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(57) Abrégée/Abstract:
A port assembly for controlling fluid flow through a flow port of a port sub. The port assembly comprises a dissolvable barrier, a

burst disk for protecting the dissolvable barrier from fluids inside the port sub, and optionally a protective layer for protecting the
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(57) Abrege(suite)/Abstract(continued):
dissolvable barrier from external fluids. When the burst disk Is ruptured by Increased fluid pressure inside the port sub, the

dissolvable barrier starts disintegrating from exposure to the fluid. VWhen the dissolvable barrier and protective layer are broken
through, a flow passage Iis opened In the port assembly to permit fluid flow therethrough. The flow passage may be positioned
tangentially in the port sub. The breakthrough time of the dissolvable barrier may be preconfigured by providing one or more

thinner areas therein and/or placing a corrosive material in the port assembly.




ABSTRACT

A port assembly for controlling fluid flow through a flow port of a port sub. The port assembly
comprises a dissolvable barrier, a burst disk for protecting the dissolvable barrier from fluids
inside the port sub, and optionally a protective layer for protecting the dissolvable barrier from
external fluids. When the burst disk is niptured by increased fluid pressﬁre inside the port sub,
the dissolvable barrier starts disintegrating from exposure to the fluid. When the dissolvable
barrier and protective layer are broken through, a flow passage 1s opened in the port assembly to
~permit fluid flow therethrough. The flow passage may be positioned tangentially 1n the port sub.
The breakthrough time of the dissolvable barrier may be preconfigured by providing one or more

thinner areas therein and/or placing a corrosive material in the port assembly.
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DELAYED OPENING PORT ASSEMBLY

Cross-Reference to Related Applications
[0001] This application claims the benefit of U.S. Provisional Application No. 62/736,322, filed

September 25, 2018, and of U.S. Provisional Application No. 62/760,763, filed November 5,

2018.

Field

[0002] The present disclosure relates to a port assembly usable in a port sub for use in downhole
operations and more particularly to a port assembly that provides a delayed opening sequence for
a flow port 1n the port sub which may be useful for pressure testing and/or actuating a wellbore

tool, such as a hydraulically actuated tool.

Background

[0003] Trican Well Service Ltd. developed the first “toe port sub” as part of its Burst Port
System® (“BPS”). The Trican toe port sub, installed near the bottom (“toe”) ot a wellbore,

enables an operator to open one or more flow ports between the wellbore and the formation at

the distal end of the wellbore. The flow ports are designed to open at precise pressures to provide
the operator withdmore control over the diversion of the fractures. The flow ports enable a first
ball of a ball drop completion to be circulated into the wellbore or a first set of perforating guns
to be pumped into the wellbore. Prior to the development of the BPS, coiled tubing or tractors

were used to shift the first ball drop sleeve open or to convey perforation.guns into the wellbore.

[0004] Some jurisdictions require a pressure test of the casing string of the wellbore to 80% to
100% of the casing yield pressure. The test i1s conducted to check for leaks in the casing string

that could lead to contamination of ground water or 1ssues with zonal 1solation. During the casing
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pressure test, the hydrostatic pressure inside the wellbore can be as high as about 42 MPa (about
6000 psi). Taking into account the existing hydrostatic pressure at the toe of the wellbore, the

actual pressure at the toe during the casing pressure test 1s considerably greater than test pressure
in the casing near the surface. Therefore, the toe port sub, installed at the toe of the wellbore, is
exposed to pressures much greater than the surface test pressure. While factors such as fluid

density of the test fluid may not be a concern near surface, such factors may have a significant

effect on the actual pressure experienced by the toe port sub, due to the additional hydrostatic

pressure at the toe of the wellbore.

[0005] The Trican BPS or any system that relies on precise pressures to open flow ports does not

allow a casing pressure test to be conducted because the burst disks or sliding sleeves, which are
typically used in such a system for opening the flow ports, cannot withstand the actual test
pressure without inadvertently opening the tlow ports. To overcome this issue, it 1S common

practice to install a ball seat in the casing string directly above the toe port. When a flow port at

the toe 1s accidentally opened during the pressure test, a dissolvable ball 1s pumped into the ball
seat to stop fluid flow through the open flow port so that the casing pressure test can be

completed. The dissolvable ball subsequently dissolves, and the open flow port can be used to

circulate the first ball of a ball drop completion or to convey perforation guns into the wellbore.

[0006] The use of a dissolvable ball and ball seat increases the cost of wellbore operations.
Another disadvantage of the dissolvable ball and ball seat configuration 1s that it slows down

wellbore operations because it takes time to pump the ball down to the seat.

[0007] Some prior art flow ports have an outer cap that 1s displaced into the wellbore when the

flow port is opened and, once displaced, such a cap can leave debris in the wellbore which could

block flow paths and impede production of the subterranean formation.

2
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[0008] In other wellbore operations, one or more hydraulically actuated tools may be installed in
a wellbore, for example, as a component 1n a wellbore string, and such tools typically have
mechanisms that are driven by hydraulic pressure. Such mechanisms may include burst inserts,
sleeves, pistons, etc. Pressures communicated through the wellbore, for example, through the
string via one or more flow ports may be used to selectively actuate the tools. More specifically,
the flow ports are opened to hydraulically actuate the tools. However, there is a risk that the
mechanism of a hydraulically actuated tool can be actuated prematurely if there is a pressure
spike in the wellbore. In particular, during a casing pressure test, if the flow ports are

accidentally opened due to the test pressures then the tool’s mechanism will function

prematurely.

[0009] Therefore, a need exists for an alternative port sub that allows casing pressure tests to be

conducted without any concern of inadvertently opening flow ports during the testing.

Summary

[0010] According to a broad aspect of the present disclosure, there 1s provided a port assembly
usable 1n a port sub having a wall with an inner surface defining an inner bore, an outer surface,
and a tlow port defined in the wall and extending between the inner surface and the outer
surface, the port assembly comprising: a burst disk for placement adjacent to the inner surface

and having a burst disk outer surface facing away from the inner bore; a dissolvable barrier
adjacent to but spaced apart from the burst disk outer surface to define a cavity therebetween,

whereln the port assembly is positionable tangentially in the port sub such that a center of the
port assembly 1s laterally offset by a distance from a center line of the port sub, wherein at least a
portion of the port assembly is positionable in the flow port to block fluid flow therethrough

when the burst disk and dissolvable barrier are intact, and when the burst disk is ruptured and the
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dissolvable barrier is broken through, fluid is permitted to flow through the ruptured burst disk
and ".Broken dissolvable barrier, and wherein the dissolvable barrier 1s configured to be broken

through after the burst disk is rupturéd and after a breakthrough time has lapsed.

[0011] According to another broad aspect of the present disclo sure, there 1s provided a port
assembly usable in a port sub having a wall with an inner surface defining an inner bore, an outer
surface, and 'a flow port defined in the wall and extending between the inner surface and the
outer surface, the port assembly comprising: a burst disk for placement adjacent to the inner
surface and having a burst disk outer surface facing away from the inner bore; a dissolvable
barrier adjacent to but spaced apart from the burst disk outer surface to define a cavity
therebetween, the dissolvable barrier having one or more thinner areas, wherein at least a portion
of the port assembly is positionable in the flow port to block fluid flow therethrough when the
burst disk and dissolvable barrier are intact, and when the bﬁrst disk is ruptured and the
dissolvable barrier is broken through, fluid is permitted to flow through the ruptured burst disk

and broken dissolvable barrier, and wherein the dissolvable barrier is configured to be broken

through after the burst disk is ruptured and after a breakthrough time has lapsed.

[0012] According to another broad aspect of the present disclosure, there is provided a port sub

connectable to a downhole tubular, the port sub comprising: a wall defining an inner bore and
having a flow port extending therethrough; and a port assembly partially or wholly positioned in
the flow port, the port assembly comprising a burst disk adjacent the inner bore and a dissolvable
barrier spaced apart from the burst disk to define a cavity therebetween and positioned further

away from the inner bore than the burst disk, wherein, when the burst disk and dissolvable
barrier are intact, the burst disk and the dissolvable barrier block tluid flow through the flow

port, wherein, when the burst disk is ruptured and dissolvable barrier is broken through, the
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ruptured burst disk and broken dissolvable barrier provide a flow passage to permit fluid tlow
therethrough, the flow passage being tangentially positioned relative to the port sub such that a
center of the port assémbly is laterally offset by a distance from a center line of the port sub, and
wherein the dissolvable barrier is configured to be broken through after the burst disk 1s ruptured

and after a breakthrough time has lapsed.

[0013] According to another broad aspect of the present disclosure, there 1s provided a port sub
connectable to a downhole tubular, the port sub comprising: a wall defining an inner bore and
having a flow port extending therethrough; and a port assembly partially or wholly positioned in
the flow port, the port assembly comprising a burst disk adjacent the inner bore and a dissolvable
barrier spaced apart from the burst disk to define a cavity therebetween and positioned further
away from the inner bore than the burst disk, the dissolvable barrier having one or more thinner
areas, wherein, when the burst disk and dissolvable barrier are intact, the burst disk and the
dissolvable barrier block fluid flow through the flow port, wherein, when the burst disk 1is

ruptured and dissolvable barrier is broken through, the ruptured burst disk and broken
dissolvable barrier provide a flow passage to permit fluid flow therethrough, and wherein the

dissolvable barrier is configured to be broken through after the burst disk is ruptured and after a

breakthrough time has lapsed.

[0014] In some embodiments, the port assembly comprises a protective layer adjacent to an outer

surface of the dissolvable barrier.
[0015] In some embodiments, the protective layer comprises a second burst disk.

[0016] In some embodiments, the burst disk has a higher rupture pressure than the second burst

disk.
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[0017] In some embodiments, the protective layer comprises a dissolvable coating.

[0018] In some embodiments, the dissolvable coating comprises one or more of: a mastic, a

rubber, steel, and stainless steel.

[0019] In some embodiments, the cavity comprises compressible fluid.

[0020] In some embodiments, the breakthrough time ranges from about 2 hours to about 100

hours.

[0021] In some embodiments, the dissolvable barrier is directly attached to the wall.

[0022] In some embodiments, the port assembly comprises a retainer member for securing the

burst disk and dissolvable barrier to the wall.

[0023] In some embodiments, the port assembly comprises a corrosive material disposed in the

cavity or embedded in the dissolvable barrier.

[0024] In some embodiments, the corrosive material COmMprises one or more of: sulfuric acid,

anhydrous H2SO4, and anhydrous HF.

[0025] In some embodiments, the corrosive material is in a powder form or a pill form.

[0026] In some embodiments, the dissolvable barrier is a sleeve supported on an outer surface of

the wall.

[0027] In some embodiments, the dissolvable barrier comprises one or more of: aluminum,

aluminum alloy, aluminium, magnesium, magnesium alloy, zinc alloy, polylactic acid, polylactic

acid copolymer, polyvinyl acetate, and polyvinyl acetate copolymer.

[0028] In some embodiments, the distance ranges between about 5% of an inner diameter of the

port sub and about 5% of an outer diameter of the port sub.
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[0029] According to another broad aspect of the present disclosure, there 1s provided a method
for delaying opening of a flow port of a port sub, the flow poi'f being blocked by a rupture disk
and a dissolvable barrier, the method compn'éing: increasing a pressure of a ﬂuid' inside the port
sub to rupture the burst disk; exposing, by rupturing the burst disk, the dissolvable barrier to the
fluid; and dissolving, by exposure to the fluid, the dissolvable barrier to open a tlow passage
through the dissolvable barrier, the flow passage being tangentially positioned relative to the port

sub.
[0030] In some embodiments, the opening of the flow passage occurs after a breakthrough time.

[0031] In some embodiments, the method comprises adjusting the breakthrough time by one or
more of: modifying a thickness of the dissolvable barrier; providing one or more thinner areas in

the dissolvable barrier; modifying a thickness of the one or more thinner areas; and ihcreasing or

decreasing the number of thinner areas.

[0032] According to another broad aspect of the present disclosure, there is provided a method

for delaying opening of a tflow port of a port sub, the flow port being blocked by a rupture disk

and a dissolvable barrier, the method comprising: increasing a pressure of a fluid inside the port
sub to rupture the burst disk; exposing, by rupturing the burst disk, the dissolvable barrier to the

fluid; and dissolving, by exposure to the fluid, one or more thinner areas of the dissolvable

barrier to open a flow passage through the dissolvable barrier.

[0033] In some embodiments, the method comprises adjusting the breakthrough time by one or

more of> modifying a thickness of the dissolvable barrier; modifying a thickness of the one or

more thinner areas; and increasing or decreasing the number of thinner areas.
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[0034] In some embodiments, the method comprises dissolving or rupturing a protective layer

adjacent to the dissolvable barrier.

[0035] In some embodiments, the protective layer is a second rupture disk.

[0036] In some embodiments, the second rupture disk has a rupture pressure less than that of the

burst disk.

[0037] In some embodimeﬁts, the port sub 1s connected to a downhole tubular and the burst disk

has a rupture pressure of about 80% to about 100% of a yield pressure of the downhole tubular.

[0038] In some embodiments, the method comprises positioning the port sub at or near a toe of

the wellbore.

[0039] The details of one or more embodiments are set forth in the description below. Other

features and advantages will be apparent from the specification and the claims.

Brief Description of the Drawings

[0040] The invention will now be described by way of an exemplary embodiment with reference
to the accompanying simplified, diagrammatic, not-to-scale drawingé. Any dimensions provided
in the drawings are provided only for illustrative purposes, and do not limit the invention as

defined by the claims. In the drawings:

[0041] FIG. 1 1s a side plan view of a port sub according to one embodiment of the present

disclosure.

[0042] FIG. 2 is a cross-sectional view of the port sub shown in FIG. 1, taken along line A-A.

[0043] FIG. 3 1s a detailed view of area “B” of FIG. 2, showing a port assembly of the port sub.
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[0044] FIG. 4 is a cross-sectional view of a port assembly according to another embodiment of

the present disclosure.

[0045] FIG. 5 is a cross-sectional view of a port assembly according to another embodiment of

the present disclosure.

[0046] FIG. 6 is a top plan view of a dissolvable barrier according to another embodiment of the

present disclosure.

[0047] FIG. 7 1s a cross-sectional view of a port sub according to another embodiment of the

present disclosure.

[0048] FIG. 8 1s a cross-sectional view of a port sub according to another embodiment of the

present disclosure. - -

Detailed Description of the Embodiments

[0049] When describing the present invention, all terms not defined herein have their common

art-recognized meanings. To the extent that the following description is of a specific embodiment

or a particular use of the invention, it is intended to be illustrative only, and not limiting of the
claimed mvention. The following description 1s intended to cover all alternatives, modifications

and equivalents that are included in the scope of the invention, as defined in the appended

claims.

[0050] According to embodiments herein, there 1s provided a port sub having one or more flow
ports, each flow port having a fespective port assembly for controlling fluid flow therethrough.
In some embodiments, the port assembly is tangentially positioned in the port sub. Each port

assembly generally comprises a burst disk, a dissolvable barrier, and optionally a protective

layer. In some embodiments, the configuration of the dissolvable barrier is selected to allow the
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barrier to disintegrate within a predetermined time period in order to selectively control when the
corresponding flow port opens. The port assembly has an intact position, a dissolve position, and
an open position. In the intact position, the components of the port assembly are intact to block
the flow port such that no fluid can flow therethrough. In the dissolve position, the burst disk has
ruptured, and the dissolvable barrier is exposed to fluids inside the port sub and its disintegration
process occurs. In the open position, at least part of the dissolvable barrier has disintegrated and

the protective layer is broken to provide a flow passage through which fluid can flow, thereby

opening the flow port.

[0051] With reference to FIGs. 1 and 2, a port sub 20 comprises a tubular wall 22 having an
outer surface 24 and an inner surface 26. Inner surface 26 defines an inner axial bore 28. The
wall 22 has one or more flow ports 30, each extending between the inner surface 26 and the outer
surface 24 to allow fluid communication between the inner bore 28 and the space external to the
port sub. Each of the flow ports 30 has a respective port assembly 32 positioned therein. The port
assembly 32 may be wholly or partially disposed in the flow port 30. In some embodiments, the
port assembly 32 is positioned within wall 22, between the outer surface 24 and inner surtace 26.
In other embodiments, at least a portion of the port assembly extends beyond the inner surface 26
and/or outer surface 24 of the wall 22. The port assembly 32 is configured to control the opening

of its corresponding flow port 30 as described in detail below.

[0052] In some embodiments, the port sub 20 may have an inner diameter in a range of about 1”

and about 10” and an outer diameter in a range of about 3 and about 12”. In some embodiments,
the wall 22 may have a thickness in a range of about 1 and 4”. In some embodiments, the flow

port 30 may have a diameter in a range of about 0.25” and 1”.

10
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[0053] In some embodiments, the port assembly 32 is configured such that, when it is positioned
in the port 30, the center of the flow passage provided in the port assembly 32, when the port
assembly 1s in the open position, is slightly off-centered relative to the port 30 and/or one or
more center lines of the port sub 20. In some embodiments, as illustrated in FIGs. 1 and 2, the
center of the flow passage in port assembly 32, denoted by the center line “C” is laterally offset
from: center line x and/or center line y; or cénter line x and/or center line z of the port sub, by a
distance D. The center of the pdrt assembly flow passage does not align with at least one of
center lines x, y, and z of the port sub 20. In some embodiments, distance D may range from
about 5% of the inner diameter of the port sub to about 5% of the outer diameter of the port sub.
Because of this lateral offset, the port assembly 32. is referred to as being “tangentially”
positioned in the port sub, rather than “radially” positioned where the center of the port assembly
flow passage aligns with the center lines of the port sub. In some embodiments, the flow port 30

itself is tangentially positioned relative to one or more of the center lines of the port sub 20 such

that when port assembly 32 1s positioned in ﬂow port 30 and centered thereto, port assembly 32

is also tangentially positioned in the port sub 20. Therefore, where the center of the flow passage

in the port assembly 32 is laterally offset from one or more of the center lines of the port sub 20,
the port assembly 32 is considered tangentially positioned relative to the port sub, regardless of

whether the corresponding flow port 30 itself is centered or off-centered relative to the port sub.

[0054] While the illustrated port sub 20 has four flow ports 30, each having positioned therein a
respective port assembly 32, the port sub 20 may have fewer and more flow ports and port

assemblies 1in other embodiments.

[0055] With reference to FIG. 1, the port sub 20 has a first end 40 and a second end 42, for

connection with downhole tubulars such that port sub 20 is part of at least one of: a downhole

11
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tubing (e.g., a production tubing), a liner, and a casing in the wellbore. Accordingly, port sub 20
may be used in an open hole or cement application. In some embodiments, the first and second
ends 40,42 may be internally or externally threaded for connection with the tubing, liner, and/or

casing.

[0056] In some embodiments, the port sub 20 may be integrated with the tubing, liner, or casing
such that the port sub 20 forms a portion thereof. In other embodiments, the port sub 20 is
supported circumferentially on the outer surface of the tubing, liner, or casing. In alternative
embodiments, the port sub is positioned in the inner bore of the tubing, liner, or casing. In some

embodiments, the inner bore 28 of the port sub 20 is in fluid communication with the inner bore

of the tubing, liner, or casing.

[0057] In some embodiments, two or more port subs 20 are part of the tubing, liner, or casing. In
some embodiments, a port sub 20, as part of the tubing, liner, or casing, is positioned at or near

the toe of the wellbore and such a port sub i1s sometimes referred to herein as a “toe sub”.

[0058] In some embodiments, the port sub 20 is positioned in an area of a reservoir in a

subterranean formation. The subterranean reservoir may contain hydrocarbons, such as oil, gas,

and the like.

[0059] According to one embodiment, FIG. 3 shows a port asserhbly 32 usable for controlling
the opening of a flow port 30 of port sub 20. In FIG. 3, the port assembly 32 is shown in an intact
position. Port assembly 32 comprises a burst disk 50 (sometimes referred to as “inner burst
disk™), a dissolvable barrier 52, and a protective layer 54. In some embodiments, the protective
layer 54 is a second burst disk (sometimes referred to as “outer burst disk’). In other

embodiments, the protective layer 54 is a dissolvable coating. In further embodiments, the

12
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protective layer 54 may be a combination of one or more burst disks and/or one or more
dissolvable coatings. Whatever the form of protective layer 54, the protective layer 54 1s
configured to rupture and/or disintegrate without leaving debris in the wellbore that could block
flow paths and impeded production of the subterranean formation. Unlike prior art “caps,” the

protective layer 54 is not displaced into the wellbore.

[0060] The port assembly 32 is positioned in the wall 22 of the port sub such that the burst disk
50 is adjacent to the inner surface 26 and the protective layer 54 is adjacent to the outer surface
24. The dissolvable barrier 52 1s disposed between the burst disk 50 and the protective layer 54.
In some embodiments, the dissolvable barrier 52 and protective layer 54 shield the burst disk 50

from fluid pressures outside the port sub. In some embodiments, the port assembly 32 1s secured

to the wall 22 of the port sub by threaded connection.

[0061] The protective layer 54 protects the dissolvable barrier 52 from being exposed to fluids
external to the port sub 20, such as wellbore fluids, to prevent premature disintegration of the
dissolvable barrier 52 at its outer surface. While the protective layer 54 is shown in some of the
illustrated embodiments to abut against the dissolvable barrier 52, in other embodiments there
may be some space between the protective layer 54 and dissolvable barrier 52 such that a second
cavity is defined therebetween in the port assembly 32. In some embodiments, protective layer
54 may be omitted where the outer surface of the dissolvable barrier 52 is not exposed to
wellbore fluids when the port assembly 32 is in the intact position. For example, in some
embodiments, the port sub is meant to be installed inside a downhole tubular, shielded from

external wellbore fluids, and the protective layer 54 may not be necessary.

[0062] In the illustrated embodiment, a spacer member 56 is positioned between the dissolvable

barrier 52 and the burst disk 50 to separate the inner surface of the dissolvable barrier 52 and the

13

CA 3056846 2019-09-25



10

20

outer surface of the burst disk 50, thereby defining a cavity 60 therebetween. In some

embodiments, the spacer member 56 is an annular ring. In some embodiments, cavity 60

contains a compressible fluid. The cavity 60 provides a space for the burst disk 50 to expand into

while the burst disk ruptures.

[0063] In some embodiments, the port assembly 32 comprises a retainer member 58 for securing
the protective layer 54, the dissolvable barrier 52, the spacer member 56, and the burst disk 50 1n
the wall 22 of the port sub. In the illustrated embodiment, the retainer member 58 has one or
more inner shoulders 62 for restricting the outward movement. of the protective layer and the
dissolvable barrier in order to prevent the dissolvable barrier from being dislodged from the flow

port 30 when the port assembly 32 is in the intact position. In some embodiments, the retainer

member 58 is externally threaded such that the port assembly 32 can be inserted into the flow

port 30 and secured to the wall 22 by threaded connection.

[0064] In the illustrated embodiment, the wall 22 has outward-facing shoulders 64 for supporting

the port assembly 32 when the port assembly 32 is disposed in flow port 30. When the port
assembly 32 is placed in flow port 30, a portion of the inner surface of the burst disk 50 abuts

against the shoulders 64, such that the inward movement of the port assembly 32 is restricted.

[0065] One or more of the interfaces in the port sub, for example, between: the burst disk 50 and
the wall 22; the spacer member 56 and the bust disk 50; the spacer member 56 and the
dissolvable barrier 52; and the spacer member 56 and the retainer member 58 may be fluidly
sealed by one or more seals 70. Seal 70 may be an O-ring or any other types of seals known to

those skilled in the art may also be used.

14
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[0066] Referring to FIG. 3, the dissolvable barrier 52 has an overall thickness, i.e., the distance
between its outer surface and its inner surface, which is denoted by the reference character “T.

In some embodiments, thickness T is about 4”. In other embodiments, thickness T ranges

between about 1/16”’ and about 3/8.

[0067] In some embodiments, the dissolvable barrier 52 has one or more areas that have less

thickness than the overall thickness T. Such areas are referred to as “thinner areas”. For example,
as illustrated in FIGs. 3 and 6, the dissolvable barrier 52 comprises one or more ’holes 82. While
FIG. 6 shows the dissolvable barrier 52 as having five holes 82, the dissolvable barrier 52 may
have fewer or more holes 82 in other embodiments. In some embodiments, a first end of each
hole 82 is at or near the outer surface of the dissolvable barrier. Each hole 82 has a length less
than the thiékness T of the dissolvable barrier such that the holes 82 do not extend fully to the
inner surface of the dissolvable barrier 52. As a result, there is at least some thickness of
dissolvable material of the dissolvable barrier adjacent a second end of each hole 82. As one
skilled in the art can appreciate, the presence of the holes 82 is one of many possible ways to
provide areas of less thickness (i.e., “thinner areas”) in the dissolvable barrier 52, which in the
illustrate embodiment are the areas adjacent the second ends of the holes 82. The thinner areas

generally disintegrate quicker than the surrounding thicker areas of the dissolvable barrier 52.
The thickness of these thinner areas is denoted by the reference character “S” in FIG. 3. The

thickness S of dissolvable material in the thinner areas may be the same or different for two or

more of the areas. The thickness S does not necessarily have to be the same for all the thinner

areas. Thickness S may range from 1% to 99% of the thickness T.

[0068] The “breakthrough” time of the dissolvable barrier 52, i.e. the time it takes for the fluid

from the inner bore 28 of the port sub to dissolve the dissolvable barrier enough to flow

15
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therethrough after the dissolvable barrier 1s first exposed to the fluid, depends on the
configuration of the dissolvable barrier, the material of the dissolvable barrier, the composition

of the fluid in inner bore 28, and the temperature in the wellbore. The configuration of the

dissolvable barrier refers to: the overall thickness T of the dissolvable barrier; the thickness S of
the thinner areas if the dissolvable barrier has one or more thinner areas; and/or the number of
thinner areas. The breakthrough time of the dissolvable barrier 52 can be preselected by using a
dissolvable barrier of a specific thickness T and/or with a specific number of thinner areas each
having a thickness S less than thickness T. In some embodiments, the breakthrough time 1s

selected to be between about 2 hours and about 100 hours from the time the dissolvable barrier

52 1s initially exposed to the fluid from inner bore 28.

[0069] FIG. 4 shows a port assembly 132 usable in a flow port 30 of the port sub 20 accordingly
to another embodiment. The port assembly 132 is shown in an intact position. The port assembly
132 has similar components as the port assembly 32, as described above with respect to FIG. 3,

except the retainer member 1s omitted. In this embodiment, the port assembly 132 comprises an

alternative dissolvable barrier 152 and protective layer 154. The protective layer 154 is attached
to the outer surface of dissolvable barrier 152. The dissolvable barrier 152 1s configured to allow
itself to be secured directly to wall 22 such that the retainer member can be omitted. In the
sample embodiment shown in FIG. 4, the dissolvable barrier 152 is externally threaded to allow
a direct threaded connection with the wall 22, thereby securing itself and the spacer member 56
and burst disk 50 in the flow port 30. In an alternative or additional embodiment, the wall 22
may comprise inward-facing shoulders (not shown) for retaining the port assembly 132, to

restrict the outward movement thereot, within tflow port 30.
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[0070] FIG. 5 shows a port assembly 232 usable in a flow port 30 of the port sub 30 according to
another embodiment. The port assembly 232 is shown in an intact position. The port assembly
232 has similar components as the port assembly 132, as described above with respect to FIG. 4.
In this embodiment, an amount of dehydrated corrosive material 80 is disposed in cavity 60 or 1s
embedded in dissolvable barrier 152. The dehydrated corrosive material 80 1s for accelerating the
disintegration of the dissolvable barrier 152 when the corrosive material 80 1s exposed to the
fluid from inner bore 28. The corrosive material 80 may, for example, be sulfuric acid,
anhydrous H2SO4, anhydrous HF, and/or any corrosive materials known to a person skilled in the

art and may be in powder form or pill form as shown 1n FIG. 5.

[0071] FIG. 7 shows a port sub 320 having a port assembly 332 according to another
embodiment. The port assembly 332 is shown in an intact position. In this embodiment, a portion
of the port assembly 332 is supported on the outer surface 24 of the port sub 320 and the
remaining portion is inside flow port 30. The port assembly 332 comprises a burst disk plug 358,
each containing a burst disk 350, and a dissolvable barrier 352 covered by a protective layer 354.
The b.urst disk plug 358 has an inner flow passage that is fluidly sealed by the burst disk 350

from the inner bore 28 of the port sub 320 when the port assembly 332 1s 1n the intact position. A
cavity 360 1s defined between the inner surface of flow passage of the plug 358, the inner surtace

of the dissolvable barrier 352 and the burst disk 350. In some embodiments, the center of the
flow passage of the burst disk plug 358 and/or the flow port 30 may be laterally offset from one

or more center lines of the port sub 320 such that the flow passage 1s tangentially positioned in

the wall 22 of the port sub 320, similar to that of the port assembly 32 as described above with

respect to FIGs. 1 and 2.
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[0072] In the illustrated embodiment shown in FIG. 7, the dissolvable barrier 352 is in the form -
of a sleeve supported on the outer surface 24. A first shoulder 324 1s defined on outer surface 24
for abutting against a first end of the dissélvable barrier sleeve 352. The protective layer 354
seals the dissolvable barrier 352 from wellbore fluids external to the port sub 320 to prevent the
dissolvable barrier 253 from disintegrating prematurely at its outer surface. The port assembly
332 may further comprise one or more seals 70, which, for example, includes O-rings, for fluidly

sealing the interface between the inner surface of the dissolvable barrier 352 and the outer

surface 24 of the port sub 320.

[0073] FIG. 8 shows a port sub 420 having a port assembly 432 according to another
embodiment. The port assembly 432 is shown in an intact position. Port sub 420 and port
assembly 432 have all the components of port sub 320 and port assembly 332, respectively, as

described above with respect to FIG. 7. In this embodiment, port sub 420 further comprises a nut

458, providing a second shoulder 358 for abutting against a second end of the dissolvable barrier

sleeve 352, for securing same on the outer surface 24 of the port sub 420.

[0074] The dissolvable barrier 1s configured to dissolve when exposed to fluid from inner bore of

the port sub and may comprise one or more of: aluminum, aluminum alloy, aluminium,
magnesium, magnesium alloy, zinc alloy, polylactic acid, polylactic acid copolymer, polyvinyl
acetate, polyvinyl acetate copolymer, and other suitable materials as known to those skilled in
the art. The material of the dissolvable barrier may be selected to dissolve in acid(s) and/or
fluid(s) containing Salt(s). The material of the dissolvable barrier may further fulfill some
re'quirements for material strength, in addition to the requirement(s) for dissolvability or
solubility. Where the protective layer is a dissolvable coating configured to dissolve in the

presence of fluid in the inner bore of the port sub, the dissolvable coating may comprise one or
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more of a mastic, rubber, steel, stainless steel, and other suitable material as known to those

skilled in the art.

[0075] A burst disk 1s designed to withstand pressures up to a predetermined pressure (“‘rupture
pressure”) and to rupture when the pressure it is exposed to reaches the rupture pressure. In some
embodiments, where the protective layer is a second burst disk, the inner burst disk is selected to
have a higher rupture pressure than the second (outer) burst disk. For example, the inner burst
disk may have a rupture pressure of about 8,000 psi while the rupture pressure of the outer burst

disk 1s about 80 psi. Accordingly, in some embodiments, less pressure is required to rupture the

outer burst disk than the inner burst disk.

[0076] The rupture pressure of the inner burst disk is the sum of the maximum hydrostatic
pressure, the maximum pressure expected during the cement plug test (i.e., bumping the plug),
and a safety margin to account for water hammer effects, gauge accuracy, and operator error.
The port subs of the present disclosure are configured taking into account the hydrostatic

pressure of the cement blend such that the inner burst disk does not rupture during cementing

operations.

[0077] The (inner) burst disk is selected to rupture during the casing integrity pressure test. Once

ruptured, fluid in the inner bore 28 of the port sub can flow into the cavity via the ruptured burst

disk to reach the dissolvable barrier to start disintegrating same.

[0078] In operation, a port sub, having a flow port and a port assembly positioned therein, is
connected to or 1s a part of a tubular that is run into a wellbore. The port assembly is initially in

the intact position and may be tangentially positioned relative to the port sub. After running in,
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the tubular may or may not be cemented to the wellbore. In some embodiments, the port sub is

positioned at the toe end of the tubular such that the port sub is at or near the toe of the wellbore.

[0079] Once the port sub is in place, tluid is pumped down the inner bore of the tubular and the
pressure inside the tubular and the port sub is increased. In the case of a casing pressure test, the
pressure inside the tubular 1s increased to at least the test pressure. Once the. (1nner) burst disk of
the port assembly bursts as a result of the increased pressure inside the port sub, the port
assembly 1s 1n the dissolve position, wherein the dissolvable barrier is exposed to the fluid and its

disintegration process occurs. The dissolvable barrier thus prevents the flow port of the port sub

from becoming immediately opened when the burst disk is ruptured.

[0080] As discussed above, the breakthrough time of the dissolvable barrier depends on its
configuration. In general, the breakthrough time of a dissolvable barrier with one or more thinner

arcas will be less than that of a dissolvable barrier without holes having the same thickness T.

[0081]' Once the dissolvable barrier is broken through, the fluid reaches the protective layer.
Where .the protective layer is a dissolvable coating, the fluid dissolves the protective layer to
tully open the flow passage of the port assembly, thereby allowing fluid communication between
the inner bore 28 and the space external to the port sub via the flow port 30. When the flow

passage of the port assembly is open, the port assembly is in the open position.

[0082] Where the protective layer is an outer burst disk, the outer burst disk may be selected to
have a low rupture pressure such that it ruptures almost immediately upon exposure to the fluid
from inner bore 28 or a high rupture pressure such that the opening of the port assembly flow

passage may be further delayed 1f desired.
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[0083] If the port assembly is tangentially positioned relative to the port sub, the fluid exiting the
port sub via the opened flow passage of the port assembly may have a swirl spray pattern, as
opposed to a random spray pattern of a fluid stream exiting a radial flow port. The swirl spray
pattern provided by the tangentially positioned port assembly may help distribute fluid into the

wellbore more evenly compared to a prior art radially positioned flow port.

[0084] Accordingly, the present disclosure provides a port assembly having a delayed opehing
sequence for use in a port sub to allow a downhole tubular having the port sub to be pressure

tested without prematurely opening flow ports in the port sub.

[0085] According to a broad aspect, there 1s provided a port assembly usable in a port sub having
a wall with an inner surface defining an inner bore, an outer surface, and a flow port defined in
the wall and extending between the inner surface and the outer surface, the port assembly

comprising:

a burst disk for placement adjacent to the inner surface and having a burst disk outer

surface facing away from the mner bore;

a dissolvable barrier adjacent to but spaced apart from the burst disk outer surface to
define a cavity therebetween,

wherein the port assembly is positionable tangentially in the port sub such that a center of
the port assembly is laterally offset by a distance from a center line ot the port
sub,

wherein at least a portion of the port assembly is positionable in the flow port to block
fluid flow therethrough when the burst disk and dissolvable barrier are intact, and
when the burst disk is ruptured and the dissolvable barrier 1s broken through, fluid
is permitted to flow through the ruptured burst disk and broken dissolvable
barrier, and

wherein the dissolvable barrier is configured to be broken through after the burst disk 1s
ruptured and after a breakthrough time has lapsed.

21

CA 3056846 2019-09-25



[0086] According to another broad aspect, there 1s provided a port assembly usable 1n a port sub
having a wall with an inner surface defining an inner bore, an outer surface, and a flow port

defined 1n the wall and extending between the inner surface and the outer surface, the port

assembly comprising:

5 a burst disk for placement adjacent to the inner surface and having a burst disk outer
surface facing away from the inner bore;

a dissolvable barrier adjacent to but spaced apart from the burst disk outer surface to

define a cavity therebetween, the dissolvable barrier having one or more thinner

areas,
10 wherein at least a portion of the port assembly is positionable in the flow port to block

fluid flow therethrough when the burst disk and dissolvable barrier are intact, and
when the burst disk 1s ruptured and the dissolvable barrier 1s broken through, fluid
1s permitted to flow through the ruptured burst disk and broken dissolvable
barrier, and
15 wherein the dissolvable barrier 1s configured to be broken through after the burst disk i1s
ruptured and after a breakthrough time has lapsed.

[0087] In some embodiments, the port assembly comprises a protective layer adjacent to an outer

surface of the dissolvable barrier.
[0088] In some embodiments, the protective layer comprises a second burst disk.

20  [0089] In some embodiments, the burst disk has a higher rupture pressure than the second burst

disk.

[0090] In some embodiments, the protective layer comprises a dissolvable coating.

[0091] In some embodiments, the dissolvable coating comprises one or more of: a mastic, a

rubber, steel, and stainless steel.

25  [0092] In some embodiments, the cavity comprises compressible tluid.
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[0093] In some embodiments, the breakthrough time ranges from about 2 hours to about 100

hours.

[0094] In some embodiments, the dissolvable barrier is directly attachable to the wall.

[0095] In some embodiments, the port assembly comprises a retainer member for securing the

burst disk and dissolvable barrier to the wall.

[0096] In some embédiments, the port assembly comprises a corrosive material disposed in the

cavity or embedded 1n the dissolvable barrier.

[0097] In some embodiments, the corrosive material comprises one or more of: sulfuric acid,

anhydrous H2SO4, and anhydrous HF.
[0098] In some embodiments, the corrosive material is in a powder form or a pill form.

[0099] In some embodiments, the dissolvable barrier is a sleeve supportable on the outer surface

of the port sﬁb.

[00100] In some embodiments, the dissolvable barrier comprises one or more of:
aluminum, aluminum alloy, aluminium, magnesium, magnesium alloy, zinc alloy, polylactic

acid, polylactic acid copolymer, polyvinyl acetate, and polyvinyl acetate copolymer.

[00101] In some embodiments, the distance ranges between about 5% of an inner diameter

of the port sub and about 5% of an outer diameter of the port sub.

[00102] According to another broad aspect, there is provided a port sub connectable to a

downhole tubular, the port sub comprising:

a wall defining an inner bore and having a flow port extending therethrough; and
a port assembly partially or wholly positioned in the flow port, the port assembly

comprising a burst disk adjacent the inner bore and a dissolvable barrier spaced
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apart from the burst disk to define a cavity therebetween and positioned further
- away from the inner bore than the burst disk,

wherein, when the burst disk and dissolvable barrier are intact, the burst disk and the
dissolvable barrier block fluid flow through the flow port,

wherein, when the burst disk is ruptured and dissolvable barrier is broken through, the
ruptured burst disk and broken dissolvable barrier provide a tlow passage to
permit fluid flow therethrough, the flow passage being tangentially positioned
relative to the port sub such that a center of the port assembly is laterally ofiset by
a distance from a center line of the port sub, and

wherein the dissolvable barrier is configured to be broken through after the burst disk 1s
ruptured and after a breakthrough time has lapsed.

[00103] According to another broad aspect, there is provided a port sub connectable to a

downhole tubular, the port sub comprising:

a wall defining an inner bore and having a flow port extending therethrough; and
a port assembly partially or wholly positioned in the flow port, the port assembly
comprising a burst disk adjacent the inner bore and a dissolvable barrier spaced

apart from the burst disk to define a cavity therebetween and positioned further

away from the inner bore than the burst disk, the dissolvable barrier having one or
more thinner areas,

wherein, when the burst disk and dissolvable barrier are intact, the burst disk and the
dissolvable barrier block fluid flow through the flow port,

wherein, when the burst disk is ruptured and dissolvable barrier is broken through, the
ruptured burst disk and broken dissolvable barrier provide a flow passage to
permit fluid flow therethrough, and

wherein the dissolvable barrier is configured to be broken through after the burst disk 1s
ruptured and after a breakthrough time has lapsed.

[00104] In some embodiments, the port assembly comprises a protective layer adjacent to

an outer surface of the dissolvable barrier.
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[00105] In some embodiments, the protective layer comprises a second burst disk.

[00106] In some embodiments, the burst disk has a higher rupture pressure than the second
burst disk.

[00107] In some embodiments, the protective layer comprises a dissolvable coating.
[00108] In some embodiments, the dissolvable coating comprises one or more of: a

mastic, a rubber, steel, and stainless steel.

[00109] In some embodiments, the cavity comprises compressible fluid.

[00110] In some embodiments, the breakthrough time ranges from about 2 hours to about
100 hours.

[00111] In some embodiments, the dissolvable barrier is directly attached to the wall.
[00112] In some embodiments, the port assembly comprises a retainer member and

wherein the burst disk and dissolvable barrier are secured to the wall by the retainer member.

[00113] In some embodiments, the port assembly comprises a corrosive material disposed

in the cavity or embedded in the dissolvable barrier.

[00114] In some embodiments, the corrosive material comprises one or more of: sulfuric

acid, anhydrous H2SO4, and anhydrous HF.
[00115] In some embodiments, the corrosive material is in a powder form or a pill form.

[00116] In some embodiments, the dissolvable barrier is a sleeve supported on an outer

surface of the wall.
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[00117] In some embodiments, the dissolvable barrier comprises one or more of:
aluminum, aluminum alloy, aluminium, magnesium, magnesium alloy, zinc alloy, polylactic

acid, polylactic acid copolymer, polyvinyl acetate, and polyvinyl acetate copolymer.

[00118] In some embodiments, the distance ranges between about 5% of an inner diameter

of the port sub and about 5% of an outer diameter of the port sub.

[00119] According to another broad aspect, there is provided a method for delaying

opening of a flow port of a port sub, the flow port being blocked by a rupture disk and a

dissolvable barrier, the method comprising:

increasing a pressure of a fluid inside the port sub to rupture the burst disk;
exposing, by rupturing the burst disk, the dissolvable barrier to the fluid; and
dissolving, by exposure to the fluid, the dissolvable barrier to open a flow passage

through the dissolvable barrier, the flow passage being tangentially positioned relative to

the port sub.
[00120] In some embodiments, the opening of the flow passage occurs after a
breakthrough time.
[00121] In some embodiments, the method comprises adjusting the breakthrough time by

one or more of: modifying a thickness of the dissolvable barrier; providing one or more thinner
areas in the dissolvable barrier; modifying a thickness of the one or more thinner areas; and

increasing or decreasing the number of thinner areas.

[00122] According to another broad aspect, there 1s provided a method for delaying
opening of a flow port of a port sub, the flow port being blocked by a rupture disk and a

dissolvable barrier, the method comprising:

increasing a pressure of a fluid inside the port sub to rupture the burst disk;
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exposing, by rupturing the burst disk, the dissolvable barrier to the fluid; and

dissolving, by exposure to the fluid, one or more thinner areas ot the dissolvable barrier

to open a flow passage through the dissolvable barrier.

[00123] In some embodiments, the opening of the flow passage occurs after a

5  breakthrough time.

[00124] In some embodiments, the method comprises adjusting the breakthrough time by

one or more of: modifying a thickness of the dissolvable barrier; modifying a thickness ot the

one or more thinner areas; and increasing or decreasing the number of thinner areas.

[00125] In some embodiments, the method comprises dissolving or rupturing a protective

10 layer adjacent to the dissolvable barrier.

[00126] In some embodiments, the protective layer is a second rupture disk.

. [00127] In some embodiments, the second rupture disk has a rupture pressure less than
that of the burst disk.
[00128] In some embodiments, the port sub is connected to a downhole tubular and the

15  burst disk has a rupture pressure of about 80% to about 100% of a yield pressure of the downhole

tubular.

[00129] In some embodiments, the method comprises positioning the port sub at or near a

toe of the wellbore.

Interpretation of Terms

20 [00130] Unless the context clearly requires otherwise, throughout the description and the
“comprise”, “comprising”, and the like are to be construed in an inclusive sense, as opposed to
an exclusive or exhaustive sense; that is to say, in the sense of “including, but not limited to”;

27

CA 3056846 2019-09-25



N

10

15

20

“connected”, “coupled”, or any variant thereof, means any connection or coupling, either direct
or indirect, between two or more elements; the coupling or connection between the elements can

be physical, logical, or a combination thereof; “herein”, “above”, “below”, and words of similar
import, when used to describe this specification, shall refer to this specification as a whole, and
not to any particular portions of this specification; “or”, in reference to a list of two or more
items, covers all of the following interpretations of the word: any of the items in the list, all of

the items in the list, and any combination of the items in the list; the singular forms “a”, “an”,

and “the” also include the meaning of any appropriate plural forms.

[00131] Where a component is referred to above, unless otherwise indicated, reference to
that component should be interpreted as including as equivalents of that component any
component which performs the function of the described component (i.e., that is functionally

equivalent), including components which are not structurally equivalent to the disclosed structure

which performs the function in the illustrated exemplary embodiments.

[00132] The previous description of the disclosed embodiments is provided to enable any

- person skilled in the art to make or use the present invention. Various modifications to those

embodiments will be readily apparent to those skilled in the art, and the generic principles

defined herein may be applied to other embodiments without departing from the spirit or scope

of the invention. Thus, the present invention is not intended fto be limited to the embodiments
shown herein, but is to be accorded the full scope consistent with the claims, wherein reference
to an element in the singular, such as by use of the article "a" or "an" is not intended to mean
"one and only one" unless specifically so stated, but rather "one or more". All structural and
functional equivalents to the elements of the various embodiments described throughout the

disclosure that are known or later come to be known to those of ordinary skill in the art are
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intended to be encompassed by the elements of the claims. Moreover, nothing disclosed herein
1s intended to be dedicated to the public regardless of whether such disclosure is explicitly

recited in the claims. It is therefore intended that the following appended claims and claims
hereafter introduced are interpreted to include all such modifications, permutations, additions,

omissions, and sub-combinations as may reasonably be inferred. The scope of the claims should

not be limited by the preferred embodiments set forth in the examples but should be given the

broadest interpretation consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1. A port assembly usable in a port sub having a wall with an inner surface defining an inner
bore, an outer surface, and a flow port déﬁned in the wall and extending between the
inner surface and the outer surface, the port assembly comprising:

a burst disk for placement adjacent to the inner surface and having a burst
disk outer surface facing away from the inner bore;

a dissolvable barrier adjacent to but spaced apart from the burst disk outer
surface to define a cavity therebetween,

wherein the port assembly is positionable tangentially in the port sub such
that a center of the port assembly is laterally offset by a distance from a center
line of the port sub,

wherein at least a portion of the port assembly is positionable in the flow
port to block fluid flow therethrough when the burst disk and dissolvable barrier
are intact, and when the burst disk is ruptured and the dissolvable barrer 1s
broken through, fluid is permitted to flow through the ruptured burst disk and
broken dissolvable barrier, and

wherein the dissolvable barrier 1s configured to be broken through after

the burst disk is ruptured and after a breakthrough time has lapsed.

2. A port assembly usable in a port sub having a wall with an inner surface defining an inner
bore, an outer surface, and a flow port defined in the wall and extending between the
inner surface and the outer surface, the port assembly comprising:

a burst disk for placement adjacent to the inner surface and having a burst
disk outer surface facing away from the inner bore;

a dissolvable barrier adjacent to but spaced apart from the burst disk outer
surface to define a cavity therebetween, the dissolvable barrier having one or
more thinner areas,

wherein at least a portion of the port assembly is positionable in the flow
port to block fluid flow therethrough when the burst disk and dissolvable barrier

are intact, and when the burst disk is ruptured and the dissolvable barrier is
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10.

11.

12.

13.

broken through, fluid is permitted to flow through the ruptured burst disk and

broken dissolvable barrier, and

wherein the dissolvable barrier 1s configured to be broken through after the burst disk 1s

ruptured and after a breakthrough time has lapsed.

The port assembly of claim 1 or 2 comprising a protective layer adjacent to an outer

surface of the dissolvable barrier.

The port assembly of claim 3 wherein the protective layer comprises a second burst disk.

The port assembly of claim 4 wherein the burst disk has a higher rupture pressure than
the second burst disk. |

The port assembly of claim 3 wherein the protective layer comprises a dissolvable

coating.

The port assembly of claim 6 wherein the dissolvable coating comprises one or more of:

a mastic, a rubber, steel, and stainless steel.

The port assembly of any one of claims 1 to 7 wherein the cavity comprises compressible
fluid.

The port assembly of any one of claims 1 to 8 wherein the breakthrough time ranges from

about 2 hours to about 100 hours.

The port assembly of any one of claims 1 to 9 wherein the dissolvable barrier 1s directly

attachable to the wall.

The port assembly of any one of claims 1 to 10 comprising a retainer member for

securing the burst disk and dissolvable barrier to the wall.

The port assembly of any one of claims 1 to 11 comprising a corrosive material disposed

in the cavity or embedded in the dissolvable barrier.

The port assembly of claim 11 wherein the corrosive material comprises one or more of:

sulfuric acid, anhydrous H2SO4, and anhydrous HF.
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14.

15.

16.

17.

18.

19.

The port assembly of claim 12 or 13 wherein the corrosive material is in a powder form

or a pill form.

The port assembly of any one of claims 1 to 14 wherein the dissolvable barrier is a sleeve

supportable on the outer surface of the port sub.

The port assembly of any one of claims 1 to 15 wherein the dissolvable barrier comprises
one or more of: aluminum, aluminum alloy, aluminium, magnesium, magnesium alloy,
zinc alloy, polylactic acid, polylactic acid copolymer, polyvinyl acetate, and polyvinyl

acetate copolymer.

The port assembly of claim 1 wherein the distance ranges between about 5% of an inner

diameter of the port sub and about 5% of an outer diameter of the port sub.

A port sub connectable to a downhole tubular, the port sub comprising:
a wall defining an inner bore and having a flow port extending
therethrough; and
a port assembly partially or wholly positioned in the flow port, the port
assembly comprising a burst disk adjacent the inner bore and a dissolvable barrier

spaced apart from the burst disk to define a cavity therebetween and positioned
further away from the inner bore than the burst disk,

wherein, when the burst disk and dissolvable barrier are intact, the burst
disk and the dissolvable barrier block fluid flow through the tlow port,

wherein, when the burst disk is ruptured and dissolvable barrier is broken
through, the ruptured burst disk and broken dissolvable barrier provide a tlow
passage to permit fluid flow therethrough, the flow passage being tangentially
positioned relative to the port sub such that a center of the port assembly 1s
laterally offset by a distance from a center line of the port sub, and

wherein the dissolvable barrier is configured to be broken through after

the burst disk is ruptured and after a breakthrough time has lapsed.

A port sub connectable to a downhole tubular, the port sub comprising:
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20.

21.

22.

23.

24.

25.

26.

a wall defining an inner bore and having a flow port extending
therethrough; and

a port assembly partially or wholly positioned in the flow port, the port
“assembly comprising a burst disk adjacent the inner bore and a dissolvable barrier
spaced apart from the burst disk to define a cavity therebetween and positioned
further away from the inner bore than the burst disk, the dissolvable barrier
having one or more thinner areas,

wherein, when the burst disk and dissolvable barrier are intact, the burst
disk and the dissolvable barrier block fluid flow through the flow port,

wherein, when the burst disk is ruptured and dissolvable barrier is broken
through, the ruptured burst disk and broken dissolvable barrier provide a flow
passage to permit fluid flow therethrough, and

wherein the dissolvable barrier is configured to be broken through after

the burst disk is ruptured and after a breakthrough time has lapsed.
The port sub of claim 18 or 19 wherein the port assembly comprises a protective layer
adjacent to an outer surface of the dissolvable barrier.

The port sub of claim 20 wherein the protective layer comprises a second burst disk.

The port sub of claim 21 wherein the burst disk has a higher rupture pressure than the

second burst disk.
The port sub of claim 20 wherein the protective layer comprises a dissolvable coating.

The port sub of claim 23 wherein the dissolvable coating comprises one or more of: a

mastic, a rubber, steel, and stainless steel.

The port sub of any one of claims 18 to 24 wherein the cavity comprises compressible
fluid. '

The port sub of any one of claims 18 to 25 wherein the breakthrough time ranges from

about 2 hours to about 100 hours.
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27.

28.

29.

30.

31.

32.

33.

34.

33.

The port sub of any one of claims 18 to 26 wherein the dissolvable barrier is directly

attached to the wall.

The port sub of any one of claims 18 to 27 wherein the port assembly comprises a
retainer member and wherein the burst disk and dissolvable barrier are secured to the wall

by the retainer member.

The port sub of any one of claims 18 to 28 wherein the port assembly comprises a

corrosive material disposed in the cavity or embedded in the dissolvable barrier.

The port sub of claim 29 wherein the corrosive material comprises one or more of:

sulfuric acid, anhydrous H2SOs, and anhydrous HF.

The port sub of claim 29 or 30 wherein the corrosive material is in a powder form or a

pill form.

The port sub of any one of claims 18 to 31 wherein the dissolvable barrier 1s a sleeve

supported on an outer surface of the wall.

The port sub of any one of claims 18 to 32 wherein the dissolvable barrier comprises one
or more of: aluminum, aluminum alloy, aluminium, magnesium, magnesium alloy, zinc

alloy, polylactic acid, polylactic acid copolymer, polyvinyl acetate, and polyvinyl acetate
copolymer.

The port sub of claim 18 wherein the distance ranges between about 5% of an inner

diameter of the port sub and about 5% of an outer diameter of the port sub.

A method for delaying opening of a flow port of a port sub, the flow port being blocked
by a rupture disk and a dissolvable barrier, the method comprising:
increasing a pressure of a fluid inside the port sub to rupture the burst disk;
exposing, by rupturing the burst disk, the dissolvable barrier to the fluid; and
dissolving, by exposure to the fluid, the dissolvable barrier to open a flow passage

through the dissolvable barrier, the flow passage being tangentially positioned relative to

the port sub.
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36.

37.

38.

39.

40.

41.

42.

43.

44,

The method of claim 35 wherein the opening of the flow passage occurs after a
breakthrough time.

The method of claim 36 comprising adjusting the breakthrough time by one or more of:
modifying a thickness of the dissolvable barrier; providing one or more thinner areas in

the dissolvable barrier; modifying a thickness of the one or more thinner areas; and

increasing or decreasing the number of thinner areas.

A method for delaying opening of a flow port of a port sub, the flow port being blocked
by a rupture disk and a dissolvable barrier, the method comprising:
increasing a pressure of a fluid inside the port sub to rupture the burst disk;
exposing, by rupturing the burst disk, the dissolvable barrier to the fluid; and
dissolving, by exposure to the fluid, one or more thinner areas of the dissolvable

barrier to open a flow passage through the dissolvable barrier.

The method of claim 38 wherein the opening of the flow passage occurs after a

breakthrough time.

The method of claim 39 comprising adjusting the breakthrough time by one or more of:

modifying a thickness of the dissolvable barrier; modifying a thickness of the one or

more thinner areas; and increasing or decreasing the number of thinner areas.

The method of any one of claims 35 to 40 comprising dissolving or rupturing a protective

layer adjacent to the dissolvable barrier.
The method of claim 41 wherein the protective layer i1s a second rupture disk.

The method of claim 42 wherein the second rupture disk has a rupture pressure less than

that of the burst disk.

The method of any one of claims 35 to 43 wherein the port sub is connected to a
downhole tubular and the burst disk has a rupture pressure of about 80% to about 100%
of a yield pressure of the downhole tubular.
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45.  The method of any one of claims 35 to 44 comprising positioning the port sub at or near a

toe of the wellbore.
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