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Abstract

The compliance of deep geological disposal facilities for high-level radioactive waste with safety
objectives requires consideration of uncertainties owing to temporal changes in the disposal system. A
comprehensive review and analysis of the characteristics of this evolution should be undertaken to
identify the effects on multiple barriers and the biosphere. We analyzed the evolution of the buffer,
backfill, plug, and closure regions during the early phase of the post-closure period as part of a
long-term performance assessment for an operating license application for a deep geological reposi-
tory in Finland. Degradation mechanisms generally expected in engineered barriers were considered,
and long-term evolution features were examined for use in performance assessments. The importance
a OPEN ACCESS of evolution features was classified into six categories based on the design of the Finnish case. Results

are expected to be useful as a technical basis for performance and safety assessment in developing the
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E-mail: oathway@korad.or.kr Korean deep geological disposal system for high-level radioactive waste. However, for a more

detailed review and evaluation of each feature, it is necessary to obtain data for the final disposal site
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of engineered barriers

& Thermal evolution

‘Water uptake and swelling

(© Homogenization of density difference > (1) Illitization of

smectite
(D Buffer upheave

(® Backfill crown effect .
(2) Cementation of

(P) Erosion of bentonite bentonite

(3) Decreasein cation exchange

() Chemical evolution of porewater capacity of bentonite

AR
(D Oxygen consumption l}&%&g{&k’
#""f ‘,’ ? (4) Deterioration of bentonite

(@ Radioly (/l‘i'}%@\(‘ sorption properties
N\

(® Alteration of bentonite %’i,‘h%" | o
Va /I'A?A\“\\ (5) Canister

© Microbial activity £,

7
. ) /", failure
@ Chemical loads from cement ////",";'\\\\\

{N) Chemical loads from silica-sol ‘ _ \ (6) Mass loss of

buffer and backfill
© Chemical loads from steel and iron #

(P) Sorption and diffusion

/ (7) Mass loss of
© Advecti ' closure backfill
vection /

(R) Deformation of closure backfill
(8) Deterioration of bentonite

(® Gas generation and transport properties by cement leachate
(T) Transport of leachates to the rock

() Corrosion of steel structure in closure plug

Fig. 1. Links between the long-term evolution features and degradation mechanisms of engineered barriers.
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Table 1. Relevant processes, region of interest, and importance for the evolution feature expected in the early phase
during the post-closure period of the deep geological disposal system

Early phase
Code Evolution feature Relevant processes” Region of interest” 5
Importance”
T H M C BUF BAC PLU CLO
. O O Medium-B
A Thermal evolution O
O O Low-B
B Water uptake and swelling o O O O Medium-A
C Homogenization of density difference O O O O Low-A
D Buffer upheave o O O O Medium-B
E Backfill crown effect o O O O Medium-B
. ) O O Medium-B
F Erosion of bentonite O
O O Low-B
O O High-B
G Water exchange O O ¢
O Low-B
H Chemical evolution of porewater O O O O High-B
I Oxygen consumption O O O O Medium-B
J Radiolysis O O O Low-A
K Alteration of bentonite o O O O O Medium-B
L Microbial activity o O O O O O O Low-A
. O O Low-B
M Chemical loads from cement O O )
O O Medium-B
N Chemical loads from silica-sol O O O Low-B
0 Chemical loads from steel and iron O O O O Medium-B
P Sorption and diffusion O O O Low-A
Q Advection O O Low-B
R Deformation of closure backfill o O O O Low-B
S Gas generation and transport O O @) Low-B
T Transport of leachates to the rock © © 0 0 Low-B
ransport of leachates to the roc
P O O O  LowA
U Corrosion of steel structure in closure plug o O O O Low-A

Note: 1) T, H, M, and C represent ‘Thermal’, ‘Hydraulic’, ‘Mechanical’, and ‘Chemical’ processes, respectively.
2) BUF, BAC, PLU, and CLO represent ‘Buffer’, ‘Backfill’, ‘Plug’, and ‘Closure’ regions, respectively.
3) Importance of each evolution feature is was classified into one of six categories. The meaning of each category is as follows.
High-A: Expected to have a significant impact regardless of the disposal system design.
High-B: In case that possibility of performance degradation is assessed to be significant in the Finnish case.
Medium-A: Expected to have some impact regardless of the disposal system design.
Medium-B: In case that it is necessary to review the domestic design in the future even though possibility of performance degradation is
assessed to be significant in the Finnish case.
Low-A: Expected to be negligible regardless of the design of the disposal system design.
Low-B: In case possibility of performance degradation is assessed to be significant in the Finnish case and review on the domestic design
is not required in the future.
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