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Summary
Corrosion in pipework is a major problem in the oil, chemical and other industries. Many pipes are
insulated which means that even external corrosion cannot be seen without removing the insulation,
which can be prohibitively expensive. Particularly severe problems are encountered at road crossings
where the pipe cannot be inspected without major excavation. Ultrasonic guided waves in the pipe wall
provide an attractive solution to this problem because they can be excited at one location on the pipe and
will propagate many metres along the pipe, returning echoes indicating the presence of corrosion or other
pipe features. The technique is now in routine commercial use and this paper discusses operational
experience with the method.
1. Introduction
Traditional ultrasonic inspection techniques have been optimised to give a precise measurement of a given
quantity at a specific location. Although quite accurate at the point of measurement, the test (by design)
provides no information about the neighbouring locations on the pipe. The trend in inspection
development has been to improve sensitivity and discrimination. This produces tools that are highly
effective if the location of the corrosion is known, but this is often not the case.
There are many forms of corrosion that commonly occur in the petro-chemical industry, but very few
cause an evenly distributed rate of wall loss. Many forms of corrosion are very localized and the location
where they will occur is not predictable. For example, erosion will commonly be expected to occur within
a bend and a thickness scan of this localized area can easily find such a defect. However there are also
many cases where turbulence can cause erosion after a bend or after a weld. Such cases are very difficult
to find using conventional spot checks because the location is unknown. Likewise, it is common practice
to record the thickness of a pipe at four locations around its circumference. However, this method could
mask a wide number of corrosion types. For example, if there is a standard fluid level or a separated
mixture of two types of liquid, corrosion can form a line of axial pits at any location along the side of the
pipe. Internally rough surfaces can also lead to inaccurate measurements. Other common causes of
severe isolated corrosion are the transport of products such as sour gas, and trapped water in insulation
or around supports. As the life of a plant is extended, these areas of unmonitored, localized corrosion
pose a more serious safety concern. Risk analysis can be made much more precise if better information
about the location and extent of these problems is known.
Long-range ultrasonic guided waves provide a method of screening for corrosion and erosion. The
system operates by sending low frequency (typically in the range 15-70 kHz) waves along the length of
the pipe. Changes in geometry cause the waves to be reflected and the reflection can be analysed to
determine the location and approximate size of the change that caused the reflection. The guided wave
results are usually able to pinpoint a suspect area to within 100mm. If accessible, the suspect location

should then be examined using a conventional technique to determine how critical any corrosion may be.
A thickness map or (preferably) a B-scan of the area is usually undertaken.
The guided wave pipe screening method has now been commercialised (Alleyne et al (2001), Cawley et al
(2003), Mudge (2001), Sheard and McNulty (2001), Wassink et al (2001)). It was originally developed
for use on pipes in the 2-24 inch diameter range, though it can be used on both smaller and larger pipes;
there have been recent applications to 36, 48 and 52 inch lines. This paper describes the basis of the
technique and its main application areas and goes on to discuss operational experience.
2. Inspection System
The Guided Ultrasonics Ltd Wavemaker Pipe Screening System instrument and transducer assembly for
an 8 inch pipe are shown on site in Fig 1. The instrument is battery operated and is connected to the rings
by a flexible cable. The test is controlled by a portable PC that is connected to the instrument by an
umbilical cable. In some cases it is convenient for the operator of the PC to be adjacent to the test
location, but on other occasions it is better for the computer and operator to be in a van that can be up to
30m from the test location. Solid rings of the type shown in Fig 1 are manufactured for pipe diameters up
to 8 inch, but above this they become bulky so a flexible, pneumatic clamping arrangement is used; an
example system is shown deployed offshore in Fig 2. No surface preparation is usually required.

Fig 1. Solid transducer ring for 8 inch pipe and
battery powered test instrument on site.

Fig 2. Flexible transducer ring deployed offshore.

Either torsional or extensional (longitudinal) waves can be used in guided wave inspection. The torsional
mode has the advantage that, in contrast to the longitudinal mode, its propagation characteristics are not
affected by the presence of liquid in the pipe so in-service inspection of lines carrying a liquid is
straightforward. A further advantage of the torsional mode is that it will detect longitudinal cracks,
whereas the longitudinal modes are essentially insensitive to thin defects parallel to the pipe axis.
However, a disadvantage of this sensitivity to axial features is that the torsional mode reflects relatively
strongly from support brackets that are welded axially along the pipe. Large reflections from these
features reduce the range of the test and also make it more difficult to detect corrosion at the brackets.
This problem is most severe in small diameter pipes. In this relatively unusual case, the longitudinal mode
may be preferable. In practice, the more convenient torsional mode is most commonly used, but in
occasional special applications the longitudinal mode is employed. Conversion of the system between the
two modes is straightforward.
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It is necessary to distinguish echoes due to defects from those due to welds or other features in the pipe.
Butt welds produce a reflection because the weld caps are not generally removed so the weld presents a
change in cross sectional area, and hence in effective acoustic impedance. The presence of the echo from
a good weld makes it difficult to identify defects at welds, and also introduces the possibility of a weld
being incorrectly identified as a defect in cases where the pipe is insulated or buried so the weld cannot be
seen. This problem can be overcome by measuring the extent of mode conversion produced by a
reflector.
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Fig 3. Typical signals from (a) axisymmetric feature e.g. weld; (b) corrosion.
If an axially symmetric torsional or longitudinal mode is incident on an axially symmetric feature in the
pipe such as a flange, square end or uniform weld, then only axially symmetric modes are reflected.
However, if the feature is non axially symmetric such as a corrosion patch, some non axially symmetric
waves will be generated. These propagate back to the transducer rings and can be detected. Fig 3 shows
typical reflections from symmetric and asymmetric features; the increase in the mode converted signal can
clearly be seen in the asymmetric case and this is a key element of the defect identification scheme. Fig 4
shows an example report generated by the Wavemaker WavePro software for an epoxy painted, 4 inch
pipe at a test position adjacent to a road crossing. The test range extends over more than 20m on either
side of the rings which are located in the middle of the plot. The software identifies welds and computes a
distance-amplitude correction (DAC) curve for the welds. It then calculates the defect call level by
comparison with the weld echo level and the calculated output amplitude, knowing that an average site
weld is a -14 dB reflector. The echo identified as +F2 is the only one where the red (mode converted)
signal is significant compared to the black (reflection of incident mode) signal and this indicates possible
corrosion at the entry point to a road crossing.
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Fig 4. Wavemaker Pipe Screening System report from test adjacent to road crossing.
3. Typical Application Areas
The use of ultrasonic guided waves as a screening tool is a very effective means of concentrating limited
resources on the areas where their results will be most meaningful. This may result in reducing the
amount of insulation that needs to be removed to inspect a pipe or it may help target which pipes should
get more detailed inspection. For example, one may want to screen several dozen road crossings and then
rank them according to the perceived corrosion level of each. The most corroded can be monitored or
excavated for visual inspection. This systematic approach will provide much more valuable information
for a risk based inspection program than if a few road crossing are randomly chosen for visual inspection.
Similarly, when long lengths of pipes are inspected, an overview of each pipe condition is readily
available. When this information is combined with a few focused spot checks, planning further inspection
programs can be performed with greater confidence. It can effectively sort a group of good pipes from a
group of questionable ones.

The technique is frequently used on sections of pipe that are very difficult to access directly. For
example, sleeved road crossings can usually be inspected with the same accuracy as exposed surface
pipes. Similarly, overhead lines can be inspected from only limited access points. The technique is also
frequently used on buried pipes.
4. Defect Classification
Using long-range guided waves alone, it is seldom possible to reliably determine the exact dimensions of
any corrosion that is found. The guided wave results indicate the approximate percentage of the cross
section of the pipe that has been lost and give an idea of the distribution of the loss around the
circumference of pipe. From this information, an average wall loss can be calculated. Since this
calculation is approximate, the results are usually placed into one of four broad categories:
•

No loss The guided wave system is very accurate at determining what sections of pipe have no
significant corrosion (for 100% of the circumference of the pipe)

•

Minor indications Combining the knowledge from the results with prior knowledge of the pipe is
generally sufficient to confirm when defect indications are from areas of minimal wall loss (maximum
defect depth less than 30% wall thickness).

•

Large defects Large wall losses (maximum defect depth greater than 60% of wall thickness) can
usually be reliably identified and classified. Other inspections methods are typically used to confirm
the loss and to determine the actions and timescales that are required.

•

Mid range losses Intermediate wall losses (maximum defect depth 30-60% wall thickness) generally
require follow up local testing to size accurately and so to determine the action required. However,
the guided wave test gives the location of the defects and hence the areas where local inspection is
required.

The technique works extremely well when most of the pipe is good condition except for (unpredictable)
isolated areas. Therefore, a lot of inspection is performed in areas such as transport (flow and jetty) lines
and pipe racks. If a pipe is heavily corroded along its length, the guided waves are continually reflected
from the changes in the cross section of the pipe. The results will indicate that the pipe has extensive
distributed corrosion, but will not directly indicate how deep the corrosion is at a given point. However
the results do indicate the section of the pipe where the corrosion is most severe, and so where follow-up
inspection should be concentrated.
5. Test Range
The length of pipe that can be reliably inspected from a single test location varies depending on the
configuration of the equipment and the condition of the pipe that is being inspected. On straight runs of
exposed pipe in good condition, ranges of more than 100m (in each direction) have been obtained.
However, for most 30 year old pipes, a more typical range is 25-50m in each direction.
If the pipe is very heavily corroded or is wrapped in bitumen, the range usually drops to below 10m. The
effect of the bitumen is most noticeable when the bitumen is still slightly viscous. As it hardens with time
(and becomes almost glass-like), the propagation range increases. Simply tapping the outside of the pipe
with a metal object will quickly give an idea about the range that can be achieved when testing using
guided waves. If the pipe rings clearly, long ranges can usually be tested from one location. A dull thud

indicates that the sound energy is being rapidly absorbed or scattered and that the guided waves will not
travel as far.
The equipment can be reconfigured to extend the ranges given above, typically by using lower inspection
frequencies. However, in order to do so, some sensitivity must be sacrificed; there is a trade-off between
inspection range and sensitivity.
6. Example Results
Long Range Screening
Fig 5a shows a 3 inch pipe which was not coated and was lying directly on the ground. The pipe carried
light crude oil and was tested while in-service. Visual inspection of the pipe was difficult due to its length
and vegetation coverage but the general surface condition of the pipe was good. The photograph of Fig
5a was taken from the location of the most serious defects which were detected and shows the test
location. This single test screened 130m of the pipe (65m in each direction).
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Fig 5a. Photograph of 3 inch pipe showing test range achieved.
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Fig 5b Wavemaker result for pipe section shown in Fig 5a.
The Wavemaker result for the section of the pipe in the photograph is shown in Fig 5b. A minor
corrosion patch was found and has been marked +F1. A major defect was found close to the weld marked

+F2. The pipe section after this weld marked +F3 shows very high attenuation which indicates heavy
general corrosion. This finding was later confirmed using standard UT measurements. As a result of this
test the client was able to limit follow-up inspection and maintenance to the areas of pipe which were
found to be defective. This considerably reduced the time and cost of these activities.
Wall Penetrations
Wall penetrations are a common feature within oil and chemical plants where walls are built to control
spillage of products and possible flooding. Walls of this type are between 150 and 400mm thick and are
usually made from concrete. There are two common types: 'built-in' where the pipe is simply cemented
into the wall during construction and 'sleeved' where a larger diameter sleeve is cemented into the wall,
providing a conduit for the pipe. The pipe region within and around a wall penetration is susceptible to
corrosion but is inaccessible for visual and conventional Ultrasonic Testing (UT). As a compromise, UT
measurements are often taken at a single point on the pipe near the penetration and compared over time
to give a general indication of pipe condition. This method cannot give any indication of the condition of
the pipe within the wall. Guided wave inspection using the Wavemaker Pipe Screening System (WPSS)
offers a solution to this problem by inspecting the pipe within the penetration and its surroundings for
corrosion and other defects from a single, convenient-to-access location some distance away from the
wall.
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Fig 6a Typical built-in wall penetrations in a Petrochemical plant.
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Fig 6b. Pipe A, no corrosion detected.
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Fig 6c. Pipe B, significant corrosion detected.
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Fig 6a shows two typical 'built-in' wall penetrations within a petrochemical plant. The UT testing points
for the pipes are indicated. The standard UT measurements and visual inspection suggested that no
corrosion was present in either pipe. Fig 6b shows the Wavemaker result for pipe A. The location of the
wall is indicated by the shaded region at the top of the diagram. The entrance to the wall is labelled F1.
No reflected signals were detected from the entrance or from within the wall. This indicates that no
significant defects are present. Fig 6c shows the Wavemaker result for pipe B. Again the entrance to the
wall is labelled F1. A large reflected signal was detected from the area within the wall. This signal also
has significant asymmetric content (indicated by the red trace). This result indicates that there are
significant defects such as corrosion within the wall penetration.
Fig 7a shows the Wavemaker result for a pipe which passes through a sleeved wall penetration. A large,
asymmetric signal was detected from the entrance to the sleeve which indicates the presence of a
significant defect. The defect was visually verified by removing the 'weather seal' from the end of the
sleeve. Fig 7b shows the area of severe localised corrosion having up to 50% wall loss in some areas.
These results have demonstrated the capability of the Wavemaker Pipe Screening System to screen pipes
within wall penetrations.
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Fig 7a. Photograph of sleeved penetration with weather seal removed to reveal severe corrosion.
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Fig 7b Wavemaker result for a sleeved wall penetration.

General External Corrosion
Oil and gas pipelines are often laid for many kilometers overland through regions which experience
extreme temperature variations. The pipes cannot be fully protected from environmental attack and will
inevitably exhibit some external corrosion. In many cases the worst corrosion occurs at locations where
access is limited, such as on the bottom of the pipe or at simple supports. These areas are the most
difficult to inspect using standard ultrasonic and visual inspection methods. Additionally these traditional
methods can prove costly and unreliable when inspecting long lengths of pipe.
Fig 8a shows a 6 inch diameter pipe which is simply supported and runs for several kilometers through
the desert. The pipe is uncoated and exhibits moderate external corrosion over much of its length. The
purpose of the test was to look for any areas of severe isolated corrosion and to use a complementary
inspection method to verify their severity.
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Fig 8a. Uncoated pipe exhibiting areas of general external corrosion.
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Fig 8b Wavemaker result for the pipe shown in Fig 8a showing areas of most severe corrosion.

The Wavemaker result of Fig 8b is for the test location shown in Fig 8a. The total length of pipe screened
by this test was 60 metres, from the valve in the far distance on the photograph (labelled -F2) to the weld
in the foreground (labelled +F7). The result indicates that there are areas of minor corrosion at positions
+F1 to +F6 and an area of moderate corrosion at position -F1. Corrosion depth was measured at these
locations and found to be 1-2mm (minor) and 3mm. Follow-up testing using complementary techniques
can then be carried out at any areas of concern which are found.
7. Conclusions
Long-range ultrasonic guided waves provide an efficient method of screening pipes for corrosion and the
technique is now in widespread commercial use. The test covers many meters of pipe from a single
transducer location and the whole of the pipe is inspected. It therefore enables long lengths of pipe to be
screened quickly so that follow-up inspections can be focused on areas where defects are indicated. Many
applications are in areas such as transport (flow and jetty) lines and pipe racks. The technique is also
frequently used on sections of pipe that are very difficult to access directly such as sleeved road crossings,
wall penetrations and overhead lines.
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