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H.Takase**, Y. Aoyama**

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, the system development for evaluating the long-term

alteration of hydraulic field in near field was examined. The “Evidential Support logic”
for ensuring the long-term stability of the repository was developed and
evaluated.Furthermore, the developed chemical/mechanical alteration action analysis
system was verified and improved. The system was coupled for the long-term

alteration evaluation analysis.The research results of this year are shown below.

1) A logic tree was constructed for the purpose of supporting the high performance
evaluation of reliability of a TRU waste repository. The thesis that the long term
safety of the TRU waste repository is preserved was ramified into subsidiary theses
until all the final theses were supported by objective evidence. The probability of
the subsidiary thesis supporting the upper thesis was established by interviewing
specialists. The reliability of the thesis was evaluated by applying present
knowledge. Furthermore, the sensitivity of the reliability of the highest thesis to
increasing reliability of evidence was investigated. Appropriate targets for
experiment and analysis were presented based on the sensitivity of evidences.

2) The object of the hydraulic — chemical analysis was determined from the above-
mentioned logic tree. The analysis system was improved to perform the 2D analysis.
A user interface was developed to simplify the setting of analysis conditions. The
system was demonstrated by comparing the results with the experimental results.
Furthermore, the system was applied to the near field problem to fix the condition
that the safety of the TRU waste repository is preserved.

3) Both the model of bentonite material and the model of cement material were
developed in order to improve their reliability. Furthermore, dynamic alteration

action evaluation system consisted of bentonite and cement model was developed,



and the long-term dynamic alteration action analysis was performed. In this
alteration action analysis, parameters of Ca2+ion content of bentonite and leaching
ratio of Ca from cement material were considered. The analysis result indicated
that the diffusion field, on the set-up condition in this analysis, was kept in the long
term. Additionally, the influence of the action of rock that was not covered in this

dynamic alteration action evaluation system was arranged.

4) A coupled hydraulic — chemical — dynamical system was developed by integrating
the previously developed hydraulic — chemical system and dynamical system.
Several analyses were performed to support the thesis that the long term safety of
the TRU waste repository is preserved.

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.
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1.
1.1
1.1.1
ICRP
ICRP, 1999
/
ICRP
OECD (OECD/NEA, 1999)

“"A safety case Is a collection of arguments at a given Sstage of repository
development, in support of the long-term safety of the repository. A safety case

comprises the findings of a safety assessment and a statement of confidence in

3
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these findings. It should acknowledge the existence of any unresolved issues and
provide guidance for work to resolve these issues in future development stages.”

NEA Confidence document [NEA, 1999]

OECD/NEA, 2002
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11.11

"what if"

(paleohydrological)

OECD/NEA, 2002
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0.459 0.630 0.744
AN
M(L+e)}
AAM € (0.688)
k = CAxe® e
A a+bxexp{(x—-c)/d}
a 3.51x 10" b 3.94x 10°*
k m/sec c 55.5 d 6.56

B fx+g
f 0.0486, g 0.781
c 1 C 3.71 C 65.51
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3.1.3
(1)
(a)
(2002,2003) V1
(0% 100%)
Vi
Ca
( 3.1-34)
Ca
@ :E%ﬂ1 T
& 1
~ a0 A l-ﬂ' J
: .
&
L L S
S e oit  l=ren |
H - i L] I
%8 " LpE e
LTIz
PREREE (o)
1R o T
i‘: I P
ﬁm:'. & Eii Iqﬁ .;...."_ .
;m. E‘?.‘;:ﬁ‘.fl‘.-' o
I} | -
F - [ S N -
+ £ 5%
ﬂm...'hﬁip...é } p— -
' ERE 0.1 hgf/onl
Ve i i s
CREREE (o]
3.1-34
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Ca
Ca
3.1.2
& ,OCRb £
OCRb 1
3.1.2 N
M D Ca
(b)
(1997) (30Wt%) V1
3.1-35 (2003) V1
(il g ---!
(30Wt% V1 |
Tl & L A .!' —
8 ] ] &
-|,:|'"r ..... [ e s ﬁ---! .E."
ll-': A & i i 1.
E " 1 .- ............ B . s .
e & "' i &
§1[r= .......... -1 &
a =
_ ATEE P «AENg
"}-4 E .H.n!r -|1|Ih-114 ..................... g
£ A =18 Mg i
i :
0 a0 40 60 E060A0 B0 40 @0 O
i Effective clay density [Mgm']
3.1-35
(2000) Ca (30wWt%) V1
Ca(OH):
(30wt%)

Ca
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¥ I = Lamrmm
I rsbieaiE
(R P BT S ETRP s E B .
E-{r3 = il sl T |
= B8
£
2 En
[
-
W VEIZ
TE-93
F-14
(15 ] 0.E n.a 1.4 1§ 1.K

3.1-36 Ca(OH)2

(2)
TRU

Ca

A+B=1

3.1-37

w L b FREEE abelbgm

104
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3.1-37
,1999 V1
46 49
48
3.1-37
Y be Gs
_ B-G,
Vee e, +B
Jwt%
3 (100 — J)
N I 100 e =% 1
= = H 0
G, G, V4
X (%)
Gs
Y be
(B) (eo)
,2002
3.1-37
B - B':B—L-OABB
100

X
% % 100

B - B':B—L-O.48B
100

A - A= A+L-O.48B
100

& - &

105

(3.1.22)

(3.1.22)

(3.1.23)

(3.1.24)

(3.1.25)

(3.1.26)

(3.1.27)
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(%) (Mg/m?3) 3.1-38
3.1-10
. 1.600 ¥
g
3 l-lo ?c: 1.400
y d| 1.6Mg/m?3 1200
Gs 2.7
J| owt% 1000
48% 0.800
0 20 60 80 100
(%)
3.1-38 Y be
(a)
[Na V1]
P =10%13%7w327 ,1998 (3.1.28)
[Ca
P = 1013807 ,1998 (3.1.29)
=]
Y be [Mg/mB]
(3.1.28) (3.1.29) (3.1.22) (3.1.27)
3.1-39
1.0E+01 1.0E+01
—— —— [
o —— [
- 1.0E+00 = 1.0E+00 T
1.0E-01 1.0E-01
[Ca V1]
1.0E-02 1.0E-02 : L
0 20 40 60 80 100
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,2002
[Na V1] er 5.815
[Ca V1] er 1.182
ef
ef
S(%) eo B
(%)
(3.1.30) (3.1.31)
S B'+ef><B'—eo—1><1OO %
l+e,
A+B'+e, xB'-g, -1
S= x100 %
l+e,
(3.12.30) (3.1.31) (3.1.23) (3.1.27)
3.1-40

(%)

()

3.1-40

3.1-39

Ca

3.1-40
Vi1
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3.1.1
& ,OCRyp ¢ 0 OCRb 1
(b)
,1999
Na
A
K
A K
A K N
(c)
,1999
(Na )
M
M
M
D =(A -
K )/(1+eo)/M (2)-2 A K
eo D
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(d)
[Na V1]
Kk =10 3810447 ,1998 (3.1.32)
k=4.90x107" x >° ,2003 (3.1.33)
[Ca 50% V1]
k =6.30x107" x e ,2003 (3.1.34)
[Ca V1]
K =10 47794014 ,1998 (3.1.35)
k =1.09%x10 x e*%% ,2003 (3.1.36)
k [m/sec]
Y be [Mg/mS]
e [ ]
(3.1.32) (3.1.36) (3.1.22) (3.1.27)
3.1-41
1.0E-11 1.0E-11
£ 10E-12 1.0E-12
1.0E-13 1.0E-13 '
0 20 40 60 80 100
(%)
1.0E-08
1.0E-09
g 1.0E-10
£
1.0E-11
LOE-12 1.6Mg/ms3
1.0E-13
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3.1-41 Na V1 Ca 50%
V1 100% 1
Ca V1

V1

V1

(3.1.33) (3.1.34) (3.1.36)

(e)
(@) (d)
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3.2-1

3.2
3.2.1
Ca
Ca
Ca
3
(
3.2-1
(A)
3.2-1
(B)
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(C)
Ca
(A) (C)
(A)
(B)
(C)
3.2.1
(C)
(1)
3.2-1
(1992)
(1980)
(2003)
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(A)

(B)

(A)
3.2.2

(B)
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3.2-2

2002a 2002b 2003a 2003b

3.2.2(2)

Ca

3.2.2(6)
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(2) -
(a)
Ca
Ca
,2002 ( 3.2-1)
( ©
)
3.2-1 ,2002
wW/C
% (9) (g)|[(N/mm?2) (x 104N/mm?2)
58.58 |83.38 6.82 0.34 0.27
1 85 58.13 |83.00 6.62 |[6.65 0.37 0.34] o0.38 |0.29
58.80 | 83.56 6.52 0.31 0.22
50.51 |76.71 3.93 0.25 0.24
6 105 50.63 | 76.78 3.73 |[3.94 0.24 0.31| 0.24 |0.22
50.20 | 75.58 4.16 0.44 0.18
(b) ¢
3.2-3 \
S
E H
o
<
< 20mm Eé
3.2-3
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7 45

......................... L 6 W/C=105%
L
6 | —
—A—W/C=85% A / 35 |
5 | —e—wrc=ss% B
-~ —e—W/C=85% c / 301 //
4 .. 25

(kN/mm?)

oS

—&— W/C=105%

S
Ny i o
v/ e

0.5
1 WI/C=85% éf' .- -
: : 0.0 : :

0.0E+00 5.0E-04 1.0E-03 15E-03 2.0E-03 0.0E+00 5.0E-04 1.0E-03 15E-03

3.2-4 -
(d)
3.2-4 1 6 -

115

2.0E-03



JNC TJ8400 2003-087

3.2.2

(1)
(3.2.1)

Ca ( )

( ,2003

Ca

Ca

(%)

,2003
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Ca
,2004)

Ca

x 100

(%)

(3.2.1)
Ca
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(2)

(a)

)

OwW/C=70% 12W

Ca
Ep
o, ,2004
Hvo=1.83%x 105x (W/C)-2:33
Hv = 0.0097x LC+0.954 3.2-5
Hv=Hvox Hv
Ep=0.31x 104x v Hv [MPa] 3.2-6
o ,=1.626Hv [MPa] 3.2-6
Hvo wW/C (%)
LC Ca Hv Hv
S
2 i - 00087 + 09544 & WC-404 108w

~ 4
g

S

=

o

—

X
3.2-6
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N/mm?

60

50 |

40 |

30 |

20 1

10

B W/C=70% 48W
B W/C=70% 64W
W/C=70% 108W
O W/C=85% 12W
® \//C=85% 48W
® W/C=85% 64W
W/C=85%108W
© W/C=105% 12W
& W/C=105% 48W
® W/C=105% 64W
W/C=105% 108W
A W/ C=85%(
® W/ C=85%(

(3.2.2)
(3.2.3)
(3.2.4)
(3.2.5)
(3.2.6)

,2004

y = 1.626x
R%=0.975

W/C=85%)

30 40

,2004
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)
0 (%)
Ep O p kp
,2004
Ep 11.497x 104x e(-0.066% @ c) [MPa] 3.2-7 (3.2.7)
op 308.16x e(-0.0762% ®c) [MPa] 3.2-7 (3.2.8)
p 10(-6.23+9.30%1og(® ¢ 100)  m/sec 3.2-8 (3.2.9)
10 100
~ y = 11.497¢ 00557 ~
) 2= 0.
% . R® = 0.8569 % ok
:' y= 308.16e0076%
R® = 0.959 ]
“Pom o -
e [ ]
0.01 L L —
10 20 30 40 50 60 70 80 10 30 50 70
3.2-7 ,2004
& LE-06
T 1E07 f| ©
1E-08 f__*
1.E-09 ( )
1E-10 | [€5107(-623 93010g 6)
' R?=0883
1E-11
1.E-12 | |K=10/(-847+6.41 log 6
1E-13 F R2=0.792
1E-14
1.E-15
0.01 0.1 1
3.2-8 , 2004
3.4.1
Ca
,2004
40% 6 =0.512 LC+19.8 (3.2.10)
55% 0 =0.474 LC+32.3 (3.2.11)
70% 6 =0.399 LC+39.8 (3.2.12)
85% 6 =0.320 LC+47.3 (3.2.13)
105% 0 =0.261 LC+54.0 (3.2.14)
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(b)
(a)
2002,2003
3.2-2
3.2-9
3.2-2 ,2002 2003
W/C (%)
1 85 1
5 85 500 2
6 105 1
10 105 500 2
\/
\ 5mm
/ H 10mm
=
S H 10mm
<t
H 10mm
5mm
40mm
,2,6,7,8 3,4,5,9,10
3.2-9
(b)-1
3.2-2 Ca
(a)
3.2-2
CaO 3.2-3
3.2-10
3.2-3 CaO ,2002,2003
W/C (mm) CaO (%)
% 2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5
1 85 0 0 0 0 0 0 0 0
5 500 89.7 84.4 76.0 75.0 72.9 70.9 69.3 64.2
6 105 0 0 0 0 0 0 0 0
10 500 90.7 83.5 76.1 71.3 70.1 70.4 69.7 69.1
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o~ A
e <
€
=4
N \/
20mm
3.2-10
3.2-3 CaoO (%) (a)
3.2-4,5
3.2-4
wi/C (mm) (MPa
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5
1 85 7321.3 7321.3 7321.3 7321.3 7321.3 7321.3 7321.3 7321.3
5 500 2171.3 2757.4 3490.1 3567.4 3724.3 3867.9 3979.0 4314.2
6 105 5723.7 5723.7 5723.7 5723.7 5723.7 5723.7 5723.7 5723.7
10 500 1596.4 2224.1 2722.4 3001.8 3067.6 3051.3 3089.3 3121.4
wi/C (mm) (MPa
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5
1 85 9.07 9.07 9.07 9.07 9.07 9.07 9.07 9.07
5 500 0.80 1.29 2.06 2.15 2.35 2.53 2.68 3.15
6 105 5.54 5.54 5.54 5.54 5.54 5.54 5.54 5.54
10 500 0.43 0.84 1.25 1.52 1.59 1.58 1.61 1.65
3.2-5
Wi/C (mm) (MPa)
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5
1 85 5067.6 5067.6 5067.6 5067.6 5067.6 5067.6 5067.6 5067.6
5 500 762.2 852.4 1017.9 | 1039.6 | 1086.8 | 1133.7 | 1172.6 | 1306.0
6 105 3256.6 | 3256.6 | 3256.6 | 3256.6 | 3256.6 | 3256.6 | 3256.6 | 3256.6
10 500 682.7 772.8 877.9 953.6 973.5 968.5 980.2 990.4
w/C (mm) (MPa)
2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5
1 85 8.38 8.38 8.38 8.38 8.38 8.38 8.38 8.38
5 500 0.94 1.07 1.31 1.35 1.42 1.49 1.55 1.75
6 105 5.03 5.03 5.03 5.03 5.03 5.03 5.03 5.03
10 500 0.83 0.96 1.11 1.22 1.25 1.24 1.26 1.27
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(b)-2
)Ca

10 16 — |
. 14..........._ wresss w A |
- B —@— W/C=85% 500 B Il
s —&— W/C=85% A —&— W/C=85% 500 (o}
—@— W/C=85% B —— W/C=85% 500 A
—e—W/C=85% c 12 —O0—W/C=85% 0 B[
7 - - - R L T L T W/C=85% 500 c
6 b
N
=5t . P
4
3
2
1
o8 ' ‘
0.0E+00 5.0E-04 1.0E-03 1.5E-03 2.0E-03 0.0E+00 5.0E-04 10E-03 156-03 2.0E-03
3.2-11 1 - W/C=85%
6.0 0.80 —
500 A
L 50 B
5.0 500 Cc
500 A
060 —O— W/C=105% 500 B
40 —<O>— W/C=105% 500 C
<< 050
£
£ a £
2 =4
3.0 < 0.40
20 0.30
—&— W/C=105% A 0.20
1.0 —&— W/C=105% B
——W/C=105% c 0.10
0o ‘ ‘ 000
0.0E+00 5.0E-04 1.0E-03 1.5E-03 2.0E-03 :
! 0.0E+00 5.0E-04 1.0E-03 1.56-03 2.0E-03
3.2-12 6 - W/C=105%
Ca
9 16
. - A 14..........................
—e&—W/C=85% B '
7 -
[ ] —¢—w/c=ss% Cl e e /e e e e e a m 1.2
s P | ~
% 1S
e E 10
S5 N
P4 =z
£ 208
4
ﬂ,‘//" 0s
3 ol
500 A
2 04 500 B
M 00 ¢
500 A
B 02 —O—W/C=85% 500 B
—O— W/C=85% 500 C
0 L L 0.0 - - -
0.0E+00 5.08-04 1.0E-03 156-03 20E-03 0.00E+00 5.00E-04 1.00E-03 150E-03 2.00E-03

3.2-13
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6.0 10
09
50
08
B e T i 2 I P I - -
ha £ | —A— W/C=105% 50 A
£ E 06 —e— W/C=105% 50 B
B A S —— W/C=105% 50 C
=30 <05 | —— W/C=105% 500 A
/ —O— W/C=105% 500 B
] 04 I —O— W/C=105% 50 C
20 —_— — il
03
—&—W/C=105% A
10 —&— W/C=105% B |— 0.2
—e—w/c=105% c
- 0.1
0.305 00 soé 04 10é 03 15; 03 2.0E-03 00 &
4 OE- - 5E- =
0.0E+00 5.0E-04 1.0E-03 1.5E-03 2.0E-03

3.2-14

(b)-3

3.2-11,12

6

W/C 85%

w/C 105

Ca
Ca
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(3)

Ca

(2)

2002a 2003a

TRU

2002b 2003b

)

(2

(2)

)

2

(

(2)

3.2-15

(2)

3.2-16

,,.Qh

® NaNO3

® NH3-NaNO3

@

]
<&

100

01

® NaNO3

® NH3-NaNO3

@

[m}
o

10
[ S

cww/N vvOT x

100

80

60

40

20

10

80

60

40

20

3.2-15
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10 T 100
@ NaNo3 ! ® NaNO3 o
© NH3-NaNO3 | © NH3-NaNO3
o RS o o
[ [ S — AN | — S
s | = g e
: et s
; L _
x | 1:. o | ﬁDD
Ol F - - 7E7 %‘?7‘ 77777 :7 7777777 1 ",i.j“uu
001 01 1 10 0.10‘]. 1 10 100
x 10 N/mm2 N/mm2
3.2-16
3.2-15 3.2-16
(2)
(%)
3.2-17
(3.2.15)
@ (3.2.15)
01| —P ki
___________ K
0 2 —> k2
3.2-17
2k k 10E-07 :
k=—22 (3.2.15) A
k, +Kk, : .
10E-08 | R
3.2-18 . i
[« NaNO3
10E-09 ‘
1.0E-09 1.0E-08 1.0E-07
(m/s)
3.2-18
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3.2-18 NaNOs (2)

3.2-17

(2)

(4)
(1) (3)
Ca

Ca

(a)

King’'s model

Ca
Ca

Dantu Hansen Hirsh Hanshin
Hashin-Hansen
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1974

Hashin-Hansen
@-V,)E, +(1+V,)E,

E=E
c m (1+Va)Em + (1_Va)Ea
E.
En
E.
V,
(3.2.16)
(3.2.17)
e e (1-V,)E, +(1+V, E,
" TPV, E, +(1-V, E,
En
Ep
E,
V

,2004

W/C 55 [%]
E. 6.68x 104 [MPa]

S

V, 056 [ ]

S

,2004

Ep 1.21x 104 [MPa]

E, 2.74x 104 [MPa]
E, (3.2.17)
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(3.2.16)
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Gr2
TRU
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E —121x10° x (1-0.56)x1.21x10* + (1+ 0.56)x 6.68x 10*

(1+0.56)x1.21x10* + (1~ V, )x 6.68x10*

=2.754x10* [MPa] 2.74x 104 MPa
Ca

3.2.1(2)  (3.2.3)  (3.2.7)

Em=Emox\/_o'0097of9§+o'954 (3.2.18)
E, = £ SO OSx O O 29) (3219
E., [MPa]
2.74x 104 [MPa] ,2004
LC Ca [%]
(3.2.17) (3.2.3) (3.2.7) Ca
3.2-19 A (3.1.18)
(3.1.19) 3.2-19 B
3.2-19 (2004)

0 20 40 60 80 100 0 20 40 60
Ca Ca

3.2-19

Ca
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(3.2.18) (3.2.19)

Ca
. :Ecox\/—o.oowx LC+0.954 (3.2.20)
0.954
£ —E. x exp{~0.066x (0.474x LC +32.3)} (3.2.21)
exp{- 0.066x 32.3}
E., [MPa]
3.34x 104 [MPa] ;2004
LC Ca [%]
(3.2.18) (3.2.20)
LC Ca 100%
0
0
3.2-20
Ca
\ 4 + + ‘ A
v Vv 3
Vp 0.44
1
Vs 0.56 vs 0.56 | [0-56
\

3.2-20
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€min 0.6
- - ,1979 3.2-20
e Vsx 0.6 0.56x 0.6 0.336
( 30wt% ) 0.5MPa
e, =2 - 9% 1 (0336+056)=0.104
E Em(min)
e 205 o e
0.104
Hashin-Hansen
(3.2.16)
E E (1_Va)Em(min) + (1+Va)Ea
e (1+Va)Em(min) + (1_Va)Ea

(1-0.38)x 4.81+(1+0.38)x 6.68x 10"

= 4.81x 7
(1+0.38)x 4.81+ (1 0.38)x 6.68x 10
10.70 [MPa]
E, 6.68x 104 V, 0.38 (2004)
(b)
‘b
|..|I
[ Ay [ =107
3.2-21 -
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Ca
0m:0m0X—0.0097xLC+0.954 (3.2.22)
0.954
o =0 x exp{-0.0762x 4, } (3.2.23)
exp{-0.0762x 32.3}
O mo [MPa]
44.7[MPa] ,2004
LC Ca [%]
PV/Vp 0 c(%)
B c (1 Vs)x (PV/Vp)x 100 44(PV/IVp) (3.2.24)
Vs 0.56
(3.2.24) (3.2.23)
o 10( 1.456(PV/Vp) 2.489) (3_2_25)
() ,1998
() 3.2-22
3.2.2(2)
(3.2.22) (3.2.23)
1000 . | MG |
o | ® mma
i ~d
? T L B REES
£ 100 - = R i
= = =~} i 1
o '.!\E !N"‘~
& i E R
o ool TN — - t Pt T (N
O I
Sepiibedsat ok A F T
H I S TR el IR, R PO
a 04 02 03 0.4 05 06 0.7
L (PYVIVR) |ecfec)
3.2-22 ,1998
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o - —0.0097 x LC +0.954
¢ e 0.954
exp{- 0.0762x (0.474x LC + 32.3)}
O'CZO'Cox
exp{- 0.0762x 32.3}
O-co
42.2[MPa] ,2004
LC Ca [%]
(3.2.22) (3.2.26) LC Ca 100%
0
Em(min) Ec(min)
LC Ca
Lc 0 m(min) O c(min)
LC

2

Eongai 4.81°
~0.0097Lc = 0.954x —™)__ (0,954 = 0.954x 4 ———
mO (274><10 )
~ Lc 98.35 %
E... 2
~0.0097Lc = 0.954x —™7— —0.954 = 0.954 LAZ
c0 (334X10 )

- Lc 98.35 %
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[MPa]
—1}:—0.954
—1}=—0.954
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O m(min) O c¢(min)
—0.0097Lc+0.954 —0.0097x98.35+ 0.9%4
O-m(min) =Omo x =44.7%
0.954 0.954
0.00023 [MPa]
—0.0097Lc+ 0.954 —0.0097 x 98.35+ 0.954
O-c(min) =0 x =44.7%
0.954 0.954
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