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Feasibility of Radioactive Waste Drum with Shell Source Method
as Calibration Source for SGS Device
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Abstract: Due to the difficulty in preparation of homogeneous radioactive waste drum
with large volume, the detection efficiency of segmented y scanning (SGS) device is
scaled usually with indirect approaches. Shell source method is one of best ways, which
uses linear source as the principal part. It is not so complicated for the preparation, and
the structure is flexible. Based on the comparison of measurement results from uniform
drums and drums prepared with shell source method, it is proved that they are equiva-
lent in the calibration of efficiency. The latter can be taken as the reference source of

SGS device.
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Table 1 Results of segmented gamma scanning

of uniform water drum

IR — i B

AEhit/keV

BE1 RR2 BE3
121.8 1 1. 003 1. 000
344.3 1 0.992 1.007
778.9 1 1. 008 1.000
964. 1 1 0. 996 1. 006
1112 1 1. 006 1. 002
1408 1 0.999 1. 008
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Table 2 Detection efficiency of SGS device for uniform water drum

fit it /keV 2 kS T HOR /s EHEIENT R B
121.8 0.2858 4.77 0.737 3.42X107°
344.3 0.265 0 3.77 0. 898 2.36X107°
778.9 0.129°3 1.49 0.922 1.86X 1075
964. 1 0.146 1 1.61 0.932 1.77X107°
1112 0.136 4 1.48 0. 931 1. 74X1075
1408 0.210 1 2.14 0. 940 1.61X107°
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Fig. 2 Structure of reference source with shell source

method (a) and sketch of linear source

in different locations along with radial direction (b)
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Table 3 Results of measurement in different positions for dispersed linear source waste drum

R I A B s

ZRAR R E
121. 8 keV 344. 3 keV 778.9 keV 964. 1 keV 1112 keV 1 408 keV
1 2.13 3.38 2.20 2.67 2.62 4.19
2 3.63 4. 64 2.66 3.12 3.03 4. 71
3 5.77 6. 20 3.17 3.62 3.45 5.27
4 8. 40 7.93 3. 66 4.13 3. 85 5.76
5 11. 99 9.92 4.18 4.61 4.25 6.23
6 16. 77 12.25 4.72 5.10 4. 66 6. 71
7 21. 80 14. 47 5.23 5. 57 5.01 7.10
8 29.57 17.56 5.88 6. 10 5. 46 7.60
9 32.20 18. 38 6.05 6.26 5.61 7.73
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Table 4 Fitting function of In N (R;)-R; and its linearly dependent coefficient for dispersed linear source
R/ keV L R %L R?
121. 8 y=1.551 8X10 %x?+8.966 1 X10 2x+1.087 8 X10 ! 0.999 6
344. 3 y=1.065 6X10 2% +5.332 5X10 22+8.304 4X10 ! 0.999 5
778.9 y=6.519 6 X10 *2?+3. 111 7X10 22+5.729 2X10"! 0.999 5
964. 1 y=5.055 1X10 *2?+2.795 2X10 22+7.897 6X10 ! 0.999 2
1112 y=4.511 2X 10" *2?+2. 449 4X10 22+8.018 5X 10! 0.999 4
1408 y=2.940 8 X 10 *a?+2.221 6X10 2x+1.291 6 0.999 3
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Table 5 Fitting function of In N (R;)-R; and its linearly dependent coefficient for consecutive linear source

REHE/ keV A pR L R
121. 8 y=1.586 3X10 3x2+9.196 4X10 2x—4.252 7X10? 0.999 8
344.3 y=1.259 1 X10 322 +4.794 2X10 2x+7.503 7X10"! 0.999 8
778.9 y=6.746 9X 10 *x?+ 3.165 6 X 10 2x+4.450 3X 10! 0.999 8
964. 1 y=5.859 7X10 *x?2+2.684 3X10 2x+6.681 9X10! 0.999 7
1112 y=4.749 2X10 *2?+2.556 9X10 2x+6.642 9X10! 0.999 7
1408 y=13.464 7X10 *a?+2.239 7X10 2x+1.153 4 0.999 5
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Table 6 Results of transmission source with different stands and holders

in different positions of linear source waste drum

AL B A — T ECE

fig &/ keV
1 2 3 4 5 6 7 8 9
121. 8 0.976 0. 987 0.998 1. 006 1. 008 1. 004 1. 003 . 007 1. 010
344. 3 0.979 0.994 1. 001 1. 000 1. 005 1. 005 1. 003 . 003 1. 008
778.9 0. 991 0. 987 1.011 0. 999 0.995 1. 009 1. 002 . 008 1. 000
964. 1 0. 985 0. 995 1. 009 0. 991 1. 008 0.997 1. 002 . 002 1.011
1112 0.988 0. 995 0.998 1.002 1. 006 1. 004 1. 002 . 007 0.997
1408 0.988 0.994 1.002 0.998 0.999 1.007 1. 005 . 005 1. 002
x7T EEEMEERHXNSRELREZYEERNBE
Table 7 Corrected detection efficiency for dispersed linear source
figit /keV SIS ES Fatk e B s REEBRE R T BIERRE
121. 8 2.78X107° 0.873 7 3.14X107°
344. 3 2.28X107° 0.954 6 2.39X107°
778.9 1.79X10°° 0.949 3 1.88X10°°
964. 1 1.71X10°° 0.959 3 1.79X10°°
1112 1.68X10°° 0.963 0 1.75X10°°
1408 1.58X10°° 0.966 7 1.63X10°°
®8 FREMEBIETIESLELRIEEYEORNE
Table 8 Corrected detection efficiency for consecutive linear source waste drum
fig i /keV SR EIEYES Fatk e EBE s BRI IEHE T BIER R
121. 8 2.90X10 % 0.915 1 3.17X10 %
344. 3 2.33X10°° 0.948 4 2.45X10°°
778.9 1.81X10°° 0.957 1 1.89X10°°
964. 1 1.73X10°° 0.957 6 1.80X10°°
1112 1.70X10°° 0.962 8 1.76 X10°°
1408 1.58X10°° 0.965 7 1.64X10°°
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Fig. 3 Comparison of detection efficiency
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