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(57) Abstract: An intlow control device (ICD) that may include a piston located in a flow passage, a barrier that prevents fluid flow
through the ICD, and a shear device that prevents movement of the piston. A method of actuating one or more ICDs may include
preventing actuation of the devices by maintaining a pressure in an interior of a well tool (or tubing string) below an actuation pres-
sure of the devices, where each device may include a piston located within a flow passage, a barrier that prevents fluid flow through
the ICD, and a shear device that initially prevents movement of the piston. The method may include increasing the pressure in the
well tool (or tubing string) to be greater than or equal to the actuation pressure, thereby shearing the shear device and moving the
piston.



WO 2016/144306 PCT/US2015/019337

INFLOW CONTROL DEVICE THAT CONTROLS FLUID FLOW
THROUGH A TUBING WALL

Technical Field

[0001] A pressure-actuated inflow control device for
controlling fluid flow between an interior and an exterior of a
tubing string. The inflow control device can include a piston,
a shear device, a barrier, and a flow passage, where the barrier
provides pressure isolation between the interior and the
exterior of the tubing string until sufficient pressure is
applied to the interior of the tubing string. The increased
pressure can deform the barrier, which maintains the pressure
isolation until the pressure 1s reduced. The reduced pressure
can at least partially remove the barrier and permit fluid flow
through the inflow control device. According to certain
embodiments, the inflow control device is used in an oil or gas

well operation.

Brief Description of the Figures

[0002] The features and advantages of certain
embodiments will be more readily appreciated when considered in
conjunction with the accompanying figures. The figures are not
Lo be construed as limiting any of the preferred embodiments.

[0003] Fig. 1 depicts a schematic diagram of a well
system with multiple inflow control devices (ICDs) according to
certain embodiments.

[0004] Figs. 2A, 2B, and 3 depict a partial cross-
sectional view of an ICD according to certain embodiments with

an outer housing.
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[0005] Figs. 4 - 5 depict a partial cross-sectional view
of a plug that can be used as the ICD or as a component of the
ICD.

[0006] Figs. 6 - 8 depict a partial cross-sectional view

of another plug that can be used as the ICD or as a component of

the ICD.
Detailed Description
[0007] 0il and gas hydrocarbons are naturally occurring
in some subterranean formations. 1In the o0il and gas industry, a

subterranean formation containing oil or gas is referred to as a
reservoir. A reservolr may be located under land or offshore.
Reservolrs are typically located in the range of a few hundred
feet (shallow reservoirs) to tens of thousands of feet (ultra-
deep reservolirs). In order fo produce o0il or gas, a wellbore is
drilied into a reservolr or adjacent to a reservoir. The oil,
gas, or water produced from a reservolr 1is called a reservoir
fluid. As used herein, a “fluid” is a substance having a
continuous phase that tends to flow and to conform to the
outline of its container when the substance is tested at a
temperature of 71 °F (22 °C) and a pressure of one atmosphere
{atm) (0.1 megapascals (MPa)). A fluid can be a liguid or gas.
[ooo08] A well can include, without limitation, an oil,
gas, or water production well or an injection well. As used
herein, a “well” includes at least one wellbore. A wellbore can
include vertical, inclined, and horizontal portions, and it can
be straight, curved, or branched. As used herein, the term
“wellbore” includes any cased, and any uncased, open-hole
portion of the wellbore. The well can also include multiple
wellbores, such as a main wellbore and lateral wellbores. As

used herein, the term “wellbore” also includes a main wellbore
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as well as lateral wellbores that branch off from the main
wellbore or from other lateral wellbores. A near-wellbore
region is the subterranean material and rock of the subterranean
formation surrounding the wellbore. As used herein, a “well”
also includes the near-wellbore region. The near-wellbore
region is generally considered to be the regicn within
approximately 100 feet radially of the wellbore. As used
herein, “into a well” means and includes into any portion of the
well, including intc the wellbore or into the near-wellbore
region via the wellbore.

[0009] In an open-hole wellbore portion, a tubing string
may be placed into the wellbore. The tubing string allows
fluids to be introduced into or flowed from a remote portion of
the wellbore. In a cased-hole wellbore portion, a casing is
placed into the wellbore that can also contain a tubing string.
A wellbore can contain an annulus. Examples of an annulus
include, but are not limited to: the space between the wellbore
and the outside of a tubing string in an cpen-hole wellbore; the
space between the wellbore and the outside of a casing in a
cased-hole wellbore; and the space between the inside of a
casing and the outside of a tubing string in a cased-hole
wellbore.

[0010] It is not uncommon for a wellbore to extend
several hundreds of feet or several thousands of feet into a
subterranean formation. The subterranean formation can have
different zones. A zone 1is an interval of rock differentiated
from surrounding rocks on the basis of its fossil content or
other features, such as faults or fractures. For example, one
zone can have a higher permeability compared to another zone.
Fach zone of the formation can be isolated within the wellbore
via the use of packers or other similar devices. At least one

wellbore interval corresponds to each zone.
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[0011] It is often desirable to produce a reservoir
fluid from multiple zones of a formation or inject treatment
fluids into the zones. This can be done by installing one or
more inflow control devices (ICDs) in the wellbore at each of
the zones. These ICDs can be hydraulically, pneumatically,
electrically, optically, magnetically, and/or mechanically
operated to selectively permit and prevent f£luid flow into or
out of the tubing string. However, individual control of
multiple ICDs can reguire several control lines to each ICD,
additional trips in the wellbore to operate individual ICDs
(e.g., sliding sleeve valves, rotary actuated wvalves, etc.), and
the ICDs can reguire more complex valves then simpler valves,
such as rupture disks and check valves. These simpler valves
may be used to reduce the complexity of the well system, but
they can also have drawbacks. For example, check valves can be
used to allow production flow from the formation into the tubking
string, or injection flow from the tubing string into the
formation, but not both.

[0012] Rupture disks can be used to prevent fluid
communication between an internal flow passage in the tubing
string and an annulus until it is desired to enable fluid
communication between them. When a pressure differential across
the rupture disks exceeds the preset rupture disk pressure
rating, then at least some of the rupture disks will rupture,
thereby enabling two-way fluid communication through at least
some of the ICDs. However, when one or more of the rupture
disks rupture, it becomes more difficult to maintain a required
pressure differential across any of the non-ruptured disks,
which can prevent some of these disks from rupturing. Verifying
which disks ruptured and which disks did not rupture can also be

a problem. Additional wellbore operations and/or trips in the
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wellbore mayv be needed to ensure that all of the disks have been
ruptured for the desired zones of interest.

[0013] Rupture disks can include a barrier that isolates
a pressure from one side of the rupture disk from an opposite
side until the barrier ruptures. Rupture disks can allow
multiple pressure cycles in the internal flow passage of the
tubing string (e.g., setting packers, setting slips, operating a
bottom hole assembly (BHA), etc.) without permitting fluid
communication through the rupture disk until the preset pressure
rating of the rupture disk is applied {(e.g., by increasing
pressure in the tubing string). However, 1t has been determined
that rupture disks can deform during pressure cycles, even
though the pressure remains below the preset pressure rating of
the rupture disks. The deformation can weaken the disks which
can cause them to rupture prematurely. Therefore, there is a
need to provide a system with multiple inflow control devices
that utilize simpler valves and provide a means to ensure that
all the valves have been actuated when it is desired to enable
fluid flow through the ICDs. As used herein, “premature
rupture” means that the barrier of the rupture disk ruptures at
a pressure differential that 1s outside of a factory set
pressure differential range, where the factory set pressure
differential is the pressure differential at which the barrier
of the disk is designed and manufactured to rupture.

[0014] It has been discovered that a structure can be
used to reinforce a barrier of a rupture disk to substantially
prevent deformaticon of the barrier, thereby preventing premature
rupturing of the barrier. As used herein, “substantially
prevent” means that the barrier of the rupture disk may possibly
deform a small amount, but the deformation does not result in
premature rupturing of the barrier. The structure can be held

in a fized position that provides structural reinforcement to

.
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the barrier until the preset pressure differential across the
barrier is applied. When a first predetermined pressure
differential, which is within the factory set pressure
differential range, is applied across the barrier, the structure
moves away from the barrier allowing the barrier to be ruptured
at the first predetermined pressure differential, but not before
the first predetermined pressure differential 1s applied.

[0015] According to certain embodiments, an inflow
control device 1is provided that can include a body, a first flow
passage which extends thrcocugh the body, a piston reciprocally
disposed in the first flow passage, a barrier that initially
prevents fluid flow through the ICD, and a shear device that
initially prevents movement of the piston relative to the body.

[0016] According to other embodiments, a method of
actuating an inflow control device that can include preventing
actuation of the inflow control device by maintaining a pressure
in an interior of a well tool below an actuation pressure of the
inflow control device, where the inflow contrel device can
include (A) a body, (B) a flow passage which extends through the
body, (C) a piston reciprocally disposed in the flow passage,

(D} a barrier that initially prevents fluid flow through the
inflow control device, and (E) a shear device that initially
prevents movement of the piston relative to the body, and
increasing the pressure in the well tool to ke greater than or
egual to the actuation pressure, thereby actuating the inflow
control device by shearing the shear device and moving the
piston in a first direction, where the increasing is preformed
after the preventing.

[0017] According to yet other embodiments, a method of
actuating an inflow control device in multiple well tools that
can include preventing actuation of the inflow control devices

by maintaining a pressure in an interior of the well tools below
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an actuation pressure of the inflow control device, and wherein
each of the inflow control devices can include (A) a body, (B) a
flow passage which extends through the body, (C) a piston
reciprocally disposed in the flow passage, (D) a barrier that
initially prevents fluid flow through the inflow control device,
and (E) a shear device that initially prevents movement of the
piston relative to the body, and increasing the pressure in the
well tools to be greater than or egqual to the actuation
pressure, thereby actuating two or more of the inflow control
devices by shearing the shear device in each of the two or more
inflow control devices, where the increasing is preformed after
the preventing.

[0018] Any discussion of the embodiments regarding the
inflow control device or any component related to the inflow
control device is intended to apply to all of the apparatus and
method embodiments.

[0019] Turning to the Figures, Fig. 1 depicts a well
system 100, which can include at least one wellbore 102. The
subterranean formation 110 can be a portion of a reservolr or
adjacent to a reservoir. The wellbore 102 can include a
substantially vertical section 104 and a substantially
horizontal section 106. The vertical section 104 can include a
casing 108 cemented at an upper poertion of the vertical section
104. The horizontal section 106 can extend through a
subterranean formation 110 with one or more production zones
without having a casing 108 (e.g., open-hole wellbore). Fig. 1
depicts multiple well tcools 120 that can each include an ICD 114
and a screen assembly 116. However, many other configurations
of these items are possible.

[0020] A tubing assembly can include a tubing string 112
or pipe extending from the surface within wellbore 102. The

flow passage 128 can provide a conduilt for formation fluids to
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travel from the horizontal section 106 to the surface. Multiple
well tools 120 can each include an ICD 114 and a screen assembly
116. The well tools 120 can be positioned along the tubing
string 112 in various production intervals. On each side of the
well tool 120 is a packer 118 that can provide a fluid seal
between the tubing string 112 and the wall of the wellbore 102,
thereby preventing fluid flow through the annulus 126 between
the production zones. The ICD 114 can control the fluid that
flows through the screen assemblies 116. However, 1T is not
required that the ICDs 114 control fluid flow thrcough the screen
assemblies 116. The ICD 114 can merely control fluid flow
through a wall of the tubing string without the fluid flowing
through a screen assembly 116. For example, the ICDs 114 can be
used to control fluid flow through a wall of the tubing string
112 (or mandrel of the well tool 120) to set a packer 118 or
extend slips (not shown) into engagement with the tubing
string’s 112 inner surface. Also, the ICDs 114 are not required
to be positioned in the tubing string 112 adjacent a screen
assembly 116. It should be clearly understood that any number
of zones may be included in the well system 100 with any number
of ICDs 114 per zone and any number (including zero) of screen
assemblies 116 per zone. Therefore, the current disclosure is
not limited by the number of zones, ICDs 114, or screen
assemblies 116 as shown in Fig. 1.

[0021] Therefore, 1t should be clearly understood tThat
the well system 100 illustrated in the drawings and described
herein i1s merely one example of a wide variety of well systems
in which certain embodiments can be utilized. It should be
clearly understood that the principles of this disclosure are
not limited to any of the details of the well system 100, or
components thereof, depicted in the drawings or described

herein. Furthermore, the well system 100 can include other
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components not depicted in the drawing. For example, the well
system 100 can include perforating gun assemblies, anchoring
slips, isoclation valves, etc.

[0022] Fig. 2A depicts a partial cross-sectional view of
an end of the well tool 120. The well tool 120 can include an
ICD 114 that is positioned adjacent to a screen assembly 116
with ports 136 that provide fluid communication between the ICD
114 and the screen assembly 116. The screen assembly 116 can
include a shroud 130 with perforations 132 for filtering fluid
flow through the screen assembly 116. Fluid can flow from the
flow passage 128, through the ICD 114 and into the screen
assembly 116 (e.g., for injection/treatment operations, for
flowing an activating agent tTo the screen assembly to degrade
temporary plug material, etc.), or from the screen assembly 116,
through the ICD 114, and into the flow passage 128 (e.g., for
production operations, gravel packing operations, etc.). The

CD 114 can include a temporary plug 200 that can be secured in
an opening 138 in the wall of the tubing string 112, in an
opening 138 in the wall of a mandrel 140 of the well tool 120,
which is interconnected in the tubing string 112, or in an
opening in any other pressure bearing wall. The ICD 114 may
also include other features, such as a flow restricteor 134 with
a flow path 135, through which fluid flow through the well tocl
assembly 120 is restricted. Fig. 2A depicts the flow restrictor
134 positioned between the first and second chambers 124, 125,
which can be annular chambers contained within a housing 122 of
the ICD 114. However, it is not required that the ICD 114
includes a housing 122 and a flow restrictor 134. 1In certain
embodiments, the ICD 114 can include only the temporary plug
200.

[0023] Fig. 2B depicts another partial cross-sectional

view of an end of the well tool 120. Fig. 2B is very similar to
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Fig. 2A, except that the flow restrictor 134 includes a plug 200
instead of the flow path 135. The plug 200 is secured in an
opening in an annular ring 148, where the ring 148 pressure
isolates the first chamber 124 from the second chamber 125, The
annular ring 148 can include one or more plugs 200 spaced apart
around the ring 148, Multiple plugs 200 in the annular ring 148
can provide additional fluid flow paths through the well tool
120. Fig. 2B depicts the plug 200 installed in an orientation
that is actuated by an actuation pressure applied from the
internal flow passage 128. However, the plug 200 may be
installed in a reverse orientation that is actuated by an
actuation pressure applied from the annulus 126. Either one of
these plug 200 orientations can support either injection or
production operations. It should be clearly understood that the
plugs 200 in Figs. 2A and 3 can also be installed in either
orientation. It should be clearly understood that the plug 200
can be installed in other tool configurations. For example, the
plug 200 can be installed in a pressure bearing wall of a side-
pocket mandrel to control fluid flow through the side-pocket
mandrel,

[0024] Fig. 3 depicts another partial cross-secticnal
view of an end of the well tool 120. Fig. 3 is very similar to
Fig. 2A, except that there is no flow restricteor 134, only one
annular chamber 124, and most notably, there are at least two
various embodiments of the temporary plug 200. Cne plug 200 is
secured in a wall of the tubing string 112 (or mandrel 140) with
an end extending into the flow passage 128. This plug 200
includes a structure (e.g., a piston) that provides
reinforcement to a barrier that deforms when a first
predetermined pressure 1is applied to the flow passage 128. The
other plug 200 can also be similarly secured 1in a wall of the

tubing string 112 (or mandrel 140) with an end that only
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slightly extends (if at all) into the flow passage 128. This
plug 200 is depicted as extending into the chamber 124 and
aligned with a protrusion 228 mounted to an inner surface of the
housing 122. When the first predetermined pressure is applied
Lo the flow passage 128, a piston 1s released and the protrusion
is forced through a barrier on the end of the piston in response
to the movement of the piston. Therefore, multiple plugs 200
can be used in an ICD 114, which can also include multiple
configurations of the plug 200.

[0025] Figs. 4 - 5 depict a cross-sectional view of a
certain embodiment of a temporary plug 200. The plug 200 can
include a body 202, a first flow passage 212, a second flow
passage 204, a piston {(or structure) 206, a barrier 208, and a
shear device 210. The body 202 can be secured in an opening 138
of the tubing string 112 (or mandrel 140} by threading the body
into threads 218 (as seen in Figs. 4 - 8), by welding the plug
200 in the opening 138, and/or by any suitable securing means
that will prevent removal of the plug 200 from the opening 138
when a first predetermined pressure is applied to the flow
passage 128. A seal 216 can be used to prevent fluid flow
between the plug 200 and the opening 138. However, the seal 216
may not be reguired if the threads 218 provide a threaded
connection that is sufficient to prevent fluid flow and pressure
loss past the plug 200.

[0026] The piston 206 can be reciprocally disposed in
the first flow passage 212 and can provide reinforcement to the
barrier 208, thereby preventing any substantial deformation of
the barrier 208 as pressure Pl in the flow passage 128 is
adjusted to pressures that are below the predetermined pressure.
A shear device 210 (e.g., shear bolt, shear ring, shear pin,
etc.) prevents movement of the piston 206 within the first flow

rassage 212, until the first predetermined pressure 1is applied
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to the flow passage 128. When the pressure Pl is increased to
the first predetermined pressure, a pressure differential across
the plug 200 causes a force F1l, which is applied to the barrier
208 and the piston 206, to shear the shear device 210, thereby
releasing the piston 206 to move freely within the first flow
passage 212. When the shear device 210 is sheared, the piston
206 is forced against the snap ring 214 which can be disposed in
a recess 215. The snap ring 214 can prevent the piston 206 from
exiting the first flow passage 212. However, it should be
clearly understood that any other suitable means may be used to
stop the piston 206 from traveling out cof the first flow passage
212, such as a cover (with holes) that is welded to the top 144
of the plug 200, a pin disposed in a recess in the first flow
passage, etc.

[0027] The snap ring (or cther stopping means) may also
be used to maintain a reinforcement against the deformed barrier
208, thereby preventing the deformed barrier 208 from further
deforming into the first flow passage 212 past the generally
concave surface 220. Continued deformation of the barrier 208
may not be desirable because it can result in fluid
communication through the second flow passage 204 prior to the
barriers 208 in other plugs 200 being actuated (i.e., deformed
against the concave surface 220). It should also be understoocd
that a stop may not be necessary at all. The piston 206 can be
allowed to exit the first flow passage 212 after the shear
device 210 is sheared. When the shear device 210 is sheared by
the application of the first predetermined pressure, then the
piston 206 moves in a first direction along the first flow
passage 212. Without a stop (such as a snap ring, recessed pin,
etc.), the piston 206 is free to continue moving in the first
direction until it exits the first flow passage 212. The

applied force F1, and an abrupt release of the piston 206 in
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response to the sheared device 210, can cause the piston 206 to
be ejected from the first flow passage 212. In this
configuration, the piston 206 would not move in a second
direction after the first predetermined pressure 1is removed
because it i1s removed from the first flow passage 212. This can
result in additional flow through the ICD 114 with both the
first and second flow passages 212, 204 are free of
obstructions.

[0028] Referring again to Figs. 4 — 5, the movement of
the piston 206 removes the reinforcement from the barrier 208
and allows the barrier 208 to deform against the generally
concave surface 220, which removes the barrier 208 from the
recess 222, The deformed barrier 208 continues to prevent fluid
flow through the first and second flow passages 212, 204, and
allows the pressure Pl in the flow passage 128 to be maintained
at or above the first predetermined pressure. Therefore, if
multiple plugs 200 are utilized in the well system 100, the
pressure Pl can be maintained at or above the first
predetermined pressure to ensure that all plugs 200 are actuated
by moving each piston 206 and deforming each barrier 208,
assuming all plugs 200 in the system are actuated at the same
preset pressure differential. Multiple plugs 200 with varied
preset pressure differentials can be used, but this can require
pressure-isolating regions of the internal flow passage 128 by
using bridge plugs, isolation valves, etc. to maintain the
desired pressures in the regions for actuating the particular
group of plugs 200.

[0029] Fig. 5 depicts the plug 200 with the shear device
210 being sheared, and the piston 206 being moved against the
snap ring 214, with the deformed barrier 208 providing a
blockage 226 in the first flow passage 212 and a blockage 224 in
the second flow passage 204. Blockages 226, 224 continue to

13
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prevent fluid flow through the first and second flow passages
212, 204, respectively, while a positive pressure differential
exists between pressure Pl in the flow passage 128 (which is the
interior of the tubing string 112 or the well fool 120} and
pressure P2 in the annulus 126 and/or the chamber 124 (which is
the exterior of the tubing string 112 or the well tocol 120}.
[0030] When it is desired to allow fluid flow through
the plug 200 (or inflow control device 114), then the pressure
Pl in the flow passage 128 can be reduced to a second
predetermined pressure, which causes the pressure differential
across the plug 200 to reduce the force F1 to a level that
allows the barrier to fall out of or be dispensed from the plug
200. The pressure Pl can be reduced to cause a pressure
differential between P2 and Pl, thereby causing force F2 to be
applied to the piston 206 and barrier 208 through the first flow
passage 212. Force F2 urges the piston 206 Lo move in a second
direction which is opposite of the first direction, thereby
assisting in dispensing the deformed barrier 208 from the plug
200. Alternatively, or in addition to, the force F2 can be
caused by fluid flow through the first flow passage 212, which
can also urge the piston 206 fto move in the second direction.
[0031] Fig. 4 depicts the barrier 208 as having a
diameter D2 that is greater than a diameter D1 of an opening 142
in the bottom end 146 of the plug 200. This prevents the
barrier 208 from being dispensed from the opening 142 prior to
the barrier 208 being deformed. However, as depicted in Fig. 5,
the diameter D2 of the barrier 208 has been reduced to a
diameter that is less than the diameter D1. Therefore, when the
force F1 is reduced to a level that allows the deformed barrier
208 to fall away from the concave surface 220, the barrier 208
can continue to fall out of or be dispensed from the plug 200,

thereby removing blockages 226, 224 from the first and second
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flow passages 212, 204, respectively. With the blockages 226,
224 removed, fluid is permitted to flow through the first and
second flow passages 212, 204. In Fig. 5, arrows 205 depict
fluid flow in either direction in the second flow passage 204.
It should be clearly understood that fluid may also flow in
either direction in the first flow passage 212 by flowing past
the piston 206. Additionally, another flow passage (not shown)
can be provided through the piston 206, allowing additional
fluid flow through the plug 200 when the barrier is dispensed
from the plug 200.

[0032] It should be clearly understood that many
configurations of flow passages through the plug can be
utilized. For example, 1if a flow passage through the piston 206
is provided, then the flow passage 204 may not be needed.
Therefore, the second flow passage 204 can be a flow passagse
through the piston 206, instead of the flow passage as seen in
Figs. 4 - 5. Also, Figs. 4 - 5 depict the second flow passage
204 as extending from the concave surface 220 to a top 144 end
of the plug 200. However, if the plug 200 is mounted in the
opening 138 similar to the plug 200 in Fig. 3 (the one that
extends into the chamber 124), then the second flow passage 204
may extend from the concave surface 220 to a sidewall of the
plug 200 instead of to the top 144. These flow passages 212,
204 can be of any configuration so long as they are blocked
while the plug{s) 200 are being actuated and are opened when the
pressure differential across the plug 200 is reduced to allow
the barrier 208 to be removed from the plug 200.

[0033] Figs. 4 - 5 depict the piston 206 as having a
generally T-shaped cross section, where the diameter of one end
is larger than a diameter of an opposite end. However, it
should be clearly understcocod that the piston 206 can be many

different shapes. For example, the piston 206 can be a rod with
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a continuous cross section along its length, where the cross
section can be circular, oval, rectangular, sguare, octagonal,
star-shaped, triangular, etc. The rod can provide reinforcement
to the barrier 208, with a shear device 210 preventing movement
of the rod within the first flow passage 212. When F1 causes
the shear device 210 to shear, the rod can move in a first
direction to engage a stop (such as snap ring 214 or another
type of stop), allowing the barrier 208 to deform. When the
pressure Pl is reduced to the second predetermined pressure and
the barrier 208 is dispensed from the plug 200, the rod may also
be dispensed from the first flow passage 212, thereby enabling
even greater flow of fluid through the plug 200.

[0034] Figs. 6 - 8 depict a cross-sectional view of
another certain embodiment of a temporary plug 200. The plug
200 can include a body 202, a first flow passage 212, a second
flow passage 204, a piston 206, a barrier 208, and a shear
device 210. The body 202 can be secured in an opening 138 of
the tubkbing string 112 or mandrel 140 by any suiltable securing
means (e.g., threading, welding, etc.) that will prevent removal
of the plug from the opening 138 when a first predetermined (or
actuation) pressure is applied to the flow passage 128. The
plug 200 may extend into the flow passage 128, as seen in Figs.
6 - 8, or it may extend into the chamber 124, as seen in Fig. 3.
This clearly shows that the plug 200 can be installed into the
opening 138 with a portion of the plug 200 extending into the
flow passage 128, extending into the chamber 124, or at least
partially extending into both. One benefit of the plug 200
extending into the flow passage 128 is that a shearing tool can
be used to shear ¢ff the bottom end 146 of the plug 200 that
extends into the flow passage 128, thereby enabling flow through
the plug 200 without having to deform or rupture the barrier

208. This may be necessary if pressure in the flow passage 128
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cannot be increased to the actuation pressure of the plug 200,
thereby preventing actuation of the plug 200. Actuation of the
rlug includes shearing the shear device 210 and moving the
piston 206 in a first direction in the first flow passage 212.

[0035] The piston 206 can be reciprocally disposed in
the first flow passage 212 with a bilasing device 232 that urges
the piston 206 against a snap ring 214 that is located proximate
Lo the end 146 of the plug 200 that extends into the flow
passage 128. The piston 206 can also include one or more seals
238 that seal between an inner bore of the first flow passage
212 and the outer surface of the piston 206. The piston 206 can
include the second flow passage 204 that extends through the
piston 206. The barrier 208 seals off the second flow passage
204 at the top end of the piston 206. Therefore, the barrier
208 can work in cocoperation with the seals 216, 238 to at least
initially prevent pressure and fluid communication through the
plug 200. A shear device 210 (e.qg., shear bolt, shear ring,
shear pin, etc.) prevents movement of the piston 206 within the
first flow passage 212 until the actuation pressure is applied
to the flow passage 128. When the pressure Pl is increased to
the actuation pressure, a pressure differential across the plug
200 causes a force Fl, which is applied to the barrier 208 and
the piston 206, tco shear the shear device 210, thereby releasing
the piston 206 to move freely within the first flow passage 212.
When the shear device 210 is sheared, the piston 206 is moved
away from the snap ring 214 and compresses the biasing device
232. Figs. 6 - 8 show the biasing device 232 as a spring, but
it should be clearly understood that any biasing device may be
used to urge the piston 206 tfoward the snap ring 214.

[0036] When the force F1 shears the shear device 210,
the piston 206 is abruptly moved away from the snap ring 214,

thereby compressing the biasing device 232 and causing a

17



WO 2016/144306 PCT/US2015/019337

protrusion 228 to puncture the barrier 208. The protrusion 228
is shown to be an inverted cone, but any shape can be used, as
long as the protrusion 228 can puncture the barrier 208 and
malntain a pressure seal between the punctured barrier 208 until
fThe pressure Pl is reduced to a second predetermined pressure.
The puncture 228 can be mounted to a structure 234, which
overlays the plug 200 and which aligns the protrusion 228 with
the second flow passage 204. The structure 234 can include flow
ports (e.g., ports 230) to allow fluid flowing through the plug
200 tco flow through ports 230 as indicated by arrows 236.
However, it should be clearly understood that the structure 234
is not necessary. As seen in Fig. 3, the protrusion can be
mounted to the inner surface of the housing 122 without using a
separate structure 234.

[0037] When the shear device 210 1s sheared, and the
barrier 208 1s punctured, the pressure Pl can be maintained at
the actuation pressure to ensure that any other plugs 200 are
actuated before the pressure Pl is reduced. Fig. 7 depicts the
barrier 208 punctured by the protrusion 228. After ensuring
that all plugs 200 have been actuated, the pressure Pl can be
reduced to a second predetermined pressure that no longer
overcomes The biasing force of the biasing device 232, At the
second predetermined pressure, the biasing device 232 begins to
move the piston 206 in a second directicn, which is toward the
snap ring 214 and away from the protrusion 228. This removes
the protrusion 228 from the barrier 208, thereby removing a
blockage 224 from the flow passage 204 and leaving an opening
240 in the barrier 208 through which fluid can flow.

[0038] Fig. 8 depicts that the piston 206 is once again
urged against the snap ring 214 by the biasing device 232. The
barrier 208 1s punctured, forming an opening 240 in the barrier

through which fluid can flow. The plug 200 has actuated and

18



WO 2016/144306 PCT/US2015/019337

blockage removed from the second flow passage 204 to allow fluid
flow in either direction as indicated by arrows 205.

[0039] Therefore, the present system is well adapted to
attain the ends and advantages mentioned as well as those that
are inherent therein. The particular embodiments disclosed
above are illustrative only, as the present invention may be
modified and practiced in different but eguivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It is, therefore, evident
that the particular illustrative embodiments disclosed above may
be altered or modified and all such variations are considered
within the scope and spirit of the present invention. As used
herein, the words “comprise,” “have,” “include,” and all
grammatical variations thereof are each intended tTo have an
open, non-limiting meaning that does not exclude additicnal
elements or steps. While compositions and methods are described

(4

in terms of “comprising,” “containing,” or “including” wvarious
components or steps, the compositions and methods also can
“consist essentially of” or “consist of” the varicus components
and steps.

[0040] Whenever a numerical range with a lower limit and
an upper limit is disclosed, any number and any included range
falling within the range is specifically disclosed. 1In
particular, every range of values {(of the form, “from about a to
about b,” "from approximately a - b," or, eguivalently, “from
approximately a to b") disclosed herein is to be understood to
set forth every number and range encompassed within the broader
range of values. Also, the terms in the claims have their
plain, ordinary meaning unless otherwise explicitly and clearly

defined by the patentee. Moreover, the indefinite articles “a”
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W 144

or “an,” as used 1in the claims, are defined herein to mean cne
or more than one of the element that it introduces. If there is
any conflict in the usages of a word or ferm in this
specification and one or more patent{s} or other documents that
may be incorporated herein by reference, the definitions that

are consistent with this specification should be adopted.
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What is claimed is:

1. An inflow control device comprising:
a body;
a first flow passage which extends through the body;
a piston reciprocally located within the first flow
passage;
a barrier that initially prevents fluid flow through the
inflow control device; and
a shear device that initially prevents movement of the

piston relative to the body.

2. The inflow control device according to Claim 1, wherein the
body 1is secured in an opening in a pressure bearing wall.

3. The inflow control device according to Claim 1, wherein the
shear device is sheared when a pressure in a tubing string is

increased to a first predetermined pressure.

4. The inflow control device according to Claim 3, wherein a
blockage to fluid flow through the inflow control device is
removed in response to a second predetfermined pressure being
applied in the tubing string, wherein the second predetermined

pressure 1s less than the first predetermined pressure.

5. The inflow control device according to Claim 3, wherein the
first predetermined pressure moves the piston in a first

direction in response to the shear device being sheared.

G. The inflow control device according to Claim 5, wherein the
first predetermined pressure deforms the barrier in response o

the movement of the piston.
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7. The inflow control device according to Claim 6, wherein the
barrier maintains pressure isoclation between the interior and
the exterior of the tubing string until the pressure is reduced

to a second predetermined pressure.

8. The inflow control device according to Claim 7, wherein a
blockage to fluid flow through the inflow control device is
removed when the pressure is reduced to the second predetermined
pressure, and wherein the application of the second
predetermined pressure dispenses the barrier from the inflow
control device, retracts a protrusion from the barrier, or

combinations thereof.

g. The inflow control device according to Claim 5, wherein the
movement of the piston forces a protrusion through the barrier,
thereby puncturing the barrier, and wherein pressure isolation
between the interior and the exterior of the tubing string is

maintained while fthe protrusion remains in the barrier.

10. The inflow control device according to Claim 9, wherein
fluid flow through the first flow passage moves the piston in a
second direction which is opposite of the first direction when

the pressure is reduced to a second predetermined pressure.

11. The inflow control device according to Claim 8, wherein a
biasing device moves tThe piston in a second direction which is
opposite of the first direction when the pressure is reduced to

a second predetermined pressure.

12. The inflow control device according to Claim 11, wherein

the protrusion is removed from the barrier in response to the
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movement of the piston in the second direction, and wherein
fluid flow through the barrier is permitted when the protrusion

is removed from the barrier.

13. The inflow control device according to Claim 1, further
comprising a second flow passage which extends through at least

one of the piston and the body.

14. The inflow control device according to Claim 13, wherein
fluid flow through the second flow passage is initially
prevented by the barrier, and wherein fluid flow through the

second flow passage 1is permitted when tThe barrier is removed.
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15. A method of actuating an inflow control device, the method
comprising:
preventing actuation of the inflow control device by
maintaining a pressure in an interior of a well tocl below
an actuation pressure of the inflow control device, wherein
the inflow control device comprises:
(A) a body;
{B) a flow passage which extends through the body;
{(C}) a piston reciprocally located within the flow
passage;
{D} a barrier that initially prevents fluid flow
through the inflow control device; and
{E} a shear device that initially prevents movement
of the piston relative to the body; and
increasing the pressure in the well tool to be greater than
or egual to the actuation pressure, thereby actuating the
inflow control device by shearing the shear device and
moving the piston in a first direction, wherein the step of

increasing is performed after the step of preventing.

16. The method according to Claim 15, wherein the step of
preventing further comprises cycling the pressure in the well
tool between at least a first pressure and a second pressure,
wherein the first and second pressures are below the actuation

Pressure.

17. The method according to Claim 15, wherein the step of
increasing further comprises at least one of: deforming the
barrier; and puncturing the barrier with a protrusion, wherein
the deforming, puncturing, or both are performed while
malntaining a pressure isolation between an interior and an

exterior of the well tool.
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18. The method according to Claim 15, further comprising
decreasing the pressure in the well tool, thereby removing a
blockage in the inflow control device and permitting fluid flow
through the inflow control device in response to the removal of
the blockage, wherein the step of decreasing is performed after

the step of increasing.

12. The method according to Claim 18, wherein the step of
decreasing comprises at least one of: dispensing the barrier
from the inflow contreol device; and retracting a protrusion from
the barrier that was punctured by the protrusion when the

actuation pressure was applied to the interior of the well tocl.
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20. A method of actuating an inflow control device in each of
multiple well tools, the method comprising:
preventing actuation of the inflow control devices by
maintaining a pressure in an interior of the well tools
below an actuation pressure of the inflow control devices,
and wherein each of the inflow control devices comprises:
(A) a body;
{B) a first flow passage which extends through the
body;
{(C} a pistoen reciprocally located within the first
flow passage;
(D) a barrier that initially prevents fluid flow
through the inflow control device; and
{E) a shear device that initially prevents movement
of the piston relative to the body; and
increasing the pressure in the well tools to be greater
than or eqgual to the actuation pressure, thereby actuating
two or more of the inflow control devices by shearing the
shear device in each of the two or more inflow control
devices, wherein the step of increasing is performed after

the step of preventing.

21. The method according to Claim 20, wherein the step of
preventing further comprises cycling the pressure in the well
tools between at least a first pressure and a second pressure,
wherein the first and second pressures are below the actuation

pressure.

22. The method according to Claim 20, further comprising
decreasing the pressure in the well tools, thereby removing a
blockage in each of the two or more inflow control devices and

permitting fluid flow through the two or more inflow control
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devices 1in response to the removal of the blockage, wherein the

step of decreasing is performed after the step of increasing.
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