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Abstract

TEPCO (Tokyo Electric Power Company Holdings) and NDF (Nuclear Damage Compensation and Decommission
Facilitation Corporation) plan to start mass-extraction of nuclear fuel debris from the Fukushima Daiichi 1%, 2" and 3™
plants in 2024. We have successfully performed Proof-of-Principle experiments via dual energy X-ray CT (Computed
Tomography) and NRTA( Neutron Resonance Transmission Absorption) by portable 950 keV / 3.95 MeV X-band (9.3
GHz) electron linac X-ray / neutron sources. By using model fuel debris samples, we can evaluate Pb(model of
U)/Zr/Fe/concrete and their mixtures via measured X-ray attenuation coefficients by CT and verify the existence of
W(U)/In(Pu) by NRTA. We are going to design a practical system which can on-site and quickly evaluate U-amount and
density in debris and classify U-contained or non-U debris for safe and reasonable storage.
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Figure 1: Simulated debris work (sample) 2-color X-ray
CT experiment system.
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Figure 2: Simulated debris used in the present study.
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Figure 3: 2-color X-ray CT result of simulated debris
(upper: Concrete/Zr+Pb, lower: Fe/Zr+Pb).
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Figure 4: Simulated storage can (diameter 200 mm, height
300 mm, thick wall (10 mm'), thin wall (1.3 mm")).
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Figure 5: 2-color X-ray CT result of simulated debris
(Upper: Concrete/Zr+Pb, Lower: Fe/Zr+Pb).
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Figure 6: Reconstruction result of simulated debris in
thick-wall storage can using 3.95 MeV CT.
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Figure 7: Elemental analysis results of simulated debris in
thick-wall storage can using 2-color X-ray CT.
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Figure 8: System diagram of X-band electron linac-based
compact neutron source.

Neutron Energy Measurements by TOF Method (2.5 meters TOF path)
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Figure 9: Neutron absorption measurement results of In(Pu
simulated)/W (U simulated) large area sheet sample (top).

(The lower row shows Pu and U neutron absorption
calculation results)
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Figure 10: Neutron energy spectrum obtained from the
measurement of a sample mixing plate with a thickness of
1.2 mm and a detection area of 20 x 20 mm?2 for each of
tungsten and tungsten (each isotope resonance peak area
can be observed).
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Figure 11: Results of B neutron absorption evaluation test.
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Figure 12: Proposal of in-situ high-speed 2-color X-ray
CT/NRTA system.
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