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1. Introduction 

 

South Korea’s wet storage capacity for spent nuclear 

fuel (SNF) is expected to reach its limit by 2030, 

necessitating a transition to dry storage. While dry 

storage casks provide passive cooling and long-term 

containment, their structural integrity must be ensured 

over extended periods. A key concern is residual water 

remaining after vacuum drying, which, under radiation 

exposure, undergoes radiolysis, producing oxidizing 

species such as hydrogen peroxide (H₂O₂) [1]. These 

species may accelerate corrosion, potentially 

compromising material performance over time, and thus 

the integrity of the dry cask storage. 

Despite the increasing global adoption of dry storage, the 

long-term impact of radiolysis-induced corrosion on 

AA6061 and SS17-4, key structural materials, remains 

unclear. To address this, this study investigates the 

degradation behavior of AA6061 and SS17-4 over a 50-

year storage period using a 2D COMSOL Multiphysics 

model under H₂O₂-dominated conditions, where H₂O₂ 

serves as the primary oxidizing agent with its high 

standard reduction potential. 
 

2. Methodology 

 

This study consists of two main components: 

electrochemical experiments for Tafel parameter 

measurements and Thermal-Electrochemistry numerical 

modeling. To model the degradation effects in a dry 

storage cask, thermal modeling and electrochemical 

experiments were conducted beforehand to assess the 

temperature distribution inside the cask and to obtain 

corrosion kinetics data for AA6061 and SS17-4. The 

results from these analyses were then incorporated into 

the corrosion model for further evaluation. 

 

2.1. Electrochemical experiments. 

 

Electrochemical experiments were conducted under 

varying H₂O₂ concentrations and pH conditions to obtain 

Tafel polarization curves for corrosion kinetics, 

addressing the limitations of existing literature data. A 

three-electrode cell was configured, and a potentiostat 

was used to control potential and current, enabling the 

electrochemical monitoring of the corrosion reaction. A 

Saturated Calomel Electrode (SCE) was used as the 

reference electrode, chosen for its stability at room 

temperature and suitability for corrosion experiments, 

whereas the counter electrode was a platinum (Pt) 

electrode, selected for its high conductivity and inert 

properties, ensuring reliable test results. The maximum 

H₂O₂ concentration employed was 10⁻⁴ M, based on 

previous studies [2], while pH values (4–6) were selected 

to reflect wet storage pool conditions. 

The experimental matrix used for corrosion behavior 

evaluation is presented in figure 1. 

 

 
Fig. 1. Corrosion experiment matrix for evaluating corrosion 

behavior of dry storage container internal structural materials 

due to radiolysis products of residual moisture. 

 

2.2. Computational analysis 

 

2.2.1. Thermal model 

 

A 3D thermal model was developed based on the 

geometry and design of KORAD-21, a Korean dry 

storage cask, incorporating conduction, radiation, and 

external natural convection via COMSOL Multiphysics. 

The decay heat from SNF with a burn-up of 45,000 

MWd/tHM and 4.0 wt% enrichment was described using 

equation (1) for the first 30 years. Beyond this period, 

equation (2) was applied due to a shift in the dominant 

decay heat sources, as the influence of fission products 

diminishes and the contribution from actinides increases 

over time [3] It is assumed that the SNF was stored in a 

wet storage pool for 10 years before being transferred to 

the dry cask. 

 

(1)   𝐏(𝐭) = 𝟖𝟖𝟏. 𝟗𝟗 ×  𝒆
𝟏

𝟎.𝟐𝟑𝟗𝟗𝟎+𝟏𝟒𝟏𝟏𝟐𝟒×(𝒕+𝟏𝟎) [𝑾/𝒕𝑯𝑴] 
For 1 < t < 20 years 
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(2)   P(t) = 14545.68 × (𝑡 + 10)−0.75756 [𝑊/𝑡𝐻𝑀] 

For 20 < t < 106 years 

 

The equation (3) was employed to simulate the heat 

transfer behavior of SNF inside the dry cask. 

 

(3)                𝜌𝐶𝑝 (
𝜕𝑇

𝜕𝑡
) +  ∇ ∙ (𝑞 + 𝑞𝑟) = 𝑄 

ρ is the density [kg/m³] 

𝐶𝑝: specific heat capacity at constant pressure  

q: heat flux by conduction [W/m²] 

𝑞𝑟: heat flux by radiation [W/m²] 

Q: additional heat sources [W/m3] 

 

2.2.2. Corrosion model 

 

The geometry is modeled in 2D, representing the 

electrolyte placed over the anode, as shown in figure 2. 

The model simulates the degradation of the anode over 

time due to corrosion effects. A triangular mesh was 

applied, with refined meshing at the surface of the 

internal structural materials to enhance accuracy. In total, 

1,273 elements were used for the mesh. 

 

 
Fig. 2. Design and geometry of the uniform corrosion model. 

 

The model incorporates the Nernst-Planck equation (4) 

to simulate mass transport, accounting for diffusion, 

migration, and convection within the electrolyte. 

Additionally, the Butler-Volmer equation (5) is used to 

describe the reaction kinetics at the electrode-electrolyte 

interface, governing the rate of electrochemical reactions. 

 

(4)      𝑁𝑖 = −𝐷𝑖∇𝑐𝑖 − 𝑧𝑖𝑢𝑚,𝑖𝐹𝑐𝑖∇𝜙𝑙 + 𝑐𝑖𝑢 = 𝐽𝑖 + 𝑐𝑖𝑢 

−𝐷𝑖∇𝑐𝑖 : Diffusion term 

−𝑧𝑖𝑢𝑚,𝑖𝐹𝑐𝑖∇𝜙𝑙 : Migration term 

𝑐𝑖𝑢  : Convection term 

𝐽𝑖 + 𝑐𝑖𝑢 : Combination of convective flux and additional flux 

 

(5)   𝑖𝑙𝑜𝑐 = 𝑖0(∏ (
𝑐𝑖

𝑐𝑖,𝑟𝑒𝑓
)

𝛾𝑖,𝑎

exp (
𝛼𝑎𝐹𝜂

𝑅𝑇
) − ∏ (

𝑐𝑖

𝑐𝑖,𝑟𝑒𝑓
)

𝛾𝑖,𝑐

exp (
−𝛼𝑐𝐹𝜂

𝑅𝑇
)) 

αa: anodic charge transfer coefficient 

i0: exchange current density [A/m2] 

αc: cathodic charge transfer coefficient 

𝛾𝑖,𝑎: anodic reaction order for species i 

𝛾𝑖,𝑐: cathodic reaction order for species i 

 

The initial and boundary conditions, along with material 

properties, were obtained from the literature review and 

previous studies, including thermal model results and 

Tafel property measurements. The pH conditions range 

from 4 to 6, while the H2O2 concentration varies between 

10⁻⁴ M and 10⁻⁶ M. The density, diffusion coefficients, 

and porosity values used in the corrosion modeling are 

summarized in the following table. 

 
Table 1: Key parameters for corrosion modeling [4,5]. 

 Density [g/cm3] Porosity 

AA6061 2.70 0.01 

SS17-4 7.75 0.0386 

 
 Diffusion coefficient [m2/s] 

Fe 7.19E-10 

Al 5.59E-10 

H2O2 2E-9 

O2 2.3E-9 

H 0.37E-8 

OH 5.3E-9 

 

3. Result and discussion 

 

3.1. Electrochemical experiments result 

 

Table 2 summarizes the Tafel properties of SS17-4 and 

AA6061, presenting the electrochemical corrosion 

behavior as a function of pH and H₂O₂ concentration. It 

provides the measured values of corrosion potential 

(Ecorr), corrosion current density (icorr), and anodic Tafel 

slope (βa) for each material. 
 

Table 2: Tafel properties for SS17-4 (sus) and AA6061 (Al) 

under different H2O2 concentrations and pH levels. 

 
 

3.2. Thermal model result 

 

Figure 3 illustrates the temperature distribution over 

time inside the dry storage cask. The results indicate that 

the maximum temperature reaches approximately 274 °C 

over 100 years, while the overall temperature gradually 

decreases over time. 

 



Transactions of the Korean Nuclear Society Spring Meeting 

Jeju, Korea, May 22-23, 2025 

 

 

 
Fig. 3. Temperature distribution predicted by the thermal 

model. 

 

3.3. Corrosion numerical model result 

 

The simulation results indicate that both materials 

exhibit low corrosion rates, posing minimal risk to the 

long-term performance of the dry storage cask. However, 

as shown in figure 4, AA6061 demonstrated superior 

corrosion resistance compared to SS17-4. Over a 50-year 

period, under conditions of [H2O2] = 10⁻⁵ M and pH 5, 

the estimated degradation for AA6061, as predicted by 

the numerical model, is approximately 0.01475 mm, 

whereas SS17-4 exhibits a higher degradation of 0.0604 

mm. This difference is attributed to the lower porosity of 

the oxide film on AA6061, which enhances its corrosion 

resistance. To ensure a conservative approach, the 

highest temperature evolution predicted by the thermal 

model was incorporated as a boundary condition to 

determine the maximum corrosion depth. 

 

 
Fig. 4. Degradation progression of SS17-4 and AA6061 over 

10 and 50 years in an environment with [H2O2] = 10⁻⁵ M and 

pH 5 as predicted by the corrosion model. 

 

4. Conclusion 

 

While pH and H₂O₂ concentration influence corrosion 

behavior, their overall impact remains limited. Both 

AA6061 and SS17-4 exhibit high corrosion resistance in 

radiolytic environments, with AA6061 demonstrating 

slightly superior resistance due to the lower oxide film 

porosity, which contributes to a more stable corrosion 

rate over time. This corrosion resistance ensures the 

long-term structural integrity of dry storage casks, even 

in the presence of residual moisture. 

These findings provide valuable insights into radiolysis-

induced corrosion mechanisms, reinforcing the 

suitability of AA6061 and SS17-4 for dry storage 

applications. However, further investigation is required 

to fully understand the influence of pH, H2O2 

concentration, and temperature on the corrosion rate of 

each material. Ultimately, this study contributes to the 

development of more durable and resilient dry storage 

systems for SNF by improving the understanding of 

material degradation under radiolytic conditions. 
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