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Nuclear energy is an energy
source for the future which can
supply an abundance of
clean energy to mankind

Established in 1959, the Korea Atomic Energy Research Institute
(KAERI) is the first science and technology research institute in Korea to be
mandated to achieve energy self-reliance through nuclear technology.
KAERI has produced remarkable achievements during its 60-year history of
nuclear energy development. Such achievements include the self-reliance of
the NSSS design of the Korean Standard Nuclear Power Plant, the localization
of both CANDU and PWR fuels, and the indigenous design of the HANARO
research reactor. KAERI has been successful on the world stage too. Signing on
MOU with Saudi Arabia to strengthen partnership in SMART reactor technology
and human capacity building in nuclear sector and the successful completion
of the Jordan Research and Training Reactor (JRTR) construction project are
examples of our global accomplishments.
KAERI is pursuing to accelerate the development of new technology, and will
make a determined move toward a sustainable nuclear energy system. In line
with the Long-term Development Plan for the Future Nuclear Energy Systems,
which has been implemented as a national policy, KAERI is concentrating all
of its efforts on the development of spent nuclear fuel reutilization technology
and on future nuclear energy systems that feature significant advancements in
safety, economics, and proliferation resistance.
KAERI owes what it has achieved to the public for its support over the past 60 years,
which has enabled the Institute to develop to its current status. All of the staff
members at KAERI are committed to living up to the expectations of our nation’s
people by producing world-leading nuclear R&D outcomes, and to concentrate
our efforts on maximizing our research capabilities. KAERI will spearhead efforts
to help Korea achieve its national agenda of sustainable development and low
carbon, green growth by solving the urgent challenges, such as environment
degradation and resource depletions which we face for the 21st century.

Won-Seok Park, President of KAERI
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Vision

To contribute to building a people & environment oriented safe society
through nuclear technology and to improve the quality of life by pushing the
technological boundaries forward

Goal 1

Innovative world-class safety
technology to eliminate radiation
emergencies

Goal 2

Goal 5

Strengthening basic
science research
capacity through
proactive and creative
activities

Key Tasks &
Strategic
Priorities

New convergence
technologies to
pioneer the future
advancements

Goal 4

Contributing
to innovative
growth and job
creation through
commercial
applications of
research outcomes

Radiation convergence
technology development
to improve human life

Goal 3

www.kaeri.re.kr
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Korea Atomic Energy Research Institute

1950~ 1970s

1980s

Feb. 3, 1959

Dec. 19, 1980 KAERI merged with KNFDI and

Atomic Energy Research Institute (AERI) was established
as an affiliate of the Office of Atomic Energy (OAE).

Feb. 17, 1973 Atomic Energy Research Institute (AERI), Radiological
Research Institute (RRI), and Radiation Research Institute
in Agriculture (RRIA) merged into one to become the
present KAERI.

Dec. 1, 1976

Korea Nuclear Fuel Development Institute (KNFDI) was
established.
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1990s
changed the name to the Korea
Advanced Energy Research
Institute.

Dec. 30, 1989 The previous name of Korea
Atomic Energy Research
Institute was restored.

2000s~

Feb. 15, 1990 Nuclear Safety Center
under KAERI became an
independent organization,
the Korea Institute of
Nuclear Safety (KINS).

Dec. 16, 1996 Activities on nuclear
engineering, nuclear fuel
design, and radioactive
waste management were
transferred from KAERI to
domestic industries.

Oct. 25, 2004 Technology Center for
Nuclear Control under KAERI
became an independent
organization of the National
Nuclear Management and
Control Agency (Currently
Korea Institute of Nuclear
Nonproliferation and Control).

Sep. 29, 2006 Jeongeup Advanced Radiation
Technology Institute was
established.

Mar. 27, 2007 KAERI newly inaugurated with
a change in its Korean name.
Korea Institute of Radiological
& Medical Sciences (KIRAMS)
was spun off from KAERI
and became an independent
entity.

Jan. 1, 2013

Korea Multi-purpose
Accelerator Complex
(KOMAC), Gyeongju, was
established.
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1987

1988

2010

2011

Localization of CANDU Fuel

Localization of PWR Fuel

Construction of Cold Neutron
Research Facility

Development of High Power
Proton Linear Accelerator

2012
Obtaining Standard Design
Approval (SDA) for SMART

Leading a Joint Project on Highdensity Low-enriched Uranium
Fuel

2013

2014

2015

Establishing Integrated System
Testing Facility for Pyroprocessing

Won the Dutch Research Reactor
Remodification Project

Joint Commercialization of
SMART with Saudi Arabia

1980s

1995

1996

Indigenous design and
construction of HANARO
Research Reactor

Development of the Korean
Standard Nuclear Power Plant
(KSNP)

1990s

2000s

2001

2003

2006

Development of Innovative
Therapeutic Radiopharmaceutical
‘Milican Inj’

Development of Advanced
Zirconium Alloy Fuel Cladding

Construction of ATLAS

2010s

2017
Construction of a Research and
Training Reactor in Jordan

From research for zero accident of nuclear power plant
to advanced convergence technology for safety. KAERI is
researching 'Safety' to build safe Korea.

KAERI has the best safety experts and the largest nuclear safety research facility in Korea.
Based on these infrastructures, KAERI is creating synergy effects between the fields
through comprehensive research on nuclear safety, from prevention of nuclear accidents to
environmental protection during accidents.
In the era of the 4th industrial revolution, KAERI is also taking the lead in the development
of high-tech safety technologies such as autonomous operation of nuclear power plant
based on artificial intelligence, robotics for coping with severe accidents and nuclear parts
& components production using 3D printing.
The safety technologies that KAERI has developed have contributed to improving the safety
of national nuclear facilities and protecting people and natural environment. KAERI will
continue to strengthen safety research so that nuclear energy can become a safe and clean
energy source.
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Strict SafetyStandards

Nuclear Fuel Safety Research
KAERI is developing nuclear fuel technology that prevents
nuclear accidents and minimizes the impact of nuclear
accidents. High performance Zr-alloy cladding and
large grained UO2 pellet technologies have been
developed and successfully transferred to the
industry. Since 2012, ATF (Accident Tolerant Fuel)
has been developed to significantly improve the
safety of nuclear fuel under both normal operating
and accident conditions. ATF is a kind a fuel which may
prevent such a hydrogen-explosion and large radioactive
release even at the Fukushima-like accidents. KAERI is at the forefront in ATF technology
by developing original technologies related to the design and fabrication, and participating
in international collaboration programs on a performance evaluation. In order to
accurately predict the fuel behavior during accidents, research on multi-physics and
multi-dimensional fuel performance analysis based on computational science is being
conducted .

Nuclear Materials Research
To maintain the safety and reliability of nuclear power systems, the soundness of
component materials must be ensured during the lifetime. Researches are being
conducted on the development of advanced technologies for evaluating and preventing
aging degradation and also of the innovative materials which need to utilize a large
experimental and computational database under various environments.
Current R&D programs are focusing on the complete preparedness for material aging in
operating nuclear power plants; the life-time evaluation technology considering neutron
irradiation on reactor vessels and internal components, corrosion cracking prevention
technology of base metals and welds in primary and secondary systems, non-destructive
inspection technology for early detection of materials aging damage, technologies to
resolve the CRUD and sludge problems, and so on.
Furthermore, KAERI is challenging the development
of innovative materials which can sustain the
integrity of nuclear system components even
under the accident conditions; the high-strength
oxide-dispersion strengthened alloy, high-quality
SiC composites, and new sensor materials. usable
at the extreme environments. The development of
reduced activation ferritic-martensitic steel for ITER
blanket project is going on as scheduled.

Korea Atomic Energy Research Institute

Thermal-Hydraulic Safety Research
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Severe Accident Research
To prepare for a Fukushima type of severe accident
resulting in core damage and a subsequent release
of radioactive materials, KAERI is performing
research on developing severe accident mitigation
technology focusing on the coolability of molten
core materials, the integrity of containment,
and a reduction of radiological releases. Major
researches include the prototypic experiments
to investigate the severe accident phenomenology,
and the development of a computer code for an accurate
prediction of a severe accident progression in nuclear power plants. A TROI steam
explosion test facility and a VESTA corium-structure interaction test facility have been
internationally well recognized for their use of prototypic materials and technological
competence. In particular the VESTA experimental procedure and results on the reactor
vessel failure during Fukushima Daiichi accident were broadcast on NHK, Japan.
Recently, SPARC and ARIEL experimental facilities have been operated to simulate the
behaviors of hydrogen, aerosol, and iodine in the containment during a severe accident.

Comprehensive R&D in the area of nuclear thermal-hydraulic safety is being performed
at KAERI focusing mainly on advanced light water reactors. Nuclear thermal-hydraulic
safety research is also being extended to APR1400, APR+, SMART reactors and advanced
nuclear energy systems. A variety of test facilities are being utilized for deepening
our physical understanding of a two-phase flow, for developing basic measurement
technologies, for verifying the performance of the major components, and for improving
and validating the safety analysis codes.
The successful operation of the ATLAS facility, which can simulate various transient
thermal-hydraulic behaviors of real nuclear power plants, has lead KAERI to reach
global standards and gain international competitiveness. Advanced safety analysis codes
(e.g. MARS) have been developed to perform a more precise analysis on a thermalhydraulic two-phase flow behavior in nuclear systems, and they are being integrated
with the component-scale analysis code (CUPID). After completing the construction of the
Reactor Coolant Pump Test Facility (RCPTF) which can contribute to the self-reliance of RCP
performance verification technology, KAERI completed the performance tests for 4 RCPs,
which will be installed in the first Shin-Hanul PWR.

Korea Atomic Energy Research Institute
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Risk and Environmental Safety Research
A radiation environmental assessment is important to predict the transport and minimize
the radiological impacts of the radionuclides released into the environment. KAERI
performs a variety of researches such as the development of technology for transport
analysis of radionuclides in environment, analysis of radiation exposure on humans and
wildlife and the development of technology for early and long-term assessment after a
nuclear accident. After the Fukushima nuclear accident, our research activities have been
focused on the long-term radiological impact assessment such as the development of
the decision-making support system for countermeasures in living/agricultural area and
construction of a general radiological environmental protection system by interfacing
atmosphere-terrestrial–soil-offshore-marine environment.
KAERI also performs risk assessment and management for nuclear system including
nuclear power plants. To assess the risk of a nuclear power plant, KAERI introduced
the technology of probabilistic safety assessment from the U.S. Then, the technology
has been localized to assess a domestic commercial nuclear power plant in Korea. All
the computational codes for probabilistic safety assessment were developed by using
domestic technologies, and the developed computational code was transferred to the
related industries including export of KIRAP/CONPAS and FTREX to foreign countries.

Nuclear ICT Research
KAERI has been performing a variety of research related to the man-machine interface
system that performs the role of neural network and the brain of nuclear power plants.

KAERI is conducting research projects to improve the safety of nuclear power plants

KAERI is developing a nuclear safety I&C system and controller against common cause

against extreme natural and man-made hazards including earthquake hazard. KAERI in

failures. KAERI also studies cyber security technology of the nuclear I&C system,

the top-level technology-holder in the research area of assessing the safety of structures

development of a simulator, I&C system against severe accidents and human error,

and components in nuclear power plants subjected to extreme external hazards.

design of advanced control rooms, plant monitoring and alarm systems, and technologies

Recently, studies for developing the technologies to accurately assess the characteristics

for enhancing software safety. In particular through various advanced technology studies

of ground motions that can occur in nuclear power plants, and to drastically improve the

such as autonomous control based on AI technology, diagnosis and forecasting of big

seismic safety by applying the seismic isolation and response control techniques, are

data-based plant operation status, IoT sensor based core equipment failure prediction

being performed.

technology, KAERI is striving to make nuclear technology safer.
KAERI is developing various robot technologies to carry out maintenance work, to deal
with accidents, and to dismantle the nuclear facilities. KAERI has developed robots for
automatic inspection of steam generator tubes and non-destructive inspection of reactor
vessels. KAERI is also developing extreme environments robotics to monitor accident
sites. KAERI is intending to improve the safety and economics for the dismantling of
nuclear facilities with a modular heavy-duty, high-precision and long-reach underwater
robotic arms capable of cutting off large-sized equipment such as reactor vessels. Also,
KAERI is developing the technology to monitor and diagnose the integrity of the core
equipment and structures of the nuclear power plant. Integrated NIMS software, which
collectively diagnoses the abnormality of the reactor system, will be applied to HANBIT
3·4 nuclear power plants, and the foreign object detection and high vibration diagnostic
technology technically support the site-effort for resolving urgent related issues.

KAERI conducts research to preserve clean nature and
environment for our next generation.

It is the government's responsibility to safely manage spent nuclear fuel and radioactive
waste. KAERI is conducting research to develop the best safety management technology
in all areas from the generation of spent nuclear fuels and radioactive wastes to the final
disposal.
KAERI is researching a safe, clean tomorrow in the Republic of Korea through the following
technologies. The technology to protect people and the environment by permanently
isolating radioactive waste deep underground. The technology to recover and recirculate
uranium and plutonium in spent nuclear fuel. The technology to return to clean natural
environment before the construction of facilities.

Storage
and
Disposal

Spent
Nulear Fuel
Recycling

PIE
Techniques

Nuclear
Chemistry

Decontamination
&
Decommissioning
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Technology Development for
Transportation, Storage and
Disposal of Spent Nuclear Fuel
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For Better
Future

Pyroprocessing Technology Development

Fundamental R&D activities, design and integrated safety tests related to the transportation
and storage system of radioactive materials has been performed. The safety test facility
for the transportation cask of radioactive materials has been operated for 20 years and is
the only facility in Korea of its kind under operation in accordance with KOLAS system.
Disposal systems for high-level waste have been developed to permanently isolate
and protect human and environment from radioactivity and toxicity. R&D activities have
been carried out to develop and improve the performance of barriers and safety of the
disposal system. In addition, various experiments are being performed at KURT(KAERI
Underground Research Facility), the only underground research facility in Korea.










T
 echnology development of safety evaluation and safety tests for transportation and storage
 evelopment of high-level waste (spent nuclear fuel) disposal system and advanced
D
total performance assessment framework
 hermo-Hydraulic-Mechanical performance assessment for the
T
engineered barrier of a disposal system
 ssessment of the performance and uncertainty of the natural
A
barrier (rock) considering the evolution of disposal environments

Depending on the disposal policy, spent nuclear fuel can be considered either a waste or

 eochemical and long-term complex behaviors of radionuclides
G
in the multi-barriers of a disposal system

deep ground repository, and according to the policy considering it as a resource, uranium

a resource. According to the policy deeming it as waste, it will be 'directly disposed of' in a
and plutonium are recovered from spent nuclear fuel for 'recycling'. Korea will continue
to develop treatment and recycling technologies that can reduce the volume and toxicity
of spent nuclear fuel, and then decide on the final disposal policy.
KAERI has developed pyroprocessing technology which is a high-temperature (500 to
650 ℃) electrochemical fuel processing technology for recycling the spent nuclear fuel
into metal fuel for a fast reactor. KAERI has developed the core technologies of head-end
process, electrolytic reduction, electrorefining and electrowinning for the pyroprocessing
development, and constructed the world's largest engineering scale demonstration
facility (PRIDE) and tested the unit processes at the PRIDE.






 peration of an engineering-scale PyRoprocess Integrated
O
inactive DEmonstration facility (PRIDE) (from 2013.7 ~)
 articipation in joint collaborative research programs with
P
the USA and the IAEA for securing the technological
validity and the international transparency of
pyroprocessing technology (from 2011 to 2020)
Construction of a lab-scale Advanced spent nuclear fuel
Conditioning Process Facility (ACPF) and its modification
(in 2014)

Korea Atomic Energy Research Institute

Sodium-cooled Fast Reactor(SFR)
Development
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Development of PIE Techniques for Spent
Nuclear Fuels and Irradiated Materials
As the research facilities dealing with spent nuclear fuels and materials irradiated at
HANARO, IMEF, PIEF, and PRIDE facility are equipped various experimental installations
such as pools and hot cells, etc. The top priority of the facilities is the safe operation. The
spent nuclear fuels currently being stored in the PIEF pool will be returned to the NPPs
by 2023 after development of the transportation technology. The main activities conducted
in the facilities are as follows.






 erformance test of HANARO-irradiated fuels and
P
materials.
Integrity test of nuclear fules and structural
materials of NPP
 afe storage research on NPP's spent nuclear
S
fuels



Technical solutions for safe spent nuclear fuel management could be a direct deep
underground disposal or disposal after separation and transmutation of long-lived high
toxicity elements from spent nuclear fuel. The current national policy of spent nuclear
fuel management was not decided yet and was kept as a 'wait and see' policy.
KAERI has been developing pyroprocessing and sodium-cooled fast reactor technologies
for separation and transmutation of long-lived highly toxic elements, respectively. The
developments are to provide publically acceptable economical and environment-friendly
technologies of the safe spent nuclear fuel management.
A prototype reactor PGSFR of 150MWe capacity, which is planned to be constructed by
2028, is under development to demonstrate the feasibility of transmutation technologies
before the operation of final disposal repository in the 2050’s. A final decision for the
transmutation technology demonstration will be made on the consensus of public
acceptance upon the JFCS (Joint Fuel Cycle Study) results in 2020.
In December 2017 KAERI completed and issued the Specific Design Safety Analysis
Report (SDSAR) and Topical Reports (TR) for the PGSFR in cooperation with domestic and
international partners on the safety-related topics.

 &D for pyroprocessing techniques with nuclear
R
fuels
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Nuclear Chemistry Research
Among the various radioactive nuclides in a spent nuclear fuel, actinides have very
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Decontamination & Decommissioning
Technology Development

long half-lives and leave a radio-toxicity to ecology for a long time. Therefore, various
thermodynamic data were produced to make database of actinides for a better
understanding of their behaviors in a spent nuclear fuel, disposal site, and also far field
area. In addition, KAERI technically supports nuclear industries by providing chemical
analysis results such as spent nuclear fuel burnup, quantity of nuclide in a waste drums,
etc., and KAERI is continuously pursuing efforts for a reliable QA/QC system as well.
The analytical system for nuclear materials in ultra trace levels (10-9~10-10 g or less for
U, and 10-10~10-12 g or less for Pu) has been established at KAERI to support the IAEA's
activity for the peaceful use of nuclear energy. By developing related analytical techniques
and constructing a clean facility (CLASS), KAERI had acquired the official accreditation
from the IAEA for the capability of environmental sample analysis in the field of bulk
analysis and particle analysis, in 2012 and 2015, respectively. KAERI has been performing
the analysis of domestic and international environmental samples since 2013, which
contributes to enhance the national nuclear transparency, and supports the international
society in the field of nuclear safeguards.

Radiological characterization, the decontamination of a reactor coolant system, remote
dismantling and manipulator, radioactive waste treatment, and nuclear site remediation
are under development from the basic to the practical stage for the safe and economical
decommissioning of nuclear power plants or facilities. In particular, to realize safe and
economical decommissioning of highly radioactive reactors and internal structures, a
virtual reality based tangible simulator and an integrated system for the evaluation of
dismantling process were developed. To provide the accessible radioactivity level (from
00 mSv/h to 000 μSv/h) around the reactor, HyBRID decontamination system based
on inorganic chemicals that minimizes the amount of secondary waste generated by
decontamination has been developed. KAERI also has developed a new material to
magnetic nanoparticle aggregates which is capable of adsorbing radioactive cesium
solved in the liquid, and followed the recovery the adsorbent with a magnet. As spent
uranium catalyst from petrochemical fiber manufacturing process can be separated and
purified to the very low concentration silica to the level of its self disposal by applying the
technology, which is expected to be commercialized in the near future.








 adiological characterization decommissioning facilities / waste materials and
R
development of analytical nuclide measurement technology
 hemical decontamination of primary coolant system and post-decontamination liquid
C
waste treatment
 ext-generation remote dismantling technology combining 3D process simulation,
N
robot or laser technologies
 aste treatment technology for non-treatable radioactive waste and high reduction of
W
concrete and metal wastes

KAERI is leading the world nuclear technology by exporting
research reactor and integral reactor

KAERI Global Network
KAERI is cooperating with 67 organizations from 33 countries and 4 international
organizations around the world to spread Korean nuclear technology to the world.
(As of April 2018)



Europe
- 15 countries,

21 organizations
- Won the Dutch

Research
Reactor
Remodification
Project



Africa
- 4 countries,

5 organizations



Middle East
- 3 countries,

5 organizations
- Joint Commercialization

of SMART with Saudi
Arabia
- Construction of a

Research and Training
Reactor in Jordan



Asia-Pacific
- 8 countries,

21 organizations



North America
- 2 countries,

10 organizations



Latin America
- 1 country,

1 organization

Korea Atomic Energy Research Institute
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Global KAERI

TUD Research Reactor and Cold Neutron Characteristics


Reactor Type : Open-Tank-in-Pool



Thermal Power : 2.3 MW



Max. Cold Neutron Flux : over 7.5x107 n/㎠·s



Coolant : Light water



Cold Neutron Generation Type : Thermo-siphon Type



Moderator : Liquid Hydrogen



 pplication Fields : Nano- and Bio-scale Material
A
Structure Study, Bio-, Low Energy Dynamic Study,
Cold Neutron Imaging

KJRR Design Characteristics

Research Reactor Technology
Development



Reactor Type : Open-Tank-in-Pool



Thermal Power : 15 MW



Max. Thermal Neutron Flux : over 3.0×1014 n/㎠·s



Fuel Type & Material : Plate Type, LEU Uranium-Molybdenum



Coolant/Reflector : Light water/Beryllium



Core Cooling : Downward Forced Convection Flow



 pplication Fields : Radioisotope Production
A
including Mo-99, Neutron Transmutation Doping,
Fast Neutron Irradiation, etc.

Hybrid-Low Power Research Reactor

Based on the experience and technology of design, construction, operation and utilization



Reactor Type : Open-Tank-in-Pool

of HANARO, KAERI successfully exported a nuclear system package to Jordan in 2009, the



Thermal Power : 50 kW

first time ever during the half century of nuclear technology development in Korea. The



Jordan Research and Training Reactor was constructed completely in December 2016 and



Fuel Type & Material : Rod Type, UO2 (4.65wt%)

taken over successfully in June 2017. Also, in order to cope with the growing demand for



Coolant/Reflector : Light water/Beryllium, Graphite

the replacement of aged research reactors and the construction of a new one, the KJRR



Core Cooling : Natural Convection Flow

(Kijang Research Reactor) project was launched in 2012. In succession, the KEARI and



Hyundai Consortium obtained the order for the research reactor modification and CNS
utility installation project (OYSTER) of the Netherlands Delft University of Technology (TUD)
in 2014. In addition, a hybrid-low power research reactor of 50 kW is being developed for
classroom education and training.
JRTR Design Characteristics


 eactor Type : Open-Tank-in-Pool
R



 hermal Power : 5 MW (Upgradable to 10 MW)
T



 ax. Thermal Neutron Flux : 1.5×1014 n/㎠·s
M



 uel Type & Material : Plate Type, LEU (19.75%U235)U3Si2
F



 oolant/Reflector : Light water/Heavy Water
C



 ore Cooling : Downward Forced Convection Flow
C



 pplication Fields : Neutron Beam Application Research (Neutron Science, Radiography)
A
Neutron Irradiation Services (Radioisotope Production, Neutron Activation Analysis,
Neutron Transmutation Doping)

Max. Thermal Neutron Flux : ~4.0x1012 n/㎠·s

 pplication Fields : Classroom Education and
A
Training, Radioisotope Production, Neutron
Activation Analysis, etc.

Korea Atomic Energy Research Institute
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SMART(System-integrated Modular
Advanced ReacTor) Development
SMART (System-integrated Modular Advanced ReacTor) is a small-sized integral reactor
that generates a rated thermal power of 365 MW. It can produce around 100 MW of
electricity, or 90 MW of electricity and 40,000 tons of desalinated water concurrently,
which is enough for 100,000 residents. After its 17-year development, the Standard
Design Approval (SDA) for SMART was issued on July 4, 2012 by the Korean Nuclear
Safety and Security Commission (NSSC). By successfully obtaining SDA, SMART has
become the most advanced small integral reactor technology in the world, and the only
integral reactor that can be currently built. SMART is expected to open up the world’s
small reactor market and will take the leading initiative in the development of related
technologies. SMART, with its enhanced safety and attractive economical design, will
open up new markets to replace expensive, environmentally unfriendly fossil power
plants for electricity and steam/water production, and will become an alternative to large
nuclear power plants.

To construct at least two SMART reactors in Saudi Arabia and jointly promote the reactor
on the global market, Korea and Saudi Arabia signed a Memorandum of Understanding
(MOU) on SMART Partnership and Human Capability Build-up in March 2015. Under
the MOU, the two countries will conduct a three-year Pre-Project Engineering for
construction of SMART in Saudi Arabia. The MOU also calls for the two countries to
cooperate on the commercialization and promotion of the SMART to third countries.
Currently the Pre-Project Engineering for SMART between Korea and Saudi Arabia is
progressing for the FOAK plants construction in Saudi Arabia.
SMART Basic Design Information


Reactor Type : Integral PWR



Thermal Power : 365 MW



Electric Power : larger than 100 MWe



Desalination : 40,000 ton/day



Design Lifetime : 60 years



Fuel Type : 17×17 Square FA



Fuel : low-enriched UO2



Active Core Height : 2.0 m



Refueling Cycle : more than 30 months

Korea Atomic Energy Research Institute

34

35

Global KAERI

Research Reactor Nuclear Fuel
Development
KAERI has developed the atomization technology for the first time in the world to produce
high density LEU fuel with U-Mo that will minimize HEU use in the field of research
reactors. Atomization is KAERI’s unique technology in which molten uranium alloys
formed by induction heating in a vacuum are poured onto a rotating disk, and the melt is
then spread outward by centrifugal force to form fine spherical droplets, which rapidly
solidify.
This is the only technology available at the moment for the mass production of U-Mo
powder, and it is considered very useful in LEU conversion of high performance research
reactors, minimization of HEU use, and further advancing global nuclear security. Using
this atomization technology, KAERI has already provided about 134kg of U-Mo fuel powder
for test purposes to many research reactors around the world. As stated in the MOU
established between the MSIP of Korea and the DOE/NNSA of USA, signed in September
2013 and in the joint statement of the 2014 Nuclear Security Summit, KAERI will continue
providing atomized U-Mo powder until the DOE/NNSA’s research reactor fuel conversion
program is completed.

As a part of international nuclear non-proliferation program, The USA has started a new
project with Japan which converts HEU fuel of Kyoto University Critical Assembly (KUCA)
to LEU fuel since 2011. In the research result for LEU conversion of KUCA, a high density
LEU-Mo fuel showed the best performance in the test and the atomized LEU-Mo powder
developed by KAERI was selected for use in the LEU conversion of KUCA. The DOE/NNSA
sent ROK a letter to request U-MO atomized powder in July
2017 and KAERI will supply 45kg of atomized LEU-Mo
powder within the first half of 2019 for the successful
implementation of the KUCA project.
KAERI’s participation in the KUCA project implies
symbolic significance for converting the HEU fuel
of KUCA to LEU fuel for the first time in the world
by providing Korea's advanced nuclear technology
to Japan which is an advanced country in the field of
nuclear industry.

KAERI contributes to the development of the national science and
technology and industries through research in basic science and
new material development by utilizing its research reactor.

KAERI is contributing to the development of Korea's basic science by building large-scale
research facilities such as the world-class multi-purpose research reactor HANARO, proton
linac constructed with our own technology, and large-scale cyclotron. KAERI is also pushing
for construction of Kijang research reactor that can produce medical radioisotopes in large
quantities.

Neutron Science - Neutrons produced in research reactors collide with
matter to study atomic or molecular structure. KAERI is accelerating research
to develop new materials used for renewable energy systems and to increase
the productivity of the national important industry such as automobiles,
shipbuilding and chemicals.

Radioisotope Research - KAERI is conducting research to utilize
radioisotopes produced in HANARO in various fields such as health care,
industry, defense, and basic science. KAERI is developing medicines that can
diagnose and treat diseases such as cancer using radioisotopes, and is also
working on developing advanced convergence technologies such as power
pack and power recovery systems.

Proton Research - A proton linac, built in Gyeongju, is an installation that
accelerates a proton closer to the speed of light (300,000 km/sec) to change
the properties of matter or create new material. With this principle, the
proton linac is used in a variety of R&D and industries, including nano, IT,
biotechnology, aerospace and medicine.

Quantum Optics Research - KAERI is exploring the principles of
undiscovered material operation by observing the structure and movement of
atoms and molecules of matter using flashy laser and high-speed electronic
beam technology. Based on the world's best laser technology, the O-18
enrichment technology has been commercialized, and the Li-7 enrichment
technology has been developed to enhance the safety of the reactor.
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With its independently designed and constructed research
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Neutron Science and Application
Research

reactor HANARO, KAERI is striving to utilize it in diverse
R&D areas to produce various research outcomes aimed
at promoting national development and improving
public welfare. The HANARO research reactor which
was independently designed and constructed has been
safely and efficiently operating since 1995. The safe and
reliable operation of HANARO has been providing a source of
neutrons for a wide variety of scientific purposes around the world.
The world-class research reactor with high neutron flux has been contributing to the
development of nuclear industry by utilizing it in various areas such as basic science
and new material development using neutron scattering, research on nuclear materials
and fuel, radioisotope production and research on medical & industrial application for
radioisotopes production of a high quality semiconductor for power devices, and neutron
activation analysis.



Reactor Type : Open-Tank-in-Pool

century. Nowadays neutron scattering is widely used to study nanomaterials and quantum


Thermal Power : 30 MW

 tilization : Multi-purpose (neutron science research,
U
radioisotope production, irradiation services, etc.)



Max. Thermal Neutron Flux : 5x1014n/cm2·sec



Fuel : Rod type, LEU (19.75w/o U235), U3Si-Al Meat, Al Clad



Coolant : H2O



Core Cooling : Upward Forced Convection Flow



dynamics at the atomic scale from subnanometers to a few hundred nanometers. It has
played a significant role in advancing material science since its inception in the mid-20th

Characteristics of HANARO


Neutron scattering is a probe of the microscopic world that measures structure and

Reflector : D2O



Absorber Material : Hafnium

materials that may one-day open doors to new devices and new applications.
HANARO is one of the most powerful research reactors in the world regarding neutron
beam flux it provides for neutron scattering instruments. A neutron beam is extracted
through the horizontal beam ports attached to the reactor’s moderator vessel and is sent
to neutron scattering instruments installed either right next to the reactor shielding or
in the guide hall several tens of meters away from the reactor. Neutron mirrors allow
neutron beams to travel such distances with minimum loss. The KAERI has installed
many instruments around the reactor and in the guide hall since 1995 that cover a broad
range of science. All of them are open to users from around the world.
Neutron Activation Analysis (NAA) is a useful technology for trace element analysis
such as impurities in a semiconductor. The thermal neutron NAA installed in HANARO
has been actively used in the fields of archeology, food, and material industry. The Cold
Neutron Activation Station (CONAS) was completed and opened to domestic and foreign
users in 2014. In addition, the research for leading-edge material like superconductors is
being carried out through neutron irradiation. HANARO produces power semiconductor
material which is necessary in hybrid and electric vehicles, a renewable energy production
system and HVDC (high voltage direct current) transmission by using the neutron
transmutation doping (NTD). HANARO is one of the world’s three major technology
suppliers, and HANARO has been credited for the world best quality and efficiency in NTD
technology by semiconductor companies.
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Nuclear Fusion Technology Development

A variety of radioisotopes have been produced to develop technologies for the medical
and industrial fields at the HANARO research reactor. KAERI has produced radioisotopes
for medical and industrial isotopes including the traditional radiopharmaceutical, I-131
using the HANARO. KAERI has focused on the development of the medical isotope,
Mo-99 and also the therapeutic beta emitting isotopes such as Lu-177. Currently,
radiopharmaceuticals for the purposes of targeted-therapy and theragnostics (one drug
for the diagnosis and therapy at the same time) are the major research activities.
Industrial applications employing the radiotracers are diversified from the diagnosis of
units in chemical plants. For the future applications, the power pack or power recovery
systems for the lunar project, the nuclear facility, and

KAERI is making its effort to develop future energy by integrating its world-class nuclear

the military purposes are also under development.

power technology with research on nuclear fusion. Fusion energy is being developed in

These medical and industrial technologies using

a stepwise approach by establishing large-scale facilities like KSTAR and ITER. KAERI

radioisotopes can improve the quality of life and

successfully developed NBI and RF heating systems for KSTAR, and blanket first wall

provide a growth engine to pioneer new industrial

and test blanket module through the ITER project. The a next generation fusion heating

fields. It is expected that the nation’s isotope

system and tritium breeding blanket technology are being developed based on the

industry becomes world-competitive once the Kijang

national and international project experiences. KAERI is laying a stepping stone for the

reactor and the Mo-99 production facility are in

future by using plasma, ion source for the industrial, medical, and defence application.

operation.



Development of PFC with operation of high heat flux test facility



Development of next generation fusion heating system



Development of heavy ion linear accelerator and its application

Stable Isotope Separation Technology
Development
Recently, the use of isotopes has been greatly increased in medical, science and
industries. KAERI has been developing a new isotope separation technology called
ALSIS (Advanced Laser Stable Isotope Separation). Based on the technology, KAERI has
successfully commercialized the production of the oxygen-18 enriched water which is used
for a raw material of radiopharmaceuticals for the diagnosis of cancer and Alzheimer’s
disease. KAERI is now focusing its efforts on the development of carbon isotope separation
technology for the disposal of radioactive carbon-14 wastes and also have a plan to
develop separation technology of lithium isotopes for domestic and global supplies.

Korea Atomic Energy Research Institute
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VHTR(Very High Temperature gascooled Reactor) Development
The Very High Temperature gas-cooled Reactor (VHTR) is a multi-purpose generation IV
reactor system that produces high temperature heat up to 950℃, which is applicable to
various areas such as hydrogen production, process heat supply and so on. In particular,
the inherent safety characteristic of VHTR ensures that the reactor is naturally cooled
and stopped under extreme conditions of loss of power and a coolant at Fukushima-like
accident. In preparation for the future hydrogen society and the reduction of greenhouse
gas in energy sectors other than power generation, KAERI performs researches on
key technologies for high temperature nuclear energy system using VHTR. In addition,
various international collaborations such the Generation IV International Forum (GIF) are
in progress for increasing the effectiveness of R&D.

Operation of the Korea Multi-purpose
Accelerator Complex
The Korea Multi-purpose Accelerator Complex as a branch institute of KAERI located
in Gyeongju, operating a 100 MeV proton linac which were developed by KAERI, has
supported cutting-edge research and development since July 2013. The 100-MeV proton
linac, which is capable of supplying the proton beams of characterized conditions from
20 MeV to 100 MeV, is designed to utilize it in various research fields, such as material

Development and Validation of Nuclear,
Atomic and Molecular Data

science, nano technology (NT), semiconductor, bio-technology (BT), medical applications,
nuclear energy, environmental Technology (ET), space technology (ST), radioisotopes (RIs),
nuclear technology, information technology (IT), and basic science.
KOMAC also provides ion beam services with gaseous, metal and vertical-type ion beam

KAERI performs core activities related to nuclear data such as nuclear reaction cross-

facilities since 2013, which can supply more than 15 species

section measurement, evaluation of nuclear reaction, structure and decay data, and

of ions(such as H, He, N, Ne, etc.) to materials. Ion beams

verification of evaluated nuclear data files to support national nuclear and radiation

are utilized in various research fields, such as material

R&D programs. Atomic and molecular (A&M) data such as level structures, transition

science, nano technology (NT), semiconductor, bio-

probabilities, and collision cross sections are also studied performing spectroscopic

technology (BT), environmental Technology (ET), basic

modeling considering A&M processes in plasmas, radiation and particle transport in high

science, etc. Moreover, KOMAC operates a R&D support

energy density plasmas, which are utilized in various applications such as nuclear fusion,

center for industries. The center can help industries develop

EUV lithography, astrophysics, and nuclear mass and shape derivation.

their apparatuses and solve their technical problems.

KAERI is developing advanced radiation technologies that
add value to the industry, increase the value of life, and
preserve the quality of life.

The Advanced Radiation Technology Institute (ARTI), an affiliate of KAERI, is the sole
radiation-specialized research institute in Korea, and is aimed at creating the world's best
R&D results and cultivating the nation's new radiation industry. Despite its short period of
history, ARTI has led the nation in fostering and advancing radiation technology and industry
by creating outstanding world-class R&D results.
KAERI is doing our utmost to develop radiation fusion technology and improve the quality
of life. KAERI is also putting all of our effort for strengthening the competitiveness of the
national radiation industry by intensively fostering radiation equipment technology, which is
the next generations' core R&D area.

Irradiation
Facilities

Strategic
Goals
Development
of Predictable
Precision
Radiation
Technology

Foster the
leading radiation
industry in the
global market

Improving
Utilization of
Specialized
Radiation
Facilities

Development
of Radiation
Response Technology
for Solving Social
Issues

Radiation
Equipment Fab

Main
Facilities
RI-Biomics
Center

Radiation Breeding
Research Center

Cyclotron
Accelerator

Electron Beam
Demonstration Center
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Radiation Biotechnology Research

KAERI is developing fundamental core technologies
related to radiation equipment such as a radiation
inspection system, a non-destructive test equipment
and medical imaging diagnosis system, etc. KAERI
is focusing on R&D and application of electron
accelerators, X-ray generators, and a cyclotron.
System integration, radioisotope production, and proton
beam utilization research are also on-going research fields
by using these core technologies. Radiation detection materials,
detectors and signal processing electronics, which is adapted with radiation hardness
technologies, are also our research fields.
‘Radiation Equipment Fab’, established in 2016 is a comprehensive research facility
for radiation equipments where researches are performed from basic study to
commercialization. In the Fab center, activities such as research, development, test and
evaluation of radiation sensors, generators, and compound systems, which are called
core source technologies of radiation equipments are conducted.


 evelopment of high-energy electron accelerators and a mixed-radiation inspection system
D



 evelopment of radiation detection materials, detectors and radiation imaging systems
D



 adioisotope production, radio-pharmaceutical development and proton beam utilization
R



 upport of bottle-neck technologies and research instruments in the Radiation
S
Equipment Fab and the 30-MeV Cyclotron facility.
KAERI contributes to the development of the bio industry by studying the radiation
response of living organisms. KAERI has established a total solution for radioisotopebased research in molecular imaging to evaluate new drug candidates in vivo (i.e. ADME)
and to develop novel materials for diagnosis and therapeutic uses. Based on radiation
sterilization technology, KAERI has developed special-purpose foods (space food and
patient food) and the quarantine protocols for importing and exporting agricultural
commodities. KAERI is also expanding the spectrum of the radiation sterilization
technology to not only preservation and disinfection of various cultural heritage artifacts,
but also production of inactivated bacterial vaccines.


 adio-multiomics for analyzing the radiation response of living organisms
R



 yntheses of novel compounds by radiation transformation technology (RTT)
S



 lucidation of the mechanism of radiation-resistance in living organisms
E



 adiation biodosimetry
R



 evelopment of novel bio-molecules for pharmaceutical purposes and immunityD
enhancing natural composition for the elderly and cancer patients.
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Radiation Breeding Research
KAERI will accelerate the development
of national strategic resources and
contribute to the improvement of
national agriculture competitiveness.
In order to secure and advance the source technology of radiation breeding, KAERI is
making the effort to develop a new breeding technique that utilizes various radiation
sources and to utilize-omics tools for identification of a mutation mechanism to
strengthen basic research capacity in the genomic/metabolic field. KAERI is exploring
new functional materials and developing practical technology that utilizes developed
materials. KAERI is contributing to expanding the breeding technology of radiation
breeding by expanding the cultivation area through a private supply of new mutant
varieties, consulting cultivation technology, and supporting radiation research.




Advanced Materials & Environmental
Remediation Research
KAERI contributes to people’s safety and improvement of
quality of life through the development of environmental
remediation technology. By using radiation technology,
our research groups are developing high valueadded novel materials and improving their properties
in the fields of medical, bio, aerospace, defense,
environment, and energy. KAERI is also leading
the creation of new radiation industry through the
demonstration study of the radiation technology. In
addition, radiation technology takes an active part in solving
environmental pollution such as water, air, waste and soil contamination.








The development of materials for extreme environments and evaluation of radiation effects
 adiation technology to solve emerging environmental issues such as fine particle,
R
malodor and indoor air pollution
 he development of refractory micropollutant (pharmaceuticals, endocrine disrupting
T
compounds, etc.) treatment technology
The development of organic wastes treatment and recovery technology

The development of new horticultural crops to cut seed royalties
 esearch and development of biomaterials for high-functional foods, medicines and
R
eco-friendly crops



The development of mutation breeding technology with high efficiency



Research on new material discovery, physiological activity and practical use



Establishment of Mutant Genebank system



 xpansion of radiation breeding varieties and enlargement of developed breeding
E
technology
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Open Communication with Community

Thorough safety management and open communication with the
community are the first priority value of KAERI.

KAERI concluded the 「Nuclear Safety Agreement」 between
Daejeon City - Yuseong District – KAERI in 2017. In accordance
with the agreement, KAERI is cooperating with the local
governments about a safety plan, measurement of
environmental radiation, and release of safety information.
Also, in the same year, 「Nuclear Facilities Safety
Inspection Citizen Group」 consisting of local residents,
local governments and experts, was established. The safety
concerns of nuclear research and facilities including HANARO and management of
radioactive wastes was dispelled by this group.
Since 2007, KAERI has held the quarterly 「local community council meeting」 for the safety
of nuclear facilities to discuss the issues related to safety and share opinions with the
residents. Additionally, KAERI holds 'Atomic Talk Concert' that consist of meetings with
residents, visiting research facilities, and special lectures to correct misunderstandings
about nuclear energy.
Also, KAERI will emphasize its identity as a national research instituet by increasing public
participation in its management through programs including ‘Management Advisory Committee’
for the improvement of transparency, ‘Civil Safety Ombudsman’ for directly verifying nuclear
safety, ‘Integrity Citizens' Inspector’ for identifying the level of integrity, ‘Citizen Safety
Communication Center’ that properly enhances communication with the local community.

Korea Atomic Energy Research Institute
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KAERI Green Sympathy CSR
KAERI is carrying out a variety of social contribution activities as a government-funded
research institute with the belief that ‘sharing is communication’. In particular, since
the launch of the 'Green Sympathy' social contribution brand, all employees have been
involved in social contribution activities more systematically.
Volunteer program
KAERI is supporting the financial aid and commodities to the underfed children, the
elderly living alone, the disabled, the social welfare center, etc., centering on the ‘Green
Nuclear Volunteer Corps’ established to support the underprivileged. With a campaign
of ‘love account’ that is automatically donated from employees salary, KAERI helps the
self-reliance of the underprivileged. Also, 'One institute-one village volunteer assistance
program' helped farmers suffering lack of hands by visiting orchard or farm. As a part
of a talent donation, KAERI hold a 'good health and longevity photo’ event. After taking
pictures for local seniors, photos are delivered with a frame. Every Tuesday, KAERI serves
lunch at the Social Welfare Center, provides warm meals to the elderly living alone, and
helps clean the restaurant. Also, KAERI is contributing to the revitalization of traditional
markets through a ‘traditional market shopping event’.

Educational donation to spread scientific culture
For nurturing students and helping local residents understand nuclear science, KAERI
has a variety of field trips and experience programs. During the school vacation seasons,
KAERI holds a 'KAERI Opening Day' event to provide an opportunity for students and
parents to visit the research sites, and through the 'Dream Mentoring' program, KAERI
becomes a mentor for students who worry about career problems and play sports with
students sud ar soccer and table tennis. The annual 'Atomic Creativity Competition
program' is held every year to raise interest in science. The 'Mothers Table Tennis
Tournament', which is held every year since 2006, is a representative sports event for the
local community and has been loved by local residents as a basis for communication and
harmony.

Korea Atomic Energy Research Institute
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Safe Management of Radioactive Wastes
Various types of low and intermediate-level radwastes generated from national nuclear
R&D programs are safely collected, treated, stored and finally transported to the final
repository. By treatment, solid radwastes are reduced in volume and liquid waste is
not released into the environment. Storage capacity at KAERI for low and intermediate
radwastes is about 41,000 drums (of 200 liter capacity) and among them 800 ~ 1,000
drums/year of radwaste are transported to the final repository.
When a nuclear facility is decided to be decommissioned, it is demolished based on a safely
designed plan and the site is cleared in accordance with the regulatory requirements
after decontamination. Currently, Korea 1st and 2st research reactor in Seoul are under
decommissioning.
Additionally, with the operation of radwaste examination facility, KAERI supports
radwaste management of nuclear power plants. The safety is the top principle of the low

Nuclear Safety and Security Management

and intermediate radwaste managemet, All information associated with the radwaste
management are provided transparently to the public to improve their confidence on

Radiation safety management is essential for ensuring the radiation safety of workers and

safety.

nuclear facilities that started with the opening of KAERI. Radiation safety management
takes responsibility for the radiation safety of the institute through the establishment
of various radiation monitoring systems, personal dosimetry systems, radiation and
radioactivity measuring instruments, and regulations and procedures for radiation
safety. As of 2018, KAERI manages a total of 116 authorized radiation facilities. KAERI
is managing radiation work, facility access control, radiation exposure dosimetry, and
training for about 900 radiation workers in the institute.
KAERI assesses the environmental safety around the site of KAERI through accurate
and reliable environmental radiation monitoring. Based on environmental radioactivity
assessment technology, KAERI's developing an evaluation technique of radioecological
properties and natural radionuclides properties, the environmental survey technique
in a nuclear accident, and an automatic Kr-85 analysis system for remote detection of
nuclear fuel reprocessing. KAERI conducts management supervision to prevent accidents
related to chemicals, fire fighting, gas, biological safety,
etc. at laboratories and research facilities. KAERI
has the occupation health and safety management
system domestic and international certifications
(OHSAS18001 /KOSHA18001) and operate the
‘Laboratory Safety Information Network’s which is
a comprehensive safety information system based
on the safety and health management system, to
systematically manage the safety hazards related to
safety and health.
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Technology Commercialization
KAERI is contributing to the national industrial competitiveness by spreading excellent
R&D results including IP rights registration, technology transfer and establishment of
research Institute. KAERI has been filing about 300 domestic and foreign patents every
year in order to protect R&D results, and has about 2,500 patent rights until now. As
a result, KAERI has signed about 500 technology licensing contracts since 2010, and
achieved cumulative royalty income of about 25 billion won, which has contributed to the
spread of R&D results.
In particular, KAERI has established 4 Research Institutes as a joint venture by combining
the excellent technology invented by KAERI with the capital of the enterprise, which
contributed to job creation. Among them, Kolmar B&H Co., Ltd., which was established
in 2006 as the first Research Institute in Korea, has grown its value from 1 billion won to
over 1 trillion won and has been listed on KOSDAQ in 2015.

Nuclear Policy Research
KAERI is studying the policy of nuclear research and development of Korea and the mid
-and long-term politer of KAERI. KAERI will not only look at the current R&D environment,
but also predict future changes in society, and seek ways for nuclear technology to coexist
with technologies of various fields. Nuclear policy research is a role of 'interpreter' that
connects science technology, government, and the public through research based on
various expert knowledge such as analysis of energy system, management and economic
methodology, as well as an understanding of nuclear technology.

International Cooperation
KAERI is actively promoting cooperation with international organizations, including the
IAEA and research institutes all over the world, to improve its nuclear technology and
advance research capability. As part of its goal to establish an extensive global network,
KAERI is focusing its effort on strengthening bilateral and multilateral cooperation by
signing cooperation arrangements with 71 organizations from 37 countries around the
world, including those in the US, China, Russia, France, Japan as well as the IAEA and
the World Nuclear University (WNU). KAERI is also making its utmost efforts to establish
cooperation networks with nuclear emerging countries in the Middle East, Central Asia,
Southeast Asia, and Africa.

In addition, KAERI is actively supporting researchers in establishing their start-up
companies under free circumstances, founded 27 venture companies, and contributed
to the development of domestic small and medium-sized venture companies by creating
over 1,000 jobs as a result of incubating 56 venture companies at the business incubation
center since the latter half of 1990. Meanwhile, KAERI has designated a small-and
medium-sized company with a great potential for success as a research institute family
company (KAERI-Family company) through the technology exchange, and served faithfully
as a bridgehead for the company to grow into a world-class company by providing various
supports, such as technical support, technical consulting, and technical guidance.
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Global Human Resources Development
The nuclear Training and Education Center(NTC) of KAERI was established in 1967 for
national human resource development to promote the nuclear industry and the national
economy in Korea. The NTC has been leading the nuclear education and training with
education programs based on KAERI-owned technology and a world-class education
infrastructure to nurture domestic and international nuclear experts.
Domestically, the NTC has training programs on nuclear power and radiation technology
for R&D professionals, industrial workers, and university students. In addition, there are
legal refresher programs for nuclear licence and nuclear outreach programs to enhance
public awareness for the nuclear energy.
Internationally, the NTC offers various education programs for researchers and policy
makers from the nuclear-power emerging countries. Most international education
programs are developed and implemented through cooperation with other countries
or international organizations such as the IAEA and WNU. In 2016, the NTC provided
education program for Saudi Arbian K.A.CARE engineers in association with an export
of SMART to Saudi Arabia. The NTC is leading the global nuclear human resource
development and establishing a foundation for nuclear technology export to overseas
market.
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