SAND CONTRCOL SCREEN ASSEMBLY W TH FLOW CONTROL
CAPABI LI TY TECHN CAL FI ELD OF THE | NVENTI ON [ 0001]
This invention relates, in general, to controlling the
production of fluids and particulate materials froma
well that traverses a hydrocarbon bearing
subterranean formation and, in particular, to a fl ow
control screen that is operable to control the inflow
of formation fluids. 1 BACKGROUND OF THE | NVENTI ON
[0002] Wthout Iimting the scope of the present
invention, its background will be described with
reference to producing fluid froma hydrocarbon
beari ng subterranean formati on, as an exanple. [0003]
%%ﬂy RONT %LC Eﬁhﬁﬁ'RESE&Bﬁ&VW%%HtﬂEHW‘ddﬁ@%die% ABILITY
rocar earlng subterranean formation, production
tublng and vari ous conpl etion equi pnent are installed

inthe well to enable safe and efficient production

of the fornéﬂﬁﬁﬂi%ﬁﬂidgﬁgﬁiéngﬂgnﬁH¥§§£59§revent t he

production of particulate material from an .
[0001]nconddiiicdan@8nsr CRod§epyeEonsBl PaEEA.l subPerPanEahaling the

formation, certain conpletions include one or nore
prodwdandncarft roluids 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.



screens positioned proximte the desired production
intervals. |In other conpletions, to control the flow
rate of production fluids into the production tubing,
it is cormmon practice to install one or nore flow
control devices within the tubing string. [0004]
Attenpts have been nmade to utilize fluid flow contro
devi ces within conpletions requiring sand control. For
exanple, in certain sand control screens, after
production fluids flows through the filter nedium
the fluids are directed into a flow 2 contro
section. The flow control section nmay include one or
nore flow restrictors such as flow tubes, nozzles,
| abyrinths or BRRESRPKED Y oTEHE| INVENHON oduct i on
rate through these sand control screens is fixed
[0003r i or Widhiomst al dreittiiory byhe ndiceprdualfl ythadpyserny timgention,
flow restrictors of the sand control screens. [0005]
its btchgsobeén Widlindpehaoimmaribeichavitihe réireiregceheto producing
conpletion process, it may be desirable to pressure up
fluid hero® 0BPIBId et aShonN b d0- i0RET Ale: Ofr SRiarCefddhdt ion, as an
tools, such as packers. Current flow control screens
examg@dui re the running of a separate work string into
the conpletion string to achieve this

[o003] 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 unconsolidated or 1loosely consolidated subterranean
formation, certain completions include one or more sand control
screens positioned proximate the desired production intervals.
In other completions, to 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 medium, the fluids are directed into a flow



result or require that one or nore permanent check

val ves be incorporated into each flow control screen
whi ch increases the cost and conplexity of such
screens and reduces the reliability of such screens.
In addition, it has been found, that it may desirable
to tenporarily or permanently shut off production at
certain locations in a conpletion interval. To achieve
this result, current flow control screens incorporate
sliding side doors whi ch add conplexity to each
screen_and req gj nechanlcal intervention to

cont Rl TR Tbnt ¢ dire I e OB b oA e bt alid Vel i She or

05|t|ons [0006] Accordln Iy, a_need has _arisen for

more fﬁ]oCW CHRTGICE S SiTh 1Rt ﬁé’lbs?ﬁl e G Zd Gt 1 &Iabtyﬁénths or
inflow of formation 3 fluids in a conpletion

the (Lélairi n§yBandltont toe., probed s aRte t@rcsem fohese sand
such a flow control screen that is operable to be

cont yrlessureshupidufiimgdt hericonpi @t Loat pt beessn Byr timeld vigdually
need has arisen for such a flow control screen that

adjudtSimpenablfe civo reberRet ars | yf of he eddran erdid tyr Shudc refehs .

production therethrough. 4 SUMMARY OF THE | NVENTI ON

[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 valves 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.

[0006] Accordingly, a need has arisen for a flow control

screen that 1s operable to control the inflow of formation



[0007] The present invention 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
invention is operable to be pressured up during the
conpl etion process. In addition, the flow contro
screen of the present invention is operable to
tenporarily or permanently shut off production
t her et hrough. [0008] In one aspect, the present
invention is directed to a flow.control_screen that
fluidfciBdas CamBaSE L pRpECHRYF BT aSBRANKONpFpE - sedt iNGedakigs also
a perforated section including at |east one
arisgnodoct iowlport fdwd atornteast erecet oshee portopgrable to be
filter medium is positioned around a first portion of
pres$hieed| @apkdpr ey seled | @mpét idre fhase g .pe. FUkthausi ng rieeed has
positioned around a second portion of the blank pipe

aris&€Ctian elichheabasgowpi penardit hecrar f anatred isecbpOhable to
of the base pipe. A defornmable elenent is positioned

tempOBLVEEN cslhepmen&l@n%h%tpeﬁc_tfl Bpoeﬁcwsn p@ﬁé@é@%ﬁ&
section including the at | east one production port ut
not including the at |east one closure port to define
a production path between the at | east one production
port and the filter medium such that application of a
sufficient pressure to the at



5 |l east one closure port acts on the defornabl e

el ement to deform the deformable elenent to
substantially close the production path. [0009] In
one enbodi nent, the defornable el enent may be a
pressure deformable el enent. In another enbodi nent,
the deformable elenment may be a cl osure sl eeve

i ncluding an annul ar closure sleeve. In a further
enbodi nent, the deformable elenent nay be one or nore
expandabl e tubes. In this enbodi nent, a noveable

pi ston may be di sposed within the expandable tubes to
aid in the deformation process. In yet another

enbodi nent, the deformable elenment may be an

expandabl e annuléHMM&BX*QIﬂEﬁb¥Qﬁﬁ@EE£%hin

enbodi nents, the defornmable elenent is operable to
[0007koperThde mpresduct | onveat honn diespomssd t begein comprises a

sufficient pressure reduction at the at | east one
flowClasiyr®1postreehn Bdherccantodilirgt Sshat inddetw oné formation

val ve assenbly may be disposed within a fluid flow

flulc@@t hnbetweentt BEs a‘i:eh@@%ln@nganﬂr edHELHON paHe anut hdntrol
| ter medium The valve assenbly may include a valve

scregﬁ)dgf %h\éal Vrees@nLlEgtJ{ alﬁq’l 1%q1 V‘ié hb g‘&zl[é/alzgebeb%s%u‘}ed up

a retal ner I ni prevent I ati ve novenent

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 1s 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 1is
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



bet ween the val ve body and the valve plug. The valve
assenbly is operably to be shortened in response to a
pressure increase that exceeds a predeterm ned
threshold | evel and shears the 6 retainer pin
all om ng shortening of the valve assenbly.

Thereafter, a pressure decrease will cause the valve
assenbly to be discharged fromthe fluid flow path.
[0011] In another aspect, the present invention is
directed to a flow control apparatus that includes a

menber having at | st .one uctlon r
Leas it o} GROTS oREE ol BELF O parE. IRIFBUEPLG FeoneRe to deform
positi oned around the tubul ar nenber A defornable
the Qeéﬁéﬁ‘@bll§ PROLFTEUhed hefwReRAR et Holsich§SgndtAe  production

portion of the tubular nmenber including the at |east
pathone production port but not including the at |east

one closure port to define a production path between
[0009lhe deafror oabl erdeherintandthé helcfaseapilpe sleherthamay be a

application of a sufficient pressure to the at |east

pres@ie Cl Qs enpord asismaix t he defor gabkecel emabdifent, the
deform the deformable elenent to substantially close

defof&ghlé”éﬁgmgﬂéthQtBe goglgkukg QIEHQEhQEc§§H§ﬁ5 abhh&nnular

present 1 nvention Is directed

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.

{0010] In certain embodiments, the deformable element is
operable to reopen the production path 1in 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 1least 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 valve assembly
1s operably to be shortened in response to a pressure increase

that exceeds a predetermined threshold level and shears the



to a nmethod for operating a flow control screen. The
met hod i ncludes providing a defornmabl e el enent
positi oned 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
cl osure port to define a production path between the
at | east one production port and a filter nedi um
applying a 7 sufficient pressure to the at | east one
cl osure port, and responsive to the sufficient
pressure, deformng the defornmable_ elenent_t
reraidis i al RUTCTHRE ¢ ABOBEGRUERI o pat e [ OBAS]S ThEssemoLY-
nmet hod may al so i nclude, responsive to the sufficient
Theregfielyr & TRFSHG €a d5CSE8Rd 'S posERRRt AR VReVE assembly to
deformabl e elenent to aid in the deformation of the
be digetheregll éroal ehentland Foperitly the production path
in response to a sufficient pressure reduction at the
[0011dt | edst ameldwsaspeport thel prageinti amvertelaret hoddirected
may i nclude pressurizing the flow control screen at

to atheled |easircaneappaddetisontipart indohdeBy dhecubular member
pressure within the flow control screen with a val ve

havhﬁf3§ﬂbhﬁas@i&ﬂQ§e9r$ﬁ&E£Doﬁ vt d flovwspatikddt thge closure
fl1ow control screen, increasing the pressure in the

portf'ow %%Méfﬂgs§£e%%s%Q9%ﬁe8 around the tubular member. A

deformable element 1s positioned between the housing and a
portion of the tubular member including the at 1least 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



predeterm ned threshold | evel to shear a retainer pin
of the valve assenbly causing a shortening of the
val ve 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 pressure decease, discharging the valve assenbly
fromthe fluid flow path. 8 BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0014] For a nore conpl ete understandi ng of
the features and advantages of the present invention,
erence i s _now na he.det ail ed description of

ff‘ref d r d\%to 1 c or and

SULELCHENEnVBREPBH Gl oy witth e 'S2EbnpdNyi g 454G e&F T

whi ch corresponding nunerals in the different figures
resPOEfEr +0 ddit eSpbhtl H paPYSSHGFE i ndGHPEM 1Y 0B8] deformable

Figure 1 is a schematic illustration of a well system
elemegseiat shgshapriupal vt gloge f sy EHudiosc peEhs

according to an enbodi ment of the present invention;
[0013]]0016]ThEi gureedoZA- 2@var ealpsar t src ety i onasgspdmsiof  to  the

successive axial sections of a flow control screen
suffiadeordi Ry dseuak, entodingEenta ofpidweopr esentosdwventi ONin  the

[0017] Figures 2D 2E are cross sectional views of the
defora®We element to aid in the deformation of the deformable
element and reopening the production path 1in 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 in 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.



control screen of figure 2B taken along |ine 2D 2D and
2E-2E, respectively; [0018] Figures' 3A-3C are cross
sectional views of a valve 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; [0019] Figures 4A-43 are cross
sectional views of one enbodinment of a closure
assenbly in its various operating 9 configurations
that is operable for use in a flow control screen
according to an enbodi nent of the present invention;

[ 0020] Figures 5A-5C are cross sectional views of
anot her enbodi nent of a closure assenbly inits

vari ous operER}Ey DESORIIPFIPHT PENSHE WaRAY EN@per abl e f or

use in a flow control screen according to an
[0014lrbodiFrenta ofiotrbecpmpdent undenttandifi®02f] thegureegures and
6A-6C are cross sectional views of another enbodi nment

adva®fage£| 6suUrcasSseaddy | Ani/é/t V&t | Ousfepenati 1§ now made to
configurations that is operable for use in a fl ow

the CQBEADleSCrE&EHr AGCALMI NG t o erbadidiRM ofidff with the
present invention; and [0022] Figures 7A-7D are cross

accoﬁ§§ﬁ§fﬁgﬂ ﬁﬂéﬂ%%SOfiﬁno%ﬁf&h corresponding numerals in the

different figures refer to corresponding parts and in which:
[0015] Figure 1 1is 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 guarter sectional view of successive
axial sections of a flow control screen according to an
embodiment of the present invention;

[0017] Figures 2D-2E are cross sectional views of the flow
control screen of figure 2B taken along 1line 2D-2D and 2E-2E,
respectively;

[0018] Figures  3A-3C are cross sectional views of a wvalve
assembly 1in its various operating configurations that is
operable for wuse 1in 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



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. 10 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0023] Whil e the maki ng and using of various
enbodi nents 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 enbodied in a wde variety of

cone RESHLEACOMELS TIEB0ECLLLC SIDOT IPDAS, 0L EUSS Torcen

make and use the invention, and do not delimt the
accorgddg@e tof 2Ph8MPRF&BERE ?EV%WEiRﬁﬁgTUDZ£P€RéP@Pﬁing
initially to figure 1, therein is depicted a well
[0020dyst efioHEREdi PRy 2C pladcal F¥9SDf SAChWorgnt r viewer ednsanother
enbodyi ng principles of the present invention that is
embodsoieamat bcal by clbasteat @gsamal gener alilty desirgoatedop@rating
In the illustrated enbodi nent, a well bore 12 extends
confildiratdbnkhe havarisowpeeabllh sbratide Y| bb@newl2oh@sod screen

substantially vertical section 14, the upper portion

accor@findhicehshagneeRERLRE thefied @ sent invention;

[0021] Figures 6A-6C 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 embodiment of the present invention; and

[0022] Figures 7A-7D are cross sectional views of another
embodiment of a closure assembly in its wvarious operating

configurations that is operable for use in a flow control screen

according to an empodiment of the present invention.
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casing string 16. Wellbore 12 also has a substantially
hori zontal section 18 that extends through a

hydr ocar bon bearing subterranean formation 20. As
illustrated, substantially horizontal section 18 of
wel | bore 12 is open hole. 11 [0025] Positioned within
wel | bore 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 |lower end, tubing string 22 is
coupled to a conpletions string that has been
installed in wellbore 12 and divides the conpletion

| nterval 1ota 3R] SURRLANNGHT 0P Lt SRS acent

Iurallt of flow control _.screens 24, eac
[002$% po§VP16hé3“bePﬁ§éﬂgaaB§|ﬁmﬂpgpégkeY§r?%u?hS%goglmentS of

provides a fluid seal between the conpletion string
the Qe%m@t WeNVBBE 012 arehetisioyssgaf iim rietael pPolioet i éﬁ should
intervals. The conpletion string also includes a
be pbpratiayedf Ltbeati rideni pptese8, eacénioiomhi phovgdes many
associ ated with one of the flow control screens 24.
appli®6] FhesnhecOwt r ebnsepeensihi4hserare ble epbodaey in a wide

functions of filtering particulate matter out of the

variddypdugti orpbluird St reaMexts . 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
1llustrated 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.
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and controlling the flowrate of the production fluid
stream In addition, as discussed in greater detai
bel ow, flow control screens 24 are operable to be
pressured up during installation of the conpletion
string. For exanple, when the conpletion string is
positioned in the desired location in well 12,
internal pressure nmay be used to set packers 26 to
divide the conpletion interval into the desired
nunber of production 12 intervals. During this

etting process, flow contrpol screens 24 are in their
(002 hnniﬁ%’ Qﬁﬁfﬂ?éﬁﬁ?nwﬁngﬂr?hgg A8 operab %n?o%rom the
hol d pressure for repeated cycles as |long as the ,
surfafesdfred FoRangs Le116W a2pr edel' & Hihed tEhPEsol gprovides a
pressure. Once all pressure operated conpletion
condebnpbrenteraaeiget fonidar fagtrhvel séremngosmathenf gAalto the
pressure operated conpletion conponent, the interna
surffcessumrg nays béowarsethdabove e predes eedi ned coupled to a
threshol d pressure to operate flow control screens 24

compl &t fotdekerisheaned oo i pyeat iiaBrallletihiish wellbore 12 and
configuration, flow control screens 24 continue to

divi@@%d RE@SSUL SN, NOVRYET . Weervhhe i@y nak, RheSSUrS-dduction
rel eased and t%e differential pressure across flow
intefﬁ%%%gh%%ﬁﬁﬁgﬂ§ %% i§098§£{$Xe:ﬂﬁtmee%hghecgﬂﬁfégﬁm@n%tring
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 1is
associated with one of the flow control screens 24.

[0026] Flow control screens 24 serve the primary functions of
filtering particulate matter out of the production fluid stream
and controlling 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 1s 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



flow control screens 24, flow control screens 24 are
operated to their production configuration. [0027]
Once in this configuration, if it is desired to cease
production through one or nore of the flow contro
screens 24, a straddle assenbly (not shown) may be
used to pressurize a chanber in flow control screens
24 to operate the flow control screens 24 to the shut
of f configuration. The |ocating nipple 28 associated
with the flow control screen 24 through which

interRRQEUCt DQRihg RAikORGeridgShredels, UsELwt BoRf PPN k¥ reens 24
p05|t|oned fhe straddl e asSenbly within the flow

are 1%9%% %%ﬁ%gz%oh?ﬁ?é§ap§é%p£H1&H&éhp£ﬁ§§”5£élBgerable to

t on conti guration,
dt tablish duct
S R G L -

stradd] e assenbly may be used to reduce the pressure
remaigs cP%%?%déaapﬁgéﬁﬁﬁFWhn?ﬂe‘Eﬂﬁﬁﬂé%‘%op66§FHF% theOnce all
flow control screen 24 back to the production

pressggRf | Qraratiash. CPODRDSY 1 EYeROTABDGAT Fi goce detepirctditing the
flow control screens of the present invention in an
settiogemfhahe @nwnalomresturet cpeoakdd bemphdeistoodmpygnent, the
those skilled in the art that the flow contro
internal pressure may be raised above the predetermined
threshold pressure to operate flow contrcl screens 24 into their
sheared configuration. In this configuration, flow control
screens 24 continue to hold pressure, however, when the internal
pressure 1s released and the differential pressure across flow
control screens 24 1is positive between the outside and inside of
flow control screens 24, flow control screens 24 are operated to
their production configuration.
[0027] Once 1in this configuration, 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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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 understood by those
skilled in the art that any nunber of flow contro
screens of the present invention may be depl oyed
within a production interval w thout departing from
the principles of the present invention. Al so, even
though figure 1 depicts a [|ocating nipple associated
erf&@ th %%ﬁg roQkF%Q}E%L screen, 0 Qer confi Hratiogg fhis
p of" | oca i"ng Al pﬁleg &89 | oWPEBREFST” screeng Ehd
other locating nmethods are possible and are _considered
CONEAGUIREA O he 1dcopd ofl St helSHiesent HonvERESERPIEGH29prPAuUCt 1on
addi tion, even though figure 1 depicts the flow
througdnt pol PseY eenslvf $HeE pddent lpHverdilorrt n screen 24, the
hori zontal section 14 of the wellbore, it should be
st radgice restsgodh lyy ntehosee skédd edo | nedhee @h¢ phassthe Pkowreated
control screens of the present invention are equally
a vayehh sni ted fataise |ito depeated wakl Faes, corertdlcakecreen 24
wel | bores, multilateral wellbore and the Iike.

back AL b REb¥uckt onSBEHE dgbeatingier st ood by those skilled
in the art that the use of directional terns such as

[oozsﬁlbOVe'Ev%@ Q%o@peﬂ'rgdr%\’\elr'déﬁ)lwg'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 1in each production interval, it should be
understood 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.

[0029] In addition, even though figure 1 depicts the flow

control screens of the present invention in a horizontal section
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downwar d, uphol e, downhole and the like are used in
relation to the illustrative enbodi nents as they are
depicted in the figures, the upward direction being
toward the top of the corresponding figure and the
downward direction being toward the bottom of the
correspondi ng figure, the uphole direction being
toward the surface of the well and the downhol e
direction being toward the toe of the well. [0030)
Referring next to figures 2A-2C, therein is depicted
successi ve axjial sectjons of a flo ontrol scre

of LERCUTHRART To 1t MIPIEbAIR VHFGRIGH PHaknose Sxilled in the

representatively illustrated and generally designated
art 4bat Fhewident reintsele it RGO SMBL bele spreapny ésypregon are
to other simlar flow control screens, production
equalplackerd ]l | scatedg fmpphes, prodgstiadrdt ubel Bpsres, vertical
ot her downhole tools to forma conpletions string as
welllstesey | bedl t abmeera IFl o dorte adndctleenl 108. | nalcddesiiagly, it
base pipe 102 that has a bl ank pipe section 104 and a

shouRerdorated-seedd qa}/ 10% sel B Kinaleddiing tdePlawtaltiay @he use of
production ports 108 and a plurality of closure ports

direé‘éloonﬁosii%.frgge%u%rhouyg QBOUQPe&)e@QﬁIt! qybe;?ér,bl ?Blﬁerpi %%ward,
section 4 Ts a screen elenent or filter nedium112,
downﬁ%%él uphole, downhole and the like are used in relation to
the 1llustrative embodiments as they are depicted in the
figures, the wupward direction Dbeing toward the top of the
corresponding figure and the downward direction being toward the
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 1is depicted
successive axial sections of a flow control screen according to
the present invention that 1is representatively illustrated and
generally designated 100. Flow control screen 100 may be
suitably coupled to other similar flow <control screens,
production packers, locating nipples, production tubulars or
other downhole toocls 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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as a wire wap screen, a woven wire nesh screen or the
like, designed to allow fluids to flow therethrough
but prevent particulate matter of a predeterm ned
size fromflow ng therethrough. Positioned downhol e
of filter medium 112 is a screen interface housing
114 that forns an annulus 116 with base pipe 102.
Securably connected to the downhol e end of screen
interface housing 114 is a sleeve housing 118. At its
downhol e end, sleeve housing 118 is securably
ect o] 0 [ i -
1nclu é%l G%H%éf %Q%hék&%h ré%dlgg %%d 3 plurality of
nternedlate hou n add
ClosH o 426:0 o BPerEranty Seadaoty esﬁﬁéap@a?&?n of blank
sealably coupl ed to base pipe 102 to prevent fluid
pipe f poWF 1 Per bbbt Weeh. STEREP S EESBBbWAKoI é 1 E8RgMedium 112, such
i ntermedi ate housing 122 is securably connected to a
as aclwsier evhousengeeld whiwdvers pief emgbhy sesleged @0 bhse like,
pi pe 102 at its downhole end. The various connections
desiged hecdouslilny Sactidens toay £ bew madee rat lanyugui tald e prevent
fashion including welding, threading and the |like as
part Wehla@s theovgh the use ofréasienensed suehzas BrBs, flowing
set screws and the |Iike. Together, the housing 16

therét,er%dlﬂjr}?’ creaf s & GRRer dblynannubar g fhewipdtRiz is a

bet ween

screen interface housing 114 that forms an annulus 116 with base
pipe 102. 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 tcoc a flow tube
hbusing 120 which is securably connected to the uphole end of an
intermediate housing 122. In addition, flow tube housing 120 1is
preferably securably connected or sealably coupled to base pipe
102 to prevent fluid flow therebetween. Toward 1its downhole
end, intermediate housing 122 1is securably connected to a
closure housing 124 which is preferably welded to base pipe 102
at its downhole end. The various connections of the housing
sections may be made in any suitable fashion including welding,
threading and the like as well as through the use of fasteners

such as pins, set screws and the like. Together, the housing
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filter medium 112 and perforated section 106 of base
pi pe 102. (0031] Positioned in the annul ar region
bet ween housing sleeve 118 and base pipe 102 is a
split ring spacer 126. Positioned within axia
openings 128 in flow tube housing 120 is a plurality
of flow tubes 130. As best seen in figure 2D, the
illustrated enbodi nent includes six axial openings 128
and six flow tubes 130, however, those skilled in the
art will recognize that other nunbers of flom1tubes
both greater than and |l ess than six cou
sectignsr RAEPTEI y2 bEUEEF 1dNd ABRFH be fdas déﬂ@bl W Hi n between
the scope of the present invention. Each of the flow
filtempeasd @0 1125 agdle peadonpt Afns€tbipn ubS Mfudiafs 2Py 02 .
a threaded retaining sleeve 132. One or nore of the
[003X]) ow tRdwe tidenny imavete tdnmedded cagion ab@twgeh34 housing
associated therewith to inhibit or stop flow

sleetdienahr gggh. pdde ysieeof 1pbugss 134 apdit! owihybespdsd)y 126.
havi ng various inner dianeters allow an operator to

posi GHHRL e 1 PTBSSHN & AR sALIRY 16f ]RGN tﬁ.l'b%WhQ)erétlrn%l 120 is
screen 100 to a desired I'evel such that a conp etion

a pl%%i{‘@y' o¢! %gw/g rdpel! YL@l i tVAs"fbé%to"‘ée?&E‘tg fI6LEENID, the

I'S” opera to counteract heel -t oe ef
lu%§8%§¥£rézqa§ nEIeiﬂg SQalance inflow in gﬁ@ aXd cix
dSEN *T%Rﬁ B WFT s S1Feddcd lamRATE Fan

flow tubes 130, however, those skilled in the art will recognize
that other numbers of flow tubes both greater than and less than
six could alternatively be used and would be considered within
the scope of the present invention. Each of the flow tubes 130
is secured within flow tube housing 120 by a threaded retaining
sleeve 132. One or more of the flow tube 130 may have a
threaded cap or a plug 134 associated therewith to inhibit or
stop flow therethrough. The use of plugs 134 and flow tubes 130
having various inner diameters allow an operator to adjust the
pressure drop rating of each flow control screen 100 to a
desired 1level such that a completion string including a
plurality of flow control screens 100 is operable to counteract
heel-toe effects in long horizontal completions, balance inflow

in highly deviated and fractured wells, reduce annular sand
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17 transportation and reduce water/gas influx, thereby

| engthening the productive life of the well. [0032]

Positioned within the downhol e end of each of the

axi al openings 128 of flow tube housing 120 is a valve

assenbly 136. As best seen in figures 3A-3C, each

val ve assenbly 136 includes a valve body 138, a val ve

plug 140 and a retainer pin 142. Valve plugs 140 are

initially prevented fromnoving relative to valve

bodi es 138 by the associated retainer pins 142, as

bes een in figure 3A Each val ve. body 8 is close
eransPERLal R AT TR A B S OoRRT g8 T58061 LFrghien ing

tube housing 120. The downhol e ends of val ve
the p§§§€ﬁEPV§slig% af ethYi¥posed within an annul ar region

144 that is defined between internediate housing 122
[00323nd f PedltupecHousttyin20heasdpesholseesnd nofi giaeh 2pf the

As illustrated, uphole travel of valve assenblies 136
axiali sdeniinged U8 md gol shoullgerisoustiGicasisuri ot edl waltieeashembly

axial opening 128 and downhol e travel of valve

136. asgenydses d86ni sn ldigured byr-aamul aachheuwlider dddmbly 136
Figure 3A represents the running configuration of

incldde@W copiRl 1S6deen; 400,51 Ranhichivial Meo %%ﬁﬁﬂb'k§§aﬁé%& pin
are |l ength captured between no go Shoul ders

142. Valve plugs 140 are 1initially prevented £from moving
relative to valve bodies 138 by the associated retainer pins
142, as best seen in figure 3A. Each valve body 138 is closely
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 1is defined between
intermediate housing 122 and flow tube housing 120, as best seen
in figure 2E. As illustrated, uphole travel of valve assemblies
136 1s limited by no go shoulders 146 associated with each axial
opening 128 and downhole travel of wvalve assemblies 136 1is
limited by annular shoulder 148. Figure 3A represents the
running configuration of flow control 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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and annul ar shoul der 148. In this configuration,
internal pressure may be applied to the tubul ar
string deploying flow control screens 100.
Specifically, the internal pressure will 18 travel

t hrough production ports 108 but is prevented from
passi ng through flow tubes 130 by val ve assenblies
136. Repeated pressure cycles nay be applied to the
tubular as long as the pressure remains bel ow t he
shear pressure of retainer pins 142. [0033] Wen it

traveﬁedfﬁﬁﬁﬁﬂl g>n| é@f% %%r%%”tﬁeb SB£€e”§s1Q8re$éﬁ¥Ed from

guratlo to the sheared

onfr ration, er nal sure be rw

passé%%ve #ﬁ%u%ﬁea BWesgu%S of135 yheréﬁﬁ%% M7 S usfﬁg 136.
retainer pins 142 to shear as best seen in %%%%

Repeaged | RrERFYT RofY FyGPalPen, B, ARR kel FBS F ar as long

continue to hold pressure and prevent fluid flow
as ‘ﬁﬁﬁoﬂﬁﬁs$mﬁﬁlr@6ﬁﬂﬂél1§§V@én§h§0@hﬁ@6h1B?%@%%¥¢oﬁf retainer

ports 108 to filter nmedium 112. Once the interna
pinspi€ssure is released and the differential pressure

across flow control screens 100 is positive between
[0038he outiséleiandsi st deedf td | ope oty rolow cd@ensol 1éeens 100

val ve assenblies 136 are expelled from axial openings
froml28e 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 1is released and the
differential ©pressure across flow control screens 100 1is
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. Once
expelled, valve 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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into annul ar region 144, as best seen in figure 3C
Once expelled, valve assenblies 136 no | onger prevent
fluid flow through flow tubes 130 which places fl ow
control screens 100 in their production
configuration. [0034] Referring again to figure 2C, a
cl osure assenbly having a pressure defornmabl e el enent
depicted as a closure 19 sleeve 150 is securably
connected to a downhol e end of internediate housing
122 and is positioned in the annular region between

cl os housi ng 124, and base pi 102. More
Slee%%ec#%?caﬁ?y,S%F8§8szslggggeggggisgﬁosﬁtiéﬁg'hﬁﬁgunfnd of
, the_ . section of base pige,loz i ncl udi ng, praoducti on _
inteppedsauDan Pt 1 es?? nofd ekt PP 1ot AR sdet i e region
pi pe 102 including closure ports 110 which divides
betwepe agpgsarer edions et wektt cl @8dr ebagsusimigrel 241 @ad More
base pipe 102 into a closure chanber 152 to the
specekienly, ofctdostr e slesxe 150 and a gproducineh patdund the
154 to the interior of closure sleeve 150, as best
sect 88€Nof Nbhsgup epd Al andi ndhihEing eprf &@Bedd isor eofrodund it does
configuration of flow control screen 100. Preferably,

not e «dewnhol enendsfi idrpsyf e pakeeus k50105 S 1$8AWEARLY closure
connected to base pipe 102 by welding or other

ports 110 which divides the annular region between closure
housing 124 and base pipe 102 into a closure chamber 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
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 close 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 1s desired to cease production through flow
control screen 100, closure sleeve 150 may be operated to 1its

closed configuration. For example, as described above, a

straddle assembly (not shown) may be run downhole on a
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sui table nmeans. Alternatively, a close fitting,
sealing or simlar relationship may exi st between the
downhol e end of closure sleeve 150 and base pi pe 102
such that a differential pressure may be established
bet ween cl osure chanber 152 and production path 154.
[00351 If it is desired to cease production through
flow control screen 100, closure sleeve 150 nay be
operated to its closed configuration. For exanple, as
described above, a straddle assenbly (not shown) may

run downhol e on o] ance, such as coil ed

convelapily, el et of SLRES! FRBLtnd “6LrrF or?efda%ff i@ﬁ? and

to closure ports 110. The straddle assenbl y

pOSlHk9§§dt&dﬁﬁé§§ﬁrF?eC&Pégﬁﬁepeﬁéﬁbé90152T96 §tﬁﬁ§§§8réssembly
sufficient to radially deformclosure sleeve 150 such

may baatused eontiaEssuanides ubsesinitd achympesyvildes Aoseml pressure
agai nst base pipe 102, thereby closing off production

suffipdteimt1Sd anddpbaty ngeffbow darsturel sbreen 160 isudht sthat it
shut off configuration, as best seen in figure 4B. To

contdca@ | bt &uitsnepanatl ogfsowl RSIrg Heeaveadddnsts base pipe
preferably formed froma deformable netal, such as

102, SE@éf‘é&?%léE?ﬁ& Jdeatp i SnRRaRb! Sa di9 9§4p|a{i‘ﬁ'§f‘ééi’ng flow

deforned in response

control screen 100 in its shut off configuration, as best seen
in figure 4B. To facilitate this operation, closure sleeve 150
is preferably 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 c¢reates 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 assembly 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

21



to a radially inposed pressure differential. In
addition, closure sleeve 150 preferably includes a
radially reduced section 156 that creates a | ocation
of preferential and predictable deformation under a
radially inposed pressure differential. [0036] If it
is thereafter desired to enabl e production through
fl ow control screen 100, closure sleeve 150 may be
operated back to its open configuration. For exanple,
a straddle assenbly may be run downhole on a

onveyance  and sitioned.adjacent to closure ports .

on the PRPRECET PRAAE FaskEhbiy thy KA OSAT S PEGEEATEREPPLied
pressure or create a vacuumw thin  cl osure chanber

throygy BueR ¢ hEe" t ReTEdr MBI i oBY ddsur B opetaii i A f2eworrontrol
the production path 154 and/or hydrostatic pressure

scregpplPedcreptough sHiothuwitarndn potisl 1068rde ofpt redially deform
interior of flow control screen 100 create a

closwtd fsldeerd rauialcH artee tia radilalrige rdefortacta egurgrovides a
sl eeve 150 such that it no |longer contacts or provides

seal dag8Eddt agakashipaseopi pendLoyt beeahygopendigtion path 154
production path 154 and returning flow control screen

and %?gaéﬁgnidrﬁg PEQMYCt LBRAL69NT LEYEALT 0B oas jhest; (seehidluction
configuration, as best seen in figure 4A.

[0037] Referring now to figures B5A-5C, therein are depicted
various views of an alternate embodiment of a closure assembly
that 1is generally designated 160 and 1is operable to be
positioned 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 Dbest seen 1in
figure 5SB. 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 1is 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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[0037] Referring nowto figures 5A-5C, therein are
depicted various views of an alternate enbodi nent of
a closure 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 nent, closure assenbly
160 is formed froma tubular nenber 162 having a
plurality of axial extending production paths depicted
as oval shaped openings 164 extendi ng therethrough,

contrd3% Q£§ge eefobr1aﬂ%iggggh;§5% Rg§ﬁﬁ%) W%Bhiéh hdi%meter
op e e

ening 164 is a pressure defornma enent depicte

poresf ORI AL A0S LIRL IS pBrel gt mde

and preferably has a cl osed uphole end, C osure
contrads &MIGFD 161 | O pdSFEi Ghet e WitHt ok Fhewitofing:  Closure
screen, such as flow control screen 100, by securably
assempdiineébPnglanliAfer di apeverlibortebn 368CdHF tdbul Bpat are
menber 162 to the base pipe of flow 22 control screen
generd00yandasezlliabl yalcgmeelCct i Rgthn oca@r dimmetdsr for fluid
portion 170 of tubular nenber 162 within the housing
commu@fi chkovh GeRhbr @lrosceeesnlporte fiobmo $eGld ipgd 1d®e.  Each

housi ng. Closure assenbly 160 includes a plurality of

of tid 0fBodd2 1bhati Areircumferentially aligned with one of the
openings 164 to establish a production path through closure
assembly 160, when closure assembly 160 1s 1in 1its open
configuration, as best seen in figure 5A, which corresponds to
the production configuration of flow control screen 100.

[0038] Referring collectively to figures 2C and 5C, if it 1is
desired to cease production through a flow control screen 100
having a closure assembly 160 installed therein, closure
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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generally axially aligned with and provide for fluid
comruni cation with production ports 108 of base pipe
102. Each of the slots 172 is circunferentially
aligned with one of the openings 164 to establish a
production path through closure assenbly 160, when

cl osure assenbly 160 is in its open configuration, as
best seen in figure 5A, which corresponds to the
production configuration of flow control screen 100
[0038] Referring collectively to figures 2C and 5C, if

is desired to ceas roducti on thro a fl

cont iy FHTESerEbh 00 hayPhy %#%%c&ﬁleg%& “%b facilitate
installed therein, closure assenbly 16

thisogeehekOR o FrEaEHBREY EBRPFglPat raéﬁ pr@rferéJ@éwmf@rm&gl from
descri bed above, a straddl e assenbly nay be run

a defionwndole et al coisw@yaafﬁ:estamidﬂmﬁﬁ t9terdd ddjedcdart Qrerable to
closure ports 110. The straddl e assenbly may be used

be plastpreskiy i&ef ormapandalieepbubestd66nt eraa bressusere .
sufficient to deform expandable tubes 166 into

[oo3gpntactt With tihe ivhRekaFietacaesire@pend ngendibhe Whdtuct ion
substantially provides a seal against slots 172,

throt r§b¥18ko§bﬂgreﬁfsEQ@eHrQ@@C%bQQHBathdya%dyé“aégémbly 160
fTow 23 control screen 100 in its Shut of

instngéégyﬁg%éggj g?oé@?éléggéﬁﬁly 160 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 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 5A.

[0040] Referring now to figures 6A-6C, therein are depicted
various views of an alternate embodiment of a closure assembly
that 1s generally designated 180 and 1is 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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this operation, expandable tubes 166 are preferably
formed from a deformable netal, such as stainless
steel, that is operable to be plastically defornmed in
response to internal pressure. [0039] If it is
thereafter desired to enable production through a
flow control screen 100 having a closure assenbly 160
installed therein, closure assenbly 160 may be
operated back to its open configuration. For exanple,
a straddl e assenbly may be run downhole on a
conveyance and positjoned adjacent to closure

I ports ,
closupfy aspabdey e Hss¥MY egm br tdRylib Pelbee the having
internal pressure or create a vacuum w t hin expandabl e
a plugbéstyeert swetiathaextaedieg miricscsiessupetapd/dppicted as

hydrostatic pressure applied through slots 172 from
circulle | shepedr obpehliowscohd4pl ascreet 1GGerr eatne digure 6B.
sufficient force to coll apse expandable tubes 166

Positsugled hat thhgy @ach ongemipioviide aisead apAidistarsledt 8lement
172, thereby returning flow control screen 100 in its

depid¥e@ducd QD oconidrati g 86 besic seenpkBrEi gyl RMided or
[0040] Referring now to figures 6A-6C, ?hereln are

cneedBISE S BILEL NLRIE, of i 31 SRS L Toplegle  ana
pres LS operable Lo be, Rosidioned,sround, base: pipe.4OF: enin
each expandable tube 186 1is a piston 188. Closure assembly 180
is positioned within a flow control screen, such as flow control
screen 100, by securably connecting an inner diameter portion
190 of tubular member 182 to base pipe 102 of flow control
screen 100 and securably connecting an outer diameter portion
192 of tubular member 182 within the housing of flow control
screen 100 to form a section of the housing. Closure assembly
180 includes a plurality of slots 194 that are generally axially
aligned with and provide for fluid communication with production
ports 108 of base pipe 102. Each of the slots 194 1is
circumferentially aligned with one of the openings 184 to
establish a production path through closure assembly 180, 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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in flow control screen 100. In the illustrated

enbodi nent, 24 closure assenbly 180 is forned froma

tubul ar nenber 182 having a plurality of axial

ext endi ng production paths depicted as circular

shaped openi ngs 184, as best seen in figure 6B.

Positioned within each opening 184 is a defornmable

el enent depicted as an expandabl e tube 186 that is

preferably welded or threadably secured therein in a

fluid tight matter and preferably open at its uphole

end. Operably positioned within each expandabl e tube
(0041186 | Ref grirsitnen adg.eTivede tasamines1 g ard 6C, if it is

positioned within a flow control screen, such as fl ow
desiwaht tol cescreeprddd;tinn selcusadit yacdimectcograml | aneeen 100

di anmeter portion 190 of tubular nenber 182 to base

havimy Pea102186utbowageahb0l, sebeennk@@labd secr@bhy closure
connecting an outer dianeter portion 192 of tubular

asseﬂ@%?? gS%a %@'Bﬁé%%$5w3&991§E Ei@&é&oggﬁ@hgu§gﬁggﬂ For

orn1a section of the ou3|ng Cl osure™assenb y

O inclu | uralit of sl 4 that
exam%ener &P y aX| ajrl? d }b ed W tS% é%Sr oV e lgyr e dbe run
comuni cat i on mnth oductlon ports 108 of base pipe
downhgbe ©ach2g fC?rh‘éeﬁéarfg%es 294 | ROSTHIUift ePEHPFER Y PoPTrosure

aligned with one of the openings 184 to
ports 110. The straddle assembly may be used to apply pressure

against pistons 188 which shifts pistons 188 uphole within
expandable tubes 186, deforming expandable tubes 186 into
contact with the 1inner 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 wuphole direction until they reach a no go shoulder 196
within openings 184, as best seen in figure 6C.

[0042] If 1t 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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establish a production path through closure assenbly
180, when closure assenbly 180 is in its open
configuration, as best seen in figure 6A, which
corresponds to the production configuration of flow
control screen 100. 25 [0041] Referring collectively
to figures 2C and 6C, if it is desired to cease
production through a flow control screen 100 having a
cl osure assenbly 180 installed therein, closure
assenbly 180 may be operated to its closed
configuration. For exanple, as_described above,
such sERaBdP&S5S8ENBIBY AKE bESHIAFESOVRIRG| ERBN f&f@éﬁ\}@yarwéssure
and positioned adjacent to closure ports 110. The
and/ et r hddiesagsemrbbyerayroe appédeto tagpghpraalsyig e1 94 from the
agai nst pistons 188 which shifts pistons 188 uphol e
intemidhiof Expandaidelt ueseetB6,0defreatieng eyfdnddling force to
tubes 186 into contact with the inner surface of
collaneNi agsankid whiGibe ssubst antdmldhatpievydes acseRlr provide a
agai nst slots 194, thereby closing off the production

sealp%%Qiﬁgg @fﬁ%émh§iom%?gggﬁﬁy’ %%Hﬁgﬂ%iéh bBﬁt?Bytscreen

configuration. Preferab pi stons 188 travel in

t he. uphal e, di.rection_until they reach 0. sh ulder
100 i ClaaCaIEn KoR (R a5 ORhst SRRRT I TR ol & BT
[0043] Referring now to figures 7A-7D, therein are depicted

various views of an alternate embodiment of a closure assembly
that 1is generally designated 200 and 1s operable to be
positioned around base pipe 102 and replace closure sleeve 150
in flow control screen 100. In the illustrated embodiment,
closure assembly 200 1is formed from a tubular member 202 having
a plurality of axial extending production paths depicted as oval
shaped openings 204 1in 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 1is
an inlet tube 208 that 1is 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 positioned within a flow control screen,
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[0042] If it is thereafter desired to enable
production through a flow control screen 100 having a
cl osure assenbly 180 installed therein, closure
assenbly 180 may be operated back to its open
configuration. For exanple, a straddle assenbly may be
run downhol e on a conveyance and positioned adjacent
to closure ports 110. The straddl e assenbly nmay be
used to reduce the internal pressure or draw a vacuum
wi t hi n expandabl e tubes 186 26 such that pistons 188
are retracted ang the for @ pressure fnd/or :
such 12y §4t i TOPFER LH%?%%?& thFﬁhgﬁegVﬁ?g A9FFFGR-Ing an
the interior of flow control screen 100 create a
innerg iqngtéit POFeECR 02120l fapsePekpandsplert s §86 the base
such that they no |longer provide a seal against slots
pipe 194, ftllpar ebgntedlr miaygen oW ¢ omdol secveaply 1@@NNECtiyg an
production configuration, as best seen in figure 6A
outer| Of4ahe Ref epoirigonove1p kifgutwsul/dx 7Denblber e202 amathin the
depicted various views of an alternate enbodi nent of
housigCl B UEGoRASSERIANL1 t Bateés denerdd | YodRSignatedidR0 of the
and is operable to be positioned around base pipe 102
housi%gd r%@'o%%eclagéerngl Q@Melﬁéi)udé@ L1y, eonirgl oBCLEEDs 216
100. In the illustrated enbo |nent cl osure assenbly

that %%Qa|§e£8£a yf%%qg tUb%

1gne w1 agdh%roQQde 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 1is in its open configuration, as best
seen in figure 7A, which corresponds to the production
configuration of flow control screen 100.

[0044] Referring collectively to figures 2C and 7D, 1if it is
desired to cease production through a flow control screen 100
having a «c¢losure assembly 200 installed therein, closure
assembly 200 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 annular unit 210 to a pressure sufficient to deform

expandable annular unit 210 into contact with the inner surface
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a plurality of axial extending production paths

depi cted as oval shaped openings 204 in a downhol e

section, as best seen in figure 7B, and as an annul ar

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 wel ded or threadably

secured therein in a fluid tight matter. Positioned

within annular region 206 is a pressure deformable

el enent depicted as an expandabl e annular unit 210

that is in fluid communication wth inlet tubes 208

of agmilieg prepépabl yO0€| owbdcht sylstigiHolad laehd Pravigssrea seal
assenbly 200 is positioned within a flow contro

agairsgr eelpts 2716uchhaseblowlosnhpolofscriden go0dudyion path and
securably connecting an inner dianmeter portion 212 of

placiidput Bsw neshero202ckeehhacbase: pipeshlit f bW comifriofuration.

screen 100 and securably connecting an outer dianeter

To fB@EEh@thl“ckﬁf t yputatf i R 2020h Ehidnddies r haustN®i10 is
| ow control screen 100 to forma section of the

I I
prefggéﬁgﬁ iggkgﬁgﬁﬁgﬁgsggﬁgrq¥%%ﬂ 14C 31 & %h%ga ééy inless

'y axi a a1|gne with a

ecee B8 7 LU oD L0001, DEOTUEL L TS
o iéé;ﬁ;ﬁf”ﬁ?@%@h%%?'on wi th annul ar region

[0045] If it 1is thereafter desired to enable production
through a flow control screen 100 having a closure assembly 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

29



206 to establish a production path through closure

assenbly 200, when closure assenbly 200 is in its

open configuration, as best seen in figure 7A, which

corresponds to the production 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

cl osure assenbly 200 installed therein, closure

assenbly 200 may be operated to its closed

onfiguration., For exaqgle, as .descri bed above, a . .
Pluragltlrté(do‘?% SESBABEY PEyF beC r BRCVASGRNHYE onC IR IR e with

and positioned adjacent to closure ports 110. The
expangigpdgd| anslsenb iyl by e usedifo 4oy eBguringgrstood by those

expandabl e annular unit 210 to a pressure sufficient
skilltimgdefor mheexpandalilag afhuidr commun2t@tinho wiort aetkpandable

with the inner surface 28 of annular region 206 which
annulsubsimaint i a1 b ympyoWedess taisieiadhed@gas NNsd 6tBES 2b6f igurations

thereby closing off the production path and placing
inc1ddiow contd ohogcrieen kR0 i H i Lgiahuty offngpaf iigukat iQbe 208

To facilitate this operation, expandabl e annul ar unit

- IS . -prefer 0 fro def, e ,
assoééé%ﬁdagusghiﬁlggéglétégFglﬁﬁa?b?é ggg%ggP%Dt{giég tubes and

comm Af%gyi%%llgigggéq§nﬂ%ft% rggpqggghlar opening of expandable

annular unit 210 wherein the open end of expandable annular unit
210 1is preferably welded within annular region 206 in a fluid
tight matter or other similar configuration.

[0047] While this invention has been described with reference
to 1illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other
embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It 1is,
therefore, intended that the appended claims encompass any such

modifications or embodiments.
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to internal pressure. [0045] If it is thereafter
desired to enabl e production through a flow contro
screen 100 having a closure assenbly 200 installed
therein, closure assenbly 200 may be operated back to
its open configuration. For exanple, a straddle
assenbly may be run downhole on a conveyance and
positioned adjacent to closure ports 110. The
straddl e assenbly may be used to reduce the interna
pressure or created a vacuum w t hi n expandabl e annul ar
unit 210 such that the formati on pressure and/or
What ReqrdetRefcispressure applied through slots 216 from
the interior of flow control screen 100 create a
suf fi &i hpwf 6PRErPd eor¢pseOnmXFamdabl e annul ar uni t
210 such that it no |longer provide a seal against
sl dbss216ipé harehyigr et upamg Piow centioh screeam péBbBorated
in its production configuration, as best seen in
sect ifdnQUrR 1 (B ingl QR4 6]edate ol quen Al ASSedt Ya200east one
has been described as having a plurality of inlet
closuidbes 208 positioned with a 29 plurality of openings
204°to provide fluid conmunication with expandable
nnglar_unit .210, it .i be _understo
S i#ﬁf%% iﬁg?hgga Psﬁﬁggggﬁufﬁ%%bg%ﬁ%igg ?%n&&#ﬁﬁon of the

blank?éﬁ%%dggkﬁion 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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annul ar unit 210 may be established using other
configurations including, but not limted to, using a
single inlet tube 208 associated with a single
openi ng 204, using no inlet tubes and comrunicating
directly with an annul ar openi ng of expandabl e

annul ar unit 210 wherein the open end of expandabl e
annular unit 210 is preferably wel ded w thin annul ar
region 206 in a fluid tight matter or other simlar
configuration. [0047] While this invention has been

tﬁsc“ﬂ?éj WM LH LELEFSNCEC Loy ! L\%U%E? Lye ;8maqdi; gxerlt Swherein

is descri ptl on 1s not I ntende const rue

I ng.sen Varl us_.nodi fi cations
the GSTBATLEnE e FHTULT aF PO bATO AR e S Guefg Formable
as ot her enbodlnents of the invention, wll be
elemgbparent to persons skilled in the art upon reference
to the description. It is, therefore, intended that
t he appended cl ai ns enconpass any such nodifications
or enbodinents. 30 What is clained is: 1. A flow
cont rothscfeen conprosi agreanbase rpcpeebavinng lailnl ankvherein
pi pe section and a perforated section including at

the HEASIM&NEe PERLRGt] Oy dehpat sk8ast cDBBure 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 control 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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closure port; a filter medium positioned around a
first portion of the blank pipe section of the base
pi pe; a housing positioned around a second portion of
the bl ank pipe section and the perforated section of
t he base pipe; and a defornmable el enent positioned
bet ween 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

pg oductOne ) PET LoRPEoT hecfiltefsmediumgueh thatim 1 wherein
application of a sufficient pressure to the at |east

the g%?oglmgggrgegg rmten%Ctéurqﬂletrhe%grﬁérolgsn%bl §n %l %r%‘lrc}l%llbgge annular

u

orm ormabl e el emren ubstantia
the production path. 31 2. The flow control screen as

Crecited in claim1 wherein the defornmabl e el ement

further conprises a pressure deformable elenent. 3.

The flow control screen as recited in claim1 wherein

the deformabl e el enent further conprises a closure

s eevelhel, e €bowrebnscotescasencastedciined lianmcllaiwherein
3 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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the closure sleeve further conprises an annul ar
cl osure sleeve. 5. The flow control screen as recited
in claiml wherein the deformabl e el enent further
conprises at | east one expandable tube. 6. The flow
control screen as recited in claimb5 further
conprising a noveabl e piston disposed within the at
| east one expandable tube to aid in the defornation
of the expandable tube in response to the sufficient
pressure. 7. The flow control screen as recited in
claim1l wherein the deformable el enent further
C?HF.” ! §§§ %FB&“E%ME&OEchXRaQQaQ'e%i.‘t%%e%ﬂfc%agm T]thefurther
fI'ow control ~Screen as recrtedin ¢laim 1 erelrn he
def ormabl e el enent further conprises _an expandabl e
oA RATAr 2tuEe o Cthev R By CORPFBTY GrBBRoag Padiiag 2 fluid
inclaiml wherein the deformable el ement is operable
flowt Patdbp &R tIRE pro¥fRIcEitonl pash dANe r B5PERSeiep ort and the
sufficient pressure reduction at the at |east one
filtekoswdE yort th83 valve assembly including a valve body, a

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

level is exceed.
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10. The flow control screen as recited in claiml
further conprising at |east one val ve assenbly

di sposed within a fluid flow path between the at

| east one production port and the filter nmedium the
val ve assenbly including a valve body, a valve plug
received within the val ve body and a retainer pin
initially preventing relative novenent between the
val ve body and the valve plug until pressure of a
predeterm ned threshold Ilevel is exceed. 34 11. A

f.l.ow control a rat rising...a tubular menber
ilﬁdlu%i%éogtCnggg§oﬁép%$%g%%t+{ﬁ%ﬁ£%'r%gnd at | east

one ¢l asure rt; a go si ng positioned around the
CUBUEAE Hhe AT Ta i < ST Sr ARbILESEFeRBRt FROELEFgRBPort and
bet ween the housing and a portion of the tubular
at lepgthens feegdrfgPPRE at | east one production port but
not including the at |east one closure port to define
& pfroducc pospatibnbdt aeennd hehe ef Wruteyt encgtbementarand
the base pi pe such that application of a sufficient
pr edstisEndlfl e t BEe@ént epstionened ober@epar tthactisowniidieand a
deformabl e elenent to deformthe deformable el ement
port {cdh SISt anfel althyyutk@SemtiBer 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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production path. 12. The flow control apparatus as

recited in claim1l wherein the defornmable el enent

further conprises a pressure deformable elenent. 13.

The flow control apparatus as recited in claim11l

wherein the defornable el enent further conprises a

cl osure sleeve. 35 14. The flow control apparatus as

recited in claim1l wherein the deformabl e el enent

further conprises at | east one expandable tube. 15.

The flow control apparatus as recited in claiml14

fE!it. hefh%?orﬁlfd“ﬁ' REne APV £ A3t 0ggdi IS@@?@Q%Witnh' Blaim 11

t he at east one expandabl'e tube to aid In the

defornati on.of the expandabl_e be in response_to.the
wnerghp R T et E1BRONRe bR o Brat udeast one

recited in claim1l wherein the defornmable el enent
expapgpbher EWefmpri ses an expandable annular unit. 17. The

flow control apparatus as recited in claim1ll wherein

the deformable elenment is operable to reopen the

15. The flow control apparatus as recited in claim 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 1is operable to reopen the
production path in response to a sufficient pressure reduction

at the at least one closure port.
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production path in response to a sufficient pressure
reduction at the at |east one closure port. IIl 36
18. A nmethod for operating a flow control screen
conprising: providing a defornmabl e el enent positioned
bet ween 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 |l east one production port and a filter nedium
applying a sufficient pressure to the at |east one
closure Rethogandd,espepsiyeid® the sufdy CieBherol screen
pressure, deformng the " defornable elenent to

com gybsﬁantially_closg the production path. 19. The

PhetHod as recited in claim18 further conpri si ng,

responsj ve to.the suyfficient pressure, noving a pis

FEPERS vf HF HOTTAP tof O B e B8 o oo BR i G0 endhous ing

deformation of the deformable elenent. 37 , .
and a portion of a perforated section of a base pipe including

at least one production port but not including at 1least 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 nethod as recited in claim18 further
conprising reopening the production path in response
to a sufficient pressure reduction at the at | east
one closure port. 21. The nmethod as recited in claim
18 further conprising: pressurizing the flow contro
screen at the at | east one production port; hol ding
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 tﬁe.ret iner pin_of #he L

R ve R8s S L atai AGCACERortorii g of 1 nbgaPge comprising

assenbly and continuing to hold pressure within the &
reopqnig\ cGHer oPTSEHEEAO N dekRrBRASI HY tIRSRIESSurt® af t Fetdcient

| east one production port; and responsive to the
presgyress y@dacdéopast, tiesshat ghely et cdalsre asydnbly from

the fluid flow path. 38

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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