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Abstract: The precipitation of secondary minerals not only controls the evolution of components in groundwater, but
also has a significant influence on the migration and retardation of radionuclide in water-rock systems. Under
ambient conditions, however, a driving force of oversaturation is required to break the nucleation barrier for the
precipitation and growth of secondary minerals, and different degrees of over-saturation are required for the
precipitation of different secondary minerals. In this study, saturation indices ( SI) for the precipitation of various
minerals that would form as secondary phases under ambient conditions, are estimated by using the geochemical
simulation software of PHREEQC 2. 15 and the database of llnl. dat based on the geological and hydro-geochemical
data from Japanese and Canadian granite regions. The results indicates that calcite is subjected to dissolution and
precipitation due to its strong chemical activity, and is expected to precipitate at SI=0. 5. Goethite is considered to
be a Fe sink in groundwater, the calculated SI value is closely associated with the pe value, and precipitates at
SI=4.0+£0.5. Combined with thermodynamic constrains on secondary clay minerals, the SI values for the
precipitation of kaolinite, illite, Ca-montmorillonite and Na-montmorillonite are estimated to be 4.0£0.5, 4.5 ¢
0.5, 4.3+0.5 and 4.3 +0. 5, respectively.
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Table 1 Saturation index of secondary minerals in granite groundwater

i HEE (m) pH pe RE(C) HRA B9 BLO SRERD wFERa &y FHa
B4 MIU #X
DH-15 236. 8 8.90 -2.70 23.7 -0.48 -1.30 3.30 4.03 3.83 4.25 3.80
DH-15 449.9 8.70 -1.40 22.5 -1.33 -3.41 2.96 3.39 3.24 3.71 3.79
DH-15 587.8 8.20 -2.00 22.7 -1.24 -2.90 3.79 3.81 3.65 2.30 4.00
DH-15 773.3 8.40 -1.10 18.4 ~-1.14 -3.72 3.55 4.20 3.96 3.22 4.13
DH-15 945.3 8.10 -1.60 2.3 6. 04 6.25 6. 09 1.20 6.73
DH-15 995.3 8.50 -1.60 23.1 -0.79 -3.43 2.99 3.55 3.31 3.44 3.43
MIZ-1 114.7 9.20 -1.20 19.6 -0.52 -2.48 2.78 3.88 3.70 4. 66 3.35
MIZ-1 220.3 8.90 -4.80 22.3 -0.67 -1.04 4. 89 4.75 4.53 2.14 5.42
MIZ-1 589.0 8.90 -1.00 17.5 -0.61 -3.24 1.38 2.21 2.04 3.81 1.50
MIZ-1 687.5 8.70 -0.40 23.4 3.00 3.56 3.33 4.26 2.85
H A P48 3 Nojima HfR @
1996 4E 630 ~ 650 7.80 13.00 25.0 0. 60 0.25 6. 67
2000 £ 630 ~ 650 1.57 13. 00 25.0 0.46 -0.98 5.69
H 7 Tono H17 X

DH-4 186 6. 80 -5.07 25.0 1. 68 0.83 0.33 -2.08 0.48
DH-3 208 9.70 -5.07 25.0 0.51 -1.22 -0.77 1.18 0.63 .22 0.37
DH-3 330 8.90 -5.07 25.0 -0.38 -0.97 1.61 3.24 2.76 1. 86 2.34

DH-3 486 9.70 -5.07 25.0 0.13 -1.05 -1.83 -1.19 -1.58 3.55 -1.85

DH-3 644 9.60 -5.07 25.0 -0.07 -1.09 -0.83 0.41 -0.16 3.03 -0.41
DH-3 790 9.00 -5.07 25.0 -0.46 -1.33 0.31 0.99 0.73 1.45 0.41
DH-3 840 9.30 -5.07 25.0 -0.37 -1.24 -0. 11 0.93 0.70 2.24 0.12

Jn& K& (Manitoba 4 AR B HE)

M1A-3-7 265 8.40 0. 56 8.2 0.31 -0.55 3.72 3.94 3.85 5.14 4.05
M1B-2-3 75 7.60 0.99 5.8 -0.19 -1.81 5.87 °5.86 5.50 2.43 6.19
M2A-3-4 310 8.45 1.07 8.9 0.41 -1.91 4.12 5.11 4.92 4.23 4.95
M2B-2-5 150 7. 60 0.72 6.6 -0.04 -0.85 5.23 5.35 5.05 3.09 5.37
M3A-3-4 375 8.47 -0.27 9.7 0.79 -0.50 3.02 3.39 3.44 5.15 3.41
M3B-2-1 120 6. 60 4.00 6.4 -1.75 -0.47 4.14 3.16 2.65 5.32 2.79
M4A-1-15 180 8.20 4,00 7.2 -0.12 -3.78 4.36 4.51 4.41 4.71 4,54
M4A-2-2 215 8.20 4,00 7.6 -0.52 -4.41 2.50 0.72 0.63 4.33 1.20
M4A-3-7 260 8.10 4. 00 8.2 -0.37 -3.74 4,38 4.34 4,27 4.75 4. 46
M4A-4-6 310 8.33 -0.45 8.9 0.44 0.12 3.66 3.24 3.19 5.07 3.64
M5A-3 165 8.30 4.00 7.0 -0.12 -4.30 3.56 2.86 2.90 4. 69 2.39
MSA-INS 340 7.90 -0.54 9.3 0. 40 -1.69 5.61 5.77 5.70 2.80 6.20
MSA-IN9 120 8. 80 0.34 6.4 0.32 -1.51 3.28 4.03 3.97 4.62 4.11
M6-2-5 110 8.30 0.27 6.2 0.25 -1.30 4.07 4.13 3.91 3.64 4.41
M7-72-DH 72 7.90 4.05 5.7 0.42 5.31 5.54 5.29 5.85
M7-4-11 390 7.50 -0.89 9.9 -0.08 -1.50 4. 60 4.60 4.53 2.27 4.69
MS8-10 140 8.40 4.00 6.6 0.18 -4.44 4.43 5.25 5.00 4.58 5.06
M8-3-7 360 8.10 0. 89 9.5 -0.10 0.04 4.71 5.10 4.94 5.38 5.05
M9-3-3 230 7.00 4. 00 7.8 -1.14 -2.55 4.87 4.03 3.76 3.73 4.05
M10-1-7 50 7.50 4.00 5.5 -0.56 -2.47 5.50 4,93 4.73 4.70 5.34
M10-3-2 410 7.97 -0.09 10.2 0.40 -0.82 3.62 3.21 3.13 4.30 3.49
M11-2-12 140 8.20 4.00 6.6 0.21 -4.20 3.25 2.26 2.06 4.28 2.71
M11-3-4 290 6.90 4.00 8.6 -0.51 -1.52 1.78 1.24 1.19 4.52 0.45
M12-93-DH 93 7.79 -0.72 6.0 -0.34 -1.06 5.28 4.83 4.70 1.85 5.44
M12-159-18DH 169 8. 10 -0.09 6.9 -0.37 -0.90 4. 60 4.34 4.29 3.26 4.52
M12-171-15DH 171 9.30 4.00 7.0 0.18 -5.89 2.30 3.36 3.41 4.84 3.03
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£57L RHE (m) pH pe  BE(C) WA By RHO SRBAE WENE e BNE
M13-2-5 250 8. 60 -0.81 8.1 0.36 -0.68  3.67 4.08 4.10 4.81 4.37
M14-1-4 50 8.25 4.00 5.5 0.14 -4.32 4.54 4.78 4.64 4.24 5.06
M14-2-13 105 8.30 4.00 6.2 0.14 -4.10 4.79 5.50 5.42 4.66 5.74
M14-4-4 370 8.30 -0.27 9.7 0.70 -0.63  4.48 5.60 5.53 5.24 5.53
URL1-4-24 110 8.20 4.00 6.2 0.19 -2.94 4.72 5.23 4.78 5.73 5.40
URL1-8-16 320 8.00 4.00 9.0 -0.3¢  -3.46 4.59 4,42 4.36 4.78 4.58

URL2-10 120 7.80 4.00 6.4 -0.13

URL2-11-2 780 7.00 4.00 15.1 0.14 -0.96 5.00 4.16 3.74 6.48 4.21
URL3-5-1 120 9.05 2.16 6.4 0.00 -4.30 213 2.24 2.34 4.18 2.19
URL3-6-9 140 9.18 4.00 6.6 0.94 -5.68 275 4.43 4.28 4.86 4.18
URLA4-5-10 65 7.14 3.53 5.6 -0.8t -0.79 5.58 5.05 4.75 5.19 5.28
URL5-4-43 100 8.40 4.00 6.1 -0.13 4.32 4.74 4.74 5.01
URL6-25 270 8.10 4.00 8.3 -0.18 -3.22  4.55 4.75 4.76 5.35 5.12
URL7-24 60 8.40 4.00 5.6 0.42 4.57 5.55 5.19 5.55
URL8-3-5 70 8.40 4.00 5.7 0.65 -4.23 4.39 5.26 4.85 4.64 5.30
URL8-7-6 230 8.30 2.87 7.8 0.29 -2.14  4.49 5.23 5.06 5.49 5.26
URL9-6-22 110 8.50 4.00 6.2 0.33 -4.49 3.93 4.56 4.38 4.65 4.63
URL10-3-2 80 7.97 2.62 5.8 0.07 -1.74  5.36 5.78 5.40 4.99 5.97
URL10-6-7 250 8.28 1.43 8.1 0.32 -1.28  4.41 5.05 4.96 4.97 5.16
URLI11-3-1 45 8.10 4.00 5.4 0.32 -4.12 513 5.67 5.16 4.23 5.84

URL11-7-7 135 6.40 4.00 6.6 -1.88 -2.27 -0.85 -1.33 -1.52 2.96 -3.16
URLI2-10-19 390 7.95 2.49 9.9 -0.05 -2.68  5.27 5.00 5.01 4.64 5.47
URL12-11-13 430 7.80 1.69 10.4 -0.24 -0.64 5.01 5.05 4.85 5.18 5.36
URL12-13-21 605 7.23 3.08 12.8 -0.30 -2.41 5.31 5.08 4.90 5.47
URL14-8 280 8.04 0.98 8.5 -0.07 -172 4.24 4,37 4.42 4.84 4.56

URLI15-1-4 125 8.14 -0.90 6.4 0.09 0.04 -4,12  -2.25 -2.29 3.56 -4.68
URL16-4-1 85 7.00 4.00 5.9 -1.02 -2.63 3.19 2.43 2.18 3. 64 2.25
WAL-1-3 150 7.35 4.00 6.8 -0.68 -2.98 4.60 2.78 2.26 4.14 3.83
WAL-2-8 240 8.23 -1.34 8.0 0. 58 0.82 4.46 5.12 4.74 4.04 5.35
WA1-3-8 320 7.80 0.18 9.0 0.15 0.43 5.23 5.34 5.14 4.26 5.60
WAL-5-7 630 8. 60 -2.20 13.1 1.17 0.29 3.43 4.34 4.23 4.68 4.57
WB1-1-5 130 8.10 5.04 6.5 0.39 -4.62 4.9 5.38 5.17 4.68 5.69
WB1-2-6 230 8.40 -1.26 7.8 0.58 0.31 4.04 4.84 4.76 4.20 5.04

WB1-4-SW10 540 6.50 4.00 11.9 -1.80 -2.43 -0.34 -2.76 -2.58  4.34 -3.01
WB1-5-21 630 8. 45 -3.96 13.1 0.78 -0.33  1.09 0.41 0.40 2.48 0.82

WB1-7-7 1000 8.81 -2.60 17.9 1.05 -0.83 -0.85 -1.52 -1.42 4.66 -1.26
WB2-13-4 300 8.70 4.00 8.8 0.25 -5.82  3.04 3.91 3.91 4.74 3.74
WB2-20-12 725 8. 58 -0.18  14.9 1.26 -1.57  2.00 2.96 2.93 5.41 2.78
WD1-110-2 100 8.54 -0.99 .1 0.29 -0.81 4.18 5.04 4.92 3.33 5.05
WD2-72-5 65 7.27 1.72 .6 -0.65 -1.59  5.67 5.20 4.98 2.74 5.54
WD3-895-10 810 7.50 -2.27 15.4 0.28 -1.25 5.56 5.02 4.92 5.66
WG2-2-8 130 8.30 0.72 6.5 0.07 0.21 5.81 6.16 6.01 5.64 6.75
WN1-8-17 380 7.42 2.32 9.8 0.19 -1.72 552 5.45 5.42 4.32 5.85
WN3-90 90 7.80 1.99 6.0 -0.09 4.87 4.55 4,48 5.02
WN4-6-8 370 7.49 1.69 9.7 0.24 -1.52  5.08 5.03 4.99 4.12 5.39
WN4-13-20 650 8.15 -1.06  13.2 0.44 -2.1 4.36 4.42 4,49 2.93 4.93
WN8-T4 315 7.55 2.06 8.9 0.25 -1.38  4.86 4.86 4.82 4.54 5.05
WN10-3-4 245 7.85 4.00 8.0 0.14 -1.17  5.64 5.54 5.53 6.18
WN10-4-3 320 8.70 -0.98 9.0 0.88 0.16 3.94 4.67 4.65 5.89 5.10
WN11-17-15 1000 8.06 -0.95 17.9 0.70 -1.67  2.71 3.01 3.07 3.38 3.12

. SHEFBEITRER.
WFAKBAERKE: (1) HA MIUM; (2) AAZKEGER Nojima BB ™), (3) HZA Tono S1H X1; (4) IR AMIEF (Manitoba R
[i2E: YA
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Fig. 1 The relationship between pe and Ape in the groundwater
of Canadian Shield
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5, EAERAM Fe(OH), BARMZ MBS, HEIAT
B3] &H DX T K AR AR (R .

F2 WRE En WEMEM Fe(3) /Fe Q)AL TR EH MR

Table 2 Saturation index calculated by measured Eh and oxidation-reduction equilibrium of Fe(3) /Fe(2)

i . % ER WEEIE I # Fe(3) /Fe(2) Xt iHHNY SI
(m) pe (W) Y La s pe(Fe(3) /Fe(2)) s s

M2B-2-5 150 0.72 -0.85 3.09 1.63 -0.87 3.98
M3A-3-4 375 -0.27 -0.50 5.15 0. 66 -0.88 5.70
M4A-4-6 310 -0.45 0.12 5.07 0. 06 0. 06 5.52
M7-4-11 390 -0.89 -1.50 2.27 3.98 -2.27 6.37
M10-3-2 410 -0.09 -0.82 4,30 0.45 -0.83 4.83
URL4-5-10 65 3.53 -0.79 5.19 3.39 -0.77 5.07
URL10-3-2 80 2.62 -1.74 4.99 1.40 -1.07 4.43
URL12-10-19 390 2.49 -2.68 4. 64 2.28 -2.51 4. 60
URL12-11-13 430 1. 69 -0.64 5.18 0.55 -0.55 4.14
URL14-8 280 0.98 -1.72 4, 84 0.13 -1.64 4.06
WA1-2-8 240 -1.34 0. 82 4. 04 0.84 0. 68 6.08
WA1-3-8 320 0.18 0.43 4.26 2.10 0.29 6.04
WA1-5-7 630 ~-2.20 0.29 4. 68 -0.78 0.21 6.03
WB1-2-6 230 -1.26 0.31 4.20 -0.64 0.30 4. 80
WB1-7-7 1000 -2.60 -0.83 4. 66 -0.26 -1.35 6.48
WD1-110-2 100 -0.99 -0.81 3.33 ~-0.32 -0. 87 3.94
WG2-2-8 130 0.72 0.21 5.64 1.24 -0.03 5.92
WN4-6-8 370 1.69 -1.52 4.12 31 -1.72 5.33
WN8-T4 315 2.06 -1.38 4. 54 1.57 -1.35 4.07
WN10-4-3 320 -0.98 0.16 5.89 -2.61 0.24 4.34
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