1 | NFLOW CONTROL DEVI CES FOR SAND CONTRCOL SCREENS The present
invention relates generally to equipnent utilized and operations
performed in conjunction with subterranean wells and, in an

enbodi ment described herein, nore particularly 5 provides inflow
control devices for sand control screens. Certain well
installations benefit fromhaving a flow restriction device in a well
screen. For exanple, such flow restriction devices have been useful
in preventing water coning, balancing productlon fromlong horizontal
intervals, etc. These flow restrictionldevices are sonetines referred
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Therefore, it may be seen that improvements are needed in the art of well screens having

inflow control devices. It is among the objects of the present invention to provide such
20 improvements.

In carrying out the principles of the present invention, a well screen and associated
inflow control device is provided which solves at least one problem in the art. One example is
described below in which the inflow control device includes a flow restrictor which is
conveniently accessible just prior to installing the screen. Another example is described below

25 in which multiple flow restrictors are configured and positioned to provide enhanced flow
restrictioﬁ.

In one aspect of the invention, a well screen is provided which includes a filter portion.
At least two flow restrictors are configured in series, so that fluid which flows through the filter

portion must flow through each of the flow restrictors.



2 I n anot her aspect of the invention, the well screen includes
at least two tubular flow restrictors configured in series. The fl ow
restrictors are positioned so that fluid which flows through the
filter portion nust reverse direction at |east twice to fl ow between
the flowrestrictors. 5l n another aspect of the invention, a nethod
of installing a well screen includes the steps of: providing the well
screen including a filter portion and an inflow control device with
at | east one flow restrictor which res%ricts flow of fluid through
the filter portion; and accessing the flow restrictor by renoving a
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cross- sect i orPgfergncs s v adedo thegeepmpanying Eawigas i Weith:on of the inflow
contrgh '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 cross-sectional view of a well screen which may be used in
the system of FIG. 1, the well screen including an inflow control device embodying principles of
the present invention, |

15 FIG. 3 is a further enlarged scale cross-sectional view of a first alternate construction of
the inflow control device;

FIG. 4 is a cross-sectional view of the inflow control device, taken along line 4-4 of FIG.
35

FIG. 5 is a cross-sectional view of a second alternate construction of the inflow control

20 device;

FIG. 6 is a cross-sectional view of a third alternate construction of the inflow controf
device;

FIG. 7 is a cross-sectional view of a fourth alternate construction of the inflow control
device;

25 FIG. 8 is a cross-sectional view of a fifth alternate construction of the inflow control
device;

FIG. 9 is a cross-sectional view of the inflow control device, taken along line 9-9 of FIG.
8;

FIG. 10 is a cross-sectional view of a sixth alternate construction of the inflow control

30 device, with the inflow control device being accessed;



devi ce;

25FIG 8 is a cross-sectional viewof a fifth alternate

construction of the inflow control device; FIG 9 is a
cross-sectional view of the inflow control device, taken along |ine
9-9 of FIG 8; FIG 10 is a cross-sectional view of a sixth alternate
construction of the inflow control 30 device, with the infl ow control
devi ce being accessed; 3 FIG 11 is a cross-sectional view of
the sixth alternate construction of the inflow control device, with
the inflow control device being fully installed; FIG 12 is a
cross-sectional view of a seventh al te?’nate construction of the
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device;

FIG. 13 is a cross-sectional view of an eighth alternate construction of the inflow control
device; and

FIG. 14 is a cross-sectional view of a ninth alternate construction of the inflow control
device. .

It is to be understood that the various embodiments of the present invention described
herein may. be utilized in various orientations, such as inclined, inverted, horizontal, vertical,
etc., and in various configurations, without departing from the principles of the present
invention. The embodiments are described merely as examples of useful applications of the.
principles of the invention, which is not limited to any specific details of these embodiments.

In the following description of the representative embodiments of the invention,

directional terms, such as “above”, “below”, “upper”, “lower”, etc., are used for convenience in

LI 1 L {3

upper”,
terms refer to a direction toward the earth’s surface along a welibore, and “below”, “lower”,

referring to the accompanying drawings. In general, “above”, upward” and similar
“downward” and similar terms refer to a direction away from the earth’s surface along the .
wellbore.

Representatively illustrated in FIG. 1 is a well system 10 which embodies principles of
the present invention. A production tubing string 12 is installed in a wellbore 14 of a well. The
tubing string 12 includes multiple well screens 16 positioned in an uncased generally horizontal
portion of the wellbore 14.

One or more of the well screens 16 may be positioned in an isolated portion of the
wellbore 14, for example, between packers 18 set in the wellbore. In addition, or alternatively,
many of the well screens 16 could be positioned in a long, continuous portion of the wellbore 14,
without packers isolating the wellbore between the screens.

Gravel packs could be provided about any or all of the well screens 16, if desired. A
variety of additional well equipment (such as valves, sensors, pumps, control and actoation

devices, etc.) could also be provided in the well system 10.



device. It is to be understood that the various enbodi ments of the
present invention described 10 herein may be utilized in various
orientations, such as inclined, inverted, horizontal, vertical, etc.,
and in various configurations, w thout departing fromthe principles
of the present - invention. The enbodi nents are described nmerely as
exanpl es of useful applications of the principles of the invention,
which is not limted to any specific details of these enbodinents. In
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princi pl g8 p@kibleNe kbapuRRtithQRe principles of the invention. For example, the flow passage could
be external to the filter portion, in an outer shroud of the screen 16, etc.
The inflow control device 34 includes one or more flow restrictors 40 (only one of which
is visible in FIG. 2) to restrict inward flow through the screen 16 (i.e., between the filter portion
25 26 and the flow passage 42). As depicted in FIG. 2, the flow restrictor 40 is in the shape of an
elongated tube. A length, inner diameter and other characteristics of the tube may be varied to
thereby vary the restriction to flow of the fluid 32 through the tube.
Although the inflow control device 34 is described herein as being used to restrict flow of
fluid from the filter portion 26 to the flow passage 42, {t will be appreciated that other

30 configurations are possible in keeping with the principies of the invention. For example, if the



10A fluid 32 flows inwardly through a filter portion 26 of the screen
16. The filter portion 26 is depicted in FIG 2 as being nmade up of
wWre waps, but other types of filter material (such as nesh,

sintered material, pre-packed granular material, etc.) may be used in
other enbodiments. The fluid 32 enters an annul ar space 28 between
the filter portion 26 and a tubul ar base 15 pipe 90 of the screen 14.
The fluid 32 then passes through an inflow control device 34, and
into a fl ow passage 42 extending longifudinally through the screen
16. When interconnected in the tubing tring 12 in the well system 10

Chrough L PRABI SRR REHE ftfunshish B1Ehn o o B RRP S BR
[ Ergl Gh ﬁ}%ﬁ?ﬂf?hmﬁowpﬁszdge;agﬁlamtmﬂ&a eg@aext e(r:1I(j| ng i [1':1:[ ngl |y

cont 1 qur at  orieeeRiRed) B3 e ou e g R s b o n G et

} In}/ ;a gﬁ [ 821?){ botised xaprpdies a tdaictibipy floaswidgeis @opmaﬂbnbe) tﬁattpecrdnaéd E_\,thdﬂﬁice or

in an puter shroud, of the-scree
1t | oweBtrela e e o ags (3R s T SR H 88t tssagigg the
(only ongndfer diaier fodsa ¢ Slhlaliﬁtlbrﬂ tHelciatended 6@t TR thbd cabiBd@nPlerbbioto be
t hrough t he screen 16 §¥%a@etmeen the filter portion 25 26 and the

f1ow pasdiggeutadgver ﬂ%ar%Féﬁ‘P' fnFleveuer, on onifice of peRriercould e aipRskin plce af 4 n

t he shapﬁ]bgforgﬁfﬁ,lwo[@gg&ma Hesired | engt h, inner dianeter and ot her
characterlstlcs of the tube may be varied to thereg'%;a vary the

restriction t'8abeesiiciet featyee of theisgregplé asdepigiad inddGe Uiee flow TGSU‘NOF ASisgh
the inpl &%s@ﬁf&t\ﬁ@in @eﬁhg,@o ﬁémbéqu‘ﬁ%ﬁ& WResh behehRoR oA egw;;wi ug
ow passage

restrict flow of rom-t |ter portion 26 to the f

42, it V\Mllsswftaﬂp;ﬂ@cﬁ @@Mﬁ%mm%ﬁegmmn gurations are possible
I n_keeping wi \Qulltﬂ%;(: eLiRel @a@ﬁeﬁﬁemﬁ@%'xﬂﬁ%@ﬁd 981 27 th@ﬁﬁﬂ%'c@ntrdl dﬁ

5 fl ow passage I's external I'ter portion 26, he 1n
control Hempridesouyediontasesss tothe flowrastictar d at #jobsitet Mikes thswsplarosdigienst o

the filt ri %?feh' Ptgiuct?otnt%ﬁrameter ar%\aﬁld%ﬁ@eéﬁ%ﬁia{e 01‘5‘?‘%%%?%5%&@2% gé){e(l)ekgg

flow res inn
produdé @.g.éstingat appmptlmte ﬁrinewimmtexhlengh enﬁwtbnalc@&cttrhticmmrqﬂuodmdaiied)y

e o SRR Bheot e ol TR U EERT LR IR s iBpate”
passage. ogeningddi tion, t he extended | ength of the tube causes any
Cr 0810 L0 05l Shl P88 o B s B s
restri ctas. n,beipfovitiz8 to ®cure and seal the flow restrictor. The plug 44 is then installed in the
20 opening 20 using appropriate threads, seals, etc. Note that any manner of sealing and securing
the flow restrictor 40 and plug 44 may be ﬁsed in keeping with the principles of the invention.
Referring additionally now to FIG. 3, an enlarged scale schematic cross-sectional view of
an alternate construction of the inflow control device 34 is representatively illustrated. The
inflow control device 34 as depicted in FIG. 3 may be used in the well screen 16, or it may be
25 used in other well screens in keeping with the principles of the invention.
The inflow control device 34 includes multiple flow restrictors 24, 30 configured in
series. The flow restrictors 24, 30 are in the shape of elongated tubes, similar to the flow
restrictor 40 described above. However, in the embodiment of FIG. 3, the flow restrictors 24, 30
are positioned so that the fluid 32 must change direction twice in order to flow between the flow

30 restrictors.



In a beneficial feature of the screen 16 as depicted in FIG 2, the
flowrestrictor 40 is 10 accessible via an opening 20 fornmed in an
end wall 22 of the inflow control device 34. A plug 44 is shown in
FIG 2 blocking flow through the opening 20. It will be
appreci ated that the opening 20 in the end wall 22 of the inflow
control device 34 provides convenient access to the flow restrictor
40 at a jobsite. Wien the well conditions and desired production
parameters are known, the appropriate flow restrictor 40 may be
selected 15 (e. g , haV|ng an approprlape i nner dianeter, |ength and

ot her char act tics i.red fi w I 0

pressure drodg Ie] Cfoﬁ%feﬁ (F’)’éigwia‘ﬁ of ﬁ‘S‘eff?%‘i‘%S’W“@o“ﬁY‘F agbﬁs%%te‘gfcﬁlﬁr%u%e
t he openicivgs-@btional view Tofa Psitiah bf thl inflohvaontrd Slevibeddas iZi0wer “ulelled)? l.ow
control i,ce 34 ropriate thr seal.s, etc. nmay be provided
to securgﬁgr"d{d %Qﬁmﬁ*ﬁgﬂt‘ﬁf‘%ﬁ)ﬁf’@&?v. E'?'Sffossﬁ?&“?ﬂ ug 44 is then installed
in the 20 Opemmgvaﬂw mshiggxeapmmaﬁ thaElewtrEHtMSM ,38aleSirrafied.in mvaib@M
any nanner i and securjng the wre ictor 40 a u 4
Do e ot PRt ShrER CITHon ek O BB S e TP Fesvorion 2% 20 aidend
Ref.er ri neh@4lehintrhlQRahbat 30.0BndsB8 3BT tid fleWreSibRfs2a B (S ang S 6pRERd | C
cross-sectional view of an alternate constructiaon of the inflow

control dketiens, au (hellow peiistonyoyerlandpigrally, sgdhat Be 8yid S2ieiorssr it Fvesnt r ol

devi ce Bf}wﬁoma%ggmﬂgb%nﬁ,emwr@@rm&@d in the well screen 16, or
it may be 25 used in other well screens in keeping with the

princi pl es offreméhs anvelatspens 28, the fluia fows insovthe Sawrrestrichery P8 whiph are
i ncl udgs jRulidd :Hla%ufkh&\ﬂ% eahy }n%&r%ro‘f‘s ﬁng A seaﬁp%% et Jbﬁ'mst@xrs 38%y th,Ihe

flowrestrictors 24 are” In the shape of ngat ed tubes, simlar

to the fbdiicedds miﬂbb‘%)llSﬁdLOThféE&Y teplEigtorFEvestriotihndpwrof therfluiha2, sathatie ment
of FIG ﬁresshﬁedréﬁ Yl &tvéén%é’érﬁm?aﬁ a@é)zs%‘a gg&;&h&b&gp&d so that the

fluid 32 ange |rect|ontvv| eln or ow bet ween t he
fl ow 30 rest rTr@u:msere digp between thagtrinker speeoeiandalt dhambdr 30ineay befadjubted by

I nfl ow Cg{}# 'ﬁ% davb& S ﬁ‘é av al"k%l]é#@‘% gﬁk%grirlgﬁlég #%rld%me?épq%nlgg} and other

Cr oss-sec VIiew 1S OW con evi ce 34
as i.f 16t chaeacteristisn pHihke ﬁdw'festric@rs, r&ﬂa@ingﬁh desaianmhlvea: uﬁlheﬂewtrésaﬂxctors with

devel opmgnt  of . the cross ti [

he 1 | owPies (Pl RE pEhS% 1360 B0 reqorbyn i o 1B Btk i
t he fl ui di &2hd hove leamnigersdi.¢.cthércionlcamnyg mwommtakge opaauy in Theebulitiewd 46), ete.
restrict

oo By G550 b GBS BB e

fl ow restiset @i acgicaverl ap laterally, so that the flui d 32 is forced to

rever %8 dir eclllic%%wtr\els\gtggors B4 fSO?nvgy%% cgr(xa\}e}lx\rgnti} afccr:]e%sed an insta é ér%r%crwsed by
removing an outer housing 48 of the device 34 (see FIG. 3). A snap ring or other securement 50
may be used to provide convenient removal and installation of the outer housing 48, thereby
allowing the flow restrictors 24, 30 to be accessed at a jobsite. Alternatively, openings and plugs
(such as the opening 20 and plug 44 described above) could be provided in the end wall 22 for

25 access to the flow restrictors 24, 30.
After the fluid 32 flows out of the ends 43 of the flow restrictors 30, the fluid enters the

chamber 36. Since the ends 38, 43 of the flow restrictors 24, 30 overlap, the fluid 32 is forced to
reverse direction twice before entering the ends 38 of the flow restrictors 24. These abrupt

changes in direction cause turbulence in the flow of the fiuid 32 and result in a further pressure



From the annul ar space 28, the fluid 32 flows into the flow
restrictors 30 which are 10 installed in a bul khead 46. Any neans of
sealing and securing the flow restrictors 30 in the bul khead 46 may
be used. The flow restrictors 30 restrict the flow of the fluid 32,
so that a pressure drop results between the annul ar space 28 and the
chanber 36. The pressure drop between the annul ar space 28 and
the chanber 36 may be adjusted by varying the nunber of the flow
restrictors 30, varying the inner dianeter, |length and other 15
characteristics of the flow restrictorsg, replacing a certain nunber
of the flowrestrictors with plugs, replacing sonme or all of the flow
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and the ftWiR3pG8URemBn, After flow ng through the openings 56, a
further chan%; in direction is required for the fluid 32 to flow

t hrough the pefsdrgeaddipionafynew to Rt Retnofeealistnete capeyciion ofhrdipflew cemrol
bet ween §hRe SDATDREser2RRA11hRG1eAAFRERT0d Sontrol device 34 as depicted in FIG. 5 may
25 be used in the well screen 16, or it may be used in other well screens in keeping with the

- principles of the invention.

Instead of the tubular flow restrictors 24, 30 of FIGS. 3 & 4, the inflow control device 34
of FIG. 5 utilizes a series of flow restrictors 58, 60, 62 in bulkheads 46, 54, 64 separating the
annular space 28 and chambers 52, 66, 68. The flow restrictors 58, 60, 62 are in the form of

30 nozzles or orifices in the bulkheads 46, 54, 64. Although only one flow restrictor 58, 60, 62 is



15t will be readily appreciated by those skilled in the art that the
configuration of the inflow control device 34 as shown in FIGS. 3 & 4
and descri bed above provi des a desirable and adjustabl e total
pressure drop between the annul ar space 28 and the fl ow passage 42

wi thout requiring very snmall passages in orifices (although these
could be used if desired), and al so provides convenient access to the
flowrestrictors 24, 30 at a jobsite. Al though the flow 20
restrictors 24,30 have been descri bed %bove as being in the shape of
tubes, it should be understood that otRer types and conbi nati ons of

fl ow restrpj. r i i i i Ll f

nvent § ot i Gl DRGHBRR hRnSSE RS A, W b hdfbePORRLR % 2'ushd ' any
al t er nat ef tdeneatkhesds aappmpristh & proddce woreepdrkling ddgnred presBde dreps.
representatively.illustrated.. The inflow control device,34
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each of the _respective bul kheads 46, 54, 64, any nunber of orifices

may be uPERYiqef vahiGrent pharasterigifs sveh astibpRiIpIer diemeie: fit-bntbyeby allow a
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other characteristics of the flow restrictors 58, 60, 62 may al so_be
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sealed to egiealpﬁe%gg%g@i%&% , %h "the flow restrictors 58, 60,
62 ar el or medTnflaversairisiors Stebfh 62 s1ay beessesserlyy mmgvingthp puter bedingidgh

di fferent . |.St if i i r
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R e e L kL
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t he bu] khead), qr I may be installed in place of any aorifice (to

or oductd Sioteerdiar oSt ih 16 BE0uv e Pl B s ele of
bulkheads 46, 54, 64, Although the flow restrictors 58, 60, 62 are depicted in FIG. 5 as being
aligned longitudinally, they could instead be laterally offset from one another if desired to

produce additional turbulence in the fluid 32 and corresponding additional pressure drops.
Referring additionally now to FIG. 6, another alternate construction of the inflow control
25 device 34 is representatively illustrated. The inflow control device 34 as depicted in FIG. 6 may
be used in the well screen 16, or it may be used in other well screens in keeping with the
principles of the invention,
The inflow control device 34 of FIG. 6 differs in at least one substantial respect from the

inflow contro) device of FIG. 5, in that the orifice flow restrictor 60 is replaced by the tubular



15The flow restrictors 58, 60, 62 nmay be accessed by renoving the
outer housing 48. Alternatively, openings and plugs (such as the
openi ng 20 and plug 44 described above) may be provided in the end
wal | 22 to access the flowrestrictors 58, 60, 62. In this nmanner,
the flowrestrictors 58, 60, 62 nay be conveniently installed and

ot herwi se accessed at a jobsite. The flowrestrictors 58, 60, 62 are
configured in series, so that the fluid 32 nust flow 20 through each
of the orifices in succession. This produces a pressure drop across
each of the bul kheads 46, 54 64. Althd ugh the flom1restr|ctors 58,

60, 62 are delct as bein e Ion al |
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in FIG 6 as fiel gl 80esl|c0agbiel Aalelain gﬁgrxmffa?g%ﬁm bR fesdihed
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i |l ustisatetol cﬂmesm I ow control deV| ce 34 as depicted in 10 FIG 7
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20 restrictors 72, 74) and again changes direction in flowing from the chamber 76 and through the
passage 42 via the opening 56.

Turbulence and a corresponding pressure drop results from each of these changes in
direction of flow of the fluid 32. In addition, pressure drops are caused by the restrictions to
flow presented by the flow restrictors 58, 72, 74. The flow restrictors 58, 72, 74 are configured

25 in series, so that the fluid 32 must flow through each of the flow restrictors in succession.

Any number of the flow restrictors 58, 72, 74 may be used. Although the flow restrictors
72, 74 are depicted in FIG. 7 as being integrally formed in the manifold 70, the flow restrictors
could instead be formed in separate members installed in the manifold.

If the flow restrictors 72, 74 are formed on separate members, then they may be provided

30 with different characteristics (such as different inner diameters, etc.) to thereby allow a variety of



15 control device 34. In one unique feature of the inflow
control device 34 of FIG 7, the fluid 32 flows in.one direction
through the flowrestrictor 72 (fromthe chanber 68 to the chanber
52), and the fluid flows in art opposite direction through the flow
restrictor 74 (fromthe chanber 52 to the chanber 76). Furthernore,
the fluid 32 reverses direction in the chamber 52 (between the flow
20 restrictors 72, 74) and again changes direction in flow ng from
the chanber 76 and t hrough t he passage 42 via the opening 56.

Turbul ence and a correspondi ng pressuré drop reSults from each of

th h di f fl
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t he chanbers 52, 68 and t ngers 2, in succession.
addi ti on, (S@hwswopmngl(tﬁndpblgﬂﬁide&ccb@ abgve) Mhem\ﬁﬁlb@ | ef t out of the
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produce a reduce essure drop across the manif or a p ug nmay
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restrictor e donven y WS acc
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78 in relation to the flow restrictors 24 may be viewed more clearly in the cross-section of FIG.
9.
The configuration of FIGS. 8 & 9 provides many of the same benefits as the
20 configuration of FIGS. 3 & 4. The channels 78 create turbulence in the fluid 32 in the chamber
36 and thereby provide a corresponding pressure drop between the flow restrictors 58 and the
flow restrictors 24.
Referring additionally now ta FIG. 10, another alternate construction of the inflow
control device 34 is representatively illustrated. The inflow control device 34 of FIG. 10 may be
25 used in the well screen 16, or it may be used in other screens in keeping with the principles of
the invention.
The configuration of the inflow control device 34 as depicted in FIG. 10 differs from the
other configurations described above in at least one substantial respect, in that it includes a flow
restrictor 80 which is externally positioned in the device. That is, the flow restrictor 80 is not

30 contained within an outer housing or chamber of the inflow control device 34.



device 34 is representatively illustrated. The inflow control device
34 as depicted in FIG 8 may be used in the well screen 16, or it may
be used in other well screens in keeping with The principles of the

i nvention. The inflow control device 34 of FIG 8 is simlar in nany
respects to the configuration of 15 FIGS. 3 & 4, but differs in at

| east one substantial respect in that it includes the flow
restrictors 58 and nultiple channels 78 in place of the flow
restrictors 30. The arrangenent of the channels 78 in relation to the
flow restrictors 24 may be viewed noreltlearly in the cross-section
of FIG 9. The configuration of FIGS. 8 & 9 provides many of the sane
benefits as t Hested, thoRew mstrigtor 8hisderne @sa tubulgr membep 82 tvh@ﬁ ifesealimgly and

create tyghyl, %ﬁerea%wehh@awls@fo%&eamat;@ﬁmgé;m hé.?@ s it HRSERM in FIG.
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illustrated in FIG, 10 aay e| ng ﬁlatached to _the bul khead 46 (for

exanpl e, BPHRBicaHRPerreer flgivnas3& Yppreci at ed that the
housi ng 86 angnidhidyesste, %eﬁgwmhﬂnaxﬂ&:ﬁ%ahémd Prod®Reen aﬁehctehaﬁcsqﬁ&er

arrangenents of 5 these el ements coul d be constructed, in keepi n
with the k3PWhdhsanreeopente tubsler mymperSapvith an appropriate iy restagtor 0 ﬁF@n %’ be
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so that a receivi ngb IEVI ce can be installed he recei ving, device
HoY

88 may baumsetafthedbylay “’teﬁ‘é’%@s@aﬂ%ﬁe‘b andothe flone rqﬁiéwtor 8@ maw ke Y&ied dichg
threads, 8808 Wchiiihgdh iffer FEAQS: RbisfdidfabREstRRfthe flow restrictor) to provide a
variety of restrictions to flow and pressure drops. The flow restrictor 80 may be formed in a
separate member which is then installed (for example, by threading)-in the tubular member 82.
20 . InFIG. 11, the tubular member 82 has been displaced upward, so that it is now sealingly
received in the bore 92 of the receiving device 88. A snap ring 96 is then received in a recess 98
formed on the tubular member 82 to maintain the member 82 in this position.
To remove the tubular member 82, the snap ring 96 may be withdrawn from the recess
98, and then the tubular member may be displaced downward in the bore 84 of the housing 86.
25 The receiving device 83 may then be detached from the base pipe 90 and the tubular member 82
may be withdrawn from the housing 86.
In use, the fluid 32 flows through the flow restrictor 80 in the tubular member 82, thereby
producing a pressure drop between the annular space 28 and the flow passage 42. If multiple
flow restrictors 80 are provided for in the inflow control device 34, then one or more of these

30 may be replaced by a plug (e.g., by providing a tubular member 82 without the flow restrictor 80



sealing the receiving device to the base pipe. 10The receiving device
88 has a bore 92 and a passage 94 forned therein. The bore 92 is for
sealingly receiving the tubular nenber 82 therein, and the passage 94
provi des fluid comuni cati on between the bore and the fl ow passage
42. Thus, at a jobsite, when the well conditions and desired
production characteristics are known, the appropriate tubular nenber
82 with an appropriate flowrestrictor 80 therein may be 15 inserted
into the housing 86, and then the device 88 nay be installed in the
base pi pe 90. Any nunber of the tubul al2nember 82 nay be used, and

the flow restrict,or be varied (for exa changi n
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the flowsesigttd)ctor 80 12 fornmed therein) if desired to provide
increased restriction to flow and a corr i i ncreased pressure
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i nfl ow control §§V| C ff:$4 iS representatively ustrated. The infl ow

control d¢8nkes 1ahangithe-flow pagsag g, Pplternatively, one or more of the members 106 may be
left out to thereby provide a relatively large opening between the chamber 102 and the flow

passage 42, and to thereby reduce the pressure drop.
The member 106 may be conveniently accessed by removing the housing assembly 104,

20 The housing assembly 104 may include multiple housing members 108, 110 with a compression
seal 112 between the housing members. When the housing assembly 104 is installed after
accessing or installing the flow restrictor 100, the housing members 108, 110 are drawn together
(for example, using threads, etc.) to thereby compress the seal 112 between the housing members
and seal between the housing assembly and the base pipe 90.

25 Referring additionally now to FIG. 13, another alternate construction of the inflow
control device 34 is representatively illustrated. The inflow conirol device 34 of FIG. 13 may be
used in the well screen 16, or it may be used in other screens in keeping with the principles of
the invention.

The inflow control device 34 as depicted in FIG. 13 is similar in many respects to the

30 inflow control device of FIG. 5. However, one substantial difference between these inflow



5 used in the well screen 16, or it nmay be used in other well screens
in keeping with the principles of the invention. The infl ow
control device 34 differs fromthe other inflow control devices
descri bed above in at |east one substantial respect, in that it
includes a flowrestrictor 100 which is installed in the base pipe
90. The flow restrictor 100 provides fluid comruni cati on between the
fl ow 10 passage 42 and a chanber 102 within a housing assenbly 104 of
the inflow control device 34. Any nunber of the flow
restrictors 100 may be provi ded. Each fi8ow restrictor 100 nay be
fornmed in a sgparate menber 106 installed in the base pip for
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o the SOSTYIFR i OFIFAN BISGEEbob I 36 B ey ST Lo B S AR 131
di fferggl%ntgﬁg%%ﬂgg%@d bﬁ?blﬂ% oflvdatgont rol devices 34 is that the
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used for the nenbers 114
proportion of water, and the member 116 may be designed to be buoyant in the fluid having
another proportion of water.

20 In this manner, flow through the inflow control device 34 may be increasingly restricted
as the proportion of water in the fluid 32 increases. This will operate to reduce the proportion of
water produced in the well system 10,

If multiple flow blocking members 114 are provided in the chamber 66, it is not
necessary Tor all of the members to have the same density. Similarly, if multiple flow blocking

25 members 116 are provided in the chamber 68 it is not necessary for all of the members to have
the same buoyancy. This is another manner in which increased restriction to flow may be
provided as the fluid 32 contains an increased proportion of water.

Various relationships between the number of flow blocking members 114, 116 and
respective flow restrictors 60, 62, 120, 122 are contemplated. For example, the number of

30 members 116 in the chamber 68 may be less than the number of flow restrictors 60, 122, so that



described in U S. Published Application No. 2004/ 0144544, the entire
di scl osure of which is 5 incorporated herein by this reference.

Anot her substantial difference is that the inflow control device 34
of FIG 13 includes flow restrictors 118, 120, 122 which provide
fluid conmuni cati on between the flow passage 42 and the respective
chanbers 52, 66, 68. Any nunber of the flowrestrictors 118, 120, 122
may be provided, and the flowrestrictors may be fornmed directly in
t he base pipe 90, or they nmay be 10 forned in separate nenbers (such
as the nmenber 106 descri bed above), anithey may be conveniently
installed or accessed by renoval of the outer housing 48. The
menber s Irimatten e gerapqsition of &b flpidddusomalfloy willsiB he permitigd befwegmde t hus,
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ne ers are _proyjd n e c necessar :
T ot 1o iastiaimaR e gt A0 Fecasg g Bearesber | b6 i dieatay (e maciien
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necessary for aII of nmbers to have the same This is
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chanmber 68 na% |'ess than the nunber of om1restr|ctors 60, 122,
so t hat ote that it is not necessary for the specific combmatlon of flow restrictors 58, 60, 62,

118, 120, 122 illustrated in FIG, 13 to be provided in the inflow control device 34, For example,
any of the flow restrictors 118, 120, 122 could be eliminated (e.g., by replacing them with plugs,
or simply not providing for them, etc.) and either of the members 114, 116 could be used just for
20 blocking flow through the flow restrictors 60, 62. As another example, the flow restrictor 118
could be replaced by the opening 56 described above, which would provide relatively '
unrestricted flow of the fluid 32 between the chamber 52 and the flow passage 42.
Note that it is also not necessary of the specific combination of flow blocking members
114, 116 illustrated in FIG. 13 to be provided. For example, either of the members 114, 116
25 could be eliminated. As another example, one or more additional flow blocking members could
be provided in the chamber 52 to selectively block flow through the flow restrictor 118.
Referring additionally now to FIG, 14, another alternate construction of the inflow
contro] device 34 is representatively illustrated. The inflow control device 34 of FIG. 14 may be
used in the well screen 16, or it may be used in other screens in keeping with the principles of

30 the invention.



14 no matter the conposition of the fluid 32, sone floww |l still be
permtted between the chanbers 66, 68, or between the chanber 68 and
the fl ow passage 42. As anot her exanple, the nunber of nenbers 116
may be equal to, or greater than, the nunber of flow restrictors 60,
122, so that flow fromthe chanber 68 to the chanber 66 or to the

fl ow passage 42 may be conpletely 5 prevented. As depicted in
FIG 13, the nenber 114 is blocicing flow through the flow restrictor
120 and the nenber 116 is blocking flow through the flow restrictor
122, so that the fluid 32 is forced tolflow fromthe chanber 68,
through the flow restrictor 60, then through the chanber 66, then

t hrough the f IT¢/inflostqopeelsievisn34 aslepicted dilghl 4 ik &imi Ik geany sEpecisia thenen

through tR@od cotol Bevi@Dl FiR 1604t léagtan ﬁﬁ}gbécmsg ittimt@udel &Wfﬂ@%@s@ﬂﬁoﬁ% inst4IRd
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cont r ol de!esmarﬁﬁe niﬁﬁbereﬁaaqﬁbiers, thay flob mapatilf lbaqwnnmsﬂ b¢twbemrthe dhikBhberk 86,
122 cou d. be Ii inated (.e.g., by replacing themw th plugs, or
si mpl y ¢1 qgvbar F‘Eﬁl?l%e%ﬁé‘?tﬁ%m etc.) and either of the menmbers 114,
116 coul d be ggithrkdihe déseﬂ‘lptﬁﬁ abmekg'a%gfthﬁmsﬁaimbfmaﬁxﬂbwdmiol dewcei |
restrlcto not her .exanp the flo rict.qr
be repla dllwa‘t‘*g@ %@zhfﬁl?’ eEntipadien P‘}&Efaﬂ%mmmﬁ%ﬁi 1% b?go &r ad
rel ati vel §owklb@edgthahies MUOoWeRhaytd@sddl diyGhudBeigide eelathz@ nGRBEDT e

and the fl ow passage 42. Note that it is also nqt necessary of the
specific eéwafsﬁ%&ﬂbaﬁs@f the flgy bincktag megb ﬁém@?‘%mﬂm any {gnd qoy a%mbla%t@a) ¢
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25 could be elim nat ed. anot her exanpl e, one or nore additional
f1 ow bl odﬁ?%@"thmél?aﬁlflﬁcﬁﬂ“ﬂthﬁé“?ﬁ'ﬁﬁﬁé@ Yentiele chanber 52 to

sel ectively DirfgkrlcOunbdd A brlAnfIbPYrkBPId:ick 50 HerkdiB) n FIGS. 214 and

Ref erri ng addi ti onal y now to 4, another alternate construction

of the i rdepasikeddhere baved@volts@*atsdlhwvs theéme@%fﬁmnr%semyn\iemrw%}dmahlewden
i nflow cqpt £l %Pe%}ﬁ%eh%ﬁbu@é lF]ch!Ieer B0 D& dhb thd ﬂ@eﬁfﬁh s RERRG to

16, or it may used in other s reens | n keeplng e principles
of 30 heniythesaekamples. For example, any of the ﬂowwstnctors chambers flow blocking

members, openings, plugs, housings, manifolds, and other elements described above may be
used in any of the embodiments, and any number and combination of these may be used, so that
a vast number of combinations of elements are possible while still incorporating principles of the
invention.

25 In addition, other elements (such as other types of flow restrictors, filter portions, ete.)
may be substituted for those described above in keeping with the principles of the invention. For
example, any of the flow restrictors 24, 30, 40, 58, 60, 62, 72, 74, 78, 80, 100, 118, 120, 122
described above could be replaced with, or could incorporate, a helical flowpath or other type of
tortuous flowpath, such as those described in U.S. Patent No. 6,112,815, the entire disclosure of

30 which is incorporated herein by this reference.



The inflow control device 34 as depicted in FIG 14 is simlar in
many respects to the inflow control device of FIG 6, at least in
part because it includes the flowrestrictor 24 installed in the

bul khead 64. The inflow control device 34 of FIG 14 is also simlar
to the device of FIG 13, in that it includes the flow bl ocking
menbers 114, 116 in the respective chanbers 66, 68. 5However, note
that the flowrestrictor 122 is not provided in the inflow control
device 34 of FIG 14. Thus, the nenber 116 only bl ocks flow through
the flow restrictor 24. As depict@d in FIG 14, the nenber 116
is blocking flow through the flow restrictor 24. If multiple flow
restrictors 2974pwss, agersan kdled in thpart owkHpan aearcfuhmswfiw@lmfﬁ@rab@?e
menber s Cc

STTT be e oy SRl ual of e Bhidt Rl bR o MARY
restrict cm@:hf catlons adslitmns,anbm@mpmﬁed@@tmmap@ ptber Cém&amme@@n@neﬁg there

enbodi ne i

any conbi atl on o nks ﬁdf)\s\?va%(gqg% e?%niégﬁ@wéﬁe éégé&éﬂé}i@ﬁrﬁyﬁf%%p i%%’tand
fl ow bl Fockvmgome%mgrdmgmme farég@ingdetdiled deseription myto henbarty understoathys being
rel ative y be used, the flow bl ocking
menber s rﬁa Wﬁgﬁiggﬁlﬁ%ﬂgﬁr‘?a@&gﬁg} ganbl nat i on) of 15 the chanbers
52, 66, 68, and any conbi nation of denS|t|es of the flow bl ocking
nenbers may be used, without departing fromthe principles of the

i nvention. The various embodi ments of the inflow control device
34 depicted in FIGS. 2-14 and descri bed above have denonstrated how
the benefits of the present invention may be achieved in the well
screen 16. It should be clearly understood, however, that the
invention is not limted to 20 only these exanples. For exanple, any
of the flowrestrictors, chanbers, flow bl ocking nenbers, openings,

pl ugs, housings, manifolds, and other élenents described above may be
used in any of the enbodi nents, and any nunber and conbi nation of
these may be used, so that a vast nunber of conbinations of el enents
are possible while still incorporating principles of the invention.
25l n addition, other elenments (such as other types of flow
restrictors, filter portions, etc.) may be substituted for those
descri bed above in keeping with the principles of the invention. For
exanple, any of the flowrestrictors 24, 30, 40, 58, 60, 62, 72, 74,
78, 80, 100, 118, 120, 122 described above could be replaced with, or
could incorporate, a helical flowpath or other type of tortuous

fl owpat h, such as those described in U S. Patent No. 6,112,815, the
entire disclosure of 30 which is incorporated herein by this

ref erence.



16 O course, a person skilled in the art would, upon a careful
consi deration of the above description of representative enbodi nents

of the invention, readily appreciate that many nodificati ons,

addi tions, substitutions, deletionsgy; and other changes may be made to
these specific enbodinents, and such changes are within the scope of

the pri n%%ées of the present 5 invention. Accordingly, the foregoing

detail ed b“rqfﬁtnie #¥is to be clearly understood as being given by

way of illustration and exanple only. 17 Wat is clainmed is: 1. A
met hod of installing a well screen, the nethod conprising the steps
of : providing the well screen including an inflow control

device wit DAl R o FERATREY 2 FEIll siben| $10 PletHod@ofrpiving Gtstdps bfir s
confi guredhll n s§r| es V\(/)hl ch restrict flow of flui dp?hrou h t he chanber

by restricting frbodingfthe well fdreandnelnding gihindawisoptrolidsuics w&%an annular
restrictor Qes by
removi ng as}ﬁﬂﬁef Gl a&f ﬁgoi f“? llg\s/\t/r%%%tcro gPEu JQJ i Sgﬁeg&@l\é\h Feftct D%
i ndi vi dual hmamahgpma ghdriteer 3y rdsehsing flow ofthetfhed fireughreesit ofithe flow to
selectively vary a flow restriction across the well screen. 2. The
met hod of ©H@ICHIsL, wherein in the accessing step, the inflow control
device portion éc%eés@u lai’g:aét%aé gf !h?qllomeéﬁctﬁl@ Wf\_/l‘i\ﬁjnémﬁéab&@ioh dfthew .
control device. claim1l erein in the accessing
step, the mﬁtbtmwntrdrttewmb auhdw ce portion is an outer housing of the
i nfl ow contr ol met hod of
accessi ng step,n Wéfuia%' Fe@’\lﬁc ﬁlﬁ%}llea&%e Oéﬁ}eﬁicqvﬁr ggl\,\{z;)?{tgc?glle{:/ﬁ%ﬁﬁ Vi ce
whi ch provi gew rEdtlidtdnGorpitiheGlliserRelpet ween the at | east one flow
restrictor and a fl ow passage; and further conprising the step of
sealingly receiving the at |least one flow restrictor within the
:ﬁcflr]\él \r/]\gl eVI Cﬁie ﬁ-.Q:%B& BYISEC YT WiSreii R (A adcERBE sRPEhE W &bl Ct or
devnce portlon is a plug installed in an end wall of the inflow control device.

3. The method of claim 1, wherein in the accessing step, the inflow control

device portion is an outer housing of the inflow control device.

4. The method of claim 1, wherein in the accessing step, the inflow control
device includes a receiving device which provides fluid communication between the
at least one flow restrictor and a flow passage, and further comprising the step of
sealingly receiving the at least one flow restrictor within the receiving device, thereby

securing the at least one flow restrictor in the well screen.



