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Spectroscopic Properties of Gamma-ray Detector to Measure
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Burnup of spent nuclear fuel should be determined accurately for the safety storage of
spent nuclear fuel. In this study, a gamma detection system was developed as a part of basic research
to measure the burnup of spent nuclear fuel, and its performance was evaluated using a calibration
source. The prototype of the gamma detection system was based on a semiconductor sensor usinga CZT
(Cadmium Zinc Telluride). For quantitative evaluation, tests were conducted using **’Cs, "*Cs and 2°2Cf
calibration source. In the performance evaluation, Its field applicability was verified by assessing the
energy resolution, the detection linearity and the shielding attenuation according to the nuclide.
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Fig. 1. CZT 5008 sensor.
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Fig. 2. Schematic diagram of system for gamma ray measure-
ment.
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Table 1. Nuclide Characteristics of >**Cm and **Cf

Property *Cm ®2Cf
Half-life (y) 18.11 2.645
Average energy (MeV) 2.06 2.13
Specific activity (Cig™") 80.90 536.6
Spontaneous fission yield per decay 1.347E-06 0.0392 +0.008
Neutrons per spontaneous fission 2.71+0.01 3.7655£0.010
Emission rate (ns™') per ug 11.3 2.34E06
Cs-137
5. AE _ 1348 <100 = 2.03% agd| < 32 keV 32, 662 keV
E 662.10
Cs-134
il » 569, 605, 796 keV
; e62Kev ‘ ﬁ 605 keV
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Fig. 4. Energy spectrum of "*’Cs measured with CZT detector.
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Fig. 5. Energy spectra of "*’Cs, **Cs measured with CZT detec-
tor.
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Fig. 6. Energy spectra of >>Cf "*’Cs measured with CZT detec-
tor.
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Fig. 7. CZT sensor, Lead Shield and '*’Cs calibration source.
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Fig. 8. Energy spectra of **>Cf measured with CZT detector
according to thickness of lead shield.
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Fig. 9. Lead collimators (Inner diameter 4, 3, 2, 1 mm).

Collimator thickness: 3cm
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Fig. 10. Energy spectra of *’Cs measured with CZT detector
according to thickness and inner diameter of lead collimators.
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Fig. 11. Gamma counts of "*’Cs measured with CZT detector
according to thickness and inner diameter of lead collimators.
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Fig. 12. Gamma-ray irradiation facility.
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