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(57) Abréegée/Abstract:
A monitoring assembly, including a sleeve, a sensor for monitoring one or more selected parameters, and a plurality of modules Ir
communication with the sensor and removably disposed with the sleeve. The plurality of modules includes a first module In ar
active state and a second module In an inactive state. A detector Is included that determines when the first module has beer

removed from the assembly. The second module transitions to the active state when the first module I1s removed from the
assembly. A method of using a monitoring assembly Is also Iincluded.
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FIG. 1

(57) Abstract: A monitoring assembly, mcluding a sleeve, a sensor for monitoring one or more selected parameters, and a plurality
of modules in communication with the sensor and removably disposed with the sleeve. The plurality of modules mcludes a first

module in an active state and a second module in an inactive state. A detector 1s included that determines when the first module has
been removed from the assembly. The second module transitions to the active state when the first module is removed from the as -
sembly. A method of using a monitoring assembly 1s also included.
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MODULAR MONITORING ASSEMBLY

BACKGROUND

[0001] Systems for monitoring borehole operations have become increasingly
pervasive in the downhole drilling and completions industry. Parameters such as
temperature, pressure, acoustics, or others can provide insight into various borehole activities
in order to enable operators at surface to identify and respond to potential 1ssues, perform an
operation more effectively or efficiently, etc. While current systems work sutficiently in

many scenarios, the industry always well receives new and alternate monitoring systems.

SUMMARY

[0002] A monitoring assembly comprises a sleeve; a sensor for monitoring one or
more selected parameters; a plurality of modules in communication with the sensor and
removably disposed with the sleeve, the plurality of modules including a first module 1n an
active state and a second module in an inactive state; and a detector that determines when the
first module has been removed from the assembly, the second module transitioning to the
active state when the first module is removed from the assembly.

[0003] A method of using a monitoring assembly comprises monitoring one or more
parameters with a sensor of the monitoring assembly, the monitoring assembly including a
plurality of modules, the plurality of modules including a first module in an active state and a
second module in an inactive state; communicating between the sensor and the first module
of the plurality of modules; detecting when the first module is removed from the monitoring
assembly; and transitioning the second module from the inactive state to the active state.

[0004] A monitoring assembly comprises a sleeve; a sensor for monitoring one or
more selected parameters; a plurality of modules in communication with the sensor and
removably disposed within the sleeve such that individual modules of the plurality of
modules are physically removable from the sleeve and withdrawable to a remote location, the
plurality of modules including a first module in an active state and a second module in an
inactive state; and a detector that determines when the first module has been physically
removed from the assembly, the second module transitioning to the active state when the first

module 1s physically removed from the assembly.
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[0004a] A method of using a monitoring assembly comprises monitoring one or more
parameters with a sensor of the monitoring assembly, the monitoring assembly including a
plurality of modules, the plurality of modules including a first module 1n an active state and a
second module in an inactive state; communicating between the sensor and the first module
of the plurality of modules; detecting when the first module s physically removed from the
monitoring assembly; and transitioning the second module from the inactive state to the
active state when, or after, the first module has been physically removed from the monitoring

assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The following descriptions should not be considered limiting in any way. With
reference to the drawings, like elements are numbered alike:

[0006] Figure 1 is a cross-sectional view of a monitoring assembly according to one
embodiment disclosed herein;

[0007] Figure 2 schematically illustrates a module for the assembly of Figure 1;

la
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[0008] Figure 3 15 a cross-sectional end view of the assembly of Figure 1;

[0009] Figure 4 1llustrates an indexing mechanism for controlling movement
of an 1nsert of the assembly of Figure 1;

[0010] Figure 5 schematically 1llustrates a completion system that can include
the assembly of Figure 1;

[0011] Figure 6 1s a perspective view of a tool arranged to enable retrieval of
the modules from the assembly of Figure 1; and

[0012] Figure 7 18 a quarter-sectional view of the tool of Figure 6 engaged

within the assembly of Figure 1 for retrieving a module from the assembly:.

DETAILED DESCRIPTION

[0013] A detailed description of one or more embodiments of the disclosed
apparatus and method are presented heremn by way of exemplification and not
[imitation with reference to the Figures.

[0014] Figure 1 1illustrates a monitoring assembly 10 including a plurality of
modules 12. While some mdividual ones of the modules 12 are given alphabetic
identifiers, €.g., ‘a’ and ‘b’ for the modules 12a and 12b (discussed 1in more detail
below), 1t 1s to be understood that “the modules 12” refers to all of the modules,
including those with the alphabetic 1dentifiers. The assembly 10 can include any
combination of sensors, gauges, or other devices for sensing, measuring, or
monitoring one or more parameters such as temperature, pressure, etc. (collectively,
“sensor’ or “sensing device”). These sensing devices can also be included on the
modules 12, for example, a sensor 14 18 shown schematically in Figure 2 as being
included by one of the modules 12.

[0015] A purpose of the modules 12, regardless of whether the sensing device
1s mncluded by mdividually by the modules or collectively by the assembly 10, 1s to
communicate with the sensor or sensing device m order to assist 1n or facilitate the
aforementioned monitoring. The communication can be the communication of power,
¢.g., via one or more batteries or power sources 16. In one embodiment, the
communication between the sensor 14 (where included individually on the modules
12 or generally with the assembly 10) and the modules 12 1s data communication, and
the modules 12 accordingly include a transmitter, receiver, transceiver, or other
communication device 18 (e.g., to enable wired or wireless communication between

the sensor, components of the module 12, different ones of the modules 12, etc.), a
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memory or storage media 20 for electronically storing measurements or other monitored
information (¢.g., in communication with the sensor 14 via the communication device 18 or
in an other wired or wireless manner), or other components. Each of the modules 12 may
also include a detector 22 for determining when each of the modules 12 1s to transition
between an nactive status or mode and an active status or mode, as discussed in more detail
below.

[0016] In the illustrated embodiment, the modules 12 are located 1n a cavity 24
formed in a sleeve or other tubular member 25. The modules 12 are retained within the
cavity 24 via an msert 26. Figure 3 shows a plurality of the modules 12 located
circumicrentially within the cavity 24 of the sleeve 25 (with the msert 26 removed for
clarity). For reasons discussed mn more detail below, it may be desirable to equally space the
modules 12 from each other, as shown m Figure 3. It 1s also to be appreciated that any
number of the modules 12 can be included within the cavity 24, with the cavity 24 shaped
and/or s1zed to accommodate the desired number, size, shape, and orientation of the modules
12.

[0017] The 1nsert 26 includes a slot or opening 28 and 18 movable with respect to the
sleeve 25 1n order to enable access to selected ones of the modules 12 via the opening 28.
For example, 1n the illustrated embodiment, the insert 26 1s arranged such that axial
movement of the insert 26 also results 1n rotation of the isert 26. For example, 1n the
illustrated embodiment, the 1nsert 26 mcludes an engagement profile 30 that enables a
corresponding shifting tool (one example embodiment 1s discussed below with respect to
Figures 6 and 7) to selectively grab or grip the msert 26 and move the 1nsert 26 axially.
Figure 4 1llustrates an mndexing mechanism 32 that can be disposed between the insert 26 and
the sleeve 25 1n order to cause rotation of the insert 26 when the 1insert 26 1s moved axially,
¢.g., via the profile 30.

[0018] In addition to rotating the msert 26 when moved axially, the rotational
movement caused by the indexing mechanism 32 1s incrementally set in order to sequentially
align the opening 28 properly with each of the modules 12 as a result of cycle of axial
movement of the msert 26. Specifically, the indexing mechanism 32 includes a pin 34, ¢.g.,
extending radially between the sleeve 25 and the msert 26, that traverses a so-called J-slot
pattern 36. The pattern 36 1s 1llustrated “flattened” although 1t 1s to be understood that the
pattern 36 would be formed circumferentially within or about the insert 26, the sleeve 25, or
another msert or component coupled therewith or therebetween. The pin 34 can be coupled

or attached to the sleeve 25 and/or the insert 26.
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[0019] Back and forth axial movement of the pin 34 within the pattern 36 will
cause the pin 34 to encounter tapered shoulders 37, resulting in rotation of the msert
26. As noted above, the axial movement of the insert 26 can be caused with a
corresponding shifting tool that engages with the msert 26, ¢.g., at the profile 30. This
repeated axial movement of the nsert 26 will cycle the pin 34 between a plurality of
positions 38. The positions 38 can be rotationally spaced from cach other in an
amount that corresponds to the spacing between adjacent ones of the modules 12. For
this reason, as noted above, 1t may be desirous to equally space the modules 12 from
cach other, 1.¢., to ensure proper alignment of the opening 28 sequentially with the
modules 12 via the mechanism 32. Those of ordinary skill in the art will recognize
other mdexing and/or counting mechanisms that can be used in licu of the mechanism
32 1n order to accurately align the opening 28 of the msert 26 sequentially with each
of the modules 12.

[0020] As depicted schematically in Figure 5, the sleeve 25 1s included by a
completion system 40 and connected, €.g., as a joint, along the length of a casing
string 42 1nstalled within a borehole 44. For example, the sleeve 25 can include
typical box and pin ends for making up threaded connections between the sleeve 25
and the other tubulars forming the casmg string 42. Of course, the sleeve 25 can be
installed with or along the length of another string and/or via a manner of connection
other than threaded. As will be appreciated by those of ordinary skill in the art, the
presence of the assembly 10 along the casing string 42 enables the casing string 42 to
be a “smart” casing string, providing advantages over current completion systems. A
retrieval tool 46 on a work string 48 may be included enable retrieval of the modules
12. A more detalled example of one embodiment for the tool 46 1s discussed below
with respect to Figures 6 and 7.

[0021] In general, the modules 12 are arranged such that a selected one (or
ones) of the modules 12 are in an active mode or status, while the others of the
modules 12 are 1 an mactive mode or status. By active mode or status, 1t 1s meant
that the corresponding module 1s fully operational, or actively monitoring, sensing,
measuring, recording, communicating, and/or performing other functions or
operations 1n furtherance of monitoring the system 40, the casing string 42, the
borehole 44, ctc., or conditions or parameters related thereto. By inactive it 18 meant
that the corresponding modules are turned off, hibernated, put in a standby or power

saving mode, or otherwise deactivated or restricted to at most a limited subset of
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functions. For example, according to one embodiment, the inactive modules are searching or
walting for a preprogrammed trigger or signal to transition the 1nactive modules to the active
status, thereby using a negligible amount of power prior to activation. In this way, at any
ogiven time only one (or selected ones) of the modules 12 can be set to the active mode 1n
order to perform desired monitoring, while the others of the modules 12 can assume the
inactive status and advantageously conserve battery power.

[0022] For example, referring back to Figure 1, the module 12a aligned with the
opening 28 can be understood according to one embodiment to be 1 the active mode, while
the modules 12b are in the mactive mode. In this way, after the active module 12a reaches or
approaches the end of 1ts usable life, ¢.g., the memory 20 1s reaching capacity (1.¢., filled with
data measured or captured by the sensor 14), the battery 16 1s nearly depleted, etc., the
module 12a can be retrieved and one of the mactive modules 12b signaled to transition to the
active mode and take over monitoring of the desired parameters or conditions. In order to
retrieve the active module 12a, the insert 26 can be actuated to align the opening 28 with the
module 12a, enabling the module 12a to exit the cavity 24 via the opening 28.

[0023] As brietly noted above, the detector 22 can be used to determine when one of
the mactive modules, ¢.g., one of the modules 12b, is to be activated. For example, this
determination m one embodiment 1s the result of the detector 22 detecting that the active
module 12a has been removed or disconnected from the assembly 10, ¢.g., exiting the cavity
24 via the opening 28 1n the msert 26. This results 1n a signal being sent to one (or more) of
the mactive modules 12b to activate that module. The modules 12 can be arranged 1n a
sequential order such that as each of the active modules 1s removed or disconnected from the
assembly 10, this removal or disconnection 1s detected by the detector 22 and a signal
communicated to activate a next subsequent one of the modules 1n the sequential order. Once
this newly activated module becomes exhausted or 1s otherwise removed or disconnected
from the assembly 10, the detector 22 will detect this event and signal the next subsequent
module 12 to activate. This process can be repeated until all of the modules 12 are retrieved
from the assembly 10. It 1s additionally noted that multiple instances of the assembly 10
could be included, ¢.g., stacked together or positioned along the length of the casing string 42
or other string. In this way, a secondary one of the assemblies can become activated when a
last module of a primary assembly 1s retrieved.

[0024] A tool 50 1s 1llustrated i Figures 6 and 7 for enabling retrieval of selected
ones of the modules 12, ¢.g., the active module 12a of Figure 1. The tool 50 represents one

particular example for the tool 46 schematically shown in Figure 5. The tool 50 includes a

S



CA 029121%6 2015-11-10

WO 2014/200641 PCT/US2014/037699

shifting mechanism 52 having one or more dogs 54. The dogs 54 are selectively
radially outwardly actuatable, ¢.g., by pressurizing fluid within the tool 50. This
cnables the dogs 54 to selectively engage, grab, or grip the msert 26, ¢.g., via the
engagement profile 30. Once the tool 50 1s engaged with the msert 26, movement of
the tool 50, ¢.g., via a work string extending to surface, can be communicated
mechanically to the msert 26. It 1s to be understood that other selective and/or
releasable components can be used 1n licu of the dogs 54, such as a collet, magnetic
coupling, resilient split or c-ring, etc. It 1s also to be understood that the msert 26
could be pressure actuated, ¢.g., via a plug or ball landing at a seat or restriction
formed with the insert 26, a pressure differential across the msert 26, etc.

[0025] The tool 50 also includes a basket 56 for receiving the module 1 an
open end 58 when the module 1s released from the cavity 24 via the opening 28 1n the
insert 26. Ejection of the modules 12 from the cavity 24 can be assisted 1f desired.
For example, as shown in Figure 7, one or more spring elements 60 can be mcluded in
the cavity 24 to resiliently urge the modules 12 toward the insert 26, such that when
the opening 28 becomes aligned with a module, the spring elements 60 automatically
cject the module out of the cavity 24, where the module can be recerved by the basket
56. The basket 54 can carry the modules to surface as the tool 50 1s pulled out. Once
at surface, the memory 20 of the module can be accessed, ¢.g., data stored mn the
memory 20 read, retrieved, or downloaded, 1in order for operators to evaluate the
measured parameters, take corrective action to any potential problems indicated by
the data, etc. The battery or batteries 16 can be recharged or replaced, the data in the
memory 20 erased, and the retrieved modules reused 1f desired.

[0026] The detector 22 can take a variety of forms, several of which are
described below. For example, in one embodiment the detector 22 includes a contact,
sensor, or switch that 1s triggered when the corresponding module 1s removed. For
example, the detector 22 can include a component that completes an electric circuit as
long as the corresponding one of the modules 12 remains in the cavity 24. The
detector 22 can detect the removal of an active module when the circuit 18 severed or
broken due to the module 12 beimng retrieved from the cavity 24. The contact, sensor,
switch, or other component can be electric, mechanical, magnetic, etc. In one
embodiment, the detector 22 detects the spring elements 60 being relatively extended,
indicating absence of the corresponding module. In one embodiment, the detector 22

includes one or more RFID tags, ¢.g., with a corresponding reader 1 the assembly 10
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detecting when the modules 12 are moved out of communication with the reader. Those of
ordinary skill i the art will readily appreciate other devices that can be used to detect the
presence and/or absence of ones of the modules 22 to enable the assembly 10 to transition
on¢ (or more) of the iactive modules into the active status when the previously active
module 1s retrieved.

[0027] While the mvention has been described with reference to an exemplary
embodiment or embodiments, 1t will be understood by those skilled 1n the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the mmvention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thercof. Therefore, 1t 1s intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the
claims. Also, in the drawings and the description, there have been disclosed exemplary
embodiments of the invention and, although specific terms may have been employed, they
are unless otherwise stated used 1n a generic and descriptive sense only and not for purposes
of limitation, the scope of the mvention therefore not being so limited. Moreover, the use of
the terms first, second, etc. do not denote any order or importance, but rather the terms first,
second, etc. are used to distinguish one element from another. Furthermore, the use of the
terms a, an, ¢tc. do not denote a limitation of quantity, but rather denote the presence of at

least one of the referenced 1item.
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What is claimed is:

1. A monttoring assembly, comprising:

a sleeve;

a sensor for monitoring one or more selected parameters;

a plurality of modules in communication with the sensor and removably
disposed within the sleeve such that individual modules of the plurahity of modules are
physically removable from the sleeve and withdrawable to a remote location, the plurality of
modules including a first module in an active state and a second module in an inactive state;
and

a detector that determines when the first module has been physically removed
from the assembly, the second module transitioning to the active state when the first module

1s physically removed trom the assembly.

2. The assembly of claim 1, wherein multiple ones of the plurality of modules are

in the 1nactive state.

3. The assembly of claim 2, wherein the plurality of modules is arranged in a
sequential order with a next subsequent one of the modules in the sequential order being
signaled to transition from the inactive state to the active state when the detector detects that

each preceding one of the modules, 1n the active state, is removed from the assembly.

4, The assembly of any one of claims 1 to 3, wherein the sleeve 1s a part of a

casing string.

5. The assembly of any one of claims 1 to 4, further comprising an insert to

retain the plurality of modules within the sleeve.

0. The assembly of claim 5, wherein the insert includes an opening alignable
with selected ones of the modules for enabling the selected ones of the modules to be

removed from the assembly.

7. The assembly of claim 6, further comprising an indexing mechanism that

limits each movement of the insert to a set incremental amount.
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8. The assembly of claim 7, wherein the indexing mechanism translates axial

movement of the insert into rotation of the insert.

9. The assembly of claim 7, wherein each set incremental amount of movement

aligns the opening in the insert with a next subsequent one of the modules.

10. The assembly of any one of claims 1 to 9, wherein the modules each include at

least one of a battery and a memory.

11. The assembly of any one of claims 1 to 10, including a plurality of the

detectors with one of the detectors in operable communication with each of the modules.

12. The assembly of any one of claims 1 to 11, including a plurality of the sensors,

with one of the sensors in operable communication with each of the modules.

13. A system including an assembly according to any one of claims 1 to 12.

14. The system of claim 13, further comprising a tool selectively engagable with

the assembly to enable removal of selected ones ot the modules from the assembly.

15. The system of claim 14, wherein the tool includes one or more dogs that are

releasably engagable with a corresponding profile of an insert retaining the plurality of

modules within the sleeve.

16. The system of claim 14 or 15, wherein the tool includes a basket that receives

the selected ones of the modules when they are removed from the assembly.

17. A method of using a momtoring assembly, comprising:

monitoring one or more parameters with a sensor ot the monitoring assembly,
the monitoring assembly including a plurality of modules, the plurality of modules including
a first module 1n an active state and a second module 1n an inactive state;

communicating between the sensor and the first module of the plurality of

modules;
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detecting when the first module 1s physically removed from the monttoring

assembly; and
transitioning the second module from the inactive state to the active state

when, or after, the first module has been physically removed from the monitoring assembly.

18. The method of claim 17, wherein the one or more parameters relate to

downhole conditions of at least one of a casing string, a borehole and a completion system.

19. The method of claim 17 or 18, further comprising retrieving the first module

with a retrieval tool.

20. The method of claim 19, wherein retrieving the first module includes shifting
an insert of the monitoring assembly with the retrieval tool 1n order to permit the first module

to exit the monitoring assembly and receiving the first module in a basket of the retrieval

tool.
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