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Abstract

The performance assessment of high-level radioactive waste (HLW) glass is
required to understand reaction mechanism of the glass dissolution for the
long-term disposal period and to evaluate effects of the specific disposal
conditions on the glass dissolution for each country. In addition to the status of
understanding of scientific basis for the glass dissolution described above, it is
also essential to develop the glass performance model taking the scientific basis
into account. Progress in these fundamental studies on the glass performance is
expected to contribute to a valid assessment of the total system performance of
disposal, which can lead to the reasonable and economical disposal.

A review is given of the performance assessment of HLW glass in geological
disposal in an aspect of its validity. And we compared the studies for each
country in order to clarify the problems to raise reliability.
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Tablel Chemical composition of some reference waste glasses ?

R7/T7 | WVP PAMELA DWPF WVDP | TVF
(
Si0: 45.1 | 46.3 53.60 51.90 43.43 | 46.6
B203 13.9 | 16.4 13.24 8.05 10.28 | 14.2
Al:O3 4.9 4.9 4.02 4.16 6.55 5.0
Li20 2.0 4.0 3.86 4.44 3.15 3.0
CaO 4.0 - 4.69 1.03 0.50 3.0
7n0 2.5 - - - 0.02 3.0
Na20 9.8 8.3 862 | 913 | 1144 | 10.0
FP 12.8 11.1 21.29 24.63 10.1
5.0 9.0 TiO2 5.1
( 4.45 ( (
MgO SOs Fe203 Fe203
5.4) 0.35 10.91) 12.12)
717
15 35wt%
10wt%
Table2

5)

6)-10)
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Table2 Physical and chemical properties of Japanese reference waste glass,

P0798 ¥
/ 10°kg/m? 2.74
/107 (30-300 ) 88
/ 500
/ 600
/Pa s 1,150 4.0
/cQm 1,150 4.8
/ Wim/K 0.94
/ 10*kg/m?2/d 93
JIS R 3502 )
3.2.
3.2.1.
137Cs  9Sr o
B 500
o ( 11)
o o
o
B
500
Y
11)
radiolysis
3.2.2.
(1).
o 238Py 87.7 244Cm
18.1
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108 109 decay /g o

(2).

2387
30wt% UOq pyrochlores
g o

3.2.3.

o B

(D).

(® ¢
+1.2
(2).
13)-15)
(3).
(® ¢

16),17)

A\V4 108 rad

10'8decay /g

12)

0.1lpm

1020 decay
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(1). MCC
DOE

Characterization Center

MCC-1 MCC-2

elemental mass loss: NL;
2 100

MCC-3

MCC-4

MCC-5 Soxhlet

(2). Single-Pass Flow Through (SPFT)

Fig.2

Reaction Cell

Collection Bottle

(8). Vaper Hydration Testing (VHT)

150 300

Table3

MCC Materials

Normalized

1 100

20)

pH
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Table3 Typical leach test methods for waste glasses 222324

JIS
MCC-1, MCC-2 MCC-3 MCC-4 MCC-5 JIS R 3602 1SO
Soxhlet
PFA
MCC-1:PFA (<100 ) PEA PTFE Ep PTFE
MCC-2:PTFE PTFE PEA
(>100 )
pH
MCC-1: < 100
(40,70,90 )
MCC-2: > 100 40,70,90 > 100 100 40,70,90
(110,150,190
2 =
400mm 4001’111112 400mm2 V/SA 01 02cm
0.1
’ 1+0.2
1242 /min | 0010001} ) min
ml / min
1,3, 7
2 2
36 1
1
3.3.2.
(0.
Si02 45-50 wt%
SiOs(am)
25)-29)
SiOz(am) + 2H20 = H4Si04 (aq) (1)

28)

R H4Si04 (aq)

_10_
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a H48i04 1 a H4Sio4

R =k+{1- (a nusios)/ K} (2

K 1) k+

H48i04 a Hasios / dt

27

R=(amnusior/dt)=A/M) k+ {1 - (a zasios )/ K}

a H4Si04
0 200
Eact
Si0g
1980 MCC
Si02 k+
1980
40
JSS-A
MCC-1 Fig.3 32)

NL; :normalized elemental mass loss

_11_

m masios [mol/I]

HiS10+4 a
A M

(3

eY)

Rimstidt 20

30),31)
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NLi =(Ci/£)/(S/V) (4)
NL; [g/m?]
G 1 [g/m3]
£ i [-]
[m3]
S [m2]
Al
B Na Si
S102
HsO+

Wallace Wicks
H4Si104
33) Jantzen
energy of hydration
Si B

34),35)

_12_
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Model 32),36)

SiOz2(am) + 2H20 = H4Si04 (aqg)

2
PHREEQE
Fig.4
2).
HsO* Nat

Grambow

Fig.3

Fig.5

(5)

_13_
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=S1-ONa + HsO* - =Si-OH + Na* + Hz20 6]
S1-0-Si
(7
S1-0O-S1
1 100nm
®
=S5i-0-Si=+ H:0 - 2=Si-OH (6)
2=S1-OH - =81-0-Si=+ H20 (7)
=Si-0-Si(OH)s + H:O -~ =Si-OH + H4SiO4 (8)
39)-43)
44)-46)
36),39)-48)
Fig.6
MCC-1 MCC-3
B Na
39)-43)

_14_
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Fig.7
46)
Fig.8 Al
Al/(Si+Al) > 0.3
NaAlSi20s H:20
47)
Stage
Stage 49 Jiricka
VHT 3.3.1 3
4 Stage
4
VHT

52)-57)

_15_

50)
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51)

1

Fig.9
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3).

58)

k=k, 10" pH exp('E'a/RT) [1'(Q/K)] + k]ong (9)

k [g/m2/d]

ko [g/m2/d]

n pH

E, [kJ/mol]
R [kJ/mol/K]

T (K]

]f]ong [g/ m?2/ d]

Al Fe Q K

59,60 Kiong residual reaction rate

9 1

pH

Fig.10
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52)-55)

61),62)

pH

65),66)

20kg

(4)

20

61)-64)

54),55)

_17_
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67)

pH
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ko K
3.4.
Kristalline-168 K-1 H12
Yucca Mountain Science and Engineering Report™
3.4.1.

H12

_18_

SE
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UOq
K-1 JSS
H4Si1040 1.5 71),72) 10
keg/m? /y 1985
Project Gewahr™ 3.8 10+
kg/m2/y Hi12
Fig.11 60 3.7><10+*
kg/m?y 1107 g/m2/d
K-1 12.5
Hi12 10
K-1 15 H12 7

3.3

_19_
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78)

K-1
><10* kg/m2/y 100
79)
80) 10

3.4.2.
SE K-1 H12

3

Stage 1
1-Q/ K Q K
Stage
K-1 Hi2
pH
pH
4
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3.4.3.

3.4.4.

Cs
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4.1.

CEA
1991 12
2006
82)
83)
45),85)
8680 pH4.89 S/V 89
91)
85)
ATALANTE
Mol

93)

_22_

92)

20

81)
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83),84)
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Si

94)

r(t)

95)

4.2.
SCK CEN

Mol
EC

64),96)

MD -

97

FP
Np Te
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98)

1n-situ test

Boom clay

Boom clay

HADES: High Activity Disposal Experimental Site

1980

of Active gliass in Underground Storage

9% CORALUS Fig.12
60C0y
o ( 237Np 238'240Pu 241Am
HADES
overcoring
CORALUS

99)-101)

1n-situ test

229m

CORALUS CORrosion

Boom clay

acceptance criteria

10

10

4.3.
DOE

PNL
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2010
204,000m?
102)
ANL PNL
TST k
Ea Kg
ANL MCC-1 PCT-A
103)
104)
PNL SPFT pH
102),105)
TST
PNL
TST 106)

Field Lysimeter Test Facility: FLTF)

107

108)
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Subsurface Transport Over Reactive Multiphase

51)

4.4,
30 50
1980

1980

1990 112)
75) 1984 1988

SKB JSS
72),113)
1990
WASTEF o

14)
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110)

STORM

102),109)

111)

1970

NAGRA
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Diffusion-combined Model

Si

117)

Pu %

g(Pu)/m2/S

mole Si/m?/s

2003

74)
114)
114)
Cs 115),116)
Pu 5.6>x<106
PuO2z(am)
Pu
118)
280 2800
num/1000y 119)
1094 1092
120)
100
121)

Pu
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Fig.1 Schematic representative of glass network structure for waste glass
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Fig.2 Schematic representative of Single-Pass Flow Through Test (SPFT)
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Fig.3 Corrosion of JSS-A glass at MCC-1 test(90°C, S/V=10m-1, deionized water),
comparison of experimental data with calculated results by Reaction

Path Model32
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RN al

Rate Equation

rm=K (1-ag/ag) + rn

I'm: cissolution rate of glass matrix
k, : rate constant

ag : activity of H4S O, in leachate
agy - activity of H4S 0,4 at saturation
I'sin : final dissolution rate

Fig.4 Flowchart of Reaction Path Model.
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Fig.5 Schematics of alteration layer at glass surface

(after Feng et al.3")
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Fig.6 Water diffusion model for glass dissolution
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Fig.7 Protective gel layer model for glass dissolution

-41-



JNC TN8400 2003-036

@ s |

@ S |

L Si 4 Na, B, etc.
) |E|I <

4

Fig.8 Secondary phase precipitation model for glass dissolution
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Fig.9 General alteration curve for glass-water reaction39
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Fig.10 Conceptualization of potential phenomena affecting glass dissolution in

repository environment
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Fig.11 Dissolution rates derived from long-term leaching experiments for selected
waste glasses

Arrhenius plots of long-term dissolution rates are presented by Ohe et al.”. The

linear regression curve is drawn as a best fit to (a) data cited in the paper by Ohe et

al.” and (b) data reported by Ishiguro and Masuda’™).
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Fig.12 Design of CORALUS in situ tests®),
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