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Situations Surrounding the Use of Nuclear Power in Japan
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Current Status of Strategic Energy Plan in Japan

B 4th Strategic Energy Plan has been determined by the
Government on April 11, 2014 to provide basic lines
of energy policy with a view to an energy supply-
demand structure for the mid to longterm for these
20 years.

v “Nuclear power is an important baseload
electricity source.”



28 Items from the Lessons Learned from the Fukushima Accident

Report of the Japanese Government to the IAEA
The Accident at TEPCO’s Fukushima Daiichi NPS -Second Report (September 2011)

(Category 1; Prevention of SAs)

(1) Strengthen measures against earthquakes and tsunamis

(2) Ensure power supplies

(3) Ensure reliable cooling function of reactors and PCVs

(4) Ensure reliable cooling functions of spent fuel pools

(5) Thorough accident management (AM) measures

(6) Responses to multi-unit site issues

(7) Consideration of NPS arrangement in basic design

(8) Ensuring the water tightness of essential equipment and

facilities

(Category 2 ; Countermeasures against SAs)

(9) Enhancement of measures to prevent hydrogen explosions

(10) Enhancement of the containment venting systems

(11) Improvements to the accident response environment

(12) Enhancement of the radiation exposure management
system at the time of the accident

(13) Enhancement of training for responding to severe
accidents

(14) Enhancement of instrumentation for reactors and PCVs

(15) Central control of emergency supplies and setting up of
rescue teams

(Category 3 ; Responses to nuclear emergencies)

(16) Response to a combined situation of massive natural
disaster and nuclear emergency

(17) Reinforcement of environmental monitoring

(18) Clarification of the allotment of roles between central and
local organizations

(19) Enhancement of communication regarding the accident

(20) Enhancement of responses to assistance from other
countries and communication to the international
community

(21) Accurate understanding and prediction of the effect of
released radioactive materials

(22) Clear definition of the criteria for wide-area evacuations
andradiological protection standards in nuclear
emergencies

(Category 4 ; Enhancement of safety infrastructure)

(23) Enhancement of safety regulatory and administrative
systems

(24) Establishment and reinforcement of legal frameworks,
standards and guidelines

(25) Human resources for nuclear safety and nuclear emergency
preparedness and Responses

(26) Ensuring the independence and diversity of safety systems

(27) Effective use of probabilistic safety assessment (PSA) in
risk management

(Category 5 ; Thoroughly instill a safety culture)

(28) Thoroughly instill a safety culture 5




Current Status of Safety Regulation

® Nuclear Regulatory Authority (NRA) was established in Sep. 2012 and
developed the new regulatory requirements for NPPs which came
into forcein July 2013.

m  All the 48 units have been shut down since Sep. 2013.
m So far, a total of 20 units, 12 PWRs and 8 BWRs, have applied for conformance
review for restart.

m |n Sep. 2014, NRA first approved the applications from Sendai Units 1 and 2.
m In Feb. 2015, NRA approved the applications from Takahama Units 3 and 4.

Tomari-1~34

: . igashidori
m  The new requirements for fuel cycle facilities and -&okkasyo Fuel
1 1 eprocessin
research reactors came into force in Dec. 2013. Kashiwazaki- Fat‘:’ility g
- Kariwa-6~7
m The former JNES was merged with NRA on ;ﬁ;%ﬁz. + Onagawa-2
Mar. 1, 2014. Ohi-3~4
. .. Takahama-3,-4 *Tokai Daini
m NRA invited the IAEA IRRS mission to be taken Shimane -2 <
I in late 2015 Genkai-3~4 ¢ Hamaoka-4
place in late : oo - J—
o Ikata-3  pmmm : BWR

Dr. Masashi HIRANO (NRA), -1~
U.S. NRC Regulatory Information Conference, Washington, March 11-13, 2014 Sendai-1~2



Basic Policies Set out
in Major Acts Amended in June, 2012

Basic Act for Atomic Energy

o , _ , |AEA SF-1
Safety objective was stipulated in Article 2:

To protect people’s lives, health and property, and the environment,
and to contribute to security ...,

taking into account established international standards
L |AEA Safety Standards, etc.

Nuclear Regulation Act

Mandatory severe accidents measures

Back-fitting to existing plants

Licensee’s primary responsibility for safety

Limit of operation of 40 years for NPPs with possible extension up to
20 years just once

Special regulation applied to disaster-experienced plant (Fukushima
Daiichi), etc. Dr. Masashi HIRANO (NRA),

U.S. NRC Regulatory Information Conference, Washington, March 11-13, 2014 7
http://www.nsr.go.jp/english/library/data/related_act_140301-02.pdf



New Regulatory Requirements:
Basic Structure

Requirements for B-DBA
m DEC: Design extension conditions [~
defined in IAEA SSR-2/1
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Proposals for Voluntary and Continuous
Improvement of Nuclear Safety (2014.5.30)

Report by the WG on Voluntary Efforts and Continuous Improvement of Nuclear Safety,
Nuclear Energy Subcommittee, the Advisory Committee for Natural Resources and Energy (2013.7-)

Recommendations on Desirable Efforts for the Future Activities and

Research and Development
v Implementation of risk management under an appropriate risk governance
framework
v" Activities required to be implemented with lessons learned from the accident

at TEPCO’s Fukushima Daiichi NPS as the starting point

. Implementation of exhaustive and comprehensive risk assessments including
low-frequency events

. Reduction of residual risk through strengthening “defense in depth”

. Identifying the accident sequences and cliff edges at each plant, focusing on
external events, and improving resilience

. Reorganization of research for improving the safety of light water reactorsand
reinforcement of research coordination



Proposals for Voluntary and Continuous
Improvement of Nuclear Safety (2014.5.30)

Report by the WG on Voluntary Efforts and Continuous Improvement of Nuclear Safety,
Nuclear Energy Subcommittee, the Advisory Committee for Natural Resources and Energy (2013.7-)

B Previous Research Activities on Safety of Light Water Reactors

Activities on basicresearch and safety research on light water reactors by research institutions have
been reduced since 1990s, because of the matured light water reactor technologies .
Countermeasures against severe accidents have been implemented voluntarily by electric utilities
from early 2000s, research and development activities related to severe accidents of light water
reactors have decreased significantly by both industries and government.

Collaborationamongthe industry, academiaand government was not sufficient.

Joint research activities by the promotingside and the regulating side of the government, have not
been implemented effectively, even though these are common in other countries.

Construction of Future Research Roadmap

The Roadmap for Light Water Reactor Safety Research and Human Resources is considered as an
tools for effective safetyimprovementin the future and communication tool which can share the
consensus between the stakeholdersincludingthe public.

Clearroles are decided among the related organizations to promote research and development
activities effectively without duplication.



Basic Policy to Construct The Roadmap for Light Water
Reactor Safety Technology and Human Resource

» “WG on Voluntary Improvement of Safety, Technology and Human Resource” was
established in August, 2014 under the Nuclear Energy Subcommittee of Advisory
Committee for Natural Resources and Energy in METI.

» The WG provided the Basic Policy to construct the Roadmap for Light Water Reactor

Safety Technology and Human Resource
v' The Roadmap should be formulated in full consideration of the lessons learnt from the
experiences of the accident at TEPCO’s Fukushima Daiichi Nuclear Power Station, so that the
publiccan feel confident of safety of light water reactors.

v In orderto define items of technology development and to maintain and develop human
resources to support these items, firstly we need to present challengesin realizingenhancement
of the publicconfidencein the safety of the light water reactors and safe and continuous use of
the reactors; then we need to reconstruct the roadmap by reviewing the priority of the existing
technology developmentand schedule, with considering whether they can contribute to resolve
the challenges.

v' Roadmap for Light Water Reactor Safety Technology and Human Resource should be able to
realize the optimal approach, by clarifyingroles among the parties concerned such as academic
societies, the government, operators, manufacturers, and research institutes; and by eliminating
overlappingof rolesinJapan as a whole. Furthermore, in orderto obtain the highest level of
outcomes with eliminating overlapping of the rolesin research and development, elements of
necessary international collaborative researches should be activelyincorporatedinto the
roadmap, in full consideration of the trend of the global research and developmentand human
resource development.



Construction of the Roadmap for Light Water Reactor
Safety Technology and Human Resource

METI

Advisory Committee for Basic Energy Plan in Japan
Natural Resources and Energy

Positioning of Nuclear Power in Energy Policy

Nuclear Energy Subcommittee i
WG on Voluntary Improvement of Safety, : : The Public
Technology and Human Resource <:>
Request to draft . .
the Roadmap {—> | International Community
SR Safety Technology and
rigina an o
the Roadmap Human Resource Roadmap IAEA Organizationin
Other countries
AESJ’s Special Committee on OECD/NEA
Nuclear Safety Research Roadmap ¢ > [ science councilof
Japan
* Industries * Nuclear Nuclear Standards
The Federation of Electric Power Companies of Japan Regulation Committee of JEA
Plant Manufacturers Authority Architectural
e Academia Institute of Japan
Universities, JAEA L
Japan Association for
e Government as observer Earthquake Engineering
Agency for Natural Resource and Energy in METI

AESJ : Atomic Energy Society of Japan



Eight Categories of Challenges provided by the WG on Voluntary
Improvement of Safety, Technology and Human Resource

/ 1. Utilization of Risk Information for existing light water reactors, etc. N

Safety Measures for the Exist,in? Reactors from Design
o0 Decommissioning

2. Reduction of Risk of existing light water
reactors

3. Measures to prevent on-site
damage from expandingin
the event of an accident

Defense in Depth

4. Measures to minimize off-
site damage in the event of
an accident

7. Development of Innovative Technologies applicableto light water
reactors, which are beyond conventional ideas
As a result of the above{ } {} Continuous contribution

8. Maintenance and development of Human Resources required for
safe and continuous use of light waterreactors

proliferation and
nuclear security

6. Nuclear non-

5. Safe decommissionin
of existing reactors

<




Sub-Commiittees in AESJ’s Special Committee on
Nuclear Safety Research Roadmap

Maintenance and
Plant Life Management

Review countermeasures against facility ageing based on
operational experiences and plant maintenance as well as the
challenges related to safe operation.

Safety Improvement Review the challenges related to safety improvement through
through Design design activities for fuels, materials, thermal hydraulics, etc.
Accident _ ,

Review the challenges related to accident management.
Management

Earthquake Resistance
and External Events

Review the challenges related to long-term durability of
buildings and structures with taking into account external
events such as earthquakes tsunamis and external events.

Sub-Committee

Decommissioning (*)

Review the challenges related to the processes of safe
decommissioning of the existing reactors and handling of large
wastes, etc.

Nuclear Security

Review the challenges related to nuclear non-proliferation and
nuclear security as nuclear energy is widely used in
international community.

* Technology Development related to Decommissioning of TEPCO’s Fukushima Daiichi
NPS is not included in this Roadmap.




Five Pillars in the Light Water Reactor Safety
Technology and Human Resource Roadmap

Long-term Objectives of the Roadmap

Nuclear power plants are continuously utilized
as important energy resource to fulfill 3Es,

ensuring safety with the trust from the people
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Lessons Learnt from the Fukushima Accident,
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Current Technology and Human Resources safetyfoundation 4@\ and Related Fields

Safety Foundation
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Categorization of Social Requirements and Needs to Construct the Roadmap

v Sinceredialogueand information disclosurebased on the assumptionthatrisks exist

v Inorderto reduce accidentriskas low as possible, continuous review of challenges through a series of f a k
discussions with grasping a total picture of matters from diversified viewpoints, which leads to Im provement o RIS

elimination of unexpected matters Management Capability

v Retention of flexible systems and organizations capable of utilizing the latest knowledge and technology
succession

v Sharing of the experience and lessons learned fromthe accidents and decommissioning work at
Fukushima Daiichi

v" Sharingand utilizationof best practice based on abundant operational experience Continuous Advancement of

v" Long-term forecastfor acquisition of the latest knowledge and findings through continuous basicand Safety FoundatiOn
advanced researches

v" Realizationof reactors with a minimized risk of severe accident by employinginnovative technology

v" Completion of responses to the 1F accidentand strong determination of the peoplein nuclear energy
field never to recur an accident

v’ Sincereattitude and approach by the people in nuclear industry that can betrusted

v" Sinceredialogueand information disclosure based on the assumptionthat risks exist Trust from the SOCiety and

v' Operation under anindispensable prerequisite of ensuring safety as well as establishment of systems for Coexistence
nuclear disaster prevention and continuous improvement

v’ Contribution to stablesupply of energy
v Contribution tosuppression of greenhouse gas emissions

v’ Provision of experienceand knowledge for the purpose of creatinginternational codes and standards
based onthe 1F accidentas well as contribution to international diffusionof safety measures thatsatisfy

such codes and standards International Cooperation

Contribution to nuclear non-proliferation and nuclearsecurity and Contribution
v Contributionto suppression of greenhouse gas emissions

\

Technological and Social
v" Reduction of risks for future generations by reducing volume and toxicity of radioactive wastes Approach toward Radioactive
Wastes Management



Concerns by Researchers and Engineers who participated in the Roadmap

* Reflection of knowledge and findings from the 1F

. . . Reduction of maintenance and operation workloads
accident into the existing reactors

(including response to exposure reduction ) |mprovement of R|sk
> WnETeEmE: @7 EER i fere S Ene * Improvement of communication capabilityin various
optimization of organizational formationand sitl?ations 2 v Management
division of functions one
* Continuous development of human resources for Ca Pa blllty

* Advancement of method for safety management . .
maintenance, operation and management

education

* Retention of technological base (basic research, * Enhancement of reliability of facilities and equipment .
experiment facilities, etc.) through advancement in methods and measures to Continuous

* Production of database based on the knowledge of evaluate ageing deterioration Advancement of
operational experience and creationof a system for ¢ Reflection of the outcome of technology development S f tvF d ti
continuous maintenance and utilization into regulatory guidelines and standards arety roundaation

* Contribution to reduction in greenhouse gas emissions

* Completion of decommissioning work at 1F through safe and stable operation with a high Trust from the Society

s Electric utilities’ involvement in and support for availability factor .
regional disaster prevention * Realization of the plants that do not require and Coexistence

evacuation of the local residents concerned

* Technicaland managerial support for countriesthat ¢ Contribution to formulation of international technical .
newly introduce nuclear power generation standards Internatlonal

* Establishment of challenges that are commontothe ¢ Contribution to international organizationsthrough Coope rationand
needs in other countries (development of advanced provision of human resources and various activities, in C t .b t.
technology, etc.) addition to financial support ontribution

* Development of innovative technology to suppress TEChn0|Og|C3| and
generation of radioactive wastes * Study of optimum process for selection of repository Social Approach

+ Development of technologies to shorten lives or sites and approach to sharing social awarenessand . .
reduce volume of radioactive wastes by nuclear understanding towa rd Radloactlve

transformation Wastes Management



Milestones : Steps to Complete Long-term Objectives

Stage 3
(Long Term)

in the Roadmap (Draft Version)

. Asinnovative technology to reduce risks associated with radioactivity release into the environment or radioactivity

exposure due to accidents or troubles has been developed progressively, many countries would utilize nuclear energy as
a safe and stable generation resource with no greenhouse gas emissions under international safety standards that
incorporate the latest knowledge and findings and advanced technology. [A, B, C, D]

. As technology toreduce the volume and toxicity of radioactive wastes has been developed progressively, a positive

perspective for reduction of such volume and toxicity is obtained for future generations. [A, B, C, D, E]

. Amid the level of technology and knowledge on nuclear safety rises worldwide and the latest knowledge is always shared

and used internationally, our country takes a leadership role in the field of nuclear safety in the world. [A, B, C, D]

. With continuous and effective reduction of accident risk and the trust from the people created through good

communication, nuclear power generation is used as a stable energy source in consideration of cost balance with other
generationresources. [A, C]

. Through incorporation of technology for further safety improvement and some of requirements for management

response into plant design, the knowledge to substantially reduce accident risk is obtained and efforts for development
of innovative technology are continuously made. [B, C]

. As the number of countries with nuclear power plants increases, our country contributesto nuclear safety through

various activities under an international framework for cooperation with providing a high level of human resources and
technology to lead other countries in international organizations. [B, D]

. Voluntary efforts forimprovement of safety and reliability based on defense in depth have been made and risk disclosure

. As electric utilities complete their efforts and activities to satisfy new regulatory standards and voluntary efforts for

. A system for disaster prevention becomes enhanced and sophisticated, resulting in harmonization with efforts for

. As nuclear power generation is widely used in the world, our country contributes toimprovement of nuclear safety in

with taking account of the people’s concerns and dialogue are smoothly conducted on such efforts. [A, C]

safety improvement take root, a more positive relationship between regulatory authorities and electric utilities is
established for promoting safety improvement further. [A]

prevention of natural disasters as well as protection of the humans and the environment from radiation. [C]

countries with nuclear power plants through provision of technology and information, based on abundant operational
experience and knowledge in Japan. [B, D] 18




Examples of the AESJ Roadmap : Risk Information and Management

(Draft Version Short-Term (S) Medium-Term (M)
Improvement of earthquake risk ]
ies (SI15) >| Develop strategies for assessment of

large-scale, low-frequency disasters Constantly update assessment

Improvement of tsunami risk assessment > . . .
P —— and share them with regulatory strategies for large-scale disasters and

A e e authorities and society emergency situations (LI1101)

than earthquakesand tsunamis (S113) (MI01,M102,M104,MIV01)
Re-awareness of nuclear risks based on 1F >

\/

Continuous irhprovement of risk assessments of power plants in gperatior

accident experiences, andsetrisk reduction
(MI1102,L107)

SjUdWISSasse
Joj uonewoul )su asn

goals (S11103,S11102,SIV08)

\ 4

Continue developing hardlvare capable
|

C .
P I Reflectthe latestknpwledge on large-scale, low-frequency disasters onto hardware f ding to | ) di
g 2 ) (S1112,M102) of responding o. arge:- scale disasters
g % g— and emergency situations|(LI106,LI07 )
N ’
3 3 o Reflectrisk reduction measures based on lessons learned > Reduce operator risks through automation and otIIer measures >
8 § from the 1F accident onto hardware (SIV04,5V08,51V02) (L104)
w
% S Q U% Entrench risk culture (S1104,51109) > Operate systems that make use of risk Create a resilientorganization capahle of
«w 3, o o - _ information responding to large-scale disastersjand
ol ° 2 e (MIV04,MI03,MI01) emergency situations (LI05,LI08

information (SIV09,511104,5112,51106)

Engage in sincere dialogs Share risk
8 5 with society on risk reduction goals Constantly share risk information with society and continually update risk reduction
5o reduction goals based on with society goals (MIVO01,LIl03)
w oS e i .
e3¢ v
o Y o =, Provide risk information for more effective disaster prevention, ) . . .
< o o ‘,@ strengthen collaboration with external assistance organizations to Contribute to wide-area disaster prevention (MIV05,L1103) >
g_ 3 contribute to community disaster prevention (S1110,S1107)
'-:r" © Sharethelessons learned fromthe 1F Inform the international community of the assessment and organizational structure that reflect the
accident internationally (SV101) > lessons of the 1F accident, thus contributing toimproved worldwide nuclear safety (MV01,LIV01)
Human Develop human resources in Japan Accept human resources training regarding the use % Maintain a pool of human resources
resources _ capable. of making use of risk Develop human resources capable of providing on- wl'w can Play actiYe role' inte.rnationally
development MWWM&M&ZJ)
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Medium-Term (M)

: External Risk Assessment and Severe Accident Management

Development of monitoring &
observation framework for natural
hazards (S116)

A 4

D

Updating and enhancement of monitoring & observation framework for natural

hazards

>

v

Comprehensiverisk
identification and assessment
methodologyfor external
events (S102,5103,5113)

Development of systematic earthquake risk
assessment framework includingground
motion, tsunami, fault displacement and
slope failure (S102,S114,S115)

uonesynuap!
ASIy

juswaseue

UO!SSGJBOJd JUopPNIY JO UOIJUDABId
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jeziuediQ

Continued efforts on research and development of risk assessment framework for rare
natural events for uncertainty reduction of predicted risk (including unidentified events)

(S102,M102,L107)

Development of advanced analysis codes

and evaluation tools for severe accident
(S106,SI1V06)

Application of advanced analysis codes
and evaluation tools for risk reduction
of existing power plant (including large-
scale disaster) (MI01, MIVO01)

Development of nuclear reactor
instrumentation ability under severe
accident conditions (S104,5SV01,S1102)

Countermeasures for severe accident
(application of risk assessment, mobile
equipment, training, etc.) (S101,S105,
Slio1, Si102, SIV08, SV03)

Development of advanced drill for
nuclear accident & disaster (S1101)

Building
Disaster

Resilient
Society

Human

Development ofbetter leaderand human
resources for accident management (S1101)

)

Resources
Development

Development of advanced nuclear
reactor instrumentation systemunder
any conditions including severe
accident conditions (MI1107,MIV03)

v

Application of countermeasures against
severe accident for existing plant to
advanced power plant design

(M1, MI1112, MIVO02)

Review and reconstruction of
organizational structure to cor)e with
critical accident condition (MI103)

)
>
)
>

Development of concept of nuclear
power plant system with enhanced
accident tolerance (LI06, LIOS,LII06,

LI01)

Development ofhuman resourcestolead a
cross-organizationalrole for accident and

disaster management (MI103)

)

an internationalrolein the area of accident

Development ofhuman resourcesto fulfi
and disaster management (L108) :

Increase of the number of human
resources who can apply scientific
knowledge (e.g. natural hazard) to
enhancement of safety of nuclear power
plant (S1112)

Development and continuous attraction of human resources who conduct
researches on rare event(e.g., Iarﬁe scale disaster etc.) and have a motivation

make a contribution for safetyen

to
ancement of nuclear power plant (M102,LI107)




Evaluation of Prioritization of Each Technical Issues
to Formulate the Roadmap (oroft version)

Effectiveness for safety improvement
(based on defense in depth concept)

MDis it highly helpful for safety verification or
safety improvement? (Is it relatively
effectivein risk reduction if the challenges
are solved?)

@ Isit highly helpful forimprovement of
reliability on risk evaluation? (Is the
clarification or the projectionand
evaluation level of unclear or unidentified
phenomena highly improved?)

@lIs the challenge related to a solution with
less effective alternatives? (Dose the
solution of the challenge lead to an increase
in safety measures or evaluation methods?)

@)s early application possible? (Is it a solution
based on highly matured technology oris
introduction without modification of the
existing plants possible?)

Retention and development of technology
and human resource including breakthrough
idea, knowledge-base accumulation, and
systems engineering viewpoints

(DAre the scopes of application and
contribution in nuclear safety field large?

@)ls it highly helpful forimprovement
and verification of safety if practically
applied?

®@lIs it highly helpful for international
contribution based on ouraccident
experience?

@Does it resultin breakthrough to solve
nuclear safety challenges?



Safety Research in NRA

(SafetyResearchin Nuclear Regulation Authority, Sep.2013)

Research for acquisition of technical knowledge necessary for
developing regulatory requirements and those application, technical
basis for decision making

(D Research to Develop of Regulatory Requirements and Acceptance Criteria

Research for the development of regulatory requirement, acceptance criteria
in the regulatory review and inspection, review manual, as well as
development and verification of analysis code

@ Technical Basis for Decision Making in Regulatory Activities

Research for obtaining data to ensure the technical adequacy in regulatory
activities such as review, inspection, evaluation of plant integrity and
supervising licensees

3 Maintaining Technical Competence/Expertise

Research for maintaining technical competence / expertise to fulfill the NRA
Obligation Dr. Masashi HIRANO (NRA),

22
U.S. NRC Regulatory Information Conference, Washington, March 11-13, 2014



Merger of JNES with NRA

JNES was merged with NRA on March 1, 2014.

m The major objective of the merger is to enhance the technical
competence and capabilities of NRA.

“Regulatory Standard and Research Department” consisting of mostly
research engineers was created for “development of technical
standards” and “conduct of safety research”.

m Four technical branches: Reactor System Safety, Severe Accident, Earthquake and
Tsunami and Nuclear Fuel Cycle/Waste.

All the research activities having being done in NRA/JNES are

continued or even enhanced, including all the international

cooperative research activities, either bilateral or multi-lateral.

Cooperation with NSRC (Nuclear Safety Research Center) in JAEA and NIRS
(National Institute for Radiological Sciences) Will be strengthened as external TSOs
for NRA.

Dr. Masashi HIRANO (NRA), 23
U.S. NRC Regulatory Information Conference, Washington, March 11-13, 2014



(/-—\ Nuclear
(>

-’ Authority, Japan

Safety Research Implementation System in NRA

Regulation

The Secretariat of Nuclear
Regulation Authority

— Regulatory Standard and Research Department

(JNES was merged into NRAin March, 2014)
[ Staff: 196, including 149 researchers ] *

— Regulatory Standard and Research Division

— Reactor System Safety

— Severe Accident

— Nuclear Fuel Cycle and Radioactive Waste

— Earthquake and Tsunami

Safety research
by NRA researchers

Partial jurisdiction

Research Contract

Universities, Research Institutes,
Venders, etc.

v" Prevention of conflict of interest

Research Contract

» Evaluationof Fuel
Debris Criticality

» Data Acquisition for
Nuclear Fuel Failure
Threshold

» Prediction of
Radiation
Embrittlement of
Pressure Vessel

., @2»

Japan Atomic Energy Agency

Sector of Nuclear Safety Research
and Emergency Preparedness

Nuclear Safety Research Center

* Permanent staff: 63
(except temporary staff)

* Temporarystaff: 28
* Part-time staff: 17

> Data Collection for
IASCC of core

internals
etc. 7

Dr. Masashi HIRANO (NRA),

r

Management expenses grants (MEXT)

* As of April, 2014
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http://www.jaea.go.jp/index.html

Focus in Safety Research in NRA

Special emphasis on external / internal hazards leading to large scale
common cause failure:

m Extreme natural phenomena:
— Hazard curves of earthquake/tsunami, fragilities of SSCs
— Monitoring of volcanic unrests, ...

m PRA methods and models: External/internal fire and floods, multi-
hazards, multi-units, application of level 3 PRA

Research on Severe Accidents (SAs):

= Code development for SA progression / source terms, ...
m Experiments on scrubbing, seawater injection, SFP LOCA

Research on Fukushima Daiichi:

® Management of wastes/contaminated water, risk assessment
m Criticality of fuel debris, etc.

Other areas:
= Decommissioning/waste Disposal, fuel cycle facilities, ... -

Dr. Masashi HIRANO (NRA), U.S. NRC Regulatory Information Conference, Washington, March 11-13, 2014



Summary on for Light Water Reactor Safety
Technology and Human Resource

B The Roadmap for Light Water Reactor Safety Technology and Human Resource has
been under construction by the Special Committee on Nuclear Safety Research
Roadmap in the AES).

B Intensive work has been conducted to cover future research activities which cover
analysis of social requirements and needs, extraction of the challenges to be solved,
establishment of pillars to review challenges and milestones, clarification and
sharing of the goals (requisites for achievement) to be pursued at each milestone,
and a concept of evaluation axes to determine the priority in the Roadmap.

B Efforts should be exerted to make responses to and coordination with a technology
map showing structurally the challenges and milestones extracted. Then, a
roadmap based on evaluation axes should be produced to present a final report.

B The roadmap to be formulated should be reviewed and improved continuously
based on the outcome and external evaluations. Organized efforts and
communication with all the stakeholders should also be carried out.



Research Activities

related to Decommissioning Reactors



Nuclear Power Plants in Japan as of February, 2015

He-—-

JAPCo./Tsuruga

Kansai EP Co./Mihama
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0000
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__|m)

0000
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Hokuriku EP Co./Shika
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Kyushu EP Co./Genkai

00+
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HON
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000000
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000
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B @ On outage or stopped: 48 units
PWR In operation: 0 units
BWR In operation: 0 units

Under construction : 2 units
lanned: 10 units
decommissioning: 9 units

Tokyo EP Co./Fukushima Daini

oo

JAPCo./Tokai No.2

(Y] =] BN

Chubu EP Co./Hamaoka
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The NRA has received 20 Applications
for Restarting Reactors

Applicants Nuclear Power Plant Start of Operation Date of Completion of

(Electric Utility Company) and Unit # (Age) Application NRA Review
Hokkaido Tomari #.1, #2 1989/1991 (25/23) July 8, 2013
Tomari #3 2009 (4) July 8, 2013
Kansai Ohi #3,#4 1991/1993 (22/21) July 8, 2013

Takahama #3,#4 1985/1985 (29/29) July 8, 2013 | Feb. 12, 2015
Shikoku lkata #3 1994 (19) July 8, 2013

Kyushu Sendai #1,#2 1984/1985 (30/28) July 8, 2013 July 16, 2014
Genkai#3,4 1994/1997 (20/17) | July 12, 2013
Tokyo Kashiwazaki-Kariwa #6,#7 | 1996/1997 (17/17) | Sep. 27,2013
Chugoku Shimane #2 1989 (25) Dec. 25, 2013
Tohoku Onagawa #2 1995 (19) Dec. 27, 2013
Chubu Hamaoka #4 1993 (21) Feb. 14, 2014
Japan Aoy ower Tokai-Daini 1978 (35) May 20, 2014
Tohoku Higashidori#1 2005 (8) June 10, 2014
Hokuriku Shika #2 2006 (8) Aug. 12,2014

total 20 Units - 4 Units

https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html|



https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html
https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html
https://www.nsr.go.jp/activity/regulation/tekigousei/power_plants.html

Electrical Output (MWe)

Nuclear Power Plants in Japan
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Sharing and Updating Knowledge for Ageing Management with
Summary Sheets of Ageing Mechanisms

Operators Expert Meeting Academic
of NPPs from All the Society Regulator
(Utilities) Utilities (JANSI) (AES)) (NRA)
. Endorsement of
Mal:,te;a,:ce Ageing Mechanism SummaArVeiS:EEtS of the AESJ Code for
el Management Chart e —— Helaery

Mechanisms Activities

DS e lIspsEen Additional Information

and Mamter.ma.n.ce Plan including consumables Research for Ageing Management
and Activities

Evaluation of

Maintenance . Proposal for
Effectiveness Expert Meeting

Subcommittee for
Plant Life
Management

Participation

Updates

Operational Experience

AMTE Report

Regulatory Review

(JANSI : Japan Nuclear Safety Institute)



Knowledge Transfer between IAEA/IGALL and the AESJ Code

» The combinations of intended and required safety functions, portion of SSCs and
the ageing mechanism/effect are summarized in the summary sheet in the
Attachment A of the AESJ code, based on the experience from the 17 AMTEs in
Japan.

» Knowledge-base from IAEA IGALL is currently under review by AESJ] members be
reflected in the next major revision, including the lessons learned from the
Fukushima accident.

IGALL (Spread sheets) Attachment A of the AESJ code
Summary Sheets of Ageing Mechanisms

WG3

WG2

T g

WG1

L TV T T N T T TV _TUTV
S . S S B

PEE TS
A2 2 F60EE 5 ) v

1,000 pages for PWR and 32
BWR




Special Inspections to Extend Operational Period

Regulatory Requirements of Special Additional Inspections
for Long Term Operation beyond 40 years up to 60 years

Components

Current Inspection

Additional Inspection

Reactor Pressure Vessel

Ultrasonic Tests of
Welded Zone

100% UT Examination of Base
Metal in addition to Welded Zone

Primary Containment
Vessel (Steel)

Leak Rate Tests

Visual Test
(Appearance of coating film)

Civil Concrete Structure

Visual Tests & NDT

Core Sampling
(Strength, Neutralization, Salt
intrusion, etc.)

» Special Inspections are requirements to extend the operational period beyond
40 years by up to 20 years ( 60 years maximum ) in addition to;

* Ageing Management Technical Evaluation (AMTE) for every 10 years

* Maintenance Program




IAEA New Coordinated Research Project

“The Evaluation of Properties of Structure and Component
Materials Utilizing Actual Aged Materials from
Decommissioned Reactors”
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The first Meeting of the CRP on June 11 — 1“3, 2014 in Vienna 2



New IAEA Coordinated Research Project

Title of the CRP
Evaluation of structure’s and component’s material properties utilizing actual aged
materials removed from decommissioned reactors for safe LTO

Project Preparation
 |Initial proposal to IAEA prepared by Japan in 2012
* Approved in IAEA in November 2012 for 2014 -2015 biannual plan
* Coordination Meetings
v' February 2013 - Vienna
v' July 2013 - Tokyo
* Draft of “Proposal for a New Coordinated Research Project” prepared

Official Meetings
* First Meeting of the CRP in Vienna in June, 2014
(participants from 12 countries and 2 international institutes)
* Second Meeting in Spain (Madrid and Zorita) in January 13-15, 2015



Purpose of the New IAEA CRP

To establish international collaboration aimed to collecting,
measuring, recording and analysis of properties of sample materials
removed from S5Cs of decommissioned NPPs or replaced
components, which are subject to physical ageing,

» addressing synergetic effects of combination of different
degradation mechanisms in real operational conditions,

» providing basis for comparison with results of laboratory tests
and calculations; and

» providing possibility for removing of unnecessary conservatism.




New IAEA Coordinated Research Project

The specific objective of the CRP will address degradation
mechanisms of mechanical, electrical and 1&C components and
also structures,

CRP Phase 1 (2014-2017)

1. RPV

2. Core internals

3. Concrete structures, and other non-metallic materials

Additional Topics in CRP Phase 2 beyond 2017

(can be initiated in 2015 or later)
1. Low-cycle fatigue including environmentally assisted fatigue
2. Degradation of cable insulation and electrical and 1&C penetrations



Research Project funded by NRA on Concrete

Targeted member

- REPV pedestal in BWE and First shielding wall in PYWE are targeted
mamhbers.

RPY Pedestal

L 3 . Primary shigding wall

¥6lm

85
B n

!
PR 30— PR PCCY (4 oop)
Targeked reinforced concrebe member in PWR

BWR MARK-T BWR MARE-II
Targeted reinforced concrete member in BWR,

(after nuclear power plant handbook) {ater nuclear power plant handbook)

Assessment method (level 1)

Aggregate Cement paste
- Mineral compasition - Mireral composition
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& ] -4 e h! - Water to binder ratio
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- Er, Condition (R.H. &

femp.} .,

- Degres of frydration,
FPhase composition
- C-5-H properties
-hydrophilicity

-BET surface area

\ 4

If there is a condition
tha agg. does not
show any expansion,
Agg. satisfying such
condition is assessed
as safe.

Damage

: !

Heterogenous behavior in concrete,

—o— Cementpaste (WC=055)
—a— Agzregate (Lime stome)
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(4] Shrinkiage sraim of Cermertpaste and agsregate b)) Shrimbage sram and ftemal drai distringdion of corerete

Assessment methods

Calculaton of fluencefdoze in
zection of concrete mermber

- Ifline ral corposition of agzrezate

- Phyeical prope rie = of cormpone nts

- Iefixture proportions

Lirnitwalue of neutron fluence
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Sampling of RPV Materials and Concrete Structure
from the Decommissioning Reactor : Hamaoka Unit 1

Vent

RPV top lid
Stud
Guide rod
Flange
Fuel exchanger bellows

Steamdryer

Steam separator

Feedwaterinlet nazzle

CRD water returnnozzle

Core spray

Vent —_

Instrumentation nozzlefModification approvd
Oct 22, 1971

)
~

—Leakage detectiontap

--—f———Steam outlet nozzle

Z
5 Steam dryer skirt
o y
Instrumentation nozzle

Stabilizer bracket

Instrumentation nozzle

Core spray nozzle

Heat insulator support
Instrumentation nozzle

p.
'

)i

% a

Target for IAEA CRR [

Shroud lower bracket
PLR water outlet nozzle

CRD guide tube

Core shroud

]
b2
s :Jet pump liner
i Heat insulator support
;D—*PLR water inlet nazzle

Bo— Jet pump instrumentation nozzle

&

i nLﬁWEIHI%

————Support ring plate

Core pressure differential detector and standby liquid
injection nozzle

Support leg

H-FLDE (174-175b)

27 metal samples

- 5 Boat samples from RPV belt-line

- 5 Column samples from Shroud

- 10 Disc samples from Top guide etc. )
- 7 Cut chip samples from RPV top,bottom&side

For confirming calculation
accuracy

For confirming calculation
accuracy

For confirming calculation
accuracy atlocations with small
neutron flux

Sampling with core boring
(about 1m in depth)

1

| Target for IAEA CRP

68 concrete samples

- 24 Column samples,
26 Disk samples and 18 Cut
chip samples from PCV and

inside
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Integrity Evaluation System of Concrete Structures

Material Basis Evaluation

(Strength)

— T

Core Schmidt Ultra Sonic

1
@ Z

Strength Evaluation
(Core, NDE, etc.)

Yes

Measured>Design

Sample  Hammer Wave No
Member Basis Evaluation
\ 4
(Stress) Evaluation of Actual
Axial Forces Load Bearing Capacity
Shear Forces
Moments  —1=~\ Upgrade
Design —\—> Repair
Strength AN Yes
A\ 4 - Evaluated>Design

=

Strength Distributions of
Member Sections

No

Structure Basis Evaluation

(Dynamic Properties)

N

74

1 Drying
?}_H]_L Shrinkage

(=]
~

Trend

\ Decreasing

-

Earthquake%\

\ 4

Natural Frequency

Time

Review of Materials
Properties

Microtremor Observation
Forced Vibration test

|
v

Evaluation of Seismic Integrity
of Structures

-

Upgrade
Repair

No

Seismicity OK?

Yes

Confirmation of Integrity of Concrete Structures

“IAEA New Coordinated Research Project”, ORNL Meeting (July 30, 2013) , Osamu Kontani, Kajima Corporation,




