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Radiation Science

Accelerators & Quantum Beams

The development of radiation technology has greatly contributed to
progress of basic science that explores the universe and matter.
Quantum beams, including protons, electrons, neutrons, and
photons generated from the cutting edge radiation sources such as
advanced accelerators, nuclear reactors and spallation as well as
lasers, are the best tools to explore the structure and dynamics of
atoms and molecules. It also generates the most powerful
electromagnetic field that humankind can obtain, allowing the
laboratory to simulate space and extreme environments.
Furthermore, we study new functional quantum materials needed in
the era of the climate crisis and the 4th industrial revolution with the
quantum beams.

This interdisciplinary provides a systematic and comprehensive
educational courses on accelerator and quantum beam science and
technology, which aims to train experts capable of developing the
beam technologies as well as researchers dedicated to study new
quantum materials and extreme environments.

Introduction to accelerator
and beam physics

Advanced accelerators

Radiofrequency engineering

Laser optics
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Research Area

0 Advanced accelerators

Design, development, and operation of accelerators

= Normal-and super-conducting proton accelerators
= Circular and linear electron accelerators

= Generation and application of quantum beams

= Microwave ion source and radiofrequency system

e Ultrafast radiation

Ultrafast electron camera for watching molecules

= Ultrafast electron diffraction technology

= Molecular structural dynamics study by time-resolved diffraction
= Generation and application of terahertz wave

= Free-electron laser and its applications

e Laser produced plasma

Table-top accelerator technology by laser plasma
= Femtosecond solid-state and fiber lasers
= Proton and ion generation by laser plasma
= Electron acceleration by laser plasma
= Extreme physics with intense laser beam

0 Neutron/X-ray scattering

Quantum material study with neutron/ X-ray scattering

= Multi-scale neutron and x-ray scattering techniques

= New functional quantum material synthesis

= Material characterization by using the state-of-the-
art scattering techniques
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Radiation Science

Radiation Life Science

Radiation technology (RT) serves as fundamental technology
applicable to various areas. RT can drive industrial innovation in
existing industries and create diverse areas of applications through
its integration into various technologies spanning physics, chemistry,
and biology. Based on these characteristics this major performs
various research to develop innovative technologies essential for
future industries and Korea, and to create new radiation industry
markets.

This major aims to develop new radiation fusion biotechnology
based on systematic analysis of changes in living organisms in
response to ionizing radiation. The basic research curriculum
consists of radiation biology, molecular biology, biochemistry, etc.,
to analyze radiation response of living organisms. The applied
research curriculum consists of radiation technologies converged
with genetic and protein engineering, radioisotope-based
technology, etc., for development of novel bio-molecules.

Radiation biology Radiation biochemistry

Radiation molecular genetics Advanced radioisotope science
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Research Area

0 Radiation biological response

Analysis of radiation response of living organisms

Radiation resistant bacteria and their mechanisms
Eukaryotic DNA damage and repair mechanisms
Application on radiation-based plant metabolisms
Discovery of valuable bio-materials using radiation
transformation technique

e Radiation Tech for Infectious Disease

Radiation Technologies for Drug development
Low dose radiation therapy for pulmonary infection
Vaccine development using radiation and isotope
Drug and vaccine development using Aland X-RAY
Drug molecular redesign for improved and space drug
Prevention of pathogen transmission using radiation sterilization tech

a Biological effect of radiation

Radiation therapy efficacy enhancement and environmental purification technology

Radiation resistant cancer research

Radiation induced cancer stem cell research
Bioeffects by low-dose radiation

Environmental purification technology development

G Radioisotope application

Development of new drugs based on radioisotope (RI)

Proof-of-concept research on new drugs
RI-ADME & Toxicology research

In vivo imaging research using RI

Advanced radiation imaging (PET/SPECT/MRI)
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Nuclear Science and Technology

Radiochemistry

Radiochemistry research supplying essential chemistry data and
radioanalytical technology for nuclear fuel cycle addresses
fundamental problems associated with the treatment and disposal of
radioactive waste and the decommissioning of the nuclear power
plants, which are emerging as critical social and national issues.

Our radiochemistry research includes the synthesis of new functional
materials, the cutting-edge measurement techniques, and
chemistry data science such as artificial intelligence for the next-

generation nuclear industries through our world-class equipment
and the special facilities.

Radiochemistry and nuclear chemistry

Advanced instrumental analysis in chemistry

Special topics and principles in radiochemistry

[ J
ne THE FUTURE °$

INNOVATING The worL. *UJS'T

LEADING —

Research Area

a Fundamental Radiochemistry

Solid state chemistry, new material synthesis, etc.
= Synthesis of new actinide-based functional materials et
= Characterization of accident tolerant fuel
= Chemical characterization of the used nuclear fuel

e Radiochemical analysis

Radioanalytical techniques and data science
= Analysis of the difficult-to-measure radionuclides
= Database of the nuclides concentration in radwastes
= Development of the new Scaling Factor method

e Chemistry of radwaste disposition

Chemistry data for safety analysis of disposition
= Behavior of chemical species at disposal site conditions
= Migration of actinide species in natural environments
= Thermochemistry database of actinide compounds

a Molten salt chemistry

Chemistry in molten salt reactor and pyroprocess
= Chemical analysis for high-temperature molten salts
= Measurement systems of the molten salt property
= Modeling and simulation of the elements in molten salts

a Environmental sample analysis

Instrumentations for the ultra-trace level analysis
= Specialized chemical techniques in class 100 cleanroom
= Nuclear material analysis as a IAEA’s NWAL laboratory
= Mobile fast/miniature/automated analysis system

Log-radioactivity of DTM nuclide

Log-radioac8vity of key nuclide
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Nuclear Science and Technology

Quantum Energy Chemical Engineering

Quantum energy chemical engineering aims to develop
new technologies related to chemical systems and
materials at the atomic and molecular level in the field of
nuclear, chemical engineering, chemistry, material
science, and environmental engineering, and a new field
in which they converge.

This interdisciplinary goal provides the source
technology to advance Korea's nuclear and general
chemical industry technologies to become the world's
first movers. The technology created through this
advances many key areas related to the front and back
end nuclear fuel cycles, and the spin-off technologies
will provide the basis for the general industrial field to
have sustainable competitiveness even in the 4th
industrial era.

Introduction to nuclear fuel cycles and
nonproliferation technology

Advanced instrumental analysis in chemistry

0 Nuclear materials

Material aging phenomena in structural components of nuclear power plants
have been studied at various nuclear specific environments. Advanced
technologies, such as metal 3D printing, are also introduced to improve the
functional safety of nuclear components.

Nuclear fuel cycle and radioactive waste
treatment and disposal

The research group develops technologies for recycling uranium and
transuranic elements in spent nuclear fuel and reducing the disposal area by
separating long-lived highly toxic fission products. In addition, disposal
systems are developed to permanently isolate high-level radioactive waste
deep underground so that radioactivity and toxicity do not harm humans and
the environment.

e Nuclear decommissioning

The nuclear decommissioning proceeds in the following order: preparation -
decontamination - dismantling - treatment of radioactive waste - environmental
restoration. The research group is conducting research on the development
of eco-friendly materials, technology for upgrading various decommissioning
process.

G Molten salt reactor

A molten salt reactor is a reactor that uses molten salt dissolved solid salt at a
high temperature as a coolant. The reactor output is autonomously controlled
by the physical properties of liquid nuclear fuel itself, there is no risk of
explosion because hydrogen is not generated, and the possibility of leaking
radioactive materials to the external environment is low. The research group
is studying molten salt properties and thermodynamic behavior prediction,
liquid fuel manufacturing and fission product management technology.
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Nuclear Science and Technology

Nuclear System Engineering

The sub-major in nuclear system engineering deals with the research
related to the system design, validation, and safety evaluation. This
includes reactor thermal-hydraulic experiment/analysis, severe
accident, probabilistic safety assessment, and neutron beam
research. Thermal-hydraulic experiment and analysis contribute to
resolving the safety issues and enhancing the nuclear safety and
performance. In case of a severe accident in NPP, uncertain
phenomena such as corium behavior, hydrogen combustion, and
radiological releases are investigated. Probabilistic safety
assessment quantify the safety of NPP with probabilistic way, and
contribute to improving the safety. Neutron beam science and
technologies is a research field for the studies of phenomena and
analyses of materials and/or processes using neutron beam
produced by atomic energy systems such as research reactors.

Introduction to advanced nuclear engineering

Introduction to nuclear reactor safety analysis

Introduction to probabilistic safety assessment

Introduction to neutron diffraction and measurements

[ J
ne THE FUTURE °$

INNOVATING 1y F yopLp uUsT

LEADING —

Research Area

“ | o S LG RVENGE LT R ESGINT L il  Experiment and validation for advanced NPPs

Integral effect and separate effect tests

Safety validation and evaluation on ECC capability
High-precision tests and model development
Design and verification of advanced safety system

System scale thermal-hydraulics analysis
Subchannel/CFD scale thermal-hydraulics analysis
Multi-scale thermal hydraulics analysis
Multi-physics coupling analysis

Evaluation of in-vessel core damage progression
Evaluation of ex-vessel corium behavior

Analysis of hydrogen distribution and combustion
Evaluation of radiological release and reduction

Risk assessment and application research
Simulation based dynamic PSA research
Deep-learning based accident fast prediction
Intelligent accident mitigation strategy research

e ([0 = 1=E T IYa (=) -l Research reactor (HANARO) applications

Basic science and industrial application

3D neutron imaging for hydrogen fuel cells
Batteries and advanced materials property research
Cold neutrons for bio, chemical materials analysis
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Nuclear and Radiation Safety

with . KINS (Korea Institute of Nuclear Safety)
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The aim of Nuclear And Radiation Safety (NARS)
major is to cultivate human resource with expertise
in nuclear and radiation safety based on the
convergence of the education and research of the
various areas of the major, such as nuclear safety
analysis on the design-basis accident, severe
accident, 1&C, mechanical engineering, civil
engineering, radiation, etc. In addition, it develops
awareness of the safety with the education on the
regulation of nuclear and radiation safety.

Introduction to Severe Accident in Nuclear Power
Plant (NPP)

Fission Product Behavior in Severe Accident
Introduction to Human Reliability Analysis
Analog Circuit Design for Sensor Interface

Digital Circuit Design for Measured Signal
Processing

Tribology

Fracture Mechanics
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Research Area

Nuclear Safety Analysis & Severe Accident

Safety analysis in nuclear engineering is essential field since the nuclear power
encompasses production of radioactive materials. The research groups in NARS perform
the safety analyses and develop analysis methodology not only on design-basis accident,
but also severe accident and fission product behavior.

Nuclear Mechanical/Material Safety

It is possible to maintain the safety of mechanical components and materials in the
nuclear power plant by understanding on the failure problem and developing engineering
design on the aforementioned. In this major, the research group in NARS is performing
the mechanical and material safety analyses.

Civil Engineering in Nuclear Safety

The structural integrity of the containment in the nuclear power plant should be
maintained since the containment is the final physical barrier in the defense-in-depth
concept. The research groups in NARS are performing structural integrity analysis on the
containment considering internal pressure, external impacts and explosion loads.

Radiation Measurement for Harsh Environment

To monitor radiation in harsh environment like NPPs, radiation-hardened detection
systems are necessarily required for nuclear and radiation safety. The research for
advanced radiation sensors and integrated circuits can be widely used in medical and
space applications as well as nuclear.

Human Factors and Human Reliability Analysis

One of the important contributors to the safety of nuclear facilities is the reliability of
human operators. In order to understand the characteristics of human operators, it is
necessary to research human facotrs. In addition, research of human reliability analysis
with the collection of human performance data from a full scope simulator is required. One
of the NARS research groups focuses on this subject.
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Artificial Intelligence
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with . ETRI (Electronics and Telecommunications Research Institute)

Fostering Nuclear Al Convergence Talent for the Utilization of
Artificial Intelligence in the Field of Nuclear Power and
Radiation

Al Transformation for the Enhancement of Nuclear Power's
Safety and Economic Efficiency

Development of Al Specialized in Nuclear Power and Industrial
Data Analysis

Basic Deep Learning Optimization Theory
Advanced Deep Learning Stochastic Process
Pattern Recognition & Industrial Al

Machine Learning
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Detection for Nuclear Engineering

If we can detect anomalies in a nuclear reactor ahead of time, we
can preemptively respond, thereby enhancing the reactor's
stability and economic efficiency. Currently, we are conducting
research aimed at monitoring and preemptively identifying
potential issues by analyzing patterns in the information collected
from various sensors within the reactor.

e Machine Vision

We are developing technology to monitor the state of the reactor
using patterns from core bubbles, Cherenkov imaging, and other
features derived from CCTV footage of research nuclear reactors.
Additionally, we are conducting research on using artificial
intelligence to detect hazardous materials in X-ray images.

e Natural Language Process

We are developing artificial intelligence technology for understanding
nuclear-related documents using large language models like
ChatGPT. Using these language models, we're developing
capabilities for nuclear document search, document generation,
and a question-and-answer chatbot.

© A+ Digital Twin

Simulations in the nuclear field require a vast amount of
computational resources. We are conducting research related to
accelerating simulations using data and artificial neural networks,
digital twins, as well as research on acceleration of optimal design
for 3D printing.
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