SAND CONTROL SCREEN ASSEMBLY W TH FLOW CONTROL CAPABI LI TY TECHNI CAL
FI ELD OF THE | NVENTI ON [ 0001] This invention relates, in general, to
controlling the production of fluids and particulate materials froma
wel | that traverses a hydrocarbon bearing subterranean formation and,
in particular, to a flow control screen that is operable to control
the inflow of formation fluids. BACKGROUND OF THE | NVENTI ON

SAND CONTROL SCREEN ASSEMBLY WITH FLOW CONTROL CAPABILITY

TECHNICAL FIELD QF THE INVENTION

[0001] This invention relates, in general, to controlling the
production of fluids and particulate materials from a well that
traverses a hydrocarbon bearing subterranean formation and, in
particular, to a flow control screen that is operable to control

the inflow of formation fluids.



[0002] Wthout limting the scope of the present invention, its
background will be described with reference to producing fluid froma
hydr ocar bon bearing subterranean formation, as an exanple.

[ 0003] During the conpletion of a well that traverses a hydrocarbon
beari ng subterranean formati on, production tubing and vari ous

conpl etion equi pnent are installed in the well to enable safe and
efficient production of the formation fluids. For exanple, to prevent
the production of particulate nmaterial from an unconsolidated or

| oosely consolidated subterranean formation, certain conpletions

i ncl ude one or nore sand control screens positioned proximate the
desired production intervals. In other conpletions, to control the
flowrate of production fluids into the production tubing, it is
common practice to instal BABRERGHNINGFe THEQWNFERT YN devi ces within
the tubing string. [0004] Attenpts have been made to utilize fluid

f1 ow cod@PBRI devitidgonitt hiinicampl dtheorscareque’ i blge sandseoht Aoventgm,
exanple, in certain sand control screens, after production fluids

fl ows thteudrrakggobintt eriliedbemdesheibedii dsthr ecedierected tiant pradddiow

fluid from a hydrocarbon bearing subterranean formation, as an
example.

[0003] During the completion of a well that traverses a
hydrocarbon bearing subterranean formation, production tubing
and various completion equipment are installed in the well to
enable safe and efficient production of the formation fluids.
For example, to prevent the production of particulate material
from an wunconsolidated or loosely consolidated subterranean
formation, certain completions include one or more sand control
screens positionéd proximate the desired production intervals.
In other completions, tec control the flow rate of production
fluids into the production tubing, it is common practice to

install one or more flow control devices within the tubing

string.
[0004] Attempts have been made to utilize fluid flow control
devices within completions requiring sand control. For example,

in certain sand control screens, after production fluids flows

through the filter wmedium, the fluids are directed into a flow



nore flow restrictors such as flow tubes, nozzles, |labyrinths or the
|'i ke. Typi cally, the production rate through these sand control
screens is fixed prior to installation by individually adjusting the
flowrestrictors of the sand control screens. (0005]1t has been
found, however, that the during the conpletion process, it may be
desirable to pressure up the conpletion string to operate or set
certain tools, such as packers. Current flow control screens require
the running of a separate work string into the conpletion string to
achieve this result or require that one or nore permanent check

val ves be incorporated intg each flow control screen which increases

the costORhE°LoRBFEXPRY of 1€ucht ¥ r@HE Cdn FFEdERe SN avh el 1 4D e yor

of such screens.In addition, it _has been found, that it na% _
more flow restrictors such as flow tubes, nozzles, labyrinths or

the like. Typically, the production rate through these sand
contrel screens 1is fixed prior to inétallation by individually
adjusting the flow restrictors of the sand control screens.

[0005] It has been found, however, that the during the
completion process, it may be desirable to pressure up the
completion string to operate or set certain tools, such as
packers. Current flow control screens require the running of a
separate work string into the completion string to achieve this
result or require that one or more permanent check wvalves be
incorporated into each flow control screen which increases the
cost and complexity of such screens and reduces the reliability
of such screens. In addition, it has been found, that it may
desirable to temporarily or permanently shut off production at
certain locations in a completion interval. To achieve this
result, current flow control screens incorporate sliding side
doors, which add complexity to each screen and require
mechanical intervention to operate the flow control screens
between open and closed positions.

[00061] Accordingly, a need has arisen for a flow control

screen that 1is operable to control the inflow of formation



desiTabl € To tenporariTy or pernanentiy shut off production at
certain locations in a conpletion interval.To achieve this result,
current flow control screens incorporate sliding side doors, which
add conplexity to each screen and require mechanical intervention to
operate the flow control screens between open and cl osed positions.
(0006] Accordingly, a need has arisen for a flow control screen that
is operable to control the inflow of formation

fluids in a completion requiring sand control. A need has also
arisen for such a flow control screen that is operable to be
pressured up during the completion process. Further, a need has
arisen for such a £flow control screen that is operable to

temporarily or permanently shut off production therethrough.
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ma conpletiton requiring sand control. A need has al so arisen

for such a flow control screen that is operable to be pressured up
during the conpletion process. Further, a need has arisen for such a
flow control screen that is operable to tenporarily or permanently
shut of f production therethrough. SUMVARY OF THE | NVENTI ON [ 0007] The

pr esent

I nvention disclosed herein conprises a flow control screen

for controlling the inflow of formation fluids in conpletions
requiring sand control. The flow control screen of the present
i nvention is operable to be pressured up during the conpletion

process.

In addition, the flow control screen of the present

I nvention is operable to tenporarily or permanently shut off

producti

on therethrough. [0008]In one aspect, the present invention

is directed to a SUMMARY OF THE INVENTION

[0007] The present invention disclosed herein comprises a
flow control screen for controlling the inflow of formation
fluids in completions requiring sand controcl. The flow control
screen of the present invention 1is operable to be pressured up
during the completion process. In addition, the flow control
screen of the present invention is operable to temporarily or
permanently shut off production therethrough.

[0008] In one aspect, the present invention is directed to a
flow control screen that includes a base pipe having a blank
pipe section and a perforated section including at least one
production port and at least one closure port. A filter medium
is positioned around a first portion of the blank pipe section
of the base pipe. A housing 1is positioned around a second
portion of the blank pipe section of the base pipe and the
perforated section of the base pipe. A deformable element is
positioned between the housing and a portion of the perforated
section including the at least one production port but not
including the at least one closure port to define a production
path between the at least one production port and the filter

medium such that application of a sufficient pressure to the at



fl ow control screen that includes a base pipe having a bl ank pipe
section and a perforated section including at | east one production
port and at | east one closure port. Afilter mediumis positioned
around a first portion of the blank pipe section of the base pipe. A
housing is positioned around a second portion of the blank pipe
section of the base pipe and the perforated section of the base pipe.
A deformabl e el enent is positioned between the housing and a portion
of the perforated section including the at | east one production port
but not including the at | east one closure port to define a
production path between the at |east one production port and the
filter ME@PGNPRECRIPRRES aBPYF catiDrPbfthe GFFIEREAE FressiF et @ odefrrm
at least one closure port acts on the deformable el enment to deform
t he def &fabfeiGIMardst €begHst SAt ibsEastadakly helgeeduchs oprpdration
(0009] I n one enbodi nent, the deformable el enment may be a pressure

def or maidghel enent . I n anot her enbodi nent, the defornabl e el enent may
be a closure sleeve including an annul ar closure sleeve. In a further
enbodi nd®00%f he dbf ormableneidément . nenreb ed e meb ligor €l esnxgpandady ebe  a
tubes. In this enbodi nent, a noveabl e piston may be di sposed within

t he expardablieet ufeSotmlalied |gledemtdef or mat | Ghopheecesembbdiyetit, the
anot her enbodi nent, the defornabl e el enent may be an expandabl e
annul ar da¢ifotrmable element may be a closure sleeve including an annular

closure sleeve. In a further embodiment, the deformable element
may be one or more expandable tubes. In this embodiment, a
moveable piston may be disposed within the expandable tubes to
aid in the deformation process. In yet another embodiment, the
deformable element may be an expandable annular unit,

{00101 In certain embodiments, the deformable element is
operable to reopen the production path in response to a
sufficient pressure reduction at the at least one closure port.
In other embodiments, at least one valve assembly may be
disposed within a fluid flow path between the at least one
production port and the filter medium. The valve assembly may
include a wvalve body, a valve plug received within the wvalve
body and a retainer pin initially preventing relative movement
between the valve body and the valve plug. The wvalve assembly
is operably to be shortened in response to a pressure increase

that exceeds a predetermined threshold level and shears the



(0010]I'n certain enbodi ments, the deformable elenment is operable to
reopen the production path in response to a sufficient pressure
reduction at the at | east one closure port. In other enbodinents, at

| east one val ve assenbly may be disposed within a fluid flow path
between the at | east one production port and the filter medium The
val ve assenbly may include a val ve body, a valve plug received within
the valve body and a retainer pininitially preventing relative
novenent between the val ve body and the val ve plug. The val ve
assenbly is operably to be shortened in response to a pressure

i ncrease that exceeds a gredeternined t hreshold | evel and shears the

ret ai neFShRHEY | oRihg EhOPYERF ngSBPT i NEal WF asEltrbl Y&l vher 8afedilY -a
pressure_decrease will cause the valve assenbly to be discharged from
the flufBeFealFdiat R FOTEHFEn dGREEAER WsPedausenhehgr deie rASEMIYorko
is directed to a flow control apparatus that includes a tubular
menber R&vihgcRardeshdtroonshpr bhwed ifdwwporthand at | east one closure
port. A housing is positioned around the tubul ar nenber. A deformable
el ement [(P81pbsi t iloneadndidiareenspert houwd npregahta povenoiprofig héirected
tubul ar nenber including the at | east one production port but not
i ncl udi ng tde favwl easitgrie eppsuvaruporhato ideflidesa productleeon paider
bet ween the deformabl e el ement and the base pi pe such that
appl i caheeingf ad Sitfefsicci@nd predsurieon opdie atd | aastleene ohres usBooret
acts on the deformable elenment to deformthe deformable elenent to
subst anpbbatly  oseusiey pieodpetionoped haround the tubular member. A
deformable element is positioned between the housing and a
portion of the tubular member including the at least one
production port but not including the at least one closure port
to define a production path between the deformable element and
the base pipe such that application of a sufficient pressure to
the at least one closure port acts on the deformable element to
deform the deformable element to substantially close the
production path.
[0012] In a further aspect, the present invention is directed
to a method for operating a flow control screen. The method
includes providing a deformable element positioned between a
housing and a portion of a perforated section of a base pipe
including at least one production port but not including at

least one closure port to define a production path between the

at least one production port and a filter medium, applying a



[0012] In a further aspect, the present invention is directed to a

met hod for operating a flow control screen. The nethod includes

provi ding a deformabl e el enent positioned between a housing and a
portion of a perforated section of a base pipe including at |east one
production port but not including at | east one closure port to define
a production path between the at | east one production port and a
filter medium applying a sufficient pressure to the at |east one

cl osure port, and responsive to the sufficient pressure, deformng
the deformable el enment to substantially close the production path.

[ 0013] The t hod may al so incl ude, respon5|ve to the
sufficient pressure to the least one closure port, and

responsive to the sufficient pressure, deforming the deformable
element to substantially close the production path.

[0013] The method may also include, responsive to the
sufficient pressure, moving a piston disposed within the
deformable element to aid in the deformation of the deformable
element and reopening the production path in response to a
sufficient pressure reduction at the at least one closure port.
In addition, the method may include pressurizing the flow
control screen at the at least one production port, holding the
pressure within the flow control screen with a valve assembly
disposed within a £fluid flow path in the flow control screen,
increasing the pressure 1in the flow control screen above a
predetermined threshold level to shear a retainer pin of the
valve assembly causing a shortening of the valve assembly and
continuing to hold pressure within the flow control screen,
decreasing the pressure at the at least one production port and
responsive to the pressure decease, discharging the valve

assembly from the fluid flow path.



stiffetent—pressure—movimya-prston—dirsposed within the deformabl e
element to aid in the deformation of the deformable el enent and
reopeni ng the production path in response to a sufficient pressure
reduction at the at | east one closure port. In addition, the nethod
may include pressurizing the flow control screen at the at |east one
production port, holding the pressure within the flow control screen
with a val ve assenbly disposed within a fluid flow path in the flow
control screen, increasing the pressure in the flow control screen
above a predeterm ned threshold | evel to shear a retainer pin of the
val ve assenbly causing a shortening of the valve assenbly and
continuing to hold pressure within the flow control screen,
decreasing the pressure at the at |east one production port and
responsive to the pressBRIERIPESAREPTUIN CIRIMHFENQRAKENGSI ve assenbly
fromthe fluid fl ow path. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0014] Forsca4ior e Eonpheterandenstangi nglafstizhdifhgavtir ehead@datures and
advant ages of the present invention, reference is now nade to the
det ai | echdlesernpsi @f afhd herdédurent imreraliong Wedflereheeadcompanyhdde to
figures in which corresponding nunerals in the different figures
refer tomeor espeNEaNgapact Spwith | REWNiLBB: i60OIG]dH gWieny | #i8h the
schematic illustration of a well system

accompanying figures in which corresponding numerals in the

different figures refer to corresponding parts and in which:
{0015] Figure 1 is a schematic illustration of a well system
operating a plurality of flow control screens according to an
embodiment of the present invention;

[0016] Figures 2A-2C are gquarter sectional view of successive
axial sections of a flow control screen according to an
empodiment of the present invention;

[0017] Figures 2D-2E are cross sectional views of the flow
control screen of figure 2B taken along line 2D-2D and 2E-2E,
respectively;

[0018] Figures® 3A-3C are cross sectional views of a valve
assembly in its various operating configurations that is
operable for use in a flow control screen according to an
embodiment of the present invention;

[0019] Figures 4A-4B are cross sectional views of one

embodiment of a closure assembly in its various operating



operating a plurality of flow control screens according to an

enbodi mrent of the present invention; [0016] Fi gures 2A-2C are quarter
sectional view of successive axial sections of a flow control screen
according to an enbodi nent of the present invention; [0017]Fi gures
2D- 2E are cross sectional views of the flow control screen of figure
2B taken along line 2D 2D and 2E-2E, respectively; [0018] Fi gures
3A-3C are cross sectional views of a valve

configurations that is operable for use in a flow control screen
according to an embodiment of the present invention;

[0020] Figures 5A-5C are cross sectional views of another
embodiment of a closure assembly in its various operating
configurations that is operable for uge in a flow control screen
according to an embodiment of the present invention;

(00211 Figures 6A-6C are cross sectional views of another
embodiment o©of a closure assembly in its various operating
configurations that is operable for use in a flow control screen
according to an embodiment of the present invention; and

[0022] Figures 7A-7D are cross sectional views of another
embodiment of a closure assembly in its various operating
configurations that is operable for use in a flow control screen

according to an empbodiment of the present invention.
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assenbly in its various operating configurations that is operable for
use in a flow control screen according to an enbodi nent of the

pr esent

I nvention; [0019] Figures 4A-4B are cross sectional views of

one enbodi nent of a closure assenbly in its various operating
configurations that is operable for use in a flow control screen
according to an enbodi nent of the present invention; [0020]Fi gures
5A-5C are cross sectional views of another

DETAILED DESCRIPTION OF THE INVENTION

[0023] While the making and using of various embodiments of
the present invention are discussed in detail below, it should
be appreciated that the present invention provides many
applicable inventive concepts which can be embodied in a wide
variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific ways to
make and use the invention, and do not delimit the scope of the
present invention.

[0024] Referring initially to figure 1, therein is depicted a
well system including a plurality of flow control screens
embodying principles of the present invention that is
schematically illustrated and generally designated 10. In the
illustrated embodiment, a wellbore 12 extends through the
various earth strata. Wellbore 12 has a substantially vertical
section 14, the upper portion of which has cemented therein a
casing string 16, Wellbore 12 also has a substantially
horizontal section 18 that extends through a hydrocarbon bearing
subterranean formation 20. As illustrated, substantially

horizontal section 18 of wellbore 12 is open hole.

1:



enbodi nent of a closure assenbly in its various operating
configurations that is operable for use in a flow control screen
according to an enbodi nent of the present invention; [0021]Fi gures
6A-6C are cross sectional views of another enbodi ment of a closure
assenbly in its various operating configurations that is operable for
use in a flow control screen according to an enbodi nent of the
present invention; and [0022] Figures 7A-7D are cross sectional views
of anot her enbodi ment of a closure assenbly in its various operating
configurations that is operable for use in a flow control screen

according to an enbodi ment of the present invention. _
0025] Positioned within wellbore 12 and extending from the

surface is a tubing string 22. Tubing string 22 provides a
conduit for formation fluids to travel from formation 20 to the
surface. At its lower end, tubing string 22 1is coupled to a
completions string that has been installed in wellbore 12 and
divides the completion interval into wvarious production
intervals adjacent to formation 20. The completion string
includes a plurality of flow control screens 24, each of which
is positioned between a pair of packers 26 that provides a fluid
seal between the completion string 22 and wellbore 12, thereby
defining the production intervals. The completion string also
includes a plurality of locating nipples 28, each of which is
associated with one of the flow contreol screens 24.

[0026] Flow control screens 24 serve the primary functions of
filtering particulate matter out of the production fluid stream
and contreliing the flow rate of the production fluid stream.
In addition, as discussed in greater detail below, flow control
screens 24 are operable to be pressured up during installation
of the completion string. For example, when the completion
string 1is positioned in the desired location in well 12,
internal pressure may be used to set packers 26 to divide the

completion interval into the desired number of production

12



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0023]Whlle t he maki ng and
usi ng of various enbodi nents of the present invention are discussed
in detail below, it should be appreciated that the present invention
provi des nany applicable inventive concepts which can be enbodied in
a wde variety of specific contexts. The specific enbodi ments

di scussed herein are nmerely illustrative of specific ways to nmake and
use the invention, and do not delimt the scope of the present
invention. [0024] Referring initially to figure 1, therein is depicted
a well systemincluding a plurality of flow control screens enbodying

B genbh 717 dbsi ahaand EBt At REd IfpeeRar of TBMnaa ry | St SR oA

s AT AL @osbs%n%%'é’%e 12,5

a substan?|%TI vertlca

cenente ere| a_casj stri | | bore al so has
substang?%cit‘]l YHSEZ8nt ? s @Pe(?g %8 (E)\F,\él[ “exf&nd O’i‘%rc?ﬁghtae pressure
hydr ocar bon, beari subt erranean forpatjon 20. As illustrated,

subst anf $BF5° th?g‘fSntaal prgger e Eht SHEFFHOIE BPeFEUbPen hohes all

pressure operated completion components are set or during the
setting of the final pressure operated completion component, the
internal pressure may be raised above the predetermined
threshold pressure to operate flow control screens 24 into their
sheared configuration. In this configuration, flow control
screens 24 continue to hold pressure, however, when the internal
pressure is released and the differential pressure across flow
control screens 24 is positive between the outside and inside of
flow control screens 24, flow control screens 24 are operated to
their production configuration.

[00¢27] Once in this configuratien, if it is desired to cease
production through one or more of the flow control screens 24, a
straddle assembly (not shown) may be used to pressurize a
chamber in flow control screens 24 to operate the flow control
screens 24 to the shut off configuration. The locating nipple
28 associated with the flow control screen 24 through which
production is no longer desired is used to properly positioned

the straddle assembly within the flow control screen 24 to
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(0025] Positioned within wellbore 12 and extending fromthe surface is
a tubing string 22. Tubing string 22 provides a conduit for formation
fluids to travel fromformation 20 to the surface. At its |ower end,
tubing string 22 is coupled to a conpletions string that has been
installed in wellbore 12 and divides the conpletion interval into
vari ous production intervals adjacent to formation 20. The conpl etion
string includes a plurality of flow control screens 24, each of which
is positioned between a pair of packers 26 that provides a fluid seal
bet ween the conpletion string 22 and wel | bore 12, thereby defining
the production intervals. The conpletion string also includes a

pl ural i PEEEFTTocath iy niRRSISSYT28iNGacORATAHIOEh i s asSBEFRat et wi tHis
one of the flow control screens 24. [0026] Fl ow control screens 24
serve t REnpEIWERSAFUnctifond tof ifi | C8FLREA pat? i ciiefttébddsher Popguefion
the production fluid streamand controlling the flow rate of the
product FBRORIRII P sPrediPushy addiuti oaf f asfIfivscgeseHCl n gruEsrer 2det dille
bel ow, flow control screens 24 are operable to be pressured up during
i nstal | &tFefdb? 2sredoipInay die sisddngo Fedugrattpbeprabente her created
conpletion string is positioned in the desired |location in well 12,
i nt er nak prevsUr é nEynehechmwdd 1t 0 & etpgpadicerthe?2 6f tay deantdelt hecreen 24
conpletion interval into the desired nunber of production
back to the production configuration,
[0028] Even though figure 1 depicts the flow control screens
of the present invention in an open hole environment, it should
be understood by those skilled in the art that the flow control
screens of the present invention are equally well suited for use
in cased wells. Also, even though figure 1 depicts one flow
control screen in each production interval, it should be
understecod by those skilled in the art that any number of flow
control screens of the present invention may be deployed within
a production interval without departing from the principles of
the present invention. Also, even though figure 1 depicts a
locating nipple associated with each flow control screen, other
configurations of locating nipples and flow control screens and
other locating methods are possible and are considered within
the scope of the present invention.

[0023] In addition, even though figure 1 depicts the flow

control screens of the present invention in a horizontal section
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rrterval s, ouring this settrng process; 'flow control screens 24 are
in their running configuration in which they are operable to hold
pressure for repeated cycles as long as the pressure renmains bel ow a
predeterm ned threshold pressure. Once all pressure operated

conpl eti on conponents are set or during the setting of the final
pressure operated conpletion conponent, the internal pressure may be
rai sed above the predeterm ned threshold pressure to operate flow
control screens 24 into their sheared configuration. In this
configuration, flow control screens 24 continue to hold pressure,
however, when the internal pressure is released and the differenti al
pressur @fagrgssetliareontty glhosddebasunderstquskiny rdoget wehlefein the
out side and inside of flow control screens 24, flow control screens
24 are @pérabed tdet Hdiow mooduoli snreemsi glir aheéoprefeOR7iOnert ian tdnes
configuration, if it is desired to cease production through one or
nore of egeeliyoweddnt soitedr dems Wk anstdedditedassehibgrgot vehoiwgl
may be used to pressurize a chanber in flow control screens 24 to
oper at e weliébbtew counltrdlatsodensel2bote hhé shat 1oké. conrtgudimtdglon. it
The | ocating nipple 28 associated with the flow control screen 24

t hr ough shbutl pe odhidd i ddds byo choBgesk Ekdd eith itheUsed thapr Operhsye of
positioned the straddl e assenbly within the flow control screen 24 to
per f or mdairspt €654 | EEAGOPLLAhI QR QueRid)t sl wonfigpiat | Dhyed f hipwdsd,
desired to reestablish production through a previously shut off flow

control deeheeRd 2duphdite StdRHHA cass@MRhY TBYeb8rdS8del 0ifedUEL 1ML to
pressure or created a vacuumin the chanber to operate the flow

control ¢gereen gdePack d 0 dfiRaBmedLSt i 4 Gofdy g4l i @Bpicted in the
figures, the upward direction being toward the top of the
corresponding figure and the downward direction being towardithe
bottom of the corresponding figure, the uphole direction being
toward the surface of the well and the downhole direction being
toward the toe of the well.
[0030] Referring next to figures 2A-2C, therein is depicted
successive axial sections of a flow control screen according to
the present invention that is representatively illustrated and
generally designated 100. Flow control screen 100 may be
suitably coupled to other similar flow control screens,
production packers, locating nipples, preduction tubulars or
other downhole toecls to form a completions string as described
above. Flow control screen 100 includes a base pipe 102 that

has a blank pipe section 104 and a perforated section 106
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[ 0028] Even t hough figure 1 depicts the flow control screens of the
present invention in an open hole environnent, it should be
understood by those skilled in the art that the fl ow control screens
of the present invention are equally well suited for use in cased

wel l's. Also, even though figure 1 depicts one flow control screen in
each production interval, it should be understood by those skilled in
the art that any nunmber of flow control screens of the present

i nvention may be deployed within a production interval w thout
departing fromthe principles of t he present invention Al so, even

t hough f.i depi a loc | e associ ach_fl ow
cont Lol slugife of PP isg (R ORUC bR Rt g U potee EIGTRtOW Of
control screens and ot her |ocating nethods are p033|ble and are
conS|deF@@S%FFhPHrFﬁeléeopePBFl¥+éL?%é@%WF i APeMPPER. PPBB2eT | ff blank
addi tion, even though figure 1 depicts the flow control screens of
the preddme SRFERPTOMCENIE ROPFFBPR APl G fdflteRe "RELFBoF &2, j fuch
shoul d be understood by those skilled in the art that the flow
control acreehsrdf WERR BFESERt PnWeONERoWiZee "E§haldgramal |onubedl e,
use in deviated well bores, vertical wellbores, nultilateral wellbore
and t he dsiskgnedcce? diaﬂdlqr{ iftlug',ﬁ@ultjobéhwdetbeoﬁuhbviqfhoéieltskprewt
in the art that the use of directional terns such as above, bel ow,
upper, Irewgiculphardpatdbenwarll, aphgrededewnimt¢@ astiz¢ hefroke atewing
used in relation to the illustrative enbodinents as they are depicted
in the fulgweesrotdie. upvard diomedt idawnbeilag dfowai tkdhemédpurnf 11heis a
corresponding figure and the downward direction being toward the
bott om aicricke d¢oteespondchdigifiogune, thhe fighed eardi freailiven 1hei RYth ovase
the surface of the well and the downhol e direction being toward the
toe of tdigeweldz. Securably connected to the downhole end of screen

interface housing 114 is a sleeve housing 118. At its downhole
end, sleeve housing 118 is securably connected to a flow tube
Hbusing 120 which is securably connected to the uphole end of an
intermediate housing 122. In addition, flow tube housing 120 is
preferably securably connected or sealably coupled to base pipe
102 to prevent fluid flow therebhetween. Toward its downhole
end, intermediate housing 122 1is securably connected to a
closure housing 124 which is preferably welded to base pipe 102
at its downheole end. The wvarious connections of the housing
sections may be made in any suitable fashion including welding,
threading and the like as well ag through the use of fasteners

such as pins, set screws and the like. Together, the housing
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(0030] Referring next to figures 2A-2C, therein is depicted successive
axi al sections of a flow control screen according to the present
invention that is representatively illustrated and generally
desi gnated 100. Flow control screen 100 nmay be suitably coupled to
other simlar flow control screens, production packers, |ocating
ni ppl es, production tubulars or other downhole tools to forma
conpletions string as descri bed above. Flow control screen 100
i ncl udes a base pipe 102 that has a bl ank pipe section 104 and a
perforated section 106 including a plurality of production ports 108
and a plurality of closure ports 110. Positioned around an upper
porti onsetthpask Pigpsesert iasmeredlys anmydreent blighefilowr datdh ebetween
medi um 112, such as a wire wap screen, a woven wire nesh screen or
the |ikdildesi geddin 41 laow Peuidsaterl fdegwithel @ hwbugischyiippr 22Nt
particulate matter of a predeterm ned size fromflow ng therethrough
Posi t i or@d3tibwnhotas iofidnieldt eninnmedham dd2ulsr a seyieen ibefteekacehousing
housi ng 114 that forns an annulus 116 with base pipe 102. Securably
connect edetoet el sdownhol ieaend pabescr@en isnt £r fsaQa thoushd g shhders 6.
sl eeve housing 118. At its downhol e end, sleeve housing 118 is
secur ablppseonpeed edi 410 dfdiew bpbaihgysing k2G 1Ml Ghples hsasir@blyo is
connected to the uphole end of an internediate housing 122. In
addi tion, ghhewitupechodsbngrdgOsi $39r ef £E abbyr Seesk a,bﬂlyf;@%hnﬂﬁcm,d He
seal ably coupled to base pipe 102 to prevent fluid flow therebetween.
Tovard iih3udeMRNol Cefbdaiddier IR A& NOUSI NG 2122%dch1$REUIBY Yand six
connected to a closure housing 124 which 1s preferably welded to base
pi pe 10278l EhSedomolgouiifly TREKET LRuS £OMNEGHIONS (Ol ih e boysi A
sections may be made 1 n any suitable fashion 1 ncluding welding,
threadi Rg @Ndch0P hidifeAs N0 d1 S LhBEOUAN A NS dIRR. Ol hLASLERCT 802 UGy
oget her’, e Si ng [

as pins, set screws and the likKe. ou séctrons
Create a.ge |l uid flow.path between filter .medium 112
and per%3%a?§%§ge%9?%23%gév%iybggeu%?%eaﬂgzwor£%3§f BSEFEFohe f%ﬁQﬂk

annul ar regi on_bet housi ng sl eeve .118 and bas [pe_102 js a
split rﬁﬁﬁ §58 %rofggﬂePBE??? ed "Wt PH‘ax%ﬁFgoBgn?hgsf%ﬁg FAPES ol ©
t ube housing 120.is. lurality of flow tubes 130. best .seen |n
figure 28 FRETFR BEEPER of b TreiREatR| ddds 5% 2 gi’irﬁﬁ“siﬁﬁeﬁieﬁﬁjsm%
and six flow tubes 130, however, those skilled in the art wll

recogni F&EHEt ‘otther HiifbePE FOTE oFf t GBEs Hdth Eredt én0 HaRY aldvhess
than six could alternatively be used and woul d be considered wthin
the scopdrérdeRhecpPeSEnt? i t + 3h. 2EBeRl G HEgyewd thubdes Tdpikig or
secured within flow tube housing 120 by a threaded retaining sleeve
132. OnéLt6P fbPE BRerHOHIUsH -t uBBe180e nef Mawas 4 thesddédorapules al30
plug 134 associated therewith to inhibit or stop flow therethrough.
The useh@Vipguyarigus apanet odlendesrs 30 hvaviary epeiaey itmexdjust the
di aneters allow an operator to adjust the pressure drop rating of
each f| pweeente oldropr eeat ) tod acdesi rfédwl evmitsiichsthaéna 100 to a
conpletion string including a plurality of flow control screens 100

i s oper sbbéred cbevtler asticiheethdtoe ®f fentetichongthongzonhaluding a
conpl etions, balance inflowin highly deviated and fractured wells,
reduce gAnubditwanmil flow control screens 100 is operable to counteract

heel-toe effects in long horizontal completions, balance inflow

in highly deviated and f£ractured wells, reduce annular sand
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transportation and reduce water/gas influx, thereby |engthening the
productive life of the well. [0032] Positioned within the dowhol e end
of each of the axial openings 128 of flow tube housing 120 is a val ve
assenbly 136. As best seen in figures 3A-3C, each valve assenbly 136
i ncludes a val ve body 138, a valve plug 140 and a retainer pin 142.
Val ve plugs 140 are initially prevented fromnoving relative to val ve
bodi es 138 by the associated retainer pins 142, as best seen in
figure 3A. Each valve body 138 is closely received within one of the

axi al

openi ngs 128 of flow tube housing 120. The downhol e ends of

val ve assenblies 136 are disposed within an annul ar region 144 that
i s defi AEGPHRAVEEH SPnt3heth HEGSITAGa g2 2nARa%f | bherede heogihaning

120, as best seen in fi%ure 2E. As illustrated, uphole travel of

val ve a&henprodctisg il

Pi af teek eldo go shoul ders 146 associ ated

wi th each axial opening 128 and downhol e travel of valve assenblies
136 is [(PAPRkd byoaisdpaedshoiiider 148, dewgheee 3&knceprésearsah thé the
runni ng configuration of flow control screen 100 in which val ve
assenbl agsall 3epariedserigith cdfapgilowedubet weening Y20 shouk deatvd 46s sawbly
annul ar shoul der 148. In this configuration, internal pressure may be
appl i ed186.t héis umstar ssemi ng deéphegsngat-Baw ecoarnhr olaiser essenb0§. 136
Specifically, the internal pressure will travel through production
ports 1l@Bcbudes sa pre&Ventieshy r o38 passvaprd hilaugh 4d awmd ubesetlsdhddy pin
val ve assenblies 136. Repeated pressure cycles may be applied to the
tubul ar1as. | ongaaset helpyessune aearing dialoy the-wifadd PEeSS UM wahg
retai ner

relative to valve bodies 138 by the associated retainer pins
142, as best seen in figure 3A. Each valve body 138 is closgely
received within one of the axial openings 128 of flow tube
housing 120. The downhole ends of valve assemblies 136 are
disposed within an annular region 144 that is defined between
intermediate housing 122 and flow tube housing 120, as best seen
in figure 2E. As illustrated, uphole travel of valve assemblies
136 is limited by no go shoulders 146 associated with each axial
opening 128 and downhole travel of valve assemblies 136 is
limited by annular shoulder 148. Figure 32 represents the
running configuration of flow controcl screen 100 in which valve
assemblies 136 are length captured between no go shoulders 146
and annular shoulder 148. In this configuration, internal
pressure may be applied to the tubular string deploying flow

control screens 100. Specifically, the internal pressure will
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pins 142. [0033]Wen it Is desired to operate flow control screens
100 fromthe running configuration to the sheared configuration, the
internal pressure may be raised above the shear pressure of retainer
pins 142 causing retainer pins 142 to shear, as best seen in figure
3B. In this configuration, valve assenblies 136 continue to hold
pressure and prevent fluid flow through flow control screens 100 from
production ports 108 to filter nedium 112. Once the internal pressure
is released and the differential pressure across flow control screens
100 is positive between the outside and inside of flow control
screens 100, .valve assenblies 136 are expell ed from axi al openi.ng

128 intc?%ﬁ“?&lakhfgiﬁ n PERAUCEd OBeskOReen 408 f PYbr e 3C PHGYES From
expel | ed, val ve assenblies_ 136 no | onger prevent fluid fIOM/through
f1 ow t uRESst3g mﬁ%&ﬁuﬁPacg%oYloﬁP%%%tr O sdeen@lifo iaFseRbires I36.
production configuration. [0034]Referring again to figure 2C, a

cl osur e REPSEHBRY PRETFRES aCPF L83 uFRY def orRBbI?d et @nthe Hebrtiedaaslang

cl osure
as the pressure remains below the shear pressure of retainer

pins 142.

[0033] When it is desired to operate flow control screens 100
from the running configuration to the sheared configuration, the
internal pressure may be raised above the shear pressure of
retainer pins 142 causing retainer pins 142 to shear, as best
seen in figure 3B. In this configuration, valve assemblies 136
continue to hold pressure and prevent fluid flow through flow
control screens 100 from production ports 108 to filter medium
112. Once the internal ©pressure is released and the
differential pressure across flow control screens 100 is
positive between the outside and inside of flow control screens
100, valve assemblies 136 are expelled from axial openings 128
into annular region 144, as best seen in figure 3C. Cnce
expelled, wvalve assemblies 136 no longer prevent fluid flow
through flow tubes 130 which places flow control screens 100 in
their production configuration.

[0034] Referring again to figure 2C, a closure assembly

having a pressure deformable element depicted as a closure
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sl eeve 150 is securably connected to a downhol e end of internedi ate
housi ng 122 and is positioned in the annul ar regi on between closure
housi ng 124 and base pipe 102. Mre specifically, closure sleeve 150
is positioned around the section of base pipe 102 including
production ports 108 but does not extend to the section of base pipe
102 including closure ports 110 which divides the annul ar region

bet ween cl osure housing 124 and base pipe 102 into a cl osure chanber
152 to the exterior of closure sleeve 150 and a production path 154
to the interior of closure sleeve 150, as best seen in figure 4A and
whi ch represents the production configuration of flow control screen

100. Pret&S35 y 150he ifowFRGPE2RRY of ORI G% e FYTNS18ecBPdbI §E
connected to base pipe 102 by welding or other suitable neans. _
Al t er natinf@npedaagposeusing i My Jvhlisnosttspned afn r BraatanaRirp reajon
exi st between the downhole end of closure sleeve 150 and base pipe
102 suchPattngena dilffseyrent ihgusgngssué maydoe lestsablpigired bed ween More
cl osure chamber 152 and production path 154. [0035]If it is desired
t 0 ceasesgmeoduceilon, t hebogird | g esont r 8F0scieenpd Ot igriags urerosihdev ehe
150 may be operated to its closed configuration. For exanple, as
descri bexkcabowne pfabstradilbe 883 et yudingt pshdwn)) iomypdre o v sdbwnhdbes
on a
not extend to the section of base pipe 102 including closure
ports 110 which divides the annular region between c¢losure
housing 124 and base pipe 102 into a closure chamber 152 to the
exterior of clecsure sleeve 150 and a production path 154 to the
interior of closure sleeve 150, as best seen in figure 4A and
which represents the production configuration of flow control
screen 100. Preferably, the downhole end of closure sleeve 150
is securably connected to base pipe 102 by welding or other
suitable means. Alternatively, a c¢lose fitting, sealing or
similar relationship may exist between the downhole end of
closure sleeve 150 and base pipe 102 such that a differential
pressure may be established between closure chamber 152 and
production path 154.
[0035] If it is desired to cease production through flow
control screen 100, closure sleeve 150 may be operated to its

closed configuration. For example, &as described above, a

straddle assembly (not shown) may be run downhole on a
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conveyance, such as a coiled tubing, wireline or the like, and
positioned adjacent to closure ports 110. The straddl e assenbly may
be used to pressurize closure chanber 152 to a pressure sufficient to
radially deform cl osure sleeve 150 such that it contacts and
substantially provides a seal against base pipe 102, thereby cl osing
of f production path 154 and placing flow control screen 100 in its
shut off configuration, as best seen in figure 4B. To facilitate this
operation, closure sleeve 150 is preferably fornmed froma defornable
metal, such as stainless steel, that is operable to be plastically
defornmed in response to a radially_ inposed pressure differential. In
addi t i oR°T RGN STV S50 BPeiet abiRidehc | Widéd 1aer &di dihey Yidgucsad
section 156 that creates a |ocation of preferential and predictable
def or mePPORCIATRET 34lIR&&NAl £ FhPPYER IRdssdrlé - di Ther errpadle [apsebly
it is thereafter desired to enable production through flow control
screen 18D, bel dstfde SPedrESEROIRRY Besuper shedbbacki 320 tos aoperessure
configuration. For exanple, a straddle assenbly may be run downhol e
on a coavéyamomtanto postiiabheddafipacent osurec| oberee pdB0ssitb. thhe it
straddl e assenbly may be used to reduce the pressure or create a
vacuum wohtrat <l esdr sutisapbenalby suohifidat at he=dlor aghinst phbassupdpe
operating on the production path 154 and/or hydrostatic pressure
appl i edi1ohr ougbrpbpdutbs dng peEts ptBduEt bra t hbeth ntesi ehdofpfdcawg flow
control screen 100 create a sufficient radial force to radially

def orm ebastsle steeme 16D suchté hahut tofD EOMPRIUCHIGAGT S0MbeRit0\HedaS
a seal against base pipe 102, thereby opening production path 154 and

returni ng thiew&ontrol rscegem Ml d nrils Re@EHELH ONc EHORT I UL Ald@N,1 58S
best seen in figure 4A. [0037]Referring now to figures 5A-5C, therein

are depigt gdeferably formed from a deformable metal, such as stainless
steel, that is operable to be plastically deformed in response
to a radially imposed pressure differential. In addition,
closure sleeve 150 preferably includes a radially reduced
section 156 that creates a location of preferential and
predictable deformation under a radially imposed pressure
differential.
[0036] If it 1is thereafter desired to enable production
through flow control screen 100, closure sleeve 150 may be
operated back to 1its open configuration. For example, a
straddle assemb;y may be run downhole on a conveyance and
positioned adjacent to closure ports 110. The straddle assembly
may be used to reduce the pressure or create a vacuum within

closure chamber 152 such that the formation pressure operating
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various views of an alternate enbodi ment of a cl osure assenbly that
is generally designated 160 and is operable to be positioned around
base pipe 102 and replace closure sleeve 150 in flow control screen
100. In the illustrated enbodi ment, closure assenbly 160 is forned
froma tubul ar nenber 162 having a plurality of axial extending
production paths depicted as oval shaped openi ngs 164 extendi ng

t heret hrough, as best seen in figure 5B. Positioned within each
opening 164 is a pressure deformable el enent depicted as an
expandabl e tube 166 that is preferably wel ded or threadably secured
thereinin a fluid tight matter and preferably has a cl osed uphol e
end. C G3urtdeaszRaMIoE 1950 Hadhpdsid | Y@ rwiidre st LewrESAEHEE SEPbisfl
such as flow control screen 100, by securably connecting an inner

di anet efthyerghopregBcbion ubare hewbEronegheoinherbrisecpi féowf cohbypl
control screen 100 and securably connecting an outer dianeter portion
170 of taghegkar 19€niveeate? anigufifrictibet hoadiay 6br¢é¢ owocontinel 1y cdetorm
100 to forma section of the housing.C osure assenbly 160 incl udes a
pl ural i toposhirs| elsedd 2l ithatuar e genétahbylangat | goradacgmedrwipthvades a
provide for fluid conmunication with production ports 108 of base
pi pe 10zZecsfachaahsthbastobspd7202s thetabyf efmntingl Iprocducgned watlh Dne
of the openings 164 to establish a production path through closure
assenbl yank60,retheni iy 0SEI6wasseibtyl 1&dkde®eni N 1liohs qpen i¢enf ipgdaatt tbh
as best seen in figure 5A, which corresponds to the production

conf i Qurcakiragueht oW £OMsel sseheen A0Qre 4RO38] Referring
collectively to figures 2C and 5C, if it is desired to cease

product i @ 3hRr oughe Bef}0W CONM rob 35568885 19R-H@Vi PHefe £A OSUEC depicted
assenbly 160 installed therein, closure assenbly 160 may be operated

toits Q)a%%QSCQ'@ElVQU'Eﬁt iaqp'algt@’r %)ﬁémlmgod%erggscgfi Qe(él% Q¥E alsembl

straddl e assenbly nay be run omﬁhole on a conveyance and positione

adj acent,,1.@ Cligsu%gnerally designated 160 and 1is operable to be
positicned around base pipe 102 and replace closure sleeve 150
in flow control screen 100. In the illustrated embodiment,
closure assembly 160 is formed from a tubular member 162 having
a plurality of axial extending production paths depicted as oval
shaped openings 164 extending therethrough, as best seen in
figure 5B. Positioned within each opening 164 1is a pressure
deformable element depicted as an expandable tube 166 that is
preferably welded or threadably secured therein in a fluid tight
matter and preferably has a closed uphole end. Closure assembly
160 is positioned within a flow control screen, such as flow

control screen 100, by securably connecting an inner diameter

portion 168 of tubular member 162 to the base pipe of flow
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ports 110. The straddl e assenbly may be used to pressurize expandabl e
tubes 166 to a pressure sufficient to deform expandabl e tubes 166
into contact with the inner surface of openings 164 which
substantially provides a seal against slots 172, thereby closing off
the production path and placing flow control screen 100 in its shut
of f configuration. To facilitate this operation, expandable tubes 166
are preferably fornmed froma defornmable netal, such as stainless
steel, that is operable to be plastically deforned in response to
internal pressure. [0039] If it is thereafter desired to enable
production through a flow control screen 100 having a closure._,

P oebl Go06tP] nErar et PRerefn SRAGEhTE £000REE Y9 ao s Gheated
back to its, open_configuration. For exanple, a straddl e assenbly may
be run BOWMH el 6h 8fc P ERC IRG T pohE | BHEU Mdf %% eAPVE 52| 8Surfd oW
ports 110. The straddl e assenbly may be used to reduce the internal
pr essur 8P T eSS vERUUR? WEPRP n2e)855RdaBI 81t (hEs hresisgeh tHasuERe
formati on pressure and/or hydrostatic pressure applied through slots
172 fr oRSEHRP It éiéifor 16F1RABH c@nt?@r@éﬁﬁenoioosgﬁa’éﬁt el & suifatci eae
force to coll apse expandabl e tubes 166 such that they no | onger

provi degenseml lyagaipnsal kY ot £1182edt heriddy r endr nigrpvidew cbéarrolfluid
screen 100 in its production configuration, as best seen in figure
5A. communication with production ports 108 of base pipe 102. Each

of the slots 172 is circumferentially aligned with one of the
openings 164 to establish a production path through closure
assembly 160, when closure assembly 160 is 1in its open
configuration, as best seen in figure S5A, which corresponds to
the production configuration of flow control screen 100.

{0038] Referring collectively to figures 2C and 5C, if it is
desired to cease production through a flow control screen 100
having & closure assembly 160 installed therein, <¢losure
assembly 160 may be operated to its closed configuration. For
example, as described above, a straddle assembly may be run
downhole on a conveyance and positioned adjacent to closure
ports 110. The straddle assembly may be used to pressurize
expandable tubes 166 to a pressure sufficient to deform
expandable tubes 166 into contact with the inner surface of
openings 164 which substantially provides a seal against slots

172, thereby closing off the production path and placing flow
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TOOZ0TRETerring Now 1o 11 gures BbA-6C, therein are depicted various
views of an alternate enbodi nent of a closure assenbly that is
general ly designated 180 and is operable to be positioned around base
pi pe 102 and replace closure sleeve 150 in flow control screen 100.
In the illustrated enbodi nent, closure assenbly 180 is forned froma
t ubul ar nenber 182 having a plurality of axial extending production
pat hs depicted as circul ar shaped openings 184, as best seen in
figure 68. Positioned within each opening 184 is a defornabl e el enent
depi cted as an expandabl e tube 186 that is preferably wel ded or
threadably secured therein in a fluid tight matter and preferably
open at FIETGPhEFESBRdLOOpER ablts P Afdneanii owurat ach Sopdmgabieate
tube 186 is a piston 188. O osure assenbly 180 is positioned within a
fl ow corftigl op@resnonsuekrasddhlny ©8ms ol 6s rrsePTEfGraby ys doumad| from
connecting an inner dianeter portion 190 of tubular nenber 182 to
base pi pe deFRropbfEonetaht ratcks reatraiddeands secur ddlat donmeetiehgeano
outer diameter portion 192 of tubular nenber 182 within the housing
of fl owlsomliesk iset berddfifrnted fior meapsmad iton iokterhel howsssnge .Cl osur e
assenbly 180 includes a plurality of slots 194 that are generally
axi al |y o3gied wifh amd igr owheéeehdbref | vichicednunocasnasli eM tdroduction
production ports 108 of base pipe 102. Each of the slots 194 is

ci r cunf ertentugal lay fabwgredtwol hsoneewf 1 thehoperi ngsc1bBdirto sestabl y she@
production path through closure assenbly 180, when cl osure assenbly
180 is ifhdtlsl1epenheonin QUEBES O assdalsly S%@nmiaP beguiperbfeaWbheh to
corresponds to the production configuration of flow control screen

100.  (0Q4lldRRieibhRgGeht RG] Valor tealpbdll €8 &AM SGsdefnbllly by be
run dewnhole on a conveyance and positioned adjacent to closure
ports 110. The straddle assembly may be used to reduce the
internal pressure or create a vacuum within expandable tubes 166
such that the formation pressure and/or hydrostatic pressure
applied through slots 172 from the interior of flow control
screen 100 create a sufficient force to collapse expandable
tubes 166 such that they no longer provide a seal against slots
172, thereby returning flow control screen 100 in its production
configuration, as best seen in figure SA.

[0040] Referring now to figures 6A-6C, therein are depicted
various views of an alternate embodiment of a closure assembly
that 1is generally designated 180 and is operable to be
positioned around base pipe 102 and replace closure sleeve 150

in flow control screen 100, In the illustrated embodiment,
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Se productron throudgh a flow control screen 100 having
a closure assenbly 180 installed therein, closure assenbly 180 may be
operated to its closed configuration. For exanple, as described
above, a straddle assenbly nmay be run downhol e on a conveyance and
positioned adjacent to closure ports 110. The straddl e assenbly may
be used to apply pressure against pistons 188 which shifts pistons
188 uphol e within expandabl e tubes 186, deform ng expandabl e tubes
186 into contact with the inner surface of openings 184 which
substantially provides a seal against slots 194, thereby closing off
the production path and placing flow control screen 100 in its shut
‘of f cofRfPgurat aetetHnefidhablsy fgrmedodsongs travehri menher upd| kaving
direction until they reach a no go shoul der 196 within openings 184,
as best aseehdal iftivgue® 681al00drfding | sredierteiait epadesi Kegitoed as
enabl e production through a flow control screen 100 having a cl osure
assenbl yit80lanstidped t bperimgs clidgsiyr eaasskabt y <&t ndy béigpes atexd
back to its open configuration. For exanple, a straddle assenbly may
be run downhidbre=dn wd chanveyartce cpradingsitioned asj avefirmadlel 0slknent
ports 110. The straddl e assenbly may be used to reduce the internal
pressur gepfctidvad ¥aAcekanddtlien texpandablaat uBes p86ersHch Wdlated or
pi stons 188 are retracted and the formati on pressure and/ or

hydr ost ahgafiESsUr e ARMd edHdWeQwgh i3l otss 184, fq o idif | fardedr Qg
fl ow control screen 100 create a sufficient force to coll apse
expandagk@féfw@ 186ersugh that ubh&Ve NBnk ONIBLePERYY dB08i SEH e AU thSth
slots 194, thereby returning flow control screen 100 in its

product bRy CORbASUNAd HhnedS dieSls Seef oBnf hgure éi\osLQQ“é%sé%ﬂh%} Mighd
now to figures 7A-7D, therein are depicted various views of an

alternabe BOROCIAmN MAfrAnCROTHEE BSREID] Yod Al | 8, 8RNELAF Y, contror

desi gna 0 a I's operable to be positioned around base” pi pe
and rep I re eev in flow.control screen.100. In the.
iIIustrg?ggegngggfné)t,g%ﬁgéggg é?ggﬁﬁfﬁngoﬁﬁ:quﬁﬁﬁﬁf?W%ﬁﬁ%1??ﬁ%hqﬁ
menber havi luralit f ~axi al . ext endi_ng produgctiqn paths
depi ct eggés O(;afvapgk%l?lla%edmgrﬂ%%%/ngg% A Haﬁedé’\?f/ﬁﬁolleozsefffi ,Owgsc%je%ﬁo}‘
seen in figure , and as an_annul ar region 206 in an_uphol e secti.on,
as best sgﬁgﬁni r]igsi @F%e S/’D(furlgggiyt i‘?ﬁ‘?’é’&c\ﬁgf‘ﬁi FPe £ Fpett #5054 R e
inlet tube 208 that is preferably wel ded or threadably secured
therei niPA &I I'HRPLETgHIE R 182 PBsTRibnERe WhPHERNANREl a7l ve gF B 236
is a pressure defornabl e el enent depicted as an expandabl e annul ar
unit 216FR&R +Q0) hof FAFE BofRERI@At PENtIRt RoRping - t uBEBSROB 2grenitdy
preferablé closed at its uphole end. Cosure assenbly 200 is
posi ti oh8l Wrehides & [WWr@dAtroPisetel 194 that are generally axially
aligned with and provide for fluid communication with production
ports 108 of Dbase pipe 102. Each of the slots 194 is
circumferentially aligned with one of the openings 184 to
establish a production path through closure assembly 18C, when
closure assembly 180 is in its open configuration, as best seen

in figure 6A, which corresponds to the production configuration

of flow control screen 100.
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—such—as—ftowTonmtTol—screen 100, by securably connecting an inner

di anmeter portion 212 of tubul ar nenber 202 to the base pipe of flow
control screen 100 and securably connecting an outer dianeter portion
214 of tubular nmenber 202 within the housing of flow control screen
100 to forma section of the housing. Cosure assenbly 200 includes a
plurality of slots 216 that are generally axially aligned with and
provide for fluid comrunication with production ports 108 of base

pi pe 102. Each of the slots 216 is in fluid conmunication with
annul ar region 206 to establish a production path through closure
assenbly 200, when closure assenbly 200 is in its open configuration,
as best [98dn]li n fRgleerihy aodlilebtdoelesponisgtoed et pirotuet | onf it is
configuration of flow control screen 100. [0044] Referring

col | ect idegliyetio thi gt 2Gandtibn ithricighs adeSlidwededit @EasSe€creen 100
production through a flow control screen 100 having a closure

assenbl \waz@Agi nat akhegdutber akBensl Wsursn assasdin 200 crRy-chg, opel asefk
to its closed configuration. For exanple, as described above, a

straddl @sasssip! Ysiamahe pelydounhal ec0n:a3 coRueyaResr dge- PO onegl,
adj acent to closure ports 110. The straddl e assenbly nmay be used to

pressurizgn,gxpandabl g g0l WBble 21Q 1O A RS SLL Corbilf | fLENGel Oryp
def or m expandabl e annul ar unit 210 into contact w th the inner

f | . . iSedee :
sur acedo%ghg@gu(Q{t%eggi%y%g%iggﬂa%g?Sg@%g@gé%%% YALouhdes & §€8bure

agai nst slots 216, ere f ction path and

pl aci ng fl tro Cr Lo i ff caonfiguration. To
faciIité?g%$%§286pe#§§igg?ggéggn%%%%éﬁgﬁﬁﬁﬁé?mhﬁF&QZf% F?PpVePégéﬁﬁﬁﬁ
formed froma _deformabl e ggta]hhﬁycgh stai.nl.ess s

y

againsg istonsg a3 3 #ﬁ?l’ the.,[t ST
oper abl §5F6"B& pragtiCal Iy det offed SPATF s goned™Po erHalOLSr c¥L LR
[0045)P%XEgnhgbigergggégr:ﬂﬁiir%%f%9m$ggblgx ééégng O%ubes 186 into
contact with the inner surface of openings 184 which
substantially provides a seal against slots 194, thereby closing
off the production path and placing flow control screen 100 in
its shut 'off configuration. Preferably, pisfons 188 travel in
the uphole direction until they reach a no go shoulder 196
within openings 184, as best seen in figure 6C.
[0042] If it 1is thereafter desired to enable production
through a flow control screen 100 having a closure assembly 180
installed therein, closure assembly 180 may be operated back to
its open configuration. For example, a straddle assembly may be
run downhole on a conveyance and positioned adjacent to closure

ports 110. The straddle assembly may be used to reduce the

internal pressure or draw a vacuum within expandable tubes 186
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through a flow control screen 100 having a closure assenbly 200
installed therein, closure assenbly 200 nay be operated back to its
open configuration. For exanple, a straddle assenbly nmay be run
downhol e on a conveyance and positioned adjacent to closure ports
110. The straddl e assenbly may be used to reduce the internal
pressure or created a vacuum w t hi n expandabl e annul ar unit 210 such
that the formation pressure and/or hydrostatic pressure applied
through slots 216 fromthe interior of flow control screen 100 create
a sufficient force to coll apse expandabl e annular unit 210 such that
it no longer provide a seal against slots 216, thereby returning flow
cont r ol SYEhedfato@iisgonss Y$Boduct iarrechtigandt ichn, fasmbesonsprassure
figure 7A. [0046] Even though cl osure assenbly 200 has been descri bed
as havi rgdd opl inyaliciceyabici presstubespRrliBdoshtdugteds Mittsh 294 pf ool they
of openings 204 to provide fluid comunication wth expandabl e
annul ar wmietri2t0pfi flew tonthelundereshoddo byr¢dos e skifliiicigncnfbhee ard
that fluid comruni cati on with expandabl e annul ar unit 210 may be
est abl i shadapsengxpatdableornfubgsr askossch nethardi digsy bid Rekgeli proedad o
using a single inlet tube 208 associated with a single opening 204,
usi ng NGdanl edgdinkes sietscommini entidlgy dréeetd ngn £ lo@nNcaAEbAr screen
openi ng of expandabl e annular unit 210 wherein the open end of
expandablg® annutarprdidctAt conpighesaidy, wel gdede widdi niadLRE 6a.
region 206 in a fluid tight matter or other simlar configuration.
[0047] Wiideasghi s reawantiQn fas bserigdescsi bgdymi t brLel &f €ace W@picted
illustrative enbodi nents,” this description is not intended to be
constru iy PR : ri-Qu tficatien i i
of the s%?&gﬁganggge%%o%?ﬂzﬁf§¥%§k%eﬁﬁgggi%%%%rbgngogﬁggﬁggbggg%ﬁgﬂf
i nventi w i, b t il in.the ar n

QP WM il eﬂgggiﬁfon&§%¥§¥§§% %%0 %gd i gggg?ﬁgg tﬂ% be

reference to the descrip herefore,” i nten

appendeq, ¢l IR §NGONRAS S n3RY 3YED 189! LLGALLADS O -20B0d "ENLSe 150
in flow control screen 100. In the illustrated embodiment,
closure assembly 200 is formed from a tubular member 202 having
a plurality of axial extending production paths depicted as oval
shaped openings 204 in a downhole section, as best seen in
figure 7B, and as an annular region 206 in an uphole section, as
best seen in figure 7C. Positioned within each opening 204 is
an inlet tube 208 that is preferably welded or threadably
secured therein in a fluid <tight matter. Positioned within
annular region 206 is a pressure deformable element depicted as
an expandable annular unit 210 that is in £fluid communication
with inlet tubes 208 and is preferably closed at its uphole end.

Closure assembly 200 is positiocned within a flow contrcol screen,
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What is clainmed is: 1. A flow control screen conprising: a base pipe
havi ng a bl ank pi pe section and a perforated section including at

| east one production port and at | east one closure port; a filter
medi um positioned around a first portion of the blank pipe section of
t he base pipe; a housing positioned around a second portion of the

bl ank pi pe section and the perforated section of the base pipe; and a
def or mabl e el enent positioned between the housing and a portion of
the perforated section including the at | east one production port but
not including the at | east one closure port to define a production
path between the at |east one production port and the filter nedium
such t hBtCRppRi I onCBRt RS uBPFrERBNtL 4 esBir §2CBTERLY atCoP 88§t 10MHe an
closure port acts on the deformable el enent to deformthe deformable
el enent 1RpeBUBsEENET @l POrEl o el Be ofr ddletliagn saier 202 to the base

pipe of flow control screen 100 and securably connecting an
outer diameter portion 214 of tubular member 202 within the
housing of flow control screen 100 to form a section of the
housing. Closure assembly 200 includes a plurality of slots 216
that are generally axially aligned with and provide for fluid
communication with production ports 108 of base pipe 102. Each
of the slots 216 is in fluid communication with annular region
206 to establish a production path through closure assembly 200,
when closure assembly 200 is in its open configuration, as best
seen in figure 7A, which corresponds to the producticn
configuration of flow control screen 100.

[0044] Referring collectively to figures 2C and 7D, if it is
desired to cease production through a flow control screen 100
having a closure assembly 200 installed therein, closure
assembly 200 may be operated to its clecsed configuration. For
example, as described above, a straddle assembly may be run
downhole on a conveyance and positioned adjacent to closure
ports 110. The straddle assembly may be used to pressurize
expandable annular unit 210 to a pressure sufficient to deform

expandable annular unit 210 into contact with the inner surface
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oW comtTrot——streem a5 Tetitedin claim | wherein the

def ormabl e el enent further conprises a pressure deformabl e el enent.
3. The flow control screen as recited in claiml| wherein the
def ormabl e el enent further conprises a closure sleeve. 4. The flow

control

screen as recited in claim3 wherein the closure sl eeve

further conprises an annul ar closure sleeve. 5. The flow control
screen as recited in claim1l wherein the deformable el ement further
conprises at |east one expandable tube. G The flow control screen as
recited in claimb5 further conprising a noveabl e piston di sposed
within the at | east one expandable tube to aid in the deformation of
t he expadfdabheutamhe ragioespénse viniche sisthobtallypr gesurieles a seal

agaiﬁst slots 216, thereby closing off the production path and
placing flow control screen 100 in its shut off configuration,
To facilitate this operation, expandable annular unit 210 is
preferably formed from a deformable metal, such as stainless
steel, that is operable to be plastically deformed in response
tc internal pressure.

[(0045] If it 1is thereafter desired to enable production
through a flow contrel screen 100 having a closure assembiy 200
installed therein, closure assembly 200 may be operated back to
its open configuration. For example, a straddle assembly may be
run downhole on a conveyance and positioned adjacent to closure
ports 110. The straddle assembly may be used to reduce the
internal pressure or created a vacuum within expandable annular
unit 210 such that the formation pressure and/or hydrostatic
pressure applied through slots 216 from the interior of flow
control screen 100 create a sufficient force to collapse
expandable annular unit 210 such that it no longer provide a
seal against slots 216, thereby returning flow control screen
100 in its production configuration, as best seen in figure 7A.
[0046] Even though closure assembly 200 has been described as

having a plurality of inlet tubes 208 positioned with a
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7. 1nme fTOwW contror_screen as recited in claiml wherein the
deformabl e el enent further conprises a plurality of expandable tubes.
8. The flow control screen as recited in claim1l wherein the
deformabl e el enent further conprises an expandable annular unit. 9.
The flow control screen as recited in claim1l wherein the defornmable
el ement is operable to reopen the production path in response to a
sufficient pressure reduction at the at |east one closure port. 10.
The flow control screen as recited in claim1 further conprising at
| east one valve assenbly disposed within a fluid flow path between
the at |east one production port and the filter nmedium the valve
assenbl plinel i ngf acpaniegbodfs &ovapnayigleugt hwicki geumu itdeiti ophevith
val ve body and a retainer pininitially preventing relative novenent
bet weenekpandathee dodylandunhe ¢abve ipl ug undi bepnesisusecofl &y those
predeterm ned threshold | evel is exceed.
skilling in the art that fluid communication with expandable
annular unit 210 may be established using other configurations
including, but not limited to, using a single inlet tube 208
associated with a single opening 204, using no inlet tubes and
communicating directly with an annular opening of expandable
annular unit 210 wherein the open end of expandable annular unit
210 is preferably welded within annular region 206 in a fluid
tight matter or other similar configuration.
[0047] While this invention has been described with reference
£o illustrative embodiments, this description is not intended to
be construed in a limiting sense. Variocus modifications and
combinations of the illustrative embodiments as well as other
embodiments of the invention, will be apparent to persons
skilled in the art upcn reference to the description. It is,

therefore, intended that the appended claims encompass any such

modifications or embodiments.
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11. A flow control apparatus conprising: a tubular nenber including
at | east one production port and at |east one closure port; a housing
posi tioned around the tubular nenber; and a defornabl e el enent

positi oned between the housing and a portion of the tubular nenber

i ncl udiwigat hts a¢1heasél D8e production port but not including the at
| east one closure port to define a production path between the
def ormabl e el enent and t he base pipe such that application of a
suf fi cientapfessutent pol hecaéeheastpoieisbosure port acts on the
deformabl e el ement to deformthe deformable elenent to substantially
cl ose the production path. 12. The flow control apparatus as recited
i n cl aianYdsevhetpe nhahienged dohabk epepeneattiont hrd sopprisested
pressure defornmabl e el enent.

section including at least one production port and at least

one closure port;

a filter medium positioned around a first portion of the blank

pipe section of the base pipe;

a housing positioned around a second portion of the blank pipe

section and the perforated section of the base pipe; and

a deformable element positioned between the housing and a
portion of the perforated section including the at least one
production port but not including the at least one closure
port to define a production path between the at least one
production port and the filter medium such that application of
a sufficient pressure to the at least one closure port acts on
the deformable element to deform the deformable element to

substantially close the production path.
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13. The flow control apparatus as recited in claim1l wherein the

def ormabl e el enent further conprises a closure sleeve. 14. The fl ow
control apparatus as recited in claim 11l wherein the defornable

el enent further conprises at | east one expandabl e tube. 15. The fl ow

cont r ol2 apries aft Lisw aGotiteed1 esbidet! @k mrddi fadt Her c THMRI i SkRGrdin the
noveabl e piston disposed wthin the at | east one expandabl e tube to

ai d in ddveodefiordadi one.of £heceXPandabl Bs44108 L. L6SPONSEEL PnlbEe

sufficient pressure. 16. The flow control apparatus as recited In
clain1;% aherein the deformable el ement further conprises an _
expandabl e annul ar unit. 17. The flow control apparatus as recited
in claiml1ll wherein the deformable el enent is operable to reopen the
production path in response to a sufficient pressure reduction at the
at | east one closure port.

3. The flow contrcl screen as recited in c¢laim 1 wherein the

deformable element further comprises a closure sleeve.

4. The flow control screen as recited in claim 3 wherein the

closure sleeve further comprises an annular closure sleeve.

5. The flow control screen as recited in claim 1 wherein the
deformable element further comprises at least one expandable

tube,

6. The flow contrecl screen as recited in claim 5 further
comprising a moveable piston disposed within the at least one
expandable tube to aid in the deformation of the expandable

tube in response to the sufficient pressure.

7. The flow control screen as recited in claim 1 wherein the
deformable element further comprises a plurality of expandable

tubes.
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18. A nethod for operating a flow control screen conprising:
provi di ng a base pi pe having a perforated section including at |east
one production port and at |east one closure port; providing a
housi ng positioned around the tubul ar nmenber; and providing a

def ormabl e el ement positioned between the housing and a portion of
the perforated section of the base pipe including the at |east one
production port but not including the at |east one closure port to
define & priesluEldw et fo bed veesn tie Bdol east i ONEL PR AUCHhORe PRI £hand
a filter medium applying a sufficient pressure to the at |east one
cl osur ydtmand d ESRONS| Mertiet Neomyf{ &£k et DESSSHNS o %ﬁﬂﬁi‘éﬁg
the deformabl e el enent to substantially close the production path.
19. The, hod as recited in claim 18 further conprising, responsive
to the sufficient pressure, noving a piston disposed within the
deformabl e element to aid in the deformation of the deformable

el enent .

9. The flow control screen as recited in claim 1 wherein the
deformable element is operable to reopen the production path
in response to a sufficient pressure reduction at the at least

one closure port.
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20. The nmethod as recited in claim 18 further conprising reopening

t he production path in response to a sufficient pressure reduction at
the at | east one closure port. 21. The nethod as recited in claim18
further conprising: pressurizing the flow control screen at the at

| east are. priegluEldwnedettol hod ey ddherpressarenweihin 1 heufos
control screen with a val ve assenbly disposed within a fluid fl ow

pat h i nedidise m%@@tiease%ﬁ@nvaw@r@ éﬁ&ﬁlﬁgh&}%efé&rel%ﬂlﬂhs F1ovn

contr ol screen ove a predeterm ned t res to shear the

retainesy cm:})ag; tg]&‘y@éﬂ{e%ﬁ%o é(aggugﬁggmpf%ggg%% n| ng. of t e, val ve

e
assenbl'y ana conti nul hg d pressure ow con ro]i1

SCreen,
'filter medium, the valve assembly including a valve body, a

valve plug received within the valve body and a retainer pin
initially preventing relative movement between the valve body
and the valve plug until pressure of a predetermined threshold

level is exceed.
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decreasing the pressure at the at |east one production port; and
responsive to the pressure decease, discharging the valve assenbly
fromthe fluid fl ow path.

11. A flow control apparatus comprising:

a tubular member including at least one production port and at

least one closure port;

a housing positioned around the tubular member; and

a deformable element positioned between the housing and a
portion of the tubular member including the at least one
production port but not including the at least one closure
port to define a production path between the deformable
element and the base pipe such that application of a
sufficient pressure to the at least one closure port acts on
the deformable element to deform the deformable element to

substantially close the production path.

12. The flow control apparatus as recited in claim 11 wherein
the deformable element further comprises a pressure deformable

element.

13. The flow control apparatus as recited in claim 11 wherein

the deformable element further comprises a closure sleeve.
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14. The flow control apparatus as recited in claim 11 wherein
the deformable element further comprises at least one

expandable tube.

15. The flow control apparatus as recited in c¢laim 14 further
comprising a moveable piston disposed within the at least one
expandable tube to aid in the deformation of the expandable

tube in response to the sufficient pressure.

16. The flow control apparatus as recited in claim 11 wherein
the deformable element further comprises an expandable annular

unit.

17. The flow control apparatus as recited in claim 11 wherein
the deformable element is operable to reopen the production
path in response to a sufficient pressure reduction at the at

least one closure port.
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18. A method for operating a flow control screen comprising:

providing a base pipe having a perforated section including at

least one production port and at least one closure port;

providing a housing positioned around the tubular member; and

providing a deformable element positioned between the housing
and a portion of the perforated section of the base pipe
including the at least one production port but not including
the at least one closure port to define a production path
between the at least one production port and a filter medium;
applying a sufficient pressure to the at least one closure
port; and responsive to the sufficient pressure, deforming the

deformable element to substantially close the production path.

19. The method as recited in claim 18 further comprising,
responsive to the sufficient pressure, moving a piston
disposed within the deformable element to aid in the

deformation of the deformable element.
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20. The method as recited in claim 18 further comprising
reopening the production path in response to a sufficient

pressure reduction at the at least one closure port.

21. The method as recited in claim 18 further comprising:

pressurizing the flow control screen at the at least one

production port;

holding the pressure within the flow control screen with a
valve assembly disposed within a fluid flow path in the flow

control screen;

increasing the pressure in the flow control screen above a
predetermined threshold level to shear the retainer pin of the
valve assembly causing a shortening of the valve assembly and

continuing to hold pressure within the flow control screen;

decreasing the pressure at the at least one production port;

and

responsive to the pressure decease, discharging the valve

assembly from the fluid flow path.
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