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Quantitative Analysis of Radionuclide in Primary Coolant
of HANARO Using Gamma-ray Spectroscopy
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Abstract
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By using the gamma-ray spectroscopy, the species and concentrations of the
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radionuclide in the primary coolant of HANARO are analysed, The full-energy
peak efficiency calibration as function of the photon energy for a HPGe detector
1s performed using the volume standard source and proper fitting function. The
coolant is picked at the primary coolant purification system, and it takes 8
minutes to start the gamma-ray spectrum measurement from coolant picking.
The concentrations of Na-24, Mg-27 and Al-28 are higher than those of other
nuclide confirmed in the coolant using gamma-ray spectrum, and they are 2—~6
x10? uCi/cc. Their origins are radiative reaction of aluminium used as the
structure materials and cladding of nuclear fuel. The concentrations of I-134 and
Xe—-138 are relatively higher than those of other fission fragments. The source
of the fission fragments in the coolant is the surface contamination of the
nuclear fuel by uranium. The measured concentrations of the fission fragments

are much smaller than the calculated values.
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Parameters Figures
Energy range 60~1836 keV
Radionuclide Am-241, Cd-109, Co-57, Ce-139, Hg-203,
Sn-113, Sr-95, Cs-137, Co-60, Y-88
Nominal total activity 40 kBq
Density 0.97 g/cm’
Volume 100 ml
Relative uncertainty 3.0 %(level of confidence of 95 %)
of activity
Construction Homogeneous radionuclide mixture in
matrix - cylindrical bottle of outer
diameter of 48 mm
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axps | o = uE217| 20t ol X[ | ZteiH] Sk %@iﬁ ST AL
(keV) (%) (pCi/cc) (uCi/cc)
11 Na-24 | 14.95%h 1369 100 2.16x10°+3.30x10™
2754 99.944
12 | Mg-27 | 9.458m 843.76 71.8 5.83x107+8.95x10™
1014.44 28
13 Al-28 | 2.2414m 1778.85 100 4.52x107+2.05%107
18 Ar-41 | 109.34m 1294 99.1 8.26x10°+1.30x10™
19 K-40 | 1.277e9y 1461 10.67
24 Cr-51 | 27.702d 4.95 13.1
320.08 10.08
25 Mn-56 | 2.578h 846.75 98.9
1810.72 27.2
2113.05 14.3
36 | Kr-85m/| 4.48h 304.87 14 5.89x107+1.49x107 1.10x10°
Kr-87 | 76.3m 402.59 50 3.22x10"+1.89x107 2.22x107
Kr-88 2.84h 239211 34.6 4.12x10+2.12x10° 3.14x10°
196.3 26
2195.84 13.2
834.83 13
1529.77 10.9
37 Rb-88 | 17.78m 1836 214 1.64x10°+1.90x10™
898.03 14
Rb-89 | 15.15m 1031.92 58 2.21x10°+1.16x10™
1248.14 43
2195.92 13.3
657.77 10
38 Sr-91 9.63h 1024.3 33.4 2.67x1049.97x10°
749.8 23.6
Sr-92 2.71h 1383.93 90 3.60x10+9.38x10°
Sr-93 | 7.423m 590.24 67 1.53x10°+1.48x10™
875.73 241
888.13 21.8
710.31 21.8
168.5 18.2
39 Y-9Im | 49.71m 555.57 94.9 8.16x10°+2.94x10°
Y-92 3.54h 934.47 13.9
40 Zr-95 | 64.02d 756.73 54.46
724.2 4417
Zr-97 16.9h 743.36 93.06
41 Nb-95 | 34.975d 765.81 99.81 9.67x10°+3.11x10°°
Nb-97 | 72.1m 657.94 98.23 1.03x10*+1.97x10”
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axps | o = uE217| 20k oI X[ | ZHefd| Sk %@iﬁ SE AHMZk
(keV) (%) (pCi/cc) (uCi/cc)
42 Mo-99 | 65.94h 739.5 12.13
43 | Tc-99m | 6.01h 140.51 89.06 1.62x10*+8.60x10°
Te-101 | 14.22m 306.83 88 1.22x10°+2.19x107
44 | Ru-103 | 39.26d 497.08 91
47 | Ag-110m| 249.79d 657.76 94
884.68 72.2
937.49 34.13
1384.3 2412
763.9 2214
706.68 16.33
1505.04 12.95
677.62 10.28
52 Te-133 | 12.5m 312.07 62.4 5.52x10+3.97x107
407.63 27.1
1333.21 10.7
Te-133m| 55.4m 912.67 55 2.20x10*+7.84x10°
647.51 19.4
863.96 15.6
914.77 10.9
53 131 | 8.021d 364.49 81.7 5.10x10°+1.72x10° 2.26x10°
[-132 | 137.7m 667.72 98.7 2.41x10*+1.81x10° 3.94x10”
772.6 75.6
954.55 17.6
522.65 16
630.19 13.3
1-133 20.8h 529.87 87 2.01x10™+1.07x107 6.02x10°
1-134 52.5m 847.03 954 1.22x107°+3.93x10” 6.78x10°
884.09 64.9
1072.55 14.9
595.36 11.1
621.79 10.6
1-135 6.57h 1260.41 28.9 4.22x10+5.86x107 5.61x10”
1131.51 22.74
54 |Xe-133m| 52.56h 29.78 29.8 1.78x10*
29.46 16.1
33.6 10.6
233.2 10
Xe-135 | 9.14h 249.79 90.1 6.23x10*+1.31x10” 5.86x10™
Xe-135m| 15.29m 526.56 80.5 2.90x10*+8.82x10° 1.03x10°
Xe-137 | 3.818m 455.49 31.2 4.14x10°+1.49x10™
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axps | o = uE217| 20k oI X[ | ZHefd| Sk %@iﬁ SE AHMZk
(keV) (%) (pCi/cc) (uCi/cc)
Xe-138 | 14.08m 258.41 315 1.86x107°+8.89x10”
43456 20.3
1768.26 16.7
2015.82 12.3
55 | Cs-138 | 33.41m 1435.86 76.3 1.87x10°+4.87x10°
462.8 30.7 9.19x10*+4.53x10”
1009.78 29.8 5.29x107+4.39x107
2218 15.
547 10.76
56 | Ba-139 | 83.06m 165.86 24
Ba-140 | 12.752d 537.26 24.39
4.65 15
29.97 14.1
Ba-141 | 18.27m 190.33 46 9.19x10*+4.53x10°
304.19 254
276.95 23.4
343.67 14.4
57 | La-140 | 40.274h 1596.21 95.4
487.02 455
815.77 23.28
328.76 20.3
La-142 | 91.1m 641.28 474
2397.8 13.3
2542.7 10
58 | Ce-141 | 32.501d 145.44 48.2
Ce-143 | Ce-143 293.27 428
36.03 323
35.55 17.7
40.7 12.2
57.36 11.7
74 W-187 | W-187 685.73 27.3 5.29x107+4.39x107
479.55 21.8
61.14 125
72 11.1
93 | Np-239 | Np-239 14.3 63
106.12 27.2
103.76 225
277.6 14.38
99.55 14
228.18 10.76
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