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Abstract

On the R&D of the high-level radioactive waste repository, it is essential that
Engineered Barrier System (EBS) is stable mechanically over a long period of time for
maintaining each ability required to EBS. After closing the repository, the various
external forces will be affected to buffer intricately for a long period of time. So, to
make clear the mechanical deformation behavior of buffer against the external force is
important, because of carrying out safety assessment of EBS accurately.
In this report, several sets of parameters are chosen for the previously selected
constitutive models, Sekiguchi-Ohta model and Adachi-Oka model and the element
tests are simulated using these parameters. Through the simulation, applicability of
the constitutive models and these parameters is examined.
Using these parameters, sensitivity analysis of prototype EBS model is also done.
Analysis is carried out with two cases. 1: Settlement of the over pack with no corrosion
expansion. 2: Settlement of the over pack with corrosion expansion.
The results of the analysis are as follows.

Settlement by the weight is mainly affected by the viscous parameters

The whole destruction of the EBS does not occur with any set of applicable

parameters
Viscous parameters are important to evaluate the effect of the over pack expansion on
surrounding rocks

This work was performed by Takenaka Corporation under contact with Japan Nuclear Cycle
Development Institute.
JNC Liaison Barrier Performance Group, Waste Isolation Research Division, Waste Management
and Fuel Cycle Research Center, Tokai Works

Takenaka Corporation
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po=py (3.19)
100- R, 2¢
P
k::f§1|(
Y7,
K ) & (m/s) pe (Mg/m*) p
(Img/m®) g (9.8m/s?) (1073%Pa s, T=20 )
P g (=1.6Mg/m®) R, (=30%) P o
(2.64Mg/m*)
MuDIAN
P s
e (3.19)
1 (3.20)
pd 1+ eps -
p. 2000 0.68
1.60Mg/m? (3.20) 2.69Mg/m?
3-3
3-3
k=45x10"m/s
K = exp(—42.1+1.1447 p, — 2.12320%)
70
pe = pd 0
100-30x 4
2.64
k=9.8x10°xK m/s
3.3.3
B B
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3.4

3.4.1

AO

2000

2000

3-3

3.3

3-5

3-1(a)
5
v
VO
2000
3-4
2.3.2
VO
3-3
SO
kv kc
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A |>
o
g — — —
- > v “i
S
~
73 —5
(@]
9
<
> <
o o o
8 g 8 >4 <
y
A A
o
g g
A 4 |D’ A A\ 4 |[§ [& <
410 T T 410 T
. 1110 | mm . 1110 mm
(2) (b) 2000
3-3
3-4
Case ,
K v a vzhy | " C(1/h
Al 0.07 0.001 4.5%x 10 1.00x 1071° 62.5 1.94x 10°%
A2 0.04 0.166 4.5x 10°* 1.00x 107'° 100.9 1.94x 1071
A3 0.01 0.400 4.5x 107 1.00x 10°® 140.1 | 1.94x 10°%®
B1 0.07 0.001 1.2x 1073 2.45x 107° 23.4 | 4.75%x 10°°
B2 0.04 0.166 1.2x 1073 2.45% 10°° 37.8 4.75% 10°°
B3 0.01 0.400 1.2x 1073 2.45x 107° 52.5 | 4.75x 10°°
2000 0.07 0.400 5.0x 10 2.00x 1078 — —
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3.4.2

2000

5.1mm

9 83mm

3-5
S0-A1 A3-kv, SO-B1 B3-kv
S0-A1 A3-kc, SO-B1 B3-kc
AO-Al A3-kv, AO-B1 B3-kv
AO-Al A3-kc, AO-B1 B3-kc
3-4 3-5
3-6 3-6 2000
26.3mm
184 _8mm
2000
B1 B3
2000 Al A3
2000 2000
3-4 3-5
Al A3 Bl
B1 B3 3-4 B1 B3
a A
- C )
VO
B1 B3
Al A3 Bl B3
a A

3-6

B2 1.1mm B3 2.1mm

-73-
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Al A3
3-7
3-8 3-9 3-8
3-9
pl p4
0.2
P q
P q
200kPa
3-10 3-13
B1 B3 10
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0
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-10 \
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-15 L
— S0-Al-kv
-20 m— 50-A2-kv
m— S0-A3-kv
m— S0-B1-kv
_25 S0-B2-kv \
S0-B3-kv
-30 L N
0.1 1 1000 10000
0
-5 L
-10 L
~
=
)
-15
— AO-Al-kv
-20 AO-A2-kv ~.
m— AO-A3-KV
m— AO-B1-kv
AO-B2-kv
-25 AO-B3-kv
-30 . L
0.1 1000 10000

3-4
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0
-5 L
-10 N
~~
e
N
-15 =
—  S0-Al-kc
-20 — 50-A2-kc |
m— S0-A3-kC
=——  S0-Bl-kc
S0-B2-kc
-25 S0-B3-kc i
-30 e e - -
0.1 1 10 100 1000 10000
(y)
(@)
0
-5 \m Tee—
_10 L
~
=
E
-15 -
—  A0-Al-kc
-20 — AQ-A2-kC S~
m— AO-A3-kc
—  AO-Bl-kc
A0-B2-kc
=25 A0-B3-kc
-30
0.1 1 10 100 1000 10000
(y)
(b)
3-5 (
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3-6
(mm)

AL 7.52

A2 8.99

A3 9.83

(kv) B1 21.79

B2 24.47

B3 26.31

(SO Al 7.52
A2 8.99

A3 9.83

(ke) B1 21.76

B2 24.43

B3 26.27

Al 7.39

A2 8.87

A3 9.59

(kv) B1 21.81

B2 23.25

B3 24.16

(AQ) Al 7.39
A2 8.87

A3 9.59

(ke) B1 21.80

B2 23.23

B3 24.14

2000 5.10

-77-




JNC TJ 8440 2003-002

0
\
_5 .
| 5
E E
=15 m—50-A1-kv
e 50-B1-kv \\\
20 || w—AO-Al-kv |
AO-B1-kv "
-25
-30 . w L T L
0.1 1 10 100 1000 10000
)
(a) caseAl caseBl( )
0
—
-5
—~ -10 —
IS 1<
E E
-15 || mm—50-A2-kv
= S0-B2-kv
20 || we— AO-A2-kv
A0-B2-kv \
_25 L
-30 L m TuT L Lo
0.1 1 10 100 1000 10000
)
(c) caseA2 caseB2 ( )
0
-5
= -1 \\\\\
E
-15 ] m—50-A3-kv
m— 50-B3-kv \
20 || we— AO-A3-kv
A0-B3-kv
-25 +
-30 Lo Lo Lol Lo Lo
0.1 1 10 100 1000 10000
)
(e) caseA3 caseB3( )
3-6
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220 || we— AO-Al-kc e
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-25 +
-30 L Lo L Lo L L
0.1 1 10 100 1000 10000
)
(b) caseAl caseBl1( )
0 N\
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_25 L
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(d) caseA2 caseB2( )

15— 50-A3-ke
s S0-B3-kC \
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0 0
— —_—
5l \ s L
= 0 = -0 ‘
13 N 3 N
“15 [ m—s0-Al-kv - “15 o m—p0-AL-kv
m— 50-B1-kv s AO-BL-KV .
20 || we—— SO-Al-kc — 20 || we—AO-Al-kc |
50-B1-ke A0-B1-kc
-25 -25
-30 — - s — -30 = e — -
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
() v)
(a) caseAl caseBl( ) (b) caseAl caseBl( )
0 —_— 0
-5 \\\‘s\\-_7 -5
= -10 = -10
£ £
E N E
=15 | me—50-A2-kv N =15 | m—pQ-A2-kv S
mm= S0-B2-kv m—— AQ-B2-kv -
00 [ e— S0-A2-kc 00 | — AO0-A2-kc
S0-B2-ke A0-B2-kc
-25 -25
-30 — e . o -30 = e -
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
() v)
(c) caseA2 caseB2 ( ) (d) caseA2 caseB2( )
0
-5 r
E -10
£
=15 [ m—s0-A3-kv =15 o m—n0-A3-kv
m— 50-B3-kv N m— AO-B3-kv ~
20 || m=—S0-A3-kc N 90 || == A0-A3-kc
S0-B3-kc N A0-B3-kc )
-25 =25
-30 L L L Lo L -30 I Ll L L L L
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
) v)
(e) caseA3 caseB3( ) (f) caseA3 caseB3( )
3-7
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400 400
350 | . . 350
pl p2
300 .. 300
~250 | p3 oA —~ 250
© ©
£ 200 — £ 200
o150 —p2 o 150
p3
100 - p4 100
50 — 50
0 L L L 0
0 200 400 600 800
p (kPa)
(a) CaseAl
400 400
350 | 350
300 | 300
~250 —~ 250
© ©
£ 200 - —1 £ 200
o150 |- —p2 S 150
p3
100 - p4 100
50 - , 50
0 A 0
0 200 400 600 800
p (kPa)
(c) CaseA2
400 400
350 | 350
300 | 300
—~250 —~ 250
© ©
£ 200 — £ 200
o150 | —p2 S 150
p3
100 - p4 100
50 50
0 ‘ .\ 0
0 200 400 600 800
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(e) CaseA3

3-8
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a) SO-Al-kv

(b) SO-B1-kv

c) S0-A2-Kv (d) S0-B2-kv

(e) S0-A3-kv (f) SO0-B3-kv
3-10 ( t=10,000y kPa)
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(a) S0-Al-kc

¢) S0-A2-kc

(e) SO-A3-kc

(

(

b) S0-B1-kc

d) SO-B2-kc

f) SO-B3-kc

t=10,000y

kPa)
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() AO-Al-kv

Dhisp Scale

e i L :
c) AO0-A2-kv (d) A0-B2-kv

(f) AO-B3.

(e) AO-A3-kv -kv

3-12 ( t=10,000y kPa)
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a: AO-Al- kc (b) AO0-Bl-kc

(c) A0-A2-kc

(e) AO-A3-kc (f) A0-B3-kc
3-13 ( t=10, 000y kPa)
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3.5

3.5.1

4,750

Al A3,B1 B3

3-14

10,000

24

3-15
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10,000 10,000
3-14
=Y oA
A A
o
o
N~
—
—y 0.04mm/y
o /////
o™
g
> Kl 184.8mm
o
o
N~
—
L A
A
S
N~
A\ 4 v |D A
410 T T
. 1110 mm
3-15
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3-7
Case ,
K v a v, (17h) m c(1/h)
Al 0.07 0.001 4.5% 10 1.00x 10°%* 62.46 1.94% 1071°
A2 0.04 0.166 4.5%x 10 1.00x 10°% 23.42 1.94% 1071°
A3 0.01 0.400 4.5%x 10 1.00x 10°% 100.92 1.94% 1071°
B1 0.07 0.001 1.2x 1073 2.45x% 10°° 37.84 4.75x 10°°
B2 0.04 0.166 1.2x 1073 2.45x% 10°° 140.10 4.75x 10°°
B3 0.01 0.400 1.2x 1073 2.45x% 10°° 52.54 4.75x 10°°
3-8
S0-A1 A3-kv, SO0-B1 B3-kv
S0-A1 A3-kc, SO0-B1 B3-kc
AO-A1 A3-kv, AO-B1 B3-kv
AO-A1 A3-kc, AO-B1 B3-kc
3.5.2
(1)
3-16 3-17
3-9
3-9 18.69cm 19.21cm
18.48cm 0.21cm 0.73cm 3.4
0.75cm 2.63cm
3-16 3-17

3-9
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Al B3 0.43cm

K v Al A3 B1 B3 K

4,750

3-18

3-19
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0
-5
—S0-Al-kc
= —S0-A2-kc
S —S0-A3-kc
-10 —S0-Bl-kc
S0-B2-kc
S0-B3-kc
-15 ¢
-20 ! I T ! I ‘
10 100 1000 10000
(y)
@)
0
-5
—AO0-Al-kc
= — AO-A2-kc
) — AO0-A3-kc
-10 — AO0-B1-kc
A0-B2-kc
AO-B3-kc
-15
-20 L | L I ‘
10 100 1000 10000
y)
(b)
3-17 ( )
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3-9
(cm)

Al 18.78
A2 18.97
A3 19.11
B1 18.79
B2 19.00
B3 19.21
Al 18.78
A2 18.97
A3 19.12
B1 18.79
B2 19.00
B3 19.21
Al 18.69
A2 18.78
A3 18.86
B1 18.67
B2 18.79
B3 18.89
Al 18.69
A2 18.79
A3 18.86
B1 18.67
B2 18.79
B3 18.89
— 18.48
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(cm)

(cm)

(cm)

0 = \ 0 \
N
-5 5 L
——S0-Al-kv \ — ——S50-Al-kc
——50-BL-kv \ 5§ ——50-B1-ke
——AO-AL-kv \ —~ ——A0-Al-ke
-10 AO-BL-kv \ -10 AO-B1-kc
-15 -15
\ ‘u
-20 o - - -20 o : R
10 100 1000 10000 10 100 1000 10000
v) v)
(a) A1 Bl ( ) (b) A1 Bl (
° T ‘\\
N L \
_ ——50-A2-kc
\ 5§ ——50-B2-ke
~ ——A0-A2-kc
-10 —— AO-B2-kv \ -10 A0-B2-kc
-15 + -15
-20 -20
10 100 1000 10000 10 100 1000
v) v)
(c)A2 B2( ) (dA2 B2(
" ) ° \\
-5 -5
——50-A3-kv — ——50-A3-kc
——S0-B3-kv 5 ——30-B3-kc
——A0-A3-kv ~ — A0-A3-kc
-10 AO-B3-kv -10 A0-B3-kc
-15 -15
-20 e R -20 L
10 100 1000 10000 10 100
v)
(e) A3 B3 ) (f)A3 B3 (
3-18

-93-



JNC TJ 8440 2003-002

(cm)

(cm)

(cm)
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(2)
320 323
A B
q/Mp
K
K
3-24 3-35
q/Mp
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Al, Bl

q/Mp
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(f) SO-B3-kv

(e) SO-A3-kv
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(e) SO-A3-kc (f) SO-B3-kcC
3-21 q/Mp ( )
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Step 22300 DispScale: L0

(e) AO-A3-kv () AO-B3-kv
322 a/Mp ( )
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Step 22300 DispScale: L0

(e) AO-A3-kc () AO-B3-kc
3-23 a/Mp ( )
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