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Abstract 

This study explores the feasibility of using convolutional neural network (CNN) 

metamodels to emulate and analyze radionuclide transport models, with a focus on 

cesium-137 (137Cs) transport in sand. Traditional partial differential equation (PDE) 

models have been widely employed for simulating radionuclide transport; however, 

these models are computationally intensive and time-consuming, especially when 

applied to sensitivity analyses involving large parameter sets. By training CNNs on 

simulation outputs from PDE models, this research demonstrates that CNN metamodels 

can achieve high emulation accuracy with training sets of 40,960 samples or more. 

Sensitivity analyses performed using Sobol’s first and total order methods reveal that 

CNN metamodels produce results comparable to those from PDE models while 

achieving significant computational speedup. Specifically, solving the PDE model for 

10,240 realizations took 235 minutes, whereas the CNN metamodel completed the 

same task in just 3.5 minutes. 

The study also investigates the impact of parameter tolerances on sensitivity 

indices, finding that CNNs are less affected by variations in parameter ranges than PDE 

models. The findings highlight the potential of CNN metamodels as computationally 

efficient alternatives to traditional PDE models, particularly for applications requiring 

large-scale simulations or real-time decision-making. This research provides a 

promising pathway for integrating deep learning techniques into environmental 

modeling to enhance computational efficiency without compromising accuracy. 

Keywords: Convolutional Neural Networks (CNNs), Radionuclide, Sobol, Fipy.  



National Central University Graduate Institute of Applied Geology 113-1 seminar 

 

 


