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1. Introduction 
 

In the decommissioning process of nuclear power 

plants, cutting is an important process for 

dismantling radioactive contaminated structures into 

sizes that can easily handle them. Cutting techniques 

used to dismantle radioactive contaminated structures 

are roughly divided into thermal cutting techniques 

using plasma torches, lasers, arc discharges, and 

mechanical cutting using saws, grinders, and the like. 

Aerosols are inevitably generated in the process of 

cutting structures using these technologies. In 

particular, cutting of radioactive contaminated 

structures generates radioactive aerosols, which are 

emitted not only to the operator but also to the 

atmosphere when not appropriately sealed. Therefore, 

in order to secure radiological safety during 

dismantling of nuclear power plants, it is necessary 

to evaluate the generation and spread of radioactive 

aerosols during the cutting process and apply 

appropriate protection techniques. 

Aerosol modeling in nuclear facilities has been 

developed and used mainly focusing on the diffusion 

behavior of aerosols generated from accidents, but it 

is not appropriate to consider the worker 

environment for work performed in closed spaces. 

Since the ventilation system is installed to prevent 

the release of radioactive aerosols into environment 

generated during the work process such as 

dismantling work, it is necessary to develop a tool for 

evaluating the behavior of radioactive aerosols in 

order to protect workers participating in the work. 

2. Radioactive Aerosol Model 
 

The mechanism for removing the base metal in 

laser cutting is known to be melt breakdown by high 

pressure gas, evaporation of melt, release of melt by 

recoil pressure due to evaporation, and the like. The 

recoil pressure is caused by the reaction force acting 

on the surface by the vaporizing gas and increasing 

the surface pressure of the melt, causing the melt to 

flow in a direction parallel to the evaporation surface. 

Therefore, the model of the laser cutting process 

should consider the momentum conservation of the 

recoil pressure by melting, evaporation, supporting 

gas flow and evaporation. Evaporation from the melt 

is modeled by Hertz-Knudsen equation and vapor 

pressure by Clausius-Clapeyron.  

The size distribution and concentration of aerosol 

particles vary with time and location. Assuming that 

the cutting for disassembly of the structure is done in 

a closed space with a ventilation system, the worker's 

health in the confined space will be greatly 

influenced by the distribution of radioactive aerosols 

and will require various protective equipment to 

protect the workers. Furthermore, even if the 

radioactive contaminated structure is cut in a closed 

space having a ventilation system, the radioactive 

aerosol that has leaked from the protective barrier or 

the ventilation system is likely to be released into the 

atmosphere. Therefore, the aerosol model associated 

with dismantling work should be divided into two 

parts: the aerosol distribution in confined space and 

the diffusion path of aerosols emitted into the 
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atmosphere. This study focuses on the time and space 

distribution of radioactive aerosols in the work space 

for the purpose of suppressing radioactive aerosol 

exposure to workers and preparing for ventilation 

systems. Evaluation models for aerosols leaked 

through protective barriers have been developed in 

many ways, so the priority is dealt with in this study. 

Since the generation of radioactive aerosols depends 

on the cutting mechanism, the generation model is 

constructed as a separate model. 

Depending on the time and space in the workspace, 

the aerosol particles move according to the 

atmospheric flow, and the particles are removed by 

flocculation and condensation, particle interactions, 

immersion, re-floating, (PSD) and the total number 

of particles. Computing the atmospheric flow using 

CFD under the assumption that the atmospheric flow 

and the PSD are independent when modeling the 

aerosol behavior in a given space, and calculating the 

PSD change due to the coagulation and condensation 

phenomenon after the particle moves by convection 

and diffusion is often used. Simulation of gas phase 

and particulate multiphase flow in one direction is 

reasonable when the volume, mass, and mass 

occupied by the particle are small. Usually this type 

of simulation is known to be suitable for. 

 

3. Conclusion 
 

Cutting in a closed workspace generates a large 

amount of dust, so it is likely that there will be a limit 

to understanding the overall phenomenon when 

simulating a multiphase flow including particles and 

gases in one direction. As an alternative to 

unidirectional simulation, a method of combining 

and simulating multiphase flows has been developed. 

The multiphase flow is modelled using Eulerian-

Lagrangian methods. The PBMC (Population 

Balance-Monte Carlo) method has recently been 

developed as a suitable model for the multiphase 

flow model that implements the flow-trajectory. The 

PBMC method is implemented using the constant-

number method and the differentially weighted MC 

method. 
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