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The Natural Analogue Study in Uranium Deposit (1)
—-— A study on radioactive disequilibrium of uranium-series nuclides
T.Nohara, T.Seo and Y.Ochiai

Abstract

The Tsukivosi uranium deposit, which is called Tertiary sandstone-type. can be
regarded as a potentially useful analogue for geological isolation of
radioactive wastes in Japan. In order to understand the geochemical behaviour
of U-series nuclides (U-238, U-234, Th-230, Ra-226) under reducing condition, a
study on radicactive disequilibrium of rocks was carried out.

A total of 185 rock specimens were collected from 6 boreholes and gallery in
the uranium mineralized zone, which is situated in paleo-river system, in the
direction of east-west. [In the system of groundwater flow, the mineralized
zone was divided into four: the upper, the middle, the lower, and the lowermost
reaches from the west to the east. The initial mineralization were occurred at
the period of 10 Ma, and mostly focused on the middle reaches. The following
results are obtained by the chemical analysis and alpha and gamma spectorometry.

Activity ratios of U-234/U-238 and Th-230/U-234 (for 185 specimens) are mostly
within the range of 1.2 and 0.8. In the middle reaches to lower reaches of
groudwater flow, activity ratios of Th-230/U-234 are occasionally less than
unity. In the middle reaches, the ratios of Th-230/U0-234 are less than unity
at particularly highly mineralized parts, while the ratios are nearly equal to
unity at poorly mineralized parts.

Activity ratios of Ra-226/Th-230 (for 185 specimens) were a wide range between
0.6 and 5. L.

Combination of the result above-mentioned with chemical properties and decay
constants of the nuclides leads to the following conclusiens.

(DUranium and thorium have not migrated significanlly during the last one
million years. The magnitude of the uranium migration is probably within the
range of several ten centimeler.

(2)Uranium at the middle to lower reaches has been concentrated during the past
several hundred thousand years. [t is noteworthy that uranium of severely
mineralized parts at the middle reaches have highly redistribuled.

(3)Radium has been probably migrated during the last ten thousand years.
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#6. la &HEEBOYI /EFREBGHER (SN-257L)
Bolling_No. depth U (%) 234U/238U j230Th/234U1226Ra/230Th
1 SN-2 89.45 0.0003 1.022 1,140 1,110
2 SN-2 89.55 0.0003 1.046 1,040 1.000
3 SN-2 90,35 0.0006 1,095 0.872 0.796
4 SN-2 80.45 0.0007 1.085 1.080 0.985
5 SN-2 90.85 0.0014 1,023 1.040 1.010
6 SN-2 90.85 0.0013 1.081 0.993 0.910
7 SN-2 81.05 0.0013 0.994 0.971 0.977
8 SN-2 91.25 0.0011 1.013 0.955 0.942
9 SN-2 91.35 0.0022 1.016 0.908 0.893
10 SN-2 91.55 0.0016 1.172 0.933 0.796
11 8N-2 82.15 0.0038 0.981 1.120 1.140
12 EN-2 92.25 0.0034 1,022 0.989 0.968
13 SN-2 92.45 0.0070 0,889 1.020 1.021
14 SN-2 82.55 0.0050 1,020 1.040 1.020
15 SN-2 92.85 0.0034 0.892 1.000 1.010
16 SN-2 92.75 0.0050 1.063 0.997 0.938
17 SN-2 82.85 0.0040 1.003 1.030 1.030
18 SN-2 93.05 0.0040 1.007 1.020 1.010
19 SN-2 93.35 0.0011 1.055 0.9982 0.940
20 SN-2 93.45 0.0110 1.021 1.060 1.040
21 SN-2 93.55 0.0070 1.010 0.989 0.979
22 SN-2 93.80 0.0040 1,010 0.470 0.9690
23 SN-2 83.80 0.0030 0.981 1.050 1.070
24 SN-2 84.00 0.0050 0.965 1.110 1.150
25 SN-2 84.10 0.0027 0.965 1.200 1.240
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6. 1b sSiFEHEOYI Y EFRELHEEELE (KNA-3STD

Bolling No. depth U (%) 234U/238U | 230Th/234U[226Ra/230TH 210Pb/226Ra
1 KNA-3 37.20m 0.207 1.00 0.93 1.71 1.39
2 KNA-3 37.36m 0.116 0.97 1.04 1.37 i.186
3 KNA-3 37.50m 0.108 1.08 1.06 1.22 1.13
4 KNA-3 37.70m 0.212 1,03 1.02 1.34 1.07
5 KNA-3 37.73m 0.710 1.02 0.98 1.47 1.02
6 KNA-3 37.76m 1.447 1.00 1.00 i.27 1.66
7 KNA-3 37.79m 1.460 1.00 0.95 0.85 1.55
8 KNA-3 37.81m .447 1.00 0.87 1.29 2.26
9 KNA-3 38.20m 1.808 1.01 0.96 1.21 0.87
10 KNA-3 38.30m 0.041 1.00 0.98 5.11 1.04
11 KNA-3 38.55m 0.005 1.01 0.99 1.52 1.11
12 KNA-3 39.20m 0.018 0.99 1.00 1.58 1.38
13 KNA-3 39.47m 0.083 1.00 0.96 1.59 1.40
14 KNA-3 39.57m 0.055 1.00 1.06 4,17 1.28
15 KNA-3 39.60m 5.738 1.00 0.89 1.44 2.76
16 KNA-3 39.65m 0.048 1,00 0.97 2.18 1.25
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#£6. lc HBESUGAESERSY vy FEERHOYS Y EERLEEL (F0 1)

Bolling No. depth U (%) 234U/238U [230Th/234U[226Ra/230TH210Pb/226Ra |
1 G-1 A-1-1 0.010 1.03 0.98 0.93 1.07
2 G-1 A-1-2 0.030 1.00 0.99 0.75 0.91
3 G-1 A-1-3 0.029 0.99 1.09 0.90 1.03
4 G-1 A-1-4 0,024 1,05 1.07 0.93 1.08
5 G-1 A-2-1 0.016 1.00 0.96 0.95 1.09
6 G-1 A-2-2 0.023 1.00 1.00 0.90 1.05
7 G-1 A-2-3 0.029 1.01 0.96 0.93 1.08
8 G-1 A-2-4 0.023 1.03 0.97 0.90 1.06
9 G-1 A-3-1 0.015 1.01 1.02 0.91 1.06
10 G-1 A-3-2 0.026 0.97 0,99 0.93 1.08
11 G-1 A-3-3 0,029 1.00 1.09 0.91 1.06
12 G-1 A-3-4 0.030 0.99 0.97 0.91 1.06
13 G-1 A-4-1 0.046 1.01 0.96 0.89 1.01
14 G-1 A-4-2 0.024 0.98 0.99 0.84 1.11
15 G-1 | A-4-3 0.021 1.03 0.97 0.82 1.04
1§ G-1 A-4-4 0.023 1.00 1.00 0.76 1.06
17 G-1 B-1-1 0.019 1.00 0.98 0.85 0.99
18 G-1 B-1-2 0.021 1.00 0.97 0.86 1.01
19 G-1 B-1-3 0.022 0.98 1.02 0.89 1.06
20 G-1 B-1-4 0.016 1.02 0.94 0.89 1.06
21 G-1 B-2-1 0.019 0.99 0.99 0.87 1.00
22 G-1 B-2-2 0.020 1.03 1.01 0.88 0.96
23 G-1 B-2-3 0.022 1.00 1.03 0.87 0.98
24 G-i B-2-4 0.019 0.99 - 1.02 0.90 1.02
25 G-1 B-3-1 0.018 1.01 1.00 0.83 1.02
26 G-1 B-3-2 0.013 1.03 " 0.87 0.87 0.98
27 G-1 B-3-3 0.011 1.08 0.97 0.87 1.06
28 G-1 B-3-4 0.018 1.03 0.96 0.81 1.03
29 G-1 B-4-1 0.011 1.01 0.98 0.87 0.99
30 G-1 B-4-2 0.011 1.03 0.97 0.84 1.01
31| . G-1 B-4-3 0.012 1.03 1.03 0.83 0.97
32 G-1 B-4-4 0.011 1.02 1.02 0.87 1.01
33 G-1 C-1-1 0.019 0.97 1.02 0.80 0.97
34 G-1 C-1-2 0.041 0.98 0.98 0.82 0.99
35 G-1 C-1-3 0.039 0.99 1.00 0.83 1.03
36 G-1 C-1-4 0.026 1.04 1.00 0.81 0.99
37 G-1 C-2-1 0.045 1.00 1.09 0.73 1.02
38 G-1 C-2-2 0.018 1,05 0.95 0.94 0.86
39 G-1 C-2-3 0.018 1.01 0.98 0.89 1.07
40 G-1 C-2-4 0.022 1.02 0.95 0.85 1.02
41 G-1 C-3-1 0.011 1.01 0.99 . 0.83 0.97
42 G-1 C-3-2 0.020 0.96 1.05 0.89 1.02
43 G-1 C-3-3 0.012 0.99 1.05 0.76 0.94
44 G-1 C-3-4 0.021 1.00 1.02 0.86 1.01
45 G-1 C-4-1 0.010 1.04 0.98 0.87 0.99
46 G-1 C-4-2 0.017 1.05 0.99 0.87 1.07
47 G-1 C-4-3 0.013 1.01 0.95 0.84 1.00
48 G-1 C-4-4 0.021 1.03 0.99 0.82 1.01
49 G-1 D-1-1 0.049 1.00 0.97 0.80 0.98
50 G-1 D-1-2 0.048 1.02 0.98 0.82 1.02
51 G-1 D-1-3 0.037 1.00 0.99 0.81 1.01
52 G-1 D-1-4 0.034 1.00 0.98 0.81 0.99
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%6. lc  HEBHSLAESSES Y v FEAEEOY I VEHREMHE (R0 2)

Bolling No. depth U (%) 234U/238U [230Th/234U226Ra/230TH 210Pb/226Ra
G-1 D-2-1 0.0486 1.01 0.98 0.72 0.97
G-1 D-2-2 0.041 1.00 0.98 0.80 0.98
G-1 D-2-3 0.035 1.00 0.99 0.73 0.97
G-1 D-2-4 0.031 0.98 0.95 0.82 .1.00
G-1 B-3-1 0.023 1.01 1.01 0.83 1.03
G-1 D-3-2 0.018 1.01 1.02 0.75 0.97
G-1 D-3-3 0.024 0.98 1.01 0.82 0.89
G-1 D-3-4 0.025 1.00 0.97 0.79 1.04
G-1 D-4-1 0.015 . 0.99 0.99 0.79 0.98
G-1 D-4-2 0.018 1.00 1.07 0.82 1.07
G-1 D-4-3 0.022 1.01 1.02 0.72 0.98
G-1 D-4-4 0.023 1.00 0.97 0.87 1.09
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6.

1d &HERHOY 7 yEEERE MUt (KNA-15TL

_Bolling_No. depth U (%) 2341/238V [230Th/234U[226Ra/230TH 210Pbh/226Ra
1 KNA-1 0.4-0.6 0.026 1,02 1.02 1.55 1.22
2 KNA-1 5-5.2 0.002 1.05 1.45 1.27 1.40
3 KNA-1 5.2-5.4 0.00186 1.02 1.04 1.22 0.93
4 KNA-1 5.4-5.5 0.0015 1.16 1.20 1.08 0.83
5 KNA-1 5.5-5.6 0.0001 0.99 1.08 1.64 1,13
6 KNA-1 5.6-5.8° 0.0003 0.98 1.40 1.55 1.27
7 KNA-1 5.8-6.0 0.0004 1.05 1.29 1.17 0.84
8 KNA-1 24.0-24.1 0.100 1.01 0.95 1.64 1.04
9 "KNA-1 24.1-24.25 0.091 1.02 0.98 1.09 1.41
10 KNA-1 24.25-24.4 0.029 1.03 0.99 1.42 1.12
i1 KNA-1 24.4-24.5 0.025 1.00 1.00 1.37 1.31
12 KNA-1 24.5-24.7 0.032 1.01 1.10 1.01 1.40
13 KNA-1 24.7-24.8 0.027 0.92 0.96 1.33 1.24
14 KNA-1 24.8-25.0 0.045 1.00 1.00 1.14 1.36
15 KNA-1 25.5-25.7 0.088 0.98 0.96 1.20 1.71
16 KNA-1 28.5-28.6 0.032 1.00 0.96 0.51 1.30
17 KNA-1 | 28.8-20.0 0.080 1.01 0.98 1.52 1.30
18 KNA-1 25.0-29.1 0.065 0.99 0.99 1.96 1.31
19 KNA-1 26.1-29.2 0.035 1.09 0.88 3.83 1.13
20 KNA-1 33.8-33.9 0.013 0.98 1.07 2.54 0.99
21 KNA-1 33.9-34.1 0.005 1.00 0.98 0.26 1.15
22 KNA-1 34.1-34.3 0.0038 0.96 1.03 1.29 1.17
23 KNA-1 34.3-34.5 0.0031 0.95 1.03 1.13 1.11
24 KNA-1 34.5-34.7 0.0024 1.09 1.01 1.35 1.24
25 KNA-1 34.7-34.9 0.0041 1.13 0.94 1.38 1.36
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£6. le LERHovsUvEERIBGHEL (AT-12 S5

Bolling No. depth U (%) 234172380 {230Th/234U[226Ra/230TH 210Pb/226Ra
1 Al-12 83.05 0.032 0.97 0.85 0.80 0.89
2 Al-12 83.15 0.035 0.94 0.96 0.73 0.82
3 Al-12 83.25 0.016 1.01 0.74 0.87 0.95
4 Al-12 83.35 0.042 1.02 0.79 0.91
5 Al-12 83.45 0.0125 1.03. 1.03 0.96 1.06 |
5 Al-12 83.55 0.095 0.97 0.98 0.79 0.93 |
7 Al-12 83.65 0.042 0.99 0.72 0.68 .0.88 |
8 Al-12 83.75 0.067 1.00 0.89 1.09 1.28 |
9 Al-12 83.85 0.043 1.03 0.95 0.78 1.02
10 Al-12 83.95 0.039 1.04 0.85 0.89 1.06
11 Al-12 84.05 0:041 0.98 0.81 0.72 0.92 |
12 Al-12 84.15 0.0248 1.00 0.97 1.01 1.24
13 Al-12 84.25 0.029 0.99 0.85 0.74 0.93
14 Al-12 84.35 0.033 0.96 0.81 1.00 |
15 Al-12 84.45 0.004 1.04 0.99 0.79 0.87 -
18 Al-12 84.55 0.004 1.01 0.98 0.81 0.96 |
17 Al-12 84.85 0.008 1.02 0.99 0.90 0.99 |
18] _Al-12 84.75 0.0013 1.20 1.03 1.54 139 |
19 Al-12 84.85 0.0189 1.01 0.80 ;
20 Al-12 84.95 0.0007 1.22 1.31 1
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%6. 1f HERHOYS VAHREHMEL (AN-4570
Bolling No. depth U (%) 234U/238U | 230Th/234U|226Ra/230Th210Pb/226R
1 AN-4 50 0.001 1.03 0.94 0.88 1.14
2 AN-4 50.7 0.039 1.07 0,92 0.78 0.99
3 AN-4 51 0.018 1.01 1.03 0.94 1.21
4 AN-4 52.8 0.034 1.04 0.98 0.81 1.08
5 AN-4 61.8 0.01 1.04 0.83 0.92 1.16
6 AN-4 62 0.103 1.01 0,92 0.98 1.21
7 AN-4 62.1 0.024 1.06 0.98 0.65 1.03
8 AN-4 62.4 0.084 1.05 0.97 0.77 i.12
9 AN-4 62.6 0.013 1.01 0.92 0.78 1.06
10 AN-4 62.8 0.028 1.04 0.92 1.09 1.65
11 AN-4 63 0.033 1.10 0.86 0.92 1.17
12 AN-4 63.2 0.033 1.10 0.89 0.85 1,22
13 AN-4 63.4 0.024 1.05 0.90 0.81 1.18
14 AN-4 63.6 0.069 0.99 0.90 1.16 1.45
15 AN-4 63.8 0.056 1.00 0.84 0.74 1.08
16 AN-4 64 0.032 1,04 0.98 0.71 1.01
i7 AN-4 65 0.036 1,02 0.91 0.88 1.18
i8 AN-4 66 0.008 1.03 0.88 0.89 1.19
18 AN-4 67 0.02 1.06 0.84 0.88 1.04
20 AN-4 68 0.02 1.05 0.85 1.08 1.29
21 AN-4 69 0.014 1.04 0.89 0.90 1.13
22 AN-4 70.05 0.037 1.00 0.97 0.81 1,09
23 AN-4 71.45 0.037 1.04 0.80 0.94 1.14
24 AN-4 72.05 0.028 1.02 0.94 0.91 1.15
25 AN-4 73,25 0.041 1,06 0.80 1.00 1.31
26 AN-4 74.15 0.056 0.99 0.91 0,94 1.22
27 AN-4 75.55 0.054 0.99 0.94 0.94 1.18 -
28 AN-4 76.45 0.086 1.00 0.86 0.99 1.37
23 AN-4 77.05 0.02 1.02 1.06 1.04 1.09
30 AN-4 78.05 0.007 1.00 1.01 1.14 1.20
31 AN-4 79 0.015 1.00 0,93 1.07 1.33
32 AN-4 80.05 0.019 0.99 0.96 1.00 1.25
33 AN-4 81.45 0.035 1,02 0.88 0.79 1.47
34 AN-4 £2.05 0.01 0.99 0.98 0.59 1.04
35 AN-4 83.05 0.009 1.04 0.88 0.75 1.18
36 AN-4 84.55 0.013 1.01 0.85 0.77 1.10
37 AN-4 85.55 0.006 1.21 0.90 1.01 1.33
38 AN-4 86.45 0.032 1.00 0.85 0.74 1.00
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#6. 1g HEEHOUS vEB R ERETEL (AN-55FL)
Bolling No. depth U (%) 034U/238U |230Th/234U[226Ra/230TH 210Pb/226Ra
1 AN-5 73.90m 0.044 0.99 1.02 1.12 1.33
2 AN-5 74.10m 0.025 .01 0.95 1.31 1.26
3 AN-5 74.75m 0.028 1.01 0.97 1.22 1.30
4 AN-5 74.80m 0.046 0.98 0.97 1.47 i.14
5 AN-5 75.30m 0.012 .03 1.00 1.35 0.98
6 AN-5 75.80m 0.046 1.01 1.06 1.35 1.15
7 AN-5 76.10m 0.056 1,01 0.98 2.92 1.16
8 AN-5 76.25m 0.008 0.98 1.01 1.67 1.17
g AN-5 78.45m 0.076 1,01 1.01 2.51 1.14
10 AN-5 77.10m 0.119 1.00 1,05 2.26 1.32
11 AN-5 77.15m 0.139 .01 1.00 2.36 1.26
12 AN-5 77.20m 0.105 1.03 0.99 1.31 1.27
13 AN-5 77.98m 0.050 0.99 1.00 2.31 1.21
14 AN-5 80.60m 0.026 1.02 1.00 2.93 1.21
15 AN-5 81.18m ° 0.088 1.00 0.96 3.07 1,17
16 AN-5 81.62m 0.056 1.00 1.02 2.63 1.15
17 AN-5 81.80m 0.062 1.00 0.93 1,52 1,17
18 AN-5 81.85m 0.058 .01 0.98 2.86 i.15
19 AN-5 81.90m 0.031 0.99 1.00 1.17 1.29
20 AN-5 82.25m 0.064 0.99 . 0.97 2.76 1.13
21 AN-5 82.60m 0.068 1,00 0.98 2.86 1.11
22 AN-5 82.65m 0.057 1.01 1.00 2.80 i.16
23 AN-5 82.75m 0.028 1.00 0.85 1.42 1.17
2 4 AN-5 83.40m 0.062 1.00 0.99 2.75 1.23
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