
OOne the more recent applications introduced into the NDT practitioner’s
tool kit, guided wave testing (GWT) has generated much interest over the
past few years due to the level of coverage it affords to pipeline operators and
the relative ease with which it can be applied. When applied to the
screening of pipelines, it provides 100 percent volumetric coverage of an
extended axial length of piping (tens to hundreds of feet depending on pipe
configuration) in a relatively short period of time. When properly applied,
it has proven to be of great use to pipeline operators wishing to establish the
integrity of highly inaccessible sections of their lines.

When using GWT, all parties involved should be mindful that it is a
screening tool sensitive to changes in cross section area and pipe stiffness.
Although most GWT systems are able to provide the user with estimated
wall-loss values for indications that have been detected, the need for
accurate remaining wall values requires the use of a secondary method
(typically conventional UT) to measure the actual remaining wall value at
the indication.

Basic Guided Wave Theory

Ultrasonic bulk waves are widely known to only exist in two forms;
shear and compressive.1 On the other hand, a large number of
guided wave modes exist in pipes and plates. These are highly
dispersive in nature as their velocity is a function of  frequency.
Guided wave testing on pipe is made possible by the controlled
excitation of  one (or more) of  these wave forms that is then guided
by the geometry of  the pipe and travels along in the axial direction.
These excited waveforms reflect from regions of  change in the pipe
stiffness or cross sectional area.

Early industrially available GWT systems excited the L(0,2)
longitudinal wave. However, this waveform was found to interact
with the fluids present in the pipe and was heavily attenuated by
them. As a result, later system configurations used the T(0,1)
torsional waveform which does not interact with the product in the
pipe and, because it has a constant velocity independent of
frequency, has the added benefit of  being the only nondispersive
guided wave. Despite these differences, much interest remains in
possibly combining the two waveforms in a single test.2 A
noteworthy characteristic of  both the waveforms mentioned above is
the fact that they are axisymmetric. This refers to the fact that the
shape of  the waveform at any axial location on the pipe is the same
no matter where it is viewed around the circumference. When an
axisymmetric waveform reflects from a feature that is also
axisymmetric (such as a girth weld), the reflected wave maintains the
characteristics of  the incident wave. However, should the incident
wave reflect off  a feature that is not axisymmetric (not uniform

around the circumference of  the pipe or localized to one area of  the
circumference such as a branch, drain vent or patch of  corrosion),
the incident waveform undergoes a mode conversion. The resulting
reflected wave is a combination of  the axisymmetric wave and
converted modes of  the guided wave. These mode converted
waveforms are known as flexural modes and are used to identify the
circumferential extent of  a feature and “focus” on its location around
the circumference.

Two separate approaches are used for exciting the T(0,1) wave by
the three existing GWT equipment manufacturers; two use
piezoelectric transducers mechanically coupled to the outside
diameter (OD) of  the pipe to introduce the mechanical displacement
that excites the wave. The third manufacturer uses the
magnetostrictive effect that causes a physical change in the dimension
of  ferromagnetic domains when an external alternating current (AC)
magnetic field is applied to the material. The challenge for all three
existing systems is to excite a pure T(0,1) mode. An inability to do so
introduces background noise into the incident signal. This can make
the collected data either difficult to interpret or completely useless.
All three units operate in the pulse-echo mode, in which the system
generates the intended T(0,1) waveform which travels along the axis
of  the pipe. It then switches to receive mode, waiting for any
reflections that occur at locations of  change in the cross sectional
area or stiffness of  the pipe. As a result of  operating in this mode,
the systems all have associated dead zones and near fields where
detection capabilities are either nonexistent or severely reduced. As a
result of  the frequencies used in GWT (in the kHz range), the length
of  the dead zone and near field is far greater than that experienced in
conventional UT. Typical dead zones can extend to approximately 0.5
m (1.6 ft) from the location of  the transducer/excitor assembly with
the near field extending another 1 m (3.2 ft) beyond that. These
dimensions are critical when planning GWT work as they are
important considerations affecting placement of  the
transducer/excitor assembly.

Basic System Components

Regardless of  manufacturer, all GWT equipment includes these basic
components. A transducer ring/excitor coil assembly is used to excite
the guided wave within the pipe. In all cases, this assembly is uniquely
prepared for the diameter of  pipe to be tested. A controller unit
contains the hardware necessary to drive the transducer ring/excitor.
A laptop with control/analysis software for the system is included
along with cabling to connect the components. The system is simple
and relatively light weight, factors that make it very mobile. The
equipment is typically transported in vehicles but can be easily shifted
around on site by the technicians performing the work (Fig. 1). 
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Applications

Guided wave testing was initially developed in the late 1990s as a
means for screening extended lengths of  piping for corrosion under
insulation (CUI).3 In the short period of  time since its inception, the
number of  applications for which the method is currently being used
has expanded rapidly.

At present, the most widely used application for the method is the
testing of  road crossing lines. Considered an advanced application,
GWT of  road crossings provides the operator with the opportunity
to perform a rapid health check of  the line with minimal civil and
mechanical preparatory work. At a time when existing transmission
and distribution networks are nearing the end of  life expectancy and
testing costs typically exceed $50 000 per crossing, GWT provides a
proven cost effective means to reliably assess the integrity of  the
crossing.4 Guided wave testing of  crossings should be performed in
strict conformance to verified procedures by well-qualified and
experienced technicians. Moreover, the configuration of  the line as it
enters and exits the crossing will dictate the location from which the
tests are to be performed, and the extent to which civil and
mechanical preparation of  the test site such as excavations are
required (Fig. 2).

In addition to road crossings, GWT is extensively used for
screening above-ground and overhead pipe racks (can be insulated,
bare or coated pipes), jetty loading lines, buried lines, sphere legs and
soil-to-air interfaces. The common factor for its use in these
applications is the ability of  the method to reliably and rapidly screen
extended lengths of  sometimes inaccessible piping (Fig. 3).

Capabilities

Guided wave testing has the ability to test 100 percent of  pipe
volume over extended lengths. It is equally sensitive to inside
diameter and outside diameter discontinuities though it should be
noted that the system cannot differentiate between the two. Its use
does not require removal of  coatings or insulation from the entire
length of  line being tested, though these may have to be removed
from the location where the transducer ring/excitor coil assembly is
to be installed. Excavation of  the complete length of  buried piping
to be tested is not required. Guided wave testing can be performed
through a 90° elbow, saddle supports and other minor pipe features
but is not reliable when directed through a 45° turn.

Limitations

Although guided wave testing is able to negotiate 90° testing
procedures do not allow analysis of  results beyond the second elbow
due to the compounding effect of  the signal mode conversion that
occurs. This may impact testing strategies and feasibility of  GWT
usage in certain instances.

Historically, there has been a minimum sensitivity level quoted at
five percent cross sectional area loss. Advances to most systems have
resulted in this figure being reduced to one percent or less for certain
applications. However, the screening nature of  the method dictates
that sensitivity limits must be understood for each application and
clearly highlighted. As a result of  the above, the method is not a
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Figure 1. Guided wave testing system components for testing
30.5 cm (12 in.) line.

Figure 2. Guided wave testing road crossing applications: (a) buried piping into coated cased crossing, (b) tape wrapped and
cased crossing, (c) cased crossing out of culvert and (d) insulated cased road crossing.
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reliable means of  detecting axially aligned cracks as these do not
typically represent a large enough change in the pipe cross sectional
area. External coatings and wraps that are adhered well to the pipe
wall are typically attenuative and may result in a significant reduction
of  effective scan range.

Certification

At the time of  publication of  this article, no standardized
independent training and certification scheme has been developed or
adopted by any of  the existing industry boards such as ASNT. Each
manufacturer has developed and implemented a unique training and
testing scheme that enables the technician to effectively operate their
specific testing apparatus in the field and to analyze the resulting
data. End user acceptance of  these certification schemes has been
mixed. Some pipeline operators accept certain certification schemes
at face value; others require independent in-house verification of
technician capabilities.

On the other hand, there has been recent activity by both the
British Institute for NDT (BINDT) in their Personnel Certification
in Non-Destructive Testing (PCN) program in Europe and ASNT
in the United States aimed at establishing an industry-wide training
and certification scheme for this method. ASNT is including
“Level I, II & III Topical Outlines for Guided Wave Testing” in the
2011 edition of  the ANSI/ASNT CP-105, ASNT Standard Topical
Outlines for Qualification of Nondestructive Testing Personnel, and the
2011 ASNT Recommended Practice No. SNT-TC-1A will provide
recommended training and experience times for Level I & II
personnel in this test method. Moreover, other bodies such as
NACE International, the American Society of  Mechanical Engineers
(ASME) and the American Petroleum Institute (API) are at varying
stages of  adopting their own guidelines and procedures for
application of  the method.

Regardless of  the certification scheme adopted, the prospective
practitioner should be aware of  the fact that the method is one
where technician input and interpretation are critical. The author's
personal experience for more than seven years has shown that
intense training, experience and oversight are critical in light of  the
nature of  the method and the production and financial implications
of  the analyzed results in certain applications where the line is
inaccessible. For these reasons, any attempts to abbreviate training
and the certification process would be highly detrimental to the end
users that rely on GWT as the only means available for assessing the
integrity of  their transmission and distribution networks.

Expansion of Applications

Application of  guided wave testing is not focused exclusively on pipe
screening. It is an evolving field with several industry led areas of
development. Tube testing is a field of  guided wave testing that has
been available for a few years, but is one that continues to face
technical obstacles. Development has also included application of  the
method to twisted tube bundles in addition to the more traditional
finned and non-finned straight and U-bend tubing. Some guided
wave equipment manufacturers provide capabilities for transducer
ring/excitor coil systems that can be permanently installed on any
type of  piping that requires monitoring as part of  an end users asset
integrity management program. Research in the field of  long-term
reliability is ongoing to determine the external variables that do not
normally factor into typical one-time installation cases but may
affect the operation and results of  an “install and forget” system.
Research is also ongoing into the application of  GWT to aircraft,
composites and other fields of  structural health monitoring.

Conclusion

Guided wave testing has proven to be an effective means of
performing rapid condition assessments on extended lengths of
piping, and shows great promise in monitoring applications. Its
rapid success has lead to a general consensus calling for
development of  an independent, industry-driven training and
certification program to guarantee a minimum level of  competency
for field technicians.
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Figure 3. Typical applications of guided wave testing:
(a) sphere legs, (b) overhead pipe racks, (c) soil-to-air
interfaces and (d) refinery above ground pipe racks.
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