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Downhole Barrier and Isolation Monitoring System

Technical Field

[0001] The present disclosure relates generally to assemblies for use in a
subterranean wellbore and their use, and more particularly (although not necessarily
exclusively), to assemblies and methods for monitoring conditions surrounding an
isolation device for evaluating the performance of the isolation device.
Background

[0002] Various devices can be utilized in a well traversing a hydrocarbon-
bearing subterranean formation. For example, an isolation or barrier device can be
installed or set along tubing string in the well. The isolation device may be set from
the surface, for example via a force applied from the surface to the support device.
From the surface it can be difficult to determine if a seal or isolation was created
properly.

Brief Description of the Drawings

[0003] FIG. 1 is a schematic illustration of a wellbore system including an
isolation barrier assembly, a sensor assembly, and a downhole tool, according to an
aspect of the present disclosure.

[0004] FIG. 2 is a cross-sectional side view the wellbore system of FIG. 1,
according to an aspect of the present disclosure.

[0005] FIG. 3 is a cross-sectional side view of a system including a downhole
tool, a sensor assembly, and an isolation barrier assembly, according to an aspect of

the present disclosure.
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[0006] FIG. 4 is a cross-sectional side view of another system including a
downhole tool, a sensor assembly, and an isolation barrier assembly, according to

an aspect of the present disclosure.

Detailed Description

[0007] Certain aspects and features of the present disclosure relate to a
system including a sensor assembly or package positioned below an isolation
barrier. Following setting and sealing of the isolation barrier, a sensor of the sensor
assembly may be activated via wireless telemetry by a tool positioned above the
isolation barrier. The tool can instruct the sensor assembly to begin collecting data
and transmitting that data to the tool. The data collected by the sensor assembly
can be compared with data collected above the isolation barrier to verify the isolation
seal of the isolation barrier. Data may be collected above the isolation barrier by a
sensor positioned on a tool or on a casing or other tubing string, for example but not
limited to on the isolation barrier assembly. In some aspects, the isolation barrier
may be deployed and set via slickline, wireline, or other conveyance. The tool for
communicating with the sensor assembly positioned below the isolation barrier can
be run downhole in the same run as the barrier being deployed and set. The tool
may receive the data from the sensor assembly and transmit that data to the surface
in real time for evaluation. The data may be transmitted from the tool to the surface
via telemetry.

[0008] In some aspects the sensor assembly is powered by a power source
with a limited lifespan, for example but not limited to batteries. In some aspects, the
sensor assembly may be powered by a power source that is positioned above the

isolation barrier such that the power source may be recharged or replaced without
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interfering with the barrier valve. The isolation barrier may include a thru-wired kit
that would connect the power source above the isolation barrier to the sensor
assembly below the isolation barrier for powering the sensor assembly. In some
aspects, the power source positioned above the isolation barrier (e.g. a battery) may
be removed and replaced via slickline or wireline to extend the service of the sensor
package below the isolation barrier.

[0009] These illustrative aspects and examples are given to introduce the
reader to the general subject matter discussed here and are not intended to limit the
scope of the disclosed concepts. The following sections describe various additional
features and examples with reference to the drawings in which like numerals indicate
like elements, and directional descriptions are used to describe the illustrative
aspects but, like the illustrative aspects, should not be used to limit the present
disclosure.

[0010] FIG. 1 depicts by schematic illustration an example of a well system
100 that includes a bore that is a wellbore 102 extending through various earth
strata. A casing string 104 may extend downhole within the wellbore 102. The
casing string 104 may remain in the wellbore 102 for the life of the well. A downhole
tool, for example running tool 106 may extend downhole within the casing string 104.
The running tool 106 may be coupled to an isolation barrier assembly 108, for
example bridge plug assembly, a crown plug assembly, a packer assembly, or other
suitable isolation barrier assemblies. The isolation barrier assembly 108 may be
coupled to a sensor assembly 110 via an adaptor 112. The running tool 106 may
position the isolation barrier assembly 108 within the casing string 104 and force the
isolation barrier assembly 108 into a coupled engagement with the sensor assembly

110 via the adaptor 112.
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[0011] FIG. 2 depicts a cross-sectional side view of the isolation barrier
assembly 108, shown in FIG. 2 as a bridge plug assembly, coupled to a sensor
assembly, shown as the sensor assembly 110 via the adaptor 112. The running tool
106 is shown in FIG. 2 decoupled from the isolation barrier assembly 108. FIG. 2
further depicts a plug 114 of the isolation barrier assembly 108 being in a set
position. The plug 114 having been set, the running tool 106 may be uncoupled from
the isolation barrier assembly 108. The running tool 106 may remain within the
casing string 104 in the wellbore 102 uncoupled from the isolation barrier assembly
108 as referenced further below. In some aspects, the running tool 106 may remain
coupled to the isolation barrier assembly 108 after the plug 114 has been set.

[0012] As shown in FIGS. 1 and 2, the sensor assembly 110 may be
positioned below the plug 114 of the isolation barrier assembly 108. The sensor
assembly 110 may include a sensor 116, a wireless communications module 118,
and a power source 120. In some aspects, the sensor 116 may be a pressure
sensor, a temperature sensor, or another type of sensor for monitoring the
environment below the isolation barrier assembly 108. The sensor 116 may monitor
a characteristic of the environment that may be indicative of the function of the
isolation barrier assembly 108, including for example if the isolation barrier assembly
108 has formed a proper seal. The sensor 116 may transmit data to a downhole tool
(e.g. the running tool 106 shown in FIG. 1 decoupled from the isolation barrier
assembly 108) via the wireless communications module 118. The wireless
communications module 118 may include one or more of a wireless receiver, a
wireless transceiver, or a wireless transmitter. The running tool 106 may include a
wireless communications module 122 for receiving the data from the sensor 116.

The running tool 106 may transmit the data received from the sensor to the surface,
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for example via a wired or wireless communication means 124 (e.g. via wireline,
slickline, acoustic telemetry or other suitable communications means). The sensor
assembly 110 may transmit data across the isolation barrier assembly 108 that
includes plugs, a packer, a valve, cement, resin, or other features or materials.

[0013] In some aspects of the present disclosure the sensor assembly 110
may be capable of being powered via a tool positioned above the isolation barrier
assembly 108, for example via the running tool 106 or another downhole tool. Thus
the sensor assembly 110 can be used over a long period of time given it may be
powered by the running tool 106 or another downhole tool. The data collected by the
sensor 116 below the plug 114 can be compared to data collected by a sensor
above the plug 114, including for example, a sensor positioned on the running tool
106 or on the isolation barrier assembly 108 above the plug 114. The performance
of the seal provided by the isolation barrier assembly 108 can be determined based
on the comparison between the data collected above and below the plug 114. For
example, the integrity of the seal of the plug 114 can be determined by comparing
the characteristics of the environment collected above the plug 114 and below the
plug 114.

[0014] The running tool 106 can decouple but remain above the plug 114 and
can transmit data to and receive data from the sensor assembly 110. Data from the
sensor assembly 110 may be transmitted from the running tool 106 (or other suitable
downhole tool) the surface of the wellbore, for example via acoustic telemetry or
other suitable means. In some aspects, the running tool 106 may be removed from
the wellbore and a different downhole tool may be inserted into the wellbore for
receiving data from the sensor assembly 110 and transmitting data to the surface. In

some aspects the running tool 106 or another downhole tool may transmit
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instructions to the sensor assembly 110, for example providing a schedule for the
sensor 116 to turn on, off, and transmit data, provide a software update, or other
data transmission to the sensor assembly 110. In some aspects the sensor
assembly 110 may receive other data for optimizing the function of the sensor
assembly 110. The sensor assembly 110 for example may be turned off until a tool,
e.g. running tool 106 or other suitable downhole tools, are positioned downhole and
transmit an instruction to the sensor assembly 110 to turn on, collect data, and
transmit it to the tool.

[0015] FIG. 3 depicts a system 130 including an isolation barrier assembly
132 coupled to a sensor assembly 134 via an adaptor 136. The isolation barrier
assembly 132 may include connector 137 that may receive a tool, for example
downhole tool 138. The connector 137 may include a wet-stab connector or other
suitable connector. The downhole tool 138 includes a power source 140, for
example the downhole tool 138 may be powered by a battery pack, or via slickline or
wireline cable. The power source 140 may be coupled to and power the sensor
assembly 134 via feed-thru lines 142 that extend from the connector 137 to the
sensor assembly 134 via an interior region of the sensor assembly 134. The feed-
thru lines 142 may extend through the adaptor 136. Thus, the downhole tool 138
may couple to the isolation barrier assembly 132 and may power the sensor
assembly 134 via feed-thru lines 142 that transmit power from the power source 140
to the sensor assembly 134. The sensor assembly 134 can include the same
features and function in substantially the same way as the sensor assembly 110
described with reference to FIG. 2. The sensor assembly 134 can thus be powered
over a long period of time via the downhole tool 138 which may be inserted and

removed from the wellbore at various time period during the lifetime of the well. The
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downhole tool 138 can receive data from the sensor assembly 134 and transmit the
data to the surface, for example via slickline or wireline.

[0016] FIG. 4 depicts another system 144 for powering a sensor assembly
146 coupled to and positioned below an isolation barrier assembly 148. The sensor
assembly 146 can include the same features and function in substantially the same
way as the sensor assembly 110 described with reference to FIG. 2. The sensor
assembly 146 is coupled to the isolation barrier assembly 148 via an adaptor 150.
The isolation barrier assembly 148 includes a connector 152 that may couple to a
downhole tool 154. The connector 152 can include a wet-stab connector or other
suitable connector. The downhole tool 154 may be powered via a battery pack, or
via power lines (e.g., wireline or slickline). Power from the downhole tool 154 can be
transmitted from the connector 152 to the sensor assembly 146 via feed-thru lines
156. The feed-thru lines 156 can be positioned on an outer surface of the sensor
assembly 146. A housing 158 may be positioned over the feed-thru lines 156 to
protect the feed-thru lines 156. The feed-thru lines 156 can be coupled to the
adaptor 150 which in turn may be connected to the connector 152 for transmitting
the power from the downhole tool 154 to the sensor assembly 146.

[0017] Example 1 is a wellbore system for use downhole in a wellbore, the
wellbore system comprising: a downhole tool; an isolation barrier assembly; a sensor
assembly coupled to the isolation barrier assembly via an adaptor, wherein the
isolation barrier assembly is positionable downhole between the downhole tool and
the sensor assembly, and wherein the sensor assembly is in wireless communication

with the downhole tool.
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[0018] Example 2. The wellbore system of example 1, wherein the downhole
tool is a running tool for running the isolation barrier assembly downhole and setting
the isolation barrier assembly.

[0019] Example 3 is the wellbore system of examples 1-2, wherein the sensor
assembly includes a battery pack for powering the sensor assembly.

[0020] Example 4 is the wellbore system of examples 1-3, wherein the
isolation barrier assembly includes a connector for coupling to a downhole tool for
supplying power to the sensor assembly via a power coupling connection.

[0021] Example 5 is the wellbore system of example 4, wherein the connector
is coupled to thru-lines for transmitting the power from the downhole tool to the
sensor assembly.

[0022] Example 6 is the wellbore system of examples 1-5, wherein the
downhole tool is in wireless communication with the sensor assembly for transmitting
instructions to the sensor assembly.

[0023] Example 7 is the wellbore system of examples 1-6, wherein the sensor
assembly includes a sensor for monitoring pressure.

[0024] Example 8 is the wellbore system of examples 1-7, wherein the
downhole tool includes a wired communication link for transmitting data received
from the sensor assembly to a surface of the wellbore.

[0025] Example 9 is the wellbore system of example 8, wherein the downhole
tool includes wireline or slickline.

[0026] Example 10 is a method for determining a performance status of an
isolation barrier assembly downhole in a wellbore comprising: positioning a sensor
assembly downhole, the sensor assembly coupled to the isolation barrier assembly

and positioned downhole to the isolation barrier assembly collecting, via the sensor



WO 2020/176077 PCT/US2019/019608

assembly, data related to a characteristic of the wellbore downhole from the isolation
barrier assembly; and transmitting the data collected by the sensor assembly to a
downhole tool positioned up-hole to the isolation barrier assembly.

[0027] Example 11 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 10, further comprising:
transmitting the data related to the characteristic of the wellbore from the downhole
tool to a surface of the wellbore.

[0028] Example 12 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 11, wherein the step of
transmitting the data related to the characteristic of the wellbore from the downhole
tool to a surface of the wellbore further comprising transmitting the data via a wired
communication link including slickline or wireline.

[0029] Example 13 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 10-12, further
comprising: transmitting power from the downhole tool to the sensor assembly via a
connector within the isolation barrier assembly to which the downhole tool coupled.
[0030] Example 14 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 13, wherein the step of
transmitting power from the downhole tool to the sensor assembly via the connector
within the isolation barrier assembly to which the downhole tool coupled further
comprises transmitting power from the downhole tool to the sensor assembly via a
wet-stab connector.

[0031] Example 15 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 13, wherein the step of

transmitting power from the downhole tool to the sensor assembly via the connector
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within the isolation barrier assembly to which the downhole tool coupled further
comprises transmitting power from the downhole tool to the sensor assembly via a
plurality of thru-wires positioned within an inner region of the sensor assembly.

[0032] Example 16 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 13, wherein the step of
transmitting power from the downhole tool to the sensor assembly via the connector
within the isolation barrier assembly to which the downhole tool coupled further
comprises transmitting power from the downhole tool to the sensor assembly via a
plurality of thru-wires positioned on an outer surface of the sensor assembly and
covered by a housing.

[0033] Example 17 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of examples 11-16, further
comprising: transmitting data wirelessly from the downhole tool to the sensor
assembly for providing performance instructions to the sensor assembly.

[0034] Example 18 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 11, further comprising:
determining the status of the isolation barrier assembly by comparing the data
collected by the sensor assembly to data collected by a sensor up-hole from a
barrier of the isolation barrier assembly.

[0035] Example 19 is the method for determining a performance status of an
isolation barrier assembly downhole in a wellbore of example 11, further comprising:
setting the isolation barrier assembly via the downhole tool positioned up-hole to the
isolation barrier assembly.

[0036] Example 20 is the method for determining a performance status of an

isolation barrier assembly downhole in a wellbore of example 19, further comprising:
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decoupling the isolation barrier assembly from the downhole tool prior to transmitting
the data related to the characteristic of the wellbore from the sensor assembly to the
downhole tool positioned up-hole to the isolation barrier assembly.

[0037] The foregoing description of certain aspects, including illustrated
aspects, has been presented only for the purpose of illustration and description and
is not intended to be exhaustive or to limit the disclosure to the precise forms
disclosed. Numerous modifications, adaptations, and uses thereof will be apparent

to those skilled in the art without departing from the scope of the disclosure.
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Claims
What is claimed is:
1. A wellbore system for use downhole in a wellbore, the wellbore system

comprising:
a downhole tool;
an isolation barrier assembly;
a sensor assembly coupled to the isolation barrier assembly via an adaptor,
wherein the isolation barrier assembly is positionable downhole between the
downhole tool and the sensor assembly, and wherein the sensor assembly is in

wireless communication with the downhole tool.

2. The wellbore system of claim 1, wherein the downhole tool is a running tool
for running the isolation barrier assembly downhole and setting the isolation barrier

assembly.

3. The wellbore system of claim 1, wherein the sensor assembly includes a

battery pack for powering the sensor assembly.

4, The wellbore system of claim 1, wherein the isolation barrier assembly
includes a connector for coupling to a downhole tool for supplying power to the

sensor assembly via a power coupling connection.

5. The wellbore system of claim 4, wherein the connector is coupled to thru-lines

for transmitting the power from the downhole tool to the sensor assembly.
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6. The wellbore system of claim 1, wherein the downhole tool is in wireless
communication with the sensor assembly for transmitting instructions to the sensor

assembly.

7. The wellbore system of claim 1, wherein the sensor assembly includes a

sensor for monitoring pressure.

8. The wellbore system of claim 1, wherein the downhole tool includes a wired
communication link for transmitting data received from the sensor assembly to a

surface of the wellbore.

9. The wellbore system of claim 8, wherein the downhole tool includes wireline

or slickline.

10. A method for determining a performance status of an isolation barrier
assembly downhole in a wellbore comprising:

positioning a sensor assembly downhole, the sensor assembly coupled to the
isolation barrier assembly and positioned downhole to the isolation barrier assembly

collecting, via the sensor assembly, data related to a characteristic of the
wellbore downhole from the isolation barrier assembly; and

transmitting the data collected by the sensor assembly to a downhole tool

positioned up-hole to the isolation barrier assembly.
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11. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 10, further comprising:
transmitting the data related to the characteristic of the wellbore from the

downhole tool to a surface of the wellbore.

12. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 11, wherein the step of transmitting the
data related to the characteristic of the wellbore from the downhole tool to a surface
of the wellbore further comprising transmitting the data via a wired communication

link including slickline or wireline.

13. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 10, further comprising:
transmitting power from the downhole tool to the sensor assembly via a

connector within the isolation barrier assembly to which the downhole tool coupled.

14. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 13, wherein the step of transmitting power
from the downhole tool to the sensor assembly via the connector within the isolation
barrier assembly to which the downhole tool coupled further comprises transmitting

power from the downhole tool to the sensor assembly via a wet-stab connector.

15. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 13, wherein the step of transmitting power

from the downhole tool to the sensor assembly via the connector within the isolation
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barrier assembly to which the downhole tool coupled further comprises transmitting

power from the downhole tool to the sensor assembly via a plurality of thru-wires

positioned within an inner region of the sensor assembly.

16. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 13, wherein the step of transmitting power
from the downhole tool to the sensor assembly via the connector within the isolation
barrier assembly to which the downhole tool coupled further comprises transmitting
power from the downhole tool to the sensor assembly via a plurality of thru-wires

positioned on an outer surface of the sensor assembly and covered by a housing.

17. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 11, further comprising:
transmitting data wirelessly from the downhole tool to the sensor assembly for

providing performance instructions to the sensor assembly.

18. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 11, further comprising:

determining the status of the isolation barrier assembly by comparing the data
collected by the sensor assembly to data collected by a sensor up-hole from a

barrier of the isolation barrier assembly.

19. The method for determining a performance status of an isolation barrier

assembly downhole in a wellbore of claim 11, further comprising: setting the isolation
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barrier assembly via the downhole tool positioned up-hole to the isolation barrier

assembly.

20. The method for determining a performance status of an isolation barrier
assembly downhole in a wellbore of claim 19, further comprising: decoupling the
isolation barrier assembly from the downhole tool prior to transmitting the data
related to the characteristic of the wellbore from the sensor assembly to the

downhole tool positioned up-hole to the isolation barrier assembly.
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