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 Qroduction fromlong horizontal
intervals, etc. These flow restriction’devices are sonetinmes referred
to as ianOM/c%ﬁgégbgﬁ }
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Therefore, it may be seen that improvements are needed in the art of well screens having

inflow control devices. 1t 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 provide& 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 flowrestrictor which restricts flow of fluid through
the filter portion; and accessing the flow restrictor by renoving a
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contraqp 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.
3;

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 control
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 contro!

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 infl

ow control device being fully installed; FIG 12 is a

cross-sectional view of a seventh al tetjnate 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
referring to the accompanying drawings. In general, “above”, “upper”, “upward™ and similar
terms refer to a direction toward the earth’s surface along a wellbore, and “below”, “lower”,
“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
wellbare 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 welibore 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 actnation

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, wthout 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,
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Referri n‘?j‘teéd’tﬂ‘gtﬂir | et B%F‘E‘Pﬂ FIG 2, an enlarged scal e schematic
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princi pl g8 p&iblhe kééﬁ}l'@@hth_%b 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 contro! device 34 is described herein as being used to restrict flow of
fluid from the filter portion 26 to the flow passage 42, it will be appreciated that other

30 configurations are possible in keeping with the principles 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 nade up of
wWre waps, but other types of filter material (such as nesh,

sintered material, pm packed granular naterial, etc.) nay 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 string 12 in the well systenth
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restri ctac mbe pfovdieé torseclire 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 ttsed 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 controf 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 openi ng 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 appropr|a§e i nner dianeter, |ength and
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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 testrictors 30, the fiuid 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 fluid 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 restrictorg, replacing a certain nunber
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bet ween dhRe 8h arbREseRdtivand1ibfRteA 2 TRABE0H Zontrol device 34 as depicted in FIG. § 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 chambets 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 bedgyabove as being in the shape of
tubes, it should be understood that other types and conbi nati ons of
flow restydd ﬁ’hre'ﬁcmhé%%sp@&% bulknkRSRE, 9, oY, by ﬁu%eﬁﬁf‘oﬁﬁb&'xﬁé’y U&fus&ﬁﬁ any
i nventi on. Referring addltlonally how t o 5, anot
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seal ed to the bquheads 46, 54, 64. " the flom/restrlctors 58, 60,
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produce an crease ressure drop across the
bulkheads 46, 54, 64 Although the flow restrictors 58, 60, 62 are depicted in FIG. 5 as being
aligned longitudinally, they could instead be lateraily offset from one another if desired to
produce additional turbulence in the fluid 32 and corresg-Jonding additional pressure drops.
Referring additionally now to FIG. 6, ancther 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 nmust flow 20 through each
of the orifices in succession. This produces a pressure drop across
each of the bul kheads 46, 54 64. Alth8ugh the flow restrictors 58,
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20 restrictors 72, 74) and again changes direction in flowing from the chamber 76 and thrdugh 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 38, 72, 74 are configurad

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 an opposite direction through the flow
restrictor 74 (fromthe chanber 52 to the chanber 76). Furthernore,
the fluid 32 reverses direction in the chanber 52 (between the flow
20 restrictors 72, 74) and again changes direction in flow ng from
t he chanber 76 and through the passage 62 via the openi ng 56.
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t hese ch i i i i .1 .
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flowrestrictors 72, 74 may be conveniently installed or accessed by
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cont rol didvn cdat®d tathe dewirestrestbrs 24 RkChe Bewmymdye cleslydn the ctdse-sevtibh of FIG.
screen 16} or it my be used in other well screens in keeping with
she princrples of the invention. The inflow control device 34 of FIG

8 is simlar [The configumtepe1GS.180% O peoviien agyiofahd same bénefits 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 to 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 sereen 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 contro! device 34.



15 FIGS. 3 & 4, but differs in at |east one substantial respect in
that it includes the flowrestrictors 58 and nultiple channels 78 in
pl ace of the flowrestrictors 30. The arrangenent of the channels 78
inrelation to the flowrestrictors 24 may be viewed nore clearly in
the cross-section of FIG 9. The configuration of FIGS. 8 8c 9

provi des many of the sane benefits as the 20 configuration of FIGS. 3
& 4. The channels 78 create turbulence in the fluid 32 in the chanber
36 and thereby provide a correspondi ng Fressure drop between the fl ow
restrictors 58 and the flow restrictordi24. Referring additionally
now to FIG 10, anoth alternate construction of the inflow contrao
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The bore n%rznbelnsof the tubular member 82 may be used, and the flow restrictor 80 may be varied (for
example, by changing an inner diameter or other characteristic of the 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 . In FIG. 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



for sealingly receiving the tubul ar nenber 82 therein, and the
passage 94 provides fluid communicati 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
menber 82 with an appropriate flow restrictor 80 therein nay be 15
inserted into the housing 86, and then the device 88 nmay be installed
in the base pipe 90. Any nunber of the tubul ar nenber 82 may be used,
and the flow restrictor 80 nmay be varied (for exanple, by changing an
i nner di aneter or other characteristicl®df the flowrestrictor) to
provi de var,i et restrictions to flow and pressyre drop The
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substantial respect, in that it includes a flow restrictor 100 which

i s i nst alPREAES 4% FK0 Kby Fdnee thRPrestriE dfPow restri ctor 100 provi des
fluid communi ¢gd neRbhabBREPHE EBvENENYy 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 control 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



10 passage 42 and a chanber 102 within a housing assenbly 104 of the
i nfl ow control device 34. Any nunber of the flow restrictors
100 may be provided. Each flow restrictor 100 may be fornmed in a
separate nmenber 106 installed in the base pipe 90 (for exanple, using
threads and seals, etc.). If nultiple flowrestrictors 100 are
provided for in the inflow control device 34, then any 15 of the
menbers 106 nay be replaced by a plug to increase the pressure drop
bet ween the chanmber 102 and the fl ow passage 42. Alternatively, one
or nore of the nembers 106 may be left Idut to thereby provide a
relatively Ia;%e openi ng between the chanber 102 and the fl ow passage
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difference is_that the inflow control device 34 of FIG 13 includes
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Any nunber of the flow restrictors 118, provi ded, and

may
the fl owPrepgtimof W’@f #86 the @errbpiid§ My be designed i tteﬁ’éﬁﬁa‘s’@ thei §6d bayineor
they may fher 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 for 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 [14, 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



10 formed in separate nenbers (such as the menber 106 descri bed
above), and they may be conveniently installed or accessed by renoval
of the outer housing 48. The nmenbers 114, 116 are preferably
neutral ly buoyant in water and, thus, are nore dense than hydrocarbon
fluid. Alternatively, the nenbers 114, 116 nay have a density which

I s between that of water and hydrocarbon fluid, so that they becone
buoyant when the fluid 32 15 contains a certain selected proportion
of water. Note that it is not necessary for the nenbers 114,
116 to have the sanme buoyancy. For exatple, the nmenber 114 may be
desi gned to be buoyant in the fluid 32 when it has a _certain

propor t i o redttenthe epmpagiiion ohthe Fuidaey somedlonawillistll fe geraifted bedveprtiBuoy ant
in the fli ' o n ' ,
T R
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o ovi ded i n”t A3 (ShieBb g !, Pirtenfhef 140 HoBUMCAD et TRFRF] Sy BT
t o have tdne theamenbisrbiéain blpckiddflew thsough dictiler mericter 122 nsovhat tite flubd 32iased

restrictipon to flo e .proyided he fluid cont ai n

o oncodomed S ler o Bie iy 8 i8S tRe do ol o) o b R e ke o
t he nynbaharﬂférgﬁgmge ﬂigg&trmgazr rtie,rtbaftﬂroihglﬂmr alea&bamizlz , ﬁxﬁﬁhﬁﬂﬂhitdugh Ehﬁ@ldw
restrictors. , ), are con e (0] Xa . e e .
o bt T Resgarara iR b ke (167 pRssaeran S BEROR 116 HOIq SERADTe o ficaddition
nunber ?fiflﬁthﬁ?le rn?a{bﬁsq_ug &g ZgnﬁﬁideE)Z@?T}@ﬂbv& ctnlaiUgh téh_élﬂlﬁﬁt;'@ﬁdt@‘@)% fRereby forcing
coO osiItion_Q e | sone ow. St 1, e _perm e

be{rp ween tipeflg, é%weﬂ%v B ﬂ@zf«hafa?erééfhx%h%fb%ﬂ%aﬁﬁe% 12304 o @ﬁ%om ow
passage 4gssafd4223ahilely, % HERibey 1 14 R6u1 bRekival (Fenhetiifon lit ﬁlugg% r?-glgbers

equal to, or greater fhan, the nunber of flow restrictors

SO
that fl ovhfPSPrevrsd:barni beoueh theflowerdnpentlegespy oringthe iy to flow
passages 4ionMRY cienbePOPhRNuEH the o r83Era90 and into the flow passage 42.

Note that it is not necessary for the specific combination 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
control 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.



As depicted in FIG 13, the nenber 114 is blocking flow through the
flowrestrictor 120 and the nenber 116 is bl ocking flow through the
flowrestrictor 122, so that the fluid 32 is forced to flow fromthe
chanber 68, through the flow restrictor 60, then through the chamnber
66, then through the flow restrictor 62, then through the chanmber 52,
and then through the flow 10 restrictor 118 and into the fl ow passage
42. The nenber 116 could alternatively (or in addition, if nultiple
menbers 116 are provi ded) bl ock fIOM/through the flow restrictor 60,
thereby forcing the fluid 32 to fl ow frldm t he chanber 68 through t he

fl t t 1 d |
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sinply not providing for them etc.) either of the nenbers 114,
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specific o Ination o I'ow’ bl ocki ng nmenbers 114, 116 illustrated in
FIG 13 to be Spm&ﬁyitajfd;ddesmptloamhmraarcbmgthepmhﬂdlmmo‘fﬂbnb@pw conige! dediee
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sel ect i velllow bakirg héngwrs Heolighmaythe ufsédoamymsﬂoen (etidoamy 1 @ive numbers) of these

Ref er {1 N aadOlana ks, BOMob ARy rbieeR 0L BE LBl SR LG BSHENELL 6

of the infT'OW Cco Vi ce re rese v é
i nfl owl £ ah¢ ¢hainbele ¥2.0%, @}miarﬁlc@nbménmmf dhrfsltmseﬁhc ﬂow bickieg mesbereany be

or sed. | er .sgr.ee ing with the principles
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116 only blocks fl ow throu | ow restrictor
used in any of the embodlments 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, etc.)
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.



As depicted in FIG 14, the nenber 116 is blocking flow through the
flowrestrictor 24. If multiple flowrestrictors 24 are installed in
t he bul khead 64, and the nunber of nenbers 116 is |less than the

nunber of restrictors, then flow nay still be permtted between the
chanbers 66, 10 68 via the unbl ocked restrictors. Simlar to
t he description above regardi ng the enbodi nent of the inflow control
device 34 illustrated in FIG 13, any conbination of the flow

restrictors 58, 62, 24, 118, 120, 122 and fl ow bl ocki ng nmenbers 114,
116 may be used, any number (and any réfative nunbers) of these

el ements may be used, the f| OM/H%OCKIH menbers may be used in any
(and any conmbPR&eYEn§ PerPomskillein the arye g pon & ggrefigonst ?ratl%ﬂf the above

conbi nat | ReplioremgirtdentiRf entto@infch@Wr Bk QREMDG, FERITRADSre bR ﬂﬁemwd

wi t hout departing fromthe principles of the i nvention.

var i ous asbRREHeIR ASdIOnE RebsivHpERWIciesionr. and etber changgumaehs; madedo rhﬁseFl GS.
2-14 and Jlesd didinftARY SrdtRICAIRIPRS il Hop: Sk ReRfids PR brdlg
present invention may be achieved in screen be
cl ear| y5 umdatien o‘tf@ordmhehhe uforegormdetaﬁed dqwemmn rfo pecleasty qnﬁwtpefﬂa&hsmgo
only the of the flow restrictors,
chanbersiﬁ%ﬁ%gﬁﬂ* ufﬂﬁofﬁﬁ%%éﬁmggg ings, plugs, housings,

mani f ol ds, and other el ements descri bed above may be used in any of

t he enbodinents and any nunber and conbi nation of these may be used,
so that a vast number of ‘combinations of elenents are possi bl e while
still incorporating principles of the invention. 25In addition, other
el enents (such as other types of flowrestrictors, filter portions,
etc.) may be substituted for those described above in keeping with
the principles of the invention. For exanple, any of the flow
restrictors 24, 30, 40, 58, 60, 62, 72, 74, 78, 80, 100, 118, 120,
122 descri bed above coul d 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. 16 O course, a
person skilled in the art would, upon a careful consideration of the
above description of representative enbodi ments of the invention,
readi |y appreciate that many nodifications, additions, substitutions,
del etions, and ot her changes may be nmade to these specific

enbodi ments, and such changes are within the scope of the principles
of the present 5 invention. Accordingly, the foregoing detailed
description is to be clearly understood as being given by way of
illustration and exanple only.



17 Clains 1. A well screen, conprising: a filter portion; and an

i nfl ow control device which controls flow of fluid which fl ows
through the filter portion, the inflow control device conprising: an
annul ar chanber; a first flowrestrictor which restricts fluid fl ow
into the chanber; and a second flow restrictor which restricts fluid
fl ow out OEIHQg chanber, wherein at |east one of the first and second
flowrestrirctors is i ndividually repl aceabl e whereby a fl ow
restriction across the well screen is selectively variable. 2. The
wel |l screen of claim1, wherein the first and second flow restrictors
are positibned Sovallisteep f@MPNENE nust change direction to flow

bet ween t he firgﬁkagﬂnﬁgp flowrestrictors. 3. The well screen of
claim1l, wherein ea of 'the first and second flow restrictors is in
t he shape of a dmibfow cdntrdlidevieeivhich comals idw of Bnidvdichilmrssthrough the
tubes are positéﬁned so that,the fluid. must reverse direction at

| east twice to FIORCHEPWDE ASeCnypidevice SOMPHINgL | screen of clai m

1, wherein each of th@nhiasthatiber;second flow restrictors is in the
shape of an orifice. _6. The well screen of claiml, wherein at |east
one of the first and Bwtldew rastrisior dughregttiels fuidslawminthibic shamkeroida

tube, and wherein at, | Gaat o kP feshiciok Which! Eblic@AhaTROCAT of 11 Yhamber

restrictors is in the shape of an ori screen of
claim 1, wherein at wieash apleast ofic dfithe first &id saoshdSvoredtrictoesns

restrictors is in the,sh of , a be, and erein.at least o of
the first and second‘n‘thl"lf@g %@Plraf‘?f‘ﬁ’tj?r"éh‘?r%yi (’c"hg’sg’l‘fﬁ%a%‘?sséhec‘ﬁfgﬁnel .

screen is selectively variable.

2. The well screen of claim 1, wherein the first and second flow restrictors are
positioned so that the fluid must change direction to flow between the first and second

flow restrictors.

3, The well screen of claim 1, wherein each of the first and second flow

restrictors is in the shape of a tube.

4. The well screen of claim 3, wherein the tubes are positioned so that the fluid

must reverse direction at least twice to flow between the tubes.

5. The well screen of claim 1, wherein each of the first and second flow

restrictors is in the shape of an orifice.

6. The well screen of claim 1, wherein at least one of the first and second flow
restrictors is in the shape of a tube, and wherein at least one of the first and second

tflow restrictors is in the shape of an orifice.

1. The well screen of claim 1, wherein at least one of the first and second flow
restrictors is in the shape of a tube, and wherein at least one of the first and second

flow restrictors is in the shape of a channel.



18 8. The well screen of claim?7, wherein the tube extends into the
channel, so that the fluid nust change direction to fl ow between the
tube and the channel. 9. The well scregen of claim1, further

conprising at |east one flow bl ocking nmber which sel ectively bl ocks
flow through at | east one of the first and second flow restrictors in

response tg a p\‘lfvﬁé;ﬁélﬁ{ré’en oth%%) 7“\'~ﬂ rein i tuf_@g)b ds! Hidts insB e c%’a‘%q%! G m 9,

wherein the flo ectlve o0CkKs Wween t he
first and ﬂ&dhﬂdimﬁlkt@hlaﬂgesﬁﬂettﬁitﬁbﬂow bkﬂweeﬁlﬂte twed dndshe dewngdf claim 1,
wherein at | east one of the first and second flow restrictors
conprises a plug. 12. The well screen of claim9, wherein fluid flow

through the vel *rgf%l%&eén%f'cﬁ%qaﬁmﬂgl %pr%ﬁé'apfe%i' oﬁ@ﬁ@w‘bib%ki%éow

bl ocki ng nmenber ocks flow throlgh at | east one of the first and
second fl ownen@st which eglectivelydlockh Bowelirbugcat desst avie of thwi firstiand wévondi n at
| east one %éqt?rst and s cond féfo re t.rictors is accessible

t hr ough an 8‘ﬁ'd'e rsé‘?retsﬁoéls qa}pr%‘?r efid- A well screen,

conprising: an annul ar chanber; a first flow restrictor tube whi ch
restricts flowinto the chanber and a second flow restrictor tube
whi ch rest APct sThs Well srisensit claa 9¢ Wherpiarthe flows blockisg members selssHYEY | ow

rest i Ctor pioubeso DBl PASLI NP AARIelltid must rever se

direction a east twice w er to fl ow between the first
and second flow restrictor tubes. 15. The well screen of cl aim 14,

wherei n at | eas of t nd, s d fl ctor,tubes is
sel ecti vel );ll pl uﬁjﬁ%ﬁ %miﬂl 0 ?rg‘gtafﬁeagoﬂﬁoggf*gé a{‘ %e%\ﬂeq{' %creen
is selecti V@,{rietdfeédr@mses 48lug. '

12.  The well screen of claim 9, wherein fluid flow through the well screen is
increasingly restricted when the flow blocking member blocks flow through at least

one of the first and second flow restrictors.

13, The well screen of claim 1, wherein at Jeast one of the first and second flow

restrictors is accessible through an end wall of the well screen.

14. A well screen, comprising:

an annular chamber;

a first flow restrictor tube which restricts flow into the chamber; and

a second flow restrictor tube which restricts flow out of the chamber,

the first and second flow restrictor tubes being positioned so that fluid must
reverse direction at least twice within the chamber to flow between the first and

second flow restrictor tubes.

15. The well screen of claim 14, wherein at least one of the first and second flow
restrictor tubes is selectively plugged whereby a flow restriction across the well

screen is selectively varied.



16. The wel| screen of claim 14, further conprising at |east one flow
bl ocki ng nmenber which sel ectively bl ocks flow through at | east one of
the first and second flow restrictor tubes in response to a property
of the fluid. 17. The well screen ofl%laim 14, wherein at |east one
of the first and second flow restrictor tubes is accessible through
an end wall of the well sc n. .. .

16.  The well screen o c?:ﬁm 14, further comprising at least one flow blocking

member which selectively blocks flow through at least one of the first and second

flow restrictor tubes in response to a property of the fluid.

17. The well screen of claim 14, wherein at least one of the first and second flow

restrictor tubes is accessible through an end wall of the well screen.



