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A B S T R A C T

All Magnox Nuclear Reactors are now in the process of decommissioning and nearly all Magnox spent fuel
has been reprocessed, producing uranium and plutonium and small volumes of highly radioactive waste. The
recovered plutonium is stored in specialist containers in secure facilities while the government reaches a
decision on possible re-use or disposal, following the completion of technical studies. There is potential for
the containment to become pressurised over time due to alpha decay and radiolysis of the plutonium, and
highlights the need for continuous monitoring to assess the integrity of the containment. This paper presents
a new technique of interpreting the internal pressure of the containment by understanding the change in the
vibrational response of the outer containment wall for different internal pressures. Electromagnetic acoustic
transducers have been used to excite the outer containment wall in a non-contact and non-destructive manner,
and capture the changes in the resonant frequency response of the system for different internal pressures.
1. Introduction

Nuclear power stations have been utilised in the UK for many
decades, since 1956 when the UK became the first country to sup-
ply electricity from a commercial nuclear power station, Calder Hall,
situated in Cumbria. Over time, the nuclear industry has grown sig-
nificantly, and now many nuclear power stations are in operation,
contributing to around 18% of the country’s electricity produced [1].
Many non-power producing facilities are in operation that are criti-
cal to maintaining the nuclear industry including facilities to support
the nuclear fuel cycle such as, fuel production and reprocessing, and
management of waste and radioactive material [2].

All first generation Magnox nuclear reactors have reached the end of
their operating life and are in the process of being defuelled, ready for
decommissioning. The spent fuel from the Magnox fleet of reactors has
been reprocessed at the Magnox Reprocessing Plant on the Sellafield
site. Reprocessing extracts nuclear materials (plutonium and uranium)
that could potentially be re-used and also generates ‘fission products’
which are managed as highly radioactive waste [2,3]. In the UK,
the Nuclear Decommissioning Authority (NDA), a government body
that was set-up in 2004, is responsible for the clean-up of the UK’s
early nuclear sites safely. The NDA strategy for nuclear materials is to
ensure safe, secure and cost-effective lifecycle management of nuclear
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materials [4]. All nuclear materials will be either converted into new
fuel for nuclear reactors or immobilised and stored until a permanent
UK disposal facility is developed. Plutonium, the focus of this paper,
is consolidated in packages as plutonium oxide (PuO2) suitable for
long term storage while the government reaches a decision on possible
re-use or disposal [5]. The PuO2 is allocated to a type of Special
Nuclear Material (SNM) containment, denoted as Magnox packages,
comprising an Aluminium inner container, a polyethylene intermediate
container and a welded outer 316L stainless steel canister [6]. These
vessels are then transferred to secure interim storage facilities awaiting
government’s decision on re-use or disposal.

The storage of Magnox packages has presented a new challenge that
needs addressing. Internal radiation chemistry attributed to PuO2 is
known to potentially cause issues that lead to concerns over package
integrity and safety for long-term storage. The packages can develop
higher internal pressure because of the production of hydrogen and
helium from radiolysis and alpha decay, respectively [6,7]. Visible
degradation to several of the packages within the interim storage
facilities have been reported, such as bulging on the base and top of the
packages. Therefore, it is critical that the current stockpile of Magnox
packages are monitored regularly. The issue becomes more complex, as
the radiolysis reaction is a cyclic process that can cause pressurisation
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and depressurisation of the package over long periods of time, making
it difficult to determine an accurate measurement of internal pressure
using current inspection techniques.

Before packages are placed into the storage facility, the length of
each can is measured and used as a reference for future measurements.
Within some of the storage facilities the preferred method of package
inspection is laser distance measurements. A port profiler traverses
the channels in which the packages are stored and the length of
each containment is collected. An internal pressure measurement is
then estimated from the resulting containment length. The inspection
technique presents multiple limitations; measurements are associated
with a large margin of error and in the case where the package has
undergone plastic deformation, the length measurement is no longer
reliable if depressurisation has occurred. These limitations highlight the
significance of developing a technique that can accurately determine
the internal pressure of the SNM containment within the storage fa-
cility. However, special considerations are required when considering
an alternative inspection technique. Access to each container in the
storage facility is restricted, and makes larger devices impractical. High
levels of radiation, temperature and humidity are also of concern, and
result in a large proportion of techniques further being disregarded as
an option.

Consideration has been given to using electromagnetic acoustic
transducers (EMATs), for the non-contact, acoustic and ultrasonic test-
ing of the containers. EMATs do not require mechanical coupling, such
as liquid or solid polymer couplant, to generate or detect vibrations
in a conducting surface and are therefore classified as non-contact
transducers. In practical use, they are often used close to, or in light
contact with the sample surface as this makes sensor delivery easier
and does not affect the measurement being made. EMATs can be held
off at small distances from a sample surface when required, resulting in
a strictly non-contact transducer method with a decrease in generation
and detection efficiency [8,9]. EMATs can generate or detect ultrasonic
or acoustic waves of the surface of an electrically conducting material.
Their low cost, small size and durability at elevated temperatures
makes them attractive for various applications [10]. Previous research
has demonstrated the successful use of EMATs within the field of
non-destructive testing (NDT) for various applications, such as stress
measurements, grain size measurements and texture measurements of
metal sheets [11–13]. When using EMATs, the inspected material must
be electrically conductive, such that low conductivity materials lead
to poor transduction efficiency of EMATs, resulting in a poor signal-to-
noise ratio when compared to piezoelectric ultrasonic transducers. This
paper presents the use of a wideband, self-field EMAT [14] to excite
the vibrational modes of the conductive outer Magnox container, and
a linear coil EMAT to detect the resulting excited vibrational modes.
Microphone measurements have also been conducted, to compare the
air-borne acoustic displacements emitted from the containment wall to
the out-of-plane material displacements of the package wall detected
by the EMAT.

2. Vibrational response

The vibrational response of a system is correlated to its oscilla-
tory behaviour, and requires that the system has inertia to transfer
momentum, and elasticity that allows the system to return to equi-
librium [15]. The preferential vibrational modes at which a system
oscillates during free vibration, are known as the natural or resonant
frequencies of the system, and are defined by particular frequency
values. The shape in which the structure vibrates is known as the
mode shape and corresponds to a particular resonant frequency. The
resonant frequencies and associated mode shapes of a system depend
upon the physical properties of the system, such as, mass, elasticity, and
boundary conditions. Therefore, the frequency spectrum of a system is
specific to that system only, and acts as a fingerprint for its vibrational
response.
2

Fig. 1. Cross-sectional view of the self-field spiral coil and the generated eddy
current within the surface of the material. Ferrite back-plate and coil are separated
to demonstrate the dynamic magnetic field BD around each coil section.

Within NDT, multiple techniques have utilised the resonant fre-
quency spectrum of a system as a baseline for inspection measurements.
The measurable change in the resonant frequencies of a system due to
some external influences have been investigated in the published liter-
ature, and show capabilities for stress measurements and creep damage
assessment of materials. Hirao and Ogi’s [11] work on electromagnetic
acoustic resonance (EMAR), outlines a method for acoustoelastic stress
measurement of a metal plate by measuring the frequency shift of
three specific resonant frequencies. Similarly, Ohtani et al. [8] have
investigated the effects of creep damage in ferritic steel by examining
a range of resonance frequencies and the attenuation of a particular
mode during each creep test.

The work presented in this paper investigates changes to the vi-
brational response of the Magnox containment at different internal
pressures. The approach used is similar to the previous works men-
tioned [8,11]. Vibrational resonant frequencies below 10 kHz have
been identified from the frequency spectrum of the Magnox contain-
ment at atmospheric pressures, and have been used as a benchmark
measurement when comparing to other spectra for increasing package
pressure. Multiple vibrational modes have been isolated and tracked
through the frequency spectra, over the measured internal pressure
range of 1 to 20 Bar. Results have shown that there is a correlation
between the increasing internal pressure of the containment and the
frequency shift of multiple vibrational resonant frequencies. The tech-
niques used within this work have demonstrated the capability of the
approach for measuring the internal pressure of the SNM containment,
via measuring changes in the containment’s vibrational response with
changes in internal pressure.

3. Experimental procedure

Measurements were taken on a slightly deformed Magnox contain-
ment vessel, which was filled with silver sand and stainless steel shot,
to simulate the typical mass of the material usually stored in the
package. The dimensions of the Magnox sample cannot be disclosed
within this paper for security reasons. However, schematic diagrams
of the experimental set-up have been included, in order to provide a
basic understanding of the sample geometry. The outer containment
wall of the sample is made of 316L stainless steel, that is used due
to its corrosion resistance and non-magnetic properties. It should be
noted that the stainless steel shot mass simulant used was slightly
magnetic, but this should have no significant affect on the operation
of the EMATs.

3.1. EMAT generation and detection

The EMAT generator used in this work was constructed from 22
turns of 0.25 mm diameter insulated copper wire, producing a spiral
shaped pancake coil that was driven with a pulsed current source
of 400 A peak amplitude, with a rise time of 2.6 μs. Previous work
has shown that eddy current and ultrasonic generation efficiency can
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be significantly enhanced when using a ferrite back-plate behind the
inductor coil [16]. Hence, a 4.5 mm thick and 22 mm diameter ferrite
disc was placed 1 mm behind the inductor coil as shown in Fig. 1.

When driving a coil-only EMAT with a transient current pulse in
the presence of a conducting material, the time varying magnetic
field produced by the coil induces an eddy current density within the
material surface. For an electromagnetic plane wave, the depth into the
sample which the eddy current density is generated is characterised by
the electromagnetic skin depth [9]:

𝛿 =

√

2
𝜔𝜂𝜇0𝜇

(1)

where 𝛿 is the skin depth, 𝜔 is the angular frequency, 𝜂, the electrical
conductivity, 𝜇 and 𝜇0 the relative permeability and permeability of
free space respectively. Note that for a realistic, finite sized EMAT coil,
the electromagnetic wave is not planar, but this discussion promotes
an indication of the general behaviour and the physics involved. The
eddy currents within the material interact with the dynamic magnetic
field from the EMAT and the electrons within that current impart
momentum to the atoms in the material, resulting in a generated body
force. This force is characterised as a Lorentz force which is defined by
the equation [8]:

𝐅𝐿 = 𝐉 × 𝐁𝐃 (2)

where 𝐅𝐿 is the generated Lorentz force, 𝐉 is the eddy current density,
and 𝐁𝐃 is the dynamic magnetic field density. As a result of the coil ge-
ometry, a radial dynamic magnetic field is generated that is parallel to
the sample surface, and gives rise to predominantly longitudinal force
components that act normal into the surface of the material. As a result
of the longitudinal generated force components, the detection EMAT
was constructed such that it is sensitive to the out-of-plane surface
displacements of the can wall. The process of detecting elastic wave
vibrations at the surface of a material follows the reverse process of
the generation mechanism [9]. A 30 mm length and 5 mm wide linear
coil was wound centrally around three stacked Neodymium (NdFeB)
magnets, which provided significant in-plane static magnetic field com-
ponents to achieve motion sensitivity in the out-of-plane direction, as
shown in Fig. 2. The combination of the material in motion while in the
presence of the static magnetic field, results in dynamic currents being
induced in the sample material. This induces a potential difference
across the detection EMAT coil. The use of multiple magnets offers the
benefits of increased magnetic flux density within the material and a
greater linear magnetic field region, enhancing the detection of elastic
waves. In many cases the detection EMAT is constructed such that
particular wave modes can be preferentially detected [9]. However,
there is no requirement to configure a specific coil design, as we are
detecting a range of vibrational frequencies of the containment wall.

Fig. 3 shows the placement of the EMATs on the SNM package. The
generation and detection EMATs were placed at the midpoint of the
can wall, with 180◦ separation around the circumference of the can.
The package was pressurised using the connected pressure line, with
acoustic measurements being taken at intervals of 0.2 Bar, from atmo-
spheric pressure to 20 Bar. The generation EMAT was used to excite the
vibrational frequencies of the SNM package at each pressure interval,
while the receive EMAT detected the out-of-plane displacements of
the can wall over a period of time, after the generation EMAT was
triggered. The received signals were passed through a low frequency
EMAT amplifier (see Fig. 5), such that the amplitude-time signal was
amplified by a gain of 40 dB and a low pass filter was applied to
reduce frequencies above approximately 50 kHz, although filtering is
not essential as the data is processed by a fast Fourier transform. An
oscilloscope (Tektronix DPO Series Oscilloscope) was used to display
the receive signal at each measured pressured interval (see Fig. 5), and
any data acquisition hardware could have been used with a suitable
acquisition rate and bandwidth.
3

Fig. 2. Schematic of linear coil receive EMAT with three stacked magnets that provides
a tangential magnetic field, 𝐁𝑆 , through the surface of the containment wall. This
configuration enables detection of normal forces, 𝐅𝑁 , and a very small contribution of
tangential forces, 𝐅𝑇 .

Fig. 3. Schematic diagram of the EMAT generation and detection set-up inside metal
safety cage. The generation and detection EMAT’s were placed at the midpoint of the
outer containment wall with 180◦ separation around the circumference. The generation
EMAT excites the vibrational modes of the outer containment wall and the out-of-plane
displacements are detected by the detection EMAT.

3.2. Microphone detection

An alternative detection method was used during the experimen-
tal work to compare with the findings from the EMAT receiver. A
calibrated pressure field microphone (Brüel & Kjær 4138A-015) was
used to measure the air-borne acoustic displacements generated by the
containment wall vibrations, after excitation by the generation EMAT
at each pressure interval. A schematic diagram of the experimental set-
up for the microphone detection method is shown within Fig. 4. The
microphone was placed a few centimetres from the midpoint of the can
wall, with 180◦ separation between the generation transducer and the
Microphone. Both detection methods were used simultaneously during
the experimental work.

4. Results and discussion

4.1. EMAT generation characteristics

The range of resonant modes of the SNM containment that can be
excited is dependent upon the excitation frequencies from the genera-
tion EMAT, the EMATs location on the containment wall, the size of the
generation coil and the coil lift off. The frequency content is determined
by the temporal width of the drive current pulse used. The drive current
profile was measured by placing a non-inductive 0.1 Ω resistor in series
with the EMAT coil, when driven with a wideband high power EMAT
pulser. The voltage across the resistor was recorded and Ohm’s law
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Fig. 4. Schematic diagram of the EMAT generation and microphone detection set-up
inside the metal safety cage. The generation EMAT was placed at the midpoint of the
outer containment wall with 180◦ separation from the microphone. The generation
EMAT excites the vibrational modes of the outer containment wall and the air-borne
acoustic displacements are detected by the microphone.

Fig. 5. Schematic diagram of equipment external to the metal safety cage. The SNM
package is pressurised by a stirrup pump, an Arduino [17] is used to calculate and
read the internal pressure measurement from the inline transducer. The output signals
from the EMAT and microphone are amplified and displayed on an oscilloscope.

was used to calculate the current. The peak current amplitude was
calculated to be 337 A (Fig. 6) with a rise time of approximately 2.6 μs.

The frequency content of the drive current profile was examined
by application of a magnitude Fast Fourier Transform (FFT) in Mat-
lab [18]. Inspection of Fig. 7 shows that the generation EMAT delivers
a broadband excitation up to 200 kHz, with the bulk of the frequency
content at approximately 20 kHz. A large proportion of the vibrational
frequencies that are excited are within the acoustic and low ultrasonic
region. Using Eq. (1), the skin depths for 20 kHz and 200 kHz are
calculated to be 3.05 mm and 0.96 mm, respectively, meaning a range
of surface to bulk forces are imparted on the containment wall [9]. The
effect of lift-off can be considered minimal, as the generation EMAT was
placed directly in contact with the outer containment wall.

4.2. Vibrational response analysis

The vibrational response of the Magnox containment was obtained
by post-processing the amplitude–time signals in Matlab [18]. A Han-
ning window was applied to each signal to minimise the contribution
of the excitation pulse in the frequency responses, as this is generally
picked up as electromagnetic noise. The windowed signals were then
zero-padded and the vibrational frequency content at each pressure
4

Fig. 6. Excitation current pulse delivered to EMAT coil with a peak value of
approximately 337 A.

Fig. 7. Fast Fourier transform of the drive current showing the range of frequencies
for the outer containment that can be excited. Note that the temporal of time window
in Fig. 6 limits the reliability of any low frequency information in the FFT, even though
there is still significant frequency content below 20 kHz.

interval was calculated by application of an FFT to the time domain
data. The resulting frequency spectra were arranged to produce a nor-
malised magnitude spectra array, each row of the array corresponding
to a pressure value. The ‘imagesc’ function in Matlab [18] was used to
display the spectra array data as an image plot with a scaled colour
bar. The number of rows and columns of the spectra array corresponds
to the number of pressure intervals and frequency steps, respectively.
An image plot is produced with frequency on the 𝑥-axis, pressure on
the 𝑦-axis and the normalised magnitude range of the spectra array is
represented by the colour bar.

The receive EMAT detected vibrational frequencies up to approx-
imately 60 kHz. However, the range of frequencies chosen to be in-
vestigated were within the low acoustic region, at 10 kHz and below.
Fig. 7 shows that below 20 kHz, the magnitude of the frequencies drops
off quickly and points to the low acoustic region having very little
energy. However, this is a limitation of the FFT when using a short time
window in comparison to the time periods of the very low frequency
components of the spectrum. It is something to be cautious of when
analysing the data. In the low acoustic region, the vibrational frequency
peaks are more clearly spaced and easier to track over a range of
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Fig. 8. Image plot of the spectral response of the Magnox containment when the detection EMAT is used to record the out-of-plane displacements of the containment wall. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Fig. 9. Image plot of the spectral response of the Magnox containment when the microphone is used to record the air-borne acoustic displacements emitted from the containment
wall.
pressures, compared to the higher frequency regions where peaks are
very close together and are difficult to isolate. Fig. 8 shows the image
plot when using the receive EMAT to detect the out-of-plane displace-
ments of the containment wall. The vibrational resonant frequencies are
identified by colours on the colour bar that show considerable contrast
against the dark-blue background of the image plot. The dark blue
colour represents the low magnitude components of the spectra and is
analogous to the noise in a frequency–magnitude plot. The colours that
present reasonable contrast against the low frequency components of
the spectra, are light-blue to yellow, and represent the larger magnitude
components of the spectra, which are indicative of vibrational resonant
frequencies. Many vibrational resonant frequencies are observed in the
image plot at atmospheric pressure from 0–10 kHz. As the internal
pressure of the Magnox containment increases, the same frequencies
identified at atmospheric pressure are now shown to shift to the right
of the spectra with increasing pressure, showing an increase in their
frequency values.

Fig. 9 shows the image plot when using the microphone to detect
the air-borne acoustic displacements emitted from the containment
wall. The microphone results confirm the findings shown in the EMAT
results. There is a clear shift in the vibrational resonant frequency
values for increasing internal pressure of the Magnox can. As stated
in Section 2, the resonant frequencies of a system are correlated to
its elastic properties and this link has been utilised in many studies.
It appears from the image plots shown, that as the internal pressure of
the Magnox can increases, it is reasonable to assume that the stiffness
of the Magnox can wall material increases, resulting in an increase in
the vibrational resonant frequency values detected.

Figs. 10 and 11 show the reduced frequency range image plots for
the EMAT and microphone detection methods, respectively. The dy-
namic range of the normalised magnitude colour bar has been adjusted
5

for each plot to enhance the features below 3 kHz, that are not as
prominent within the full range image plots. The normalisation process
is one limitation when using image plots, normalising the spectral
magnitudes against the largest frequency component within the spectra
results in some frequencies appearing less prominent within the spectra
when displaying them in this way. However, adjusting the frequency
range of the image plot and the dynamic range of the normalised
magnitude colour bar, additional vibrational resonant frequencies can
be identified, with a very good signal to noise ratio.

The resonant frequency variation of two separate isolated modes,
have been extracted from the EMAT and microphone image plots.
Fig. 12 shows the resonant frequency variation of the first isolated
mode as a function of pressure, measured at 4472 Hz and 4466 Hz
(±1.39) at atmospheric pressure (±0.01), by the EMAT and microphone
respectively. The measured resonant frequency values for the EMAT
and microphone are very similar across the full pressure range, with
some values agreeing for both detection methods, for instance from
9 to 10 Bar. Occasionally, there are some variations between the
measured frequency values, especially in the higher pressure region
of 15 Bar and upwards. When using a Fast Fourier Transform to
convert time data into the frequency domain, resonant frequency values
extracted from the spectra should be viewed with some caution. Dixon
et al. [19] have shown that there is some degree of variability in the
peak positions calculated when using an FFT when compared to actual
resonant frequencies. This is a problem inherent in the FFT calculation
itself, due to multiple wave frequency contributions in the magnitude
term of the calculation. This results in some peak position variation,
due to the interference in the FFT of different frequencies present in
the time domain data that are close to each other. The contribution
of these variations to the measured frequency values by the EMAT
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and microphone are reasonably small, when compared to the peak
frequency position shifts for increasing internal pressure of the Magnox
packages.

In Matlab [18] the ‘fitlm’ function was used to apply a linear
regression fit to both the EMAT and microphone isolated mode plots.
The calculated standard deviation of the residuals was 0.19 and 0.33
Bar for the EMAT and microphone measurements, respectively. The low
standard deviation values highlight that the generated fit by the model
closely follows the experimental data. In this case, it is reasonable
to assume that the relationship between pressure and the resonant
frequency shift of the mode is linear. Thus, the calculated gradient of
each fit quantifies the Bar/Hz shift of the mode. The gradient calculated
for the EMAT fit was 0.032 Bar/Hz with a standard error of 0.000146
Bar/Hz, and for the microphone fit, 0.032 Bar/Hz with a standard error
of 0.000267 Bar/Hz. As both fits have produced an equivalent gradient
with low standard error values, it suggests that there is good agreement
between each detection method and both are suitable for inferring a
pressure measurement of the SNM containment when monitoring the
shift of resonant frequency modes.

Another mode was analysed and is shown in Fig. 13. The resonant
frequency variation of the second isolated mode as a function of
pressure was plotted, and was measured at 6163 Hz and 6155 Hz at
atmospheric pressure, by the EMAT and microphone respectively. The
measurement uncertainties remain the same as previously stated. There
appears to be clear similarities between the EMAT and microphone
measured resonant frequency values across the full pressure range
with very little variation. A linear regression fit was applied to both
the EMAT and microphone mode plots and the standard deviation of
the residuals were calculated. The calculated standard deviation of
the residuals were 0.22 and 0.20 Bar for the EMAT and microphone,
respectively. Assuming a linear relationship between pressure and the
resonant frequency shift of the mode, the gradient of each fit was
calculated and provided a measurement for the Bar/Hz shift of the
mode. The gradient of the EMAT fit was 0.028 Bar/Hz with a standard
error of 0.000148 Bar/Hz, and the microphone was 0.028 Bar/Hz with
a standard error of 0.000132 Bar/Hz. The agreement of the calculated
gradients further highlights the consistency between each detection
technique. Albeit, only two isolated modes from the spectra have been
analysed further, the experimental results shown in Figs. 8 and 9 clearly
highlight the similarities between the measurements, and show a strong
correlation between pressure and resonant mode frequency shifts. The
application of a linear regression fit to each mode has enabled the
characterisation of the Bar/Hz change, and shows it is possible to
measure the pressure of the SNM containment through monitoring the
resonant frequency shifts of different modes within the spectra.

5. Conclusion

A non-contact acoustic resonance technique has been developed
that measures frequency changes, attributed to an increase in internal
pressure of a welded stainless steel sealed package. A wideband EMAT
has been used to excite the vibrational resonant modes of an SNM
containment, and analysis performed in the frequency domain has
identified the shift of vibrational resonant modes for increasing internal
pressure of the containment. Both EMAT and microphone detection
techniques show agreement in the vibrational resonant frequencies that
are detected. It should be noted that the data set is limited and shows a
complex relationship between containment internal pressure, material
elasticity and changes to the vibrational resonant frequencies. This
points to the possibility of using machine learning to aid with analysis
for a deeper understanding, where there are many more modes present
in the data.

Future work will include testing a non-deformed Magnox can with
both the EMAT and microphone techniques, to understand the vibra-
tional resonant frequency response of the containment for within the
elastic limit. Additional testing on Magnox cans of different internal
6

Fig. 10. Reduced frequency range image plot for EMAT detection method. The dynamic
range of the normalised magnitude colour bar has been adjusted to enhance the low
frequency (below 3 kHz) spectral components. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 11. Reduced frequency range image plot for microphone detection method. The
dynamic range of the normalised magnitude colour bar has been adjusted to enhance
the low frequency (below 3 kHz) spectral components. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version
of this article.)

Fig. 12. Resonant frequency variation of one isolated mode at approximately 4400 Hz
with pressure, extracted from the EMAT and microphone image plots.
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Fig. 13. Resonant frequency variation of one isolated mode at approximately 6100 Hz
with pressure, extracted from the EMAT and mic image plots.

fill masses will provide an understanding of the can to can variation,
that will be expected within the storage facilities, and how internal
mass changes are reflected within the vibrational response of the can.
Finite element models will be constructed to investigate the vibrational
resonant frequencies and corresponding modes shapes of the contain-
ment wall. This will assist in identifying any potential modes that may
be beneficial to excite in preference to others, and if the placement of
the excitation transducer on the containment wall is essential for the
excitation of a particular mode. Theoretical and analytical modelling of
the predicted resonant frequencies is not possible for such a complex
shaped structure and would add no additional insight beyond the finite
element modelling. The temperature of the Magnox cans are known
to increase while in the storage facilities, therefore it is essential to
perform testing on the SNM containment for different temperatures in
future work, to understand the effect of temperature on pressure and
the vibrational frequency modes.
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