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SYSTEM AND METHOD TO REDUCE FLUID PRODUCTION FROM A
WELL

Background
[0001]  This section is intended to introduce the reader to various aspects of art
that may be related to various aspects of the presently described embodiments. This
discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the
described embodiments. Accordingly, it should be understood that these statements
are to be read in this light and not as admissions of prior art.
[0002] This disclosure relates generally to equipment utilized and operations
performed in conjunction with a subterranean well and, in an example described
below, more particularly provides a method for determining one or more design
parameters for an inflow control device.
[0003] In a hydrocarbon production well, it is many times beneficial to be able to
regulate flow of fluids from an earth formation into a wellbore, from the wellbore
into the formation, and within the wellbore. A variety of purposes may be served by
such regulation, including prevention of water or gas coning, minimizing sand
production, minimizing water and/or gas production, maximizing oil production,
balancing production among zones, transmitting signals, etc.
[0004] Therefore, it will be appreciated that advancements in the art of variably
restricting fluid flow in a well would be desirable in the circumstances mentioned
above, and such advancements would also be beneficial in a wide variety of other

circumstances.

Brief Description of the Drawings
[0005] For a detailed description of the embodiments of the invention, reference

will now be made to the accompanying drawings in which:
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[0006] FIG. 1 shows schematic view of a well system including one or more
inflow control devices in accordance with one or more embodiments of the present

disclosure;

[0007] FIG. 2 shows a schematic view of an inflow control device in accordance

with one or more embodiments of the present disclosure;

[0008] FIG. 3 shows a cross-sectional view of a well extending into a reservoir or

formation in accordance with one or more embodiments of the present disclosure;

[0009] FIG. 4 shows a graph of water production (y-axis) from an inhomogeneous
reservoir versus axial positions (x-axis) of inflow control devices for a production
tool positioned in a well of the reservoir in accordance with one or more

embodiments of the present disclosure;

[0010] FIG. 5 is a flow diagram of an 1illustrative method or process to reduce
water production in a well, to increase oil production in a well, and/or to design a
production tool including one or more inflow control devices in accordance with

one or more embodiments of the present disclosure;

[0011] FIG. 6 shows a graph of water production (y-axis) from an inhomogeneous
reservoir versus axial positions (x-axis) of inflow control devices for the production
tool positioned in a well of the reservoir in accordance with one or more

embodiments of the present disclosure;

[0012] Further, FIG. 7 shows a graph of nozzle diameter size of the inflow control
devices (y-axis) of the production tools versus axial positions (x-axis) of inflow
control devices for the production tool positioned in a well of the reservoir in

accordance with one or more embodiments of the present disclosure;

[0013] FIG. 8 shows a graph of oil production (y-axis) from an inhomogeneous
reservoir versus time (number of days of production) for production tools
positioned in a well of the reservoir in accordance with one or more embodiments

of the present disclosure; and
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[0014] FIG. 9 shows a general purpose computer that may be used with

embodiments of the present disclosure.

[0015] The illustrated figures are only exemplary and are not intended to assert or
imply any limitation with regard to the environment, architecture, design, or process

in which different embodiments may be implemented.

Detailed Description
[0016] Turning now to the present figures, FIG. 1 shows a well system 10 that can
embody principles of the present disclosure. As depicted in FIG. 1, a wellbore 12
has a generally vertical uncased section 14 extending downwardly from casing 16,
as well as a generally horizontal uncased section 18 extending through an earth

formation 20.

[0017] A tubular string 22 (such as a production tubing string) is installed in the
wellbore 12. Interconnected in the tubular string 22 are multiple well screens 24,
variable flow resistance systems 25 (e.g., inflow control devices), and packers 26.
The packers 26 seal off an annulus 28 formed radially between the tubular string 22
and the wellbore section 18. In this manner, fluids 30 may be produced from
multiple intervals or zones of the formation 20 via isolated portions of the annulus

28 between adjacent pairs of the packers 26.

[0018] Positioned between each adjacent pair of the packers 26, a well screen 24
and a variable flow resistance system 25 are interconnected in the tubular string 22.
The well screen 24 filters the fluids 30 flowing into the tubular string 22 from the
annulus 28. The variable flow resistance system 25 variably restricts flow of the

fluids 30 into the tubular string 22, based on certain characteristics of the fluids.

[0019] At this point, it should be noted that the well system 10 is illustrated in the
drawings and is described herein as merely one example of a wide variety of well
systems in which the principles of this disclosure can be utilized. It should be

clearly understood that the principles of this disclosure are not limited at all to any
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of the details of the well system 10, or components thereof, depicted in the drawings

or described herein.

[0020] For example, it is not necessary in keeping with the principles of this
disclosure for the wellbore 12 to include a generally vertical wellbore section 14 or
a generally horizontal wellbore section 18. It is not necessary for fluids 30 to be
only produced from the formation 20 since, in other examples, fluids could be
injected into a formation, fluids could be both injected into and produced from a
formation, etc. Further, it is not necessary for one each of the well screen 24 and
variable flow resistance system 25 to be positioned between each adjacent pair of
the packers 26. It 1s not necessary for a single variable flow resistance system 25 to
be used in conjunction with a single well screen 24. Any number, arrangement

and/or combination of these components may be used.

[0021] It is not necessary for any variable flow resistance system 25 to be used
with a well screen 24. For example, in injection operations, the injected fluid could
be flowed through a variable flow resistance system 25, without also flowing

through a well screen 24.

[0022] It is not necessary for the well screens 24, variable flow resistance systems
25, packers 26 or any other components of the tubular string 22 to be positioned in
uncased sections 14, 18 of the wellbore 12. Any section of the wellbore 12 may be
cased or uncased, and any portion of the tubular string 22 may be positioned in an
uncased or cased section of the wellbore, in keeping with the principles of this

disclosure.

[0023] It should be clearly understood, therefore, that this disclosure describes
how to make and use certain examples, but the principles of the disclosure are not
limited to any details of those examples. Instead, those principles can be applied to

a variety of other examples using the knowledge obtained from this disclosure.
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[0024] It will be appreciated by those skilled in the art that it would be beneficial
to be able to regulate flow of the fluids 30 into the tubular string 22 from each zone
of the formation 20, for example, to prevent water coning 32 or gas coning 34 in the
formation. Other uses for flow regulation in a well include, but are not limited to,
balancing production from (or injection into) multiple zones, minimizing production
or injection of undesired fluids, maximizing production or injection of desired

fluids, etc.

[0025] Examples of the variable flow resistance systems 25 described more fully
below can provide these benefits by increasing resistance to flow if a fluid velocity
increases beyond a selected level (e.g., to thereby balance flow among zones,
prevent water or gas coning, etc.), or increasing resistance to flow if a fluid
viscosity decreases below a selected level (e.g., to thereby restrict flow of an

undesired fluid, such as water or gas, in an oil producing well).

[0026] Whether a fluid is a desired or an undesired fluid depends on the purpose
of the production or injection operation being conducted. For example, if it is
desired to produce oil from a well, but not to produce water or gas, then oil is a

desired fluid and water and gas are undesired fluids.

[0027] Note that, at downhole temperatures and pressures, hydrocarbon gas can
actually be completely or partially in liquid phase. Thus, it should be understood
that when the term “gas” is used herein, supercritical, liquid and/or gaseous phases

are included within the scope of that term.

[0028] Referring additionally now to FIG. 2, a schematic view of a variable flow
resistance system 25 in accordance with one or more embodiments of the present
disclosure are shown. In this example, a fluid 36 (which can include one or more
fluids, such as oil and water, liquid water and steam, oil and gas, gas and water, oil,
water and gas, etc.) may be filtered by a well screen (24 in FIG. 1), and may then
flow into an inlet flow path 38 of the variable flow resistance system 25. A fluid can

include one or more undesired or desired fluids. Both steam and water can be
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combined in a fluid. As another example, oil, water and/or gas can be combined in a
fluid. Flow of the fluid 36 through the variable flow resistance system 25 is resisted
based on one or more characteristics (e.g., viscosity, velocity, etc.) of the fluid. It
may be seen that the fluid 36 flows from the inlet flow path 38 and through a fluid
passage 44 to intersect a flow chamber 50 of the variable flow resistance system 25.
The fluid 36 may then be discharged from the variable flow resistance system 25 to

an interior of the tubular string 22 via an outlet flow path 40.

[0029] In other examples, the well screen 24 may not be used in conjunction with
the variable flow resistance system 25 (e.g., in injection operations), the fluid 36
could flow in an opposite direction through the various elements of the well system
10 (e.g., in injection operations), a single variable flow resistance system could be
used in conjunction with multiple well screens, multiple variable flow resistance
systems could be used with one or more well screens, the fluid could be received
from or discharged into regions of a well other than an annulus or a tubular string,
the fluid could flow through the variable flow resistance system prior to flowing
through the well screen, any other components could be interconnected upstream or
downstream of the well screen and/or variable flow resistance system, etc. Thus, it
will be appreciated that the principles of this disclosure are not limited at all to the
details of the example depicted in FIG. 2 and described herein. Further, additional
components (such as shrouds, shunt tubes, lines, instrumentation, sensors, inflow
control devices, etc.) may also be used in accordance with the present disclosure, if

desired.

[0030] The variable flow resistance system 25 is depicted in simplified form in
FIG. 2, but in a preferred example, the system can include various passages and
devices for performing various functions, as described more fully below. In
addition, the system 25 preferably at least partially extends circumferentially about
the tubular string 22, or the system may be formed in a wall of a tubular structure

interconnected as part of the tubular string.
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[0031] In other examples, the system 25 may not extend circumferentially about a
tubular string or be formed in a wall of a tubular structure. For example, the system
25 could be formed in a flat structure, etc. The system 25 could be in a separate
housing that is attached to the tubular string 22, or it could be oriented so that the
axis of the outlet flow path 40 1s parallel to the axis ot the tubular string. The system
25 could be on a logging string or attached to a device that is not tubular in shape.
Any orientation or configuration of the system 25 may be used in keeping with the

principles of this disclosure.

[0032] One or more embodiments of the present disclosure may relate to
increasing oil production in or from a well, reducing fluid production in or from a
well, and/or optimizing a design of a production tool that includes one or more
inflow control devices (e.g., the tubular string 22 including the variable flow
resistance systems 25 shown in FIGS. 1 and 2). As used herein, fluid may refer to a
liquid and/or a gas, and the liquid may refer to water, chemicals, oil, and/or any
other type of fluid found within, introduced into, and/or produced from a well. FIG.
3 shows a cross-sectional view of a well 100 extending into a reservoir 102 or
formation in accordance with one or more embodiments of the present disclosure.
The well 100 has a production tool 104 positioned therein, in which the production
tool 104 includes a packer 106 and one or more inflow control devices 108. The
inflow control devices 108 may be used to control and facilitate the production of
fluid (e.g., oil, water, and/or gas) from the reservoir 102, into the well 100, and then
into the production tool 104. As shown in this example, the reservoir 102 includes a
layer 110 or portion that is saturated with oil, includes a layer 112 or portion below
the layer 110 that is saturated with water (e.g., from an aquifer), and includes a

layer 114 or portion above the layer 110 that is saturated with gas.

[0033] Due to the inhomogeneity of the properties of the reservoir 102 and the
drop of pressure inside the well 100, the ratio of the volume of water produced to

the volume of overall fluid produced (e.g., water cut) can vary and be uneven for
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the production tool 104 along the axial direction of the well 100. For example, in
FIG. 3, it is shown that the water-saturated layer 112 rises and infiltrates into and
towards the oil-saturated layer 110 such that the water-saturated layer 112 may
intersect the well 100. In such an embodiment, the water content from the fluid
produced from this portion of the well 100 will be higher compared to the other

portions of the well 100.

[0034] FIG. 4 shows a graph of water production (y-axis) from an inhomogeneous
reservoir versus axial positions (x-axis) of inflow control devices for a production
tool positioned in a well of the reservoir. The inflow control devices included with
the production tool in FIG. 4 may each have about the same nozzle diameter of
about 3 mm in this embodiment (e.g., D,;= 3 mm). Accordingly, due to the
inhomogeneous properties of the reservoir, the inflow control devices have a
significant variance with respect to the water cut or the amount of water produced
by each respective inflow control device. For example, the inflow control devices
positioned at about the 2400 m position and the 2475 m position in FIG. 4 produce
water at a flow rate more than double compared with that of the inflow control

devices positioned at about the 2450 m position.

[0035] Accordingly, one or more embodiments of the present disclosure may
relate to increasing oil production in or from a well, reducing fluid production in or
from a well, and/or optimizing a design of a production tool that includes one or
more inflow control devices (e.g., the tubular string 22 including the variable flow
resistance systems 25 shown in FIGS. 1 and 2). For example, in accordance with
one or more embodiments of the present disclosure, one or more parameters for the
inflow control devices of a production tool may be optimized based upon the
properties of a reservoir or well. The parameters may be optimized to reduce the
water production from the well and through the inflow control devices, which may
lead to an increase in the oil produced from the well and through the inflow control

devices.



[0036] FIG. 5 is a flow diagram of an illustrative method or process to reduce
water production in a well, to increase oil production in a well, and/or to design a
production tool including one or more inflow control devices in accordance with
one or more embodiments of the present disclosure. This method includes
performing a production simulation of a reservoir model that includes a production
tool with one or more inflow control devices 502. The reservoir model may have
properties similar to that of a known reservoir or well such that the production tool
with the inflow control devices may be optimized or tailored for use with the known
reservoir or well. One or more simulators, such as Netool* and/or Quiklook*, may
be used to simulate the production from a reservoir model, such as for an expected

lifetime of the well.

[0037] The mass flow rate of fluid through an individual inflow control device

may be described by the below equations:

J = mCD3)*20:f (2)@° = PD); Pin = D Equation (1)
Dor\* _
f(2) = (boTr) Equation (2)

[0038] In Equations (1) and (2), J is the mass flow rate, z is the axial coordinate
along the well, p; is the fluid density and average flow velocity, D,, and D, are the
diameter for the nozzle of the inflow control device and a reference value for the
diameter for the nozzle of the inflow control device, p° and p' are the flow pressure
outside and inside of the well, and C is the orifice flow coefficient. If an inflow
control device includes more than one nozzle, D, may equal the equivalent nozzle
diameter for the inflow control device. Equations (1) and (2) may be considered as a
hydrodynamic condition on the interface between the reservoir and the well, with
function f{z) fully characterizing the distribution of the inflow control device
diameters in the production zone of the well. If the distribution function f{z) is
known, the distribution of equivalent nozzle diameters may be calculated using the

below equation:

*Trademark

CA 2990838 2019-05-06
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D, (2) = D2, f°%°(2) Equation (3)

[0039] Consider a function w(z) that characterizes the fluid distribution along the
well, such as the water cut profile or a production flow rate of water sometime after
the start of production in the well. Increasing the inflow control device nozzle size
will lead to an increase of w(z) in the corresponding point z. Further, based on some
considerations, an optimized or desired final shape for the function w(z) may be
@(z). For example, in the case that uniform water distribution is needed, @(z)=1 for
all points z along the length of the well. This may be achieved by tuning or
adjusting the distribution function f{z) according to one or more embodiments of the
present disclosure. Accordingly, when performing the production simulation of the
reservoir model, f(z)=1 may be assumed for all points z along the well length, at
least initially, which may be equivalent to assuming that the nozzle diameter for the

inflow control devices is equal to D,, for all points z along the well length.

[0040] The method further includes determining or adjusting a parameter for the
one or more inflow control devices of the production tool to reduce fluid production
through the inflow control devices based upon the production simulation 504. For
example, as discussed above, a parameter for an inflow control device that may be
determined or adjusted may include a size of a nozzle of the inflow control device,
in which the size (e.g., diameter or area) of the nozzle may be adjusted to reduce
fluid production through the inflow control device based upon the production
simulation. Other parameters that may be adjusted or determined may also include,
but are not limited to, a number of nozzles of the inflow control device, such as
increasing or decreasing the number of nozzles included within an inflow control
device, and/or a location of the nozzle or the inflow control device, such as moving

a nozzle of an inflow control device.

[0041] The determining the parameters for the inflow control devices 504 may
include one or more steps, as shown in FIG. 5. For example, the determining the

parameters for the inflow control devices 504 may include one or more of the

10



CA 02990838 2017-12-22

WO 2017/023278 PCT/US2015/043272

following: determining a reference time from the production simulation where fluid
production is above a predetermined level for a majority of the inflow control
devices of the production tool 506; choosing a reference inflow control device from
the inflow control devices with a maximum allowable fluid production at the
reference time 508; and adjusting, with respect to the reference inflow control
device, parameters for the inflow control devices with fluid production above the

maximum allowable fluid production 510.

[0042] When determining a reference time 506, the production simulation of the
reservoir model may be performed until the fluid (e.g., water cut, ratio of water
production to volume of overall fluid production) is above a predetermined level
(e.g., 0.1) for most of the well or for the majority of the inflow control devices. The
reference time, £y, may then be determined once most of the well or the majority of
the inflow control devices are above the predetermined level. An example of a
reference time, £y, may be about 100 days or about 150 days of simulated production

of the reservoir model.

[0043] Using the reference time, the profiles of the function w(z) may be
calculated to characterize the fluid distribution along the well (e.g., the water cut
profile or the production flow rate of water at the reference time, fy). From here, a
reference inflow control device, z,, may be chosen, found, or determined 508 from
the water cut profiles for the inflow control devices at the reference time. In
particular, the production simulation may be reviewed to determine a maximum
allowable fluid production for the inflow control devices at the reference time (e.g.,
a maximum allowable water production ratio of about 0.1 water production to
volume of overall fluid production), and a reference inflow control device, z,, at or
below the maximum allowable fluid production may then be chosen, found, or
determined. Another example may be choosing a reference inflow control device

with a minimum allowable ration of w(z)/@(z).

11
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[0044] Based upon the reference inflow control device, z,, parameters for the
inflow control devices of the production tool in the reservoir model with fluid
production above the maximum allowable fluid production may be adjusted 510.
For example, with respect to the parameter of the size or diameter of a nozzle
diameter, the inflow control devices with fluid production above the maximum
allowable fluid production may have nozzles that are reduced in size (e.g., diameter
reduced) such that water and fluid produced through the nozzle of the inflow
control device is reduced. In another embodiment, the parameters for the inflow
control devices with fluid production above the maximum allowable fluid
production may be adjusted to have substantially the same fluid production as each
of the other adjusted inflow control devices and/or the reference inflow control
device. In such an embodiment, the inflow control devices may be adjusted such
that fluid production through each inflow control device is substantially the same in

the reservoir model, such as at the reference time.

[0045] When adjusting the parameters for the inflow control devices 510, the
distribution function f(z) may be moditied or corrected, such as according to the

following equation:

n+1 — fn ww mn .
" (z) = f*(2) [W(Z) p Equation (4)

[0046] In Equation (4), n 1s the iteration number and m is the exponent, which
depend on the property characterized by the function w(z). Once the distribution
function f(z) is modified or corrected, the convergence of the function f(z) 1s

checked or verified using the following equation, where ¢ is a small number:
max|f™(z) — f*(2)| < ¢ Equation (5)

[0047] If the convergence and condition of Equation (5) is not solved or fulfilled,
the method may revert back to setting the parameters of the inflow control devices,
such as shown in Equation (3) above. The production simulation of the reservoir

model may then be performed to the reference time, ¢, with the distribution

12
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function f{z) modified or corrected, as shown above, such that the method has an
iterative portion when adjusting the parameters for the inflow control devices. If the
convergence and condition of Equation (5) 1s solved or fulfilled, and knowing that
the function f{z)=f""'(z), the adjusted parameters for the inflow control devices are

also calculated using Equation (3) above.

[0048] Following the determining the parameters for the inflow control devices
504, the method further includes performing an adjusted production simulation of
the reservoir model that includes the production tool with the inflow control devices
including the adjusted parameters 512. The production simulation and the adjusted
production simulation may then be compared with each other to determine if fluid
production is reduced for the adjusted production simulation that includes the

adjusted parameters for the inflow control devices 514.

[0049] If the fluid production in the adjusted production simulation has
sufficiently decreased or the oil production in the adjusted production simulation
has sufficiently increased, then the method may be completed and the adjusted
parameters of the inflow control devices may be used within a production tool for a
well or reservoir represented by the reservoir model and the production simulation.
If the fluid production in the adjusted production simulation has not sufficiently
decreased or the oil production in the adjusted production simulation has not
sufficiently increased, then, in one embodiment, a second reference time may be
chosen that is later than the first reference time from the production simulation 516,

thereby increasing the simulated length of the production simulation.

[0050] Using the second reference time, the profiles of the function w(z) may be
calculated to characterize the fluid distribution along the well (e.g., the water cut
profile or the production flow rate of fluid at the second reference time). From here,
a second reference inflow control device may be chosen, found, or determined 518
from the water cut profiles for the inflow control devices at the reference time. In

particular, the production simulation may be reviewed to determine a second
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maximum allowable fluid production for the inflow control devices at the second
reference time, and a second reference inflow control device at or below the

maximum allowable fluid production may then be chosen, found, or determined.

[0051] Based upon the second reference inflow control device, parameters for the
inflow control devices of the production tool in the reservoir model with fluid
production above the second maximum allowable fluid production may be adjusted
520. For example, with respect to the parameter of the size or diameter of a nozzle
diameter, the inflow control devices with fluid production above the second
maximum allowable fluid production may have nozzles that are reduced in size
(e.g., diameter reduced) such that water and fluid produced through the nozzle of
the inflow control device is reduced. In another embodiment, the parameters for the
inflow control devices with fluid production above the second maximum allowable
fluid production may be adjusted to have substantially the same fluid production as
cach of the other adjusted inflow control devices and/or the reference inflow control
device. In such an embodiment, the inflow control devices may be adjusted such
that fluid production through each inflow control device is substantially the same in

the reservoir model, such as at the second reference time.

[0052] Referring now to FIGS. 6 and 7, multiple graphs are shown comparing a
production tool with inflow control devices having no adjusted parameters (e.g., the
original production tool, represented by T) and a production tool with inflow
control devices having parameters adjusted (the adjusted production tool,
represented by T’) in accordance with the present disclosure. FIG. 6 shows a graph
of fluid production (y-axis) from an inhomogeneous reservoir versus axial positions
(x-axis) of inflow control devices for the production tool positioned in a well of the
reservoir. Further, FIG. 7 shows a graph of nozzle diameter size of the inflow
control devices (y-axis) of the production tools versus axial positions (x-axis) of

inflow control devices for the production tool positioned in a well of the reservoir.
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[0053] As shown in FIGS. 6 and 7, the inflow control devices included with the
original production tool T may each have about the same nozzle diameter of about 3
mm in this embodiment (e.g., D,,= 3 mm). Accordingly, due to the inhomogeneous
properties of the reservoir, the inflow control devices for the original production
tool T have a significant variance with respect to the water cut or the amount of
fluid produced by each respective inflow control device. The inflow control devices
for the adjusted production tool T> may then have the parameters adjusted in

accordance with one or more embodiments of the present disclosure.

[0054] As shown in FIG. 7 for the adjusted production tool T, the inflow control
devices may each have an adjusted nozzle diameter that, in this embodiment, varies
between about 2 mm and 3 mm. As the nozzle diameter is adjusted based upon the
expected fluid production through the inflow control device, one can see in a
comparison of FIGS. 6 and 7 that the inflow control devices with the lowest
expected fluid production have the largest nozzle diameter (e.g., the inflow control
devices positioned at about the 2450 m position produce the least amount of water
with a water cut of about 0.12, and therefore when adjusted have the largest nozzle
diameter at about 3 mm). The reciprocal may also be true in that the inflow control
devices with the highest expected fluid production have the smallest nozzle
diameter (e.g., the inflow control devices positioned at about the 2400 m position
and the 2575 m produce the most amount of fluid with a water cut of about 0.25,
and therefore when adjusted have the smallest nozzle diameter at about 2 to 2.2
mm). Accordingly, as shown in FIG. 6 for the adjusted production tool T’, the
inflow control devices may each have the parameters adjusted such that each inflow

control device may have substantially the same amount of fluid production.

[0055] FIG. 8 shows a graph of oil production (y-axis) from an inhomogeneous
reservoir versus time (number of days of production) for production tools
positioned in a well of the reservoir in accordance with one or more embodiments

of the present disclosure. In particular, the oil production for the original production
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tool T and for the adjusted production tool T’ are shown versus time. As shown
starting at about day 65 in the graph, the adjusted production tool T’ begins to
outperform the original production tool T, and this trend 1s shown to continue for
the expected life of the well or reservoir. Accordingly, in one or more embodiments,
a method and/or system in accordance with the present disclosure may result in an

overall increase in oil production for a production tool used within a well.

[0056] Some embodiments of the present disclosure relate to systems for
performing the above-described methods to reduce fluid production in a well. A
system in accordance with embodiments of the present disclosure may be
implemented on a stand-alone computer. FIG. 9 shows a general purpose computer

that may be used with embodiments of the present disclosure.

[0057] Referring now to FIG. 9, a general computer system may include a main
unit 900, a display 902 and input devices such as a keyboard 908 and a mouse 901.
The main unit 900 may include a central processor unit 904, a permanent memory
(e.g., a hard disk) 903, and a random access memory 906. The memory 903 may
include a program that includes instructions for performing the methods of the
invention. A program may be embodied on any computer retrievable medium, such
as a hard disk, a diskette, a CD-ROM, or any other medium known or yet to be
developed. The programming may be accomplished with any programming
language and the instructions may be in a form of a source codes that may need
compilation before the computer can execute the instructions or in a compiled
(binary) or semi-compiled codes. The precise form and medium the program is on
are not germane to the present disclosure and should not limit the scope of the

present disclosure.

[0058] In addition to the embodiments described above, many examples of
specific combinations are within the scope of the disclosure, some of which are

detailed below:
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Example 1. A method to reduce fluid production in a well, the method comprising:
performing a production simulation of a reservoir model comprising a production
tool with an inflow control device; and

determining a parameter for the inflow control device to reduce fluid production

through the inflow control device based upon the production simulation.

Example 2. The method of Example 1, wherein the parameter comprises at least one
of a size of a nozzle of the inflow control device, a number of nozzles of the inflow

control device, and a location of the inflow control device on the production tool.

Example 3. The method of Example 1, wherein the production tool comprises a

plurality of inflow control devices.

Example 4. The method of Example 3, wherein the determining the parameter for
the inflow control device comprises:

determining a reference time from the production simulation where fluid production
is above a predetermined level for a majority of the plurality of inflow control
devices;

choosing a reference inflow control device from the plurality of inflow control
devices with a maximum allowable fluid production at the reference time; and
adjusting, with respect to the reference inflow control device, parameters for the
plurality of inflow control devices with fluid production above the maximum

allowable fluid production.

Example 5. The method of Example 4, wherein the adjusting parameters for the
plurality of inflow control devices comprises reducing a size of a nozzle for the

plurality of inflow control devices.

Example 6. The method of Example 4, wherein the adjusting parameters for the

plurality of inflow control devices comprises adjusting the parameters for the
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plurality of inflow control devices such that fluid production through the plurality of

inflow control devices is substantially the same for the production simulation.

Example 7. The method of Example 4, further comprising:

performing an adjusted production simulation of the reservoir model comprising the
production tool with the plurality of inflow control devices comprising the adjusted
parameters; and

comparing the production simulation with the adjusted production simulation of the
reservoir model to determine if fluid production is reduced for the adjusted

production simulation.

Example 8. The method of Example 7, wherein, if fluid production is not reduced
for the adjusted production simulation, the method further comprising:

choosing a second reference time later than the first reference time from the
production simulation;

choosing a second reference inflow control device from the plurality of inflow
control devices with a second maximum allowable fluid production at the second
reference time; and

adjusting, with respect to the second reference inflow control device, the parameters
for the plurality of inflow control devices with the production of fluid above the

second maximum allowable fluid production.

Example 9. The method of Example 4, wherein the maximum allowable fluid
production is a ratio of about 0.1 fluid production to volume of overall fluid

production.

Example 10. The method of Example 4, wherein the reference time is more than
about 100 days, and wherein the predetermined level for fluid production is a ratio

of about 0.1 water production to volume of overall fluid production.
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Example 11. A system to reduce fluid production in a well, the system comprising
the production tool, a processor, and a memory, wherein the memory stores a
program comprising instructions for:

performing a production simulation of a reservoir model comprising the production
tool with an inflow control device; and

determining the parameter for the inflow control device to reduce fluid production

through the nflow control device based upon the production simulation.

Example 12. The system of Example 11, wherein the parameter comprises at least
one of a size of a nozzle of the inflow control device, a number of nozzles of the

inflow control device, and a location of the inflow control device on the tool.

Example 13. The system of Example 11, wherein the production tool comprises a

plurality of inflow control devices.

Example 14. The system of Example 13, wherein the determining the parameter for
the inflow control device comprises:

determining a reference time from the production simulation where fluid production
is above a predetermined level for a majority of the plurality of inflow control
devices;

choosing a reference inflow control device from the plurality of inflow control
devices with a maximum allowable fluid production at the reference time; and
adjusting, with respect to the reference inflow control device, parameters for the
plurality of inflow control devices with fluid production above the maximum

allowable fluid production.

Example 15. The system of Example 14, wherein the adjusting parameters for the
plurality of inflow control devices comprises adjusting the parameters for the
plurality of inflow control devices such that fluid production through the plurality of

inflow control devices 1s substantially the same for the production simulation.
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Example 16. The system of Example 14, further comprising:

performing an adjusted production simulation of the reservoir model comprising the
production tool with the plurality of inflow control devices comprising the adjusted
parameters;

comparing the production simulation with the adjusted production simulation of the
reservoir model to determine if fluid production is reduced for the adjusted
production simulation;

wherein, if fluid production is not reduced for the adjusted production simulation,
the method further comprising:

choosing a second reference time later than the first reference time from the
production simulation;

choosing a second reference inflow control device from the plurality of inflow
control devices with a second maximum allowable fluid production at the second
reference time; and

adjusting, with respect to the second reference inflow control device, the parameters
for the plurality of inflow control devices with the production of fluid above the

second maximum allowable fluid production.

Example 17. A method to reduce fluid production in a well, the method comprising:
performing a production simulation of a reservoir model comprising a production
tool with a plurality of inflow control devices for an expected lifetime of the well;
determining a reference time from the production simulation where fluid production
is above a predetermined level for a majority of the plurality of inflow control
devices;

choosing a reference inflow control device from the plurality of inflow control
devices with a maximum allowable fluid production at the reference time; and
adjusting, with respect to the reference inflow control device, parameters for the
plurality of inflow control devices with fluid production above the maximum

allowable fluid production.
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Example 18. The method of Example 17, wherein the adjusting parameters for the
plurality of inflow control devices comprises reducing a size of a nozzle for the

plurality of inflow control devices.

Example 19. The method of Example 17, further comprising:

performing an adjusted production simulation of the reservoir model comprising the
production tool with the plurality of inflow control devices comprising the adjusted
parameters for the expected lifetime of the well; and

comparing the production simulation with the adjusted production simulation of the
reservoir model to determine if fluid production is reduced for the adjusted

production simulation.

Example 20. The method of Example 19, wherein, if fluid production is not reduced
for the adjusted production simulation, the method further comprising;:

choosing a second reference time later than the first reference time from the
production simulation;

choosing a second reference inflow control device from the plurality of inflow
control devices with a second maximum allowable fluid production at the second
reference time; and

adjusting, with respect to the second reference inflow control device, the parameters
for the plurality of inflow control devices with the production of fluid above the

second maximum allowable fluid production.

[0059] This discussion is directed to various embodiments of the invention. The
drawing figures are not necessarily to scale. Certain features of the embodiments
may be shown exaggerated in scale or in somewhat schematic form and some
details of conventional elements may not be shown in the interest of clarity and
conciseness. Although one or more of these embodiments may be preferred, the
embodiments disclosed should not be interpreted, or otherwise used, as limiting the

scope of the disclosure, including the claims. It is to be fully recognized that the
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different teachings of the embodiments discussed may be employed separately or in
any suitable combination to produce desired results. In addition, one skilled in the
art will understand that the description has broad application, and the discussion of
any embodiment is meant only to be exemplary of that embodiment, and not
intended to intimate that the scope of the disclosure, including the claims, is limited

to that embodiment.

[0060] Certain terms are used throughout the description and claims to refer to
particular features or components. As one skilled in the art will appreciate, different
persons may refer to the same feature or component by different names. This
document does not intend to distinguish between components or features that differ
in name but not function, unless specifically stated. In the discussion and in the
claims, the terms “including” and “comprising” are used in an open-ended fashion,
and thus should be interpreted to mean “including, but not limited to... .” Also, the
term “couple” or “couples” is intended to mean either an indirect or direct
connection. In addition, the terms “axial” and “axially” generally mean along or
parallel to a central axis (e.g., central axis of a body or a port), while the terms
“radial” and “radially” generally mean perpendicular to the central axis. The use of

1% e

“top,” “bottom,” “above,” “below,” and variations of these terms is made for

convenience, but does not require any particular orientation of the components.

[0061] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment may be included in at
least one embodiment of the present disclosure. Thus, appearances of the phrases
“in one embodiment,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment.

[0062] Although the present invention has been described with respect to specific

details, it is not intended that such details should be regarded as limitations on the
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scope of the invention, except to the extent that they are included in the

accompanying claims.
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CLAIMS:

1. A method to reduce fluid production in a well, the method comprising:

performing a production simulation of a reservoir model comprising a
production tool with a plurality of inflow control devices; and

determining a parameter for the inflow control devices to reduce fluid
production through the inflow control devices based upon the production
simulation, wherein the determining the parameter for the inflow control devices
comprises:

determining a reference time from the production simulation where fluid
production is above a predetermined level for a majority of the plurality of inflow
control devices;

choosing a reference inflow control device from the plurality of inflow
control devices comprising a maximum allowable fluid production at the reference
time; and

adjusting, with respect to the reference inflow. control device, at least one
parameter for the plurality of inflow control devices with fluid production above the

maximum allowable fluid production.

2. The method of claim 1, wherein the parameter comprises at least one of a
size of a nozzle of the inflow control device, a number of nozzles of the inflow
control device, and a location of the inflow control.device.

3. The method of claim 1, wherein adjusting the at least one parameter for the
plurality of inflow control devices comprises reducing a size of a nozzle for the

plurality of inflow control devices.

4. The method of claim 1, wherein the adjusting at least one parameter for the

plurality of inflow control devices comprises adjusting the at least one parameter for
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the plurality of inflow control devices such that fluid production through each of the

plurality of inflow control devices is substantially the same.

5. The method of claim 1, further comprising:

performing an adjusted production simulation of the reservoir model
comprising the production tool with the plurality“ of inflow control devices
comprising the adjusted parameters; and

comparing the production simulation with the adjusted production simulation
of the reservoir model to determine if fluid production is reduced for the adjusted

production simulation.

6. The method of claim 5, wherein, if fluid production is not reduced for the
adjusted production simulation, the method further comprising:

choosing a second reference time later than the first reference time from the
production simulation;

choosing a second reference inflow control device from the plurality of
inflow control devices comprising a second maximum allowable fluid production at
the second reference time; and

adjusting, with respect to the second reference inflow control device, the at
least one parameter for the plurality of inflow control devices with the production of

fluid above the second maximum allowable fluid production.

7. The method of claim 1, wherein the maximum allowable fluid production is
a ratio of about 0.1 water production to volume of ovérall fluid production, wherein
the reference time is more than about 100 days, and wherein the predetermined
level for fluid production is a ratio of about 0.1 water production to volume of

overall fluid production.
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8. A system to reduce fluid production in a well, the system comprising a
production tool, a processor, and a memory, wherein:the memory stores a program
comprising instructions for:

performing a production simulation of a reservoir model comprising the
production tool with a plurality of inflow control devices; and

determining the parameter for the inflow control devices to reduce fluid
production through the inflow control devices based upon the production
simulation, including:

determining a reference time from the production simulation where fluid
production is above a predetermined level for a majority of the plurality of inflow
control devices;

choosing a reference inflow control device from the plurality of inflow
control devices comprising a maximum allowable fluid production at the reference
time; and

adjusting, with respect to the reference inflow control device, at least one
parameter for the plurality of inflow control devices with fluid production above the

maximum allowable fluid production.

9. The system of claim 8, wherein the parameter comprises at least one of a size
of a nozzle of the inflow control device, a number of nozzles of the inflow control

device, and a location of the inflow control device.

10.  The system of claim 8, wherein the production tool comprises a plurality of

inflow contro! devices.

11.  The system of claim 8, wherein adjusting the at least one parameter for the
plurality of inflow control devices comprises adjusting the at least one parameter for
the plurality of inflow control devices such that fluid production through each of the

plurality of inflow control devices is substantially the same.
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12.  The system of claim 8, further comprising:

performing an adjusted production simulation of the reservoir model
comprising the production tool with the plurality’ of inflow control devices
comprising the adjusted parameters;

comparing the production simulation with the adjusted production simulation
of the reservoir model to determine if fluid production is reduced for the adjusted
production simulation;

wherein, if fluid production is not reduced for the adjusted production
simulation, the method further comprising;:

choosing a second reference time later than the first reference time from the
production simulation;

choosing a second reference inflow control device from the plurality of
inflow control devices comprising a second maximum allowable fluid production at
the second reference time; and

adjusting, with respect to the second reference inflow control device, the at
least one parameter for the plurality of inflow control devices with the production of

fluid above the second maximum allowable fluid production.

27

CA 2990838 2020-01-10



WO 2017/023278

CA 02990838 2017-12-22

17

lj30

N

x4

4

2

L7

.S Y,

2

\\\:I E%
~

\“x &\

P

30

2%
N4

D
o~
&
©O e}
=
&
)
o~

RECTIFIED SHEET (RULE 91) ISA/KR

I\30

Nl

NANY

f’ TN

0

2%

25

)

26

PCT/US2015/043272

FIG. 1



PCT/US2015/043272

WO 2017/023278

2(7

¢ Ol4

v

g€

\

A \\\\\\\\\\\&\\\\\\ XL

/// /W///////z.
752// NN

¢/f

AAAA

05~

. . \L .

A IANADASAMAAN SOOI AN

\. 7

0

8¢

144

RECTIFIED SHEET (RULE 91) ISA/KR



CA 02990838 2017-12-22

WO 2017/023278 PCT/US2015/043272
3/7
100 106 102
\ % m /r _
¢ d
b <

447 10
Ty

34 5 L,
S SIS
D &R T R
S
AT Sot
29

(AR A

q,/(Sm¥/day/m)
03

0.25

L.

Z(m)
2700

L4

2650

2450 2500 2550 2600

FIG. 4

250 2300 2350 2400

RECTIFIED SHEET (RULE 91) ISA/KR



WO 2017/023278

CA 02990838 2017-12-22

417

PCT/US2015/043272

PERFORM PRODUCTION SIMULATION

902

4

DETERMINE PARAMETERS FOR INFLOW CONTROL DEVICES

504
DETERMINE CHOOSE REFERENCE ADJUST PARAMETERS
REFERENCE INFLOW CONTROL FOR INFLOW CONTROL
TIME DEVICE DEVICES
508 908 910

Y.

PERFORM ADJUSTED PRODUCTION SIMULATION

512

A 4

COMPARE PRODUCTION SIMULATION AND ADJUSTED PRODUCTION SIMULATION

54
CHOOSESECOND | | ADIUSTPARAMETERS
CHOOSESECOMD | | REFERENCEINFLOW | | FORINFLOW CONTROL
CONTROL DEVICE DEVICES
- 518 7

RECTIFIED SHEET (RULE 91) ISA/KR

FIG. 5




CA 02990838 2017-12-22

WO 2017/023278 PCT/US2015/043272

57

0.3

NEYA T
LY R

0.1

0.05

Z(m)
0 L ¥ ) t i J v ' t
2250 2300 230 2400 2450 2500 260 2600 2650 2700

FIG. 6

32

T , S
A ——
T

VW WY uf‘\“

2 l U ¥ L) ¥ t v i 1
250 2300 2350 2400 2450 2500 2560 2600 2650 2700

FIG. 7

RECTIFIED SHEET (RULE 91) ISA/KR



CA 02990838 2017-12-22

PCT/US2015/043272

WO 2017/023278

6/7

8 Ol

SAYQ

081 G24.0259109) 9405} G Oy GE) 01 71 021 614 L4 501001 66 06 S8 08 G2 0L S9 09 S5 0 Sp OF GE 06 SZ 07 §) 0) §

NOIL3NA0¥d 110

-00}
G0}
Qb
Gl
A4
a4
(¢}
-GE}

¥

AVQ H3d/STIVE

RECTIFIED SHEET (RULE 91) ISA/KR



CA 02990838 2017-12-22

WO 2017/023278 PCT/US2015/043272

717
— —
1 900
908
904
903
901

RECTIFIED SHEET (RULE 91) ISA/KR



PERFORM PRODUCTION SIMULATION
502

!

DETERMINE PARAMETERS FF?ORd INFLOW CONTROL DEVICES

DETERMINE
REFERENCE
TWE
508

CHOOSE REFERENCE
INFLOW CONTROL
DEVICE
08

ADJUST PARAMETERS
FOR INFLOW CONTROL
DEVICES
80

l

PERFORMADJUSTED Pﬁl}?DUCTION SIMULATION

|

COMPARE PRODUCTION SIMULATION A;ﬁ ADJUSTED PRODUCTION SIMULATION

CHOOSE SECOND
REFEREsf;lgE TIME

CHOCSE SECOND
REFERENCE INFLOW
00NTR(5)1LEDEVICE

ADJUST PARAMETERS
FOR INFLOW CONTROL
DEVICES
20




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - REPRESENTATIVE_DRAWING

