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The Japan Atomic Energy Agency (JAEA) held “International Forum on Peaceful Use of Nuclear
Energy, Nuclear Non—proliferation and Nuclear Security - Ensuring Nuclear Non—Proliferation and
Nuclear Security of Nuclear Fuel Cycle Options in consideration of the Accident at TEPCO’s
Fukushima Daiichi Nuclear Power Station—" on 3 and 4 December 2013, with the Japan Institute of
International Affairs (JIIA) and School of Engineering, The University of Tokyo, as co—hosts.

In the Forum, officials from Japan, the United States, France and International Atomic Energy
Agency (IAEA) explained their efforts regarding peaceful use of nuclear energy and nuclear
non—proliferation. Discussion was made in two panels, entitled “Nuclear non—proliferation and
nuclear security measures of nuclear fuel cycle options in consideration of the Accident at TEPCO’ s
Fukushima Daiichi Nuclear Power Station” and “Roles of safeguards and technical measures for
ensuring nuclear non—proliferation for nuclear fuel cycle options”. In the first panel based on the
implications of the Accident at TEPCO’ s Fukushima Daiichi Nuclear Power Station on the domestic
and global nuclear energy use and increased interest in the back end of nuclear fuel cycle, discussion
was made on nuclear non—proliferation and nuclear security challenges on both fuel cycle options
from the policy and institutional viewpoints whereas in the second panel the roles of safeguards and
proliferation resistant nuclear technology including plutonium burning technology in ensuring nuclear
non—proliferation and nuclear security in the back end of nuclear fuel cycle were discussed. Officials
and experts from Japan, IAEA, the United States, France and Republic of Korea participated in the
panel and made contributions to active discussion.

This report includes abstracts of keynote speeches, summaries of two panel discussions and
materials of the presentations in the forum. The editors take full responsibility for the wording and

content of this report except presentation materials.

Keywords: Nuclear Energy, Nuclear Non—proliferation, Nuclear Security, Back End of Nuclear Fuel
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Mr. Thomas Countryman, Assistant Secretary of State for International Security and Nonproliferation, United States

. Mr. Thomas Countryman, a career member of the Senior Foreign Service, rank of Minister-Counselor,
. has been Assistant Secretary for International Security and Nonproliferation since September 2011. The
. ISN Bureau leads the U.S. effort to prevent the spread of nuclear, chemical, and biological weapons,
their related materials, and their delivery systems.

Mr. Countryman began his State Department career in 1982, serving as a consular and political officer
y in Belgrade, Yugoslavia from 1983 to 1985. From 1985 to 1988, he worked in the Department’s Office
of Eastern European and Yugoslav Affairs.

From 1988 to 1990, Mr. Countryman studied Arabic language and culture in the U.S. and Tunisia.
During Operations Desert Shield and Desert Storm, he served as the Political-Military Officer at the
American Embassy in Cairo, Egypt. From 1991 to 1993, he was the senior officer for reporting on
political, security, and religious affairs within Egypt.

In 1993 and 1994, Mr. Countryman worked in the State Department’s Office of Counter-Terrorism.
From 1994-1997, he was responsible for advising Ambassador Albright on Middle East affairs at the
U.S. Mission to the United Nations, and served as liaison with the UN Special Commission
investigating Iraq’s weapons programs. In this position, he dealt not only with Iraq, but also with Libya,
Sudan and Arab-Israeli issues.

From 1997 to 1998, Mr. Countryman served as Director for Near East and South Asian Affairs at the
National Security Council, with responsibility for the region stretching from Morocco to Syria. As part
of his position at the NSC, he served as the White House representative on Ambassador Dennis Ross’
peace process team. In 1998-1999, he participated in the Senior Seminar, the federal government’s most
advanced professional development program for foreign affairs and national security officials.

From 1999 to 2001, Mr. Countryman was Director of the Office of South Central European Affairs
(EUR/SCE) in the Department of State, where he focused on working with the democratic opposition in
Serbia. From 2001 to 2005, he was the Minister-Counselor for Political Affairs at the American
Embassy in Rome, Italy.

After a short assignment as Director of the Office of United Nations Political Affairs in the Department,
he served as Deputy Chief of Mission at the US Embassy in Athens, Greece from 2005 to 2008. For a
five-month period in 2007, he served as the Chargé d’Affaires of the Embassy. In 2008-2009, he was
the Foreign Policy Advisor to General James Conway, the Commandant of the US Marine Corps.

He served as the Principal Deputy Assistant Secretary for Political-Military Affairs in 2009-2010, and
as Deputy Assistant Secretary for European Affairs (with responsibility for Balkan affairs) in
2010-2011.

The Department of State gave him the Superior Honor Award for each of his assignments at USUN,
EUR/SCE, Rome, and Athens. He was awarded senior performance pay in 2006 and 2007, and received
the Presidential Meritorious Service Citation for 2007.

Mr. Countryman graduated from Washington University in St. Louis (summa cum laude) with a degree
in economics and political science, and studied at the Kennedy School of Government at Harvard
University. His foreign languages are Serbo-Croatian, Arabic, Italian, Greek, and German. He is a
native of Tacoma, Washington. He is married and has two sons.
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Mr. Fréderic Journes, Director of Strategy and International Affairs of the Alternative Energies and Atomic Energy Commission
(CEA) and Governor for France to the IAEA

Degree in history, geography aggregation, Postgraduate Diploma (cities and societies)
Graduate of the Ecole Supérieure de Commerce de Lyon,;

Alumnus of the Ecole nationale d'administration, promotion "Valmy", 1998.

At the Ecole nationale d'administration, 1996-1998;

Appointed as Secretary of Foreign Affairs, 1 April 1998;
Special Adviser to the Director of the abroad French community dept, 1998-2001;
Special Adviser to the Director of Political affairs, 2001-2003;

First Secretary at the Permanent Representation of France to the United Nations in New York,
2003-2007, in charge of the arms control and non-proliferation portfolio;

First Counselor in Athens, 2007-2009;
First Counselor in Kabul, 2010-2011;
Deputy Director of Strategic, Security and Disarmament Affairs, January 2012-August 2013.

Languages: Fluent English, Italian, German

TA J7r—2a5 % EREFHME (AEA) RISEEDNYERRE

Mr. Tero Varjoranta, Deputy Director General and Head of the Department of Safeguards, International Atomic Energy Agency
(IAEA)

Mr. Varjoranta assumed the post of Deputy Director General and Head of the Department of
4 Safeguards on 1 October 2013. Prior to this, he was the Director General of the Radiation and

(ENSREG) and as a member of SAGSI for seven years. He is a physicist by education (MSc
and PhL) from Helsinki University.
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Mr. Tetsuya Endo, Ambassador, Adjunct Senior Fellow, The Japan Institute of International Affairs / Former Vice Chairman,
Atomic Energy Commission of Japan
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Mr. Thomas Countryman, Assistant Secretary of State for International Security and Nonproliferation, United States
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Mr. Davis Hurt, Head of the IAEA Tokyo Regional Office

Mr. Davis Hurt is currently Head of the Tokyo Regional Office of the International Atomic
Energy Agency. The IAEA Tokyo Regional Office coordinates safeguard inspections and other
safeguards activities in Japan, and serves as liaison between the IAEA and the Japanese
government’s safeguards authorities.

Prior to his assignment to Tokyo in July 2011, Mr. Hurt was for five years the head of a section
of inspectors responsible for safeguards implementation in 16 European countries. In earlier
duties with IAEA, going back to 1997, he was section head for safeguards policy development.

Prior to joining the TAEA, Mr. Hurt was Assistant Technical Director of the U.S. Defense
Nuclear Facilities Safety Board in Washington, DC. He was trained as a nuclear engineer, and
has worked on nuclear safety and safeguards issues since 1977 in Washington, Vienna and
Tokyo.
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Mr. Christophe Xerri, Nuclear Counsellor at the Embassy of France in Japan

Mr. Christophe Xerri has been assigned as Nuclear Counsellor at the Embassy of France in Japan
since December 1%, 2011.

After graduating from Ecole Centrale de Lyon (Engineering - 1984) and Salford University (UK —
Master of Science - 1984) and Institut Supérieur des Affaires (MBA - 1988), Mr. Christophe Xerri
started his career in a Japanese bank in Tokyo.

He then joined AREVA Group in 1991, where he got involved in the promotion of nuclear fuel
recycling, in the implementation of the first return of reprocessing residues to Japan, then in
investments in uranium mining and in innovation and technological developments (including joint
programs with CEA).

In 2000, he moved to the field of International Relations and Non-Proliferation, acted as expert to the
IAEA and chaired a European expert working group on Safeguards implementation. This position
included interaction with the International Directorate of CEA and with the Ministry of Foreign Affairs.

From 2003 to 2007, he was appointed personal assistant to the CEO of AREVA for international affairs.

He moved to Tokyo in 2007 to join AREVA Japan as Managing Director - Marketing and Industrial
Strategy. In this position, he was involved in developing relationship with MHI and in the creation of
the MNF Joint-Venture. He was then seconded by AREVA to the position of Director and Senior
Executive Vice President of Mitsubishi Nuclear Fuel (MNF), a joint-venture created in Japan in 2009
between AREVA, and Mitsubishi Heavy Industries (MHI) in the field of nuclear fuel design and
fabrication.
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Mr. Robert Einhorn, Senior Fellow, Brookings Institution

Mr. Robert Einhorn is a senior fellow with the Arms Control and Non-Proliferation Initiative and the
Center for 21st Century Security and Intelligence, both housed within the Foreign Policy program at
Brookings. Mr. Einhorn focuses on arms control (U.S.-Russia and multilateral), nonproliferation and
regional security issues (including Iran, the greater Middle East, South Asia, and Northeast Asia), and
U.S. nuclear weapons policies and programs.

Before coming to Brookings in May 2013, Mr. Einhorn served as the State Department special advisor
for nonproliferation and arms control, a position created by Secretary of State Hillary Clinton in 2009.
In that capacity, he played a leading role in the formulation and execution of U.S. policy toward Iran’s
nuclear program, both with respect to sanctions and negotiations between Iran and the P5+1 countries.
He also helped shape the Obama administration’s overall approach to nonproliferation, supported
nonproliferation goals through diplomatic contacts with China, Russia and key non-aligned countries
and addressed nuclear security and strategic stability challenges in South Asia. He played a key role in
the development of the 2010 Nuclear Posture Review and served as U.S. delegation head in
negotiations with South Korea on a successor civil nuclear agreement.

Between 2001 and 2009, Mr. Einhorn was a senior advisor at the Center for Strategic and International
Studies, where he directed the CSIS Proliferation Prevention Program. Before coming to CSIS, he was
assistant secretary of state for nonproliferation (1999-2001), deputy assistant secretary of state for
political-military affairs (1992-1999), and a member of the State Department policy planning staff
(1986-1992). Between 1972 and 1986, he held various positions at the U.S. Arms Control and
Disarmament Agency, including ACDA’s representative to the strategic arms reduction talks with the
Soviet Union. In 1984, he was an international affairs fellow at the Council on Foreign Relations.

Mr. Einhorn has written extensively in the area of arms control and nonproliferation. He authored
Negotiating from Strength: Leverage in U.S.-Soviet Arms Control Negotiations (1984), co-edited
Protecting against the Spread of Nuclear, Biological, and Chemical Weapons: An Action Agenda for the
Global Partnership and The Nuclear Tipping Point: Why States Reconsider their Nuclear Choices, and
published numerous articles in such journals as Survival, The National Interest, Foreign Policy, Arms
Control Today, The Washington Quarterly, The Nonproliferation Review, and Yaderny Kontrol.

Mr. Einhorn holds a B.A. in government from Cornell University and a M.A. in public affairs and

international relations from the Woodrow Wilson School at Princeton University.
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Prof. Hajimu Yamana, The Kyoto University Research Reactor Institute (KURRI)
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Mr. Toshiro Mochiji, Director, Department of Science and Technology for Nuclear Material Management (STNM) / Deputy
Director, Integrated Support Center for Nuclear Nonproliferation and Nuclear Security (ISCN), JAEA
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Prof. Satoru Tanaka, Department of Nuclear Engineering and Management, School of Engineering, The University of Tokyo
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Mr. Davis Hurt, Head of the IAEA Tokyo Regional Office
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Mtr. Christophe Xerri, Nuclear Counsellor at the Embassy of France in Japan
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Prof. Il Soon Hwang, Department of Nuclear Engineering, School of Energy Systems Engineering, Seoul National University,
Republic of Korea

Professor Il Soon Hwang, a nuclear energy specialist, with Ph.D. in Nuclear Materials Engineering
from MIT, M.S. in Mechanical Science from Korea Advanced Institute of Science and Technology and
B.S. in Nuclear Engineering from Seoul National University, has expertise in nuclear materials, nuclear
plant integrity, nuclear waste transmutation and nuclear non-proliferation. He has led Korean
implementation of IAEA Periodic Safety Review (PSR) and the development of the advanced nuclear
waste partitioning and transmutation technology, known as PEACER-PyroGreen, while serving as the
Director of Nuclear Transmutation Energy Research Center of Korea and as a member of the Korea
National Academy of Engineering. He chairs or co-chairs IAEA Advanced Partitioning Expert Group,
OECD-NEA Task Force on Lead-alloy Coolant Technology (LACANES), the International Workshop
on Nuclear Pyroprocess (NUPYRO), the Forum on Climate Change and Energy Policy, the Nuclear
Power Infrastructure Development Seminar (NUPID), the Summit of Honor on Atoms for Peace and
Environment (SHAPE), an advisory committee for the Seoul Nuclear Security Summit 2012. He serves
as the Vice President of the Korea Nuclear Policy Society, as a member of the Leadership Council of
International Forum on Reactor Aging Management (IFRAM) and as a member of the editorial board of
International Journal for Nuclear Energy Management as well as an advisory member for the Asia
Pacific Leadership Network (APLN). He has been serving as international reviewer for national nuclear
R&D programs of Japan, Germany, U.S.A. as well as Korea. Currently he is a member of legal
organizations including the Korean Civic Legislation Committee, Korean Commercial Arbitration
Board and the Advisory Committee on Reactor Safeguards of the Korea Nuclear Safety & Security
Commission. He was decorated with Cavaliere dell'Ordine al Merito della Repubblica Italiana (Italian
Knighthood Medal) by the Italian President for excellence in scientific collaboration.

He lives in Seoul with his wife and three daughters.
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Prof. Joonhong Ahn, Professor and Vice Chair, Department of Nuclear Engineering, University of California, Berkeley

Professor Joonhong Ahn received his doctoral degrees from UC Berkeley (PhD, 1988) and University
of Tokyo (D.Eng., 1989), and joined the faculty of UC Berkeley in 1995. His research focuses on
performance assessment for advanced nuclear fuel cycles and geological disposal of radioactive wastes,
including: (1) mathematical modeling and computational analyses for performance assessment of
geological disposal of radioactive wastes, in which radiological risk and criticality safety are
quantitatively evaluated as performance metrics, by particularly focusing on radionuclide transport
through a geological medium and engineered barriers and long-term evolution of engineered-barrier
materials, and (2) analysis of mass-flow in advanced nuclear fuel-cycle systems. These two are being
combined to optimize the nuclear-power system from the viewpoint of risk minimization by exploring
relationship between the fuel-cycle system parameters and geologic repository performance. He has
also been active in the field of Science-Technology-Society interaction in the back-end of fuel cycle,
particularly after the Fukushima accident. He led numerous joint research projects with institutions of
Japan, South Korea, US, and IAEA.

Honors and Awards:

In March 2012, he received the Outstanding Achievement Award from Division of Nuclear
Fuel Cycle and Environment, Atomic Energy Society of Japan, Tokyo, Japan, together with 6 other
co-authors, for the book entitled "Engineering for Radioactive Waste Management" published in
February 2011.

In June 2011, he was granted Minner Faculty Fellow in Engineering Ethics and
Professional/Social Responsibility from College of Engineering, UC Berkeley.

In 2007, he became a fellow of School of Engineering, University of Tokyo.
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Dr. Yusuke Kuno, Deputy Director, JAEA/STNM / Professor (appointed), Nuclear Non-Proliferation Research Laboratory,
Department of Nuclear Engineering and Management, School of Engineering, The University of Tokyo

() )07 « AR BR 28 S ZE M (IR RZIRBED A 2 )V B IS HEAIC T 20 4EITHh 720 BHALEL T304
PTCEES, R LHIC381F 5 IAEA PREEREE SIS O #E T2 bh D 2 OPRBERE B EAT BRI . /007
Bl B R eI o T, FIE 2— Ly 7 AR T 1t 2D VAR D IR L 2 HI R 22 1 b e,
1986-1987 4FIZHe[E UKAEA DO/N—77 =/UIFFFEITIR L O — U AR I BAFS H3ETITFsE B &L
THZ, AP T30 MR E 28T, 1999 4B 5 7 ERITH 720 IABA I8, IAEA Tl
Rl (& AT T (AN — ARV )T R & U O E WS ERGR D72 D43 ATl N AR R A TR S O
WA MREET DO DR TV T DI DT EBIEF LTz, DM, AT, AT VET R
EOE 2 BT AR PTG O R BTG ORI 5 Lz, 2006 427 A K0 H AR T )840 5
FEFERE (JAEA) (ZE)HS, BUTE, [RIFSHE O B B 8 BRRL AR HEE S IR = (RS0 06D » R RSFER
R LA RS R B (51 ) [E B IR ) 4 4T, Tt RO — i b/ e
IINT) o MO R M NEBROR I A 702 | B4

AR

=k —, = — = -

B Bth  oxEmesmmrng BRIHES. TEFHZEERE

Mr. Tetsuya Endo, Ambassador, Adjunct Senior Fellow, The Japan Institute of International Affairs / Former Vice Chairman,
Atomic Energy Commission of Japan

Hi Hl  soAsASE TS RRSNET RS RERS

Prof. Satoru Tanaka, Department of Nuclear Engineering and Management, School of Engineering, The University of Tokyo
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in International Forum

Date and Time: 3 December, 14:00-17:00
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Title: “Measures to ensure nuclear non-
proliferation and nuclear security of the
nuclear fuel cycle back end”

Theme: “Nuclear non-proliferation and nuclear
security measures of nuclear fuel cycle options
in consideration of the Accident at TEPCO's
Fukushima Daiichi Nuclear Power Station”
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Discussion Points 1: Impacts of the Accident at
TEPCO’s Fukushima Daiichi Nuclear Power
Station on nuclear energy utilization

v Impacts of the Accident at TEPCO’s Fukushima Daiichi Nuclear
Power Station (the Accident) on global trends in nuclear energy
utilization, including the US and France, especially on Japan’s
nuclear energy programs

Discussion Points 2: Challenges and necessary
measures for ensuring nuclear non-proliferation
and nuclear security of fuel cycle options

v Open and closed fuel cycle options: Short- and long- term nuclear
non-proliferation and nuclear security risks of both options

v Open fuel cycle option: Challenges and necessary measures for
ensuring nuclear non-proliferation and nuclear security

v Closed fuel cycle option: Challenges and necessary measures for
ensuring nuclear non-proliferation and nuclear security 6
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Chairperson:

— Mr. Tetsuya Endo, Ambassador, Adjunct Senior Fellow,
The Japan Institute of International Affairs / Former Vice
Chairman, Atomic Energy Commission of Japan

Panelists:

— Mr. Thomas Countryman, Assistant Secretary of State for
International Security and Nonproliferation, United States

— Mr. Robert Einhorn, Senior Fellow, Brookings Institution

— Mr. Davis Hurt, Head of the IAEA Tokyo Regional Office

— Mr. Christophe Xerri, Nuclear Counsellor at the Embassy
of France in Japan

— Prof. Hajimu Yamana, The Kyoto University Research
Reactor Institute (KURRI)

— Mr. Toshiro Mochiji, Director, Department of Science and
Technology for Nuclear Material Management (STNM),
JAEA s
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Discussion Points 1

Impacts of the Accident at TEPCO’s Fukushima
Daiichi Nuclear Power Station on nuclear energy
utilization
vIntroduction of Lessons and Responses on the
Accident
- Lessons from the Accident

— Establishment of Nuclear Regulation
Authority (NRA)

- Strengthening of nuclear safety regulations
and standards

- Lessons and Responses on Nuclear security
10
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Discussion Points 1 (Cont.)

Impacts of the Accident at TEPCO’s Fukushima

Daiichi Nuclear Power Station on nuclear energy

utilization

v'Growing interests in strengthening nuclear non-
proliferation and nuclear security measures

- Concerns about possibilities of the
consequences of similar magnitude being
caused by terrorists’ attacks

12
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Discussion Points 1 (Cont.)

Questions 1:
What nuclear non-proliferation and nuclear
security issues should the world tackle after the
Accident?

Questions 2:
What is Japan’s responsibility in terms of 3S?

Questions 3 :

What roles does the international community
expect Japan to play in the area of nuclear non-
proliferation and nuclear security?
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Discussion Points 2

Challenges and necessary measures for ensuring
nuclear non-proliferation and nuclear security of
fuel cycle options

vIntroduction to nuclear proliferation and nuclear
security risks within fuel cycle options
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Discussion Points 2 (Cont.)
Questions 1:
What are necessary measures to ensure nuclear
non-proliferation for spent fuel repositories? (pre-
construction and operation phases)

Questions 2:
How to ensure “3S” (Safeguards, security and
safety) of the repository over the long term? (What
Safeguards approaches and nuclear security
measures are possible in order to reserve
reversibility and retrievability of spent fuel from a
geological repository?
How to pass necessary information and
technologies on the repository down the

generations?) 18
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Discussion Points 2 (Cont.)

Challenges and necessary measures for ensuring
nuclear non-proliferation and nuclear security of
fuel cycle options

v'Closed fuel cycle option: Challenges and
necessary measures for ensuring nuclear non-
proliferation and nuclear security

- Introduction of Prospects for the fuel cycle
\ 1 - -
DTSN issues in Japan
19 20
F2imm (FE) Discussion Points 2 (Cont.)
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Questions 1:

What are nuclear proliferation and nuclear
security risks of closed fuel cycle both in short
and long terms?

What are possible measures to reduce such
risks?

Questions 2:

What nuclear non-proliferation and nuclear
security measures are effective and feasible for
promoting closed fuel cycle?

22
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Discussion Points 2 (Cont.)

Challenges and necessary measures for ensuring
nuclear non-proliferation and nuclear security of
fuel cycle options

v'Closed fuel cycle option: Challenges and
necessary measures for ensuring nuclear non-
proliferation and nuclear security

- Introduction of French nuclear fuel cycle’s
policy

24
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Discussion Points 2 (Cont.)

Delineate possible Safeguards and nuclear
security measures for closed fuel cycle facilities,
including large scale reprocessing and plutonium
fuel production facilities
Questions 1:
Is Safeguards for plutonium handling facilities
sufficient?
Questions 2:

What are goals for nuclear security and
expectations for each country?

26
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Discussion Points 2 (Cont.)

Necessary nuclear non-proliferation measures for
plutonium management

Questions 3:

Plutonium management from the view point of
nuclear non-proliferation and nuclear security

28
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Questions from floor and summary
of the panel discussion 1

¢ Questions from floor

e Summary of the Panel Discussion 1

30
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3. New Regulatory Requirements

3. 1 Backgrounds

Key issues pointed by Diet's and Government’s investigation
measures against severe accident, back fit system, attitude toward new
developments in overseas, comprehensive safety assessment on
earthquake and tsunami, unified regulatory legislation
— all of the above is added to the new requirements
New requirements
for power reactor
v October 2012-May 2013 hearing and public comments
v July 2013 entry into force
v strengthen design basis; strengthen seismic and tsunami standards;
established countermeasures for severe accident and terrorist attack
for other facilities such as nuclear fuel facilities
v April 2013-October 2013 hearing and public comments
v December 2013 entry into force (expected)
v set standards for each facilities and established countermeasures for
severe accidents in reprocessing and fabrication facilities 8
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' 3. New Regulatory Requirements (Cont.)
3. 2 Overview of the requirements: power reactors

< Previous Regulatory Requirements > < New Regulatory Requirements >

Response 1o Inteationsl alreraft cralses

Nleastres to suppies radloactive \

material di

Measures o prevent contalmment vesel
tailure

Memsiires fo prevent core damage
Design basks to prevent severe accidents ipostulate mibtiple fallares)
(Confirm that a single faflure would not lead o Tomvidrration of Intrraal Booding
core damage) id (neniy
- Comsderation of natural phenemens im
. sdlition 10 earthquakes asd rEnams-
- vebeanic ermprions, lsrmadon and fagrst oy

Roamteriod oe
T

Consdderation of natural phemomena Fire protection

Fire protection
Reblability of pawer sopply

Reliability af power supply

Function of other SSCy
Function of ffver S50 =
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t Components

Source: New Regulatory Requirements for Light-Water Nuclear Power Plants, Nuclear Regulation Authority, August 2013 10
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~4. Lessons and Responses: Nuclear Security

4.1 Lessons

Increased interest of terrorists in nuclear facilities

Reinforcing protection of facilities relating to power supply and cooling of
reactors and spent fuel pools as well as nuclear power reactors
Assuming that employees may act as terrorists

Reinforcing security activities in an emergency

. 2 Tasks and responses
Regulations Concerning the Installment,

Early detection of intruders
Operation, etc. of Reactors

Delaying terrorist attack
Toughening components that
*Mar. 2012: NISA, MEXT amended
Regulations Concerning Reprocessing,

should be protected
Improving physical protection

Fabrication, Use of Nuclear Fuel Material
and Research Reactors etc.

Revision of ministerial

ordinances
Dec. 2011 and Mar. 2012: NISA amended

system

Preparing to mitigate accidents
Training and assessment
Countermeasures for Insider threat
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4. Lessons and Responses: Nuclear Security
(Cont.)

4. 3 Principal Measures added by the revision

ion of essential
inside and outside the protection area
| Protection of components that could leak }
1 nuclear material H
[y Oeler,mr,ltysyslem cooling system,

fon security 7 (1)Setting Restricted Area
/T Newl outside the
otected area to restrict access
divide the area by fences, etc.
Ossign and siren ()
Olighting, intrusion detection sensor,
camera ()

# installed in facilities supervised

)
el
10
'\O

cutting off access from outside
lanning

by NISA
\
(6)UPS for protection %, [ @} N\ el B L TR 4 Semmmmmmmmcmcccmeeaae”
JOEmergency s~ (2)Parking area
§ power generstor
oups --=- (3)Protection of control room, etc.
u
5“}‘"‘“”"""’ g Protected Area ;1{------:»-‘ (7)Redundancy of CAS box  +======mmmm= N
- f
o e .

"
CAS redundancy in case of emergency due to |
i
i

i
i
| disasters

(9)Tr tation (8)Compliance and nuclear security culture ==y
ransportation - .

within the facility | OFstablishing action plan
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4. Lessons and Responses: Nuclear Security
(cont.)

4. 4 Key issues regarding nuclear security

Adapting trustworthiness check system

Division of responsibilities and roles among concerning
organizations

Nuclear security by design
Developing nuclear security culture
Nuclear security during transport

Nuclear security of radioactive materials and associated
facilities

Plans of detection and response to nuclear security incidents

Nuclear security of nuclear materials and other radioactive
materials that are out of regulatory control
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5. Future Prospects

5.1

Examination based on new safety standards

» Power reactors
PWR: of all 24 reactors, 12 are under examination
BWR: of all 26 reactors (excluding Fukushima No.1-No.4),

2 are under examination

* Nuclear fuel facilities: will be examined after a new
regulatory requirements enter into force (expected to be in
December 2013)

5. 2 Further tasks

« Stricter nuclear nonproliferation/safeguards and nuclear
security measures

» Securing transparency of nuclear fuel cycle policy

» Developing proliferation-resistant technology
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Nuclear proliferation and nuclear security
risks within fuel cycle options

5

Toshiro Mochiji
Director
Department of Science and Technology
for Nuclear Material Management
JAEA

* The following pages are an excerpt from the document “Technical options of
nuclear fuel cycle: Summary of the first step”, prepared for the 9t meeting of the
Technical Subcommittee on Nuclear Power, Nuclear Fuel Cycle, etc, established
within Japan Atomic Energy Commission and does not reflect any view of JAEA.

. Discussion on nuclear proliferation and
nuclear security risks in once through (direct
disposal) and closed cycle (reprocessing)

Proliferation: Proliferation risk is at its lowest level in once-
through (direct disposal of spent fuel) option, followed in the
order of MOX recycle, FR, and FBR options. Therefore advanced
safeguards are required for closed fuel cycle option.

« In case of once-through option, as spent fuel contains
plutonium, long-term Safeguards is required even after a
geological disposal.

« In case of recycling option that produces separated plutonium,
plutonium inventory management is a key element. In FBR
option, challenging issue is plutonium containing high quantities
of fissile material produced from FBR. Despite of R&D of
proliferation-resistant technology for reprocessing, its
effectiveness is debatable.

Source: Technical options of nuclear fuel cycle: Summary of the first step, The 9t meeting of Technical Subcommittee

on Nuclear Power, Nuclear Fuel Cycle, etc. (in Japanese), The Japan Atomic Energy Commission (English translation by,
JAEA)

Discussion on nuclear proliferation and
nuclear security risks in once through and
closed cycle (Cont.)

Nuclear security: Nuclear security risk is is at its lowest level
in once-through (direct disposal of spent fuel) option while the
recycling, FR, and FBR options need stricter nuclear security

measures.

« In case of once-through option, nuclear security risk is
relatively low since access to spent fuel in a geological
repository is difficult for almost 100 years.

« In case of MOX recycling and FR/FBR, increased usage and
storage of separated plutonium and transportation of
plutonium would cause higher risk of nuclear terrorism and
require stricter nuclear securities measures.

Source: Technical options of nuclear fuel cycle: Summary of the first step, The 9*" meeting of Technical Subcommittee
on Nuclear Power, Nuclear Fuel Cycle, etc. (in Japanese), The Japan Atomic Energy Commission (English translation by
JACAL
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Prospects for the fuel cycle issues in
Japan

Research Reactor Institute, Kyoto University
International Research Institute for Nuclear Decommissioning

Hajimu Yamana

Major subjects of discussion addressed in basic policy subcommittee

1
2
3
4
5

. Strengthening of accident prevention scheme
Reinforcement of the safety assurance culture of utility companies
Fostering of human resources
Recovery of the public’s trust to the nuclear policy
Future support to local municipalities that have contributed to nuclear power
generation
6. Solutions to the issues of accumulating spent nuclear fuels and high level
wastes, as well as delay in the impl of deep logical di: |

7. Revision of the nuclear fuel cycle policy, which is suffering a serious delay, as
seen in Rokkasho Reprocessing Plant and FBR Monju

8. Contribution to the world, in terms of safety, non-proliferation, and security

9. Contribution to the world’s peaceful nuclear utilization, in view of the growing
nuclear capacity

1

o

. Definition of nuclear business operation, in the context of enhanced safety
regulation and ongoing electricity reform

Advantage of the Closed Fuel Cycle in Japan

Generally
Not recognize the spent LWR fuels as wastes, but put importance on its potential
as fuel, to enhance the sustainability of nuclear power.
Keep the potential technology for the future uncertainty in terms of resource
security and waste management

Specifically
Save ca. 15 to 20 % of U-235 demand (MOX recycling to LWR)
To facilitate deep geological disposal
Reduce the volume of HLW
Reduce the heat generation of HLW
More stabilized form of HLW
Reduce the number of the stored spent fuels (to 1/8 or 1/7 by MOX recycling)
More flexibility in Plutonium management
Reduce the long-lived radiological toxicity by recycling it to the Gen-IV reactor

Cooperation by municipalities

Place a higher premium on the understanding and acceptance on the fuel cycle
facility (Rokkasho complex) by Aomori Prefecture

Vitrified waste canister Spent fuel canister(SKB)

Nuclear fuel cycle activity in Japan

Future nuclear power capacity in Japan (being discussed)

voxat [T _-5-6.5 t of Pu to be consumed at 16-18 units
LWRs at LWRs - MOX

Rokkasho RP MOX Fab. plant
uox |

Process: 800t/y
Storage: 3,000 t

Mutsu RFS

FBR R&D

)

-

Demonstration
reactor

Will start in 2016

HAW

LAW burial site

14,000 t stored
as of 2012

Strage: 5,000t | Deepgeological
disposal
HAW storage Facility

If the limitation of reactor lifetime to 40 years is entirely adopted
000

00 | Assumption with 40 years
w0 | lifetime for all units

g &

FAEEER o)
§

H
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s0000
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Spent nuclear fuels pile up

If reactor lifetime can be extended gradually
a000
70 {1 Assumption with extended lifetimes
_ oo | for newer units
g
2 s
i
B
H
R 500
I
= 2000
1000
o
I 0 % 1% 200 2010 200 203 0k 05 060 070 2080
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© 10000
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Technically
Delay of Rokkasho Reprocessing Plant by due to the failure of vitrification device
Delay of the operation of Monju, FBR demonstration reactor (research plan revised)

Material management
Large on-site stockpile of spent fuels (70% of full capacity on average)
Limited capacity of the interim storage facility
35 tons oversea stockpile of recovered Plutonium

Policy and regulations
Delay of the restart of nuclear power stations
Unclear nuclear backend policy (being discussed)
Reform of the safety regulation of fuel cycle facilities (more time needed for RRP)
Reform of the electricity business

Public understanding
Less acceptance to nuclear power, as well as fuel cycle
Delay and less understanding on the deep geological disposal

Cost

More expensive than open cycle. (by about 0.4 Yen/kWh)
Lower plant efficiency will spoil the cost efficiency

d of

Repre ing Plant

Evaluation by LASCAR

Implementation of advanced safeguard measures
NRTA
OSL (Analytical labo. for authentication)
Solution monitoring (Process parameter monitoring)
11V taking
Pu monitor

Security issues

* By the reformed nuclear safety regulation, strengthened design basis for
external incidents are strongly required.

* In addition to the natural phenomena, human-caused incidents like airplane
crush and loss of external power supply would be potential threat. Terrorism or
sabotage may be a greater potential risks.

* Strengthened Defense-in-Depth of the system will be necessary to achieve the
robustness of the plant against the human-caused threat.

* This will improve the reliability of the nuclear power system, in terms of gaining
public trust and of avoiding political controversy.

Understanding the necessity of nuclear power

1. Enhancement of public understanding of the importance of nuclear power
for energy security

Safety improvement
2. Reinforcement of safety with strengthened “Defense in Depth”
3. Reformed nuclear safety regulation (Nuclear Regulation Authority)
4. Operator’s voluntary activity to improve safety further

Information
5. Disclosure information in a proper way
6. Transparency of the power generation business

Radiation safety
7. Improvement of public understanding of radiation safety
8. Calming exaggerated media reports

Scientific trust
9. The necessity of an independent academic authority

nternational concern

Early commissioning of Rokkasho Plant is desired, and result of the Large Scale
Reprocessing Plant Safeguards (1988-1992) upon the effectiveness of the safeguard
of large reprocessing plant should be verified.

Early consumption of 35 tons of Plutonium stockpile in Europe (France and UK) is
expected, even though with the delayed restart of the nuclear power stations as well
as of the MOX loading. Associated surface transportation of MOX fuels will be
frequent.

Japan-US nuclear cooperation agreement is supposed to expire in 2018

Japan has been granted with advance programmatic consent for reprocessing and
the retransfer of the items subject to the agreement to another state.

After the accident of Fukushima-Daiichi NPP and the subsequent undesirable
incidents, world’s concern is focusing on the reliability of government’s governance
on the nuclear operations in Japan.
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e

The French nuclear fuel cycle’s policy is
based on two main principles

French Code of the Environment : reuse or recycling
of waste must be a priority.

— Spare natural ressources

— Limitate the impact on the environment of waste disposal

Principle of non-proliferation : keep the stock of
plutonium steady by recycling it.

The French Nuclear fleet

Current French fleet of
NPP

58 operating PWR :
34/900 Mwe
20/1300 Mwe (5
4/1450 Mwe

Projects :
1EPRin construction '

The French nuclear fuel cycle
Recycling to spare natural resources

Today's Cycle

o i

Full recycling enables to save up to 25% of natural uranium consumption.
Tn France, this provides now an economy of 17%.

Equivalent of 11 reactors among 58 fully independent from natural uranium
22 can use MOX fusl (up to 1/3 of the assemblies)
4 can use re-enviched reprocessed uranium (all assemblies)

The French nuclear fuel cycle
Recycling to facilitate nuclear waste disposal

Today’s Cycle

Technical advantages of recycling :

Adequate conditioning for storage and disposal
Reduced volume (division by 5) and heat loading
Long-term icity (division by 10) drasti

The French nuclear fuel cycle
A policy in coherence with the non-proliferation principle

Plutonium Inventory

o
canmmwEaRE

Py s M fabricaton proceas
[ p——

29 reactors use MOX fuel
2 more have been authorized in 2013

MOX needs are determined to minimize the stock of separated plutonium
’ MOX irradiation significantly degrades the isotopic composition of the remaining
i ial d for non-peaceful usage

and thus

French Nuclear Panorama

=

MELOX - MOX fuel
LaHague fabrication plant
Reprocessing plant

Fessenheim NPP Paluel NPP

ANDRA Geological disposal lab

Open door - Public Consultation
by law and by choice
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Discussion Point 1:Roles of Safeguards technologies for closed and open fuel Plscussmin%mt_]_.._ Roles of Safeguards technologies for closed and open
cycle facilities uel cycle facilities
A2 bB& -3 32 (Introduction) S (Discussions)
HA—ZRYAY I EF—FoF A ILISH B REES B O @8 S TS - RERECER. HICBBETES DM SRIMEY 17V (a8 (C3HZ)
BIAEAE BADEAEALRREIZDOUN T, LFORBIZDONT/ARY R NS « From non-proliferation perspective, Safeguards is important and effective
B especially for nuclear fuel cycle facilities with sensitive technologies.
IAEA’s efforts to develop Safeguards approach for closed and open fuel cycle c SHEDESLEHIERBMARELEDIRENIDOLOTHER
facilities. Japan’s and France’s efforts for IAEA safeguards and challenges, and R N X X
possible measures to overcome such challenges. Following topics will be I%thlijrgspelct, we shhofuld now discuss what Safeguards technologies we
presented b the panclits LA SRR E RS ARl BERERS
* Ly = = . BB (S
ZES KIS EA T AN TE AT SRTFHRRAORR LN BN b TANE SRR R 7 BN CxRmEE
; ﬁ NN % BRINGICE . KVERY CE - BT E
*|AEA’s effort for Safeguards applied to closed and open fuel cycle facilities M= Eﬁ&l_[,\f jﬁb WETIEXELD .
HA—ZXFH A IIVIZHASIhSREEEICHTI2RABED RS « However, the direct disposal of spent fuel has proliferation risks on a long-
eJapan’s efforts for Safeguards measures and technologies for closed fuel cycle term basis because there is limitation of Safeguards (no guarantee that
facilities effectiveness of safeguards can be maintained over a long period of time).
SEAFRHOERELS A —TH 1L TOEREISIBE, F0—XK Considering these aspects of the long-term nuclear activities such as direct
put disposal of spent fuel, we should consider that safeguards is effective
;'fﬁlb’t‘wﬁﬁﬁﬁMOXﬁH%)l =R SREEE T 70— FRE TR measures in short/medium term, but need to focus on proliferation resistant
«Safeguards approaches for direct disposal of spent uranium and MOX fuels 2 including reducing material attractiveness and technical difficulties in long-
and necessary technology developments term.
i . ~
H(Questions) B2 BT IERER L T S RMIRE L CORBIERIEN EORMET L
o KA1 REBEBIEEHREERBISED SO DRMELTRLSBEN? =) LBB BN S B S UERRS H Diet
« Q1. Whatkinds of Safeguards technologies are required for promoting Discussion Point 2:Technical measures for enhancing nuclear non-proliferation
both  strengthening and efficiency of Safeguards? efforts for improving proliferation resistant technologies and
+ M2 BRSO XA IS T SEIH T SRRNE (R technologies for plutonium hurming y
B B HE - B OEENEDLSITTFESD A2bB4 9232 (Introduction)
e Q2: How can IAEA Safeguards systems and technologles contribute to
the Safeguards in a state that has large-scale nuclear facilities with o EREMIZE, YO—XFYALINEA =TI LI MNTHhIZEVTLE
sensitive technology, such as reprocessing plant? i ROREITERE, LALRLGRENDHS.
. B - ¢ Inthe short- and mid- term, Safeguards is important and effective for both
LA iﬁj;ﬁli{_ﬁiﬁ&ﬁawf O DORT NHREAORMEEEHE ) ERTF 7 closed and open fuel cycle, although it faces various challenges.
+ Q3: Whatare roles of developed nuclear energy countries and their o —A., REBICE, BRITHORIGRLSIYEEREET,
nuclear industries in emerging nuclear energy states for ensuring * Inthe long-term, however, proliferation resistance technologies play critical
nuclear non-proliferation? What kind of assistance should they roles for nuclear non-proliferation.
make available in the area of Safeguards?
- HM4: ERAFMEEELSICSHIRNEROBRIE?
* Q4 c?i(r):cst ﬁiasfsgg;rgfsshpaevnet faune||.1l?nllm|ted effectiveness even in the B R SR ERT B 1=t DIE LI H AT OEREG 1oL TR,
o BM5: PuSL—FRRLNOTTEEEDEZEZ FODHEY - WA TEEMEIL 2 Based on such premise, we will discuss possible proliferation resistant
+ Q5: Isitpossible to introduce a concept of the differentiated safeguards technologies which enable to reduce proliferation risks.
approach based on graded plutonium? 4 5
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Dlscussmn Point 2:Technical measures for enhancing nuclear non-proliferation
efforts for improving proliferation resistant technologies and
technologies for plutonium-burning

F#Af (Discussions)
%ﬁ‘%’?&éﬁlﬁﬂ‘m\vﬂlﬁﬂ‘lfi&ﬂﬁﬂﬁﬁﬁrﬂJ:ﬁﬂ)iﬁl:rﬂ(ﬁ:ﬁxﬁ

In order to implement feasible, effective and efficient proliferation resistant
measures, following arrangements would be effective and have significance.
HA—XF YA : REPuERFTI-IELM IS PUHR B L > THTEL DD
HIERERE) CRIBRELNER
*Closed fuel cycle: Application of Safeguards systems supplemented by
technologies for consuming plutonium, which can avoid surplus plutonium
accumulation, is effective.
—FTYA9)L:Puild N&ﬁﬂ&jlw DLDLEREZETSHIGE
w?&ﬁi.ﬁiﬁb‘aﬁi
*Open fuel cycle: Introductlon of proliferation resistant technologies, which can
consume plutonium and reduce fissile plutonium ratio etc., have significance.

REEHE ., B SHICSTIERBADER
*Promoting international cooperation in the area of nuclear non-proliferation
and Safeguards

B R(Questions)

R - ERFREE MR E LD,
HO—XEHAIV (VS IIV) DFTERRRIEIC S 5%
F—To GOV (EELS) OFHEEICHT 2R
Q1:How Spent Fuel should be managed?
Measures against proliferation risk in closed cycle?
Measures against proliferation risk in open cycle?

HR2:Pu (779’-—#)%1& HREVOSERAOEREFIE-EXHN
REEED)

Q 2What are sngn|f|cance of burning and consuming of
plutonium and minor actinides, including their economic
Justification and industrial feasibility?

HR3 ik RiEh R L ERDORRICM T -BREE ?
Q 3:What are challenges for improving and implementing
proliferation resistant measures and technologies?

EE&) JzmEE R R EREEC RS DAEARBERR OB T
Q4: .Is it possible to reduce IAEA Safeguards activities by

introducing such proliferation resistant measures and
technologies into nuclear facilities?

6
f(Questions) continued o
HEi(Questions) ISFI2DEFRERKFEESD

- HP5: PURIREPUBB LV SRASIBRHEESNSVREL Questions from floor and summary of the

h 7 panel discussion 2
* Q5: How do we balance utilization and consumption of

plutonium because these are different concepts? .7 D?b\%d)ﬁ‘éﬁ
- HEfle:-BABENERETE ZERETEOHBERRIEETS .

2 * Questions from floor
< Q6: Areinternational controls and/or multinational

approaches to nuclear fuel cycle facilities (MNA), and _

regional safeguards such as EURATOM safeguards e ERIBDFEED

effective for nuclear non-proliferation? ) )

¢ Summary of the panel discussion 2
8 9
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Measures Against Proliferation Risk
On Closed/Open Fuel Cycle

—XRELVA—T BB A IILIZEITS
RILEN) RO~ DRI ER

2n

Y. Kuno/JAEA

General Proliferation Concerns on Reprocessing

BREIZHE TR0 — MRS

—Is there sufficient Safeguardability in commercial scale reprocessing plant?

ERAREOBLECENTHARRIEHENSGZEN TS,

For the example of Rokkasho Reprocessing case, the effective/efficient SSAC based on
state-of-the-art Safeguards technologies is implemented. Together with the applications
of Integrated Safeguards (IS) and State-Level Approach (SLA), State as a whole,
Safeguards conclusion is drawn.

D RIEHE M ERN—RILI R - $E7ZE N RERS B HIE
ABAShA TV HEREBEESSUVELELLTOELANVRERET
Tn—Fo#ERALHE. RERBZRI/BHEND,

—Is there Realistic Security Concern on civilian use Pu theft /terrorism ?

TIh= LARBFIAICRAZT O (TILh=) AOEE/T0) [FEREMICK
EREXLTAEED,

Probably Yes, but MOX-form and Reactor Grade Pu may be less attractive for terrorism,
although strong security is essential regardless of weapon / non-weapon states.
BoVesTHAIA, TAYXLIZESTMOXIESN R FFHRDOT Vb= L
DBAEFEFHREEPuTLEANEERNNELALD RERE. F%
ERELMOT . BOEF)TAETIRTHSH),

1

Safeguards for Rokkasho Reprocessing Plant

RyELEBETRORERE
DIQ/DIV (Design Information Questionnaire /Verification) 5 F-1E$Ri&E2
Dual C/S(Containment / Surveillance; Cameras, Radiation Detectors) HAHEMR

Process Monitoring (Hull Momtonng Solution Monltonn Process Inventor
Measurement System etc) -\‘.—9—(/\ ﬁ lﬁﬁl)
NRTA (Near Real Time Accountancv) =7- U7}lx7'fl\n+iﬁ

Unattended Mode Inspection, Centralized Collection of Inspection Data JEIT £
"Wlﬂ—

Various NDAs (Non-destructive Assavs) SEIELIEMIEHTER

Advanced Accountancy System JEERZEH RS R T L

On-Site-Laboratory (Rapid Verification Measurement) 7> 44 rERAHET

On-Site-Laboratory with

D laser scanning
device for DIV

-
N

Camera/Radiation of

Automated Sampling System

Pursuing Change in Safeguards

REEEOEE~DER

¢ Move further away from narrow, prescriptive, criteria-

driven implementation focused at facility-level,
towards safeguards implementation focused at the
State-level

e More focused, adaptable safequards implementation

o (BEERLAILIZEWNT, 3L REBIIT, 54772

EASNAREBHEEOEEMN S, ELANILIZTA—D
AL=RIEHEE~DBIT

« FYEROEMM=. JEEEDOHLHREREDERE
N

Implication of Nuclear Nonproliferation on Closed Fuel Cycle
(Reprocessing) and Open Cycle (Direct Spent Fuel Disposal)
IA—ZXFH AN (BRE) e —ToB 1)L (EREHREERE
53 ISBITBRF LB DEREL

Reprocessing-Advantages: Long term - less proliferation risk
(reduction of waste volume and toxicity, energy security)

_— Reprocessing-Disadvantages: Short term - proliferation risk (short
term: recycle cost)

— Direct disposal-Advantages: Short term - Less proliferation risk (save
recycle cost — short term)

__ Direct disposal —Disadvantages: Long term:Increase in need on
safeguards/security (larger waste volume and toxicity)

— BRE-RAT: IR VER- RN S (EEDRE. SHEE
B IRILF—EF2)T4)
L BMEER BIRER) RS V- EHINE A (EaXNER)
T EELS-RFTEVKILEY RS- EHME R (BEOX M- E 1)
EELD-E: REEE X1 T HHE-—XDHEX-RHN
— BR(EEWEEKX.FHS) .

Implication of Nuclear Nonproliferation on Closed Fuel Cycle
(Reprocessing) and Open Cycle (Direct Spent Fuel Disposal)
IO—XFHAI (BLE) EA—To YY)V (HRAFHBRHERE
W) (2B BB LBOBEHREL
@ Proliferation risk in reprocessing is regarded “high”, since Pu is more or less separated

in any form. However, total amount of Pu that human being produces would be
consumed in series by burning recovered Pu. In the end of atomic energy era,
amount of remaining Pu in all SFs to be disposed should be much smaller than that of
direct disposal option. In addition, quality of final Pu would be lower that practically
unusable for weapon (smaller fraction of Pu-239).

@ Proliferation risk in direct disposal is regarded “low”, since Pu is present in high
radiation Fission Products (FPs) . However, Pu in SF from e.g. LWR will be isolated
together with only in long term. Quality of such Pu will come close to higher grade.
Concerns on Safeguards and Security risk will increase with time.

& BUREBOBILEYR 1L, TILh=9 L (PuHBMOXTHN D BEPUTH 1= —HRI
BLEIND, LAL., EIRLIzPuE BB S VHBELTOGE, RF AR RAREH
121E, R RELKRFPURITEELD CLARKIEIT/NEL, F-REMITKT
THPUDE (ARMPUDEIR)LIET T 578, REMICHANEEAKELTHT
AR D .

& EELSORILE) RS SRS RERY (FP)EH®ISHFET 5120, —
RRICELESN D, LAL. FPRIZDOREA D EHLHADERTHKLL, FIMIZ

IFERETEDPUAS (UERID) BEFT Do — 7. PUDEFTRAISEF D, FERMI,
SFEERACH T AR - X2 TABEEIHRMELLITERT S, s
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3
. « . s — — > - \ﬂ/ \‘
Long term radio-toxicity of standard PWR spent fuel 7k = ‘»33 H'%)j)l/ |‘—'7-l—\0)7 L—k5 #E
vs cooling time &%/ Discussion on Graded Pu in USA (1)
PWRIZZEfE FF AN O MSTRES M-S A HM O RAMEMZEL
%) E #1570+ X Acquisition of Materials
6
U
5| Others (Np, Am,Cm, ...) BYBEERT O R (£EA~) Conversion (to Metallic Phase)
g v
'ﬁ.: 3 #ZERHET O+ X Weponization
H
@ 1
22
= M Mh M| D |[og2
] FOM =1-log| —+——+—
800 4500 501 500
> —
’ b b nm;ﬁfg.ars b ™ " FOM =#%¥ 8B D% S E 15 Figure Of Merit (Material Attractiveness)
Figure 4. Potential radiofoxicity vs. cooling time. M = £EPud) R KES 5 B EBare Critical Mass of e.g,, Pu (kg)
Spent Fuel Reprocessing Options, IAEA-TECDOC-1567, August 2008 h = Heat Generation from Nuclear Material (e.g. Pu) £EBPuD FEEE (W/kg)
. D = REMENSImBEN T3 ADIRETHRE Dose at 1m from the Matetrial (rad/h)
7
o NP Conclusion: Nonproliferation/Safeguards : Reprocessing
NV - _— N APVAY -
*E' ZF‘)H-%)jjl’F VLDTL—E7 8 and Direct Disposal
(D&M Discussion on Graded Pu in USA (I1) 3 ENESLUEELS OB hS/ R E
FOM | Weapons Utility | Attractiveness | Attractiveness Levelt » From RRP’ example, it can be said that Nuclear Non-Proliferation (NNP)
_ for reprocessing as “sensitive technology” can be accomplished by
>2 | Preferred High = institutional system such as high level safeguards/security.

‘ , Ay FEEORI0) & [TEBEAISHL, BLLALOR
12| Auractive AT =< BHEE/ 1) T ERENRRICEYRPILRRILER TE
0-1 Unattractive Low ~D °

» NNP for SF direct disposal where required level of safeguards/security
<0 | Unattractive Very Low ~E should increase with time in long-term. No one may be able to
guarantee NNP for SF direct disposal with such institutional systems.
= Desirable FOM designations are Low and very low. 7., EREARMERLD TIE., Lﬁvﬁﬂ’]l [FIEERY RO A
) N ) ) 1&“75‘ BElE LD (S RIMER, REIL VD (FE~105 F)
= Undesirable FOM designations are High and Medium. [2h1=- 24| Est EDBEIZRIITEAN?
t “Nuclear Material Control and Accountability,” U. S. Department of Energy manual May desire to consider Proliferation Resistance for Spent Fuel disposal
DOE M 470.4-6 Chy 1 (August 14, 2006). FERFRHEO (BEE) L7 li’fﬂf’*ﬂl?&h % (BIZIEMED
1 Depleted, Enriched, and Normal Uranium; 233U; 238Py; 239py; 240py; 241py; 242Py; 241Am; %jj]#’é-ltﬁ'%)) O)%J%fj 12 3 *L
243Am; Bk; 252Cf; Cm; 2H; Enriched Lithium; 23’Np; Th; 3H; and Uranium in Cascades. 8

- 67 -




JAEA-Review 2014-011

Improvement of Long-term
Proliferation Resistance

Joonhong Ahn
Professor and Vice Chair
Department of Nuclear Engineering
University of California, Berkeley

December 4, 2013

Panel discussion 2: Roles of safeguards and technical measures for ensuring
nuclear non-proliferation for nuclear fuel cycle options

2013 International Forum on Peaceful Use of Nuclear Energy, Nuclear Non-
Proliferation and Nuclear Security, December 3-4, 2013
Jiji Press Hall, Tokyo

Japan’s Used Fuel Balance (02/2013)

Stored at JNFL (Rokkasho) 3,350 MT Vit Y
Stored at NPPs 14,170 MT 2” !

ep
Overseas reprocessing 7,100 MT
Tokai reprocessing 1,020 MT p-l' &
TOTAL 25,640 MT [§ ‘1

« 1 Metric Ton (MT) of LWR Used Fuel '
— Has generated 0.05 GWyr(e)
— Contains 10 kg of Np/Am/Pu L J
¢ 9 kg of Plutonium, including 5 kg of Pu-239 "' 'i
* 1 kg of Neptunium and Americium

— Generates 1 canister of vitrified HLW Plameter ~ 0.4 m,
Height~1.0m

Volume = 150 liter

Materials waiting for disposal

HLW (including TRU wastes from reprocessing)

— IAEA Safeguard inspection likely to be terminated due
to low Pu content

Used fuel (UO2 or MOX):

— Subject to IAEA Safeguard inspection

Pu stockpile

Reprocessed U

— Subject to IAEA Safeguard inspection
Depleted uranium (DU)

— Approximately 7 times more mass than fuels
— Subject to IAEA Safeguard inspection

Mill Tailings

Pu stockpile > MOX -> Disposal

¢ Costly, but feasible

* Subject to IAEA Safeguard inspection for
geological disposal

* Radiological safety of geological disposal

— Higher TRU contents
* Greater hear emission
 Greater radiotoxicity
¢ Higher heterogeneity in fuel

Advanced options for Pu inventory
management

Thermal neutron systems

— High-Temperature Gas-Cooled Reactor (HTGR)
Fast neutron systems

— Fission reactors (SFR, IFR, ...)

— Accelerator-driven system

— Fusion

Deep bore-hole disposal

HTGR as Pu Burner

* thermal efficiency > 40%
¢ 90~ 120 GWday/MT
* Reactor with Inherent safety
— Negative reactivity coefficient with temperature (stops chain reactions)
— Low power density and robust fuel forms (cools reactor core naturally)
« Nomelt down
« Nosignificant radiation release in accident
— Demonstrate with actual test of reactor
* Deep burn of Pu-239
— >90% of Pu-239 is burnt by once-through
— Possibility for termination of IAEA safeguard inspection for geological disposal
* High durability of graphite-TRISO fuel in virtually any geological conditions
— Relaxation of temperature constraints for engineered barriers in a geological
repository (higher density, i.e. smaller footprint; simpler repository design)
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Reduction of fissile Pu by TRISO-HTGR

Inventroy Per 1000kg LWR-CSNF

LWR TRU Fresh TRISO Once Through Twice Through
Nuclide w/o kg w/o kg w/o kg w/o kg
237Np 4.68| 0.468| 5.2| 0.468 7.7 0.231 4.4 0.044|
238Pu 1.35| 0.135 1.5| 0.135 6 0.18] 10.3| 0.103
239Pu 51.3| 5.13 57| 513 3.2[ 0.096] 0.1| 0.001
240Pu 20.7| 207 23| 2.07| 27.8| 0.834] 7| 0.07
241Pu 7.47| 0.747 8.3| 0.747 21 0.63] 5| 0.05
242Pu 4.5| 0.45 5| 0.45 26.5| 0.795| 35 0.35)
241Am 8.18| 0.818 0| 0 1 0.03] 3.3| 0.033
242mAm 0.03| 0.003 0| 0 0.1| 0.003| 0.5 0.005|
243Am 1.48| 0.148 0| 0 5.3| 0.159 16.7| 0.167
244Cm 0.29| 0.029 0| 0 1.3 0.039] 16 0.16|
245Cm 0.02| 0.002 0| 0 0.1| 0.003 17| 0.017
Total 100 10| 100 9 100; 3 100 1
[Energy 35.61 5.92 263
Produced MWyr(e)
Cumulative 35.61 41.53 44.16
Energy MWyr(e) | | | |

e
Nominal Environmental Case

TRISO SF
Disposal in
YMR

Whole Element Disposal

=== Compact Only Disposal R=128 10° gim’iday

100 R=170x 10° gim’/day

Annual Dose to RMEI from Inventory
Reaching 18km Location (Sviyr)

Annual Dose o RME| from Inventory
Ruaching 1km Location (Sviyr)

Tirme After Emplacement in YMR [years]

HTGR Deployment

* Inan HTGR core, 1.27 MT-(PuAmNp), or 1.13 MT-
Pu
— 5 regions shuffled with a cycle of 300 days
— 0.2 MT-Pu/year/reactor is consumed.
* 1GWyr LWR generates 20 MT used fuel, containing 0.2 MT-
Pu

» Construction cost ~ $2,000/kW(e)

— For a 600MW(th) plant with 50% efficiency
(300MW(e)), $ 600 Million

— 20 reactors = $12 Billion (1.23kM)
* Power generation cost ~ 4 cent/kWh(e)

SFR as U burner (or Pu breeder)

* RepU and DU in the blanket = Pu.
¢ It increases short-term proliferation concern.
— Creating Stockpile

— Increasing interest in Pu breeding in emerging
countries (technology proliferation)

HTGR vs. SFR

Both the HTGR (utilizing thermal neutrons) and the SFR (utilizing

fast neutrons) can destroy Pu, Np and Am. However, the quality of

destruction is different.

¢ The HTGR can burn:

— rapidly due to high cross sections with thermal neutrons,

- geeply due to very high fuel burnup thanks to high material durability,
ut

— somewhat incompletely due to unfavorable fission-to-capture ratios.
¢ The SFR can burn:
— slowly due to small cross sections with fast neutrons,
— lightly due to relatively low burnup particularly with metal fuel, but
— completely due to favorable fission-to-capture ratios.
Thus, it will be ideal to construct a system that integrates both
types of reactors.

Accelerator-driven system

* Suitable for small mass flow (minor actinides)

— E.g. ATW for Pu+MA after UREX (60 cores for 60 years)
¢ Double strata fuel cycle

— Pu cycle as the primary

— MA cycle as the secondary. ADS is applied for this.
1 ADS for 6~ 10 GW
* MA stockpile issue

— Thus, not available for all countries
¢ International fuel cycle is inevitable.
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Deep bore-hole disposal

surface

¢ No retrievability

;E i — High proliferation resistance
i B * Epistemic uncertainty
5 % L
§§ — Criticality safety
= — R . -
. Ko — Radiological safety

« Suitable for disposal of

Couplings observed in spent fuel
management

* Short term (fuel cycle) vs. Long term (disposal)
— Short term =» Long term

¢ Overall long-term performance is dependent on short-term options.
— Long term =» Short term

« Without a plan for repository siting, implementation of short-term

options is difficult due to lack of public trust and confidence.

Domestic vs. International
— Domestic = International

* Failure in consuming recovered fissile materials may cause
international skepticism.

B . — International =» Domestic
gg |Ong-||Ved FP and U, but « International and bilateral treaties define framework for fuel-cycle
&2 options.
f nOt Of TRU — E.g., US-Japan 123 agreement negotiation by 2018
i 13 Nuc. Eng., UC Berkeley 14
Long term

Proliferation resistance of
a geological repository

Radiological performance
of repository

International
competitiveness and
influence

Radiological performance
of fuel cycle

Domestic International

Bilateral relations with
US (and others)

Recovery of investment;
National wealth

N Short term

Options

e Option(0) : Full-fledged fuel cycle

Maintain the same fleet capacity (e.g.,
50 LWRs equivalent; includes FBRs)

PUREX (U, Pu recovered)
Recovery of TRU for transmutation

(0)

[

Disposal: HLW vitrified waste (legacy
+future)
e Option(IV) : Phase out
immediately
— Disposal: HLW vitrified waste
(legacy), Pu stockpile, Spent fuel
including MOX, Recovered U

()

Fleet capacity

av)

Nuc

Eng., UC Berkeley

Options

« Option(l)

Fleet capacity that can be
accommodated by Rokkasho
capacity

Old reactors replaced as needed

PUREX (U, Pu recovered)

MOX

Disposal : HLW vitrified waste

(legacy + future), MOX SF,

Recovered U

« Option(ll)

Fleet capacity that can be .
accommodated by Rokkasho

capacity

No LWR replacement; HTGR

PUREX (U, Pu recovered)

TRISO

Disposal : HLW vitrified waste

(legacy), TRISO, Recovered U

Eng., UC Berkeley

(0)

[0

an

Fleet capacity

av) am

Option (ll1)
No replacement of reactors

No reprocessing

Legacy Pu is made into MOX and
used in remaining LWRs

Disposal: HLW vitrified waste
(legacy), MOX SF, Spent fuel,
Recovered U

Nuc Joonhong Ahn 2013

Radiological Long term Proliferation resistance
performance of of a geological repository
repository

Option (0)

(Full Fledge)

Radiological International

performance of competitiveness

fuel cycle ‘ and influence

Domestic International

Recovery of investment\,\
National wealth '

Bilateral relations
with US (and others)

Nuc. Eng., UC Berkeley 18

S tefr
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International
competitiveness

Recovery of investment‘,\\
National wealth

Radiological Long term Proliferation resistance
performance of of a geological repository
repository / "\

Option (1)

(LWR+PUREX+MOXj

Radiological

performance of

fuel cycle

Domestic

.and influence

International

Bilateral relations

Radiological

repository

Option (I1)

Radiological
performance of
fuel cycle

performance of

(LWR->HTGR+PUREX)

Long term

Proliferation resistance
of a geological repository

/\best

International
%, competitiveness
“and influence

Domestic

Recovery of investment‘,\\
National wealth

International

Bilateral relations

Nuc. Eng., UC Berkeley O Jood e AP with US (and others) 19 Nuc. Eng., UC Berkeley O Jood e AP with US (and others) 20
Radiological Long term Proliferation resistance Radiological Long term Proliferation resistance
performance of of a geological repository performance of of a geological repository
repository /\best "\ repository A

Option (111) Option (V) )

(LWR+NOPUREX+MOX) / (Immediate phase 6ut) /

Radiological International Radiological International

performance of % competitiveness performance of % competitiveness

fuel cycle “and influence fuel cycle “and influence
Domestic International Domestic

Recovery of investment\,\/
National wealth

Nuc. Eng., UC Berkeley

S tefra

Bilateral relations

with US (and others) o

Recovery of investment\,\
National wealth

International

Nuc. Eng., UC Berkeley

S tefh

Bilateral relations

with US (and others) >

Closing remarks

¢ Coupling between long-term and short-term
proliferation risk is observed.

¢ Choose options flexibly, as the international
and domestic environment evolves.

* International fuel cycle system is inevitable to
reduce long-term proliferation risks.
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Closing Nuclear Fuel Cycle by Multi-
National Approach

Professor Il Soon Hwang
hisline@snu.ac.kr

Nuclear Fuel Cycle
Advanced Partitioning & Transmutation
Multi-National Approach (MNA)
Summary

* Nuclear Fuel Cycle

 Front End Fuel Cycle: Uranium Enrichment
» Back End Fuel Cycle: Advanced Recycling
« Advanced Partitioning & Transmutation

« Multi-National Approach (MNA)

« Summary and Conclusion

Repositories for LILW are accepted, but not for HLW

 Volume Reduction |
Current State
: HLW Disposal

{ Inferim Storage

Advanced Back End Fuel Cycles

Uncertainty)

(WPP)

bl bl st
e ol

P ,
o (LILWsite)
N, oy st el
\ P
My uw
vy e ol ma
\.‘ ‘\ [T
AY
\'\ (L]
u namp s
[] " " ) o ']

Game-changing Innovation to Eliminate HLW

* US Academy of Science (J. Shapira, 1999) : “Negative”
« ANL (J. Laidler, 2008)
— Developed UREX+ for SNF Decontamination ‘
— High DF has been achieved ~ 30,000
— Meet Class C LLW Cleanliness
— Uranium recycle,
* TRU << 100 nCi/gm
— Cs,Sr,,
+ TRU <100 nCi/gm
+ Class C LLW after 150 year cooling
* SNU (LS. Hwang, 2006~)
— “PyroGreen ” R&D with KAERI, INL
¢ SCK-CEN (H.A. Abderrahim, 2010)
— MYRRHA for “burning HLW”
— CEA Advanced Hydroprocess
« US DOE WIPP
— Safety of ILW Disposal

Agqueous Procossing Technologies for
the Treatment of Spant Nuclear Fuel

Game-changing Ir

Human intrusion risk
Successful operation in
NM, USA since 1999

: + Low heat density
> WIPP site vs. YMP Rt bR
* ~20,000 times lower o ‘ *,‘ o
concentration |
* ~1,000 times lower heat ‘ i ’ L
¢ 650m underground rock :
+ Low o concentration
salt » Human intrusion
* Repository only 2.5°C uf security y
« Prevention rock fracture = " .
+ Slow waste dissolution - 1 US Waste Isolation Pilot Plant
«+ Prevention back-fill TCC-Like (TRU) Low Level Wast{
materials degradation
* Long-term uncertainty | >Japan d ated ad d process
removal - CRIEPI(Pyro) and JAEA(aqueous) achieved WIPP Goal
. »U.S. BRC ds a game- changil i

- All reprocessing wastes are classified into HLW by U.S. law
- U.S. NRC began public hearing for risk-based waste
classification

- ANL achieved WIPP goal by UREX+ at lab scale
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Materials Loss in Back End Fuel Cycle

» Materials Losses in Separation Process

* PyroGreen DF Goal set-up (Criteria : a-radioactive & heat density)
- Analysis on 8 scenarios by the function of DF
- Set-up of DF Goal which satisfies WIPP disposal site a-radioactivity and heat density

LB ® Materials Loss within a Process Unit (Hideout)
q/2 - . - .
e 2 - Recovered by periodic decontamination
o LEH3 Direct Disposal - Controlled by unit design/materials improvement
] 2 KW/m3
E LE+02 PyroGreen DF Goal ©® Materials Loss out of a Process System (Leakage)
£ U, TRU = 20,000 - Controlled by assuring Leak-tightness Leakage
£ Cs, Sr =300 & Tc, 1=50 it
S LEwt dlind ' (ex. Fuel fabrication process loss)
X h Hideout
b PyroGreen Goal X
S LE+00 || (419E5,057) {—{ WIPPCH ©® Waste from a Process System (Waste Discharge)
= ILW which is acceptable at - Process performance limit : measured
WIPP disposal site
1LE-01 I
LE+02 1L.E+04 LE+06 1L.E+08 LE+10

Alpha emitter activity concentration (Bq/g) .

Advanced Recycling: Industrial Process-2050 Multi-national Approach : Safety and Fuel Cycle

= T

| Key Lab Demonstration | - 2 OCEAN

DF=20,000 needed on TRU’s
for Meeting WIPP
Requirements

’ International Cooperation |

TLW Class |

’ | Pyroprocess ‘ ‘ Hydroprocess ‘

PURET | 3
1000 0.1% TRU

TRU Decontamination Factor
;.u

Advanced Partitioning

&
............................ ym— RS o) o
100 2 i . e
1980 1990 2000 2010 2020 2030 2040 s SIA e = 63//}3»
Nuclear Nonproliferation and Security 52 _'"'3"(;:’5{/ (LI o
Year Enrichment and Reprocessing N \\-‘5.4\ é RO g/‘aé‘lsgﬁ - /
9 Multinational Approach —

10
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[ THEASTRID FAST REACTOR PROTOTYPEEE M

sodium-cooled
#600 Mwe

« Advanced Sodium-cooled Technological
Reactor for Industrial Demonstration »

E— The ASTRID program

=Full scale component testing

=*ASTRID design studies
m Integrated Technology Demonstrator 600 MW (e)
m 4" generation reactor
m |rradiation tool

B MOX fuel

m  Afew tons per year = /1
- = 7

W Large test sodium loops
B Refurbishment of zero
power reactor MASURCA

|

(Including fuel cycle)

=Core fabrication workshop E

=Severe accidents
experimental program
1

=

U4

e ASTRID SCHEDULE

17/12/2012
Decision to implement Milestone:
preliminary design Decision of Fuel Loading
Options phase 2 Construction and Start Up

‘ i l ASTRID I
2010 2011 2012 V2013 2014 2015 2016 2017 2019 2020

Preliminary

Preliminary design
design Detailed design Construction
Phase 1 ese2
T T T FUEL CYCLE T

Feasibility Position Report on Core Fabrication Fuel
Report on Minor Minor Actinides Facility (AFC) Treatment
Actinides Partitioning & Facility (ATC)
Partitioning Transmutation

| R&D on Plutonium Multi-Recycling >

E— OUTCOME of conceptual design phase 1 "

More than 1200 documents on design studies

Submission of Safety Orientations Document
to French Regulator — June 2012

Submission of the “Report on the sustainable
radioactive waste management” to French
Governement — December 2012

Tome 3 is a summary of ASTRID design
studies.

Green light to continue « Conceptual design »
- Phase 2 launched in January 2013 until the
end of 2015

W Image of a future Fuel Cycle

MOX-FR R d MOX-
w50t F RS used MOX-FR

RECYCLING

Y

FUEL

I FABRICATION
y y ] o
Tepletod I ﬂ Plutonium (#20%)
uranium . Uranium (#80%)

40t) L — - ———

(minor actinides (#

ACTINIDE MULTI-RECYCLE IN AER FLEET
( principle values, self-balanced fleet, 400 TWhly)
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