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1. Electricity Generation and Strategy

Electricity Generation by Source Electricity Generation (100GWh)
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@ Electricity generation cost per unit(KRW/kWh) is 39.1 for Nuclear,
100.9 for wind and 223.7 for ol
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2. History of Nuclear Energy in Korea

1958 1962 1980 2000 2011
Enactment of Construction of Establishment of Advanced Establishment of
Atomic Energy Act The 1st Localization Reactor Nuclear Safety
Research Plan ('84) Development and Security
Reactor, TRIGA of APR1400 and Commission
) | " | Mark-tt—— = & SMART NSSC)
20 £ogts 1" o -:,gg 74’7-— = q \‘\ : L o ~
f : ¥ I ‘ & ;ﬁ.ﬁ
rwt IR £l L :
O ® ® ® ®
1959 1970 1990 2009 2012
Setting up of Office Introduction of Technology Winning Acquired
of Nuclear Self-Reliance contracts Standard Design
Atomic Energy Power Development for a research Approval for
(OAE) Construction of OPR1000 reactor project SMART
Establishment of of in Jordan,
Atomic Energy Kori Unit 1 and APR 1400
Rgsearch Institute ('71~78) in the UAE
L
Ky o=l
»,7 if;‘:%k;“"r‘i N




Status and prospects of nuclear energy

In operation

23 units

(20,716 MW
25.3%)

. Under
| construction

5 units

(6,600 MW)
by 2017

Planned

6 units

(8,600 MW)
By 2027

34 units

(35,916 MW, 22.7 %)
by 2027

Ulchin
8 units
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.~ | 6units

8 units

A /n Operation
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Korean Nuclear Reactor Systems: Past & Future

GenIV/Systems

APR1400)
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4th Phase : Gen IV

| 39 Phase : Gen lil+ (IS AN
2" Phase : Gen Il waste minimization
1st Phase : Gen Il

@Evolutionary PWRs - VHTR : Hydrogen
@ Standardization - APR1400 production
@ Turn-key base eKSNP—= OPR1000 sl
©600 MWVe 1,000 MWe

1970s 1980s 1990s 2000s 2010s 2020s 2030s



NUCLEAR R&D PLATFORM
IN ROK
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1. Governmental Structure Related to Nuclear Energy

o

MOSF (Ministry of

Strategy and Finance)

MOFAMinistry of Foreign

Prime Minister
I

Affairs)

MOTlE(Ministry of Trade,

Industry & Energy)

Nuclear Industries

e Ultility : KHNP
e KORAD, KOPEC, KNFC,
DOOSAN etc

NSSC(Nuclear Safety and
. L MSIP (Ministry of Science,
Security (i30mm|SS|on) ICT and Future Planning
|
‘ | |
Safety & Safeguards R&D Institute R&D t
Regulation & Security managemen
| | | |
e KINS: Korea Institute of Nuclear .
Safety Academia
e KINAC: Korea Institute of Nuclear
Nonproliferation and Control e Universities
e KAERI: Korea Atomic Energy e Other Research
Research Institute Institutes
e NRF: National Research

Foundation

e KHNP: Korea Hydro & Nuclear
Power Company

e KORAD: Korea Radioactive Waste
Agency

e KOPEC: Korea Power Engineering
Company

e KNFC: Korea Nuclear Fuel
Company
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2. Special Organizations

Academia Education and Basic Research(13)

R&D on Advanced Reactors,
Fuel Cycle and Nuclear Safety

=arams | R&D on medical uses of radiation and radi
IRAMS oisotopes, and emergency preparedness

Licensing, Safety Regulations, Developme Nuclear safeguards, Physical

protection and export control
Of Safety Standards and Procedures

Construction, Operation and Radioactive Waste Management
Maintenance of NPPs

Fuel Manufacturing KEPCO Plant Design and Engineering

Civil engineering and Construction Component Design & Manufacturing
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3. National Research oundation of Korea

NRF

@ Overall R&D Funding Budget

Academic Research

Basic Research 1,038 Capacity Enhancement 234
University Education
Capacity Enhancement / /" Nuclear Energy 202

International Caoperation

Fundamental Technology 302 inScience and Technology 92

Big Sciances 283 s of 012 Others 265

Un#:KRW Billion

R —




CURRENT STATUS OF OVE
RALL NUCLEAR R&D
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1. Comprehensive Nuclear Energy Promotion Plan (CNERES)

The 18t CNEPP : 1997-2001

——

The 2™ CNEPP : 2002-2006

—

The 3@ CNEPP : 2007-2011

| Thed"CNEPP: 20122016

* Vision : Become a recognized world leader in nuclear technology
 Goals : Gain Confidence in nuclear energy

Create a high value-added growth engine

Lay the foundation for sustainable use of nuclear energy '

- -

The 4" Nuclear R&D Plan The 15t Radiation Promotion Plan




VISION & Policy Goals of
the 4™ CNEPP

Vision

Role model as the world best nuclear country

~ Policy Goals. .

Obtaining growth engines for take-off

Securing public
acceptance

Creating growt
h engines of hi
gh value

Reinforcing sus
tainable infrast
ructure

6 Strategies

Ensuring safety for public acce
ptance

Reinforcing international role a
s advanced country

Promoting export by innovation

Creating new radiation market
by strategic support

Expanding nuclear use for stabl
e energy supply

Reinforcing virtuous cycle of nu
clear infrastructure




Priority Objecilvas 9y siraiagy
[Strategy 1] 1-1. Design of the best nuclear safety management
system

Ensuring nu ‘ 1-2. Design of environmental-friendly RW management
clear safety f system

or public acc 1-3. Promotion of nuclear safety culture and

eptance communication with the public

[Strategy 2]
Reinforcemen
t of intemation ‘
al role as adva
nced country

2-1. Lead to nonproliferation and promotion of
nuclear transparency
2-2. Reinforcement of contribution and leadership to the

world




[Strategy 3]

3-1. Enhancing competitiveness of commercial NPP
. 3-2. Development of new (small-medium and research
Promotion of | I P ( )

reactor for export

export by in
novation 3-3. Enforcement of infrastructure for export support
[Strategy 4] 4-1. Development of radiation treatment for incurable
. cancer

Creatl_on. ofne 4-2. Development of cutting-edge basic technology with
erl’a:jllaatlotl:ar:l ‘ technological fusion
B . eLbys € 4-3. Expanding infrastructure with international
gical support

standards




[Strategy 5]

Expansion of
nuclear use f
or stable ene 5-2. Stable fuel supply and nuclear use diversification

rgy supply

‘ 5-1. Expansion of share of nuclear power generation

[Strategy 6]

Reinforcemen
t of virtuous c

ycle of nuclea D 6.2, Fosterina alobal muct .
. =£. FOSTerin opal huciear workKrorce
rinfrastructur "9 aclearw

e

6-1. Design of nuclear R&D system for excellent product




Invasirment Plan : 51.9 oillion

$1.3 billion by MSIP and $0.6 billion by MOTIE invested )

MSIP MOTIE
Sector Radiation Nuclear Nuclear Total
(general account) (nuclear R&D fund) (electric power industry fund)
budget $0.3 billion $1 billion $0.6 billion $1.9 billion
\
r MSIP) )} 2

n accordance with
CNEPP, 5 year
Nuclear R&D Program
Establishment

&014 R&D budget

ol

29

Nuclear Energy Technology Development

Establishment Basic R&D Infra Structure

RadiationTechnology Development

International Cooperation for Nuclear R&D

Other Activities




3. FY 2014 Nuclear R&D Budget of MSIP (NR

Program Fields to be awarded Budget(M$)

Intended to advance nuclear energy and secure core technology by devel
Nuclear Energy Technology Devel
oping future based core technology in order to safely provide energy, solv 139.6
opment Program
e climate change, and improve national welfare

Supports the establishment of facilities and equipment for nuclear R&D an
Nuclear Energy Research
d its joint utilization, as well as systematically fostering core human resour 21.6
Infrastructure Building Program
ces in the field of nuclear energy

Designed to secure the public safety by gaining a foothold in creating valu

Radiation Technology e added technology, promoting health, and developing advanced non-dest a4
.5
Development Program ructive testing and nuclear activity detection technology using radiation tec
hnology

International Cooperation
Aimed at increasing international prestige by expanding nuclear energy te
for Nuclear Energy Development 6.8
chnology overseas and participating in international activities
Program

R&D Planning & Evaluation, SMART safety, Construction of research rea
Other Activities 79.5
ctor, Heavy lon Medical Accelerator

Total 292.0




Nuclear Safety

1 Severe accident evaluation and manage
ment

0 Comprehensive risk assessment

1 Material and component safety enhancem
ent

2 Environmental radiation protection
1 CANDU Reactor safety



Major Nuclear Safety Research Areas L

-Integrity )

Materials Degra
dation Assessm
ent of

NPP Comps

NDE Tech. & Co
mputational Mat
erial Sci.

Advanced Mater
ials Developmen
t

Integrity Monitori
ng & Diagnostic
S

Corrosion & Wat
er Chemistry Op
timization

) CIET) Gl

ATLAS - T/H

Integral Effect
Tests for PW
Rs

T/H Separate
Effect Tests

Severe Acc.
Experiment &
Analysis

Adv Safety A
nalysis Metho
ds

CANDU Safet
y Technology

| Seismic Risk Ass
= essment

° s

Develop of Adv. R
isk Management
Tools

Radionuclide d
ispersion/ Dos
e assess.

Environmental

Digital I&C PSA Monitoring
technology
Human Factor As et

sessment Radioecology

Radiation
Biology

Integrated Risk/P mutation
erformance Mode
I



Future nuclear system

0 Design of prototype SFR system
2 Nuclear hydrogen production system

0 Basic technology for licensing of future re
actor system



Nuclear fuel cycle

2 Proliferation resistant Pyroprocess techno

logy
2 HLW disposal

2 D&D and site remediation
2 Common nuclear fuel cycle technology



Radiation technology

01 Fusion and combined radiation technolog

y

0 Medical and biological research using radi
ation technology

1 Radiation and RI utilizing technology



Radiation Technology & Its Applications

Radiation Fusion Technology

Targeted Radiation Therapy

High Resolution
Radiation Detector

Salb
B




Human resource and innovation

2 Global and high-level human resource trai
ning in nuclear field

2 Innovative technology for leading



THE STRENGTHS AND WEAK
NESSES OF KOREAN NUCLEA
R ENERGY RESEARCH



Stregths

2 International competitiveness of nuclear t
echnology by export of research and com
mercial reactors

1 Consistent government policy for nuclear
research and development

2 Basic infra for nuclear and radiation resea
rch and development



Weakness

1 Shortage of fundamental technology for n
uclear and radiation fields

1 Graying of nuclear human resources and
shortage of experts

2 Need of funding and experience for large
nuclear system development



Threats

1 Loss of nuclear safety credibility and acce
ptance after Fukushima accident

a1 High-level radioactive waste management
and aging of operating reactors

1 Severe competition for international techn
ology preoccupancy



CHALLENGES AND FUTURE IS
SUES IN THE FIELD OF NUCLE
AR R&D



Development of Advanced Nuclear System

APR 1400

(Advanced Power Re
actor)

l-:‘dvar::ced Research 3 A = o, M APR+(1500)
eactor D et =2 SR ey (Advanced Power Re
actor, Gen lli+)

SMART

(System-integrated M
odular Advanced Rea
ctor)

TR SFR fuel cycl
Storage

(11] . (Sodium-cooled Fast
J g B Reactor + Pyroproce
High level

Waste ss)

VHTR

(Very High Temperat
ure Reactor for Hydro
)




SFR-Pyroprocess System

Environment-Friendly System

with Non-proliferation

PWR
..I’%m U-TRU-Zr
SF> ' loftsite
Interim
CANDU Storage = Pyroprocess ﬂ—~

i 2 wa '
0 e SR
SF) J» Disposal |

© SF Volume Reduction < 1/20

© Radiotoxicity < 1/1,000

© HLW Disposal Efficiency: 100 times
© Uranium Efficiency : 100 times

R&D on Pyroprocessing

@ PRIDE : 2012
@ Korea-USA Joint R&D :
2011-2020

® Sodium-cooled Fast Reactor

(Construction @
(Design Approval @
(Conceptual design @




System-integrated Modular Advanced ReacTor (SMART

)

Electricity Generation with
Seawater Desalination

Plant Data

Electricity @
—
Potable éi

water

o

Desalination Plant

System integrated Modular Advanced ReacTor

® Plan

] 2009 2010 2011 | 2012

Design Optimization
‘Test and Verification

: Test & Verification

_ Standard
» Standard Design Design
» Standard Design ||
Approval iLicensing Review

*SMART was the first SMR approved
standard Design by NSSC in the world
(July 4, 2012)

Marketing through
public- private
partnership

SMART construction :
in Korea N
JVC(Joint Venture '
Company) for

utilization abroad




Very High Temperature Reactor (VHTR)

Clean, Safe Energy with
a Wide Range of Application

@ Highest Level of Nuclear Safety

@ Wide Temperature Range of Heat
Energy

@ High Efficiency

@ Substitution of Fossil Fuels

N

Key Technology
Development

Demonstratio
System n

Construction &
- n i

System
Concept

System
Design

R&D

@ Design and Analysis Code
@ Helium Test Loop

@ Material & Components
@ TRISO Fuel
@ Hydrogen Production Process




Spent Fuel Management Policy - (253th AEC, Dec. 2004)

echnical feasibility of various options

® Store spent fuel generated by 2016 at each reactor site
® Make final decision after formulating a wide national consensus and t

R&D

Pyro-SFR

S

P .o L TS e
E Public discussion .
N
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E

L

N———
....... in foreign facility ...
............. ’,.

.
‘e

Spent MOX + HLW

® Even though Korea has a “wait and see policy” for SF management, a
few alternatives studies have been carried out over a long period.




R&D on Spent Fuel Management

o Policy for SF Management “WAIT and SEE”

¢ TRU Fuel
SFR Fuel Fabricat °* Design & Performance Verifi
ion cation

» Fabrication Technology

Spent Fuel Trans Spent Fuel Proce Geological Dispos

portation & Stora :
ge ssing al

¢ SFR € Transportation & Stora € Pyroprocessing € In-situ Tests & Experi

» Design Approval(’20) ge System * Eng-scale Process ment

* Prototype SFR(’28) € |Integrity of S/F » Safeguards » S/F, Pyro HLW
« JFCS ('11~'20)

% Transport Cask Test Fa < DFDF, ACPF, PRIDE s KURT
cilities, PIEF

\!

% STELLA-1

§ it

ety
........




Pyroprocess Technology Development

2012 ~ 2016 2017 ~ 2020

PRIDE :
Inactive test Demonstration of Process
active tes Integrated Processes Improvements
on engineering scale
Assessment of
: Technical Feasibility,
DFDF/ACPF Demonstration of Process c _ g
Active test Electroreduction Improvements conomics an
Proliferation
Resistance
JFCS Demonstration of Process Operation &
Active test Integrated Processes Fuel Irradiation Test




P Rl D E "™ PyRoprocessing Integrated inactive DEmonstration facility

Purposes
@ To evaluate cold-run performance and scale-up issues for full-

spectrum pyroprocess technology
Main Features
@ Demonstration with depleted uranium or surrogate on engineering
scale
@ Full remote operation and maintenance
@ Argon gas-filled hot cell with impurity level below 50ppm
@ Argon cell size: 40m(L) x 4.8m(W) x 6.4m(H)

- ALy i
Haa A, KON W0l S . 722 7
N " TR . -

\NREY ewwy WS

Bird's-eye View of Argon Cell




B A generic underground research laboratory

KU RT — KAERI Underground Research Tunnel

@ To develop and demonstrate repository disposal concepts and technologies

needed for construction and closure of a repository

5

Hydrogeological and
geochemical
investigation & LTM

\

orehole DB-1, 500m

@

Copyright, KAERI, 2009

On-going in-situ experiments :
@ Site investigation techniques (
@ Single hole heater test
@ Solute and colloid migration experiment .
. EDZ |
Host rock * Granite characterization %
*Tunnel section : 6 mx 6 m /\
di;uennr]s?:)n *Access tunnel : -10 %, 180 m o\ \
*Research modules : L30 m/R 45 m ‘., '§1/ Y
Overburden Maximum 90 m from the ground surf Borehole heater
ace test

Solute migration
experiment




National Decommissioning Tech. Dev. Plan - AEC (Nov.2012)

1 Goal

— Complete D&D technology by 2021 to prepare decom. of Korean
old NPPs and to enter the global market

J Basic direction

(1 Develop key technology through investing $140 M
« 21 key technologies including 8 world best technologies
(2 Construct D&D Infrastructure
« DIDF(D&D Integrated Demonstration Facility)($40B—~> $130B)

« Train manpower by designating ARCNEX (Advanced Researc
h Center of Nuclear Excellence)

(3 Strengthen international cooperation
UK, France, Japan, IAEA, OECD/NEA, etc

- J




D&D situation in ROK

F Environment change
« Extension of OL of two old reactors are under discussion

- Government had tried to extend
- Before Fukushima, the opponents to extension were minor
- Currently most Koreans do not want extension because of safety

concerns of old reactors.

« The lawmakers of anti-government parties are strongly opposing the
nuclear and insist prompt decommissioning

B ltis likely at least one reactor will be permanently shut down before 202
0.

B Considering such circumstances, government announced the national D
ecommissioning Technology Development Plan(NTDP) to prepare NPP

decommissioning
B Deposit for NPP decommissioning was raised from $322M to $598M



Basic Direction 2A -pior

’ . + D&D Integrated Demonst
DIDF Construction Project

ration Facility

National long-term R&D In-situ application

Commercialization

Lab-scale R&D

P Engineering-scale demonstration
¥ Training Manpower

. Industry-Academia-Research
Systems to be installed Community Collaboration Program

\

LECL) L]

F improvement and commercialization of
developed technologies

B improvement of 13 developed
technologies

B technology transfer of 8 key technologies
System decon. Dismantling  Waste treatment Site remediation to be developed by 2016 to industry




Basic Direction 2B -aArcNEx

« ARCNEX: Advanced Research Center of Nuclear Excellence

0 MSIP designated 5 Univs and KAERI as ARCNEXs for basic study of
D&D technology and training D&D experts. (2012~2017)
U Research topics
1. Kyungpook National University(Leading)
* New complex materials for selective separation and adsorption
2. Dongkuk University
3D visualization technology of decommissioned radwastes
3. KAERI
* Treatment of HLW from decontamination using ionic liquids
4. Chosun University
« Enhancing public acceptance of disposal of D&D wastes
5. Kyunghee University.
« Decontamination using supercritical fluids
6. Busan National University
« Control of hydraulic manipulators and metal waste treatment



Basic Direction 3 - international Cooperation

] Bilateral
¢ UK.
« MSIP-DECC MOU (Nov. 2013)

« KAERI-Manchester Univ. MOU (Apr. 2008): D&D Technology Informat
ion exchange (4t", 2014)

€ France

 ROK-France STC(Specific Topic of Cooperation)

« KAERI-CEA D&D Technology Inf. Exchange (since 2002, 13t 2014)
€ Japan

« KAERI-JAEA D&D Technology Inf. Exchange (since 2002, 13t 2014)

O Multilateral

€ OECD/NEA CPD(Cooperative Program on Decommissioning), TAG(Tec
hnology Advisory Group)

€ |AEA IDN(International Decommissioning Network (since 2007)



A SUGGESTION FOR FURTHER OPPOR
TUNITIES FOR COOPERATION BETWE
EN UK AND ROK



KAERI-NNL Collaboration

1 Advanced reactor technology
1 Advanced Fuels technology
2 Virtual engineering

0 Decommissioning

1 Waste Management



Korea-U.K. Workshop

R&D Areas

Candidate for Joint R&D

Application Area

Nuclear Decommissioning

In situ remote characterization
Activity assessment

Visualization of contaminated
areas

Sensing, 3D Visualization and
CAD, VR etc

Radiation effects on robotics

Characterization of the reactor core
prior to decommissioning

and

Retrieval of contaminated material

from hazardous zones

Large volume throughput
techniques

Novel, cost effective methods for
effluent treatment and clean up

Novel, cost effective methods for
building treatment and clean up

Novel, cost effective remediation
methods for site clearance

Radioactive material processing and
treatment

No specifics defined

Long term site monitoring of
decommissioned sites




Korea-U.K. Workshop

R&D Areas Candidate for Joint R&D Application Area
Nuclear Waste Novel methods for the processing of C14 contaminated graphite Graphite waste-forms
Management

Understanding the evolution of graphite waste-forms

Novel Waste-form treatment processes
Dealing with mixed waste-forms
Bioremediation of waste materials

Innovative processing technologies, encapsulation and waste-form
stabilization

Recycle vs direct disposal
Waste minimization

Next generation, novel contaminated materials e.g. salt contaminated
pyro reprocessing waste.

Waste processing

Evolution of encapsulated waste

Novel encapsulation / waste immobilization

Encapsulation

Interim storage solutions for VLLW, LLW and ILW from
decommissioning of plant superstructure.

Evolution of spent fuel in storage.
Long term storage issues
Modeling overall repository evolution

Thermal hydrological mechanical chemical and biological modeling

Engineering barriers /
storage site evolution




