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The buffer is a key component of the engineered barrier system in a high-level radioactive waste (HLW) repository. The
present study reviewed the requirements and functional criteria of the buffer reported in literature, and also based on the
results, proposed an approach to establish a buffer concept which is applicable to an HLW repository in Korea. The hy-
draulic conductivity, radionuclide-retarding capacity (equilibrium distribution coefficient and diffusion coefficient), swell-
ing pressure, thermal conductivity, mechanical properties, organic carbon content, and illitization rate were considered as
major technical parameters for the functional criteria of the buffer. Domestic bentonite (Ca-bentonite) and, as an alternative,
MX-80 (Na-bentonite) were proposed for the buffer of an HLW repository in Korea. The technical specifications for those
proposed bentonites were set to parameter values that conservatively satisfy Korea's functional criteria for the Ca-bentonite
and Swedish criteria for the Na-bentonite. The thickness of the buffer was determined by evaluating the means of shear be-
havior, radionuclide release, and heat conduction, which resulted in the proper buffer thickness of 0.25 to 0.5 m. However,
the final thickness of the buffer should be determined by considering coupled thermal-hydraulic-mechanical evaluation and
economics and engineering aspects as well.
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Table 1. Functional criteria of the buffer considered both at home and abroad [11]

Item Sweden Belgium Japan Korea
FoCa clay(60%) . o
Material MX-80"" Sand(35%) K“gfrfcll 2;105)/7()) %) Kyungju Ca-Bentonite™
Graphite(5%) ’
Bulk density (Mg/m’) 20 ) ) 20
(Dry density) (1.59) - (1.60) (1.6)
Initial Water Content (%) 10-17 - 7 13
. 1.05 (1 year) 1.5—4.0
Thermal conductivity (W/mK) 1.15 (15 years) (adding graphite) 0.78 >1.0
Hydraulic conductivity (m/s) <1x10" 1x10™" 45x107"° <1x10"
op ) TR <1x 10", cation
Diffusion coeff. (m’/s) 1x 107, cation - - <1x 10°, anion
Swelling Pressure (MPa) 8 (700 m depth) - < Hydrostatic pressure + 1.0 < Hydrostatic pressure + 1.0
(*1) montmorillonite content=65-75 %; (*2) montmorillonite content= 70 %
Table 2. Functional criteria of the buffer recommended by IAEA [12]
Thermal conductivity Specific heat Bulk density CEC Hydraulic conductivity ~Expansion coeff. = Mont. contents
(W/mK) (kJ/kgK) (Mg/m’) (mmole/100g) (m/s) *) (%)
>0.8 <15 ~2.0 >170 <1x10-11 >15 > 60

(*) Expansion coeff= sample volume swelled by water / dry sample volume x 100(%)
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Table 3. Comparison of the swelling pressure between Na-bentonite and
Ca-bentonite [20]

Dry density (Mg/m’)

Bentonite
1.3 1.5 1.7 1.8 1.9 20 21

Mx-80(Na) (MPa) ~ 0.06 02 04 0809 14 45 10-12
IBECO(Na) (MPa)™" - - - 0610 - 45 -
IBECO(Ca) (MPa)™® - - - 02 - 5 -

(*1) montmorillonite content=85-95 %; (*2) montmorillonite content=75-85 %

Table 4. Buffer materials of foreign HLW repositories

Country  Buffer material D(rg/lgzrrll%i)ty Compaction method
Canada IS\I(:-Sb(lrsli(I)lr(lli/te ~1.67 In situ
Sweden Na-bentonite 1.8~2.0  Precompacted blocks
Finland Na-bentonite 1.8~2.0  Precompacted blocks
France Ca-bentonite 1.4~1.8  Precompacted blocks
Switzland ~ Ca-bentonite 1.65~1.75 Precompacted blocks
Spain Ca-bentonite 1.4~1.8  Precompacted blocks
Japan Na-bentonite 1.8 f’;estisginpacted blocks/

Na-HlEUo|Ex Ca-HlEVO|Ed] Hlaf w2 F&dS 2t
7] wizoll, kAl FHE O A 2o defA vk 2
U = Aol 28}, Table 30l|A] Hi= ule} o], W&
WolEVF 945 SEE5FHE AHEE By E5 AdxUnrt
2.0 Mg/m? o]%eA& F HIELo|E Ato]o] H&ehe A
o] Zpol7} YA] e Ao 2 HILEJATHI9, 201, B, Na-Hl

EyolEx A7t Bol EAlE= Askr SN = v

de-activation
2Na-montmorillonite + CaCO; = Ca”"-montmorillonite + Na,CO3 (1)
soda-activation
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Table 5. Technical formulation of Ca-bentonite and Na-bentonite selected
as a reference buffer

Ca-bentonite Na-bentonite

Buffer material (domestic bentonite)  (MX-80 bentonite)
Dry densiy (Mg/m’) 1.6 1.59
.
”([\};?/?nnzl) conductivity 0.8 1.05
glyll/(gaulic conductivity 1x10™ 1x107™

Diffusion coefficient

11 .
(ms) 1x10™" (for cation)

1x10™" (for cation)

1x107 (for anion)

Swelling pressure

N
(MPa) hydro. pres '+ 1.0

hydro. pres™+ 1.0

" hydrostatic pressure below ground surface

L]

Buffer

Container

Doughnut-type buffer block

Disc-type buffer block

Fig. 2. Configuration(disc-type, doughnut-type) of buffer blocks to be
installed in the deposition borehole.

T HELo] Eof| e A= o dab e o] A|gket A
71, MX-80 WIEUC|Ed] tha)id 29dle] d57]F
< BHFH0 R vhEahs %k 2 AAsslct. 2 A3, 54k
WlELo|EY] A AX™EE 1.6 Mg/m?, 23 13% A
o], AT EE 0.8 W/mK, TBI?SEEE 3x10™% m/s, &2k
Ade Fol29] 9 1x10M m¥/s, 2o]&2 ¢ 1x107
m?’/s, Y592 F 5 MPa ©|Qlt} [24], L]al =9l

MX-80 HlEUo|Eo] A= FE3F 17%, AFHUE 1,59
Mg/m*d ol A === 1,05 W/mK, FE| A EEs 3x101
m/s, Fol&2] ST = 1x10M mY/s, BHY-2 oF 7 MPa
o]tH2]. Table 59X+ & ATtolA V& SFA= AA
3l A Wl Ev}o| E 924 23 MX-80 HIELUo|E 9F=
A E52] T8 ARES skt ey o] 1o Ak
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Table 6. Design criteria of a disposal container which should be consid-
ered for fault movement

Item JAEA [25] SKB [26] KAERI [27]
Shear displacement 0.1 m 0.05 m 0.1 m
Shear rate 1.0 m/sec 1.0 m/sec 1.0 m/sec

Table 7. Allowable fault movement and rotational angle of the buffer
with respect to its thickness when a disposal container(OD 1.030 m, L
4.778 m) is installed in the buffer

Drawing  Canister Buffer Fault Rotational
No. length (m)  thickness (m) movement (m)  angle (°)
(A) 4.778 0.5 0.95 11.47
(B) 4.778 0.4 0.70 8.42
© 4.778 0.3 0.55 6.61
(D) 4.778 0.2 0.35 4.20
(E) 4.778 0.1 0.16 1.92
(F) 4.778 0.5 0.10 1.20

(A)

(D) ’<‘§

® |

S
S

© ()

/\
® | [T
—

Fig. 3. Rotational movement of a disposal container with respect to the
fault movement.
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akdeh, 2ela AE-8719] 33 2292 Fig. 39 =23}
skt o] 1RolA] K= nle} o], A HeA 7t 0.1
m ¢l Ao, A FA7E 0.5 mPE 0.1 mAte] A uf
ol AE-g7)9F Auizte] FES Wi Aoz vt 3}
Ak FA T 0.1 m o] HW AR-87]9f Ak
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Fig. 4. Schematic diagram of a cylindrical container for its heat transfer
explanation.
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Fig. 5. Total release rate of radionuclides as a function of the radial thick-
ness of buffer over 1,000 years after repository closure.
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Fig. 6. Container surface temperature with respect to the radial thickness
of buffer calculated using the eqn. (5).
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