i df4 includes a

production o e water. e f 24 1 ncludes a
gyeabeerppoppot idnnobf waleeer , ppoYueessveky ymone cobf thée

oogﬁfﬁn s4§2 ar e, éog dog%f. The gas excl uder device
B p?efera%¥y f et uded nul ti pl e spherical bodies 110

whi | h i t hat ) i
e et ERehIORE aeTTes bao tPrgt 8ty L Behidss
miil o8p1ONsploPr DEal Neod@ids ando exigbgie dhe DESHi AGSsd2than oil,

cl ose off the openings_and_thereby exclude production
SOfthak EaRD 9asth Predyced E%‘P‘é‘i}i/%st%e gt ehitey portion 22,

tIRE OPOAL1EONE DaaSn PEPISLSEhY Y1 MBRE Shgidhe ORENbPESings
42 are closed off. The water and gas exc?uder devices

42020 abeseegfbethe nprenrings amyd othereke eeekidecproduction

oh e 8" PRt ars 2T EaB AR 19 adbeh T g ton
ocfAugaist RiogRe96ivadhe rote ref dilbel osemisgsf4 hase pateskd

of@d t hese applications are incorporated herein by this
ference. O course, other types of water and/or gas

excl uder devices.may be used in keeping wth e

or i e TR T crr i heg T s oo il (1 0hdray be
sTiM &P £ Gnitdof ariebderdasdeipad eigomss [ usat ot ofiol he

screen assenbly 16 is. representativel | ustr at ed.

i ;
77HeS 569 @ePn@s3Ribt 210D nePTtRE R f TS ThRES of iled
FOOFLARY 22 MO ENAYNEL) 986085 AMEEThuphsVerts 20669 The
oss fromthe tubular string 12 and al So
entire disclosures of this patent and these applications are
incorporated herein by this reference. O0Of course, other
types of water and/or gas excluder devices may be used in

keeping with the principles of the invention.

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
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
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.
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reduces production of undesired fluids. The I CD has

two flow restrictors 40. This exanple of the screen
wa@g@emttdey2 16 is simlar in many respects to theCT/US2008/087318

enbodi nrent of FIG 13, except that the actuator 88 and

val ve 92 are sonewhat differgmtly configured. In the

enbodi nrent of FIG 14, a nuch larger flow area through

the valve 92 is provided, and the piston 90 of the

C 8 r LEf ntial;pls a
TACIH OLoR GRfy Bohd GRin bl LERELELIRL M oRe R L apd
seaht 10D2ane cusg@din nthdevabveedd2. Referring
additionally nowto FIG 15, another alternate
conskefiet romg oddd heicra by aswend| YIA6 15, another
epresentatively jllustrated. This exanpl.e, of.the
o L PR Sent o a bl ot ol e STTETR o T SUSERL L6 (15 ¢ he
repboshreat ivél ¥ G 1ddtrexsept thog ék@mplé usf Othe screen
chanber 96 s directly,eﬁﬁgsed to éressure in the
a?%?@?*%r1§lb%/%%%%%©% 2B NIAY ahedh %?%th1%heT?EP°dlment of

rEQanper SfcéstfonaedeRet yeenat e bnakbeRdss 114, qldéet1y
wi th the opening 112 providing direct communication
eXReSR@nt e herepanber ianthe hentebiphabkager@ssagnusd Yhe an
oggﬁ 0{1$8 is nore directly responsive to the
ressure differential between the flow passage 26 and

t he erq e. Sc
the THECTRalREL 4915 LSHeA et dn By oo PRRELES 1Ps,
la6idiviohathy opening Fl R dfovidimy dltechatemmunication
construction of the screen senbl 16
b RHPER chb G TRATSET | Fokt FAT eHLOHP RS S3ARpT & of TRHR: the
asEli£EHr ass D jodé dbre¢vly aredPoi@iNe IS PeEd Sptdsinee
enbodi nent_of FIG 15, except that the actuator .
d%ﬁ%ﬂﬁ%@tg%li%eﬁ%$e%x5%%eﬁl@% B?%%%%?ez§na$%eth%t%%?%ﬁl°r of

thé 0¥ PESS A8 & 1 U16i§si8§$§§9e&X985€ﬁetéhﬁ%&@ﬁé%@%i@f
aGélnf31381§xten Ing to a renote
FIGS. .

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
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.

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
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.
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| ocation. Thus, pressure delivered via the line 118

may be used to regul ate the operation of the valve 92
whowarysing the pressure differential between PEEUS2008/087318

chanbers 94, 96. Specifically, the valve 92 nmay be

cl osed by applying increasedapressure to the |ine 118,

t hereby causing the actuator 88 to displace the piston

98 and cl ose the valve 92. Reduced pressure nmay be

appl 4 t 8 I

TR A o e i A R D
ilarthcasaJat cmt a o¢oﬂ1tn@l hihe t haend | blee nhyndemppshe i pmteutloned

tern ern r thin_a_ side | pf the tub | ar
ln erna rn"f‘ ﬂ#%@ ex%en%l"v\,\ﬂ g%urface oy or

stﬁlla@other Tmolfnéormlmmylmtéuedweblthéu@thtrﬁacép @r to
nmodule. . In this nner,. the fl ow

unp or_contro
arg%*?%e@ TRERT R el R8P Y™ bR ot ARt r eRBERI §5 t 1P cOrRYBP OF

cdhoreDfmbde1é| Ui th 2¢n 1 Hreseiet NecB&T EEOw aSSRERGY dévice 30
It may now be fully appreci ated that the f or egoi ng.

myet e | @ReErsed | HRMOwe pY ove d‘é%n‘ﬁﬁh}y BHowreEnehe st1wid hed
tﬁf+? Eoﬁhgxggpégn %ggéﬁg _specification provides a

screen assenbly 16 “includes a filter

porti@ﬂg%ym% élfgiiygaéé églg€Eda9ga Eﬂ@mﬁgféééf%g

devi ce ich varies a S| st ance to
détai be@4déescr Bsponis eprcmvadeﬁam@lay [ atdw&ﬂlwnelyt@f inhehe art.
ncl u

POkl SRem LS e EPORERL ARELLE SR TR hBSUINS P g1t

s&éﬁa &sSerid)y Thewhiow Loaludes deviLetSd payt lesr 2astor
flow area in response to an increase_in the_ velocity

fbtt?ﬁ%n$lEtﬂlé4z4ﬁh%n¢I%mf%%%t?%mtﬂ%%lé%vg%en%g which

vAPLELASCréHEs £ £8ESTEHCLIOR & OVhé NFT@BRONEEIk Ordfbonse to a
increase in density of the fluid 24 (such as in the

chapgei Hentelesivy a3t thai1fluidhe | ow

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.

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.

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
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
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control device 30 may increase the resistance to flow
in response to an increase in velocity of the fluid

wQ20090Mes12nel | screen assenbly 16 may incl ude OPET/082008/087318

nore flow restrictors 40 interconnected upstream
and/ or downstream of the flLowcontrol device 30. The
wel | screen assenbly 16 may include nultiple flow
control devices 30, and an inhibitor device 74 which

PcB SV yl?{l@:[l]f) %efP&HSé’oRE]chfedéJzP&\égoﬁ‘érf’fom
de t he

I ces as re o | ow contr devi ces respond to
Cl©@ln@am@eamnlw@t©@$ngomumh@rf¢ﬁ|Uhe4fldme0®m¢wmﬂtd¢v10es
evice 74 mayprogressively inhibit the flow contro
eV tes 30 fron1cIOS|ng as an |ncrea5|ng nunber of the

flo ontrol Vi,ces cj pose. rovi ded wel |

oy e od R 94 S8 o i L S Paey | Aef el [ o
eileSd shamee wievdkeihdluds anfllew rdsitshcdedsebsessa, 63

resistance to flow of the fluid 24 in response to

R et bf n ke sEPREPILCAPPI TRUA T TOMTR T Jf%wl%%a?]i?%nflum

24 Nen SEESPONSe MBY &£ OPPEASEe PnPRES SHE EmY B 3hbTied NErom a
pressure variation nmay conmprise an increase In a

rejpete ukecat ferr enthal stimwd as hay e¢¢1@pr3e%eaéh Rie2PPER
[
vBLADEONE! 78 B0, 858 b1 A1l | QYRS EELS LA Prcycase
imp@n§rémsmsep@hﬁéer@nth@lsfimml@B imber fdéowpat dn 68xtédior
y &af a flgx/regtr ftoL 40 whi ch re;tricts fl ow
ga PRe"F i ADACT 1HESFTRW r €81 st ance devi ce 63 may
I 66 Wwhi ch I t k th
oulss o Brdv Festatonte forlee S, hr uort Hhey (fyprise a

fI68pStRNECE, Je¥i WS, ofdnsBin i AESpsiesa e@eakevgtmulus
which closes the flowpath 64 in response to th

The i flewRathng0 mh@%km%ﬁehgpﬁ%% ?I%%ﬁ%tﬁe$ﬁr¥%%%5n§% yhich
réSLERSEs OF 140 Bt M #Buid 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
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
pressure differential to thereby selectively permit and
prevent flow of the fluid 24 through the valve 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,
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
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Al so provided are the well screen assenbly 16

enbodi nents which conprise a valve 92 including an
wa@edgaret2 88 having a piston 90 whi ch di spl aceBCT/NS2008/087318

response to a pressure differential to thereby

selectively permt and prevept f£low of the fluid 24

t hrough the valve 92. The well screen assenbly 16 nay

al so include a flow restrictor 40 which restricts flow

%Iltg&éé g?el@rgﬁéuéﬁ gifenentiglmbly b LE the
anber s

tween c on respective upstream and
w@bhms¢r@am1@$ﬂ@mbby lﬁelml@@LeQSLvecfledOcommmmlcatlon
fferent betme n_an i

essur e al n
wPERSRHE CeEl LLELRRH Rhn TR DomRE! RELC A0 | REIndL O may e
up@tﬁ@mnasseﬂbfyoﬂ6r@@drﬂ@t®ﬂt@0n@hl@han®@trﬂét@ff1@@ of the
[ reen assenbly 16 _in_sel ective fl
£ 'ﬂﬂ'ﬁlruﬂ: t:atf]b‘ﬁ WF‘F%S%H Ef%’Fe%Jr?]r o‘ﬂaiégb e TrRtYeRRrhatine
1P®a@b€én@ﬂn@ﬂﬂob§ ﬂ@ﬁéf@anb@itﬂoﬁ|@Mﬁrﬁﬁtih@éﬁﬁaﬂ{bhamber
which restricts flow of the fluid 24. The pressure

94 of ekt val 1 nagrern hesseahly 16 nbh 198lext bl FHuid a
94 of the well
cSRMRh A 0S| I‘tﬁ‘nE'hémfiF{ I“@J) ﬁ@l}:{"g 0 e we

screen assenb y 16 in se connunlcatlon

W' t hrﬁé‘ewéjritgéré’é’ﬁtéé’é‘eﬁﬁm ol 'lﬁé%ﬁé‘ \Aﬁi i

may i nclude a water exc ice
exqu@65|@@VyceeS®4|whschl:wwnéa$hmgi?utdsﬂni@3saflow of the

roportion of water.in the fluid increas . The wel |
eRiPR oA RE R yBREErAgh |0 dabth LACHESSFTud Thdfedses.
THOGva] Chctdet cassagbyy restmagt Sn¢lade od e éﬂ:@it@ﬁéﬁ
as.a proportion of ggs in the fluid increases,

dgetge st eerh Ll ehFyeasl HadY | Fed thec iyt Je‘%‘&l%%e‘fhe fluid 24

adleyi seodOftidNCoyEE {RCERASENG Y Dhosksséd OW Plie afe11
undesired portion of the fluid 24 as the undesi r ed

spieen ons s basks mandircipdey arstexetedendenied 104, 106
Wﬂﬁé*riﬁéfeééﬁyﬁfy ﬁf@bﬂéufﬁog fcgn09¢é?§iréﬁ 6f%&bn of
SKI art retu

led In woul d, upon a ca consi deration
tho¢ fh@l®b3¢eaﬁ€Sh$l@Md@mlnéd 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
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
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

equivalents.
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representative enbodi nents of the invention, readily
appreci ate that many nodifications, additions,

wa@adpsrdeut i ons, del eti ons, and ot her changes negT/b82008/087318

made to these specific enbodi nents, and such changes
are wthin the scope of the pginciples of the present

i nvention. Accordingly, the foregoing detailed
description is to be clearly understood as being given
by way of illustration and exanple only, the spirit
and scope of the present invention being limted

ZZL?@ g%%%h@&ﬁﬁﬁﬁgdngfkgbrfsan? Fhilaell screen
assefrb| y C&&f{'é&f‘&en a%é%}ék\?/:!:%go%ﬂlﬁﬁléfﬁ filtering

fluid ow contro varrtes a

resi st an to fl MIOf the_f i n nse
changegljir':}tee I%Pr VoL f?ﬁef%* erln £f%£e é screen
assenb wher OMICOHtrO| devi c

n the
cond YoV, C%’?la%i Q}é%h%%ke%%eva%lesT%erﬁmt%%?%e*ﬁo £low
ofissleabt yudd Lh ar@sdonsahes eh nchanegé | Div eondE Dty def i €ige
decreases a f| oW ar ea In response to an Increase In
£3¢dvel ocity of the fluid. 4 . The well screen

assenbly of claiml wherein the flow control device
|ncr%asesT?%éW?%%|%?%%%% 5¢mlv i of rekpbhsks teheFein the

£1 56T EGSErbT @@@ﬁééyCéﬁp£D§é§|&'&%15b1t§76h¥@i|véf&@en
assembly of claim1 , wherein the flow control device

' ncrfaseSTﬁQew%ff'ééﬁé%ﬁ %é’s%&]@ﬂ‘%'é‘f@f&ﬁﬂsf tPhé&Pein the
increase in velocity o . The wel | "screen
ficeecrphyrol d¢wniee 1decr@a$¢n@racbh@w|@re@ b fesponsmeto an

iﬁé? gsiﬁlgﬁgrvé agrgfcéﬁg f# gast one of

ups FRam And downs SW tontrol device.
4. The well screen assembly of claim 1, wherein the
flow control device increases the resistance to flow in

response to an increase in density of the fluid.

5. The well screen assembly of claim 1, wherein the
flow control device increases the resistance to flow in

response to an increase in velocity of the fluid.

6. The well screen assembly of claim 1, further
comprising at least one flow restrictor interconnected at
least one of upstream and downstream of the flow control

device.

7. The well screen assembly of claim 1, further
comprising multiple ones of the flow control device, and an
inhibitor device which 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.

8. The well screen assembly of claim 1, further
comprising multiple ones of the flow control device, and an

inhibitor device which progressively inhibits the flow



7 . The well screen assenbly of claiml1l , further
conprising nultiple ones of the flow control device,
wa@p@ameinhi bi t or devi ce whi ch progressively vPe€T/8S2088/087318
response of the flow control devices as nore of the
fl ow control devices respondzto_the change in velocity
of the fluid. 8 . The well screen assenbly of claiml
, further conprising multiple ones of the flow control
™ . Dhi bi . device . :
B ey e b or i S et HECr S S GoraseY of eve
floereastngl ndepecesfcidbeef| ow control devices close. 9
. A well screen assenbly, conprising: a filter portion
for 9iltekiwmglilsedeeranalssenbbyy resnstanteg devi ce
whi ch decreases a resistance to flow of the fluid in
r espongtl ter apqreieth ef oxr neill sét imd; uSlajpd} | @addf rom a
renote | ocation. 10. The well screen assenbly of claim
5 9 , ahelewnrédessindell devieaprhtels dePressels ea resistance
varjatiop. 11. _The well screen assenbl f_claim]0, .
CRRERSY 1OF %, ELLER ot aF SSROOTE ol | BRR TS AT hE gt imulus
apPlEedr E6SHI & Hbhdes endéatidhiom an interior to an
exterior of the well screen assenbly. 12. The well
scregf), aspRE¥1 Pf st &M Sssebey b ¢1gih! OW wherein the
resi stance device conprises a flowpath which opens in
S HBPHHRS cCOMPY heest @ nRf e8Sung, varkahwePR- screen assenbly
of claim 12, wherein flowath bypasses a flow
10 resttlct cFhehvehl recreertassemplnfof helaimi 0, 1whempen the
pRELLuSET PEP; ASEEIDLYmOL 5 CLAT I 120 WELE! My (D {LOMre
resi stance device further conprises a plug C
dif Sptracesal of ool aekinber fdowpat én | extesponsef tithe eell
stinmulus .
sCreen assembly.
12. The well screen assembly of claim 9, wherein the
15 flow resistance device comprises a flowpath which opens in

response to the stimulus.

13. The well screen assembly of claim 12, wherein
flowpath bypasses a flow restrictor which restricts flow of

the fluid.

20 14. The well screen assembly of claim 12, wherein the
flow resistance device further comprises a plug which
displaces to unblock the flowpath in response to the

stimulus.

15. The well screen assembly of claim 12, wherein the
25 flow resistance device further comprises a check valve which
closes the flowpath in response to the stimulus, and which

opens the flowpath in response to release of the stimulus.
16. A well screen assembly, comprising:

a filter portion for filtering fluid; and
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15. The well screen assenbly of claim 12, wherein the
fl ow resistance device further conprises a check val ve

wokiel7sinses the fl owpath in response to the BCT/IBL008087318

and which opens the flowpath in response to rel ease of
the stinmulus. 16. A well scrggn_assenbly, conprising:

a filter portion for filtering fluid; anda val ve

i ncludi ng an actuator having a piston which displaces

I N T2SPONSE |0 Rudl & S&ﬁea9t6£€§fnﬁé@ n%oat§?§€ which
selectively permt and prevent oW 0 he ul
dispbagds t he vespensd 7to Thepnessuseredehfassenbil o thereby
claim16. further comprising a.flow pestrigctor i ch
LS PGEr ST P S Jelofikt ine ' £EPLanfhebugn ene
vabsenbly of claim 17, wherein the pressure
differential is between chanbers on respective

upstrepam ane WOINSEE Ledh Sheesmely tbe ¢1oimr e6) rfet ier

19. The well _screen assenbly of claim 16, wherein the
COPRELEHRI o f FEPENTPAFr 1St Pt WRERD aFe$ hhErt e | blPpaekaRe
fexignding longitudinally through the well screen

assenbly and an internal chanmber of the well screen

assefply tie SREELLs¥Fedh U&Q?W%F%igﬂnv\ﬁb Jélli'(lgrein the

filter portion. 20. The well screen assenbly of clarm

pugsswherel if e pent habr hal betwederchamppss reanrespectivw

ué\%ﬁé&%t 2hd "‘é‘é&r‘i‘%fééﬂ é% %% lmcS’ﬁ’ Ohe L PPL lnf"%%trgé‘tor-r he

Screen assenbly o 6, Wher el € préssure

di fferent i e a_lli t epding. to r .
Ioca??bn %ﬁ% %%lfn%%fﬁg? %%% ef%o$9t%£§ﬁél}éééﬁggﬁgln the
pesssubd ydi fif sedeeciaVei $ | bethveanmanmi Cahéonf Wdw hpddeage

filter portion. 22. The Il screen assenbly of clai
exgetdind rlonbmdfae TV L ieeedt (8T T T iactedh i Sy
ahdCad€ashf@¥al chamber of the well screen assembly in

selective fluid communication with the filter portion.

20. The well screen assembly of claim 19, wherein the
internal chamber is upstream of a flow restrictor which

restricts flow of the fluid.

21. The well screen assembly of claim 16, wherein the
pressure differential is between a line extending to a
remote location and an internal chamber of the well screen
assembly in selective fluid communication with the filter

portion.

22. The well screen assembly of claim 16, further
comprising a water excluder device which increasingly
restricts flow of the fluid as a proportion of water in the

fluid increases.

23. The well screen assembly of claim 16, further
comprising a gas excluder device which increasingly
restricts flow of the fluid as a proportion of gas in the

fluid increases.



restricts flow of the fluid as a proportion of water
in the fluid increases. 23. The well screen assenbly
w@btooglozgem2 16, further conprising a gas excl udePCTiEs100€087318
whi ch increasingly restricts flow of the fluid as a
proportion of gas in the fLupg Lncreases.24. The wel |
screen assenbly of claim 16, further conprising an
excl uder devi ce which increasingly blocks flow of an
unde§4redTﬂ8r&éPf §%régﬁ %%é@ﬁb 5Pecygﬂﬁsiéedfurther
portion increases, and ow restricior which
ComtiI$LNG amo@x©1udae d$mleb 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.



