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Long-term immersion tests of engineered materials in the Tono Mine
- Results for geological environment -

_ Katsuhiro HAMA
ABSTRACT

The immersion tests of metals and glass materials at ambient temperature

(about 18 C) for 10 years were performed in a gallery at Tono mine to assess
durability of these materials contacted with natural groundwater. Hydrochemical
monitoring was carried out to understand the influence of dissolved materials on
groundwater chemistry. The results showed that groundwater chemistry was
constant state during the immersion tests.

Geoscience Research Group, Tone Geoscience Center
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F1 S20CHEEFMDAER (%)
C Si Mn P S Cu Ni Cr

0.2 0.2 043 0.022 0016 0.02 0.02 0.04

F2 HEIL» OB L2 TROKE

(&BHH)
% =% (ppm)
pH 9.4 (BUEMEIIDRS)
Eh 360mV {EURH B
Na 47.5~48.9
Mg <0.1
Al <0.2~ 0.3
Si 4.8~ 5.6
K <0.3~1.1
Ca 1.9~2.4
Fe <0.2
F 7.4~7.9
Cr 0.7~2.1
NO, <0.4~0.5
SO <0.4~0.8
HCO, 100~ 106




#3 AT AEET T ADOERE

([€c35%: wi.% {43555y wt.%
Si0, 46.60 MnQ, 0.37
ALC, 5.00 RuQ, 0.74
Fe.O, 2.04 Rh,0; 0.14
Ca0 3.00 PdO 0.35
Na,0 10.00 Ag,O 0.02
B,0O, 14.20 CdO 0.02
Li,0 3.00 Sn0, 0.02
Zn0 3.00 Se0, (.02
P,0, 0.30 TeO2 0.19
Cr0, 0.10 Y,0, 0.13
NiO 0.23 La,0; 0.42
Rb,0 0.11 CeO, 3.34
Cs,0 0.75 Pr,0y, 0.42
Sr0 0.30 Nd,O, 1.38
BaO .49 Sm,0, 0.29
Zr0, 1.46 BEu, 0, 0.05
MoO;, 1.45 Gd, 0, 0.02

K— 23 mm
\J( g
E
]
/F % 25 mm
LA P SR

B2 FHESEHEOER



Fz4

BRI LGEF ORBRILA DT ARAKE

(77 AHH)
B |EEE (g/m) B | @md)
Na* 46.8 F 8.7
K* 0.32 PO 0.07
Ca®* 2.04 HCO, 90
Mg™ 0.04 co” 11
Fe™* 0.024 Si 6.5
A 1.2 B 0.3
Cl- 1.0 &gk 0.12
SO.” 0.7 BEHEE |044~1.73

pH:8.9-9.1, Eh:+382-+536 mV vs SHE

*x5 BREERTEHOREBRILAOHTAMNKE

(77 2%
B |iEE @m) Ba |[EE @m)
Na' 48.7 F 7.8
K* 1.1 PO* —
Ca™ 2.0 HCO, 103
Mg™* <0.1 Co,” —
Fe™* — Si 5.5
Al 0.3 B —
Cl- 1.6 E2674 <0.2
S0,” 0.4 BHEE —

pH:8.9-9.3, Eh:4+297-+335 mV vs SHE




TURTERE

50m

H

&

N
2
Ir

i
11
%
o




&"6. HTAKEHZER

A COND Mg?t Na* SQ4>
{yymmdd) (1 S/cm) {ppm) {pprm) {ppm)
897101 150 0.1 35.0 20
891120 150 0.1 35.0 2.8
891212 158 0.1 36.0 1.7
891227 178 0.1 34.0 1.6
900105 182 0.1 34.0 1.4
900119 182 0.1 35.0 1.2
900126 182 0.1 340 1.1
900202 185 0.1 340 1.0
900209 184 0.1 34.0 10
900215 184 0.1 34.0 09
900223 184 0.1 35.0 10
900308 183 0.1 340 0.8
200315 182 0.1 34.0 0.8
900323 181 0.1 34.0 0.8
800330 183 0.1 330 | 0.8
Q00406 182 0.1 26.0 0.7
900412 182 0.1 35.0 0.6
900419 182 0.1 34.0 06
500427 177 0.1 350 0.7
a00511 182 0.1 34.0 0.6
900518 183 0.1 36.0 0.5
900525 183 0.1 35.0 0.5
9008601 178 0.1 350 0.8
800622 178 0.1 34.0 0.4
800707 177 0.1 350 0.4
800720 178 0.1 34.0 0.4
800803 178 0.1 34.0 0.3
900824 178 0.1 34.0 03
900914 178 0.1 33.0 03
901019 178 0.1 34.0 6.3
901026 178 0.1 34.0 0.3
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HkB:1989%1181H

I E{E mea/| | 2BA A | 2B A BB
pH 8.0
ERCEE 150
(nS/cm)
Si 9.0
{pprm)
Mg®* 0.1 0.0082
(ppm)
Ca?t 7.0 0.3493
(ppm)
Nat 35.0 1.522 1.880
{ppm)
Kt 0.4 0.010
{ppm)
F 4.1 0.216
{ppm)
cr 1.2 0.034
(ppm)
S0~ 2.0 0.042 1.931
(ppm)
HCOs 100 1.64
{ppom)
COs» - - -0.040
{(ppm)




#HKE :

1989%11H20H

MEE mea/| |24 X | BT V]| Blt-Bity
pH 8.8
BRIGEE 150
(1 S/cm)
Si 9.2
(ppm)
Mg?* 0. 0.0082
(ppm)
Ca** 7.1 0.3543
{ppm)
Na* 35.0 1.522 1.895
(pprm)
Kt 0.4 0.010
{ppm)
F 4.1 0.216
{pom)
crr 1.2 0.034
(ppm)
S0, 2.8 0.058 1.953
{ppm)
HCO; 78 1.28
(pom)
CO;.,Z' 11 0.367 -0.058

{ppm)




#kH:19895%12H12H

HEE mea/l |2BRAF [ ERAA 2] Bt BAlY
pH 8.6
BRIEEE 158
{(wS/em)
Si 9.3
{ppm)
Mg®* 0.1 0.0082
(ppm)
CaZ* 8.5 0.3244
{ppm)
Nat 36.0 1.566 1.906
(ppm)
K 0.3 0.008
{(ppm)
F 4.0 0.211
{ppm)
cr 1.2 0.034
(ppm)
SO% 1.7 0.035 1.891
(ppm)
HCO, 80 1.31
(ppm)
COZ ¢] 0.300 0.015
(ppm)




HAkB:1989%F12RA27H

PR mea/l | B4 | 2B/ F | BBy
pH 8.3
BHAGHEE 173
(1S/cm)
Si 9.4
{ppm)
Mg®* 0.1 0.0082
(ppm)
Ca?t 6.4 0.3194
(ppm)
Na* 34.0 1.479 1.814
(ppm)
K* 0.3 0.008
{opm)
F 3.9 0.205
{ppm)
cr 1.1 0.031
(ppm)
S0.% 1.6 0.033 1.975
(ppm)
HCO,” 104 1.70
(ppm)
COs*” - - -0.160
{(ppm)




#wXKB:1990&%1H85HR

e mea/l | @A F 2| 284 A | Bitv-B{ty
cH 8.3
BREEE 182
(1 S/cm)
Si 9.5
(ppm)
Mg=* 0.1 0.0082
(ppm)
Ca** 6.7 0.3343
{ppm)
Na* 34.0 1.479 1.829
{ppm)
K* 0.3 0.008
{ppm)
F 4.0 0.211
{ppm)
cr 1.1 0.031
(ppm)
SO~ 1.4 0.028 1.976
{ppm)
HCO, 104 1.70
(ppm)
CO> - - -0.146
{ppm)




HAKkB: 199018198

REE mea/l |24 A 24 F | BB
pH 8.4
BECHEHE 182
(uS/cm)
Si 9.4
(ppm)
Mg 0.1 0.0082
(ppm)
Ca?* 6.3 0.3144
{ppm)
Na* 35.0 1522 1.853
(ppm)
K 0.3 0.008
{ppm)
F 3.9 0.205
{ppm)
cr 1.1 0.031
{(ppm)
ok 12 0.025 1.966
{ppm)
HCO; 104 1.70
(ppm)
co& - - -0.114

(ppm)




#kB: 199018260

HEE mea/| [ 2BAT [ 2BAF | BAT-BATY
pH 8.2
BREEE 182
{1 S/cm)
Si 9.4
{ppm)
Mg?* 0.1 0.0082
(ppm)
Ca?* 6.6 0.3293
{ppm)
Nat 34.0 1.479 1.824
(ppm)
K* 0.3 0.008
(ppm)
F 3.9 0.205
{(ppm)
cr 1.1 0.031
(ppm)
ek 1.1 0.023 1.997
(ppm)
HCO, 106 1.74
{ppm)
COZ - - ~0.173

(ppm)




BFAkH :1990F2A82H

HIEE mea/t | @BAFA | R4 I | BB
pH 85
BRiGEE 185
(.S/cm)
Si 9.4
(ppm)
Me** 0.1 0.0082
(ppm)
Ca** 6.5 0.3244
{ppm)
Nat 34.0 1.479 1.819
(ppm)
Kt 0.3 0.008
(ppm)
F 3.7 0.195
{ppm)
cl 1.0 0.028
{ppm)
SO,F 1.0 0.021 1.834
(ppm)
HCOs a7 1.59
(ppm)
CO.* - - -0.015

{ppm)




#KkB:19905%2H89H

I E (8 mea/| | &BA A 2faA A | BT ~EE4EY
pH 84
EBREHE 184
{(uS/em)
Si 9.3
(ppm}
Mg** 0.1 0.0082
(ppm)
Ca?t 6.5 0.3244
(ppm)
Na‘t 34.0 1.479 1.819
{ppm)
K* 0.3 0.008
{ppm)
F 3.7 0.185
(ppm)
cr 1.0 0.028
(ppm)
SO% 1.0 0.021 1.949
(ppm)
HCO," 104 1.70
(ppm)
CO% - - -0.130
{(ppm)




kB :1990%2H15H

sl mea/| |24 | 247 | Bt/-B{1/
pH 8.3
BRETHEE 184
(£ S/cm)
Si 9.4
{ppm)
Mg®* 0.1 0.0082
(ppm)
ca?t 6.4 0.3194
{ppm)
Na* 34.0 1.479 1.814
{ppm)
Kt 0.3 0.008
(opm)
F 38 0.200
(ppm)
cr 1.0 0.028
{ppm)
SOF 0.8 0.019 1.985
{ppm)
HCO, 103 1.69
{ppm)
COs> - - -0.121

{ppm)




#KH:1990%2H23H

{8 mea/| (24T | B4 | BBt
pH 8.3
BEREEE 184
(1 S/cm)
Si 9.3
{ppm)
Mg?t 0.1 0.0082
{ppm)
Ca?t 6.4 0.3194
(ppm)
Na* 35.0 1.522 1.858
(opm)
K* 0.3 0.008
(ppm)
F 3.7 0.195
{(ppm)
cr 1.0 0.028
(ppm)
el 1.0 0.021 1.932
{ppm)
HCO, 103 1.69
(ppm)
CO™ - - -0.075
(ppm)




HAkH:1990&388H

HEE mea/l |[&BA | 2BA | BBt
pH 8.3
ERTCHEE 183
(iS/cm)
Si 9.4
{ppm)
Mgt 0.1 0.0082
(ppm)
ca*t 6.4 0.3194
{ppm)
Na* 34.0 1.479 1.814
{ppm)
K* 0.3 0.008
(ppm)
F 3.8 0.200
(ppm)
cr 1.1 0.031
(ppm)
S0, 0.8 0.017 1.936
(ppm)
HCO, 108 1.69
(ppm)
CcO” - - -0.122

(ppm)




KB :199053H815H

B EE mea/| |24 F | 2B A2 ] BB
pH 8.3
BRICHEHE 182
(1L 8/cm)
Si 9.5
(ppm)
Mg 0.1 0.0082
{ppm)
ca*t 6.3 0.3144
{ppm)
Na* 34.0 1.479 1.809
(ppm)
K* 0.3 0.008
(ppm)
F 3.7 0.195
(ppm)
cr 1.0 0.028
{ppm)
SOF 0.8 0.017 1.977
{ppm)
HCO, 106 1.74
{ppm)
CO* - - -0.168
(ppm)




#WkH:1990F%3A23H

I 8 mea/l | 2beA A [ 24 F ] BTty
pH 8.4
BRGEE 181
(1 S/cm)
Si 9.3
(ppm)
Mg?* 0.1 0.0082
{(ppm)
ca*t 6.4 0.3194
(ppm)
Nat 34.0 1.479 1.814
{ppm)
Kt 0.3 0.008
{ppm)
F 3.8 0.200
{ppm)
cr 1.1 0.031
(ppm)
soF 0.8 0.017 2.002
(ppm)
HCO," 107 1.75
(ppm)
CO> - - -0,188

(opm)




HAkB:199053H30H

BEE meq/| | 2BA A | 2BA A BBty
pH 8.4
BRI 183
(uS/cm)
Si 9.3
{ppm)
Mgt 0.1 0.0082
(opm}
catt 6.3 0.3144
(ppm)
Na* 33.0 1.435 1.766
(ppm)
K 0.3 0.008
{ppm)
F 3.8 0.200
{ppm)
cr 1.1 0.031
(ppm)
SO 0.8 0.017 1.903
{ppm)
HCO, 101 1.66
{ppm) .
CO> - - -0.138

(ppm)




kB :19905F486H

AEE mea/l |2BAF | 2BA A | BB
pH 8.3
BRGEE 182
(1 S/cm)
Si 9.2
{ppm)
Mgt 0.1 0.0082
{ppm)
Ca®* 6.3 0.3144
(ppm)
Na* 36.0 1.566 1.896
(ppm)
Kt 0.3 0.008
{ppm)
F 3.7 0.195
{ppm)
CI 1.0 0.028
(ppm)
sSo”> 0.7 0.015 1.975
(ppm)
HCO, 106 1.74
(ppm)
CO.* - - -0.079

(ppm)




kB : 19905481 2H

AEE mea/| | 2B A | 2BA A BBt
pH 8.3
BERGEE 182
(S/cm)
Si 9.4
(ppm)
Mg?* 0.1 0.0082
{ppm)
ca?t 6.2 0.3094
(ppm)
Na* 35.0 1.522 1.848
(ppm)
Kt 0.3 0.008
{ppm)
F 3.7 0.195
{ppm)
cr 1.0 0.028
{ppm)
SOF 0.6 0.012 1.940
{ppm)
HCO, 104 1.70
(ppm}
CO> - - -0.093

{(opm)




BHAkEH:19905F54819H

B E{E mea/l |Z2BEAF | 2EA T BB
pH 8.4
ERIGEE 182
(1 S/cm)
Si 9.3
{(ppm)
Mg?* 0.1 0.0082
{ppm)
ca** 6.4 0.3194
(ppm)
Nat 34.0 1.479 1.814
(ppm)
Kt 0.3 0.008
(ppm)}
F 3.7 0.195
{(ppm)
cr 1.0 0.028
(ppm)
SO” 0.6 0.012 1.940
(ppm)
HCO;" 104 1.70
(ppm)
co> - - -0.126
{ppm)




HAH: 19905482 7H

{8 mea/| | 2BA A 2BAF 2] BB
pH 8.3
BRGEEE 177
(. S/cm)
Si 9.3
(ppm)
Mgt 0.1 (.0082
(ppm)
Ca** 6.5 0.3244
(ppm)
Na‘ 35.0 1.522 1.863
{ppm)
K 0.3 0.008
(ppm)
F 3.7 0.195
{ppm)
cr 1.0 0.028
(ppm)
ek 0.7 0.015 1.959
{pprm)
HCO, 105 1.72
(ppm)
CO%" - - -0.096

(ppm)




BMAkH:1990&5811H0

HE{B mea/| [2BRA T BAF | BBt
pH 8.3
ERCEE 182
(1 S/cm)
Si 9.4
{ppm)
Mg?* 0.1 0.0082
{opm)
Cca®t 6.2 0.3094
{ppm)
Na™ 34.0 1.479 1.807
{ppm)
K" 0.4 0.010
{opm)
F 3.7 0.195
(ppm)
cr 1.1 0.031
{ppm)
S0 0.6 0.012 1.943
(ppm)
HCO, 104 1.70
(ppm)
CO,> - - -0.136

{ppm)




#KkB: 19905581 8H

I EE mea/| | RBAA| 284 32| Bty
pH 8.3
BREGEE 183
{(uS/em)
Si 9.4
{ppm)
Mgt 0.1 0.0082
(ppm)
ca** 6.1 0.3044
(ppm)
Na* 36.0 1.566 1.886
{ppm)
K* 0.3 0.008
(ppm)
F 3.7 0.195
(ppm)
cr 1.0 0.028
(ppm)
SO~ 05 0.010 1.922
(ppm)
HCO, 103 1.69
{ppm)
CO* - - -0.036
{(ppm)




¥KkBH:199055825H

I EE mea/| |24t 24 F | B{1-8E41Y
pH 8.4
BRCEE 183
{(1.8/cm)
Si 9.4
(ppm)
Me®* 0.1 0.0082
{ppm)
Ca** 6.1 0.3044
(ppm)
Na* 35.0 1.522 1.845
(ppm)
K 0.4 0.010
(ppm)
F 3.7 0.195
{opm)
cr 1.0 0.028
(ppm)
SO, 0.5 0.010 1.922
(ppm)
HCO, 108 1.69
(ppm)
CO& - - -0.077

{ppm)




HBAKkB:1990%6H1H

(S mea/|l [ 2BBAF4 L (2BAAY | Bit/-Ba{t)
pH 8.1
BRIGHE 178
(uS/cm)
Si 9.5
{ppm)
Mg™t 0.1 0.0082
(ppm)
Ca®* 6.6 0.3293
(opm)
Nat 35.0 1.522 1.868
{ppm)
K* 0.3 0.008
(ppm)
F 38 0.200
(ppm)
cr 1.1 0.031
{ppm)
S0 0.8 0.017 1.953
(ppm)
HCO, 104 1.70
(ppm)
COZ - - -0.085
(ppm)




#®KH:1990F6822H

(ppm)

I E 8 mea/| | &BA G| 2EAA | BT
oH 8.3
BREGEE 178
(uS/cm)
Si 9.3
(ppm)
Mg?* 0.1 0.0082
(ppm)
ca*t 6.7 0.3343
(ppm)}
Nat 34.0 1.479 1.832
(ppm)
K* 0.4 0.010
{ppm)
F 3.7 0.195
{ppm)
cr 1.1 0.081
{ppm)
S0 0.4 0.008 1.972
(ppm)
HCG; 106 1.74
(ppm)
COZ ~ - -0.140




/KB :1990%7HA7H

A EE mead/| | 2BAF | REAF 2] Bt
pH 8.3
BRIGEE 177
{(uS/cm)
Si 9.3
(opm)
Mg*" 0.1 0.0082
{opm)
Ca?t 6.6 0.3293
(ppm)
Na* 35.0 1.522 1.868
(ppm)
Kt 0.3 0.008
(opm)
F 3.7 0.195
{(ppm)
cr 1.0 0.028
(ppm)
50,7 04 0.008 1.887
{ppm)
HCO; 101 1.66
(ppm)
CO32‘ - - -0.019
{ppm)




BAkBH:1990F7H20H

HERE mea/| | 2BA o v | 2BA # | BBt
pH 8.2
BRGEE 178
(uS/cm)
Si 9.3
{ppm)
Mg** 0.1 0.0082
{ppm)
Ca** 6.4 0.3194
(ppm)
Nat 34.0 1.479 1.814
(ppm)
Kt 0.3 0.008
(ppm)
F 3.7 0.195
(ppm)
cr 1.0 0.028
(ppm)
S0~ 04 0.008 1.936
(ppm)
HCOs" 104 1.70
(ppm)
COSZ' - - -0.122

(ppm)




#HKkH: 19905F883H
{8 mea/| | A A [ 2884 4| Bt -Ba{1y
pH 8.8
BREGEE 178
(1 S/cm)
Si 9.3
{ppm)
Mgt 0.1 0.0082
(ppm)
Ca?t 6.6 0.3293
(ppm)
Na* 34.0 1.479 1.824
(ppm)
Kt 0.3 0.008
(ppm)
F 3.7 0.185
{(ppm)
Ccl 1.0 0.028
(ppm)
50~ .3 0.006 1.972
{(ppm)
HCO, 88 1.44
(ppm)
CO~ 9 0.300 =-0.148
(ppm)




#AhkBH:1990%8H24H

S E {8 mea/] | 284 F v | 2R A 7 | BAT-BE{ty
pH 9.0
BRCYE 178
(1 S/cm)
Si 8.9
{ppm)
Mg** 0.1 0.0082
{ppm)
ca*t 6.5 0.3244
{ppm)
Na* 34.0 1.479 1.819
(ppm)
K+ 0.3 0.008
(ppm)
F 3.7 0.195
{ppm)
cr 1.0 0.028
(ppm)
S0 0.3 0.006 2.020
{ppm) g
HCOs 93 152
{(ppm)
CO” 8 0.267 -0.201
{ppm)




kB :199059A8148H

RIEE mea/| | @BAA VBT | BA-8B(1Y
pH 8.5
BRIEEE 178
{1 S/cm)
Si 9.4
(ppm)
Mg** 0.1 0.0082
{ppm)
ca?* 6.5 0.3244
(ppm)
Nat 33.0 1.435 1.776
(ppm)
K* 0.3 0.008
{opm)
F 3.7 0.195
(ppm)
CcI 1.0 0.028
{ppm)
S0~ 0.3 0.006 1.953
{ppm)
HCO, 95 1.56
(ppm}
CO;.,Z' 5 0.167 -0.178
{(ppm)




#KkH:1990F10H19H

HIERE mea/| | RBA A A | BT-EB41Y
pH 8.7
BRIGEE 178
(1S/em)
Si 9.3
{pom)
Mg?t 0.1 0.0082
{ppm)
ca* 6.7 0.3343
{pprm)
Na* 34.0 1.479 1.829
{(ppm)
K 0.3 0.008
{ppm)
F 3.7 0.195
{ppm)
cr 1.0 0.028
{ppm)
S0* 0.3 0.006 1.987
{ppmy)
HCO," 95 1.56
{ppm)
CO&” 6 0.200 -0.157

{ppm)




kB

1990510826H

RIEE mea/| | EbRA T | 2BAX | Bt (811
pH 8.7
BRiGHEE 178
(1 S/cm)
Si 9.3
(ppm)
Mg** 0.1 0.0082
{ppm)
Ca® 64| 0.3194
(ppm)
Na* 340 1.479 1.814
(ppm)
Kt 0.3 0.008
(ppm)
F 3.7 0.195
{ppm)
cr 1.0 0.028
{ppm)
SO 0.3 0.0086 1.937
(opm}
HCOy .92 1.51
{ppm)
oo 3] 0.200 -0.123

{ppm)




