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Table 1

Main instrument and equipment parameters
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Fig. 1 Energy calibration curve of instrument
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Table 2 Characteristic gamma rays of radionuclides
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%4Th 63.3 4.8
WY 4.47X10°
%4 Th 92.6 5.6
228 Ac 911.2 25.8
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2051 583.2  85.0(36.0)
214Ph 351.9 37.6
26Ra  1.6X10°
21 609. 3 46. 1
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Table 3 Measurement results of sample components using X-ray fluorescence spectrometer

" w(Zr)/  w®Pb)/ w(Th)/ FWhH  wFe0;)/  w(Ca®)/  wlALO/  w(Si0)/ wlK.0)/
" (mg/ke) (mg/ke) (mg/ke) /% % % % % %
PR 101 172 15.4 0.02 32.50 14. 60 8. 90 35.9 0. 90
S W 2. 33X 10! 694 9.35X10% 32,50 .82 0.83 4.72 12.4 0.21
25/ LR 4.36X10! 887 3.58X10°  26.70 .82 1.17 2.32 10.5 0. 04
BRI 2.75X10° 768 115 4,81 .34 1.11 2.68 54. 8 0.02
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Table 4 Experimental results of measuring the

mixing ratio of samples and matrix samples
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Joi st ] ] R/ X wE/
. 2/ Hib/ o R/
(g: 9 Hi/% % %
% % %
10 : 90 9.13 1.43 —2.85 6. 90 3.85 —3.12
20 : 80 9. 38 2. 86 —3.07 7.23 4.19 —3.84
30 : 70 9.74 3. 17 —3.24 7.64 5.78 —4.27
40 ¢ 60 13.8 4.96 —4. 85 10. 2 6. 86 —5.21
50 ¢ 50 21.7 7.86 —6.78 15.0 9.75 —7.26
60 : 40 31.8 9.78 —8.31 26.3 13.5 —11.19
70+ 30 47.3 12.9 —9.58 33.6 17.8 —14.8
80 : 20 59.8 16.5 —15.5 45.6 20. 6 —18.8
90 : 10 69.7 20. 8 —18.5 56. 8 27.9 —24.3
100 : 0 68.7 21.6 —19.4 48. 8 33.2 —30.7
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Table 5 Comparison of different standard

source efficiency scale methods

L eV TE IR A IR AT
¥ AR H 22/ %

63.3 0.029 96 0.028 81 4.00
92.6 0.075 82 0.072 39 4.74
238.6 0.099 85 0.109 00 —3.39
351.9 0.080 70 0.097 44 2.47
583.2 0.055 54 0.082 45 —2.13
609. 3 0.053 70 0.057 33 —3.12
911.2 0.039 37 0.052 90 1.51
1120.3 0.033 58 0.040 76 —3.39
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Fig. 3 Analog efficiency calibration curve of the samples
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Table 6 Measurement results of radionuclide activity concentration
R 24 B#E Tk A REWE/keV LES ) EY Y I ECE/s IHEER/(Ba/p FHME/(Ba/
234 Th 63.3 0.028 86 0.180 1 1. 324
23877 1. 283
21 Th 92.6 0.073 03 0.498 8 1. 242
228 Ac 911.2 0.037 92 0.053 8 0.056
T 22Th 0. 054
2087 583.2 0.053 50 0.082 0 0.051
21 Ph 351.9 0.077 73 4.242 4 1. 478
226 Ra 1. 505
21 By 609. 3 0.051 72 3.587 6 1.532
24 Th 63.3 0.023 44 1.013 9 30.03
2387 60.78
234 Th 92.6 0. 059 34 9.1250 91. 54
1 5+ o 228 Ac 911.2 0.033 47 10.759 9 41. 54
) 282 T 42,62
15 i 208 583.2 0.047 21 18.938 6 43.70
21 ph 351.9 0.068 60 52.032 0 67.25
226 Ra 66.59
21 By 609. 3 0. 045 64 41.620 7 65.93
4 Th 63.3 0.023 72 0.605 0 17.71
=8y 32,47
234 Th 92.6 0.060 02 4.762 0 47. 22
2 Skt 228 Ac 911.2 0.034 20 3.624 1 13.69
N 282 Th 9.702
9% 208 583.2 0.048 24 2.530 8 5.714
21 Pph 351.9 0.070 10 30.551 7 38. 64
226 Ra 39. 06
214 B} 609. 3 0. 046 65 25.468 0 39.48
234 Th 63.3 0.021 09 0.112 2 5. 540
258 5.681
24 Th 92.6 0.053 39 0.348 1 5.822
228 Ac 911.2 0.028 86 0.082 4 0.553
B IR i 282 Th 0.589
2087 583.2 0.040 71 0.155 5 0.624
21 Ph 351.9 0.059 15 2.247 5 5.053
226 Rp 5.120
2B 609. 3 0.039 36 1.882 7 5.188
234 Th 63.3 0.020 06 0.3210 3.334
238 3.392
4 Th 92.6 0.050 76 0.980 9 3.450
GBWO04110 228 Ac 911.2 0.027 44 0.071 8 0.101
. ) 232°Th 0.097
bRt ) J51 2087 583.2 0.038 71 0.109 5 0.092
214 pPh 351.9 0.056 24 6.792 9 3.212
?26Ra 3.334
2B 609. 3 0.037 43 5.964 6 3.457
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Table 7 Comparison of final measurement results and

methods for 2*U, *Th, and ***Ra in the sample

A & 12k -
MR BE ) 285 5/ 4 55 2/
W2/ %
(Ba/g) (Ba/g)

=8y 1.283+£0.107 1.197+£0.074 3.47

W W 22Th  0.054240.004 0.060240.004

ol

26

226Ra  1.5054+0.102 1.61440.087 3.49

28U 64.1242.10 62.35+2.25 1. 40

15/t
N 22Th  42.62+2.12  39.8542.18 3.36
P it
26Ra 66.5942.26  69.72+2.12 2.30
281 37.61+£1.89  41.5941.72 5.03
2 St
) 22Th  13.6940.69  14.3340.75 2.28
5

226Ra 39.06=x1. 85 37.26£1.62 2.36

287 5.68140.511 5.21440.405 4.29
PEW PR 22Th  0.58940.049 0.52140.037  6.13
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Table 8 Measurement values and assessment results in this laboratory
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GFH-001 [H &
) 282 Th 2.118 0.303 2,021 +4.80 W &
BEWIRE
226 Ra 3. 957 0.279 3. 857 +2.59 i 7=
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Research on Gamma Spectroscopy Methods for Determination of
Radionuclides in Associated Radioactive Solid Waste
SONG Ping'?*, ZHONG Chunming®, MAO Junjie'*, TANG Shigen'*
(1.Hunan Nuclear Geology and Nuclear Technology Application Center, Changsha 410000, China;
2. Research Institute No. 230, CNNC, Changsha 410007, China;

3. Hunan Provincial Engineering Technology Research Center for Ionizing Radiation Metrology and Instruments,

Changsha 410000, China)

Abstract: In view of the characteristics of complicated types, high salt content and strong matrix effect
of associated radioactive solid wastes, and there is no relevant standard method for analyzing radionu-
clides in associated radioactive solid wastes. Taking molybdenum ore slag, zirconium ore slag and rare
earth slag as the measurement objects, the chemical components in the samples were measured by X-
ray fluorescence spectrometer, and the simulated efficiency calibration was carried out by combining
with the passive efficiency calibration software. The spectrum was measured by gamma spectrometer,
and the gamma spectrometry method for the analysis of radioactive nuclides in associated radioactive
solid waste was established. The experimental results show that the rare earth waste residue, zirconi-
um waste residue and background matrix samples are uniformly mixed at the ratio of 3 ¢ 7(30 g ¢ 70 g)
and 13 4(20 g: 80 g), and then put into the ¢ 75 mm X 20 mm sample box for gamma spectrometry
measurement. The measurement dead time accounts for 9% and the correction error of self absorption
factor is less than 5% ; The absolute value of the relative error is less than 5% ; The maximum devia-
tion between the passive efficiency scale and the active efficiency scale is 4.74% ; When **U is meas-
ured with 92.6 keV full energy peak, the deviation of the measured results after the interference peak
correction meets the requirement of less than 30% . Compared with other methods, the relative devia-
tions of **U, * Th and **Ra are 1.40% —5.03%, 0.59% —6.13% and 2.30% —3.85%, respective-
ly. When the gamma spectrometer is used to measure the associated radioactive solid wastes, this
method optimizes the sample loading quality, reduces the influence of sample self absorption, and does
not need to match the solid waste standard sample with the same matrix, and the measurement result
is reliable. The results provide a feasible analytical scheme for peer laboratories and technical support
for the formulation of relevant industry standards.

Key words: associated radioactive solid wastes; gamma spectrometry; passive efficiency scale; radioac-

tive nuclide; chemical composition; quantitative analysis; matrix effect



