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DOWNHOLE FLOW CONTROL USING POROUS MATERIAL

Technical Field of the Invention

[0001] The present invention relates generally to assemblies for
controlling fluid flow in a bore in a subterranean formation and, more
particularly (although not necessarily exclusively), to assemblies that
include porous material that can allow fluid flow in response to a

stimuli in the bore.

Background

[0002] Various devices can be installed in a well traversing a
hydrocarbon-bearing subterranean formation. Some devices control
the flow rate of fluid between the formation and tubing, such as
production or injection tubing. An example of these devices is a flow
control device or inflow control device that can be associated with a
production interval isolated by packers and that can control
production of fluid by creating a pressure drop of fluid flowing
through the device.

[0003] A completion assembly can be ran downhole with a
packer. Pressure can be introduced in the tubing to set the packer.
Subsequent to setting the packer, openings or ports in the assembly
can be created for fluid production.

[0004] Some assemblies include components that facilitate or
allow creation of ports for fluid production. For example, an assembly

can include openings plugged with aluminum or polylactic acid (PLA)
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that can dissolve on exposure to acid introduced into the bore (in the
case of aluminum) or to an environment of the bore (in the case of
PLA). PLA plugs, however, may be unable to withstand pressure
above a certain threshold.

[0005] Assemblies are desirable, however, that can allow for
relatively high pressure to set a packer and then allow for fluid flow

without requiring the introduction of acid.

Summary

[0006] Certain aspects of the present invention are directed to
porous material configured for temporarily blocking fluid flow through
a flow control assembly and for allowing fluid flow in response to a
stimulus.

[0007] One aspect relates to a flow control assembly that
includes a tubing portion and a porous material. The tubing portion
includes a port that can be part of a flow path in the flow control
assembly. The porous material can prevent fluid flow through the
flow path in a closed position and can allow fluid to flow in the flow
path by opening from the closed position in response to a stimulus in
a wellbore.

[0008] A feature of the flow control assembly can include the
stimulus in the wellbore being a temperature level of an environment
of the wellbore.

[0009] A feature of the flow control assembly can include the

porous material being shape memory foam.
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[0010] A feature of the flow control assembly can include the
porous material being magnetic memory alloy.

[0011] A feature of the flow control assembly can include the
stimulus being a magnetic field from a device provided in the wellbore
from a surface of the wellbore.

[0012] A feature of the flow control assembly can include the
porous material being configured to return to the closed position in
response to a second magnetic field from a second device provided in
the wellbore from the surface subsequent to the device being provided
in the wellbore from the surface.

[0013] A feature of the flow control assembly can include the
porous material having pores that can increase in size to cause the
porous material to open.

[0014] A feature of the flow control assembly can include the
porous material being located in the port.

[0015] A feature of the flow control assembly can include the
porous material being located external to the tubing portion and
adjacent to a port opening of the port.

[0016] A feature of the flow control assembly can include the
porous material in the closed position being configured to provide a
pressure seal between an inner area defined by the tubing portion and
an outer area defined by the tubing portion.

[0017] A feature of the flow control assembly can include a
housing and an inflow control device. The housing can be external to

the tubing portion and can define a second part of the flow path. The
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inflow control device can be positioned in the second part of the flow
path defined by the tubing portion and positioned between the
housing and an outer wall of the tubing portion.

[0018] A feature of the flow control assembly can include the
stimulus being a fluid introduced from a surface of the wellbore.
[0019] Another aspect relates to a flow control assembly that can
be disposed in a wellbore traversing a subterranean formation. The
flow control assembly includes a tubing portion and a porous
material. The tubing portion has a port. The porous material can
provide a pressure seal between an inner area defined by the tubing
portion and an outer area defined by the tubing portion. The porous
material includes pores that can increase in size for creating a flow
path in the flow control assembly in response to a stimulus in the
wellbore.

[0020] Another aspect relates to a flow control assembly that can
be disposed in a wellbore traversing a subterranean formation. The
flow control assembly includes a tubing portion and a porous
material. The tubing portion has a port that can be part of a flow path
in the flow control assembly. The porous material can provide a
pressure seal between an inner area defined by the tubing portion and
an outer area defined by the tubing portion. The porous material can
open from a closed position in response to a stimulus in the wellbore
to allow fluid to flow in the flow path.

[0021] These illustrative aspects and features are mentioned not

to limit or define the invention, but to provide examples to aid
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understanding of the inventive concepts disclosed in this disclosure.
Other aspects, advantages, and features of the present invention will

become apparent after review of the entire disclosure.

Brief Description of the Drawings

[0022] Fig. 1 is a schematic illustration of a well system having
production internals in which are flow control assemblies according to
one aspect of the present invention.

[0023] Fig. 2 is a cross-sectional view of part of a flow control
assembly that includes porous material in a closed position according
to one aspect of the present invention.

[0024] Fig. 3 is a cross-sectional view of the part of the flow
control assembly of Fig. 2 with the porous material in an open
position according to one aspect of the present invention.

[0025] Fig. 4 is a cross-sectional view of part of a flow control
assembly that includes porous material according to another aspect of
the present invention.

[0026] Fig. 5 is a cross-sectional view of part of a wellbore in
which porous material of a flow control assembly is in a closed
position according to one aspect of the present invention.

[0027] Fig. 6 is a cross-sectional view of the part of the wellbore
of Fig. 5 in which the porous material is in an open position in
response to a magnetic field according to one aspect of the present

invention



WO 2014/021893 PCT/US2012/049277
6

[0028] Fig. 7 is a cross-sectional view of the part of the wellbore
of Fig. 5 in which the porous material is in a closed position in
response to a magnetic field according to one aspect of the present

invention.

Detailed Description

[0029] Certain aspects and features relate to a flow control
assembly that includes a porous material that can be a temporary
plug in a flow path. The porous material may respond to stimuli in a
wellbore by creating a flow path, or otherwise allowing fluid to flow in
a flow path. The porous material may be located in a port of a tubing
or proximate, such as adjacent, to an opening in the port. The porous
material can provide a pressure seal to allow a packer or other
completion tools to be set. The porous material can respond to the
stimuli after the completion tool is set by allowing for a flow path
through the flow control assembly. For example, the porous material
can include pores that can increase in size to allow for fluid flow
through the porous material. The porous material may remain in the
flow control assembly subsequent to opening to allow fluid flow.

[0030] The porous material may be a cellular structure that
includes a continuous material having pores. The continuous
material can provide a frame in which pores can be located. A pore
can be an empty space within the continuous material. The pores can
interconnect or interlink such that the pores form a series of channels

through the porous material. The channels can be blocked when the
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porous material is in closed position and the channels can be
unblocked when the porous material is in an open position.

[0031] Examples of porous material include a solid material,
metal alloy, or foam, such as carbon foam, silicone foam, silicone
carbine foam, metal foam, polyester foam, polyurethane foam, an
epoxy having dissolvable porous medium, silicon carbon foam,
memory shape foam, memory shape material, magnetic memory alloy
such as those including nickel or tungsten, fibrous materials, and
plastic foam.

[0032] In some aspects, the porous material is foam material
having pores or cells that can respond to temperature or other stimuli
by opening. The foam material can be configured to not degrade in
response to be exposed to the stimuli or other elements of a wellbore
environment. The foam material may be able to return to an initial
form, such as the pores or cells closing.

[0033] Examples of stimuli include a temperature level of a
wellbore environment, fluid introduced from the surface, and a
magnetic field.

[0034] In one aspect, a sub-assembly that may be part of a
tubing portion includes an opening in the tubing portion, a porous
material, and a housing defining part of a flow path. The sub-
assembly can be run downhole in a closed position in which the
porous material is configured to prevent, or substantially prevent,
fluid flow through the flow path including through the opening. For

example, the porous material can include pores that can have a
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relatively small size in the closed position to prevent, or substantially
prevent, fluid flow through the porous material. Stimuli may be
present or introduced into the wellbore. For example, the stimuli may
be fluid that is pumped into the wellbore, a temperature that is
present in the wellbore, or a magnetic field provided by a device
introduced into the wellbore. The porous material can open in
response to the stimuli to allow fluid to flow through the porous
material. For example, the size of the pores can increase to allow fluid
flow.

[0035] These illustrative examples are given to introduce the
reader to the general subject matter discussed here and are not
intended to limit the scope of the disclosed concepts. The following
sections describe various additional features and examples with
reference to the drawings in which like numerals indicate like
elements, and directional descriptions are used to describe the
illustrative aspects but, like the illustrative aspects, should not be
used to limit the present invention.

[0036] Fig. 1 depicts a well system 100 with flow control
assemblies according to certain aspects of the present invention. The
well system 100 includes a bore that is a wellbore 102 extending
through various earth strata. The wellbore 102 has a substantially
vertical section 104 and a substantially horizontal section 106. The
substantially vertical section 104 and the substantially horizontal
section 106 may include a casing string 108 cemented at an upper

portion of the substantially vertical section 104. The substantially
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horizontal section 106 extends through a hydrocarbon bearing
subterranean formation 110.

[0037] A tubing string 112 extends from the surface within
wellbore 102. The tubing string 112 can provide a conduit for
formation fluids to travel from the substantially horizontal section 106
to the surface. Production tubular sections 116 in various production
intervals adjacent to the formation 110 are positioned in the tubing
string 112. On each side of each production tubular section 116 is a
packer 118 that can provide a fluid seal between the tubing string 112
and the wall of the wellbore 102. Each pair of adjacent packers 118
can define a production interval.

[0038] One or more of the production tubular sections 116 can
include a flow control assembly. The flow control assembly can
include one or more openings in the tubing string 112 and porous
material that can respond to stimuli by opening to create a flow path,
which may include the openings in the tubing string.

[0039] Although Fig. 1 depicts production tubular sections 116
that can include flow control assemblies positioned in the
substantially horizontal section 106, production tubular sections 116
(and flow control assemblies) according to various aspects of the
present invention can be located, additionally or alternatively, in the
substantially vertical section 104. Furthermore, any number of
production tubular sections 116 with flow control assemblies,
including one, can be used in the well system 100 generally or in each

production interval. In some aspects, production tubular sections
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116 with flow control assemblies can be disposed in simpler wellbores,
such as wellbores having only a substantially vertical section. Flow
control assemblies can be disposed in open hole environments, such
as is depicted in Fig. 1, or in cased wells.

[0040] Figs. 2-3 cross-sectionally depict part of a flow control
assembly according to one aspect. The flow control assembly includes
a tubing portion 202, a housing 204, an inflow control device 206, and
porous material 208. The tubing portion 202 includes port 210 in
which the porous material 208 is located. The housing 204 is external
to the tubing portion 202 and defines part of a flow path through
which fluid can flow. The inflow control device 206 and porous
material 208 are located in the flow path. The port 210 may be part of
the flow path.

[0041] Fig. 2 depicts the flow control assembly in a closed
position, which may be an initial position when the flow control
assembly is run into the wellbore. In the closed position, the porous
material 208 is closed and can prevent, or substantially prevent, fluid
flow through the flow path, such as through the port 210. In the
closed position, the porous material 208 may provide a pressure seal
between an inner area defined by the tubing portion 202 and an area
external to the tubing portion 202. In some aspects, the porous
material 208 can be closed when pores of the porous material 208 are
of relatively small size and block channels that may be in the porous

material.
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[0042] Fig. 3 depicts the flow control assembly in an open
position. In the open position, the porous material 208 can create a
flow path through the port 210 by allowing fluid to flow through the
port 210 to the inner area 212 defined by the tubing portion 202, as
represented by the arrow in Fig. 3. The porous material 208 can
create the flow path in response to stimuli in the wellbore. For
example, pores in the porous material 208 may increase in size to
allow fluid flow through channels in the porous material 208, and
through the port 210.

[0043] In other aspects, the flow control assembly does not
include the inflow control device 206. In some aspects, the flow
control assembly includes other components, such as screens and
filter media.

[0044] The porous material 208 may be disposed in locations
other than in the port 210. Fig. 4 cross-sectionally depicts one aspect
of the flow control assembly of Figs. 2-3 in which porous material 308
is located external to the tubing portion 202 and close to an opening
in the port 210 of the tubing portion 202. For example, the porous
material 308 can be located adjacent to the opening in the port 210.
The porous material 308 in a closed position, as shown in Fig. 4, can
prevent, or substantially prevent, fluid from flowing to the port 210
from a flow path defined by the housing 204. In some aspects, the
porous material 308 in the closed position can provide a pressure seal
between an inner area 212 defined by the tubing portion 202 and an

area of the wellbore that is external to the tubing portion 202. In
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response to stimuli in the wellbore, the porous material 308 can
change to an open position and allow fluid to flow to the port 210 and
to the inner area 212 defined by the tubing portion 202.

[004 5] In other aspects, the porous material is located in the
inner area 212 defined by the tubing portion 202 and adjacent to an
opening in the port 210.

[0046] Porous material according to some aspects is configured
to respond to stimuli from one or more devices introduced into the
wellbore. For example, a ball having a certain charge that causes the
ball to output a magnetic field can be introduced into the wellbore
from the surface. Porous material in a flow control assembly in the
wellbore can respond to the magnetic field by changing from a closed
position to an open position or from an open position to a closed
position.

[0047] Figs. 5-7 depict by cross-section part of a downhole
wellbore in which is included a flow control assembly 402 and a
packer 404 according to one aspect. The flow control assembly 402 is
associated with or includes a screen 406 that may be used with a
filter media for filtering fluid prior to the fluid entering a flow path in
the flow control assembly 402. The flow control assembly 402
includes porous material 308 in ports of a tubing portion 410. The
packer 404 may be between a casing portion 405 and the tubing
portion 410.

[0048] Fig. 5 depicts the porous material 408 in a closed position

such as may be an initial position such as when the packer 404 is
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being set. In the closed position, the porous material 408 may
prevent, or substantially prevent, fluid flow through the ports to an
inner area 412 defined by the tubing portion 410. In some aspects,
the porous material 408 may provide a pressure seal when in the
closed position between the inner area 412 defined by the tubing
portion 410 and an area of the wellbore external to the tubing portion
410.

[0049] Fig. 6 depicts the downhole wellbore in which a device
414 is moving through the inner area 412 of the tubing portion 410 by
the flow control assembly 402. The device 414 may be a ball
introduced from the surface and have a certain electric charge
(represented as an example only by “+” and “-” in Fig. 6). The device
414 with the electric charge may emit or output a magnetic field that
is a stimulus. The porous material 408 may be a metal alloy or
similar material that can respond to the magnetic field by changing
from the closed position to an open position. Fig. 6 depicts the porous
material 408 in the open position. In the open position, the porous
material 408 can create or allow a flow path through the ports in the
tubing portion 410. For example, pores in the porous material 408
can enlarge or otherwise increase in size to allow fluid to flow through
channels in the porous material 408. Fluid can flow through the flow
path to the inner area 412 defined by the tubing portion 410. The
device 414 can continue through the inner area 412 of the tubing
portion 410 until it is at an end of the wellbore, where it may be rest

or be retrieved.
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[0050] Fig. 7 depicts the downhole wellbore in which a second
device 416 is moving through inner area 412 of the tubing portion 410
by the flow control assembly 402. The second device 416 may be
introduced from the surface subsequent to device 414 being
introduced from the surface. The second device 416 have a certain
electric charge (represented as an example only by “+” and “+” in Fig.
7), which may be different or the same as the electric charge of device
414 in Fig. 6. The second device 416 with the electric charge may
emit or output a magnetic field that is a stimulus. The porous
material 408 can respond to the magnetic field by changing from the
open position back to a closed position. Fig. 7 depicts the porous
material 408 in the closed position. The porous material 408 in the
closed position can prevent fluid flow through the port of the tubing
portion 410. In some aspects, the porous material 408 in the closed
position can provide a pressure seal between the inner area 412 and
an area of the wellbore external to the tubing portion 410.

[0051] The foregoing description of the aspects, including
illustrated aspects, of the invention has been presented only for the
purpose of illustration and description and is not intended to be
exhaustive or to limit the invention to the precise forms disclosed.
Numerous modifications, adaptations, and uses thereof will be
apparent to those skilled in the art without departing from the scope

of this invention.
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Claims
What is claimed is:
1. A flow control assembly, comprising:

a tubing portion having a port configured to be part of a flow
path in the flow control assembly; and

a porous material configured for preventing fluid flow though
the flow path in a closed position and for allowing fluid to flow in the
flow path by opening from the closed position in response to a

stimulus in a wellbore.

2. The flow control assembly of claim 1, wherein the stimulus in

the wellbore is a temperature level of an environment of the wellbore.

3. The flow control assembly of claim 2, wherein the porous

material is shape memory foam.

4. The flow control assembly of claim 1, wherein the porous

material is magnetic memory alloy.

5. The flow control assembly of claim 4, wherein the stimulus is a
magnetic field from a device provided in the wellbore from a surface of

the wellbore.
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6. The flow control assembly of claim 5, wherein the porous
material is configured to return to the closed position in response to a
second magnetic field from a second device provided in the wellbore
from the surface subsequent to the device being provided in the

wellbore from the surface.

7. The flow control assembly of claim 1, wherein the porous
material comprises pores configured to increase in size to cause the

porous material to open.

8. The flow control assembly of claim 1, wherein the porous

material is located in the port.

9. The flow control assembly of claim 1, wherein the porous
material is located external to the tubing portion and adjacent to a

port opening of the port.

10. The flow control assembly of claim 1, wherein the porous
material in the closed position is configured to provide a pressure seal
between an inner area defined by the tubing portion and an outer area

defined by the tubing portion.

11. The flow control assembly of claim 1, further comprising:
a housing external to the tubing portion and defining a second

part of the flow path; and
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an inflow control device positioned (i) in the second part of the
flow path defined by the tubing portion and (ii) between the housing

and an outer wall of the tubing portion.

12.  The flow control assembly of claim 1, wherein the stimulus is a

fluid introduced from a surface of the wellbore.

13. A flow control assembly configured to be disposed in a wellbore
traversing a subterranean formation, the flow control assembly
comprising:

a tubing portion having a port;

a porous material configured for providing a pressure seal
between an inner area defined by the tubing portion and an outer area
defined by the tubing portion, the porous material comprising pores
configured to increase in size for creating a flow path in the flow

control assembly in response to a stimulus in the wellbore.

14. The flow control assembly of claim 13, wherein the port is

configured to define part of the flow path.

15. The flow control assembly of claim 13, wherein the porous
material is shape memory foam,

wherein the stimulus in the wellbore is a temperature level of an
environment of the wellbore or fluid introduced into the wellbore from

a surface of the wellbore.
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16. The flow control assembly of claim 13, wherein the porous
material is magnetic memory alloy,
wherein the stimulus is a magnetic field from a device provided

in the wellbore from a surface of the wellbore.

17. The flow control assembly of claim 16, wherein the porous
material is configured to close in response to a second magnetic field
from a second device provided in the wellbore from the surface
subsequent to the device being provided in the wellbore from the

surface.

18. A flow control assembly configured to be disposed in a wellbore
traversing a subterranean formation, the flow control assembly
comprising:

a tubing portion having a port configured to be part of a flow
path in the flow control assembly; and

a porous material configured for providing a pressure seal
between an inner area defined by the tubing portion and an outer area
defined by the tubing portion, and for opening from a closed position
in response to a stimulus in the wellbore to allow fluid to flow in the

flow path.
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19. The flow control assembly of claim 18, wherein the porous
material comprises pores configured to increase in size to cause the

porous material to open.

20. The flow control assembly of claim 18, wherein the porous
material is magnetic memory alloy,

wherein the stimulus is a magnetic field from a first device
provided in the wellbore from a surface of the wellbore,

wherein the porous material is configured to close in response
to a second magnetic field from a second device provided in the
wellbore from the surface subsequent to the first device being

provided in the wellbore from the surface.



