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INTRODUCTION:  In the units 1 to 3 of Fukushima Daiichi Nuclear Power Plant (1F), the fuel, 
the metal cladding and the control rods were melted and large amount ware re-solidified in the bot-
tom of the pressure vessel as fuel debris. In the decommission plan of 1F, the fuel debris will be 
collected and analyzed in the near future. Non-destructive nuclide assay is one of the important is-
sues for nuclear material accountancy. We have studied the Neutron Resonance Densitometry 
(NRD) as a method of non-destructive nuclear assay. In the study, we proposed to apply a
self-indication method to analysis of the fuel debris [1]. In the self indication method, an indicator 
consisting of the target nuclide is placed at the neutron beam downstream from a sample. The 
transmitted neutron though the sample can be measured indirectly by detecting the reaction prod-
ucts from the indicator with the neutron time-of-flight (TOF) method. We carried out the verifica-
tion experiment. 

EXPERIMENTS: The experiment was performed at the Institute for Integrated Radiation and 
Nuclear Science, Kyoto University (KURNS-LINAC). The linac was operated with a repetition rate 
of 200 Hz, a peak current of about 5 A, and an electron energy of about 30 MeV. We used a flight 
path in the direction of 135 degree with respect to the linac electron beam. A Cd sheet of 0.5 mm in
thickness was inserted into the TOF beam line to suppress overlap of low energy neutrons due to the 
previous pulse. A high-enriched uranium (HU) sheet was used as an indicator. The HU indicator 
was made of U3O8-Al alloy and the areal densities of 235U and 238U were 1.3 10-4 and 9.5 10-6 /b,
respectively. Prompt gamma-rays from the indicator which set at the position of 12m neutron flight
path were measured by a 4 BGO spectrometer. Another measurement with a natural uranium in the 
upper beam side was also performed. The sample was 1 cm long, 2 cm wide and 5.8 g in weight.

RESULTS: Figure 1 shows the comparison of TOF 
spectra for prompt gamma-rays from the HU indicator 
with and without the natural uranium sample. The 
resonances due to fission reactions of 235U and cap-
ture reactions of 235U or 238U were observed. It is
noted that the effective reaction rate of the 20.9-eV 
resonance of 238U becomes to be comparable to that
of the 19.3-eV resonance of 235U in the case of HU
indicator. By inserting the natural uranium sample, 
the decrease in peak area depending on the areal den-
sity for each nuclide was observed. We succeeded in
assaying the areal density of 235U in the natural ura-
nium sample by the self-indication method. 
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