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Study on Coincidence and Anti-coincidence Gamma-ray Spectrometry
for the Rapid Radioactivity Evaluation of Solidified Products
Prepared from Radioactive Wastes
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Chushiro YONEZAWA* and Mikio NAKASHIMA

Department of Decommissioning and Waste Management
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Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 4, 2005)

Non-destructive gamma-ray spectrometry has been examined as a simple and rapid
radioactivity measurement technique for the solidified products prepared by plasma melting
for low level radioactive miscellaneous wastes generated from nuclear facilities in the Tokai
establishment of JAERL The Compton background resulting from the coexisting
radionuclides pose a problem in the usual gamma-ray spectrometry which uses only a Ge
detector. In order to reduce the background count and to measure the interested nuclide
selectively, the coincidence and the anti-coincidence gamma-ray spectrometry using the
Ge-BGO detector system were examined. As a result of applying the anti-coincidence
gamma-ray spectrometry to a single gamma-ray emitter '>’Cs and the coincidence gamma-ray
spectrometry to multiple gamma-ray emitter '>°Eu under existence of ®*Co that is mostly
contained in radioactive waste, the detection limits of '*’Cs and '*2Eu in the sample, which
contained ®’Co, were reduced by a factor of about 6 and 1.5, respectively. It was confirmed
that the present methods are useful for the gamma-activity measurement of solidified

products of radioactive wastes.

Keywords: Gamma-ray, Coincidence, Anti-coincidence, Compton Suppression, Radioactivity
Evaluation, Plasma Melting, Solidified Product, Miscellaneous Waste
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Table 1 Nuclear data of the important radionuclides for disposal in safetf'
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3)

Nuclide Half-life Decay mode rag?:ti;:m i”e‘;'?y
*H 12.33y ' B 18.6
(e 5730y B- B 156
%cl 3.01x10%y B, EC B 709
“1Ca 1.03x10° y EC X 3.3
%Co 5.271y 8- y 1173, 1333
SONi 7.6x10%y EC, B~ X 6.9
®3Ni 100.1y B~ B 66.9
“se < 6.5x10*y B~ ) 151
0sr 28.74y B- B 546
%Nb 2.03x10*y B- y 703, 871
*Tc 2.111x10°y 8- B 294
108mA g 418y EC,IT y 434, 614, 722
129 1.57x107 y B 7 ('3 536, 669, 739
13398, 10.52y EC y 81, 303, 356
¥7Cs 30.04 y 8" y 662
152Ey 13.54y EC, B~ Y 122, 344, 1408
154y 8.593 y 8- y 123, 723, 1274
166mHo 1200 y 8- y 184, 712, 810
Z7Np 2.14x10%y o a 4771, 4788
238py - 8r7y o a 5456, 5499
239py 2.411x10%y a a 5144, 5157
240py 6564 y o o 5124, 5168
242p, 3.733x10% y a a 4856, 4901
24 Am 432.2y a o 5443, 5486
242MAm 141y o o 5206, 5544
28Am 7370y o a 5233, 5275
244Cm 18.10y a o 5763, 5805
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Acrylic resin

10 cm

Fig.2 Cross-sectional view of the Ge-BGO detector system
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Fig.14 Comparison of gamma-ray spectra between single and anti-coincidence modes for various
composition’s samples
All samples contain %Cco2.5 kBq and were measured for 5000 seconds. Sample a) and d) contain Bcs 4.6

137

Bq, sample b) and €) contain 1¥7Cs 1.1 Bq, and sample c) and ) contain no ~'Cs, respectively.

Measurement modes: a)-c) single mode, d)-f) anti-coincidence mode.
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Fig.17 Gamma-ray spectrum of ®Co in coincidence mode
This sample contains %co25 kBq and was measured for 5000 seconds.

a) Gamma-ray spectrum by Ge detector, b) BGO detector and c) Gamma-ray spectrum displayed in two
dimensions.
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Fig.18 Gamma-ray spectrum of *7Cs in coincidence mode

cs 2.5 kBq and was measured for 5000 seconds.

This sample contains
a) Gamma-ray spectrum by Ge detector, b) BGO detector and c) Gamma-ray spectrum displayed in two

dimensions.
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Fig.19 Gamma-ray spectrum of "*’Eu in coincidence mode
This sample contains '’Eu2.4 kBq and was measured for 5000 seconds.

a) Gamma-ray spectrum by Ge detector, b) BGO detector and ¢) Gamma-ray spectrum displayed in two

dimensions.
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Fig.20 Gamma-ray spectra of "B in single and coincidence modes
This sample contains "**Eu 2.4 kBq and was measured for 5000 seconds.

a) single mode, b) coincidence mode: BGO energy range 704-956 keV and ¢) coincidence mode: BGO
energy range 288-416 keV.
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