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CROSS REFERENCE

This application claims priority to U.S. Non Provisional Patent Application
Serial No. 12/564453 entitled, WELLBORE FLOW CONTROL DEVICES USING
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filed September 22, 2009.

BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

[0001] The disclosure relates generally to apparatus and methods for
controlling and filtering fluid flow into a wellbore.

2. Description of the Related Art

[0002] Hydrocarbons such as oil and gas are recovered from a subterranean
formation using a wellbore drilled into the formation. Such wells are typically
completed by placing a casing along the wellbore length and perforating the casing
adjacent each such production zone to extract the formation fluids (such as
hydrocarbons) into the wellbore. The casing may include a filtering mechanism or
device that removes contaminants from fluid which flows through the perforations.
Filtering devices often have complex assembly structure and may require frequent
maintenance and/or replacement due to clogging and breakdown of such devices
due to the relatively harsh environment downhole. Servicing a downhole filter device
may cause significant downtime for a wellbore, reducing productivity.

[0003] The present disclosure addresses at least some of these prior art
needs.

SUMMARY OF THE DISCLOSURE

[0004] In aspects, the present disclosure provides an apparatus methods for
controlling flow of formation fluids into a wellbore.

[0005] In one aspect a fluid flow device is provided that in one embodiment
may include a substantially permeable member made by combining a particulate
additive with one or more materials that when processed by themselves form a

substantially impermeable mass.
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[0007] Examples of the more important features of the disclosure have been

summarized rather broadly in order that detailed description thereof that follows may
be better understood, and in order that the contributions to the art may be
appreciated. There are, of course, additional features of the disclosure that will be
described hereinafter and which will form the subject of the claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The advantages and further aspects of the disclosure will be readily
appreciated by those of ordinary skill in the art as the same becomes better
understood by reference to the following detailed description when considered in
conjunction with the accompanying drawings in which like reference characters
generally designate like or similar elements throughout the several figures of the
drawing and wherein:

FIG. 1 is a schematic elevation view of an exemplary multi-zonal wellbore and

production assembly which incorporates a fluid control system in accordance

with one embodiment of the present disclosure;

FIG. 2 is a sectional side view of an exemplary fluid flow device (or flow
control device) that includes a filtration device in accordance with one
embodiment of the present disclosure;

FIG. 3 is a view of an exemplary foam mass including cells and cell walls in
accordance with one embodiment of the present disclosure;

FIG. 4 is a view of an exemplary body formed from a foam mass including
fluid communication paths within the body in accordance with one

embodiment of the present disclosure;
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fluid production at a hydrocarbon producing well. The present disclosure is
susceptible to embodiments of different forms. There are shown in the drawings, and
herein will be described in detail, specific embodiments of the present disclosure with
the understanding that the present disclosure is to be considered an exemplification
of the principles of the disclosure, and is not intended to limit the disclosure to that
illustrated and described herein.

[0010] FIG. 1 shows a side view of an exemplary wellbore 100 that has been
drilled through the earth 112 and into a pair of formations 114 and 116 from which it
is desired to produce hydrocarbons. The wellbore 110 is cased by metal casing, as
is known in the art, and a number of perforations 118 penetrate and extend into the
formations 114 and 116 so that production fluids may flow from the formations 114
and 116 into the wellbore 110. The wellbore 110 has a deviated, or substantially
horizontal leg 119. The wellbore 10 has a late-stage production assembly, generally
indicated at 120, disposed therein by a tubing string 122 that extends downwardly
from a wellhead 124 at the surface 126 of the wellbore 100. The production
assembly 120 defines an internal axial flowbore 128 along its length. An annulus 30
is defined between the production assembly 120 and the wellbore casing. The

production assembly 120 has a deviated, generally horizontal portion 132 that
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and naturally occurring fluids such as oil and gas. Additionally, references to water
should be construed to also include water-based fluids; e.g., brine or salt water. In
accordance with embodiments of the present disclosure, the production control
device 138 may have a number of alternative constructions that ensure controlled
fluid flow therethrough. In an aspect, the production devices 34 may be wellbore
filtration devices, such as sand filtration screens. Further, the illustrated production
devices 134 may utilize filtration media, materials, and bodies, as discussed with
respect to FIGS. 2-8 of the present disclosure. As described herein, the devices
discussed with respect to FIGS 1-8 may be referred to as fluid control or fluid filtering
devices.

[0012] FIG. 2 is an illustration of an exemplary flow device 200 (also referred
to as the “fluid flow device” or “production control” device) made according to one
embodiment of the disclosure that may be placed in a wellbore. The flow device 200
is placed within a formation from which it is desired to produce hydrocarbons. The
depicted flow device 200 is a side sectional view with a portion of the device
structure removed to show the device’s components. The wellbore is cased by
metal casing and cement, and a number of perforations and flow passages enable
production fluids to flow from the formation into the wellbore. The filtration device
200 may provide fluid communication paths and filtering mechanisms to remove
unwanted solids and particulates from the production fluids. The depicted flow
device 200 includes a filter member or body 202 which includes a substantially
permeable foam mass configured to allow fluid flow into a tubing string, made
according to one embodiment of the disclosure.
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certain syntactic and conventional foans, may be fornul ated to achieve a
desired glass transition tenperature for a given application. For instance,
a foam ngwvoediunsresay be fornul ated to have a transiti onPCEMserianye7e7 j ust
slightly bel ow the antici pated downhol e tenperature at the depth at which

it will be nd the rial,k then y be blpwn as a conventional foam
or used as (NETSMETERTES (& Hndadnp digEen Brovidasoe Mipd-eiear eraary
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[0027] As shown in the upper region 802, the shape-nenory material has the
conpressed, run-in, conpacted plug 804 formfactor. After a sufficient
anount hesOi2og/@r9sor above the gl ass transition tenperaPaTAlS2a410049747
shape- rrerrory per neabl e plug 804 expands fromthe run-in or conpacted
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What i sshapsréasdoingng material may Angluds sy datenak e ia ableifawithsianddviisal
conpri sdi%hnole conditions without undesired degradation. In non-limiting embodiments,

such material may be prepared from a thermoplastic or thermoset medium. This
medium may contain a number of additives and/or other formulation components
that alter or modify the properties of the resulting shape-conforming material. For
example, in some non-limiting embodiments the shape-conforming material may be
either thermoplastic or thermoset in nature, and may be selected from a group
consisting of polyurethanes, polystyrenes, polyethylenes, epoxies, rubbers,
fluoroelastomers, nitriles, ethylene propylene diene monomers (EPDM), other
polymers, combinations thereof, and the like.

[0023] In certain non-limiting embodiments the shape-conforming material
may have a “shape memory” property. Therefore, the shape-conforming material
may also be referred to as a shape memory material or component. As used herein,
the term “shape memory” refers to the capacity of the material to be heated above
the material’s glass transition temperature, and then be compressed and cooled to a
lower temperature while still retaining its compressed state. However, it may then be
returned to its original shape and size, i.e., its pre-compressed state, by reheating
close to or above its glass transition temperature. This subgroup, which may include
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provi ding one or nore materials that when processed forma substantially
| nper meabl e nass; formng a perneabl e nenber by adding a sel ected

anount ofwe 2pave3resal at e additive into the one or nore nRCEMS2019/04%87 as t o
create a perneable fluid path to allow a fluid to flow and restrict solid

2" The SREIATeYBIECHF AL SOMGRUBBPn R oY 1RF ST EH BrAHE &P are

parti Cldléésetréﬁgiiéﬁ Yém B EraRliNeSBP a@@édﬁgp@}ca&iéﬁ.sthP’i‘r%tQﬁcQeﬁibanﬁﬂw@ﬁ‘medibﬁﬁ
sand, salt dust, ground m neral dust, silica, carbonate, titania, glass

fi ber s,manbedarmilatadsto have/adiansitivartempgmtyrasjust slightly belew dine anticipaiesl and a
conbi naji o her eof . 3...The hod..of. ¢l aim 1, wherein providing the
one. or Ssihale feBsratus, ah < veP Y ol Watng b e P il H P Bk ket
producenay skaseEin @eld covlantBhbcioaBs6r used as thetmalieoNBehedcot fedrai m 1
further conprising placing the perneabl e nenber outside a tubular nenber

havi ng f1 ui dOB&dls éﬂitiﬁeg -iermngd) snare @fciee Bhaperconforming nategdl Biavt he

lid . ci 7o i l.ui f h bl
ool L2 AL VRAGH S, BesSERL o Peral Bndod |41 Sy LRSI £ BofRpBRED
conpr i sieltbopé aebloyrerthaodidcassed HereimeThe shepdliconfaniiey material map alsbhe

met hod of claim4 further conprising providing a fluid flow path between
the perlfb@dNe sharseOf #h¢heak Otrdevx%ra%pvﬁyﬁempp egh&bl & THiG 15 $AN% CPNBR f r om

1 hor Braas) 1 hyeatfess gt BRRE lsoby ekt bl Ceg'
addi ng fagifitate deptoyiment 0&i%ot ent@icpdhe ifited tinecheddcterisics ofthedayggn irn€asdse one
or mor € AL s3bServe & s3HAToAbl Slipbss0! ' d State:

[0025] Referring to FIG. 8, the illustration shows an exemplary wellbore 800
where a plug composed of permeable foam mass may be utilized as part of a fluid
production assembly. The schematic illustration has several elements of a
production assembly removed to enhance clarity of the elements to be discussed.
The wellbore 800 may be drilled through the earth to form a borehole including an
upper region 802, where a compacted plug 804 may be deployed. As depicted, the
compacted plug 804 travels from a wellbore surface 806 downhole 808 to a selected
location 810 within the wellbore. The compacted plug 804 is formed from a shape
memory foam, which may be formed into the plug shape below a glass transition
temperature of the shape-memory foam. The shape memory foam also includes the
particulate additive, as described above, which cause the foam to be substantially
permeable while also exhibiting shape memory characteristics. The compacted plug
804 may retain its compact shape while the plug is below the glass transition
temperature. Once the plug reaches the selected location 810 downhole, exposure
to a temperature at or above the glass transition temperature causes an expanded
plug 812 to conform to formation walls 814. Accordingly, formation fluid flow 816 is
drawn to and through the permeable foam mass of the expanded plug 812. The fluid
then flows from the plug 812 toward the wellbore surface 806, as shown by an arrow
818. The expanded plug 812 may include or be coupled to a substantially non-
permeable member 820, thereby prevent fluid flow in a downhole region 822. The
substantially non-permeable member 820 may be a closed cell foam or other
material with shape-memory properties as discussed above. The shape of the
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8. The method of claim1l1, wherein the particulate additive conprises
granul es approximately .01 mmto .5 mmin size. 9. The net hod of
claiml1, wbepdia37950r m ng a perneabl e nmenber conprises f@cEiusgoi/oparal ity
of cells and a plurality of cell walls, wherein the particul ate additive

por moa BB AR S SRA b SRS BN sso 0 bR s ey BE aSreel R IHE P Mew m 1.

wher ei Ryd|Aore ng:o’# éa@rnﬁm@bé% RIS vedIBBFd ARS/ Féﬁh%ﬁ@hﬁdﬂ@aﬂ?hﬁ@é’%@ MY open
volume to a solid vol une ratlo of about 4 to 1. he™ net hod of

cl ai m 812sherein fornmi ng a perneabl e menber conpri ses form ng a Nass haV| ng

a nechani cal th l,oss that | ess than abo 0% a nechani

Strengih of IPRRSERER SRR nGion oS Leinad Hoiiafior st P e s Biveabi
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by conbining a particulate additive to one or nore materials, which
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of sol s abOve a par ar srze through rrrea

13. Thehcnp@@r atys. Whenlthé rnerinaerfanmﬁmemlgmepomgh dgriag truubuﬂ ame heabmﬁgm@el ng
fluid passages therein inside the ﬁlermeabl e menber to forma screen that

i nhi bi tYTHGISRY OririggeT xR PENYFRE0R deyjGestBads M ithe SNAPITe e | ow
from t e NREIRAR fodRMI®S a\BIC uhbBsitetP Wy BRPRSSion during run-in, delaying

methods may or must be taking into consideration. In one specific, but non-limiting
embodiment, poly(vinyl alcohol) (PVA) film is used to wrap or cover the outside
surface of filtration devices made from shape-memory polyurethane foam to prevent
expansion during run-in. Once filtration devices are in place in downhole for a given
amount of time at given temperature, the PVA film is capable of being dissolved in
the water, emulsions or other downhole fluids and, after such exposure, the shape-
memory filtration devices can expand and totally conform to the bore hole. In another
alternate, but non-restrictive specific embodiment, the filtration devices made from
the shape-memory polyurethane foam may be coated with a thermally fluid-
degradable rigid plastic such as polyester polyurethane plastic and polyester plastic.
The term “thermally fluid-degradable plastic” is meant to describe any rigid solid
polymer film, coating or covering that is degradable when it is subjected to a fluid,
e.g. water or hydrocarbon or combination thereof and heat. The covering is
formulated to be degradable within a particular temperature range to meet the
required application or downhole temperature at the required period of time (e.g.
hours or days) during run-in. The thickness of delay covering and the type of
degradable plastics may be selected to be able to keep filtration devices of shape-
memory polyurethane foam from expansion during run-in. Once the filtration device
is in place downhole for a given amount of time at temperature, these degradable
plastics decompose allowing the filtration devices to expand to the inner wall of bore
hole. In other words, the covering that inhibits or prevents the shape-memory porous
material from returning to its expanded position or being prematurely deployed may
be removed by dissolving, e.g. in an aqueous or hydrocarbon fluid, or by thermal
degradation or hydrolysis, with or without the application of heat, in another non-
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14. The apparatus of claim 13 further conprising a shroud outside the

per meabl e nenber. 15. The apparatus of claim 14 further conprising a
fluid fl owmopatin3bspween t he perneabl e menber and t he t ulpairars2eme vipen7
configured to enable a fluid to flow fromthe perrreable menber into the

t ubul t f | a th
Pt iR seATPiee desNuelaR SR S Fra) bRgogt V6T AR afhieor ¢ he

subst a%b@lr,bytr%@rrﬁm@lgl mveﬂn% substantially solid state. 17. The
apparatus of claim 12, wherein the particulate additive conprises particles

havi ng a di f8A2TIcAs showpin e Hapel Kegiar 862, uhierﬁ’ta@e memoBy matefiaihas the

18. The_ a ara s of.claiml wher ej i cul at e addtlv i s at, | east
oo of OoREESSS | Bhiibddea BRE°Hf B Bckor® AR a7 Shtklent Aol

car bonaextingl dtadH gbovdl BeSglbbd erapsitionr eaipdratoes Sthepgiaﬁ@mfndwrp%rm@@bheﬁer
fibers, ceramic fibers and a conbi nati on t her eof . A net hod of

pr odumﬁi@g B0diexrendmimnm Siaatn-brorsereaciad rP@S&IQWetPItB@ reéﬁpaﬁéﬁ‘i) or §Bh@rm
ooy 102 Bl LRSS e 136 58, AeLEIRALE T AP,
when Wex@hdic0 109G BRQTéhEiEOMIA XRE Aormation walls 814, and, thus, prevents the
production of undesirable solids from the formation, allows only hydrocarbon fluids
flow through the expanded plug 812.

[0028] Further, when it is described herein that the filtration device 804 or
plugs 812 “conforms” to the wellbore or “plugs” the wellbore, what is meant is that
the shape-memory porous material expands or deploys to fill the available space up
to the wellbore wall. The wellbore wall will limit the final, expanded shape of the
shape-memory porous material and thus may not permit it to expand to its original,
expanded position or shape. In this way however, the expanded or deployed shape-
memory material as a component of the plug (804 and 812), being porous, remain in
its plugged position in the wellbore and thus will permit hydrocarbons to flow from a
subterranean formation into the wellbore, but will prevent or inhibit solids of particular
sizes from entering the wellbore. This is because solids larger than certain sizes will
generally be too large to pass through the open cells of the porous material. The
type, amount and sizes of the additive particulates may be chosen to determine the
size of the particles that will be inhibited from passing through the open cell porous
material.

[0029] While the foregoing disclosure is directed to certain disclosed
embodiments and methods, various modifications will be apparent to those skilled in
the art. It is intended that all modifications that fall within the scopes of the claims
relating to this disclosure be deemed as part of the foregoing disclosure. The
abstract provided herein is to conform to certain regulations and it should not be

used to limit the scope of the disclosure herein or any corresponding claims.
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processed without the particulate additive forma substantially inperneable
mass, wherein the perneable nenber inhibits flow of solid particles above a
parti cul awo=omeén3rssnough t he permeabl e menber; pl aci ng treTfuSadid/oid7ew devi ce
at a selected location in the wellbore; and allowing the fluid fromthe
formati nAM;%f | ow t hrough the fluid flow device. 20. The net hod of

cl ai m 19; rein the fluid flow device further includes a tubul ar nenber
havi ng \ilhdt & didipdo@ssages therein inside the permeabl e menber and a
protective nenber outside the perneabl e nenber. 21. The net hod of
claim 19, wikrei rA Mmatheeforenakisg reeiid floivmde\iers comisipg nenory mass and

placing the fluid flow device at,th el.ected |l aocation.in the | J bore
Conpr 1 ges: - Huatieig PRE SerieSufbdii 3 Ghel arBret e rdth &cfuliantiaiope.
conpr esiipeemelBlen@assabl e menber to second contracted shape; cooling the

perneabl e nenber to attain the second contracted shape; placing the fluid
f1 ow devi ce FPHNBOt & PerEERbls B16RfEredY REfG Aesi¢eetreareunt af a particulate

additive into the one or more materials, so as to create a permeable fluid path to
allow a fluid to flow and restrict solid particles of certain sizes from flowing through
the permeable member.

2. The method of claim 1, wherein adding the selected amount of the
particulate additive comprises adding at least one of clay, mica, fine sand, salt dust,
ground mineral dust, silica, carbonate, titania, glass fibers, carbon fibers, polymer
fibers, polymer fibers, ceramic fibers and a combination thereof.

3. The method of claim 1, wherein providing the one or more materials
comprises providing materials that when processed produce a closed cell polymeric
mass.

4. The method of claim 1 further comprising placing the permeable
member outside a tubular member having fluid passages therein to form a screen
that inhibits flow of the solids particles of a selected size in a fluid to flow from the
permeable member into the tubular member.

5. The method of claim 4 further comprising placing a shroud outside the
permeable member.

6. The method of claim 4 further comprising providing a fluid flow path
between the permeable member and the tubular member to enable a fluid to flow
from the permeable member into the tubular member.

7. The method of claim 1, wherein adding the selected amount of a
particulate additive comprises adding approximately .05% to 3% particulate additives
by weight of the one or more materials in a substantially solid state.

8. The method of claim 1, wherein the particulate additive comprises
granules approximately .01 mm to .5 mm in size.

9. The method of claim 1, wherein forming a permeable member
comprises forming a plurality of cells and a plurality of cell walls, wherein the
particulate additive configures a portion of the plurality of cell walls to be substantially
permeable.
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10. The method of claim 1, wherein forming a permeable member
comprises forming a mass having an open volume to a solid volume ratio of about 4
to 1.

11.  The method of claim 1, wherein forming a permeable member
comprises forming a mass having a mechanical strength loss that is less than about
20% of a mechanical strength of the substantially impermeable mass prior to forming
a permeable member.

12.  An apparatus, comprising:

a permeable member made by combining a particulate additive to one or
more materials, which materials when processed without the particulate additive
form a substantially impermeable mass, wherein the permeable member inhibits flow
of solid particles above a particular size through the permeable member.

13.  The apparatus of claim 12 further comprising a tubular member having
fluid passages therein inside the permeable member to form a screen that inhibits
flow of solid particles above a selected size in a fluid to flow from the permeable
member into the tubular member.

14. The apparatus of claim 13 further comprising a shroud outside the
permeable member.

15.  The apparatus of claim 14 further comprising a fluid flow path between
the permeable member and the tubular member configured to enable a fluid to flow
from the permeable member into the tubular member.

16. The apparatus of claim 12, wherein the particulate additive comprises
approximately .05% to 3% of by weight of the substantially permeable mass in a
substantially solid state.

17.  The apparatus of claim 12, wherein the particulate additive comprises
particles having a dimension of approximately .01 millimeter to .5 millimeter.

18. The apparatus of claim 12, wherein the particulate additive is at least
one of: clay, mica, fine sand, salt dust, ground mineral dust, silica, carbonate, titania,
glass fibers, carbon fibers, polymer fibers, polymer fibers, ceramic fibers and a
combination thereof.

19. A method of producing fluid from a formation surrounding a wellbore,
comprising:

providing a fluid flow device that includes a permeable member made by

combining a particulate additive to one or more materials, which materials when
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processed without the particulate additive form a substantially impermeable mass,
wherein the permeable member inhibits flow of solid particles above a particular size
through the permeable member;

placing the fluid flow device at a selected location in the wellbore; and

allowing the fluid from the formation to flow through the fluid flow device.

20. The method of claim 19, wherein the fluid flow device further includes a
tubular member having fluid flow passages therein inside the permeable member
and a protective member outside the permeable member.

21.  The method of claim 19, wherein the permeable member includes a
shape memory mass and placing the fluid flow device at the selected location in the
wellbore comprises:

heating the permeable member to attain a first expanded shape;

compressing the permeable member to second contracted shape;

cooling the permeable member to attain the second contracted shape;

placing the fluid flow device into the wellbore while the permeable member is
in the second contracted shape; and

allowing the permeable member to heat to expand to plug a portion of the

wellbore inside.
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