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Tunnel

7.5 m (SNF)

<KRS+ H< 9l & 7t4>

JKH 27 7|1F 2&£:100

Level of detail in the design

Requirement term in this report

all nuclear activities, facilties and

fundamental radiation protection and

final repositories safety principle
v
function Mmzﬁso-‘z repository as main safety function
function E'Bg‘-ﬂavl":-lpi lbl:;br in the sahty: nction
v
barrier characteristic design requirement

v

barrier component design
parameter

design specification

HSMZAMO 95 EIZE SHAE = Uz F7HH-HELO|E

Characteristics

Safety function

Performance target

Hydraulic conductivity

Swelling pressure

Temperature

Limit advective mass transfer
Keep the canister in position
Limit advective mass transfer

Limit microbial activity

Limit pressure on the canister

Resist transformation

Protect the canister from detri
mental mechanical loads

< 102 m/s
> 0.2 MPa
> 1 MPa
> 2 MPa
< 10 MPa when determi
ned with a specific labo
ratory test procedure
< 100 °C

> -25 °C

=
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© A —1920
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= a A KJ (0=0%)

® KJ+G (0=0%)
0.4 T T T T T T T
1.4 1.5 1.6 1.7 1.8
Dry density (g/cm®)
A
AEEE 10~28% A5

1.9

Thermal conductivity (W/(m-K))

|0 IHE EHEE

T T T
1.4 , o
1.2 1 A _
[
1.0 1 -
[ ] A
A
0.8 1 o .
A
4 — 3 A KJ o
0.6 pd—l.6 g/Cm ® KJ+G
T T T T T T T T
0 5 10 15 20
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Base (py: 1.61 glcm?®, KJ)
— — Back (ps 1.61 g/lem?, KJ)
T T

Base (0s 1 63 glcm?, KJ+G) T —
— — Back (ps. 1.63 g/cm?®, KJ+G)

Base (py 1.6 glcm?, KJ+G)
= = Back (py 1.6 g/lcm? KJ+G)

0

KJ-II-3% graphite
mixture

50000 100000 150000
Elapsed time (s)

KJ]I

200000

250000

e Heating - Cooling

8.2E-13

6.7E-13 |

£ 5.2E-13 |

3.7E-13 -

Hydrauhcconducﬂ&ﬂy{nﬂﬂ

22E-13 | .

TE-14 + - :
20 50 60
Temperature (°C)

» AZXYE 1.63g/cmd

30 40

70

Dry Density = 1.6 g/cm?

9F3.5~4Hl 77t0| M5

Park et al. (2021)

80 90 100

1.60 X 1083 m/s “> ~6.4 x 108 m/s < 10712 m/s

Dry density (g/cm?3) | Hydraulic conductivity (m/s)

1.61 1.73 x 1013
1.60 3.00 x 1013
1.63 1.60 x 1013

Initial water
content: 12.2%
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Swelling pressure (MPa)

w
1

———— e, g

Pg1.61 glcmd, KJ
’ — — — pg 16g/cm?, KI+G
' — — oy 1.63 g/lem?, KJ+G

0 1 2 3 4 5 6
Elapsed time (day)

KJ ]I 1.61

oF 14% #a

=

3 T T T T T
(a) Dry density: 1.6 g/cm3 i t
s * @ R °
g
2°
£
z —-30°C
7] ] L
< 60 °C
a9
-=90°C
OT Kim et al. (2021) : ;
0 0.5 | 1.5 2 2.5 3
Time (sec) %10°

« HAZHEEE 1,63 g/cm3

3.5 MPa—/> 3.01 MPa= 3 MPa

KJ-II-3% graphite 1.60
mixture 1.63

3.33 Initial wat
nitial water
2?;952 content: 12.2%




BT B L
Pure Ben 1.75 0.12 14.3 1.33 0.226
Pure Ben 1.79 0.125 12.76 1.818 0.284
A3%E 7t 1.74 0.12 11.9 1.38 0.238
AH3%E7H  1.75 0.12 12.2 1.33 0.239

» SH3% H7MAN UASHAE= CHEF 10% S A0 L B AL ZOpSH|= 2 X0[7} 8l




=
Jjoh
e
W
R
pa
o
I.J

’Is &SX-0ldE 438

aj
=

0.008 A

0.006 -

0.004 -

Incremental volume (mL/g)

0.002 A

@

0.005

0.05

0.5
Pore diameter (um)

= Cs HAHS

. 2039 M7} 27| BETYO| AL 22

AELIO|E SHEX] BCt 220

37|7F Z+A

7|= ojt| 33| 27|7} B4R
Mol N ZHQI DI HotE

KJ-II Graphite
100 -

1

2

3

M, 0d4=

ol g 73

6.25 x 10>
6.19 x 10
6.14 x 10>

Material mixed ratio [%

Sorbed amount

[%]
88.3
87.5
86.7
85.9

L cs M720] 71= 88.3%01M S 3%X7HAl
85.9%2 7|=CHH| 2.4% Z2

Removal

11
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KJ HIELIO|E+S ¢ 3% &/t 1V|s ASH-EE

o
65 g/cm? 0| 20| &|0fOF X{2Hst.

Dry density (g/cm3) | Hydraulic conductivity (m/s) | Swelling pressure (MPa)

1.63 1.60 x 1013 3.5 Initial water
content:

! T (Exponentially) 12.2%

KJ-II-3% graphite

mixture 1.65

Level of detail in the design Requirement term in this report — -
o 9 oqu ! po Characteristics Safety function Performance target
all nuclear activities, facilties and | | fundamental radiation protection and Hydraulic conductivity Limit advective mass transfer < 10™ mis
final repositories safety principle
.L Swelling pressure Keep the canister in position > 0.2 MPa
function of the KBS-3 repository as
e Poson main safety function Limit advective mass transfer > 1 MPa
4' Limit microbial activity > 2 MPa

function of individual barrier in the

fety functi o . .
KBS-3 repository — on Limit pressure on the canister < 10 MPa when determi
'L ned with a specific labo
ratory test procedure
barrier characteristic design requirement i i
Temperature Resist transformation < 100 °C
e ‘L Protect the canister from detri > -25 °C
tal hanical load
parameter design specification mental mechanical loads

12
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O Bentonil IELIO|E+SH &IIE0f| MiE GHXEE 1Y

2.5 100

i w = 14.5% w =14.5%
o | WwW= 0% (dried) mw = 0% (dried)
15 B :|:
1t L - = | 30 ~50%
T - Enhancement
O 1 1 1 1 1 1 1 0 I| I| 1 1 1 1
0 1 2 3 4 5 7 10 7 10

1 2 3 4 5
Additive content [%)] Additive content [%]

0o
o

(o)}
o

I
o

Enhancement ratio [%]

Thermal conductivity [W/mK]
N
o

A HIIE0| Z7Igd+E EHUEL = HY ™SR FI7I61US (rd=1.6, w=14.5% =)
H 5% MIIA| 30~50% EHET7I SI16IR S

Jlok  Jjot
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SH-HELIO|E E&iX]
Bentonil HIEL}IO|E+EH 5% E8T1Q| W/ HEE

12 1E-09 ¢
@l :
o | N
& S 1E10 ¢t
= 8 E
(O}
= Valid for S
$ 6 3 <P, <10 MPa o 1E-11 E
a = :
2 4 ] [ Valid for
o < " ks> 102 m/s
& . — 3 1E-12
@® C
2 5 :
3 :
0 1E-13
Pure bentonite Bentonite + GP 5% Pure bentonite  Bentonite + GP 5%
 Z91 5% H7HA| rd 1.620 20| AT FAHEEE U5 |ES 558
> 59 HIIE 4% 2 E0|AL, rd &5 59 £H3 Ea

i
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Thermal conductivity (W/(m-K))

. B2l 30% H7IA M=

a75d SaXEY /1Y R HEXEY gt

DHef-HELO|E

=
G4 olg (KJ

14
@ Bentonite powder (B) o
12 | + Bentonite block ‘
B Jumunjin sand (JS) O@
= A Silica sand (SS) Y 4
¢ B 70%+JS 30% P
0.8 ¢ B 50%+JS 50% KRS* +
' + B 90%+SS 10%
e 4 B 80%+SS 20%
' ¢ B 70%+SS 30%
¢ B 50%+SS 50%
04 -
02 - B
o0
O T T T T T T T T T T T T
0 05 1 1.5 2

Dry density (g/cm?)

Hydraulic conductivity (m/s)

HELIO|E &8)

1.00E-10 1

1.00E-11 4

— — — — — — — — —

1.00E-12 4

1.00E-13 4

1.00E-14

o o — T O o ——— " v— w— o— vo—

TR L 7|8 550 oS

. Ref ®HItE0| FtEd+F EHEE SIIEE o

Kyungju-bentonite  KJ2-bentonite
(Cho et al., 1999) 70% [

+silica sand 30% +Jumunjin sand (Nordstrom et al.,

(Author) |

pesc

Dry density: 1.78 g/lcm3

KJ2-bentonite Rqck, depth below Granite, intact

70%

30%

Specimen

(Author) | _ )

1000 m

1985)

(Lama and
Vutukuri, 1978)
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Def-HELIO|E =¢lx|
B 22 HI7KSS: Silica sand) 17| &=l ¢ 818l (Bentonil &)

16 1.3
w=11-115% #* (a) w =0% (dried) (b)

ol | - gz o

£ £ i

4 o z &

== > ==

Z 12 % 4 ’00 = 09 t .

B oW = e

3 #4 ~'.’- ® < [ e 4 =

= = %

S 1lm : - 3 07 } = At

= - B o A ® .- -

] - s (1] ,’. ,n“

£ b Pl = BY .4

z ZuAT ¢ 5530% 2 % e ¢ 55 30%

" 08 A m 5520% T 054 W 5520%
® 55 10% i e 55 10%
A S50% A S50%

06 . \ . N . 03 : ' . ' : : .
16 17 18 19 16 1 1.8 19 2
Dry density [g/cm?] Dry density [gfcr?]

. Ref ®HIIE0| Ftg+F HEEE S71ed (A= =M= 34 *Ho]7t 8i3)
UZXEEV E4F 2l HolEol £ X0|= 3 A LiELH

i
ne
rad
|.|-|
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- Ma€fro pores between
..~ bentonite aggregates

\

o R

Bentonite aggregates 0004 016
[ N
M esopores M acropores L M esopores ' Macropores _
(intra-aggregate) (Inter-aggregates) L (Intra-aggregate) (Inter-aggregates)
g ' S 012 |
= 5 0.003 [ 9.239 ;im £ =
Bentonite ma @ E 0.348 um @
Silica sand particle P g ‘ E 0.513 ym 5
r=) g ¥ | I IS =] |
= A =
- ‘ © 0002 F L@ o 008 |
Void formations at '« o 3 .f o L
bentonite-sand .interface._ 3 | i s 3 L
0 . i % g | é +
\/Sv:“‘::usa\:)? PR 400 pm 3 @ S - : -
thout void 4 i B il = = SS20% 2 004 | s SS520%
B A% ™ eSS10% | * SS10%
= I A% » A S50% I A SS50%
4 s @ L
o i w ol @
Ay 11 21301l i1t 1aaual At 1 1ssasl Al . aaaaal " aaaad )
s X;L?J,ﬁ}@'g_i‘;?,';si,iteﬁace g 0.001 0.01 01 1 10 100 0.001 0.01 01 1 10 100
; Pore diameter [um] Pore diameter [pm]
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<
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= R
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ERN o i
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2 P ol
£ 08 A A
E ”t, ”’/
= B i
= o m S5 20%
08 I ® 5510%
’ A S50%
04 i i i i i i i A
0 5 10 15 20

Water content [%]

CHNHe 2 AR ET S5t g7t StE+F

.Cag HIELIO|E 12{5l0] £

saiy

16
| po=1.74£001 gfom® (b)
r,.
14 L
'z‘ ,/’
E /, ,.
2 12 | A
- St
I% 2 5
P A
= 1 L A
= Aa L,
§ /’ ’ 7 a,'
© \ /' .”,"’
g 08 Fo] ,,/A
2 >
= -7 m S520%
06 ® SS10%
A S50%
04 1 1 n 1 4 1 1
0 5 10 18 20 25

Water cantent [%]

Bef Hotof mE

ue{ste] 2ef Hotg 273

"o

AX ez S7tg1at7F 3 A LIEFS
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Hej-HELO|E =Xy

. ShAH| HQ Azxag Hoj

o HE ool (1% She o S
n (=== (e ) (9/cm3) NI
® SS20

® SSO00

1.8 | eeeeiins |:||:'c"6I-A_! (SS 10) ..
= o 1 E1~181 e CFSAL (SS20)  a@
>>0 >0 RE=0kE 0~21% 1.51~181 ChatAl gg 38; " o e
17 e ‘ [ J
. ’ ................... @ e Y Qs °
1.5
2 6 10 14 18 22

SS 20 30 R2=0.965 0~19% 1.57~1.88

.HMH™EO R SS 10% F7IA| Q@R EE = 9F 10% A, 20% F7HA] 2 20% AS51US

. Ca-type2 U2 I (M2 U Fe|MEE ds EH 2HEZ 2I6l), 30% Ol 7= o2 ZIe =2 HEHE
HE
=

o
> S BYS CiO|H4E 5t0f CiOjZHRY 7Y

n
mn
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Swelling pressure (MPa)

12

11
10
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