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FIG. 3

(57) Abréegée/Abstract:
An In-flow control device controls fluid flow into a wellbore tubular using a permeable medium positioned in a flow space. The
permeable medium induces a predetermined pressure differential in the flow space. The permeable medium may include separate
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(57) Abrege(suite)/Abstract(continued):

elements having Interstitial spaces and / or solid porous members. In arrangements, a filtration element may be positioned
upstream of the flow space. In arrangements, the flow space may be formed in a plug member associated with the housing. In
certain embodiments, a flow restriction element, such as a check valve, In the housing may provide parallel fluild communication
with the bore of the wellbore tubular. Additionally, an occlusion body may be positioned in the flow space and configured to
disintegrate upon exposure to a preset condition. The occlusion body temporarily seals the flow space so that a bore of the tubular
may be pressurized.
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(87) Abstract: Anin-flow control device controls fluid flow into a wellbore tubular using a permeable medium positioned in a flow
@ space. The permeable medium induces a predetermined pressure differential in the flow space. The permeable medium may include

& separate elements having interstitial spaces and / or solid porous members. In arrangements, a filtration element may be positioned
o upstream of the {low space. In arrangements, the flow space may be formed in a plug member associated with the housing. In certain

embodiments, a flow restriction element, such as a check valve, in the housing may provide parallel fluid communication with the
bore of the wellbore tubular. Additionally, an occlusion body may be positioned in the flow space and configured to disintegrate upon
exposure to a preset condition. The occlusion body temporarily seals the flow space so that a bore of the tubular may be pressurized.
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TITLE: PERMEABLE MEDIUM FLOW CONTROL DEVICES FOR USE
IN HYDROCARBON PRODUCTION

INVENTORS: SEAN L. GAUDETTE, MICHAEL H. JOHNSON

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0001] The disclosure relates generally to systems and methods for
selective control of fluid flow into a production string in 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. These production
zones are sometimes separated from each other by installing a packer
between the production zones. Fluid from each production zone entering the
wellbore is drawn into a tubing that runs to the surface. It is desirable to have
substantially even drainage along the production zone. Uneven drainage
may result in undesirable conditions such as an invasive gas cone or water
cone. In the instance of an oil-producing well, for example, a gas cone may
cause an in-flow of gas into the wellbore that could significantly reduce oil
production. In like fashion, a water cone may cause an in-flow of water into
the oil production flow that reduces the amount and quality of the produced
oil. Accordingly, it is desired to provide even drainage across a production
zone and / or the ability to selectively close off or reduce in-flow within
production zones experiencing an undesirable influx of water and/or gas.

[0003] The present disclosure addresses these and other needs of the prior
art.
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SUMMARY OF THE DISCLOSURE

[0004] Inaspects, the present disclosure provides an in-flow control device
for controlling a flow of fluid from a formation into a wellbore tubular. In one
embodiment, the in-flow control device includes a flow space that provides
fluid communication between the formation and a bore of the wellbore
tubular. A permeable medium or media may be positioned in the flow space
to induce a predetermined pressure differential across the permeable
medium or media. For example, the permeable medium may have a porosity
configured to provide the desired predetermined pressure differential. In
some embodiments, the permeable medium may include a plurality of
substantially separate elements having interstitial spaces therebetween when
positioned in the flow space. in other embodiments, the permeabie medium
may include solid porous members. In still other embodiments, a medium in
the flow space may include a combination of materials. In one embodiment,
the in-flow control device may include a housing positioned along the
wellbore tubular. The flow space may be formed in the housing. In some
arrangements, a filtration element may be positioned upstream of the flow
space of the in-flow control device. In one arrangement, the flow space may
be formed in a plug member associated with the housing. In certain
applications, the plug member may be removable. In certain embodiments, a
flow restriction element in the housing may provide parallel fluid
communication with the bore of the wellbore tubular. For instance, a check
valve may be configured to open upon a preset pressure being reached in
the in-flow control device. Additionally, an occlusion body may be positioned
in the flow space and configured to disintegrate upon exposure to a preset
condition. The occlusion body temporarily seals the flow space so that a
bore of the tubular may be pressurized.

[0005] Inaspects, the present disclosure provides a system for controlling a
flow of a fluid from a formation' iInto a wellbore tubular. The system may
include a plurality of in-flow control devices positioned along a section of the
wellbore tubular. Each in-flow control device may include a permeable
medium positioned in a flow path between the formation and a flow bore of
the wellbore tubular to control a flow characteristic. The flow characteristic
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may be one or more of: (i) pressure, (ii) flow rate, and (iii) fluid compaosition.
In one arrangement, the porosity of each permeable medium is configured to
cause a substantially uniform flow characteristic along the section of the
wellbore tubular. In certain arrangements, a filtration element may be
positioned upstream of one or more of the plurality of in-flow control devices.
The permeable medium may include a plurality of substantially separate
elements configured to have interstitial spaces therebetween when
positioned in the flow space and / or a substantially solid member having
pores. .

[0006] [n aspects, the present disclosure provides a method for controlling
a flow of fluid from a formation into a wellbore tubular. The method may
include providing fluid communication between the formation and a bore of
the wellbore tubular via a flow space and positioning a permeable medium in
the flow space. The permeable medium may have a porosity configured to
induce a predetermined pressure differential across the permeable medium.
[0007] It should be understood that 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.

()
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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 designate like or similar elements throughout the

several figures of the drawing and wherein:

Fig. 1 is a schematic elevation view of an exempiary multi-zonal
wellbore and production assembly which incorporates an in-flow control
system in accordance with one embodiment of the present disclosure:

Fig. 2 is a schematic elevation view of an exemplary open hole
production assembly which incorporates an in-flow control system in
accordance with one embodiment of the present disclosure;

Fig. 3 is a schematic cross-sectional view of an exemplary production
control device made in accordance with one embodiment of the present
disclosure;

Fig. 4 is schematic cross-sectional view of an exemplary production
control device that uses a plug member made in accordance with one
embodiment of the present disclosure: and

Fig. 5 is schematic end view of the Fig. 4 embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] The present disclosure relates to devices and methods for
controlling production of 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.
Further, while embodiments may be described as having one or more
features or a combination of two or more features, such a feature or a
combination of features should not be construed ‘as essential uniless
expressly stated as essential.

[0010] Referring initially to Fig. 1, there is shown an exemplary welibore 10
that has been drilled through the earth 12 and into a pair of formations 14, 16
from which it is desired to produce hydrocarbons. The wellbore 10 is cased
by metal casing, as is known in the art, and a number of perforations 18
penetrate and extend into the formations 14, 16 so that production fluids may
flow from the formations 14, 16 into the wellbore 10. The wellbore 10 has a
deviated, or substantially horizontal leg 19. The wellbore 10 has a late-stage
production assembly, generally indicated at 20, disposed therein by a tubing
string 22 that extends downwardly from a wellhead 24 at the surface 26 of
the wellbore 10. The production assembly 20 defines an internal axial
flowbore 28 along its length. An annuius 30 is defined between the
production assembly 20 and the wellbore casing. The production assembly
20 has a deviated, generally horizontal portion 32 that extends along the
deviated leg 19 of the wellbore 10. Production devices 34 are positioned at
selected points along the production assembly 20. Optionally, each
production device 34 is isolated within the wellbore 10 by a pair of packer
devices 36. Although only two production devices 34 are shown in Fig. 1,
there may, in fact, be a large number of such production devices arranged in
serial fashion along the horizontal portion 32.
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[0011] Each production device 34 features a production control device 38
that is used to govern one or more aspects of a flow of one or more fluids
into the production assembly 20. As used herein, the term “fluid” or “fluids’
includes liquids, gases, hydrocarbons, multi-phase fluids, mixtures of two of
more fluids, water, brine, engineered fluids such as drilling mud, fluids
injected from the surface such as water, 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 38 may
have a number of alternative constructions that ensure selective operation
and controlled fluid flow therethrough.

[0012] Fig. 2 illustrates an exemplary open hole welibore arrangement 11
wherein the production devices of the present disclosure may be used.
Construction and operation of the open hole wellbore 11 is similar in most
respects to the wellbore 10 described previously. However, the wellbore
arrangement 11 has an uncased borehole that is directly opeh to the
formations 14, 16. Production fluids, therefore, flow directly from the
formations 14, 16, and into the annulus 30 that is defined between the
production assembly 21 and the wall of the wellbore 11. There are no
perforations, and oben hole packers 36 may be used to isolate the production
control devices 38. The nature of the production control device is such that

the fluid flow is directed from the formation 16 directly to the nearest
production device 34, hence resuiting in a balanced flow. In some instances,
packers maybe omitted from the open hole completion.

[0013] Referring now to Fig. 3, there is shown one embodiment of a
production control device 100 for controlling the flow of fluids from a reservoir
into a production string. This flow control can be a function of one or more
characteristics or parameters of the formation fluid, including water content,
fluid velocity, gas content, etc. Furthermore, the control devices 100 can be
distributed along a section of a production well to provide fluid control at
multiple locations. This can be advantageous, for example, to equalize
production flow of oil in situations wherein a greater flow rate is expected at a

6
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*heel” of a horizontal well than at the “toe” of the horizontal well. 'By
appropriately configuring the production control devices 100, such as by
pressure equalization or by restricting in-flow of gas or water, a well owner
can increase the likelihood that an oil bearing reservoir will drain efficiently.
Exemplary production control devices are discussed herein below.

[0014] In one embodiment, the production control device 100 includes a
particulate control device 110 for reducing the amount and size of
particulates entrained in the fluids and an in-flow control device 120 that
controls overall drainage rate from the formation. The particulate control
device 110 can include known devices such as sand screens and associated
gravel packs. In embodiments, the in-flow control device 120 utilizes a
permeable medium to create a predetermined pressure drop that assists in
controlling in-flow rate. llustrative embodiments are described below.

[0015] An exempilary in-flow control device 120 creates a pressure drop for
controlling in-flow by channeling the in-flowing fluid through one or more
conduits 122 that include a permeable medium 124. The conduits 122 form
a flow space that conveys fluid from the exterior of the in-flow control device

120 to openings 126 that direct the fluid into the flow bore 102 of a wellbore
tubular, e.g., tubing 22 (Fig. 1). In aspects, Darcy’'s Law may be used to
determine the dimensions and other characteristics of the conduit 122 and
the permeable medium 124 that will cause a selected pressure drop. As is

known, Darcy’s Law is an expression of the proportional relationship between
the instantaneous discharge rate through a permeable medium, the viscosity
of the fluid, and the pressure drop over a given distance:

where Q is the total discharge, K is permeability of the permeable medium, A

Is the cross-sectional flow area , (P; — Py) is the pressure drop, u is the
viscosity of the fluid, and L is the length of the conduit. Because
permeability, cross-sectional flow area, and the length of the conduit are
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characteristics of the in-flow control device 120, the in-flow control device 120
may be constructed to provide a specified pressure drop for a given type of

fiuid and flow rate.

[0016] The permeability of the conduit 122 may be controlled by
appropriate selection of the structure of the permeable medium 124.
Generally speaking, the amount of surface area along the conduit 122, the
cross-sectional flow area of the conduit 122, the tortuosity of conduit the 122,
among other factors, determine the permeability of the conduit 122. In one
embodiment, the permeable medium 124 may be formed using elements that
are packed into the conduit 122. The elements may be granular elements
such as packed ball bearings, beads, or peliets, or fiberous elements such as
"steel wool” or any other such element that form interstetial spaces through
which a fluid may flow. The elements may aiso be capillary tubes arranged
to permit flow across the conduit 122. In other embodiments, the p'ermeable
medium 124 may include one or more bodies in which pores are formed. For
example, the body may be a sponge-like object or a stack of filter-type
elements that are perforated. It will be appreciated that appropriate selection
of the dimensions of objects such as beads, the number, shape and size of

pores or perforations, the diameter and number of capillary tubes, etc., may
yield the desired permeability for a selected pressure drop.

[0017] Referring now to Figs. 4 and 5, there is shown another embodiment
of an in-flow control device 140 that creates a pressure drop by conveying
the in-flowing fluid through an array of plug elements, each of which is
designated with numeral 142. Each plug element 142 includes a permeable
medium 144. The plug element 142 may be formed as a tubular member
having a bore 146 filled with elements 148. The plug elements 142 may be
positioned in a housing 150 that may be formed as a ring or collar that
surrounds the wellbore tubular such as the tubing string 22 (Fig. 1). The
depiction of four plug elements 142 is purely arbitrary. Greater or fewer
number of plug elements 142 may be used as needed to meet a particular
application. The housing 150 may be connected to the particulate control
device 110 (Fig. 3) either directly or with an adapter ring 152. Additionally,

8



CA 02701801 2010-04-06

WO 2009/052149 PCT/US2008/079947

the housing 150 may include an access port 154 that provides access to the
interior of the housing. Orifices 156 provide fluid communication between the
in-flow control device 140 and the flow bore 102 of the tubing string 22 (Fig.

1).

[0018] Referring now to Fig. 5, in certain embodiments, a flow control
element 158 may be used to maintain a predetermined flow condition across
the in-flow control device 140. For example, the flow control element 158
may be a check valve, a frangible element, or other device that opens when
exposed to a preset pressure differential. In one scenario, the flow control
element 158 may be configured to open when a sufficient pressure
differential exists across the in-flow control device 140. Such a pressure
differential may be associated with a substantial reduction of flow across the
piug elements 142 due to clogging of the permeable medium 144. Allowing
some controlied fluid in-flow in such situations may be useful to maintain an
efficient drainage.

[0019] In certain embodiments, an occlusion body 164 may be positioned in
the housing 150 to temporarily block fiuid flow through the in-flow control
device 140. The occlusion body 164 may be formed of a material that
ruptures, dissolves, factures, melts or otherwise disintegrates upon the
occurrence of a predetermined condition. In some embodiments, the
occlusion body 164 may be positioned downstream of the plug member 142
as shown or upstream of the plug member 142. In other embodiments, the
occlusion body 164 may be a material that fills the interstitial spaces of the
plug member 142. During deployment or installation of the in-flow control
device 140 into a well, the occlusion body 164 allows a relatively high
pressure differential to exist across the in-flow control device 140 This may
be advantageous during installation because a well may require relatively
high pressures in order to actuate valves, slips, packers, and other types of
hydraulically actuated completion equipment. Once a given completion
activity is completed, the occlusion body 164 may disintegrate due to
exposure to a fluid, such as oil, or exposure to the wellbore environment
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(e.g., elevated pressure or temperatures) or exposure to materal pumped

downhole.

[0020] During operation, fluid from the formation flows through the
particulate control device 110 and into the in-flow control device 140. As the
fluid flows through the permeable medium in the plug members 142, a
pressure drop is generated that results in a reduction of the flow velocity of
the fluid. Furthermore, as will be discussed in more detail later, the back
pressure associated with the in-flow control device assists in maintaining an
efficient drainage pattem for the formation. '

[0021] [n some embodiments, an in-flow control device, e.g., the in-flow
control device 120 or 140, may be constructed to have a preset pressure
drop for a given fluid. |n other embodiments, an in-flow control device may
be constructed to be tuned or configured “in the field” to provide a selected
pressure drop. For example, the housing 150 may be configured to have
several receptacles 160 for receiving a plug element 142. Pasitioning a plug
element 142 in each of the available receptacles 160 would maximize the
number of flow conduits and provide the lowest pressure drops. To increase
the pressure drop, one or more receptacles 160 may be fitted with a “blank”
or stopping member to block fluid flow. Thus, in one arrangement, varying
the number of plug elements 142 may be used to control the pressure
differential generated by the in-flow control device. Another arrangement
may include constructing the housing 150 to receive plug elements 142
having different flow characteristics. For instance, a first plug element 142
may have a first pressure drop, a second plug element 142 may have a
second pressure drop greater than the first pressure drop, and a third plug
element 142 may have a third pressure drop greater than the second drop.
The changes in pressure drop can be controlled by, for example, varying the
characteristics of the porous material or the length of the plug element 142.
It should be appreciated that an in-flow control device that can vary the
number and / or characteristics of the plug elements 142 can be configured

10
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or re-configured at a well site to provide the pressure differential and back
pressure to achieve the desired flow and drainage characteristics for a given

reservoir.

[0022] It should also be understood that plug elements 142 are merely
llustrative of the structures that may be used to interpose a permeable
medium into a flow from a formation into a wellbore tubular. For instance, the
housing may include a flow passage for receiving one or more serially
aligned porous disks. The pressure drop may be controlled by varying the
number of disks and / or the permeability of the disks. In another variant, the
housing may include a fiow cavity that can be filled or packed with elements
such as spherical members. The pressure drop may be control by varying
the diameter of the spherical members. In still other variants, two or more
media may be used. For example, such a medium may include a
combination of capillary tubes, granular elements, and / or sponge-like
material.

[0023] Further, it should be understood that Figs. 1 and 2 are intended to
be merely illustrative of the production systems in which the teachings of the
present disclosure may be applied. For example, in certain production
systems, the wellbores 10, 11 may utilize only a casing or liner to convey
production fluids to the surface. The teachings of the present disclosure may
be applied to control the flow into those and other welibore tubulars.

[0024] For the sake of clarity and brevity, descriptions of most threaded
connections between tubular elements, elastomeric seals, such as o-rings,
and other well-understood techniques are omitted in the above description.
Further, terms such as “valve” are used in their broadest meaning and are
not limited to any particular type or configuration. The foregoing description
IS directed to particular embodiments of the present disclosure for the
purpose of illustration and explanation. It will be apparent, however, to one
skilled in the art that many modifications and changes to the embodiment set
forth above are possible without departing from the scope of the disclosure.

Il
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CLAIMS

What is claimed is:
1. An apparatus for controlling a flow of fiuid from a formation into a
wellbore tubuiar, comprising:

(a) a flow space configured to provide fluid communication
between the formation and a bore of the wellbore tubular; and

(b) a permeable medium positioned in the flow space, the
permeable medium having a porosity configured to induce a predetermined
pressure differential across the permeable medium.

2.  The apparatus of claim 1 wherein the permeable medium includes a
plurality of substantially separate elements configured to have interstitial
spaces therebetween when positioned in the flow space.

3. The apparatus of claim 1 wherein the permeable medium includes a
substantially solid member having pores.

4. The apparatus of claim 1 further comprising a housing positioned
along the wellbore tubular, the flow space being formed in the housing.

S. The apparatus of claim 4 further comprising an occlusion body in the
flow space, the occlusion body being configured to disintegrate upon
exposure to a preset condition.

6. The apparatus of claim 4 further comprising a plug member
associated with the housing, the flow space being formed in the plug
member.

7. The apparatus of claim 1 further comprising a flow restriction element
configured to provide a parallel fluid communication with the bore of the
wellbore tubular. '

8. The apparatus of claim 1 further comprising a filtration element
positioned upstream of the flow space.

12
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S. A system for controlling a flow of a fluid from a formation into
wellbore tubular, comprising:

(a) a plurality of in-flow control devices positioned along a section %t
the wellbore tubular, each in-flow control device including a permeable
medium positioned in a flow path between the formation and a flow bore of
the wellbore tubular to control a flow characteristic. -

10. The system of claim 9 wherein the flow characteristic is one of: (i)
pressure, (ii) flow rate, and (iii) fluid composition.

11. The system of claim 9 wherein the porosity of each permeable
medium is configured to cause a substantially uniform flow characteristic
along the section of the wellbore tubular.

12. The system of claim 9 further comprising a filtration element
positioned upstream of at least one of the plurality of in-flow control devices.

13. The system of claim 9 wherein the permeable medium includes a
plurality of substantially separate elements configured to have interstitial
spaces therebetween when positioned in the flow space.

14. The system of claim 9 wherein the permeable medium includes a
substantially solid member having pores.

15. A method for controlling a flow of fluid from a formation into a wellbore
tubular, comprising: '

(a) providing fluid communication between the formation and a
bore of the wellbore tubular via a flow space; and

(b) positioning a permeable medium in the flow space, the
permeable medium having a porosity configured to induce a predetermined
pressure differential across the permeable medium.

13
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16.  The method of claim 15 wherein the permeable medium includes a
plurality of substantially separate elements configured to have interstitial
spaces therebetween when positioned in the flow space.

17.  The method of claim 15 wherein the permeable medium includes a
substantially solid member having pores.

18.  The method of claim 15 further comprising positioning a filtration
element upstream of the flow space.

19.  The method of claim 15 further comprising positioning an occlusion

body in the flow space, the occlusion body being configured to disintegrate
upon exposure to a preset condition.

20. The method of claim 15 wherein the flow space is formed in a plug
member associated with a housing. |
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