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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, the system development for evaluating long-term alteration
of hydraulic field in Near Field was examined. The model evaluating each phenomena
and the prototype system for chemical/mechanical analysis system were developed,
and the method of coupling chemical with dynamic analysis was examined. To improve
accuracy and propriety of this analysis system in the future, necessary development
elements were arranged. The research result of this year is shown below.

1) Knowledge concerning the chemical phenomena in the near field evolution was
rearranged. Experimental approaches and analysis methods were applied to the
phenomena of which the knowledge can be obtained. Approaches to focus the model
were applied to the phenomena for which knowledge is essentially difficult to
obtain. The analysis model was improved using knowledge from natural analog and
computational analyses. An analysis system was developed and the propriety of the
model was demonstrated.

2) The model of bentonite material was developed by focusing attention on nonlinear
swelling behavior. And the model of cement material was developed by focusing
attention on deformation behavior influenced by leachng of calcium element which
cause reducing of rigidity and strength. With regard to the bentonite model, to
testify its propriety, the trial analysis result compared with the consolidation
properties test data. Furthermore, the dynamic alterarion action analysis system
consisted of bentonite and cement model was developed, and trial analysis was
performed. In this trial analysis, parameters of cation exchange ratio of
Na-bentonite for Ca ion and leaching ratio of Ca from cement material were
considered. On the one hand, as concerns rock, to include the influence of rock
behavior in this dynamic alterarion action analysis system, several previous
research reports were examined. And the influence of rock creep on permeability



was estimated. This estimation result indicated that the external force assumed in
previous report(TRU report 2000.) have no influence, but under the condition to
which the rock creep tends to progress, it have possibilities of causing significant
influence.

3) The coupled chemical-hydraulic analysis system and the mechanical analysis
system were further coupled for the coupled analysis of near field evolution. The
solution algorithm for the coupled analysis was investigated.

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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5.00E+02

1.3-4

14 18 22 26 3

(b) SiO2
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E o * :
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1.00E-09 o o
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) S
1.00E-10
0 100 200 300 400 500
1.3-5 OPC85
1.00E-14
1.00E-12 W—‘\.—.\‘/
1.00E-10
S 1.00E-08
£
1.00E-06
+
T
1.00E-04
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1.00E+04
— 0.00E+00
9.00E+03 | P
5.00E+01
8.00E+03 7.50E+01
— 1.00E+02
& 7.00E+03 - — 1.256+02
= — 150E+02
=~ 6.00E+03 - — 175E+02
g 2.00E+02
~ 5.00E+03 r 2.25E+02
' 2.50E+02
| 2.75E+02
4.00E+03 S 00E+0n
3.00E+03 i
3.75E+02
2.00E+03 AG0Es2
4.25E+02
1.00E+03 | 4.50E+02
4.75E+02
0.00E+00 — : ! 5.00E+02

02 06 1 14 18 22 26 3 34 38 (cm)
(a) Ca(OH):

1.20E+04
— 0.00E+00
—— 250E+01
Lo0e+o1 oo
—— 1.00E+02
& — 1.25E+02
£ 8.00E+03 — 150E+02
- / — 1.75E+02
E / 4 / 2.00E+02
=~ 6.00E+03 2295102

2.50E+02

2.75E+02

3.00E+02

4,00E+03 3256402
3.50E+02

iy,
2 00E+03 I

4.25E+02
4.50E+02
4.75E+02

0.00E+00 — ‘ ‘ B 5.00E+02

02 06 1 14 18 22 26 3 34 38 (cm)

(b) SiO2
1.3-7 OPC105
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500m

TRU
2.3
2-1
1 2-2
2.1 2.2
2.4
2.5
2.3

2.1
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2.2
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2.1
2.1.1
1970
2.1.2
2.1.3
(Duncan, 1994)
(2.1-1)
f =MDInE 4Dy 2P =0 (2.1-1)
Po
2.1.4
f(o.h)
=MD+ Dy — &P =0 -
= . n —é& = (2.111 )
Po
f(c'j,n)=0
ot e Bs 3 (o Vg _ap_ ]
f(o uah)—F{Eé‘u +2’7* (’7” ﬁljo)}o— ij—év =0 (2.1-2)
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spop
! ao-'ij
of D(p
€|J _Aao"ij =A p|{ 3 5” + > (ﬂlj ﬂljo)}
A

p 3 ¥
{5”- +—*(r7”- — Tl ) o
A= 2

A=

B

.e .e
&

;

3 e
Jj +27*(77ij —'ﬁjo)} Driju

D

{ﬂgij
p'l3

d'.. = Deijk| —

3 e p 3
— i =i, ) DTijK < 0 +
+ 277* (77” 77”0)} ijki {3 ki 277*

&

(4 —fmo)}+ﬂ

{::’;?(nij _77ijo)+ Kﬂ5ij }{::?(% _77k|0)+ Kﬁ&d}

3(§+Kﬂ2+gﬂ
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(2.1-4)
&j = &% + &P

(2.1-5)
Eu (2.1-6)
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2.15

2.1-1

211

OCR

K

% =% + &%

Eevs

2.1-1

2.1-2
po

ocr=Fo

p

Es

2.1-2

2.1-1

A es=exp{¢(OCR-1)} -1
3
4
il ¢
1
/
/
’,‘ f | >
In(OCR)
OCR
B
(2.1-7)
&%
2.1-2
(2.1-8)
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2.1-2
6, =exp{{(OCR-1)j-1

&, = {§(OCR-1)} exp{s(OCR-1)}

(2.18)  (2.1-11)

& = {g(%— j} exp{&(OCR-1)} = —5% P'exp{£(OCR-1)}

(2.1-31)  (2.1-34)
¢, = - {(OCR)exp{¢(OCR- 1)

e &

Evs =—
l+g

(2.1-32)

2.1-2

« P HOCR)expl(0CR-1)

e 1 P )=
(8% = ey e (ORIplE(0CR-1) = 2
K K
IZ _ 1+ eo p'
K
(2.1-14)
so_ _ 1 5 E(OCR)explé(OCR -1}

K

&% a £=—% D'

=1+eb p' K

(2.1-7)  (2.1-15) (2.1-16)
e £(OCR)exp{£(OCR-1)}+x 1

pl

=i

K
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(2.1-12)
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2.1.6

(2.1-8)  (2.1-40) K
Ks
K—>K, = K K (2.1-18)
£(OCR)exp{&(OCR-1)} + &
Hook
Duhamel-Neumann
Hook
< ~ 2= e ~ e 7 -e 2~-e ~ e
c¢'i=K _EG 06 v +2GegT = KEWG; _§G€ vo; + 2G5 (2.1-19)
Duhamel-Neumann
¥ ~ 2= = e ~
logt =HK —ng&JﬁH +G(5ik5j| +5”5kj)}g K —3Kat95” (2.1-20)
2 0 o

(2.1-20)
' = (k’ —36)5”5'% +2Ge%, ~3Rabs, = K (£% —3a0)5, -2 G5, + 2%
3 3

(2.1-21)
(2.1-19) (2.1-20) Duhamel-Neumann

(2.1-18) Duhamel-Neumann
OCR

Duhamel-Neumann
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2.1.7
2.1.6
(2002) 1.6g/cm?
V1l Na
Ca V1l Ca
2.1-1
Na 0%
2.1-1 & 3
2.1-3
2.5
Ca Ca
2.1-1
No.
p d(Mg/mq) ho(mm) hs(mm)
0% 1 1.626 19.4 - 0.0%
0% 2 1.627 19.3 - 0.0%
Na 20% 1 1.619 16.3 19.5 19.0%
20% 2 1.624 16.3 19.4 19.0%
40% 1 1.606 14.2 19.4 36.6%
40% 2 1.614 14.2 19.2 35.2%
0% 1 1.623 19.5 - 0.0%
0% 2 1.623 19.5 - 0.0%
Cca 5% 1 1.613 18.5 19.5 5.4%
5% 2 1.613 18.7 19.5 4.3%
10% 1 1.615 17.7 19.4 9.6%
10% 2 1.607 17.8 19.5 10.2%
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8>

2.1-3

€Y

2.1-4

Na

2.1-4

e (2.1-9)
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2.1-2 Na 0%
A 0.876
B K 0.014
™ D 0.125
M 0.490
G 3.620 (MPa)
™K, 1.000
o, 3.620 (MPa)
K, 1.000
e 0.658
*) 2
**) D D= ﬂ —K
M(@A+e)
ok Ki =1
0.7
—_— Na0_1)
0.66 £ =0.014)
£ =0 014)
o 0.62
0.58
0.54
05
0.1 1 10 100
logP(Mp)
2.1-4 Na 0% No.1
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) &
Na Ca
2.1-2
M=0.94
M=0.49
0.001 0.02

Ca

2.1-5 2.1-8
Ca
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1.4 ‘
_— (Na0_1)
,,,,,,, K
12 [ —™ & =0.01
— & =0.014
— & =0.02
1
(]
0.8 r
A 0.876
D 0.135
0w 10.24 MPa
06 Ko 1.0
Oy 1024 MPa
K; 1.0
e 0.537
04 —
0.1 1 K =0014 10 100
logP(MPa)
2.1-5 Na 0% No.1
1.4 ‘
_— (Na0 2)
,,,,,,, K A 0.929
1.2 H _ D 0.150 H
€=001 O v 10.24 MPa
— £ =0015 K, 10
—_— £ =002 0 10.24 MPa
o 1 K; 1.0 B
e 0529
0.8
0.6
04
0.1 1 10 100
logP(MPa)
2.1-6 Na 0% No.2
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0.85
—_— (Ca0 1)
——————— K
0.8 E— & =0.001
— & =0.002
— & =0.003
0.75 r
® 07
0.65 [ A 0.739
D 0.063
0w 10.24 MPa
Ky 10
0.6 o, 10.24 MPa
kK =0.017 K; 1.0
e 0583
0.55
0.1 1 10 100
logP(MPa)
2.1-7 Ca 0% No.1
0.85
—_ (Ca0.2)
—_— K
0.8 — £ =0.005]]
— & =001
——f =0.02
0.75 £
0.7
A 0.833
0.65 F D 0.094
0w 10.24 MPa
Ko 10
NS\ . 1024_MPa
06 K, 10 W
e 0562
K =0.014
0.55 \
0.1 1 10 100
logP(MPa)
2.1-8 Ca 0% No.2
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2.1.8
2.1-5 216 Na
Na

2.1-7 21-8 Ca

0.001 0.02

215 216
E 0 002
2.5

Ca
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2.2

221

2.2-1

2.2-1

2.2.2

D
2)
3)

D
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2)
- 1 2
3)
flow rule
hardening rule
Von Mises Drucker-Prager Mohr-Coulomb
4)
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2.2.3

Ca

Ca

Ca

Mohr-Coulomb
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Ca

Ca
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2.2.4
2.2-2
2.2-2 (
3
1
2)
3)
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D

-
-
-

— -
-

-

2.2-3
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2)
Ca
A -~
N
|
2l >
2.2-4 ( )
e}
{F.}
te}=[o,*]-ps* o) (2.2-2)
[Do_lJ Eo —
lDl_lJ E1 —_
(o)
(F.}=[ [B] DJe)av (2.2-3)
[B]
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3)
{Ac)
2.2-5 -2.2-6
Ca
{F.} 2.2-4
2.2-6
O1 O 3
A R
( ) )/ l B
V. 7
/,/ /
/ /// ——————————————
l// ”,*”
[
l,/
- >
2.2-5 ( )
A
01 O3
01 O3 2
V>
Mohr
i O3 01 >
2.2-6 Mohr
(F.}=] [B] {ac)av (2.2-4)
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2.2.5
2.2.4
(1)
2.2-7
6.0m
1.4m
9.2m 12m
1.4m
VANV JANUAN
1.4m 9.2m 1.4m
12m
2.2-7
2.2-1
(kPa) (kPa) (Mg/m3)
2000 0.45 2000 1.6
2000 0.45 2000 1.6
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2.2-2
¢ (kPa) o) E(kPa) v ()
1000 0 2000 0.2
2 500 0 1950 0.2
3 250 0 1900 0.2
4 167 0 1850 0.2
5 125 0 1800 0.2
6 100 0 1750 0.2
7 83 0 1700 0.2
8 71 0 1650 0.2
9 63 0 1600 0.2
10 56 0 1550 0.2
2
< »< >
1000 A : 2000
900 1950
~ 800 1900
£ 700 1850 _
600 1800 §
500 1750
400 1700
300 1650
200 [--- . T ---1 1600
I A 1550
0 : : 1500
~ 0000
~ 0100
0.200
0.300
o 1 2 3 4 5 6 8 9 10
2.2-8
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®3)
2.2-8
2.2-8
3STEP

2.2-9 2.2-10
Ca

STEP
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2.3
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2.3.1
1)
()
Three Gorges Dam
Feng et al., 2001
Stereology
a)
b)

pH

pH=

my
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My
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Vs

()

()
()
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b)

()
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2.3.2

(1)
()

Dragon 1979

Gioda 1981

Kaiser 1981

Kaiser

Dawson 1983

1984

1987(a) 1987(b) 1992

Voigt

Exco"
958m

FEM

71

Kaiser



JNC TJ8400 2003-050

E n dal ekl

Dragon i s 2
@g79) ek —
[ w Ll
Gioda
(1981) ﬂ - 'i |—'
Kaiser E [ eadlel
(1981) = gy
Dawson v oy ol
(1983) —l—
x |al
= N 2 3
(1984) — j =
asici
f a im0l
(1987) A
2.3-2
1970

SEM

Barre granite
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1991

Kranz 1979
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Sprunt and Brace 1974 Tapponnier
and Brace 1976

subcritical crack

growth static fatigue
pH
stress corrosion Atkinson 1984
| dl /dt K,
dl n
E = A(KI )
A,n
2
*
arr_ a(Ac *)" (A )" ( 2.3-1)
dt
(2.3-1) FEM
Ao n,
n m
- 2.3-3

2.3-4
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tana = Es

2.3-3

Read data

v

Initialize & define

Element properties
|

L 4
[ At=1s |

Calculate o ,¢ , of
Each element by FEM

For each element
Calculate A o ,n
A¥= % +dlAt
dt
v=05-(05-v,)/4
v
At=11At
v

2.3-4

®3)
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2.3-5

(b)
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K _ Pudb’
12u
K Pu
y7i
Gala 1985
P90’

T 124+ C(x)]

C X

)
1984

cm/s 8.45x 1010 x n¢
cm/s 1.10x 107 x n3
2002

cm/s 2.0x 10° x n5

1984 2002
1999
2.3-6
logK =7.54logd —3.73
K m/s 06

76

(%)

1984

5%
5%

2.3-2
2.3-3

2.3-4

2.3-5
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107 ”
°
10 °
-
¢
o 4
5 -
10 S
S ( )
Se ( )
A ( )
10® s ( )
o ( )
o ( )
A
10710 M

2.3-6

(d)

Excavation

Disturbed Zone EDZ

Walker et
al.,1997

(2.3-2) (2.3-5)
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(4)

2001
10mm
20MPa
()
0
2000
()
(2.3-5) 2.3-7
e g, A X
logK =7.54log8 —3.73 2.3-5
K (m/s) & ()
A
6 = O + AX 2.3-6
1+ AX
g 0.2 20%
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fo
2.3-7
(@)
2001
JNC TN8400 2001-024 11
15 2.0
2 3 2x 3
2.3-1

CASE1-1 1.1
CASE1-2 1MPa 0.4 15
CASE1-3 2.0
CASE2-1 11
CASE2-2 10MPa 0.4 15
CASE2-3 2.0
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(b)
2.3-8
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1MPa 10MPa
1.00E-05 —— 20 10 1.00E-05 —— 20 10
I 20 _— 20
—— 40 10 I —— 40 10
1.00E-06 o 20 1.00E-06 L 20
[— ——
@ 100E-07 ¢ @ 100E-07
£ £
1.00E-08 | 1.00E-08 F
1.00E-09 Stea 1.00E-09 bW
1.1
1.00E-10 : : : : 1.00E-10
0 10 20 30 40 50 0 10 20 30 40 50
(m) (m)
CASE1-1 CASE2-1
1.00E-05 —— 20 10 1.00E-05 —— 20 10
— 20 — 20
I . 40 10 | —— 40 10
1.00E-06 o 20 1.00E-06 L 20
M e L T
@ 100E-07 ¢ @ 100E-07
£ £
1.00E-08 | 1.00E-08 |
. m 1.00E-09 \“M
15
1.00E-10 1.00E-10
0 10 20 30 40 50 0 10 20 30 40 50
(m) (m)
CASE1-2 CASE2-2
1.00E-05 —— 20 10 1.00E-05 —— 20 10
— 20 — 20
I . 40 10 | —— 40 10
1.00E-06 % 40 1.00E-06 I 40
@ 100E-07 ¢ @ 100E-07
£ £
1.00E-08 | 1.00E-08 F
1.00E-09 1.00E-09 \‘““\\‘NA
2.0
1.00E-10 1.00E-10
0 10 20 30 40 50 0 10 20 30 40 50
(m) (m)
CASE1-3 CASEZ2-3

2.3-8
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2.3.3
@)

2.3.2(4)

()

2.3-9

2.3-9

2.3-9
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)

(n+1 step

(n step)

(n+1 step

.

1
U TR
1

(n step)

2.3-9
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2.4
21 2.2
24.1
Ca
A\
3
M
D
2.4-1 2.4-1
2.4-1
A 0.83-0.09% (Ca /100) 0.91-0.05% (Ca /100)
¢ | 0.017-0.017x (Ca /100) | 0.010-0.010x (Ca /100)
M 0.63 0.65
D 0.14 0.16
0018
0016 ™S - - oo
Moo N
0012
0010 f=g -~ - SN
0008
0006
0004
0002
0000
0 20 40 60 80 100
Ca ®)
N g
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2.4.2
Ca
W/C=50%
W/C=65%
E
Oc
2.4-2 2.4-2
2.4-2
Ca s
0 25% | 1.651x 20.13x (-4.0x 10-3x X+1.0) 1.651x 10.92x (-4.0x 10-3x X+1.0)
Oc 35% 1.651x 20.13x (-6.0x 10-2x X+2.4) 1.651x 10.92x (-6.0x 10-2x X+2.4)
[MPa] 100% | 1.651x 20.13x (-4.6x 10-3x X+0.461) 1.651x 10.92x (-4.6x 10-3x X+0.461)
0 25% | 0.183x 104 (20.13x (-4.0x 103« X+1.0))0-681 0.183x 10%x (10.92x (-4.0x 103« X+1.0))0-681
[ | 35% | 0.183x 104 (20.13x (-6.0x 102x X+2.4))0-681 0.183x 10%x (10.92x (-6.0x 10-2x X+2.4))0-681
E[MPa
100% | 0.183x 10%x (20.13x (-4.6x 103x X+0.461))0-881 | 0.183x 10« (10.92x (-4.6x 103« X+0.461))0-681
X Ca (%)
35 16000
30 14000
g W/C=50% = 12000 WIC=50%
s 25 &
— = 10000
20 Feaag,
8000 .\
15 6000
10 4000 |
5 2000 |
0 W/[C=65% | 0 WIC=65%
0 40 60 80 100 0 20 40 60 80
Ca (%) Ca (%)
2.4-2 Ca
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2.5

1)
2)
3)
4)
5)

21 22 24
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25.1

2.5-1

Ca Ca

Ca
Ca

Ca

Ca

P 4

v ( )

2.5-1
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2.5.2
(1)
2.5-2
6.0m
1.4m
8.0m
1.2m
1.4m
~0.1m
I YA I S
0.lm 14m0.8m 7.6m 0.8m1.4m 0.1m
2.5-2
(2)
2.5-1 2.5-3
2.5-1

Ca Ca

2.5-3

O I Nl M~[W|DN|PF
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3STEP

6STEP

ASTEP

7STEP

S5STEP

8STEP

2.5-3
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050

3)
TRU
2.5-2
O,
Ovo K, Ko
2.5-2 2.5-2 “ "
Ca
Ca
2.5-3
2.4
2.5-2 [1 2STEP]
y (9/cm3) E (MPa) Y p (MPa)
1.8 39.0 0.40 0.50
1.8 27.0 0.40 0.24
25 1.41x 104 0.20
3.0 9.32x 103 0.18
25 1.41x 104 0.20
]
]
1]
2.5-3 [3 8STEP]

D A K M v eo g
0.14 0.83 0.032 0.63 0.42 0.68 0.017
0.16 0.91 0.017 0.65 0.41 0.68 0.010

E (MPa) \Y €0 ¢ (MPa) o)
1.41x 104 0.20 0.43 16.62 0.0
9.32x 103 0.18 0.50 9.014 0.0

1
[ 124
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(4)
0
Ca
2.54
2.5-4
m/sec e
1.21x 1012x 104 (Ca /100)x (1.48x 108x 1384 121x 1012x g1.04)
1.93x 1012x €028 (Ca /100)x (1.11x 106x 1663 1 93x 10-12x 0.28)
(i)
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