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Abstract

In order to achieve the geological disposal of radioactive waste in safe, it is necessary to ensure the
stability of the engineered barrier system (EBS). One of the most important factors for the stability of the
EBS is the emplacement technology of the EBS. It is considered that the stability of the EBS is secured by
the properly emplacement based on the design requirement. In this research, the methods filling the gap
between buffer and rock or buffer and over-pack were examined. Bentonite pellets were tested as the filling
materials. To research the time-dependent phenomena of bentonite pellets after swelling, permeability tests
were conducted with different period. Furthermore, to clarify the effect of test fluid, permeability test was
conducted with synthetic seawater to compare the result with that of the test with distilled water.

After emplacement of the engineered barrier system, it is expected that the near-field environment will
be impacted by phenomena such as heat dissipation by conduction and other heat transfer mechanisms,
infiltration of groundwater from the surrounding rock in to the engineered barrier system, stress imposed by
the overburden pressure and generation of swelling pressure in the buffer due to water infiltration. In order
to recognize and evaluate these coupled phenomena, it is necessary to make a confidence of the
mathematical models and computer codes based on the information about the in-situ experiments regarding
the engineered barrier system. In this research, technical investigations about the in-situ full-scale
experiment (called Prototype Repository Project) in Asp6 HRL facility by SKB of Sweden were performed.
In order to evaluate the coupled phenomena in the engineered barrier, we use the new swelling model based
on the theoretical approach. In this paper, we introduce the modeling approach and applicability about the

new model.

Work performed by Hazama Corporation under contact with Japan Nuclear Cycle Development Institute (JNC).
JNC Liaison; Barrier Performance Group, Waste Isolation Research Division, Waste Management and Fuel Cycle
Research Center

*: Hazama Corporation
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D 3.0 10 R SRRh ERTEEEEIEEIERTERE - 0.12
o/ : . .
~\
=
&
0.08~
0.04
0.00
)
3-35
®3)
3-36 (a) M-1-1S (b) M-1-1M  (c)
M-1-1L
3-37 3-38
3-39
3.2.1
2cm
3.2.1
T-1-1
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100
80
-
o 60
40
20
0
3-38
50
40
o
o
30
20
10
0
3-39
3.2.5
3.2.1
3-8

B V-1-1S(20days)
Bl M-1-1M(150days)
]

B V-1-1S(20days)
Bl M-1-1M(150days)
]

3-40

S-1-1  S-1-2
S-1-2
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3-41

{1.350m

A
3.0cm 17
10.53cm3 T
(@) S-1-1 1 |2.85cm
13
vV  22.42cm3
<::> 2.85cm (C) S-1-3
vV  22.42cm3
(b) S-1-2
3-40
3-10
(cm®) g (g/cn®)
S-1-1 10.53 7.50 0.71
S-1-2 22.42 16.11 0.72
S-1-3 22.42 21.30 0.95

3-41
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3-42
1 10%m/s
20 3.2.1
T-3-1 S-1-3
3-43
S-1-1
10%m/s
4.O><10_117 ‘ I a
R T SR IR -
—N—S-1
<101
3.0>10 51
)
S
=
o’/

2.0<10"-

1.0=<10"

0.0

3-42

3-11

3-45 3-46

3-47
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3-11
(cm®) (g/cm)
S-1-1S 10.53 0.71
S-1-1M 10.53 0.71
S-1-1L 10.53 0.71

(a) S-1-1

(b) S-1-2

(c) S-1-3

3-43
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3-44

3-45

(b)
3-46
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3-47

3-48
100 S-1-1S S-1-1L
S-1-1M
S-1-1M
3-49
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4.0>=<10"

3.010% [ =
~ ]
” ‘ 1
N L S ]
£ | } ]

2.0>10" Fh-oooaoes S R R EEEERE EREERRRRRRORE -

1.0<10" SR T R ﬂ —————————— é

! Ot
0.0x10° = \ | \ | ]
0 50 100 150 200 250
(day)
3-48
10_17 E T T T ! T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ;
ae | m R L ]
10 SN LI N B
o f | oo e 3 | ]
v]-O_lg :7 ”””””””” LO\DNA’ ”””” 3 ”””” ?
O N ( 0%) ﬂ\% ]
i A INC ( 30%) ; ! ]
20 || O I\ ( sy f 0 O B
10 i o INC ( 70%) ! ; E
H INC ; ! J
X ® T-1-1( )
I A T-2-1( : ) 7
102 5 | T-3-1( ) § =
i N $-1-1S E
N H S-1-1M ]
H [ S-1-1L : i
10—22 I ————— | | i [ R B
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
(g/cm’)
3-49
3-50
3-51
3-52 3-53 3-54
3-54
S-1-1S 3-53
3-54 3-55
3-56
S-1-1S ol b 0.6g/cm?
S-1-1L 0.4g/cm®
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50 [mm]
16 <

30 [mm]

pl P2 P3 P4 PS5

4+—P¢+—P¢—P¢—r<¢—>
10[mm] 10[mm] 10[mm] 10[mm] 10[mm]

3-50

3-51
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3-52

3-53
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3-54
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350

300
250
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3.3

3-12 3-57
3-12
SUS304 SUS316
SUS304 70
5L
S45C 30
M24
SS400
SS400
2ton
25¢cc
10mm
C2M1 2ton
0
3-13 3.2.1
3-58
3-13
SW-1-1 2
SW-2-1 + Vi 2
SW-3-1 Vi 2
SW-1-2 2
SW-2-2 + Vi 2
SW-3-2 V1 2
3-59 3-60 3-59 3-60
3-59
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Vil
SW-2-2
33 SW-2-2
SW-1-2
3-61(b) Q)
3-62  3-64
3-62 3-63 3-64
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L DS 3

= L

(a) SW-1-1(1) (b) SW-1-1(2)

() SW-3-1(1) () SW-3-1(2)

3-58
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10°

100 — S
107 | o T-1-1
- g A T-2-1
Lo | O T-3-1
S | e T-1-2
10° =| A T-2-2
10-103 W T-3-2

10

10—12

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

10—13

0.0

2.0

@

1.0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3-61

(b)

T-1-1
T-2-1
T-3-1
T-1-2
T-2-2
T-3-2

SW-1-1
SW-2-1
SW-3-1
SW-1-2
SW-2-2
SW-3-2
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() SW-1-1(1) (b) SW-1-1(2)

(c) SW-2-1(1) (d) SW-2-1(2)

() SW-3-1(1) (f) SW-3-1(2)

3-62
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(a) SW-1-2(1)

(b) SW-1-2(2)

(c) SW-2-2(1)
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(d) SW-2-2(2)

() SW-3-2(1)

() SW-3-2(2)
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(@) SW-1-2(1) (b) SW-1-2(2)

(c) SW-2-2(1) (d) SW-2-2(2)

() SW-3-2(1) (f) SW-3-2(2)
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3.4
transient hot wire method
g=-A(O TIOX) (3-1)
q W/m?2 A W/m T
X m
(3-1)
(3-1)
OTIot=a 2T (3-2)
t sec a m2/s
A W/m C kJ/kg pr kg/m3 (x
=ApC)
(3-2) t
A T=gl(41tA)[d+In(t2-t1)] (3-3)
(3-3) AT to-t1 d
(3-3)
transient hot wire method
QTM
3-3)
QTM™M

QTM 3-65 QTM
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QT™M
|
/AR )
a / k\ .
O——
\f
3-65 QTM
3-66
3-14
3-4
3-68 3-67 3-68
RWMC Tablet
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0.280W/m
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3-14
W/m

1 0.237 31
2 0.298 30
3 0.313 30
4 0.320 29
5 0.286 30
6 0.258 32
7 0.298 31
8 0.258 31
9 0.252 32

0.280 31
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0.35

0.05

0.00

0.35
0.30
— 0.25
g 0.20
0.15
0.10
0.05

0.00

~| O Tablet (RWMC)
_| AChunk (RWMC)

O Granulate (RWMC)
X V1 (RWMC)

3-67

~ | O Tablet (RWMC)
_| AChunk (RWMC)

O Granulate (RWMC)
X V1 (RWMC)
(RWMC)

3-68

10 12
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3.5
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3-2

3-3

3-4

JNC TJ8400 2001-020 2001

JNC TJ8400 2002-023 2002

99-022 1999
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4.1

4.2

4.2.1

4-1  4-2

4-3

Waals

ca®* K" Mg*

van der Waals

Gouy-Chapman
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1
o =— EXC.i(f ) —(f.) kPa Sswmax
SW max CEC iNaJrZ;a[er’ I{( r)| ( a)| }] [ ]( Os
K*,Mgz*
Oswmax
[kPa] max
[mequiv/g] i Na* Cca®* K* Mg*
i [mequiv./g] (f)i i
i [kPa] (Fo)i
(f,). = 2nkT(coshu, —1)x10~° [kPa]
u, = 8tanh‘1[exp(— i, )tanh[%ﬂ
[2nv;%e”?
Ki =4|——
&T
EXC,
z, =2sinh™| 96.5x —— 1
8enkT
n
=1.38=<10%)K T [K] U & Z
Ui Z;
d; i 1/2[m] oy
e’ =1.602><10°C ¢ [CW'm™] S
(fi  van der Waals
A
(f.) ==" i_ﬁ L - 2 ~ %107 [kPa]
24z | d;®  (d;+t)* (d, +t/2)
A, Hamaker 22><10%) t
9.60><10"m

- 063 -

) (4-1)

CEC
EXC;
[kPa]  (fa)i

(4-2)

[ /m® k Boltzmann

xi  Debye-Huckel

[m?/g]

(4-3)
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24t + (Rop ) f+ (Rin); ]

S max

* &
Ey =96+
{ 100

(eo+1)} 1+(100 _1] Py +[100_1j100 P,
Cm pnm a Cm psand

[Mg/m"’]

[Mg/m®] «

[mol/m®]  Na

e, = Psolia _ ¢
Pdo
100100
C. a Pm
Psolid = 100 100 100
14| 21| Lm +( _1j Pn
Cm pﬂm a Cm psand
€o Esmax
[%] pom
[Mg/ms] Psand
[%]
n
n:no(mollmi)x N, ——
1+8i
100
No
< 10%
C
S= Ch S, +|1-—"1S, [m¥g]
100 10
Sm [mZ/g] Shm
[m’/g]
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} x100 [%]

(4-4)

[m]

(4-5)

[%] Cn
[Mg/m®] o

(4-6)

=6.023

(4-7)
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4-1 4-3
V1
6 Esmax £do
(04
@-1) -
4-1
100
12_ T T T T T T |
1 —— 20
©
109 | ... .
£ 104 50
=gl | 100 _
6_ i
4 - i
2_ i
0 ———
1500 1600 1700 1800 1900 2000
, kg/m®
4-1 Vi
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Vil a4

2.77 Mg/m®

Pnm

2.81 Mg/m®

Psand

2.66 Mg/m®

Sm

810 m?/g

Snm

0 m?/g

Cn

48 %

CEC

0.732 mequiv./g

Na EXCna'

0.405 mequiv./g

Ca EXCcs2"

0.287 mequiv./g

K EXCy”

0.009 mequiv./g

Mg EXCwg™"

0.030 mequiv./g

Na (Rion)Na

0.098 nm

Ca (Rion)Ca

0.1115 nm

K (Rion)x

0.133 nm

Mg (Rion)mg

0.0825 nm

Na UNa

1

Ca UCa

2

1

Mg Umg

2

9.60><10m

4-2

1.602><10 C

Boltzmann k

138102 J/IK

Hamaker A

2.2>10%°)

Avogadro’s  Na

6.023><10%

4-3

80><8.8542><10"? C%/(J m)

No

40 50 mol/m®
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4.2.2
4-5
dw dg
( ) du 1
du = dg+dw (4-8)
i dw
dw = —Pdv + cdA+Zy,dn, (4-9)
P dv o dA
Hi i dni i
dg 2
dg =Tds (4-10)
T ds
(4-9) (4-10) (4-8)
du =Tds — Pds — Pdv + odA+ Xy, dn, (4-11)
G
G=u-Ts+Pv (4-12)
dG =du—-Tds—sdT + Pdv +vdp (4-13)
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(4-11) du

dG =—sdT +vdp + odA+ Xy, dn,

dT=0 dA=0

dG =vdp

4-6

AG = [° vdp _j"ﬂdp_—RT Ino
p
AG i
Po P/po R
%
V=y,tV¥,ty,
Wm Yo
Y
4-7
v.,+w,=RT In-2
Po

47

(4-17) (4-18) (4-19)

- 068 -

(4-14)

(4-16)

(4-17)

p
R=47.06m/K

(4-18)

(4-19)
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AG =y

%

F AO'sw[Pa]

AO-sw =-F pwogA'//

Sr 4 [m]  pwo

F
Noorishad & Tsang*®  Nguyen**® (4-8)
et al.*1° F

(4-8)

s, 5
o == PuF(S )y == pwogF(Sr)%dSr

- 1 0
O-swmax :_'[0 prgF(Sr)dlr//:_J.OpwogF(Sr)%dSr

r

Osw Sy 174

4-2

- 69 -

(4-20)

(4-20)

(4-21)

Chijimatsu

(4-22)

(4-23)

Oswmax

Oswmax
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V] | 1
Osw0
1
2 3 F 4-4
4-3
4-4 F
F(Sr) Gsw(Sr)
1 165
(a) F= Eo-swmaxsr 2 a_" Osw = O-SWmaX\/g
oS,
(b) F =0 gumax 5_ Osw = O swmax Sr
oS
(C) F =20 gymaxSr 6_!/; Osw = O-swmaxsrz
2 0S
(d) F=30qmaxSr —— Osw = o'swmaxsrs
as, s,”
(e) F= 20-swmax(]-_ Sr)av/ o = Zaswmax Sr - 2
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GSHJL
Cewmax— — — — — — —m — — — — — — — —
|
|
Oswl}b — — — — — — — . |
V+ |
| i |
LI :
I ! % |
i [
0 ; ] >
0 Sro 1 S

4-2

T Tsw T swmax

o lo

{| —=—@F=120,, 8" ds/dy
N o (h)F=0, dS/dy
] A (©F=20, S dS/dy

W max e

—w— (@) F=3q, S 2 ds /dy

W max e

u e o (e) F= Zo-swmax(l-se)dseldy/
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4.3 - -
- - Noorishad et al.**
Ohnishi et al.**? #13 Ohnishi et al.
THAMES 414 415
4-16
- - ( )
4.3.1
a)
oy, + =0 (4-24)
Ojj fi
Aoy, =0 (4-25)
b)
15l7)
8/'[)W +0;; +Q=0 (4-26)
0 Pu Qi Q t
c)
0 T
%miﬁﬁ@h =0 (4-27)
c T q" Q" m
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4.3.2
a)
1
Acy = Cyy (Au,, +Au, )+ Aps, — BATS, (4-28)
Ui Cijkl Lame A u
E 1%

Cijkl :ﬂ'aijé‘kl +ﬂ(5ik5j| +5i|5jk)

Ev E (4-29)
:m5ij5m +m(5ik5j| +0,0 )
p h
P=pud(h-2) (4-30)
Lwo g z d]
o) Lame
B=0BA+2u)a, (4-31)
s
(4-28) 1 2 3
Aoy = %cukl (Auy, +Au,, )+S,ApS; — Ao, 8, — PATS, (4-32)
S, Oaw (4-32) 4

(4-21)
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AO-sw =-F prgA'//

7
y=—(h-2)
b)
pngi'
ql =—Pw J hj
7
K

q; = _pw(D9 )ij ‘9,j _IOW(DT )ij T,j

00
= _pw(D9 )ij _(h,' —Z
%

Dy

4-7

D, =D,, +D,

N )_pW(DT )ij T,
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(4-34)
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S I
g’m 1x10°° |
D_ -
1x10°° 3 _
1x107] .
101 - s 1 02 03 I
00 01 02 03 04
, 0
4-4
4-17
DT = DTv (4-37)
N PwIK;
i = Pw )7 J h:j )
Ik
v van Genuchten VG
6-6 :
S, = 0 —6; ={1+|0”//| } )
s r
o i L

23
(4-40)

qih :qia +qid +qilt
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qia ZHPWCWViT
qid =_(/1m )ij T,J'
00
Qi“ =Lp, '(Dev )ij 'E(h,j _Z,j)
Vi Zm
Dy
06
Vi = _(DH )u w(h i Z,J )_(DT )uTJ
rpw 9K,
i = k Jh,j_(DT)uTJ
7,
4.4
4.4.1
(4-25) (4-26) (4-27)
X 1 0
£ 1

1
{Ecijkl (Auk,l +Au|,k)+srpwogAh5ij _fFPwogAh5ij _ﬂATéij}
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(4-42)

(4-43)

Do

(4-44)

(4-45)
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00 oh
oy at
PuIK;; o0 N 2. 9K;
2P ’h,,-+(1—z>{§pw(Dg)i,»—(h,j—Z,j)+(1—§) — 0+
% oy U
+Q=0

(e)o G bnT =G T +{ 001, S0, -2, -

N(l) N(Z) N(3)

20
ui =;Nj(l)(u )]
8
h=> N®h
i=1
8
T=> NOT,

i=1

N@=N®
KXAuf +C! Ah +G! AT =AF,

Kk :L NOC NSO dVe

n,j ~ijkl

_j N&(S, = &F)pu9o;NPdv e
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G = [, NO (- B, NPav e
F, = fds®

—)

Ve 2

Al ﬁu‘ +E ﬁh +Dnm§Tm+Hnmhm+lanm:Qn (4-53)

nm ﬁt m nm 6t m

AL, =0
_J. N(2) % N(Z)dve
w 61// m
D, =0
=, N(Z)[ Pud "+(1—z>{§pw(Da)., §0+(1—§) S ‘H @ gy ©
y2i
- j N 9, (D, ), NG v
A i ON @ 00 . .
Qn Le m _Ive oz {é:pw( Q)nm E}dv
‘]ri1m gurln + Ivlnm ng + anhm +Vanm = Pn (4'54)
ot ot
Ji =0

Moo = [ NO (N DV
00
— (3) (2) e
an_Lean{pr(Dﬂ/) ﬁw}N dv
j NDGp, VTN AV e + [ N (2,),NDdv

P, =.d,ds" - N()LpW(D) jf/dve
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(04
¢~ (l_ a)¢t—At +ap, (4-55)
0 b —bn (4-56)
ot At
a 0.5 1.0 0.0
Ko Con Gy Auy,
A aAtH, +E.  aAtl +D,, |(h,),
JE antl altV +M(T),
AI:ni + Crl1m (hm )t—At + Grllm (Tm )t—At
= At(jn + {Dnm - (1_ Ot)AtH nm }(hm )t—At + {Dnm - (1_ CZ)AH nm }(Tm )t—At
Atﬁn - (1_ a)Athm (hm )t—At + {M nm (1_ a)AtVnm }(Tm )t—At
(4-57)
(4-57)
4.4.2
3 (4-57)
2 1 6
27  (3>=<3x<3)
8 (2x2x2) 4-5
3 ICCG
418 ICCGLU  Netlib**®
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t=to

g t=t+At

No

Yes

s //¢\NO
g

4-5
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4-5
@ (b () (d)
( V1
V1
30wWt% )
[mm] (420 20) | (450> 100) (#50> 100)
[g/cm’] 1.8 1.8 1.6
[%] 05 9.0 10.0 7.0
[ ] 25 25 30 40
[mH,0] 0.0 1.0 1.0
3.7 3.7 0.35
[MPa]
4.5
4-20 4-21
V1 4-5
4-6 4-1 4-3
4-6 4-7
4-8
4-4(e)
F=20,,,01-S,)=— (4-58)
oy
4-22
V1 3 @)
0.5% (b) 9.0% (c) 10.0%  (d)
1 (@
(b) ©

(d)
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, w(m)

2
D, (m’ls)

019

10°

10° \
10'4

10°

10°3

10°
0.0

0.2 0.4 0.6 0.8

(@)

10

5.0x10°°

4.0x10°°

3.0x10°°

2.0x107°

1.0x10°°

0.0

4-6

00 01 02 03

(b)
V1
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(M)
S 5
/

0.0 0.2 0.4 0.6 0.8

(@)

10

5.0x107° \1

@

£ 4.0x10° 2 |
5 | B 40

2 \ 60 ‘

3.0x10° \

2.0x10° \ L

1.0x10°°

00 01 02 03

(b)
4-7
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12 ] kunigelVl
£ 10- S
8 i i
6 i i
44 _
2 i i
0 —_—
1500 1600 1700 1800 1900 2000
, kg/m®
@) V1
121 sand mixture(kunigelV1 70%) -
[
a 101 20 1
84 | 50 i
P 1100
6 i i
44 _
2 i i
o+
1500 1600 1700 1800 1900 2000
, kg/m®
(b) (BIS=7/3)
4-8
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4-6
V1
[g/cm’] 1.8 16
[MPa] 1140.0-55.64w 58.74-1.87 W

[-] 0.3 0.3

K [m?] 42102 1.4%=107%

&[] 0.333 0.403
Van Genuchten G L] 0.000 p 0.000 ;
a [1/m] 6.0><10" 8.0 10"
n[-] 2.5 1.6
ay 1.76<10°T-3.04=< 10" 2.99><10°T-3.78<10”’
a(0-0,) [em’” ;1 ) a -1.48><107T+2.98<10° | -1.50>10°T+1.49><107
D0 = 0=b,Y6,-0,) b,(0-b,) | b1 -3.68>10° -2.49%<10°
b, 5.22><10°T+2.68><10" | 559><10"T+3.93><10*
Dt [m?/s/K] 2.0=<10" 7.0<10"
5.58>107+6.17><10%w | 4.44>107+1.38><102w
Am [WIM/K] -5.28><10™*W?-9.67 = +6.14><10°W?-1.69 =
10°w? 10*w?
¢ [kJ/kg/K] (32.3+4.18w)/(100+w) (34.1+4.18w)/(100+w)
[1/K] 1.0<10" 1.0<10"
W T [ 1]
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5.
5.1 (HRL) >t
20
SKB
Aspo Hard Rock Laboratory HRL
Oskarshamn
3600
1986
1986-1990
1990-1995
1995
a) 1986-1990
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b) 1990-1995

c) 1995 -
1995

Stripa

HRL

Prototype Repository

Demonstration of Deposition Technology
Canister Retrieval Test

Backfill and Plug Test

Long Term Test of Buffer Material (LOT Project)

Prototype Repository
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Demonstration of Deposition technology 4

Canister Retrieval Test 1

Backfill and Plug Test

Prototype Repository
Long Term Test of Buffer Material (LOT Project)

5.2 Prototype Repository

a)

Prototype Repository

KBS-3

20

Prototype Repository 2 FEBEX?

5-1

20
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Canister r
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Ma-bentonite

Density 2.0 t/m2

Levelling bed of
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4830mm 1050mm 21.4ton
100 90
MX-80
1.66g/cm® 1.78g/cm®
17%
20cm
35° 30 70
2 4.5MPa
100kPa
b)
1.2% 1.5% 90
15MPa 5MPa
80% 14% 6%
5-1
T J K
0 200
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0 5MPa 0 15MPa
0 40
0 120
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0 100%
TDR 0 100%
95 100%
0 100%
0 40
0 120
0 15MPa
0 5MPa
5-1 PRP
Section | Section Il
113 72 185
16 10 26
56 35 91
56 35 91
37 23 60
37 23 60
TDR 45 27 71
84 56 140
50 24 74
493 304 797
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5.3 MX-80

MX-80
SKB 54 55

AW/M/K] S[-]
2 =0.300-0.221S, -1.28S,% +16.4S,° —23.1S,* +8.44S,° +0.793S°

(0)m[kI/M¥/K] W

80.0+4.2w

(PC)n = Pu T

b)

K =1.81x107(e)**

I

5-3
van Genuchten

S, = {H |0u//|n }_m (van Genuchten )

m=1-1/n
0=5.2><10" [1/m] n=1.70 [-]
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10°]
T ., % ]
" 10°] EE@%
101—é— ° van Genuchten (
10° :
0.0 0.2 0.4 0.6 0.8 1.0
1 Sr
5-3
5-6
D,, =Dy, (03 S, 0.7) (5-6a)
S, -07
D, =D, -cosa( 3 -fj 0.7 S (5-6b)
.o S, 7w
D;, = Dy, -SIN 03 2 (S 0.3) (5-6¢)
Dy, =2.0x10°m?/s/K
a==6
b=6
5-4
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3 1E-12
E
D:—
1E-13
1E-14
1E-15
0.0 0.2 04 0.6 0.8 10
.S,
5-4
c)
e-log p
xk=0.2
14
v=04
d)
MX-80 Na
5 8 10 15
MX-80
5-2%7
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5-7

5-2 MX-80
Property Value
Montmorillonite content 75 wt. %
Cation Exchange Capacity (CEC) | 85.0 meq/100g
Edge sites (OH groups) 2.8 meq/100g
Exchangeable Na 81.7%
Exchangeable Mg 3.9%
Exchangeable Ca 14.1%
Exchangeable K 0.3%
Total carbonate (CaCOs) 1.4 wt. %
Total quartz (SiO,) 10 wt. %
Total pyrite (FeSy) 0.3wt. %
CaSO, impurities 0.34 wt. %
NaCl impurities 0.007 wt. %
Plagioclase (Mainly albite) 5to9wt. %
Ilite 0to 4wt %
Kaolinite <lto7 wt. %
5.4
(5-4)
5-5
van Genuchten
VG
50mm 0.75 0.4
Az=1mm 1
VG
5-6
rk — Sr2.2
5-5
V1 U
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5.0x107° : ; . . .

4.0x107°-

, D, (m’/s)

3.0x107-

2.0x107°

1.0x10°°

0.0

50
mm
5-6

25 —
MX-80 ]
£ G [ E— ]
sl [ 50 ]
10 .
5_ 4

0 T T T T T v T T T g T
1300 1400 1500 1600 1700 1800

: kg/m3
5-7 MX-80
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E=3K(@1-2v)=31+e,)~(1-2v)

x|o

a5,
oy

F= 20-swmax (1_ Sr)

5-2
(4-1) (4-7)
4-1
5-7

5.5

5-8
172

400m
60% 20

172

5-10
y=0
1000

2.5MPa
V1
MX-80
1/4
0.75
1/4
y=0m X=5m
1800W
100
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5-11
200 40
1000
5-12
1/4
5-13
5-14
5-15 X=5m
y=0m
5-15(a)
5-16 y=0m
5-17
5-18
5-19 5-20

Prototype Repository
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A
z=32.5m
Backfill
il
=
= ? Buffer
system
Canister
-
= [ ]
z=-27.5m | 2E o
“«—>
Sm

5-8 Prototype Repository
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-~

z=32.5m =00kt
| 01
- Backfill T

60m

z=-27.5m

>
3m 6m 3m

5-9(a) Prototype Repository
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y=3.0m, 9.0m
A
7z=32.5m
Backfill
E Buffer
b system
Canister
z=-27.5m v Efﬂ“ﬁ
“«—> A lE @
Sm nE @

5-9(b) Prototype Repository
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Interval : 10°C 20 days Interval : 10°C 50 days Interval : 10°C 200 days
5-13

Interval : 10% 20 days Interval : 10% 50 days Interval ; 10% 200 days
5-14
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Temperature (degree)
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Interval : 10% 20 days Interval : 10% 50 days

Interval : 10% 200 days
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5.6
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Prototype Repository
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Prototype Repository
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Prototype Repository
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Current Status of Analysis for
Prototype Repository

Yutaka SUGITA
Japan Nuclear Cycle Development Institute
&
Masakazu CHIJIMATSU

Hazama Corporation
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Analysis plan

Part A: Two dimensional axial symmetric model

*One disposal pit

Part B: Three dimensional model

*Two disposal pits
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PROTSTYPE
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PROTSTYPE
j REPOSITORY

Finite element mesh

PROTSTYPE
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g REPOSITORY _—

Analysis step (Part A)
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Results of analysis A for the
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PROTSTYPE
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Parameter for analysis;
Thermal property
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PROTSTYPE
j REPOSITORY

Parameter for analysis;
Hydraulic property

Hydrawlic Conductivity, m/

Hydrmufic condacamiy |

Relationship between hydraulic Temperature dependency of
conductivity and void ratio hydraulic conductivity

. — Saavii B
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PROTSTYPE
j REPOSITORY

Parameter for analysi:s;
Hydraulic property
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Temperature dependency Intrinsic permeability
of intrinsic permeability for analvsis

A e Hazama
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Parameter for analysis;
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a
=
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PROTSTYPE
j REPOSITORY = o

Parameter for analysis;
Hydraulic property

2

8
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=

|- -5
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L=

Degres of saturation
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Haat wiras

=
B

Test apparahus for temperature
gradient test

PROTSTYPE
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Parameter for analysis;
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PROTSTYPE
REPOSITORY

Initial and Boundary conditions

Initial conditions
, Total pressure head = 400m

_ H,,, . Saturation = 60% (Buffer and Backhll)
. Temperature = 20°C

Boundary conditions
; Upper
Constant temperature
Constant waler pressure
., Upper
. Constant temperature
: No flow
. Side
“Hester 90°C or Adiabatic condition
: No flow
. All boundaries are fixed
. Heater is fixed at 90°C or heat [lux 1s 1800W

H (Mo flow)

1 B
’L"fjft 1IZama

PROTSTYPE
REPOSITORY

| Imitiad void |  Hyvdranlic
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Results of Case0-1

Degree of
saturation

Temperature

After 30 days After 1 year After 5 years
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Comparison between TH and THM
analysis (Case0-1
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Comparison between TH and THM
analysis (Case0-1
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Effect of modeling of gap
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Summary

1)Re-saturation phenomena in the bufler are not dependent on the
permeability of rock mass if the hydraulic conductivity of rock
mass 1s in the 10-'% o 10-"*m/s range.

2)The re-saturation time of the buffer is between 6,000 days and
20,000 days. It 1s dependent on the initial void ratio of the
buffer.

3)There 1s not so large difference about the temperature
distribution between the some cases for modeling of the gap
compared with the distribution of degree of saturation in the

buffer.

T =
ﬁ[a"‘il azama
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Summary

4) It 1s important to evaluate the water movement due to thermal
effect in order to estimate the re-saturation phenomena in the
buffer mass.

5) When gap 1s not considered in the model, it is better to usethe
property at the high density of bentonite before installing into
the disposal pit. [Towever, these are the results when we did not
consider the structure change mside the bentonite due to the
swelling in detail. In order to achieve the more detail evaluation,
it needs to consider the structure change inside the bentomte
and the parameter change during the swelling.

L3

T 10Zama




JNC TJ8400 2003-19

PROTSTYPE
il REPOSITORY

Future work

1) Simulation by three dimensional
model

2) Comparison measured and simulated
results

* Information of location of sensors in
buffer and rock mass

* Results of laboratory tests

*  Emplacement results of buffer and
backfill (dry density, water content)
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Current Status of Analysis for
Prototype Repository

Yutaka SUGITA
Japan Nuclear Cycle Development Institute
&
Masakazu CHIJIMATSU

Hazama Corporation
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Presentation

Simulation of PRP by THAMES

Properties of bentonite pellet
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Analysis plan

Part A: Two dimensional axial symmetric model

*One disposal pit
—— Treatment of gap for simulation

Part B: Three dimensional model

*one and two disposal pits
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Results of analysis B for the
Prototype Repository with the
numerical code THAMES
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Analysis model ; Part B
one heater model
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Analysis model ; Part B
two heaters model

Backfill

Sysiem

rE Buffer §
!
[
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Parameter for analysi_s;
Thermal property

Thermal Conduetivity (Wim,K)

Thermal conductivity
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Parameter for analysis;
Hydraulic property

Hydraulic Conductivity, mb

Hydrasic condacaimly (re's)

Relationship between hydraulic Temperature dependency of
conductivity and void ratio hydraulic conductivity

. — Saavii B
4
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Parameter for analysi:s;
Hydraulic property

emname permsabdiny {m ;]
Ietninae permeability (m )

K eidix0
i
0E 00

Temperatiare (0}

Temperature dependency Intrinsic permeability
of intrinsic permeability for analvsis
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Parameter for analysis;
Hydraulic property

Suciom (kP
Elasanua el peremedtuly (re's)
[

a.d ne
Drapree af satigralsin

Water retention curve Unsaturated permeability
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Parameter for analysis;
Hydraulic property

K, =(s.F Kk

Dearee of satnration

10

Distance from mfiltratnon surface, mm
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Parameter for analysis;
Hydraulic property

diffusivity (m

Thermal wapor flow

.G 0.3
Degree of saturation
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Parameter for analysis;
Hydraulic property

1.0

8

o

L - Sampla
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L=

Degres of saturation
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Test apparahus for temperature
gradient test
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Swelling pressure

Komine’s model
|

St = . [*’—“ (/)

CEX(

I=Na™ Ca®

where

cafion exchange capacity,
XC : exchange capacity of each component,
F : repulsive force
S, attractive force

These forces are estimaled from chemacal
component of bentonite and pore water and 1300 1400 1500 1600 1700 1800
environmental conditions such as temperature, Dy demuily, kg'm

dry density etc.
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Aj H no Do
T adisbatic H n-:u ﬂbﬁ-\_

- atic T 2
sarsar |
H na flow o wﬂ Ino flow T

T adiabata

Initial total head of rock mass = 400m

[mtial degree of saturation of buffer and backfill = 60%
Initial temperature = 20 degree Celsius

Initial void ratio of buffer = 0.75

Heat output = 1800W
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Results of one heater model
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Saturation
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Results of two heaters model

Interval @ 10V S0 davs Interval @ 10°C 201 davs
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Results of two heaters model

Interval @ 109% Inderval @ 10%%

Saturation distribution
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Diegree of mlwrason
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1) Temperature distribution around the experimental hole 1s highly
dependent on the boundary conditions. Furthermore, the re-
saturation time 1s dependent on temperature distribution.
Therefore, it 1s important to use the suitable boundary eondition
for the accurate simulation.

2) Seepage in the buffer is dependent on permeability of the rock
mass and pore pressure distribution in the rock mass. It 1s
important to understand these characteristics in order to
evaluate the saturation phenomena in the buffer
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Future work

1) Comparison between measured and simulated results

2) Calibration of simulation model.
(Geometry, boundary condition, and so on.)
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Properties of Pellet
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Water solution
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Pellet
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Properties of Pellet

1) Thermal conductivity
2) Hydraulic conductivity

3) Swelling pressure
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Hunygal V1 (Eetallad waler)
Band¥ret (histilled water)
FunigelV1 (oymthetic scawaser,
Sand3rert® Gynthatic ssawater)

Average swealling pressure [MPsa]
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Efffective day density [kg'm”]

(Suzuki and Fupjta, 199%)
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Tentative conclusions

Thermal and hydraulic properties of bentonite
pellet and bentonite block show applying block
properties to pellet is negligible on calculation of

the THM behavior.

lHazamags
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