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A neural network-based method for measuring the activity of waste drum
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Abstract  [Background]| During the operation of nuclear power plants, a large amount of low and intermediate
level waste (LILW) is generated, which is usually prepared into 200-L and 400-L waste drums. To ensure the safe
disposal of these waste drums, they must be analyzed to determine the type and activity of the nuclides contained
within them. Non-destructive assay (NDA) has been widely used in the detection of waste drums in nuclear power
plants, along with segmented gamma scanning (SGS) and tomographic gamma scanning (TGS). However, the low
measurement accuracy of SGS and the long measurement time of TGS limit the practical application of these
methods. [Purpose] This sudy aims to shorten the measurement time while maintaining high measurement accuracy
by proposing a new neural network-based method for measuring the activity of waste drum. [Methods] When the
waste drum was filled with a uniform distribution of medium and rotated at a constant speed during measurement, the
point source was equivalent to a ring source. The equivalent ring source in the waste drum possessed an activity equal

to the total activity of all sources. The neural network model is established, the count rate of the detector at different
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positions is used as input, and the radius of the equivalent ring source is used as output. Finally, the total activity of

the waste drum is calculated. The simulated measurement is carried out in a 400-L waste drum, the medium is

concrete, the radioactive source is Co-60, and 50 groups of single-source and 10 groups of multi-source are generated

randomly. Different methods are used to reconstruct the activity of the waste drum. [Results] When there is only one

radioactive source in the waste drum, the mean relative error (MRE) of activity reconstruction by the new method is
4.26%, which is much lower than that of SGS (68.15%) and close to that of TGS with 60 grids (3.97%). When there
are multiple radioactive sources in the waste drum, the MRE of activity reconstruction by the new method is 24.27%,
which is lower than that of SGS (48.02%) and close to that of TGS with 60 grids (28.61%). This new method

achieves the equal measurement accuracy of TGS but reduce the measurement time to 1/20 of TGS. [Conclusion]

Compared to traditional measurement methods, the new method greatly shortens the measurement time while

maintaining high precision, thereby providing technical support for the measurement of LILW.

Key words LILW, NDA, Activity reconstruction, Neural network, Equivalent ring source
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Table 1 Probe size parameters

#B1F Component JXsT Size / em
EhRE 4% Crystal diameter 6.09
i ARKFE Crystal length 5.18
48 H 1% Cold finger diameter 0.87
48K E Cold finger length 3.82
BEJZ )5 JE Dead layer thickness 0.07

H7%%)Z 5 FZ Vacuum layer thickness 0.50
#1525 Aluminum shell thickness ~ 0.15
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Table 2 Relative error at different steps (%)
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Radius / cm 2 4 5 10 20

5 -047 -0.15 -1.02 0.02 -0.16
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30 0.48 -0.65 -122 -1.17 -0.69
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Table 3 Count rate for detectors at different measurement
positions

i % B

Radius Offset distance / cm

/ cm 0 7 14 21 28

0 54.74 54.50 54.00 51.72 33.58

5 63.65 63.28 61.97 57.74 36.18
10 95.99 95.34 92.95 76.56 49.57
15 170.81 169.55 156.23 12193 84.92
20 32788 317.73 269.54 214.53  157.80
25 689.21 63238 526.52 411.81 33297
30 1427.17 1352.02 1164.03 864.96 763.96
35 2843.78 275452 293531 2103.79 1936.98
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Table 4 Relative error of count rate between interpolation
and numerical calculation (%)

1z i F% B 25 Offset distance / cm

Radius/cm 7 14 21 28
2.5 1.37 1.37 1.22 0.48 0.46
7.5 -2.15 -2.29 -233 -3.06 -2.39
12.5 1.70 1.42 2.28 2.39 3.39
17.5 -0.88 -0.60 -1.88 0.75 -0.53
22.5 -0.76 -1.40 0.34 1.61 1.95
27.5 -0.54 -0.14 -359 -249 -3.14
32.5 5.75 3.24 6.66 7.34 7.60
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Table 5 Activity reconstruction results of single source
NGS SGS STGS-3 STGS-5 TGS-60
%22 Error / % (Y Average 4.26 68.15 44.53 22.73 3.97
I K AH Maximum 12.63 114.54 689.46 251.83 16.02
FrifE 2 Standard deviation 5.33 75.32 141.67 48.44 497
*=6 ZREEEESER
Table 6 Activity reconstruction results of multi-source
NGS SGS STGS-3 STGS-5 TGS-60
%% Error / % P44 Average 24.27 48.02 46.07 8.95 28.61
B K AH Maximum 42.41 86.96 133.28 23.14 80.63
FrifE 2 Standard deviation 27.97 53.71 71.54 31.53 56.38
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