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Abstract— Pipelines used to transport oil and gas deteriorate with
time due to various reasons including corrosion, deformation,
cracking etc., So instead of critical-event based inspections, a
means of continuous monitoring of pipelines to analyze its
response as a function of time is required. Using real time data,
this monitoring can be used as a means of prior warning of any
unsafe condition of many types of nondestructive testing (NDT)
techniques used for defect detection in pipelines, Ultrasonic
testing (UT) is preferred because of its high accuracy, reliability,
affordability and its capability of generating instant test report. UT
works on the principle of pulse-echo method. As the received echo
signal by transducer is noisy, it is generally processed using
wavelet transforms and/or FFT. Later the signal is given to
Artificial Neural Network (ANN) to distinguish signal with
Non-Defect (ND) and signal with Defect (D).

In this proposal, UT technique is used in pipeline monitoring
during machining and real time work. Two calibration standards
such as straight beam testing and angle beam testing are used to
detect parallel defects and weld inspection respectively.

Keywords- Pipeline Monitoring; NDT; Ultrasonic Testing; Pulse
Echo Method; PIG

1. INTRODUCTION

Pipelines are widely used in transporting large quantities
of oil and gas products over long distances due to their safety,
efficiency and low cost. These pipelines play an important
role in modern societies and are crucial in providing needed
fuels for sustaining vital functions like power generation,
heating supply and transportation. However, Pipelines are
subject to deterioration and degradation. As time progresses,
they may suffer from different types of defects such as
corrosion, deformation, cracking, etc. These defects, if not
properly managed, may result in pipeline failures resulting in
leaking or spilling oil or gas content to the environment,
which could lead to very expensive downtime and
environment hazards. Hence, different techniques of Non
—destructive testing (NDT) are required to check Pipeline
Integrity for reliable operations. Defect detection and
identification, defect growth prediction are major steps
involved in pipeline integrity.
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11. NONDESTRUCTIVE TESTING

Nondestructive testing (NDT) is the process of
inspecting, testing  and  evaluating  materials  for
discontinuities and defects without destroying the
serviceability of the part of the material. In other words, when
the inspection or test is completed the part can still be used.
For reliable operations, different techniques of Non
—destructive testing (NDT) are proposed to check material
integrity, for defect detection and identification and defect
growth prediction. The two main categories of NDT
inspection technologies are Onsite inspection (OSI) and
Inline inspection (ILI).

Though Onsite inspection technologies are comparatively
inexpensive, they can determine the defects only at surface
and shallow subsurface level i.e., they can detect only
external defects. Where Liquid penetrate inspection (LPI)
can determine surface defects with width above 0.01mm and
depth between 0.03mm to 0.04mm, Magnetic particle testing
(MPT) can detect defects only in ferromagnetic material,
where defects are not parallel to the flux lines. Another
popular onsite technique, Industrial Radiography cannot
determine the size of the defect accurately. Besides,
scattering and absorption of radiation by the medium affects
accuracy.

ILI techniques can detect and determine the attributes of
both internal and external defects of materials. ILI
tools/sensors are designed to travel inside the pipelines and
evaluate the pipe to collect data as they move. These tools are
sophisticated electronic devices called “Smart Pipeline
Inspection Gauges (PIGs)” that use Non
destructive techniques to detect and size internal damage.
They measure and record the defects in pipelines such as
corrosion,  cracks or  other irregularities.3-Axis
high-resolution Magnetic flux leakage (MFL), ultrasonic
testing (UT), Electromagnetic acoustic transducer (EMAT),
eddy current inspection (EDI) are four major techniques of
NDT. Ultrasonic testing (UT) is popular because it is highly
accurate, inexpensive and has higher sensitivity compared
with MFL tools.

1. ULTRASONIC TESTING

Ultrasonic testing (UT) is one among different
NDT techniques, based on the propagation of sound waves at
a frequency that is beyond human hearing range, in the object
or material under test, to conduct examinations and identify
discontinuities in materials that are both on and below the
surface of the material.
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It can be used for defect detection/evaluation, dimensional
measurements, material characterization, and more.

Sound waves are mechanical vibrations that pass through a
medium such as liquid, solid or gas, at a particular velocity
and expected direction. When these waves bump into a
boundary having a different medium, they are transmitted
back. This is the principle behind ultrasonic defect detection.
In solids, sound waves can be present in different modes of
propagation that are characterized by the type of motion
involved. The common modes of sound waves seen in UT
are:

Longitudinal waves (LW): These are also called as
compression waves. The LW pushes the molecules of the
tested material in the same direction as the movement of the
wave. This mode is generally seen in straight beam testing.
Shear wave (SW): Shear waves are also known as transverse
waves, propagate more slowly and at shorter wavelengths
than LWs at equal frequencies and require a fluid of higher
viscosity. Here, the particle motion is at right angles to the
movement of the wave. These waves are seen in angle-beam
testing.

IV. TRANSDUCERS

Ultrasonic transducers, with a typical active element
such as piezo-electric crystal, can transform electrical energy
into sound energy and vice versa. Straight beam transducers
and angle beam transducers are generally employed for
defect detection.

Straight Beam Transducer

Straight beam/wave testing uses a sound beam that is
introduced at 90 degrees to the surface. It is generally used to
find defects that are parallel to the surface of the test material
as well as discontinuities within the body of the material,
such as voids or areas of porosity. The velocity of travel
within the tested material must be known in order to calculate
both the presence and the depth of the defect.

When the angle of incidence is 90 degrees, longitudinal
waves are produced. In a flawless test piece, if the metal has
full thickness equal to D, then the distance travelled by the
beam down and back will be equal to D. Fig.1 shows the
scheme of straight beam inspection.

Waves generated from probes S1 and S2 encounter no
defects. Thus, the transit time T represents the sonic waves
propagating from probes S1 and S2 in both cases and the
reflection from the back wall of the piece, so for the full
thickness the total travel will be 2D.

V_is the velocity of LWs within the type of metal tested, as
shown in Equation (1). Let the wave propagating from probe
S3 encountered a defect in its path. The distance from the
front surface to the interface with the defect is termed as DD
(Depth of Defect). Then the transit time T would represent
the sonic waves propagating from probe S3 as shown in
equation (2) and the reflection from the interface of the
defect, so the distance traveled will be 2DD.Thus, the
velocity of LWs V| _in this case is used to determine DD.

V|, =2D/T 1)

V| =2DD/ To 2
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Fig.1. Scheme of Straight beam inspection

Straight beam technique can be used to determine the
wall thickness. However, this technique becomes ineffective
for testing welds since the discontinuities in welds are usually
at an angle to the surface.

Angle Beam Transducer

If the defect is vertical and thin enough, straight beam
technique does not reflect enough sound back to the
transducer to let the tester know that it exists. In cases like
this, angle beam ultrasound testing is used. Angle
beam-testing uses an incidence angle other than 90 degrees.
In contact testing, an angled plastic block is place between
the transducer and the object to create the desired angle. For
angle beam testing in immersion systems, a plastic block is
not needed because the transducer can simply be angled in
the water. If the angle of incidence is changed to be anything
other than 90 degrees, longitudinal waves and shear waves
are produced.

To assess discontinuities using angle beam examination,
skip distance (SKD) is used to describe the sound path (SP)
reflected from the back wall interface (1st leg) and going
immediately to reflecting, where it is again reflected from the
front wall (2nd leg). SKD is formed by the full SP (1st leg and
2nd leg), and is the distance from the point of excitation to the
end of the second leg, as shown in Fig 2.

i/ Angle Beam j/ Front Surface

Back Wall
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D is the thickness of the wall and B, is SP angle

SKD =2DTan(BR ) 3)
Surface distance (SD) is equal to half SKD.
SD =DTan(Br) 4)

These calculations cannot be completed unless D and SR to
the front surface are known. If the length of the 1st leg is
known, the SKD and SD can be computed as

SKD = 2(L1)Sin(BR ) ®)
and
SD = L1Sin(BR ) (6)

The segments of the SP numbered L1, L2 and L3 in Fig 3
are 1st leg (L1), 2nd leg (L2) and 3rd leg (L3) respectively.
And through the trigonometric functions L1, L2 can be
calculated as

L1= D/Cos(BR ) U]
L1+L2=2D/Cos(BR ) (8)

To calculate the depth of the discontinuity (DD), we
measure vertically from the point of reflection at the interface
with the defect, up to the front surface of the test sample.
Because the wave entered at an angle, it does not travel
directly through the material rather it is refracted. The
amount of refraction depends on the speed of sound in the
two mediums between which the wave is traveling. Since the
speed of shear waves is slower than the speed of longitudinal
waves, their angles of refraction will be different. Hence an
angle beam test cannot be performed unless the angle of
refraction is calculated using snell’s law.

V. PIPELINE MONITORING USING ULTRASONIC
TESTING

UT tools/sensors are designed to travel inside the pipelines
and evaluate the pipe to collect data as they move. These
tools use Non destructive techniques to detect and size
internal damage. UT inspection in pipelines generally
follows the principle of ultrasonic measurement is based on
“pulse echo time” technology. Compared with other tools,
UT gives reliable defect depth sizing and good repeatability,
and it can deal with very small pipeline wall thickness. UT
tools require liquid coupling between the test surface and the
transducer. The liquid medium carried inside the pipes
provides coupling in case of oil pipes, where as a couplant is
required for acoustic impedance matching in gas pipes. The
couplant displaces the air and makes it possible to get more
sound energy into the pipeline so that a usable ultrasonic
signal can be obtained. A typical UT inspection tool
consists of a pulser/receiver, transducer, and display devices.
A pulser/receiver produces high voltage electrical pulses.
Driven by the pulser, the transducer generates high frequency
and short wavelength ultrasonic pulses. This sound energy is
introduced and propagated through the material in the form of
waves. At the place where discontinuities are encountered,
reduction in energy intensity and reflection/echoing of the
waves by the back wall of the material is seen. The
reflected/echoed signal is transformed into an electrical
signal by the transducer. This signal is captured,
mathematically analyzed and displayed on a screen. The
display shows the reflected signal strength versus the time
from signal generation to when a echo was received. Thus the
resultant waveform gives the location, size, orientation and
other features of defects on or within the material. The
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working principle of an ultrasonic sensor is shown in Fig 3.
Because the sensing mode of ultrasonic evaluation is a
mechanical process, the central frequency ranges from
0.1IMHz to 25MHz, to avoid permanent damage to the
targeted objects.
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Fig.3. Principle of Ultrasonic measurement

In the common ultrasonic nondestructive testing
technology, 45° wave technique is successfully utilized to
achieve the axial crack ultrasonic inspection of pipelines.
This technology employs ultrasonic sensors to transmit the
ultrasonic waves into pipe wall at a specified incident angle.
When ultrasonic  waves encounter any reflective
characteristics (e.g., edge, crack), some ultrasonic waves are
reflected back to the original position. By assessing the time
of flight of the echo signal and all kinds of signal
characteristics, it can predict the positions and sizes of these
characteristics. For a circumferential defect, its length can be
determined based on the number of sensors receiving the
echo signal. The inspection for circumferential crack defects
of girth welds has a different configuration of sensor carrier
and data recognition from traditional axial crack inspection.
Sensors can be divided into upstream and downstream
directions. In addition, each track is equipped with two
perpendicular ultrasonic sensors to measure the wall
thickness and identify characteristic location. External cracks
can be identified by half or one-and-a-half skip reflection,
while internal cracks depend on one or two skips for
identification. The Principle of sensors in Ultrasonic
equipment is shown in FIG.4.
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FI1G.4. Principle of sensors in ultrasonic equipment
DEFECT DETECTION

The ultrasonic signals collected by UT tools in pipelines
are typically noisy. Effective de-noising techniques are
needed to get accurate information regarding defects. This
can be done using some signal processing techniques like
wavelet transform or Fast Fourier Transform (FFT).
Pre-processing of data improves the performance of the
neural networks in distinguishing between the defect classes.
In the next step, the Artificial Neural Networks (ANNS) are
used to distinguish the signals with non-defect (ND) and
signals with defects (D) and classify the signal with defect
into three types: external corrosion (EC), internal corrosion
(IC) and lack of penetration (LP).
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