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Long-term immersion tests of engineered materials in the Tono
Mine

- Results for Glass material -

Katsuhiro HAMA®*, Seiichiro MITSUI**,

Rieko AOKI***,- lkurou HIROSE™*

ABSTRACT

Long-tertn immersion tests of glass material at ambient temperature (about 18 ;C) for 10 years
were performed in a gallery at the Tono mine in Japan, in order to assess durability of glass
material contacted with natural groundwater, The gallery was constructed at a depth of 130 m
below ground surface in the Toki Granite. Monolithic glass blocks with dimensions of 10 x 10 x
10 mm (cubic type) and of 25 mm in diameter and 8 mm in thickness (disk type: The wall of
sample was covered by stainless steel of 1 mm thick. ) were used for the tests. Both type of
samples with and without clay were put in Teflon vessels, which have small holes on the wall,
and inserted into boreholes excavated at the gallery floor. In addition to the immersion tests, static
leaching test with cubic type glass and ground water was also performed at the gallery. The
samples of each test were collected in time intervals of 6 months, 1 year, 2 years, 3 years and 10
years and were subjected to weight loss measurement and several surface analyses. The results
were as follows:

(1) Weight losses of each sample were proportional to time intervals. This result is atiributable to
constant dissolved silica concentration in the ground water during tests.

(2) The weight losses of disk type glass were slightly larger than those of cubic type glass. This
result is attributable to elemental release from internal cracks of disk type glass, instead of effect
of stainless steel on the glass dissolution.

(3) The weight losses for the tests with clay were slightly smalier than those for tests without
clay. This result is attributable to higher concentration of dissolved silica in pore water of clay.

Geoscience Research Group, Tono Geoscience Center

h Waste Isolation Research Division, Waste Manegement and Fuel Cycle Research Center,
Tokai Works

Nuclear Energy System Inc.
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#1

AR IR ORBRILA O TRKE

s | E (@md) B |EE @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
AP 1.2 B 0.3
Cl- 1.0 2k 0.12
sor 0.7 BAEERFE | 0.44~1.73

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

x2 FBRETHOFRBRILAOHTARKE
B4 |IRE (@m) B |EE @md)
Na'* 48.7 F 7.8
K* 1.1 PO, —
Ca™ 2.0 HCO, 103
Mg™* <0.1 Co,” —
Fe™ — Si 5.5
A 0.3 B —
Cl- 1.6 oy 7 <0.2
SO 0.4 BAFERE —

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




#=3 KT AEYT T AOLEHRR

=%y wt.% bR wt.%

Si0, 46.60 MnO, 0.37
ALO, 5.00 RuO, 0.74
Fe,0, 2.04 RO, 0.14
Ca0 3.00 PdO 0.35
Na,O 10.00 Ag,0 0.02
B,O; 14.20 Cdo 0.02
Li,O 3.00 Sno, 0.02
Zn0 3.00 Se0, 0.02
P,0, 0.30 TeO2 0.19
Cr0s 0.10 Y,0, 0.18
NiO 0.23 La,0, 0.42
Rb,0 0.11 Ce0, 3.34
Cs,0 0.75 Pr,0,, 0.42
SrO 0.30 Nd,O, 138
BaO 0.49 Sm,0, 0.29
70, 1.46 Eu,0, 0.05
MoO, 1.45 Gd,0, 0.02

[ 25 mm —
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£7T RERBIBITATIAOEERIEBLIUEERIE X FHHE)

#Am EREWSE ERiE

) (gmd (g/m’/d)

0.5 1.04 5.68E-03

0.5 0.86 4.73E-03
"""" 1170 465803

1 1.49 4,07E-03
2 307 . 420E-03

B oM ®

2 2.96 4,05E-03
"""" 3 679 620803

3 7.43 6.79E-03
"""" 10 1901 521E03

10 21,99 6.02E-03

0.5 0.52 2.87E-03

0.5 0.56 3.05E-03
"""" 1 098 269803

1 1.09 2.98E-03
R 244 335803

* F £ 2 2.58 3.53E-03
s 579 529E-03

3 5.86 5.35E-03
""""" 10 1484 407803

10 15.17 4,16E-03

10 14.87 4.08E-03
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R EBRSE EER =
()  (g/m? (g/m’/d)
0.5 1.19 6.51B-03
0.5 1.50 8.19E-03
________ 1 0%  27E0
1 1.60 4.39E-03
""""""" 2 432 591803
OB R S MEEY
3 10.83 9.89E-03
3 10.64 9.72E-03
""""" 10 3313 908803
10 29.69 8.13E-03
''''' 10 3517 96303
10 34.77 9.53E-03
0.5 0.31 1.71E-03
""""""" 1 119 327808
x 7 = 2 266 365603
R 836 BO9E03
''''''' 0 2516 689803
10 29.36 8.04E-03

14



£9 BHRERRICBIB NI AOERRSES L VESHIE

#Arg ERHSE  ERNLE
(48) (g/m? (g/m?*d)
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10 4.36 1.20E-03
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K19 MERTZALGFERIEHTOEPMAIL L 2B 0TER (F03)
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20 FRZEHERABMEOEPMAIL &L 2 MAHHER (20 3)
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6. 5 ZRAFVEESWEE (SIMS) KL B5H

EHABDOOTRHERZUTIORT.
(WDEFHRA T A Bk (H2 1)

RL2~3 y mBENFLA FARBEIIH,IIT, B, Na, LiBEXUFCsL Vo tTLHEDR
BV LTBY, Ca, Fe, Ce, NdZ EOTEREIZEML TWa. ZnBLUSIIOW

THEAF T ARED0.5 e mBETEREL TV,

@M FEFTI A HER (M2 1)
REL1~2 ymBEPSHTIARTMIAPTT, B, Na, LiBLTFCsE Vo2 LHED IR

EREALTEYD, Fe, Ce, Nd FOTEEEIEINL TW5.

GEERAT I A BER (K21, W22)

RE2 pmBEPLNT AREICHITT, B, Na, LiB X TCs& o LLHEDREN
WA LTHED, Ca, Fe, Ce, Nd, ZnR EDOTLFREIZHIML Tv5. SIZ2WTRAT 7
ARENOSy mBETREL TS, ik, FI7RAOBRAHEIIOWTHE, BS1 ~
2 y mEEICBWT, B, Na, LBIUFCsl Voo LEDRENTFWA L T 5.

GOERERT I A LFER (K2 2)
SEEMCBITATEEEOELIITED OV, R OERESEORBTEERENTZ
LTS B,

GENRHER (K2 2)

BELSy mBEFL N T AREIDTT, B, Na, LiBXUCs& Vo LTLEDIRE VT

WA LTEY, Ca, Fe, Ce, Nd, Znk EOTEEEIATAETMTHEIMLTWS,
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7. BE
7. 1 MNHFETIAER LRI AKBOEERIEDOEIZONWT

Y, YARTIAEB EOERT IAOEERIEDEIODVTEET S (H6) .
MFEEA T AFEEHERT 7 ARBORBREGROEN L, FAREFT 7 AR O5E 2
AFYVABOY Y I THEBEENTWAZ LY, ARBY 9 ACIIEERIIBR SN
CEZONDBEVPFEETHAIELED2HETHS.

—RENCAT Y VAP SERORBRERD LD R EIROFT AL ) R TARP T
M EPED S <, BMELSET L 2\, RS (1996) 1, BEEFRKFCHRTT AHH,
O IEIRE 721 dAF VAR (SUS304) % #F SE &G TORBABEITVY,
FNEFNOBRMBEEDENI OV TRIELTWA, ZORKR, SRE{ES B
GHMETTOEPA AT (FeSi0) OHMICL o THI ROBHEIIEATNEEL, &
BT A BEDEHIBERTILSEFIEEBBEE B 22 2 L7 &, —FH, A
TFYLVAREEFES UG EIE, ATV LVARKERTOREPASAGRZOMD 7 A B
BREVOTERIITOONT, ARSI ABMR LA LEREE Chole, 2O &P
b, RAEERIIBVWTOMAER T 7 AR OBMBIINT 527V L ARBOBEIIED, -
7REERD.

B10WKRLALIIE, BEEFFALEET2EROARCIEERFEESLS
EhL, BREFSTIAOBEBECEEL COWATREFSW. K2 31, AR
FAREOLTHICEDONBEOERL, FIADERBRLBOBFEERLE. &
DR L5325 L9112, HERT I ARBOEERIBILRESORIELLICET
LTEY, ERHRrOROONIBEAR I OmBU2EERPEIRL FERYT 7 A
DENINRRRERELELR B, TOEIZODVTE, REX2OFHIIZITo TR WV
BROBELIZ2I0LEZ ONE, DEOZ RS, T HETS ARE LAERT S
AHBOEERLEOR I I A EET 2 RBEOEBTHI LELD.
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i O BEWE::HER |

0 | | | I l

0 0.1 0.2 0.3
BHOEZX (m) "

K23 BROESLEERIEOHEF

7. 2 BUMARLEFROEZEFVLEDEIIONWT

NARTZ ABICHBRREN T AQFNEFRICOWT, FIABEMRLETHER T
NEEBRIEDNE (H6) X2V TEET L, SEORBICHVLT T ADERNT 7
ABRTHHIEDG, 7 ABISSY & FARICERERE 3 TP OEMET  BHEE 2K
FyomeEZONA (FIZiE, Rimstidt & Barnes, 1980) . 7 4 FRIESLY OBHHE &
HMTRPOEHE T A BREDHEBIZMATEEHENS.

R =k(I-Q/K) (1)

ZIT, RBEBRE (gm’d) , KBEMEREEHR (gn’d) , QEiEFoOBEs A
BiRE (gm’) , Kid7 A BRESHOREE (gn’) TH2.

I AIFEREWETH AL b, TIXROBMENFEREr ABERLTHS L
i€ L, Fournier (1985) #SRL7-BEELRECHEBRATCICBIT2BHELRD
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BHEFHOgM’E LD, F1OWWRLAELIWE, FRETERALHTOBBKDOEBERK
A BEREII2gm’ TH Y, HBEILHROHTRBOBET 4 Bt (5.5~65gm”) &) &
V., BRELENENEHTOBES ABRREZORNRALTREBE TS L, HFRT
DEBEEIEMROBBRED 820 OEBEL 15, BEREISEERSTIHE
THELEZDLBMALEFROZIIN I A LEMT HBE OB A BEEDENT
AP TH 5.

F10 HEEERKOKE

B |BE @md) B |iEE @md
Na* 24 F 2.8
X' <0.3 PO,” —
Ca® <0.2 HCO, —
Mg™ 0.3 co;” —
Fe* — Si 12
Al* 12 B —
Cr 0.48 2k <0.3
So” 0.65 BHFERHR —

7. 3 HI7AFEBOBEME BTEOF
RT~IBIUTHEITRLAL I, FRBRCBIT2 X 7 ARFOEER I EILITIT
REHHICHALTHENLTWwWAZ L, FLERBRIRNIT—ETHHILhL, 1
0FEME VI BB TON 7 AHBOBR - BEORNOEMI o/ EFALN
B, CINRBRIBIUTER2ICRLAL ) CRBERNZOM T RKE, BB 1 BREE
WRELREF Lol EPERTHALELL, 22 TliE, REHAMIL 0FOH
TRARBDT— 5% b L2, ZREMTOH I ADER - BEBRIIOVWTEET S,
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BB EZE L 2VHE, FIAOBE - EHIEIRK2 4 IRL3IBRICSETS =

EXTES. Y, RERSHBLATEEOD 2RBLIRE, $XTOHFFARHIC
EERPBREE N 2ehs, [A FMEM] OB Tld %V, Vemaz & Dussossoy
(1992) PSEB & H T ADRIBIZ & o TR S N5 EEB OB ED.0X10°~2.5X 10°
g’ DHEEICH D ELTWEI Lhb, BEEFIELEEBEORGRY SEH SN
BROBWES ZOHETEZWIEEICR [B. FHEHHBROER] oM, —0O#HE
ThHGEIliE [C. BIRWEMH] OB THETEENBEVWEELS. [C. BIRY
B ZRELIZGS, FIRAEEBOTE (o) BQRATRTILNTES.

p'=p -WL/T (2)

ZIT, pHEEBOFE (gn)) , o RFFAOTE (gnd) , WLIFSA0E
BERSE (gn’) , TIEEBOES (m) TH5, |

QR TZ ADEE (2.74X10%m’°) , EERSE, tFEEMETBEIN-TEE
BEEZRAL, ZEEROTEZ RDZ LR LIORLZEFELRE. 2BAERET T X
FEHIDV TR, EERSEICARP O ORBOBENS 52 &, F-EH - BUORK
LT ET T ABRERA—LZELENE Z LR LR L TR W,

K1 VIORLZ-EEROTEEL S LICHITT2 L, BMABIUVAFERELICEER
DERE A Vernaz & Dussossoy (1992) FRLHBETRWI &5, [C. BIRMYEMR |
OHRATREERVEZHBETHIENTE W, Lid o, BMEBLITHRER L
12 [B. BB HBROERE| 0B Tholzb vz b, 72, BHEHARICD
W, B IS L B BEEA Vernaz & Dussossoy (1992) OGR L7-88HICH 52 & 225,
[C. BIRWBEM] OWTEEMES S 5.
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#£11l HEILL-TROL-EEBOBE

ERESR(g/m) BEBE(um)  BEBOEEOFEE(g/mY
I HFBE®RR 19.01~21.99 3~6 -4.59E+06~--4.28E+05
AHFEEFR 14.84~15.17 2~6 -4.85E+06~+2.67E+05
HORHEAR 4.06~4.36 3 +1.29E+06~+1.43E+06

§. Tt

(WET 7 ARBOEERE =L, KRB CIZIT®AL 2.
SIMZE L CHTROKREICRELREMDI o2 e FBERTHL LEZONS, &
72, BEERABECREREL b LICHE LHE, RBREES 1 0 £oBERBRE
BIAB LORERE RS & RIRNBHISEE L BH - 2ERKTHY, &

Zhid 1 OFEMH &) BRER

YR I EUBREA A RIR AR O - BEMETH o LW REMATRIZ S N,

QILFET T AR AR T I ARB0BERSBZICENBRD S NA, TR
BTG ABBOAT VAR BEOBETIIR, BEBCER LT A0BHEIL D

BHICERYT 2 2 Edbio 7.

CHFROEBBVEIIEMARD SFRE THo. ThiIHLIXFOLHTRY
ARHCEM T 2 BROBE T A BBREFE 2o TWwa I thb, #T7 ADEER

BT LA LSRR S &2 7.
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E T
HEOIEEIS L FRESE, BIBCBI L7y OlE 210, CORBRARLIT
KhTh, WiREL vy —HEAREIFER SV — 7 2 b TS 7V — 7 O
BRI A AT, £, 1 0EL VS BEORBROEFE XL THCES
CDFAIEFBNLET.
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