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Abstract : The concentrations of uranium series nuclides, 2**U, **U, ?*Ra and *?’Rn, were
measured for ground- and surface waters around the Tono uranium mine, and their geochemical
behaviors and adoptability for natural analogues were investigated.

238 contents in the groundwaters were in low level because the groundwater remained in
reducing condition with high pH. Such a condition may be favourable for the retention of
uranium analogue nuclides in the high level radioactive wastes (HLRW). ??*Ra contents were
higher than the equilibrium values of 2*®U, which suggests that radium was easier to move than
uranium. *Rn was much abundant in the groundwaters from several hundreds times to several
ten thousands times than its precursor ??°Ra. It is reasonably assumed that much amount of radon
was supplied by host granitic rocks and uraniferous ore body through micro paths (fractures).
The waters from the Sublevel gallery of the Tono mine were low in radon content and ???Rn/
226Ra activity ratios, of which hydrogeochemical data suggests that the water was not recharged
from deep groundwaters, but from shallow ones. The behavior of radon may be a good analogue

for the gaseous nuclides released from the HLRW.
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Table 1 Analogue elements for long-lived nuclides present in high level radioactive wastes.
BRFIIBIT S A ARFIREL
%E CFEEE) fEE S N2 ELUTHR
- Reftikae (VIEfL + A) log K,
9Tc 2.14X10° red. IV 0.64 Re(IV) ?
ox. VII Re(VII) ?
#1Pg 3.28%x10* red. \4 0.78 9.5 (Th,UIV))
0X. \%
=y 1.59%10° red. IV 0.76 13.4 U(IV),(Th, Zr, Hf)
B4 2.45X10° ox. VI 0.73 8.2 U(vI)
257 7.04X10°
=8y 4.47X10°
®'Np  2.14X10¢ red. IV 0.87 12.5 U(IV),(Th, Zr, Hf)
0X. \% 0.75 5.1 Uy
8Py 8.77X10 red. III 1.00 6.5 7% =F (FFiIZNd)
9Py 2.41X10* v 0.86 13.5 U(IV),(Th, Zr, Hi)
0Py 6.57x10° ox. IV 0.86 13.5 U(IV),(Th, Zr, Hf)
v 0.74 4.3 UvIn
29Th  7.34X10° red. IV 0.94 10.8 Th
#0Th 8.0 X10° ox. IV
22Th  1.41X10%
M#Am  4.33X10% red. IV 0.98 6.5 vy =F
M3Am  7.37x10° OX. Jusl
#Cm 1.81X10 red. III 0.98 (6.5) v =%
) 0X. I
(FTRESBETRETT)

EFRC & D EE2LISHRO—EIC B W TPt O RS T
CHBWREEERE N R L I S0 2T, 20k,
FEATR B - AR AT ES EHREBEM 2L 2
B Do GREENE SH, bBETRIICERS
NIHEERY 5 VR TH 2 ANFBIER LD SHRABRD Y
SUGRTH B EMNES PR o, BETIE, R
BEMSERE 25T, SREEOHE « FEHEMHOM
RENEINTHE,

EH 503, BRSBTSV VIRERICE T2
FIFFE RO Lz, BREEN L OBEELEEO T
SRIEHIS D Y 7V RIEHIZ BT 3 ER « KRB QR
LR U ED T E 7 (B2, REEH, 1987 ;
R D, 1989 ; 5% 19897 ), AHEHER, 2h
5DOMEOFT, BIIARCBILEBA A V5>
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ZLTHL PR - MREE» SR AR E2TNT
W3,

— 252 —




—€5C —

E2FR HEBEHIUKUCRIMEO—BKE
Table 2 Water quality of samples from Tono district.

) e e KE mEX Na K Ca Mg HCO, CO, F Cl SO, t.Fe Mn Si0, PO,
&5 HEHREALE , P
(89)  1/m °C uS/cm mg/1 mg/1 mg/1
(LA
1 B A+C Kv—2R 22806 13.1 12.6 153. 7.1
20301 5.4 15.2  159. 7.0 15.1 2.91 3.74 1.49 32.9 0.0 0.10 2.34  32.60 0.00 0.00 26.8 0.10
2 HE B k—RA 22807 0.5 11.5 253. 8.6
20302 0.4 15.7 250. 8.5 38.3 5.76 11.6 0.97 140. 0.0 0.41 1.03 5.32 0.16 0.03 33.1 0.36
3 20mRZES|IriEk 20310 16.4 222. 8.4 49.1 0.36 3.26 0.04 113. 0.0 6.40 . 0.57 0.98 0.00 0.00 13.4 0.01
4 30mFEZES|ILIFAK 20311 8.7 50.9 0.35 2.48 0.03 104. 1.2 6.46 0.56 3.32 0.02 0.00 13.8 0.01
5 AKIEH, 65mR—) > 7 22704 1.0 18.2 204. 9.4
20306 1.0 18.2 232. 9.3 43.8 0.24 1.75 0.02 86.9 8.9 3.68 0.62 0.14 0.01 0.00 16.6 0.00
6 AEH, 70mA—1) 7 22702 1.8 19.0 205. 9.3
20305 1.9 19.1  202. 9.2 42.7 0.27 2.61 0.03 91.5 6.6 3.63 0.62 0:10 0.00 0.00 17.0 0.00
7  AKIEH 95mR—Y > S 22701 9.7 19.5 199. 9.2 38.7 0.21 3.05 0.05 87.2 6.0 3.64 0.76 0.36 0.01 0.00 17.6 0.00
20304 10.1 19.0 197. 9.2 40.3 0.26 3.05 0.04 87.6 6.5 3.74 0.68 0.28 0.02 0.00 17.6 0.00
8 AN 120mAR—Y > 22703 1.4 18.9 192. 9.0
20303 1.5 18.6 191. 9.0 34.0 0.39 6.14 0.12 93.4 2.0 3.99 0.73 0.05 0.01 0.01 18.8 0.01
9 dbzELTEE 22811 1.3 18.4 220. 9.3 .
20309 0.8 17.1 217. 9.4 47.1 0.50 1.64 0.01 75.0 13.2 6.42 0.80 0.41 0.00 0.00 19.3 0.02
10 T8 RLFER—-Y 7 22705 0.2 16.9 237. 9.6
20307 0.3 15.6 232. 9.6 49.8 0.20 1.47 0.02 76.9 14.4 6.75 0.69 0.30 0.01 0.00 13.7 0.00
11 TR BRTA 22809 3.8 15.3  436. 9.7 80.4 1.32 3.68 0.11 138. 29.4 4.61 1.69 24.6 0.03 0.00 16.4 0.02
12 T84T 7oA v bNoldE 22810 0.2 14.6 1600. 9.8 313. 1.05 2.01 0.07 409. 168. 4.29 4.29 86.5 0.01 0.00 16.8  0.09
13 T BEWEREA 22808 19.1* 15.4 256. 8.3 54.2 0.32 2.14 0.03 130. 0.0 4.13 1.10 5.54 0.01 0.00 15.7 0.00
14 T8 REWREEKX 20308 0.6 11.0 260. 9.5 57.4 0.69 3.20 0.08 95.8 13.2 4.30 0.95 9.52 0.05 0.00 16.1 0.02
(€220
15 MBHBEIER-Y L 30113 1.5 13.4  206. 9.8
20412 1.1 13.1 219. 8.1 8.7 2.54 24.1 1.59 107. 0.0 1.97 0.84 3.92 0.03 0.14 28.8 0.01
16 AEAREE 30112 6.5 17.4  243. 7.8
20414 7.0 17.2  248. 9.8 52.7 0.25 1.49 0.02 69.7 18.2 10.7 1.14 0.13 0.01 0.00 13.5 0.00
17 EZO81ER—Y >~ 30115 18.1 23.9 1970. 8.9
20415 15.1 24.3 1930. 8.9 235. 1.69 57.6 0.26 12.2 4.2 8.17 476. 0.62 0.02 0.06 12.1 0.00
18 BAEBR MR 30222 8.7 20.0 241. 8.7 27.7 0.41 17.0 0.12 63.4 0.0 5.14 21.4 7.50 0.03 0.00 19.9 0.00
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Fig. 2 Relationships between total ion equivalent and electric conductivity in water samples from Tono

district.
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Fig. 3 Relationships between electric conductivity and dissolved silica content in waters.
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Key-diagram of water samples from Tono district.
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Relationships between fluoride and chloride ions in water samples from Tono district.
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Table 3 Uranium, radium and radon contents in water samples from Tono district.

v7v(U)  7Y74(Ra) 5 K> (Rn)
5 AR E
ng/l Bq/l + ¢ Ba/l + ¢
(F7P)
1 B A+C F—2 0.02 0.04+0.01 0.7+0.1
2 B B &A—2X 0.56 0.0240.01 0.140.1
5 AEH 65mA—Y v 0.02 0.03%0.01 118. =+1.
6  AER T0mE—Y <0.01 0.07%0.01 94.1+0.2
7 AEHR 95mEK—Y v 0.01 0.02+0.01 193. *1.
8§  AMEH 120mE—Y 7 0.10 0.27+0.16 368. +1.
9 JLEERS 0.06 0.03+0.01 4.6%0.1
10 TH8HE "i¥FR-) > 0.06 0.02+0.01 670. *+1.
11 T#H B’ A 233. 0.1040.01 500. +1.
12 T8 7oAy bNol?E 1140.
13 T AEWE #k 2.00
(Fioh)
15 MFMHmlIER-—Y> 1.27 0.09+0.01 77.5%0.1
16 AHEARE 0.19 0.0240.01 126. *1.
17 EO81BR—Y > 0.01 0.03+0.01 20.2+0.1
18 RARR R 0.84 0.08+£0.01 37.240.1
(H15RK)
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Fig. 6 Relationships among uranium content, electric conductivity and dissolved silica content.
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Fig. 7 Decay scheme for uranium series nuclides and their half-lives.
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Table 4 Activity ratios among #**U, 234U, #2°Ra and ?*’Rn in water samples from Tono district.

# 5 (2 e
&5 RRERIALE 234YJ 226Ra 222Rn 26Rg 2Ry
mUio‘ Wi" EERg) tTo mﬁ_id mR—aio'
)
1 WEE A+C Fw—2 165. =+ 48. 2620.+  40. 6.4+ 5.
2 hE B &—2X 0.93+0.04 2.3+ 1.6 9.+ 1. 2.5+ 1.8 4.+ 3.
5 AN 65mE—Y) > 2.76+0.41 103. + 46. 476000.+ 1000. 37. +22. 4620. % 2080.
6 AEFR 7T0mE—Y v 1.47+0.39 1280.4 220.
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