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Simulation techniques used to analyze complex phenomena 
comprising various physics effects, such as the environmental 
dynamics of radioactive substances and the study of severe 
accidents, are essential for resolving issues created by the 
accident at TEPCO’s Fukushima Daiichi NPS. Such techniques 
are also required for the research and development (R&D) of 
future nuclear systems. )or example, predicting the spread of 
released radioactive substances (whether on accident or due to an 
act of terrorism) in real-time requires using meteorological data 
to reconstruct the complex wind Àow around buildings. 7hus, 
advanced Àuid analysis techniTues that can compute complex 
wind Àow patterns TuicNly and accurately are reTuired. $nother 
example is material modeling required in severe accident 
analyses and development of next-generation nuclear reactors. 
Such modeling requires nanometer-scale analysis to simulate the 
complex arrangement of atoms in materials and centimeter-scale 
analysis to analy]e various phenomena, such as fuel melting. 
Such complex phenomena analyses could be extended to a much 
larger scale by combining them with exascale computational 
technologies (i.e., computers capable of performing �0�� Àoating�
point operations per second, )/23S), such as )ugaNu, which can 
perform several million parallel computations using many CPUs 
containing tens of cores. 

9arious simulation techniTues have been developed, including 

atomic�molecular and Àuid simulations, which are the basis for 
analy]ing complex phenomena, and computational technologies, 
such as numerical algorithms and visuali]ation systems. (fforts 
to further improve these techniques and develop new simulation 
and computational technologies are ongoing to enable exascale 
simulations of complex phenomena, apply machine learning 
techniTues for advanced simulations, and employ data�
assimilation technologies to improve simulation accuracy, as 
summari]ed in )ig.���. Such simulation techniTues for complex 
phenomena will become a foundation for future nuclear R&D.

In )<2020, our contributions in the field of computer 
science to the reconstruction and revitalization of Fukushima 
Prefecture included clarifying the main contributions to the air 
dose rate in forests in Fukushima Prefecture and established 
fundamental techniques of atomistic simulations to identify 
the mechanism of Cesium absorption to concrete (7opics ���� 
and ����, respectively). 7o advance analysis techniTues of 
complex phenomena, we developed new simulation methods 
as discussed in more detail in the following sections of this 
chapter (7opics ���, ��2, ���, and ���). :e steadily promote 
the research of simulation and computational techniTues, which 
are a common foundation for nuclear 5	', and provide them 
to the community.

Fig.9-1  Computational science research at the Center for Computational Science and e-Systems
The performance of a supercomputer is measured by the number of arithmetic operations it can perform in one second (i.e., 
floating-point operations per second, FLOPS). Exascale (i.e., 1018 FLOPS) supercomputers are expected to be standard in the near 
future, as are technologies to utilize them fully (i.e., exascale computational technology). The Center for Computational Science 
& e-Systems applies the latest technologies, such as exascale computational technology and machine learning techniques, and 
promotes the development of fundamental technologies to analyze complex phenomena in nuclear engineering.

Large‐scale multi‐
component fluid 

dynamics simulation

AI‐based 
modeling

First‐Principles
Calculations

Cs

Large‐scale atomistic simulation 
enabled by machine learning (1‐18)

~10,000 parallel processes ~100,000 parallel processes
䠇accelerator (GPU etc.)

Advances in simulation technologies

Advances in supercomputers
Peta (1015) FLOPS 2012 Exa (1018) FLOPS 2020     

First‐principles calculations of realistic problems Complex multi‐scale problems 

Advances in computing technologies
Extensive parallel computing  Accelerated computing 

Absorption of 
Cs in soil

Material 
properties

Parallel computation techniques allow a 
computational speed proportional to the 

number of cores of up to one million

0.1

1.0

0.01

0.001

Cores
102 103 104 105

K-computer
BX900 (JAEA)

P
er

fo
rm

an
ce

 (
P

et
a 

F
LO

P
S

)

Optimization for the latest supercomputers:
Developed method 2-3 times faster than the 

conventional method (9‐2)

1.0
1.5

5.2

1.5

2.8

0
1
2
3
4
5
6

Conv.

A
cc

el
er

at
io

n

Conv. New Conv. New
Oakforest-

PACS Fugaku Summit

Real‐time analysis of pollutant 
dispersion (9‐1)

Computational Science and E-Systems Research




