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Abstract 
Pulsed Eddy Current (PEC) has been successfully deployed over the last decades for a variety of corrosion-
related applications, most notably for Corrosion Under Insulation (CUI) inspections, Corrosion Under 
Fireproofing (CUF) and Flow Accelerated Corrosion (FAC). This technology has proven to be an efficient 
screening tool, allowing for detection of corrosion without having to remove coating or insulating material over 
typical pipes, tanks and vessels. However, the use of this technique has been largely focused on petrochemical 
applications. In the spring of 2016, a leading NDT service provider conducted a PEC inspection at a North 
American power plant using a new-generation instrument. This paper discusses the possibilities and limitations 
of the technology for addressing NDT needs specific to the nuclear power industry. Field results are presented 
and discussed, and performances are compared for further insight. 
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1.  Introduction 
 
Pulsed Eddy Currents (PEC) is a versatile non-destructive evaluation technique that can 
measure wall thickness of conductive components at high lift offs[1], [2]. As such, PEC is 
uniquely suited to detect corrosion under insulation, one of the most important unresolved 
issues facing the petrochemical industry today[3], [4]. Pulsed Eddy currents has been shown 
to work through weather jacket (or cladding) and presents major upsides compared to the 
brute force approach which consists in removing the insulation to perform a visual or 
ultrasounds inspection[5]. Insulated pipes and vessels are ubiquitous on oil refinery, therefore 
PEC has been used in a variety of applications[6], especially for inspections where X-rays 
radiography is inconvenient or down right impossible to use due to component geometry and 
placement. Recent advancements in PEC technology have contributed to a rapid expansion in 
the scope of its usage for a wide array of applications[7]. Comparatively, PEC adoption for 
the nuclear power generation industry has been slow despite the numerous potential benefits. 
Herein we present experimental data acquired using the PEC instrument developed by Eddyfi 
(the Lyft™) at a North American power plant and discuss how the technique can provide 
valuable insight for asset owners worldwide. 
 
PEC is best used as a screening tool owing to its ability to inspect in-service components 
through insulation and cladding. By allowing to identify corrosion areas outside of shutdown 
period, it permits the expansion of inspection scope and frequency without increasing its 
schedule. This broader screening permits a more focused application of complimentary 
quantitative methods such as radiography and ultrasounds during shutdowns. Lyft is a 
versatile tool that can inspect insulated pipes, vessels, steam lines, heat exchanger shells, 
essentially anything made of carbon steel for wall thickness up to 2.5’’ and insulation between 
0 and 8’’ whether they are cladded in aluminum sheets or not. 
 
2.  Technical information 
 
A pulsed Eddy Currents measurements occurs in three distinct steps, as shown in Scheme 1. 
First the probe projects a strong magnetic field which fully penetrates the material and 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

20
42

3



                            
 

charges it with magnetic potential energy. This step typically lasts between 10 and 500 
milliseconds depending on material wall thickness, long enough for the magnetic field to 
stabilize and the eddy currents to die out in the inspected component. The second step is a 
very abrupt cut-off of the magnetic field which will jump-start strong eddy currents in the 
component as they oppose the sudden change in magnetic field. During the third step, the 
magnetic field in the component slowly die out as they expend the stored magnetic potential 
energy in the form of eddy currents. The rate of this decay is measured by the probe and 
contains information on the component’s wall thickness that is analyzed by the PEC 
instrument. 
 

 
Scheme 1: A typical PEC measurement consists in the three steps of 1- Pulse, 2- Stop and 3- 
Listen. The signal received by the probe during the third step is analyzed by the instrument to 

measure the inspected component’s wall thickness. 
 
3.  Laboratory experimentation 
 
The sizing algorithms developed for the Lyft system analyse a section of the eddy current 
signal that is earlier in time than what is done by most competitor systems. This provides a 
number of benefits, chief among them is that it allows the acquisition routine to be performed 
much faster. First, analysing the signal earlier shortens the receiving phase, which in itself can 
speed up the acquisition rate by 10% to 30%. Moreover, since we measure the signal earlier in 
the decay we get a better signal-to-noise ratio, lessening the need to average a large number of 
pulses. Additionally, the Lyft employs a number of smart filters which further improve the 
signal-to-noise ratio. These three factors amount to a substantial increase in effective 
acquisition rate. 
 
A typical use case for the inspection of a CUI component with a current technology PEC tool 
goes as follow. The inspection crew first traces a grid on the component with a pitch 
corresponding to a fraction of the probe’s footprint. Only then can the inspection truly begin, 
with the inspector acquiring a data point for each cell in the grid. The first step of tracing the 
grid is the most time consuming and can amount for more than 50% of the total inspection 
time. 
 
In contrast, Lyft comes with a fully enabled Dynamic Scanning Mode allowing the users to 
record the position of every measurement with the rugged encoder wheel embedded into 
probe. The inspection team therefore only needs to trace parallel lines to serve as guides for 
the encoded probe measurements. In addition to cutting down in half the setup time of the 
inspection crew, this dynamic scanning mode allows an increased spatial resolution along the 
scanning axis. Figure 1 shows the benefits of using the Lyft’s dynamic scanning mode by 
comparing a rough grid mode C-scan with resolution 50.8 mm x 50.8 mm (2 in x 2 in) and a 
fully encoded, high resolution C-scan recorded with an in-axis resolution of 12.7 mm (0.5 in) 



                            
 

and a pitch of 25.4mm (1 in) for the parallel guiding lines. The sample is a 6.35 mm (0.25 in) 
thick carbon steel plate with a round flaw in the centre. The artificial defect used in the 
experiment is quite large (101.6mm) to ensure a proper flaw detection with the grid scanning 
mode but it is not representative of the minimum detectable defect with the Lyft system. 
Under these experimental conditions and with the averaging set to 4 pulses per data point, the 
dynamic scanning was achieved at a moving speed of 50.8 mm/s (2 in/s). 
 

 
Figure 1. Grid-mode and Dynamic Scanning Mode C-scans of a sample plate with a flat 

bottom hole flaw. 
 

 
Figure 2. Ultrasound wall thickness measurements (A) compared to Lyft  grid mode 

measurements (B, C) taken on a calibration carbon steel pipe wrapped in 50.8 mm (2 in) of 
insulation with a 1 mm (0.040 in) thick aluminum (B) or a 0.6 mm (0.024 in) thick galvanized 

steel (C) weather jacket. 
 
It is very common for CUI components to include a layer of conductive material covering the 
insulation. This weather jacket (or cladding) material can influence the quality and accuracy 
of PEC measurements. The Lyft’s algorithms are specially tailored to minimize the adverse 
effect of a wide variety of weather jacket materials, including the industry standards of 
aluminum, stainless steel, and galvanized steel. Figure 2 shows a side-by-side comparison of 
Lyft measurements on a calibration step pipe wrapped in 50.8 mm (2 in) of insulating material 
and jacketed in either 1 mm (0.040 in) of aluminum or 0.6 mm (0.024 in) of galvanized steel. 



                            
 

The sizing is mostly unaffected by the presence of the weather jackets as long as the 
calibration is performed correctly. 
 
It is common for CUI to form in hard-to-reach places such as around a nozzle or pipe support. 
The challenge then is to differentiate between the mass loss from corrosion and the additional 
conductive mass present at the junction with the support or nozzle. Figure 3 shows the Lyft  
system’s performance in a typical configuration where mass loss occurs near the point of 
contact between a carbon steel pipe and its saddle support. The flaw, a 20% remaining wall 
thickness tapered in both the axial and circumferential directions, is mapped in dynamic mode 
showing the progressive nature of the defect until it gets overridden by the excess mass from 
the steel saddle support, roughly 50.8 mm (2 in) away from the structure. This is another 
demonstration of the added insight brought by the increased resolution arising from the use of 
the Lyft  system’s dynamic mode. 
 

 
Figure 3. Dynamic Mode C-Scan a carbon steel pipe with a tapered defect near a saddle 

support. 
 
 

4.  Inspection performed on an active nuclear power plant 
 
In April 2016, Eddyfi assisted in the first ever PEC Lyft™ inspection on an active nuclear 
power plant on a number of feedwater heaters. Herein we present key results to highlight the 
possibilities of the PEC technique to provide valuable information to asset owners when it 
comes to managing corrosion under insulation issues. 
 
Figure 4 shows a prototypical inspection result acquired on a low-pressure feedwater heater 
with 15mm thick walls, wrapped in 50mm of insulation and 1 mm of aluminum cladding. 
These vessels being quite large (1.5 m diameter, 9 m long) the inspection is typically divided 
into a number of scan zones to facilitate the data acquisition and reporting. The C-scan shown 
is for the upper middle section of the vessel and contains a number of features that 
demonstrate the capabilities of the instrument. Two sections at the top of the C-scan appear 
black and correspond to the obstruction of two large nozzles as shown in the schematic 
representation. On the left hand-side of the C-scan, we observe a thicker region which 
corresponds to a slight edge effect from the vacuum ring running along the circumference of 



                            
 

the vessel. Additionally, running horizontally toward the bottom of the C-scan is a thicker line 
which is attributed to a steam tracer line located underneath the insulation and cladding. 
Finally, some mild corrosion, roughly 10% wall loss, can be found between the two nozzles 
and appear light blue in the C-scan. 
 

 
Figure 4: Inspection results for a section located at the top of a low-pressure feedwater heater 
showing prototypical feature including two nozzles, a vacuum ring, a steam tracer line and 
some mild corrosion. 
 
Figure 5 shows three distinct scan zones recorded on a high-pressure feedwater heater of 
similar dimensions and specifications to the previous vessel (wall thickness 15mm, 50mm 
insulation wrapped in aluminium cladding). The three zones are for the top (A), bottom (B) 
and nose (C) of the heat exchanger. The first scan zone (A) shows the top part of the 
component where three large nozzles and two vacuum rings which produced obstruction for 
the inspection. However, the inspector managed to achieve good coverage of the zone by 
scanning around these elements and was able to observe mild corrosion (~10% wall thickness 
loss or 1.5 mm) in some spots, similar to what was reported in figure 4. In contrast, more 
relatively advanced corrosion was observed at the bottom of the vessel (B). Corrosion 
forming at the bottom of the vessel is expected given how this is where condensation will 
typically build up. The wall thickness loss of roughly 25% (or 3.75 mm) is consistent with the 
asset owner’s expectations. The last scan zone (C) shows data acquired at the nose of the heat 
exchanger. The C-scan reveal some corrosion at the bottom left corner. This wall loss of 
~30% is slightly higher than expected although well within the safety margins. 



                            
 

 

 
 

 
Figure 5: Inspection results for three sections located at the top (A), the bottom (B) and the 
nose (C) of a high-pressure feedwater heater showing several features including varying 
degrees of corrosion under insulation. 
 
The feedwater heaters inspected as part of this technical study reveal varying degrees of 
corrosion. These vessels are scheduled to be unwrapped and quantitatively inspected using 
ultrasounds in fall 2018. The wall loss evaluation provided by the PEC inspection may incite 



                            
 

the NDT coordinator to push ahead or back this schedule in an effort to better focus the short 
time available during any given shutdown. This is the type of valuable information asset 
owners need in order to make good decision when it comes to inspection schedule. 
 
5.  Conclusion 
Pulsed eddy current is a versatile screening technique which is uniquely suited to detect and 
evaluate corrosion under insulation. In this paper we have shown how Eddyfi’s Lyft™ was 
used to measure CUI on an active nuclear power plant, providing the client valuable 
information which can be used to better focus the attribution of other NDE techniques in the 
upcoming shutdowns. The ability to quickly measure wall loss on in-service components 
through insulation with good accuracy and without having to remove the insulation can be a 
real asset in the NDE tool belt of the nuclear power generation industry. 
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