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Study on Temporal Decay Characteristics of Naturally Occurring Radionu-
clides in Groudwater in Two Mica Granite Area

Moon Su Kim'* + Tae Seung Kim' - Hyun Koo Kim' + Dong Su Kim' - Do Hwan Jeong'
Byoung Kyu Ju' + Jung Ki Hong' * Hye Jin Kim' + Sun Hwa Park' + Chan Ho Jeong>
Byong Wook Cho® + Jin Seok Han'
1S0il and Groundwater Research Division, National Institute of Environmental Research
Department of Geotechnical Engineering, Daejeon University
3Groundwater Department, Korea Institute of Geoscience and Mineral Resources

ABSTRACT

To figure out the decay characteristics of naturally occurring radionuclides, eight sampled groundwaters from a monitoring
borehole having high levels of uranium and radon concentrations in a two mica granitic area have analyzed by liquid
scintillation counters (LSC) for over 1 year. In December 2011, three groundwater samples (DJ1, DJ2, DJ3) were obtained
from each aquifer system located at —20 m, —40 m, —60 m of the monitoring borehole below the ground surface,
respectively. Five samples (DJ4, DJ5, DJ6, DJ7, DJ8) were additionally gained from each aquifer positioned —20 m, —40 m,
—60 m, —100 m, —105 m of the borehole in February 2012, respectively. Temporal variation characteristics of uranium and
radon concentrations have showed over maximum 2.1 times and 1.4 times fluctuations of the values in the same sampling
intervals over time, respectively. The intervals of —40 m and —105 m in the borehole have the highest values of uranium
and radon concentrations, respectively. This may imply that the concentrations of naturally occurring radionuclides such as
uranium and radon in groundwater have been changed over time and indicate that the qualities of groundwaters from the
aquifers developed at each interval in the borehole are different each other. This discrepancy, moreover, could be caused
by behaviour differences between uranium which is in ionic status having a half life of 4.6 billion years and is transported
along with the flowing groundwater, and radon which is in gaseous status having a 3.82 day's half life in the aquifer
systems. Physicochemical characteristics of groundwaters from the aquifer systems could be identified by the results of the
on-situ measuring items such as pH and Eh, and the major ionic contents. The CPM values of eight groundwater samples
analysed by LSC over one year have shown not to follow the theoretical decay curve of the radon. The CPM values of the
samples have ranged from 2 to 7.5 after it had passed two months when the theoretical CPM values of the radon started
zero since the initial analysis. Alpha and beta particle spectrums have shown the peaks of radium-226, however they have
not revealed any peaks of radon and it's daughter products such as polonium-218 and 214, bismuth-214 for the late stage
of the analysis. This implies that the groundwater from the borehole may contain radium-226 having a half life of 1,600
years which decays continuously.

Key words : Groundwater, Radiological decay, CPM, LSC, Alpha & beta particle spectrum
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Fig. 1. The location of the study site and the geological settings of the area.
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of] YeRAA

2hEe] Haghe 23k AR GL-105m AFelA 13,770
pCi/L, HA3ke 12} A& GL-20m Aol 7,036 pCi/
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HeE 5 2REe] AI9EAIQ] 4,000 pCiLE 29813t ¢
ZHge] Haake 23 A& GL-40m AHolA 557.40 ug/L,
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e 423.15ug/LE H|=e] He=E VIE 30uglE BT
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& gke] WMoe —3.9%lA 9.7% Alelolt). SiE 23F A
B GL-105m AN 9.0 mgLE Hagks, 23 A8
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TS Bty SSH AT 28 13.8~14.8°C, F4:0]
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23 mg/Le] HM9E Bt

3.2. HR|MTAIST|(LSC)l 2lEt E7 |24}

Table 29} 3& 12} ¥ 23} =848 A8 gIE 7
FHAIZPEE LSC(Liquid Scintillation Counter)® 213}
Ao, BT AFAS FHCPM; Counts Per
Minute)© 2 UERNAT} Z28]al o]2 CPM 3t 2h=9]
HE71E o] 83t o2 gaolA] =E3ISt).
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Table 2. Measured and theoretical CPM values of DJ1, DJ2, and DJ3

DIl D12 DI3
N Dat
© ae Measured CPM  Theoretical CPM  Measured CPM  Theoretical CPM =~ Measured CPM  Theoretical CPM
1 11-128 291.861 201,861 353.960 353.960 495751 495751
2 11-12-12 137.264 146,496 166.809 177.659 238.157 248,821
3 11-12-13 122.943 129.722 143.064 157317 207.957 220331
4 11-12-13 112,589 122.070 135712 148.037 200,074 207333
5 11-12-14 100312 108.093 119211 131.086 177355 183.593
6 11-12-14 90.987 101.716 111.688 123354 169.452 172763
10 11-12-16 65.187 69.559 74.900 84355 107343 118,144
11 11-12-19 38369 42766 47.520 51.864 68326 72.638
12 11-12-19 36.580 40244 42.697 48.804 63.208 68353
13 11-1220 31.924 35.636 39.557 43216 56.743 60.526
14 11-1220 31757 33533 35.863 40.667 53.121 56.956
18 11-1222 2012 23283 25.470 28236 37.634 39.546
2 11-12:26 11.142 11225 13.766 13.612 20.598 19.065
2 11-12-:28 9.200 7.793 11.074 9451 15.742 13237
27 11-12:29 6.882 6.901 9.574 8.369 14.599 11721
28 11-12-29 7.206 6.494 8.995 7,875 15.401 11,030
38 12-1-6 4327 1.604 4770 1.945 7.802 2724
39 12-1-6 3322 1.509 4.464 1.830 7.104 2,563
40 12-1-9 3.015 0.928 4276 1125 6.320 1.576
41 12-1-9 3493 0.873 4022 1.059 6.118 1.483
58 12120 2,760 0.125 3.526 0.151 4992 0212
59 12120 2777 0.119 3782 0.144 4702 0201
60 12-1-26 2419 0.042 3.526 0.051 5.502 0.071
61 12-1-26 3.050 0.039 3.543 0.048 4872 0.067
62 12-1-27 2.624 0.035 4.054 0.042 5.741 0.059
63 12-1-27 2.879 0.033 3.748 0.040 5451 0.056
66  12-131 2334 0.017 3458 0.020 5.621 0.028
76 1228 2453 0.004 2913 0.005 5230 0.007
84 12-2-20 2726 0.000 3117 0.001 5.605 0.001
85 12-2-24 2777 0.000 3.441 0.000 5.111 0.000
86  12-2:27 2,931 0.000 3.799 0.000 5315 0.000
87 12:228 2.726 0.000 3.697 0.000 4.480 0.000
158 12:6:25 2.999 0.000 3867 0.000 6.132 0.000
187 1287 3612 0.000 4242 0.000 6.167 0.000
193 12-821 3.186 0.000 4.668 0.000 6.184 0.000
194 12:822 3.391 0.000 4174 0.000 5417 0.000
195 12-8-23 3.203 0.000 3.799 0.000 6.525 0.000
201 13-1-7 3118 0.000 3816 0.000 5.895 0.000
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Table 3. Measured and theoretical CPM values of DJ4, DJ5, DJ6, DJ7, and DJ8

25

Dl4 DIJ5 Dl6 DJ7 DI8
No Date  Measured Theoretical Measured Theoretical Measured Theoretical Measured Theoretical Measured Theoretical
CPM CPM CPM CPM CPM CPM CPM CPM CPM CPM
1 12223 386.174 386.174 514869 514.869 507.030 507.030 551.990 551.990  581.287  581.287
2 12227 167.091 170.093 220952 226769 213293  223.307 237.182 243.099 252366  255.992
3 12-2-28 138929  141.141 179209 188.169 173.336 185297 188383 201.720  210.997 212418
4 12229 116164 117995 151.626 157312 148599 154911 159429 168.640 170.147  177.584
5 1232 72.001 79.413  100.165 105.874  98.821 104258 107.818 113499  115.622  119.518
6 12-3-6 37.583  39.177  53.667 52231 50.136 51434 53343 55993 57.978  58.962
7 12-3-7 33.084 32969 44277 43954  40.136  43.283  46.648  47.120  46.665  49.619
8 12-3-8 27770 27215 39.116 36284 35726 35730 39287 38897  43.751 40.960
9 12-39 22709  22.880  31.757  30.503  30.834  30.038  34.040 32700  36.117  34.434
10 12-3-12 14.702 13.205 19.864 17.605 19.250 17337 21.790 18873  23.596 19.874
20 12-3-26 6.065 1.020 6.797 1.360 6.422 1.339 6.576 1.457 6.968 1.535
21 12-3-27 5298 0.859 6.678 1.145 6.797 1.128 7.138 1.228 7.155 1.293
22 12-3-28 5.366 0.672 6.746 0.895 6.729 0.882 6.031 0.960 7.138 1.011
23 12-3-29 4.872 0.596 7.002 0.794 6218 0.782 5.980 0.851 7.308 0.896
24 12-4-2 5.196 0.287 6.167 0.383 5.604 0.377 5.946 0411 6.593 0.432
25 12-44 5.042 0.199 6.405 0.265 6.064 0.261 6.082 0.284 6.354 0.300
26 12-4-5 5.111 0.166 5.758 0.222 5.639 0218 5.622 0.238 6.456 0.250
29 12-4-16 4.974 0.022 5417 0.030 6.132 0.029 6.243 0.032 - -
30 12-4-17 4.583 0.019 5.605 0.025 5.804 0.025 5707 0.027 6.831 0.028
31 12-4-18 4.037 0.015 6.576 0.019 6.116 0.019 5.468 0.021 6.116 0.022
41 12-5-3 4.957 0.001 7.154 0.001 6.319 0.001 5.690 0.001 6.797 0.002
42 12-54 4.889 0.001 6.149 0.001 6.064 0.001 5.383 0.001 6.831 0.001
43 12-5-7 4.872 0.000 6.286 0.001 5.792 0.001 5.553 0.001 6.405 0.001
44 12-5-8 4.855 0.000 6.405 0.001 5.724 0.001 5.076 0.001 6.218 0.001
45 12-59 4.668 0.000 6.746 0.000 5.468 0.000 4.974 0.000 5.809 0.001
46 12-5-10 4.753 0.000 6.405 0.000 5.349 0.000 5.162 0.000 6.269 0.000
71 12-6-20 4.616 0.000 6.030 0.000 3910 0.000 5.570 0.000 6.507 0.000
75 12-6-26 4.940 0.000 6.524 0.000 5.638 0.000 5.195 0.000 7.035 0.000
76 12-6-27 5.843 0.000 6.251 0.000 6.132 0.000 5485 0.000 5.996 0.000
81 12-74 5.077 0.000 5.894 0.000 5.962 0.000 6.422 0.000 6.201 0.000
85  12-7-10 5.145 0.000 6.831 0.000 6.831 0.000 5.400 0.000 6.695 0.000
86  12-7-11 5230 0.000 6.303 0.000 5913 0.000 5281 0.000 5.861 0.000
87 12-7-12 5.332 0.000 7.070 0.000 5.673 0.000 5485 0.000 5.588 0.000
98  12-7-31 4.787 0.000 6.746 0.000 5.502 0.000 5.366 0.000 6.559 0.000
127 13-1-7 5298 0.000 6.746 0.000 6.013 0.000 5.741 0.000 5.792 0.000
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Fig. 5. Measured and theoretical CPM values of the groundwaters over time.
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