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2D Elemental Mapping of Simulated Fuel Debris using Laser Induced
Breakdown Spectroscopy

contribution of the PC-1 correspond with
the LIBS spectrum of stainless steel,
whereas close to the positive ones seem
to be associated with oxide materials.

BElR R EE E IR g o & — RS EAT Div. PC-1 Score (55.14%)
TR AT HATBE % Gr. Batsaikhan Munkhbat

(1) Introduction

Since severe accident at Tokyo
Electric Power Company’ s Fukushima
Daiichi Nuclear Power Station (1F) on
March 11, 2011, many efforts to
decommissioning of the 1F moving forward
steadily and safely. The internal
investigation of the Primary Containment
Vessel (PCV) had performed by robots and
camera to gather variety of information.
However, fuel debris information is still
limited. Depending on the accident
progression of each units the fuel debris
can be metallic or oxidized. It is hard
to distinguish materials based on the
internal images of the PCV that taken be
camera. Therefore, it is important to
realize a measurement technique that can
distinguish fuel debris from other
materials. In the present study, we
focused on Laser Induced Breakdown
Spectroscopy (LIBS) which is considered
as a promising remote, on-site and
radiation tolerance technique for fuel
debris inspection at 1F [1]. The LIBS
technique has been used as elemental
surface mapping technique because it
allows user to realize fast spatial
scanning without sample preparation.
Depending on sample size, geometry and
spatial resolution of experiment, it
requires to carry out multiple
measurements. In such experiments, large
amount of a dataset has accumulated for
short time of measurement because single
LIBS spectrum contains several tens of
thousands of intensity values at one
measurement location. Due to the size and

complexity of dataset, analysis of the
dataset is challenging and it requires
considerable computational effort and
various chemometric methods have been
proposed. In this paper, unsupervised
data analysis method, Singular Value
Decomposition  (SVD), is applied to
interpret a LIBS dataset which is
obtained by 2D elemental mapping.

(2) Experimental setup and procedures

Experimental apparatus that used in
the present study is illustrated in
Figure 1. It consists with optical fiber
coupled with echelle spectrometer
(ARYELLE-400, LTB Lasertechnik Berlin),
Nd:YAG pilsed laser source (DEMON series),
LIBS sample chamber (LIBSpector) where
optical lenses, mirrors, laser head, CCD,
laser focusing system and investigating
sample are placed. Focusing system is
provided by the LIBSpector sample chamber
using pilot lasers. The plasma is guided
to the spectrometer via a dichroic mirror
and a fiber optics. Measurement range of
spectrometer was from 435 to 650 nm. A
simulated debris sample that consists
with oxide and metal material (diameter
of 36 mm) showed in Figure 2. Successive
laser shot ablations were performed a
point by point with spatial resolution of
1 mm along x and y directions over sample
under atmospheric condition. In total,
1369 measurement spectra collected from
37x37 mm® area. The spectral dataset has
a 3D structure with two spatial (x and y)
and one spectral dimension (2).

®
1- Spectrometer (ARYELLE 400) 8- Beam expander
2~ Computer (Controlling software) 9~ Dichroic mirror
3 &4~ Laser head & its system (ULTRA laser system) 10 ~ Investigating sample
5-CCD camera 11-3D stage
6~ Mirrors (90°) 12 - Chamber
7- Concave & Convex lenses 13 - Optical fiber

Figure 1. Experimental set-up.

Figure 2. Prepared sample.

(8) Data analysis and results

The 3D dataset unfolded into 2D matrix
and decomposed with SVD method. In SVD
analysis, number of principal components
can be equal to the number of spectral
variables included in the dataset.
However, in the present case, first 10
principal components (PCs) are selected
which were explaining over than 85% of
total variance. An example of image of
first principal component (PC-1) and its
associated loading vectors demonstrated
in Figure 3 and Figure 4, respectively.
Most of the variation of the raw data is
explained by this component. Examining
the corresponding loading vector, it can
be clearly seen that negative

6 5 b B 2 » % »
X [mm]

Figure 3. Score image of PC—1.
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Figure 4. Comparison between references and loading
vector of PC-1.

(4) Conclusion

In this work, we demonstrated that
capability of LIBS technique for 2D
quantitative elemental mapping of
simulated fuel debris based on SVD method.
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