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(57) Abrégé/Abstract:

A pipeline inspection system includes a pipeline pig having a controller and a plurality of ultrasonic transducer elements situated in
an array. Each of the plurality of ultrasonic transducer elements emits an ultrasonic signal into a wall of a pipeline and receives
echoes of the ultrasonic signal from the pipeline wall. The controller selects a first subset of the plurality of ultrasonic transducer
elements from which to emit the ultrasonic signals into the wall of the pipeline as the pipeline pig passes through the pipeline,
analyzes the echoes of the ultrasonic signals received by the plurality of ultrasonic transducer elements to detect a feature in the
pipeline wall, and selects a second subset of the plurality of ultrasonic transducer elements to emit the ultrasonic signals into the
wall of the pipeline as the pipeline pig passes through the pipeline when the feature is detected in the pipeline wall.
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FIG. 1

(57) Abstract: A pipeline inspection system includes a pipeline pig having a controller and a plurality of ultrasonic transducer elements
situated in an array. Each of the plurality of ultrasonic transducer elements emits an ultrasonic signal into a wall of a pipeline and
receives echoes of the ultrasonic signal from the pipeline wall. The controller selects a first subset of the plurality of ultrasonic transducer
elements from which to emit the ultrasonic signals into the wall of the pipeline as the pipeline pig passes through the pipeline, analyzes
the echoes of the ultrasonic signals received by the plurality of ultrasonic transducer elements to detect a feature in the pipeline wall,
and selects a second subset of the plurality of ultrasonic transducer elements to emit the ultrasonic signals into the wall of the pipeline
as the pipeline pig passes through the pipeline when the feature is detected in the pipeline wall.
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PIPELINE DEEP CRACK DETECTION

BACKGROUND

[0001] A pipeline inspection gage or “pig” is a tool directed through a section of
pipeline, typically advanced through the pipeline by the pressure of fluid flow through the
pipeline, or other differences in pressure within the pipeline. Pigs may be used to inspect
the pipeline with various sensors, to separate fluid flows within the pipeline, to clean the
interior surface of the pipeline, to record geometric information about the pipeline, as well
as for other purposes. One way to inspect the pipeline is to pass a sensor-carrying pig
module (e.g., sensor carrier module) through the pipeline. Transducers mounted to the
pipeline pig may be configured to emit ultrasonic signals into the pipeline wall and receive
reflected ultrasonic signals, which may be analyzed or processed to detect features (e.g.,

cracks) in the pipeline.

BRIEF DESCRIPTION

[0002] In pipeline inspection, it would be beneficial to develop techniques for
determining the depth of features, such as deep features, in the wall of the pipeline. Several
embodiments of the disclosed subject matter are summarized below. These embodiments
are not intended to limit the scope of the disclosed subject matter, but rather are intended
only to provide a brief summary of possible forms of the disclosed subject matter. Indeed,
the disclosed subject matter may encompass a variety of forms that may be similar to or

different from the embodiments set forth below.

[0003] In a first embodiment, an ultrasonic pipeline inspection system includes a
pipeline pig. The pipeline pig includes a plurality of ultrasonic transducer elements
situated in an array and a controller. Each of the plurality of ultrasonic transducer elements
is configured to emit an ultrasonic signal into a wall of a pipeline and to receive echoes of
the ultrasonic signal from the pipeline wall. The controller is configured to select a first

subset of the plurality of ultrasonic transducer elements from which to emit the ultrasonic
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signals into the wall of the pipeline as the pipeline pig passes through the pipeline, analyze
the echoes of the ultrasonic signals received by the plurality of ultrasonic transducer
elements to detect a feature in the pipeline wall, and select a second subset of the plurality
of ultrasonic transducer elements to emit the ultrasonic signals into the wall of the pipeline
as the pipeline pig passes through the pipeline when the feature is detected in the pipeline

wall.

[0004] In a second embodiment, a method includes directing a plurality of ultrasonic
transducer elements situated in an array along a wall of a pipeline, emitting a first ultrasonic
signal from a first subset of the plurality of ultrasonic transducer elements, receiving echoes
of the first ultrasonic signal from the pipeline wall, analyzing the echoes of the first
ultrasonic signal to detect a feature in the pipeline wall, emitting a second ultrasonic signal
from a second subset of the plurality of ultrasonic transducer elements, and analyzing the
echoes of the second ultrasonic signal to determine a depth of the feature in the pipeline

wall.

[0005] In a third embodiment, a non-transitory computer readable medium includes
executable instructions that when executed cause a processor to select a first subset of a
plurality of ultrasonic transducer elements situated in an array, wherein the first subset of
the plurality of ultrasonic transducer elements are configured to emit a first ultrasonic
signal into a wall of a pipeline and to receive echoes of the first ultrasonic signal from the
pipeline wall, analyze the echoes of the first ultrasonic signal received by the first subset
of the plurality of ultrasonic transducer elements to detect a feature in the pipeline wall,
select a second subset of the plurality of ultrasonic transducer elements, wherein the second
subset of the plurality of ultrasonic transducer elements are configured to emit a second
ultrasonic signal into the wall of the pipeline and to receive echoes of the second ultrasonic
signal from the pipeline wall, and analyze the echoes of the second ultrasonic signal to

determine a depth of the feature in the pipeline wall.



[0005a] In a fourth embodiment, a pipeline inspection system, comprises: a pipeline pig,
comprising: a plurality of ultrasonic transducer elements situated in an array, wherein each of the
plurality of ultrasonic transducer elements is configured to emit an ultrasonic signal into a wall of a
pipeline and to receive echoes of the ultrasonic signal from the pipeline wall, and a controller
configured to: select a first subset of the plurality of ultrasonic transducer elements from which to
emit first ultrasonic signals into the wall of the pipeline as the pipeline pig passes through the pipeline;
analyze the echoes of the first ultrasonic signals received by the plurality of ultrasonic transducer
elements to detect a feature in the pipeline wall; select a second subset of the plurality of ultrasonic
transducer elements to emit second ultrasonic signals into the wall of the pipeline as the pipeline pig
passes through the pipeline when the feature is detected in the pipeline wall; and adjust a number of
ultrasonic transducer elements in the second subset of the plurality of ultrasonic transducer elements
if the depth of the feature cannot be determined based at least in part on the echoes of the second

ultrasonic signals emitted by the second subset of ultrasonic transducer elements.

[0005b] In a fifth embodiment, a method, comprises: directing a plurality of ultrasonic transducer
elements situated in an array along a wall of a pipeline; emitting a first ultrasonic signal from a first
subset of the plurality of ultrasonic transducer elements; receiving echoes of the first ultrasonic signal
from the pipeline wall; analyzing the echoes of the first ultrasonic signal to detect a feature in the
pipeline wall; emitting a second ultrasonic signal from a second subset of the plurality of ultrasonic
transducer elements; analyzing the echoes of the second ultrasonic signal to determine a depth of the
feature in the pipeline wall; and emitting a third ultrasonic signal from a third subset of the plurality
of ultrasonic transducer elements when the depth of the feature in the pipeline wall cannot be

determined based on the echoes of the second ultrasonic signal.

2a
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[0005¢] In a sixth embodiment, a non-transitory computer readable medium comprises executable
instructions that when executed cause a processor to: select a first subset of a plurality of ultrasonic
transducer elements situated in an array, wherein the first subset of the plurality of ultrasonic
transducer elements is configured to emit a first ultrasonic signal into a wall of a pipeline and to
receive echoes of the first ultrasonic signal from the pipeline wall; analyze the echoes of the first
ultrasonic signal received by the first subset of the plurality of ultrasonic transducer elements to detect
a feature in the pipeline wall; select a second subset of the plurality of ultrasonic transducer elements,
wherein the second subset of the plurality of ultrasonic transducer elements is configured to emit a
second ultrasonic signal into the wall of the pipeline and to receive echoes of the second ultrasonic
signal from the pipeline wall; analyze the echoes of the second ultrasonic signal to determine a depth
of the feature in the pipeline wall; and select a third subset of the plurality of ultrasonic transducer
elements if the depth of the feature in the pipeline wall cannot be determined based on the echoes of
the second ultrasonic signal, wherein the third subset of the plurality of ultrasonic transducer elements
is configured to emit a third ultrasonic signal into the wall of the pipeline and to receive echoes of the

third ultrasonic signal from the pipeline wall.

2b

Date Regue/Date Received 2020-06-19



CA 03066058 2019-12-03

WO 2018/226314 PCT/US2018/027464

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the disclosed subject matter
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0007]  FIG. 1is a cross-sectional schematic of an embodiment of an exemplary pipeline

pig with a sensor carrier module inside a pipeline;

[0008] FIG. 2 shows a ray trace of one embodiment of a “one skip” ultrasonic signal

echo within a wall of the pipeline of FIG. 1;

[0009] FIG. 3 is a schematic of one embodiment of coverage areas for transducer

elements at a known position or distance from a feature within the pipeline of FIG. 1;

[0010] FIG. 4 is a schematic of one embodiment of the coverage areas for the transducer

elements of FIG. 3 having a first effective width, s;;

[0011] FIG. 5is a schematic of one embodiment of the coverage areas for the transducer

elements of FIG. 3 having a second effective width, s2;

[0012] FIG. 6 s a graph that illustrates how to select the number of transducer elements

of FIG. 3 to be utilized for a fine shot; and

[0013] FIG. 7 is a flow chart of a process for determining a depth of the feature within
the wall of the pipeline of FIG. 1.

DETAILED DESCRIPTION

[0014] One or more specific embodiments of the disclosed subject matter will be

described below.
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[0015] The subject matter disclosed herein relates to inspecting fluid pipelines, and
more specifically, to using ultrasonic transducers to identify characteristics (e.g., depth) of

detected features (e.g., cracks).

[0016] A pipeline may be inspected by passing a pipeline pig with a sensor carrier
module through the pipeline. The sensor carrier may be equipped with arrays (e.g., phased
arrays) of ultrasonic transducer elements, piezo ultrasonic transducers, piezocomposite
ultrasonic transducers, electromagnetic acoustic transducers (EMATSs), magnetic flux
sensors, etc. which may be mounted to skids that slide along the interior surface of the
pipeline. The sensors may be used to detect the presence and depth of cracks, corrosion,
or other features, measure wall-thickness, or otherwise determine the condition of the

pipeline.

[0017] For example, a plurality of transducer elements may emit an ultrasonic signal
and receive reflected ultrasonic signals that have been reflected by the pipeline wall.
Echoes in the reflected ultrasonic signals may be indicative of a crack or other features in
the pipeline wall. In some instances, the received reflected ultrasonic signals may be
analyzed to determine whether a feature exceeds a threshold depth, but not the depth that
a feature extends into the wall. Using a system with an array of transducer elements, the
effective transducer width may be adjusted by utilizing various numbers (e.g., subsets) of
the available transducer elements within the array. By utilizing a subset of the transducer
elements of the array of transducer elements on each skid as the pig 10 moves through the
pipeline, the effective transducer width may be dynamically adjusted to effectuate
adjustment of the coverage areas in which a feature is detected. Using the techniques
described herein, analysis of the reflected ultrasonic signals collected by the transducer
elements may be used to determine the presence of a feature in the pipeline, and can also
be used to determine one or more characteristics (e.g., depth) of the feature. Accordingly,
the disclosed techniques may be used to give a user or system a more complete

understanding of the condition of a length of pipeline.
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[0018] Turning now to the figures, FIG. 1 is a cross-sectional schematic of an
exemplary embodiment of a pipeline pig 10 inside a pipeline 12, which may include one
or more of a tow (or battery) module 14, a control module 16, and a sensor carrier module
18, connected by linkages 20. For clarity, an axial direction 22, a radial direction 24, and
a circumferential direction 26 are shown in FIG. 1 though directions may vary. The
pipeline 12 may have a downstream end 28 (i.e, in the direction of travel), an upstream
end 30 (i.e., opposite the direction of travel), an inside diameter 32, an outside diameter 34,
and an interior surface 36 (e.g., cylinder interior surface). The pig 10 may have a pig axis

38, which may be substantially aligned with an axis of the pipeline 12.

[0019]  One or more, or each module 14, 16, 18, may have one or more sealing/support
members 40 configured to create a seal between the respective module 14, 16, 18 and the
interior surface 36 of the pipeline 12, as well as to provide support for, and center, the
respective module 14, 16, 18 in the pipe. Each of the sealing members 40 may reduce or
eliminate fluid flow from one side of the sealing member 40 to the other. In some
embodiments, the seals created by sealing members 40 may allow for some fluid flow or
some pressure equalization. By sufficiently restricting fluid flow, rather than stopping all
fluid flow, the sealing members 40 may achieve their purpose. Each sealing member 40
may be an annular seal structure, which may project or protrude radially outward from the
module 14, 16, 18 toward the interior surface 36. The sealing member 40 may include a
flat disc-shaped annular seal structure, a first conical seal structure, a curved annular seal

structure, or any combination thereof.

[0020]  In the embodiment shown in FIG. 1, the tow module 14 is the first module in the
pig 10. However, the order of modules 14, 16, 18 in the pig 10, and even which modules
are included in the pig 10, may vary from embodiment to embodiment. That is, some
embodiments of the pig 10 may include a scraping, brushing, cleaning, or attracting (e.g.,
magnetic) module in addition to a sensor carrier module 18. In some embodiments, the
tow module 14 may include a battery 42 used to provide power for any components in the

pig 10 such as sensors, processors, memory components, communication circuitry, drive
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components, pneumatics, hydraulics, etc. The tow module 14 or the control module 16
may include a measuring wheel 44, configured to measure the distance traveled by the pig

10 in the pipeline 12.

[0021] The tow module 14 may also include one or more sealing members 40
configured to create a seal between the tow module 14 and the interior surface 36 of the
pipeline 12. The sealing members 40 may be made of any flexible material capable of
forming a seal with the interior surface 36 of the pipeline 12. Though FIG. 1 shows one
sealing member 40 toward the front of the tow module 14, and one sealing member toward
the rear of the tow module 14, the tow module 14 may have any number of sealing members

40.

[0022] In the embodiment shown in FIG. 1, the control module 16 may follow the tow
module 14. As previously discussed, the order of modules may differ among embodiments.
The control module 16 may include a processor 46 for executing programs, processing data
collected from sensors, and the like. The control module 16 may also include a memory
48 component (e.g., a non-transitory computer readable medium) in communication with
the processor 46 that may be used to store data, programs, processing routines, instructions
for the processor 46, sensor parameters, ¢tc. The control module 16 may include
communication circuitry 50 configured to communicate data from sensors to the processor
46 and memory 48. The communication circuitry 50 may communicate collected data to
a user or some device wirelessly (e.g., WiFi, Bluetooth, ANT, ZigBee, near field
communication, etc.) or through port 52 (e.g, USB, mini or micro USB, CAN, RS232,
RS485, or other method of wired data transmission). Data analysis and/or communication
may be in real time (i.e., as data is collected), near real time (e.g., within microseconds,
milliseconds, seconds or tens of second from data being collected), or after the pig 10 has

passed through a section of the pipeline 12.

[0023] As with the tow module 14, the control module 16 may include one or more
sealing members 40 configured to create a seal between the control module 16, and the

interior surface 36 of the pipeline 12, and to minimize fluid flow from one side of the
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sealing member 40 to the other. As with the tow module 14, the control module 16 may

have 1, 2, 3, 4, 5, 6 or more sealing members 40,

[0024] In the embodiment shown in FIG. 1, the sensor carrier module 18 may follow
the control module 16. The sensor carrier module 18, as with the tow module 14 and the
control module 16, may have one or more sealing members 40 to create a seal between the
sensor carrier module 18, and the interior surface 36 of the pipeline 12, and to minimize
fluid flow from one side of the sealing member 40 to the other. The sealing member 40
may also be used to provide support for the sensor carrier module 18 and/or center the

sensor carrier module 18 in the pipeline 12.

[0025]  Inthe embodiment shown in FIG. 1, the leading sealing member 54 of the sensor
carrier module 18 may be followed by a generally annular shaped flexible section 56. The
flexible section 56 may be a flexible annular structure or assembly which is configured to
expand and contract in the radial direction 24. For simplicity, the section may be described
as a flexible cone section in the following discussion, though other shapes and
configurations may be used. The cone section 56 may include a plurality of parts arranged

in a conical shape or be made of a single monolithic piece.

[0026] A plurality of rotational guides 58 such as rollers, balls, or wheels may be
attached to the cone section 56, disposed about the cone section 56 in the circumferential
direction 26 such that the rotational guides 58 are in contact with the interior surface 36 of
the pipeline 12, or separated from the interior surface 36 of the pipeline 12 by a thin film
of fluid. Although the rotational guides 58 may be any rotational structure such as rollers,
balls, or wheels, the following discussion refers to the rotational guides 58 as wheels for
simplicity. However, it should be understood that the wheels 58 are intended to cover any
rotational structure that helps to reduce friction. In some embodiments, the wheels 58 may
be of any suitable shape such that they roll along the interior surface 36 of the pipeline 12
as the pig 10 and sensor carrier module 18 move through the pipeline 12. The illustrated
embodiments may include any number of wheels 58. While this specification discusses

rotational guides, other types of non-rotational guides that reduce friction are also possible.
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[0027]  The plurality of wheels 58 may be coupled to and may be followed by a plurality
of slat-shaped skids 60 (e.g., axially extending skids), which may be disposed
circumferentially about the interior surface 36 of the pipeline 12 such that the skids 60 are
in contact with the interior surface 36 of the pipeline 12, or separated from the interior
surface 36 of the pipeline 12 by a thin film of fluid (e.g., couplant medium). The skids 60
may include an array of sensors 62 (e.g., ultrasonic transducer elements) extending down

the length of each skid 60.

[0028] In some embodiments, the sensors 62 may be recessed from the surface of the
skid 60 such that the sensors are spaced within a desired distance from the interior surface
36 of the pipeline. In some embodiments, the sensor 62 may be placed at any distance
between approximately O millimeters and 100 millimeters from the interior surface 36 of

the pipeline 12, (e.g., 30 millimeters), although larger distances are possible.

[0029] In general, if the downstream 28 ends of the skids 60 remain in contact, or in
near contact with the interior surface 36 of the pipeline, the sensors 62 maintain the desired
spacing with the interior surface 36 of the pipeline. The sensors 62 may be any ultrasonic
transducer (e.g., piezo ultrasonic transducers, piezocomposite ultrasonic transducers, etc.)
configured to detect or size cracks in the pipeline 12, or any other kind of sensor which

may be used to inspect a section of pipeline 12.

[0030] Inthe present embodiment shown in FIG. 1, the pig 10 may be propelled through
a section of pipeline 12 by a difference between the pressure P1 ahead of the pig 10 and
the pressure P2 behind the pig 10, as maintained by, for example, the plurality of sealing
members 40. The pig 10 may pass through the section of pipeline 12 based upon the
pressure of a fluid flowing through the pipeline 12 or based upon fluid pressure using a
pump in an upstream direction 30 or downstream direction 28 of the pig. It should be
understood, however, that other techniques for pushing, pulling, propelling, or otherwise
passing the pig 10 through the section of pipeline 12 may be used. For example, the pig
10 may be pulled through the pipeline 12 using a cable, or the pig 10 may propel itself
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(e.g., with driven wheels, a conveyer belt like track, etc.) through the section of pipeline

12 using a motor or some other method.

[0031] Data collected using the pipeline pig 10 may be analyzed by the processor 46 of
the control module 16, using an external computing device 64 (e.g., computer, tablet,
mobile device, etc.), or a combination thereof. The computing device 64 may include
communication circuitry 66, a processor 68, memory 70, communication ports 72, and a
user interface 74, which may include a display 76. While the pipeline pig 10 is being
passed through the pipeline 12 to take measurements, or following the pipeline pig 10 being
passed through the pipeline 12, data may be passed to the computer 64 wirelessly or
through a wired connection via communication ports 52, 72. The computer 64 may be
located near the pipeline pig 10 or remote from the pipeline pig 10. In some embodiments
(e.g., the computer 64 is located remotely relative to the pipeline pig 10), the data may be
passed to the computer 64 via the cloud or over a network. In other embodiments, the
computer 64 may be in wireless communication with the pipeline pig 10 while the pipeline
pig 10 is traveling through the pipeline 12 and analyzing data in real time or near real time.
The computer 64 may be outfitted with software stored on the memory component 70 and
executed by the processor 68 to facilitate analysis of the collected data. For example, the
computing device 64 may be capable of post-processing the data collected by the sensors
(e.g., identifying echoes in the data, determining how the ultrasonic signals were reflected
within the pipeline wall), and identify features in the pipeline wall, as well as additional

characteristics (e.g., depth) of the identified features.

[0032] Though FIG. 1 shows one application of the disclosed techniques, using a
pipeline pig 10 to inspect a pipeline 12, this is merely an example and not intended to limit
the scope of the disclosed techniques. For example, the disclosed techniques may be used
to identify the presence of and characteristics of one or more features in a wall 80, or any

other piece of material using ultrasonic transducer elements.

[0033] In operation, the pipeline pig 10 may transmit one or more ultrasonic signals.

FIG. 2 shows a ray trace of a “one-skip” ultrasonic signal echo received by the sensors 62
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that indicate a feature (e.g., a crack) in a piece of material. As part of the operation of the
pipeline pig 10, an ultrasonic signal can be emitted from the transducer elements 62 and
interacts with the interior surface 36 of the pipeline wall 80 and at an incidence angle, a.
The ultrasonic signal 78 can be refracted and propagates through the pipeline wall 80 at a
propagation angle, f. At least a portion of the ultrasonic signal 78 may then follow one of
two paths. In some embodiments, in a first path 92 (indicated by the solid arrows), the
ultrasonic signal 78 reflects off of an exterior surface 86 of the pipeline wall 80 at a first
location 94, reflects off of the interior surface 36 of the pipeline wall 80 at a second location
96, reflects off of a feature 82, reflects off of the exterior surface 86 of the pipeline wall 80
at a third location 98, toward the interior surface 36 of the pipeline wall 80, then refracts
back to the transducer elements 62. In a second path 100 (indicated by the dashed arrows),
the ultrasonic signal 78 reflects off of the exterior surface 86 of the pipeline wall 80 at the
third location 98, reflects off of the feature 82, reflects off of the interior surface 36 of the
pipeline wall 80 at the second location 96, reflects off of the exterior surface 86 of the
pipeline wall 80 at the first location 94, toward the interior surface 36 of the pipeline wall,

then refracts back to the transducer elements 62.

[0034]  Using the ray trace of FIG. 2, coverage areas may be defined such that the sensor
62 can detect the feature 82 if it extends into one of the coverage areas. FIG. 3 is a
schematic of one embodiment of the coverage areas for the transducer elements 62 at a
known position 118 or distance from the feature 82. If the feature 82 is disposed within
the first coverage area 120, as shown in FIG. 3, the ultrasonic transducer elements 62 at
position 118 can detect an echo. Similarly, if the feature is disposed within the second
coverage area 122, as shown in FIG. 3, the ultrasonic transducer elements 62 can also detect
an echo. Asdescribed in more detail below, it is possible, and in some cases even expected,
for the transducer elements 62 to receive multiple echoes. It should be noted that the spaces
between coverage areas 120, 122, indicate areas that are not covered by the transducer
elements 62. That is, a feature 82 disposed entirely in space 130 (i.e., the feature 82 does
not extend into coverage areas 120, 122) may not be detected by the transducer elements

because no echoes will be returned. However, because the sensor carrier module 18 of a

10



CA 03066058 2019-12-03

WO 2018/226314 PCT/US2018/027464

pipeline pig 10 has multiple skids 60 disposed circumferentially 26 about the interior
surtace 36 of the pipeline, and each skid 60 has multiple sensors 62 situated in an array
along the length of the skid, the size of space 130 can be reduced or effectively eliminated
so that the feature 82 is likely to fall within the coverage areas 120, 122, 124 of the sensor
62 as it travels through the pipeline 12, or a neighboring sensor, or one of the many other
sensors. Additionally, it should be understood that the sensors 62 may be arranged in order
to minimize coverage gaps. Similarly, in some embodiments signals may be compared

between sensors 62 to analyze sensed echoes.

[0035] The feature 82 may be disposed in more than one coverage area 120, 122. In
such cases, the ultrasonic transducer elements 62 may receive multiple reflected ultrasonic
signals indicative of multiple echoes. For example, in FIG. 3, the feature 82 is in the first
coverage area 120 and the second coverage area 122, Thus, the ultrasonic transducer
elements 62 will return two echoes (as indicated by the first ray trace 126 and the second
ray trace 128 shown in FIG. 3). Indeed, the various combination of returned signals (e.g.,
echoes) may be used to determine the threshold depth (e.g., &) or minimum depth of the
feature 82 based on which echoes are received (rather than the amplitudes of the received

echoes).

[0036] As previously discussed, a second echo can appear if the feature 82 propagates
from the exterior surface 86 of the pipeline wall 80 and falls within the second coverage

area 122. That is, a second echo can appear if:

d>w— (52— laxy]) (1)

tanf \2cosa

Wherein d is the depth of the feature, w is the wall thickness of the pipeline, s is the width
of the transducer elements 62 being utilized, « is the incidence angle of the ultrasonic
signal, f is the propagation angle of the ultrasonic signal through the pipeline wall 80, dinax
is the maximum depth of the coverage areas 120, 122, and Ax: is the distance of the feature

82 in the axial direction 22 from the center of the second coverage area 122. If the exact
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position of the feature 82 relative to the sensor 62 (e.g., Ax2) is unknown, then a lower

bound of d may be determined by setting Axz to zero, such that:

d>w———— 2)

- 2tanfcosa’

If a second echo appears with a first echo, then the feature spans across the first coverage

area 120 and the second coverage area 122 (as shown in FIG. 3). Thus:

N

|Ax| Zwtanﬂ—uosa 3)
and thus, by substituting Equation 3 for Ax in Equation 1 above:
d>2w——> 4)

tanfcosa’

[0037] Thus, a first echo by itself indicates the presence of the feature 82. A second
echo by itself indicates that:

d>w——— (5)

2tanfcosa’

A first echo and a second echo indicates that:

d>2w——>

(©)

tanfcosa

Accordingly, based upon the presence of first and second echoes in the ultrasonic signal
78 received by the ultrasonic transducer elements 62, the threshold depth of the detected
feature 82 may be determined. Though FIGS. 2 and 3 show a feature 82 propagating from
the exterior surface 86 of the pipeline wall 80, Equation 6 holds true for features 82
propagating from the interior surface 36 of the pipeline wall 80. Equation 5 holds true for
features 82 propagating from the interior surface 36 of the pipeline wall 80 if either a first
echo is returned. It should be noted that these techniques allow for the determination of
minimum or threshold feature depth based on the existence of echoes, rather than the

amplitudes of the echoes. For example, the mere presence of a first echo and a second echo
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means that a feature is deep enough to span across the first coverage area 120 and the
second coverage area 122, or vice versa. A second echo by itself means that a feature
propagating from the exterior surface 86 of the pipeline wall 80 is deep enough to propagate
into the second coverage area 122. In some embodiments, multiple readings from the
transducer elements 62 as they pass through the pipeline 12 may be combined and/or
compared to determine more about the feature 82 (e.g., position, a more detailed depth
determination, etc.). Accordingly, by relying on the mere presence of an echo rather than
the amplitude of the echo, data processing and set up (e.g., setting a threshold amplitude)

is simplified and does not require evaluation of the echo amplitude.

[0038]  The techniques described above may be used to determine whether the feature
82 depth, d, exceeds a threshold value, dmi», which corresponds to the coverage areas 120,
122, but not the actual depth of the feature 82. As evidenced by Equations 1-6, the sizes
of the coverage areas 120, 122 for a pipeline wall 80 having a given wall thickness, w, are
a function of the width of the transducer elements, s. Accordingly, by increasing or
decreasing number of transducer elements being utilized, the effective transducer width, s,
may vary, causing the coverages areas 120, 122 to shrink or expand. FIGS. 4 and 5
illustrate how different effective transducer widths, s, result in differently sized coverage

areas 120, 122.

[0039] FIG. 4is a schematic of one embodiment of the coverage areas for the transducer
elements 62 having a first effective width, s;. As illustrated, the transducer elements 62
emit the ultrasonic signal 78 into the pipeline wall 80 having the thickness, w. Each of the
coverage areas 120, 122 extends into the wall, past a center line 150, which represents a
cylindrical plane extending axially through the middle of the pipeline wall 80. In the
illustrated embodiment, the coverage areas 120, 122 extend into the pipeline wall 80

substantially the same distance as the depth, &, of the feature 82.

[0040]  Similarly, FIG. 5 is a schematic of one embodiment of the coverage areas for
the transducer elements 62 having a second effective width, s2. As illustrated, the

transducer elements 62 emit the ultrasonic signal 78 into the pipeline wall 80 having the
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thickness, w. Each of the coverage areas 120, 122 illustrated in FIG. 4 extends into the
pipeline wall 80, but does not reach the center line 150. The coverage areas 120, 122
illustrated in FIG, 5 extend into the pipeline wall 80 substantially the same distance the
remaining wall (i.e., the wall thickness, w, minus the feature depth, d). Because each skid
60 includes an array of transducer elements 62 (see FIG. 1) the effective transducer width,
s, may be adjusted by utilizing various numbers (e.g., subsets) of the available transducer
elements 62 within the array. For example, to achieve a desired effective transducer width,
s, the system may utilize 8, 12, 16, 20, 24, 28, 32, or some other number, of the transducer
elements 62 to emit the ultrasonic signal 78, where the number of transducer elements 62
utilized corresponds to the desired effective transducer width, s. By utilizing a subset of
the transducer elements 62 of the array of transducer elements 62 on each skid 60 as the
pig 10 moves through the pipeline 12, the effective transducer width, s, may be dynamically

adjusted to effectuate adjustment of the coverage areas 120, 122.

[0041] In one embodiment, the pig 10 may move through the pipeline 12 utilizing a first
number (e.g., first subset) of transducer elements 62 having an effective transducer width,
s1, resulting in coverage areas 120, 122 that enable detection of features 82 having a depth,
d, greater than a threshold value, dnin. For example, a customer may desire to know of
features having a depth, d, greater than 7mm. Thus, the pig 10 may utilize the first subset
of transducer elements 62 having the effective transducer width, s;, that detects the
presence of features 82 having a depth, d, greater than 7mm. This amounts to a “coarse”
shot. The processor 46 of the may analyze data in real time or near real time as the pig 10
moves through the pipeline 12. If the processor 46 of the control module 16 determines
that a feature 82 having a depth, d, greater than the threshold value, dwi, (€.g., 7mm) has
been detected, the control module may change the number of transducer elements 62
utilized (e.g., second subset), adjusting the effective transducer width, s, to the second
effective transducer width, sz, in order to determine the depth, d, of the feature 82. These

supplemental shots amount to a “fine” shot.
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[0042] Because each skid 60 may be long compared to the width of each transducer
element 62 and contain many transducer elements 62, the pig may be able to take a coarse
shot of a section of pipe by emitting a first ultrasonic signal 78 (see, e.g., FIG. 4) from a
first subset of sensors 62, recognize the presence of a feature 82, then emit a second
ultrasonic signal 78 (see, e.g., FIG. 5) from a second subset of sensors 62 to determine the
depth, d, of the feature 82. This may be done as the pig 10 moves continuously through
the pipeline. For example, each skid 60 may include an array of sensors 62 that may be
200 or more sensors 62 long. The first coarse shot ultrasonic signal 78 may be generated
using the first subset of transducer elements 62 near a downstream end 28 of the skid 60,
while the second fine shot ultrasonic signal 78 may be generated using a second subset of
transducer elements 62 upstream from the first subset of transducer elements 62.
Performing coarse shots until a feature 82 is recognized and then adding supplemental fine
shots can reduce the amount of data produced and the processing power to process the
collected data relative to a system that does only fine shots. In some embodiments, only
one additional fine shot may be performed to determine the depth, d, of the feature 82. In
other embodiments, multiple additional fine shots may be performed, fine tuning the
effective transducer width, s, by adjusting the number of transducer elements 62 utilized,

in order to determine the depth, d, of the feature 82.

[0043] FIG. 6 is a graph 200 that illustrates a possibility for how to select the number
of transducer elements 62 to be utilized for the fine shot discussed above. The horizontal
axis 202 of graph 200 represents the remaining wall depth 152 and the vertical axis 204 of
graph 200 represents the threshold amplitude, 47. The remaining wall depth 152 may be
determined by subtracting the threshold feature depth, dmi», which in some instances may
be set by the customer or a user from the wall thickness, w, of the pipeline 12. For example,
if a customer or user is interested in features 82 extending deeper than 3mm and the pipe
wall thickness, w, is 7.3mm, then the remaining wall depth is 4. 3mm. If the wall thickness,
w, of the pipeline 12 and the threshold feature depth, dmin, are substantially constant for a
length of pipeline 12, these values may be determined before the pig 10 begins moving

through the pipeline 12. Even in instances in which the wall thickness, w, changes between

15



CA 03066058 2019-12-03

WO 2018/226314 PCT/US2018/027464

sections of pipeline across a run, these transitions in wall thickness may be accounted for
ahead of time and the threshold feature depth, dinin, may be determined before the pipeline
pig 10 moves through the pipeline.

[0044]  The threshold amplitude, A7, is the amplitude (e.g., in dB) above which a feature
82 is determined to exist. The threshold amplitude, Az, may be determined experimentally
based on a number of factors (e.g., pipe steel grade, medium, attenuation used). For
example, the threshold amplitude, 47, may be determined experimentally and a lookup
table created such that a user or the processor 46 may determine the threshold amplitude,
Ar, based on one or more known variables. Based on the remaining wall depth 152 and the
threshold amplitude, A7, the number of transducer elements 62 for a fine shot may be
determined. For example, in the embodiment shown, the remaining wall depth 152,
indicated by line 206, and the threshold amplitude, A7, indicated by line 208, intersect at
or near line 210, suggesting that the second subset should utilize 24 transducer elements
for a fine shot. In other embodiments, the appropriate number of transducer elements 62
for a fine shot may be 20 transducer elements (line 212), 28 transducer elements (line 214),
32 transducer elements (line 216), or some other number of transducer elements. It should
be understood that graph 200 is merely an example and that similar graphs for determining
the number of transducer elements to be utilized in a fine shot may vary from embodiment

to embodiment.

[0045] FIG. 7 is a flow chart of a process 300 for determining the depth of a feature 82
within a wall 80 of a section of pipeline 12. In block 302 the remaining wall depth 152
may be determined based on the threshold feature depth, dmin, set by a user or a customer
and the wall thickness, w, of the pipeline. As previously discussed the remaining wall
depth 152 may be determined before the pig 10 is moved through the pipeline 12. In block
304, the amplitude threshold 306, A7, may be determined and output. For example, the
amplitude threshold 306, A7, may be determined by the processor 46 using a lookup table

stored in memory 48 based on one or more variables.
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[0046] In block 308, the pipeline pig 12 may be directed through the pipeline 12. For
example, the pig 10 may be propelled through a section of pipeline 12 by a difterence
between the pressure P1 ahead of the pig 10 and the pressure P2 behind the pig 10, as
maintained by, for example, the plurality of sealing members 40. The pig 10 may pass
through the section of pipeline 12 based upon the pressure of a fluid flowing through the
pipeline 12 or based upon fluid pressure using a pump in an upstream direction 30 or

downstream direction 28 of the pig 10.

[0047] In block 310 a coarse ultrasonic signal 78 is emitted from a first subset of
transducer elements 62 selected by the processor 46. Echoes from the ultrasonic signal 78
propagating through the pipeline wall 80 and reflecting back toward the transducer
elements 62 may be received and analyzed (e.g., by the processor 46 of the control module
16). At decision 312, the processor 46 of the control module 16 determines whether or not
a feature 82 has been detected based on analysis of the collected data. If a feature 82 has
not been detected, the processor may instruct the pig 10 to continue emitting coarse
ultrasonic signals, as set forth on block 310. If a feature 82 has been detected, the pig 10
proceeds to block 314. At block 314, the processor 46 of the control module 16 determines

the location of the feature 82.

[0048] At block 316, the processor 46 of the control module 16 determines a second
subset of transducer elements 62 based on the remaining wall depth 152 and the amplitude
threshold 306. For example, in some embodiments, the number of transducer elements 62
may be determined using a chart or a lookup table, as described with regard to FIG. 6. In
block 318 a fine ultrasonic signal 78 is emitted from the second subset of transducer
elements 62 at or near the feature 82 location determined in block 314. Echoes from the
ultrasonic signal 78 propagating through the pipeline wall 80 and reflecting back toward
the transducer elements 62 may be received and analyzed (e.g., by the processor 46 of the
control module 16). At decision 320, the processor 46 of the control module 16 determines
whether or not the feature 82 depth, d, can be determined based on the collected data. If
the feature 82 depth, d, can be determined, the processor 46 of the control module 16
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determines the feature depth, d, (block 322) and outputs the feature depth, &, 324. In some
embodiments, the feature depth, ¢, 324 may be determined in post processing. If the
processor 46 of the control module 16 determines that the feature depth, &, cannot be
determined, the pig 10 proceeds to block 326 and adjusts the number of transducer elements
62 in the second subset of transducer elements 62. The pig 10 then proceeds to block 318
and emits another fine ultrasonic signal 78 from the adjusted second subset of transducer
elements 62. In some embodiments, additional data processing (e.g., post-processing) may
take place off-line after the data has been collected. For example, a user may utilize the
computer 64 subsequent to a period of time passage, such as minutes, hours, days, weeks,

or months after data has been collected to perform additional analysis of the collected data.

[0049] The disclosed techniques may be used to determine the depth of features, and in
some cases, deep features 82 within a wall 80 of a pipeline 12. A pipeline pig 10 having a
plurality of skids 60, each equipped with an array of ultrasonic transducer elements 62, can
proceed through a section of pipeline 12. The pipeline pig 10 can utilize a first subset of
transducer elements 62 to emit a coarse ultrasonic signal 78 into the wall 80 of the pipeline
12. Based on echoes sensed from the ultrasonic signals propagating through and reflecting
within the wall 80 of the pipeline 12, the pig 10 can detect features within the wall 80 of
the pipeline 12. The pig 10 may then emit one or more fine ultrasonic signals 78 from a
second subset of the ultrasonic transducer elements 62. Based on the echoes of the fine
ultrasonic signal sensed by the transducer elements 62, a depth of the feature 82 may be
determined. Using a coarse and a fine ultrasonic signal can prevent the system 10 from
being overloaded with data and also can make efficient use of the available processing
power on the pig 10, enabling real time, or near real time, data analysis. Once the depth of
one or more features have been determined, determinations as to the condition of the
pipeline 12 may be made. For features with a depth large enough to warrant repair, plans

may be made regarding when and how to repair the feature.

[0050]  This written description uses examples to describe the disclosed subject matter,

including the best mode, and also to enable any person skilled in the art to practice the
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invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the disclosed subject matter is defined by

the claims, and may include other examples that occur to those skilled in the art.

[0051] In an effort to provide a concise description of these embodiments, all features
of an actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and
time consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure.

[0052] When introducing elements of various embodiments of the present invention,

27

the articles “a,” “an,” “the,” and “said” are intended to mean that there are one or more of

bR I3

the elements. The terms “comprising,” “including,” and “having” are intended to be

inclusive and mean that there may be additional elements other than the listed elements.

[0053] The subject matter described herein can be implemented in digital electronic
circuitry, or in computer software, firmware, or hardware, including the structural means
disclosed in this specification and structural equivalents thereof, or in combinations of
them. The subject matter described herein can be implemented as one or more computer
program products, such as one or more computer programs tangibly embodied in an
information carrier (e.g, in a machine-readable storage device), or embodied in a
propagated signal, for execution by, or to control the operation of, data processing
apparatus (e.g., a programmable processor, a computer, or multiple computers). A
computer program (also known as a program, software, software application, or code) can
be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a

module, component, subroutine, or other unit suitable for use in a computing environment.
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A computer program does not necessarily correspond to a file. A program can be stored in
a portion of a file that holds other programs or data, in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can be deployed to be executed
on one computer or on multiple computers at one site or distributed across multiple sites

and interconnected by a communication network.

[0054] The processes and logic flows described in this specification, including the
method steps of the subject matter described herein, can be performed by one or more
programmable processors executing one or more computer programs to perform functions
of the subject matter described herein by operating on input data and generating output.
The processes and logic flows can also be performed by, and apparatus of the subject matter
described herein can be implemented as, special purpose logic circuitry, e.g., an FPGA

(field programmable gate array) or an ASIC (application-specific integrated circuit).

[0055] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processor
of any kind of digital computer. Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or both. The essential elements of
a computer are a processor for executing instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or optical disks. Information
carriers suitable for embodying computer program instructions and data include all forms
of non-volatile memory, including by way of example semiconductor memory devices,
(e.g., EPROM, EEPROM, and flash memory devices);, magnetic disks, (e.g., internal hard
disks or removable disks),; magneto-optical disks; and optical disks (e.g., CD and DVD
disks). The processor and the memory can be supplemented by, or incorporated in, special

purpose logic circuitry.
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[0056] To provide for interaction with a user, the subject matter described herein can
be implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor, for displaying information to the user and a keyboard
and a pointing device, (e.g., a mouse or a trackball), by which the user can provide input
to the computer. Other kinds of devices can be used to provide for interaction with a user
as well. For example, feedback provided to the user can be any form of sensory feedback,
(e.g., visual feedback, auditory feedback, or tactile feedback), and input from the user can

be received in any form, including acoustic, speech, or tactile input.

[0057] The techniques described herein can be implemented using one or more
modules. As used herein, the term “module” refers to computing software, firmware,
hardware, and/or various combinations thereof. At a minimum, however, modules are not
to be interpreted as software that is not implemented on hardware, firmware, or recorded
on a non-transitory processor readable recordable storage medium (i.e., modules are not
software per se). Indeed “module” is to be interpreted to always include at least some
physical, non-transitory hardware such as a part of a processor or computer. Two different
modules can share the same physical hardware (e.g., two different modules can use the
same processor and network interface). The modules described herein can be combined,
integrated, separated, and/or duplicated to support various applications. Also, a function
described herein as being performed at a particular module can be performed at one or
more other modules and/or by one or more other devices instead of or in addition to the
function performed at the particular module. Further, the modules can be implemented
across multiple devices and/or other components local or remote to one another.
Additionally, the modules can be moved from one device and added to another device,

and/or can be included in both devices.

[0058]  The subject matter described herein can be implemented in a computing system
that includes a back-end component (e.g., a data server), a middleware component (e.g., an
application server), or a front-end component (e.g., a client computer having a graphical

user interface or a web browser through which a user can interact with an implementation
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of the subject matter described herein), or any combination of such back-end, middleware,
and front-end components. The components of the system can be interconnected by any
form or medium of digital data communication, e.g., a communication network. Examples
of communication networks include a local area network (“LAN”) and a wide area network

(“WAN”), e.g., the Internet.

[0059]  Approximating language, as used herein throughout the specification and
claims, may be applied to modify any quantitative representation that could permissibly
vary without resulting in a change in the basic function to which it is related. Accordingly,
a value modified by a term or terms, such as “about” and “substantially,” are not to be
limited to the precise value specified. In at least some instances, the approximating
language may correspond to the precision of an instrument for measuring the value. Here
and throughout the specification and claims, range limitations may be combined and/or
interchanged, such ranges are identified and include all the sub-ranges contained therein

unless context or language indicates otherwise.
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What is claimed is:

1. A pipeline inspection system, comprising:
a pipeline pig, comprising:
a plurality of ultrasonic transducer elements situated in an array, wherein each of
the plurality of ultrasonic transducer elements is configured to emit an ultrasonic signal into a
wall of a pipeline and to receive echoes of the ultrasonic signal from the pipeline wall; and
a controller configured to:
select a first subset of the plurality of ultrasonic transducer elements from
which to emit first ultrasonic signals into the wall of the pipeline as the pipeline pig passes
through the pipeline;
analyze the echoes of the first ultrasonic signals received by the plurality
of ultrasonic transducer elements to detect a feature in the pipeline wall;
select a second subset of the plurality of ultrasonic transducer elements to
emit second ultrasonic signals into the wall of the pipeline as the pipeline pig passes through the
pipeline when the feature is detected in the pipeline wall; and
adjust a number of ultrasonic transducer elements in the second subset of
the plurality of ultrasonic transducer elements if the depth of the feature cannot be determined
based at least in part on the echoes of the second ultrasonic signals emitted by the second subset

of ultrasonic transducer elements.

2. The pipeline inspection system of claim 1, wherein the second subset of the plurality of
ultrasonic transducer elements is selected based on a remaining wall depth of the pipeline wall

and a threshold value of an amplitude.

3. The pipeline inspection system of claim 2, wherein the controller is configured to
determine the remaining wall depth by subtracting a threshold feature depth from a thickness of
the pipeline wall.

4. The pipeline inspection system of claim 2 or 3, wherein the controller is configured to

determine the amplitude threshold based on a lookup table.
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5. The pipeline inspection system of any one of claims 1 to 4, wherein the controller is
configured to determine the depth of the feature based at least in part on the echoes of the second

ultrasonic signals emitted by the second subset of ultrasonic transducer elements.

6. The pipeline inspection system of any one of claims 1 to 5, wherein the pipeline pig
comprises:
a sensor carrier module comprising the plurality of ultrasonic transducer elements; and
a control module comprising the controller, wherein the sensor carrier module and the

control module are coupled to one another by a linkage.

7. The pipeline inspection system of claim 6, wherein the sensor carrier module comprises a
plurality skids disposed circumferentially about the sensor carrier module, wherein at least one of

the plurality of skids comprises the array of ultrasonic transducer elements.

8. The pipeline inspection system of any one of claims 1 to 7, comprising a computing

device for post-processing data collected by the pipeline pig.

9. A method, comprising:

directing a plurality of ultrasonic transducer elements situated in an array along a wall of
a pipeline;

emitting a first ultrasonic signal from a first subset of the plurality of ultrasonic
transducer elements;

receiving echoes of the first ultrasonic signal from the pipeline wall;

analyzing the echoes of the first ultrasonic signal to detect a feature in the pipeline wall;

emitting a second ultrasonic signal from a second subset of the plurality of ultrasonic
transducer elements;

analyzing the echoes of the second ultrasonic signal to determine a depth of the feature in
the pipeline wall; and

emitting a third ultrasonic signal from a third subset of the plurality of ultrasonic
transducer elements when the depth of the feature in the pipeline wall cannot be determined

based on the echoes of the second ultrasonic signal.
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10.  The method of claim 9, wherein the first subset of the plurality of ultrasonic transducer
elements comprises a greater number of ultrasonic transducer elements relative to the second

subset of the plurality of ultrasonic transducer elements.

11.  The method of claim 9 or 10, wherein the second subset of the plurality of ultrasonic

transducer elements is selected based on a remaining wall depth and an amplitude threshold.

12. The method of claim 11, wherein the remaining wall depth is determined by subtracting a
threshold feature depth from a thickness of the pipeline wall, and wherein the amplitude

threshold is determined based on a lookup table.

13.  The method of any one of claims 9 to 12, comprising post-processing data collected from

the plurality of transducer elements using a computing device.

14. A non-transitory computer readable medium comprising executable instructions that
when executed cause a processor to:

select a first subset of a plurality of ultrasonic transducer elements situated in an array,
wherein the first subset of the plurality of ultrasonic transducer elements is configured to emit a
first ultrasonic signal into a wall of a pipeline and to receive echoes of the first ultrasonic signal
from the pipeline wall;

analyze the echoes of the first ultrasonic signal received by the first subset of the plurality
of ultrasonic transducer elements to detect a feature in the pipeline wall;

select a second subset of the plurality of ultrasonic transducer elements, wherein the
second subset of the plurality of ultrasonic transducer elements is configured to emit a second
ultrasonic signal into the wall of the pipeline and to receive echoes of the second ultrasonic
signal from the pipeline wall,;

analyze the echoes of the second ultrasonic signal to determine a depth of the feature in
the pipeline wall; and

select a third subset of the plurality of ultrasonic transducer elements if the depth of the
feature in the pipeline wall cannot be determined based on the echoes of the second ultrasonic
signal, wherein the third subset of the plurality of ultrasonic transducer elements is configured to
emit a third ultrasonic signal into the wall of the pipeline and to receive echoes of the third

ultrasonic signal from the pipeline wall.
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15.  The non-transitory computer readable medium of claim 14, wherein the second subset of
the plurality of ultrasonic transducer elements is selected based on a remaining wall depth and an
amplitude threshold, wherein the remaining wall depth is determined by subtracting a threshold
feature depth from a thickness of the pipeline wall, and wherein the amplitude threshold is

determined based on a lookup table.

16.  The non-transitory computer readable medium of claim 14 or 15, wherein the first subset
of the plurality of ultrasonic transducer elements comprises a greater number of ultrasonic
transducer elements relative to the second subset of the plurality of ultrasonic transducer

elements.

17.  The non-transitory computer readable medium of any one of claims 14 to 16, wherein the

non-transitory computer readable medium is disposed within a control module of a pipeline pig.
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