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Abstract

For the high performance evaluation of reliability of TRU waste repository,
the system development for evaluating long-term alteration in consideration of the
changes action of barrier materials of hydraulic field in Near Field is required.

In this research, system development for evaluating long-term alteration of
hydraulic field in Near Field was examined. Examination of the basic specification of
chemical/dynamic alteration action analysis system used as the composition element
of this system and a whole system were performed. The research result of this year is
shown below.

1) The system by which the chemical changes happened by Near Field as influence of
the exudation liquid from cement material are evaluated was examined. In this
year, document investigation about the various processes about chemical alteration
and extraction of a choice, presentation of the uncertainty about a model or data,
preliminary modeling, a simple analysis tool creation and sensitivity analysis,
extraction of the process which should be taken into consideration in a system
valuation modeling and a phenomenon analysis model, and a corresponding
mathematics model, optimization of the software composition for development of a
system valuation modeling, the exercise by the preliminary system analysis model,
the experiment plan for the corroboration of a model were shown.

2) In consideration of change of the physical characteristic accompanying chemical
alteration of bentonite material and cement material, the system by which the
dynamic changes action of repository is evaluated was examined. In this year,
arrangement of the dynamics action of repository for long-term were shown.
Extraction of a phenomenon made applicable to evaluation was shown. And the
dynamic models were investigated and the prototype of the dynamics model that
can take into consideration the characteristic of bentonite material was shown.
And the basic composition of a dynamic changes action analysis system was shown.

3) The system that considered the chemical changes evaluation system and the
dynamic changes evaluation system as basic composition was examined. And it
couples these models. The system for analyzing of hydraulic field in Near Field was



examined. In this year, the basic composition of the coupling method and the whole
system was shown.

This work was performed by KAJIMA Corporation and Quintessa K.K. under contract with Japan
Nuclear Cycle Development Institute.

JNC Liaison: Materials Research Group, Waste Isolation Research Division, Waste Management
and Fuel Cycle Research Center, Tokai Works

*  KAJIMA Corporation.

**  Quintessa K.K.



JNC TJ8400 2002-032

1.

11

111 TRU

1.1.2
@)
@)
@)

1.13
@)
@)

1.2
1.21
@)
)
1.2.2
@)
)
@)

1.3

131

1)

(i)
(iii)

(NaOH, KOH)

CSH

pH

CSH

FEP

11

11

11

11

11

11

11

11

13

13

13



JNC TJ8400 2002-032

(2) Sharp front

®3)

(4)

Q)

(6)

1.3.2
1.4

141

@)

@)

142
15

151

(1)

()
®3)
(4)

152

153
1.6

161

1.6.2

1)

(i)
(iii)

(i)
(i)

DAE

13

13

14

14

15

15

16

16

16

16

21

23

23

23

23

24

25

26

28

30

30

30

32

35

37

37

38

38



JNC TJ8400 2002-032

)
®3)

1.7
1.71
1.7.2
@)
)
@)
(4)

1.8
1.81
@)
@)
1.8.2

1.8.3

2.1

2.2

23 2.2
231
23.2
2.3.3

2.4

24.1
24.2

243

Vi

39

40

42

42

43

44

44

45

45

48

48

48

48

49

49

50

50

53

58

58

63

66

69

69

71

73



JNC TJ8400 2002-032

2.4.4 77
25 23 24 ( )

82

251 82

2.5.2 83

2.6 84

2.6.1

84

2.6.2 85

3 88

3.1 88

1) 88

(2) 89

(3) 89

3.2 91

3.2.1 91

3.2.2 93

3.3 ( ) 94

100

101

vii



JNC TJ8400 2002-032

1

1.1-1 TRU
13-1

1.3-2

15-1

15-2

15-3

15-4

16-1

1.6-2

1.6-3

1.7-1 Sharp front
1.8-1 Percolation

Karnland,1997

2-1

2- 3(a)
2- 3(b)
2-3(c)
2-4

2-5

2-6 e-logP

2-7 e-logP

Sharp front

viii

13

14

33

34

35

36

38

39

40

42

49

51

52

59

60

60

62

70

71

71



JNC TJ8400 2002-032

2-8 Ca

2-9 Ca

2-10

2-11

2-12

2-13

2-14

2-15

2-16

2-17

2-18

2-19

2-20

2-21

2-22

3.1-1

3.3-1

3.3-2

3.3-3

Ca

72

72

72

73

74

74

75

76

77

79

80

80

80

81

86

88

97

98

99



JNC TJ8400 2002-032

1.1-1
1.1-2 Ca/Si

1.1-3 CSH

1.1- 4

1.1-5

1.1-6

1.4-1

1.4-2

1.4-3

1.5-1

1.5-2 pH
1.5-3

15-4 25° C

1.5-5

15-6 C-S-H

1.5-7

1.7-1

2-2
2-3
2-4

2-5

3.2-1

3.2-2

10

18

19

20

24

24

25

25

26

26

27

44

54

65

68

78

87

92

93



JNC TJ8400 2002-032

TRU

TRU

(2005

12

1-129,C-14

)

TRU

TRU



JNC TJ8400 2002-032

1T

1T

1T
=

1T
=

ﬁ@ﬁﬁ




JNC TJ8400 2002-032

1.
1.1

1.1.1.

TRU
Features, Events and
Processes (FEP) FEP
TRU

1.1.2.

1.1.1 TRU FEP

|
A é & — -
¥

|/
@:

11-1: TRU

FEP
TRU FEP

FEP 1.11



JNC TJ8400 2002-032

TRU
FEP
1.2.
1.1.2
1) pH
Atkinson (Atkinson,1985)
8.5x10° pH 13
pH
pH Ca/Si 1.7 Ca(OH)2
pH 125 25x10° pH 125 10.5
Ca/Si 08 17 CSH pH
4x10° Ca/Si 0.8
CSH
pH 8
Atkinson pH pH
1.1-1
1.1-1:
pH pH
| (<104 ) 12.5-13 KOH, NaOH
11 (<105 ) 12.5 Ca(OH).
11 (<106 ) 10.5-12.5 CSH (1.7>C/S>0.85)
IV (>106 ) 8-10.5 CSH (C/S 0.85)
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2
Berner (Berner, 1987) pH
Berner
Berner
logK 2?2 = _———— . C1+Ce 1)
o Ca/S-1
] C:
Ca(OH )2 .
logK & CSH Ca/Si
1.1-2
1.1-2 Ca/Si
Fegion| Ca'Si Ratio |Model Componenis |Solubality Prodoct as a Function of
/5 Ratio
il IngK o, = -2404 4 OIS - 1:2)
I CaSi=l-0

CaHSi0, IR s = -816 — { 1-CHS RIS (0FTE =
-T2 CUS - -2

Cal(kH loghas = -4-245 — (0-33BACS - 0-85))

| 1S5
CaHLSi0, lopkKgn = -3-146
Ca{CH ok, = -3-15
i CaSi=2-3
CaH.5iy gk, = -3-14
; Berner  Ca/Si 2.5
3
Berner

CSH solid solution phase

Borjesson (Bdrjesson, 1997)
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Borjesson Guggenheim CSH
Ca(OH).  CaH2:SiO4 2
1.1-3
1.1-3: CSH
Phase Log K
Solid-solution:Ca(OH)2 Ca(OH)2 + 2H+ = Caz* + 2H20 22.55
CaH>2SiO4 CaH2SiO4 + 2H* = Ca?+ + SiO2(aq) + 2H20 15.89
CaH2Si0s = Ca?* + H2Si042 + 2H20 -7.07
Ca2+, H2Si042 OH- Ca(OH)2-CaH2SiOa4
N2 2
[st'o4 ICa +]: KCaH28iO4aCaHzSiO4 = KCaHZSiO4 XCaHzSiO47CaHZSiO4 2
- 2
[oH ]Z[Ca * JF KeaornsBcaor, = Keaony, Xeaorns 7 caor @)
[Ca2], [H2Si042] [OH] Ca?*, H2SiOs? OH-
Kca(oH)2 KcaHzsioa Ca(OH)2 CaH:SiO4
Aca(oH)2 AcaH2sio4 Ca(OH)2 CaH:SiO4
Xca(oH)2 XcaHz2sioa Ca(OH)2 CaH:SiO4

YCa(OH)2  )CaH2SiO4

1.1.3

CSH

)
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nZNa + M = ZsM + nNa* (4)
Z M -+ K
Z M)Na* |’
« _Zmer] o
(zNa)" M ™
Z.M Mn+ {Mn+} Mn+
m
(an\/l):& (6)
zmeql)(.
1LJK,...
I, J, K i, J, Kk, Meg1,;
100
2
()
pH
H4Si04 pH>10 HsSiO4  H2SiO42
pH Al3+ Al(OH)s-

H2Si042-  Al(OH)4

Nao.33Mgo.33Al1.67Si4010(OH)2+10.68H20 =
0.33Na*+0.33Mg2*+1.67 Al(OH)4+4 H2Si042-+8.68H+* 7

Cao0.165MQg0.33Al1.67S14010(OH)2+10.68H20 =
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0.165Ca2r+0.33Mg2++1.67 Al(OH)4+4 H2Si042+8.68H*

pH
(ii)
k
Cama and Ayora, 1998 Cama
Ak(1-exp(-6x10-19(log( QI K))®)){10-88/[H+]}"
(Cama et al,2000) A
Q; K; n;
Huertas pH
(Huertas etal., 2001) pH 8.8
10-17-1[H+]-0.34
(iii)
€Y

®

©)

(10)

10-14.7
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pH=7-10

Savage, 1996

(b) CSH CASH
pH
CSH
(Cacium Silicate Hydrate)
CSH
Savage et al., 1992 CSH
CSH
1.1-4:
Rate equation
Na-montmorillonite 9 ) Cama and Ayora, 1998
Quartz KA(an+)"(1 — QK) Knauss and Wolery, 1988
Calcite KA(an+)"(1 - QIK)m Busenberg and Plummer,
1986
1.1-5:
Log k n m
Na-montmorillonite -17.1 -0.34 -
Quartz -16.3 -0.50 -
Calcite -5.2 -0.65 0.9
1.1-6
EQ3/6, ‘datal.com.R10’ (Wolery, 1992)
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1.1-6:
/ Log K
25°C
Na-montmor Na.33Mg.33Al1.67S14010(OH)2 + 6H* = 2.4844
0.33Na* + 0.33Mg2* + 1.67AI3* + 4SiO2@q) + 4H20
ion  exchange 2ZNa — Z>Ca 0.69
coefficient
Calcite CaCQOs3 + H* = Ca?t + HCOgz 1.8487
Quartz SiO2 = SiO2(aq) -3.9993
Analcite Na.osAl.96Si2.0406.H20 + 3.84H* = 6.1396
0.96Na~* + 0.96Al3+ + 2.04SiO2@q) + 2.92H20
Laumontite CaAl2Si4012:4H20 + 8H+* = Caz+ + 2Al3+ + 13.6667
4SiOz(aq) + 8H20
Muscovite KAI3Si3O10(OH)2 + 10H+* = 13.5858
K+ + 3AI3* + 3SiO2(aq) + 6H20

Tobermorite CasSieH21027.5 + 10H* = 5Ca?* + 6SiOz(aq) + 63.8445

15.5H20

10
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1.2
1.2.1
1) (NaOH, KOH)
NaOH, KOH
pH pH 13

) CSH

Berner Ca/Si CSH
Ca(OH)2  CaH2:SiO4

Berner
Ca/Si

CSH Ca(OH):  CaH2SiOa

1.2.2
@)

)

HsSiOs H2Si042  Al(OH)* pH

3 CSH
45

CSH
CSH

11
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13
Ca
TRU
131
1)
EDZ
EDZ
1.3-1
Na
Na Catt
Ca&* OH e
N\
—> P—
) &= | EDZ
Cca
OH-
Ca Ca
Ca
—> Ccat
) OH-
1.3-1:
(2) Sharp front -
pH Ca
Ca pH
C-S-H
Sharp Front
3
Ca

13
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4)
Ca Na Ca
H
-1.3-2
A
Ca
Ca
Ca
CSH
OH-
e T I <«
T
O [
_) Z
. Cazt
‘&
O »
m— Ca —
1.3-2:
5)
Caz OH
CSH
Ca® OH "~
Ca
Ca* Region2 Ca** OH"

14



JNC TJ8400 2002-032

(6)

Ca

Ca

1.3.2

15

Ca
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14
141
1)
1.3 DAE
\Version2.2
* INPUT **
CONSTANT saturationV=PARA_SAT; *
CONSTANT kwbentCa=PARA_CAKW; *Ca
CONSTANT kwbentOH=PARA_OHKW,; *
CONSTANT STRSIO2=PARA _SI0O2_STO; *
CONSTANT STRMON=PARA_MONSTO; *

CONSTANT DFCABENT=PARA_CA_DF*yZs; *Ca
CONSTANT DFOHBENT=PARA_OH_DF*yZs; *
CONSTANT Limitbent=PARA_DEG_RATIO; *

CONSTANT ubentCa=1-PARA_W_CA; *Ca
CONSTANT ubentOH=1-PARA_W_OH,; *

CONSTANT kwbentl=PARA_DEG_KW, *
CONSTANT XN=PARA_DEG_CSR; *H2SiO4
CONSTANT kwROCK=PARA_KWROCK; *
CONSTANT rCSH=PARA_RCSH,; *OH Ca

)

Ca

16

mfy)

SPADE
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TRU

11 1.2

Ca
Caz+
H,90,>
-1.4-1 -3

17

Caz+

OH-
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14-1
Na 1600mol/m3 [1]70% 30
50
16000mol/m3
40
Ca 2600 mol/m3 [1]
44m?2
9.2 [2]
EDZ 5 EDZz [2]
0.5
1.4 [2]
67m?3 33m?2
0.4 [2]
0.01 [2]
0.1

[1](BOrjesson, 1997)
[2]( ,2000)
[31( 1998

18
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14-2

0.02(mly)

[2] 300

5x10-13(m/s)

[2]Na

Ca

3x10-12,3x10-11
3x1010,3x10°
3x10-8(m/s)

[2]
[3] 1.5g cm3
1x1012  1x10-19(m/s)
[2]
[2]

3x10-11(m/s)

3x1012,3x10-11
3x10-10,3x10°
3x10-8(m/s)

Ca

3x10-11(m/s)

Na

5x101t  2/s

[2]

Ca

5x10-11,5x10-10
5x1095x108 2/s

5x10-10(m2/s)
Na

EDZ

1x10%(m/s)
1x105(m/s)
EDZ 10

[2]
EDZ 10
EDZ
Ca

1x108(m/s)
1x105(m/s)

(2]

Ca

1x10°
1x108
1x10-7(m/s)

0.1 Ca
1x10-5m/s

1x109(m/s)

Ca

Ca 1 0
0.75,
0.5, 0.25

Ca

1x105(m/s)

19
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1.4-3
0.5
Na Ca
8.68 6.68 4.68 2.68 8.68
0.68 0.68 1.1
01,2 8.68 0.68
0,2
1,05
Ca
2
CSH
1
H,S90,% <> S0, +20H"
C-S-H(CaH ,S0,) 01 2 e 20

OH

H,S0,” <>H,S0, +OH "~

20
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142
Ca
Ca
Caz+
H,S0,”
Ca
Ca
Ca
Ca
Ca

Ca +

Ca

Ca

21

OH-

Ca

OH-
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@)
(b)
(©
(d)
(e)

OH-
OH-

Ca

CSH

22

€)
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1.5

1.5.1
)

1mol

@

23

mol
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1.5-1:

CSH (C/S

)

Hillebrandite

CazSi03(0H)2:0.17H20 + 4H*+ =2Ca2* + SiOsg +

3.17H:20
CSH (C/S ) Tobermorite
CasSisH210275 + 10H* = 5Ca2* + 6Si02q + 8H20
(Na ) Analcite Fujiwara et al., | Savage,
1998 1996
Na.9sAl.96512.0406.H20 + 3.84H+ =
Ichige et al.,
0.96Na* + 0.96A13* + 2.0481029 + 2.92H20
1998
(Ca ) Laumontite Savage,
CaAl2Si4012:4H20 + 8H* = Ca2z* + 2A13* + 481026 + 1996
8H:20
14A-tobermorite pH>10
pH
1.5-2: pH
pH
Region I Leucite
Natrolite
Analcite
Region 11 Tobermorite
Scolecite
Stilbite
Analcite
Region 111 Analcite

24
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pH CSH Tobermorite
CSH
pH
Tobermorite CSH
(iii)
Na
40
1.5- 3
k pH=0 A m2 n m Q K
Rate equation
Na-montmorillonite k.A.(ap)r.(1 — Q/K) Huertas et al., 2001
Quartz k.A.(ap)".(1 — Q/K) Knauss and Wolery, 1988
Calcite k.A.(ag+).(1 - Q/K)™ | Busenberg and Plummer,
1986
1.5-4: 25°C
1.5-3 Log & (pH = 0) mol m?2 g1
Log & n m
Na-montmorillonite -17.1 -0.34
Quartz -16.3 -0.50
Calcite -5.2 -0.65 0.9

25
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(2

1.5- 5
EQ3/6, ‘datal.com.R10’ (Wolery, 1992)
/ Log K
25 °C
Na-montmor Na 33sMg 33A11.67814010(OH)2 + 6H* = 2.4844
0.33Na+ + 0.33Mg2+ + 1.67AI3* + 4SiO2(ag) +
4H20
ion exchange 27Na — Z2Ca 0.69
coefficient
Calcite CaCOs + H* = Caz* + HCOgs 1.8487
Quartz Si02 = SiOz2(aq) -3.9993
Laumontite CaAl2Si4012:4H20 + 8H* =
Ca2t + 2AI13+ + 4S102(aq) + 8H20
Analcite Na.96Al.96512.0406.H20 + 3.84H* =
0.96Na+ + 0.96AI3* + 2.04Si0z2(aq) + 2.92H20
Muscovite KAl3Si3010(OH)2 + 10H* = 13.5858
K+ + 3AI3+ + 3Si02(aq) + 6H20
Tobermorite CasSi6H21027.5 + 10H* = 5Ca2+ + 6S102(aq) + 63.8445
15.5H=20
1.5-6: C-S-H
Log K
Solid-solution: Ca(OH)2 + 2H+ = Ca2+ + 2H20 22.55
Ca(OH):
CaH2Si104+2H*=Ca2*+Si0s2(aq+2H20 15.89
CaH2S104
CaH2Si104=Caz*+H2Si1042+2H20 -7.07

Caz*, H2S5104%

OH- Ca(OH)2-CaH2Si04

26
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s ~N2— 2+
[H28|O4 ICa ]: KCaHZSiO4aCaHgSiO4 = KCaHgSiO4 XCaHZSiO47/CaI-IZSiO4 (1)
- 2+
[OH T[Ca ]: K caory, Bcaory, = Keaory, Xeaomy, ¥ caom, (12)
[Ca2t], [H2S1042] [OH] Ca2t, H2Si04 OH-
Kcaon)z Kcanssios Ca(OH): CaH2Si04
aca(0H)2 aCaH28i04 Ca(OH): CaH2SiO4
Xca(OH)2 XcaH28i04 Ca(OH): CaH2SiO4

YCa(OH)2 YCaH28i04

Ao Az 3.262
13.44 kd/mole
INY canso, = Xeaon, [3.262— 13.44(3Xcas,50, — Xesors )+ ] (13)
INY caory, = Xewt,s0, [3.262+ 13.44(3X coony, — Xeatasion )+ ] (14)
(11)-(13) C-S-H
1.5-7
1.5-7:
EQ3/6, ‘datal.com.R10’ (Wolery, 1992) Bérjesson (Borjesson, 1997)
Log K
25°C
Ca(OH): Ca(OH): + 2H* = Caz* + 2H20 22.55
CaH2S104 CaH2Si04 + 2H* = Ca2* + SiO2@ag + 2H20 15.89
Brucite Mg(OH): + 2H+ = Mg2+ + 2H20 16.2980
AFm CasAl2aS010:12H20 + 12H* = 4Ca2*t + 2AI3+ + SO42 + 70.3
18H20
Katoite CasAlaH12012 + 12H* = 3Ca2* + 2A13+ + 12H20 78.9437
Calcite CaCOs + H* = Ca2*+ HCOs 1.8487
Gibbsite AI(OH)s + 3H* = AI3* + 3H20 7.7560

27
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3

R (X,t, U(X, t), m(x, t)) (mol/m3/s)

§< 0)=Tl1c.6.v)+ S
0
a(m)ﬂ%, Lely
0 :
a(zi): b, 1ely

28

S, (xt,u(x,t),c(x.t

=-> VR

jelm

lelp

)) (mol/l/s)

(15)

(16)

17

(18)

(19)
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ssg(h)+§(e)=a—i(|<(x,t,m(x,t), z(x,t))@—ax (h)) (20)
h=h(xt) , K S K
H[uk&:]-, jele (21)
0 .
S(Mm)=R, icl, (22)
R
° pH

—=1, (23)
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Q= ilg_ll[ui]ﬂii
(23)
(€))
@
UK 0, 9P
Pox; Y pg OX
0
—U, +Q=0
ox Q
U, ke , X
: @ v Po -
(ii)
LE
D =4 =4

4 Ve 4¢ 4¢

30

(24)

(25)

(26)
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V [m3]:

e

Sv= Sy (1-¢e) :

Sv: dp Sy =6/dp
e

31
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1.5.2

1.5-1

1.5-1

1.5-2

1.5.1

32

1.5-2



JNC TJ8400 2002-032

Ca

t=20 t=25

=15

5 t=10 t

t

=50

t

=75

t

t=45

t=70

=50

t

=40

t

t=65

t=45

35

t

t=60

t=40

=75

t

t=70

t=65

30

t

=55

t

t=35

t=60

=30

t

=55

t

33
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Ca
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