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A numerical model was developed using COMSOL Multiphysics to evaluate groundwater flow that causes radionuclide migration in the
unsaturated zone of a near-surface disposal facility, which is considered as a domestic low and an intermediate-level radioactive waste
disposal facility. Each scenario was modeled by constructing a two-dimensional domain that included the disposal vault, backfill, disposal
cover, and unsaturated aquifer. A comparison of the continuous and intermittent rainfall conditions exhibited no significant difference in
any of the factors considered except the wave pattern of water saturation. The input data, such as porosity and residual water content of
the unsaturated aquifer, were observed to not have a significant effect on the groundwater flow. However, the hydraulic conductivity of
the unsaturated aquifer was found to have a significant effect on the groundwater flow. Therefore, it is necessary to assess the hydraulic

conductivity of an unsaturated aquifer to determine the extent of groundwater infiltration into the disposal vault.
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Fig. 2. Two-dimensional model domain for the near-surface disposal
system and the measurement points (red dot).

Table 1. Dimensions of the model domain

Components Values
Vault Width /2 10m
Vault Height 109 m
Cover Slope (Above Vault) 3.5% (2.0°)
Cover Slope (Above Backfill) 50% (26.6°)
Clay Layer Thickness 0.8 m
Sand Layer (Lower) Thickness 0.8 m
Sand Layer (Upper) Thickness 0.3m
Soil Layer Thickness 2m
Unsaturated Aquifer Height I5m
Unsaturated Aquifer Width 50 m

© 2 /32 AR (FEM: Finite Element Method) 7] Hlo]
COMSOL Multiphysics[2]& ©]-&3) =3 d-& 735kt
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Fig. 3. Average monthly rainfall in certain regions of Korea for 30 years.
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Fig. 4. Boundary conditions for the groundwater flow.
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and Saturation (Lower).
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Table 2. Material properties of near-surface disposal system[6]

Material Properties Vault and Backfill Cover (Clay) Cover (Sand) Cover (Soil) Unsaturated Aquifer

Hydraulic Conductivity [m/s] 1.00 x 10 1.00 x 10° 3.00 x 104 1.00 x 10 8.20 x 107
Saturated Water Content [-] 0.45 0.36 0.37 0.47 0.34
Residual Water Content [-] 0.1 0.0001 0.045 0.1 0.2

van Genuchten ¢[1/m] 4.4 0.16 6.83 4.4 1
van Genuchten n[-] 1.523 1.203 2.08 1.523 2
van Genuchten /[-] 0.5 0.5 0.5 0.5 0.5

Saturation [-] (Time =1 yr) Saturation [-] (Time=5yr)

Saturation [-] (Time = 10yr) Saturation [-] (Time =50yr)

Saturation [-] (Time =300 yr) Saturation [-] (Time = 1000 yr)

Saturation [-] (Time = 1500 yr) Saturation [-] (Time = 3000 yr)
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Fig. 6. Water saturation in the near-surface disposal system for each time-step.
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Fig. 8. Water saturation depending on the porosity of the unsaturated aquifer at the monitoring points R4C5 (Left) and R5C5 (Right).
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Fig. 9. Water saturation depending on the residual water content of the unsaturated aquifer.
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Fig. 10. Water saturation depending on the hydraulic conductivity of the unsaturated aquifer.
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