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How fast and small can magnetic
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Welcoming Speech of Dr. U. Weidmann, Director, NPP-Beznau is not available



PAUL SCHERRER INSTITUT

] Laboratory for Thermal Hydraulics
Nuclear Energy and Safety

Severe Accident Research Group, SACRE

OECD/NEA Workshop on
“Implementation of Severe Accident Management (SAM) Measures”
ISAMMZ2009
Schloss Bottstein Switzerland
October 26-28, 2009

Severe Accident Management and OECD
An Introduction and Welcome

Salih Glintay

Working Group on the Analysis and Management of Accidents (WGAMA)

31.10.2009, 1



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety

Severe Accident Research Group, SACRE

Severe Accident Management: The main purpose

as stated in WGRisk Report “PSA-Level 2 and SAMG” (NEA/CSNI/R(1997)11)

Provide a logical and structured guidance to identify the actions
needed to stabilise the plant and return it to a controlled state
following a multitude of potential accidents involving core damage

31.10.2009, 2



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety

Severe Accident Research Group, SACRE

Severe Accident Management: key steps for development of
SAM capability

1) SAM development and assessment.

(
(
(i
(
(

) Assessment of plant vulnerabilities and capabilities.
) Identification of guidance and strategies.
i) Investigation of information needs and instrumentation.

Iv) Assessment of SAM strategies/ measures.

Ref.: WGRisk Report “PSA-Level 2 and SAMG” (NEA/CSNI/R(1997)11)

31.10.2009, 3



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics
ﬁ} Nuclear Energy and Safety
Severe Accident Research Group, SACRE

Severe Accident Management Programmes: Key steps in Implementation

 Development of symptom based guidance/ procedures supported by technical
assessment of strategies and plant specific capabilities.

* Plant organisation and decision making process which involves staff from the
technical support centre interacting with the main control room staff.

« Validation of guidance and procedures to ensure their usability, technical
accuracy, scope and function.

* Training is of special importance to overcome the degradation of human
performance during stressful situations.

* Periodic exercises necessary to ensure maintenance of the capability and
guidance usability.

Ref.: WGRisk Report “PSA-Level 2 and SAMG” (NEA/CSNI/R(1997)11)

31.10.2009, 4
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ﬁ} Severe Acciden’;l L::z:;r:egzj :,dsii(:;/
OECD Role in Reactor Safety

= Organizes preparation of Status and State of Art Reports on Scientific Issues of
common interest to Member States, in which:

o Different practices are displayed
0 Issues in common for further development/Investigations are highlighted

= Organizes creation of new scientific data through OECD research projects as well
as assessment of computer tools through ISPs

= Fosters cooperation among member states by organizing workshops/specialist
meetings

Severe Accident Management: development to implementation

31.10.2009, 5



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety

Severe Accident Research Group, SACRE

An account of OECD SAM Workshops on SAM

Specialist meeting on Severe Accident Management Programme Development
Rome, Italy, Sept. 23-25, 1991

1. Specialist Meeting on Instrumentation to Manage Severe Accidents, Kaln,
Germany, March 16-17, 1992

1.Specialist Meeting on Operator Aids for Severe Accident Management and
Operator Training (SAMOA-1), Halden, Norway, June 8-10, 1993

Specialist Meeting on Severe Accident Management Implementation, Niantic,
Connecticut, USA, June 12-14, 1995

Workshop on Hydrogen mitigation techniques, Winnipeg, Manitoba, Canada, May
13-15, 1996

2.Specialist Meeting on Operator Aids for Severe Accident Management and
Operator Training (SAMOA-2), Lyon France, September 8-10, 1997

31.10.2009, 6



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety

Severe Accident Research Group, SACRE

An account of OECD SAM Workshops on SAM

«  Workshop on lodine Aspects of Severe Accident Management, Vantaa, Finland,
May 18-20, 1999

« Workshop on Severe Accident Management - Operator Training and
Instrumentation Capabilities, Lyon France, April 12-14, 2001

« Workshop on Implementation of severe Accident Management Measures, Villigen
Switzerland, September 10-13, 2001

B Workshop on Implementation of Severe Accident Management Measures,
Schloss Bottstein Switzerland, October 26-28, 2009

31.10.2009, 7



PAUL SCHERRER INSTITUT

Laboratory for Thermal Hydraulics
ﬁ} Nuclear Energy and Safety

Severe Accident Research Group, SACRE

Welcome to ISAMMZ2009, Schloss Bottstein

As the general chair of the workshop it is my pleasure to welcome you to
ISAMM2009 on the behalf of OECD/NEA/CSNI/WGAMA+WRIsk, organized in

collaboration with PSI and co-sponsored by PSI and Swiss Nuclear Power Plants
Beznau, Leibstadt, Gdsgen and Mihleberg

ISAMM2009 realized following the proposal from US-NRC, as built in the Working

Programme of WGAMA, CSNI endorsed the organization in 2008 as a joint activity of
WGAMA and WGRisk.

31.10.2009, 8



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety
Severe Accident Research Group, SACRE

Objective of this workshop is to put balanced emphasis on both severe accident
consequence analysis and risk assessment aspects such as

* The current status and insights related to SAM

Issues of modeling SAM in PSA

Code analysis supporting SAM development

Decision-making tools, training, risk targets, and SAM entrance

Design modifications for implementation of SAM

Physical phenomena affecting SAM

31.10.2009, 9



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Nuclear Energy and Safety
Severe Accident Research Group, SACRE

+¢ 43 papers on 6 main topics to be presented in 8 Sessions

¢ 2 Panel sessions
»ISAMMZ2009 Highlights by Session chairs/co-chairs
»Keynote speakers on:

« Human and Organizational Aspects of SAM: their importance vs. technical issues
by C. Huh (KINS, Korea)

« Effectiveness of current SAMG implementation - How can consequence analyses be
used to improve the effectiveness of SAM?, by Mark Leonard (Dycoda, US)

Thanks to:

My Organizational Committee members

« All authors and participants

« My management at PSI and Swiss Nuclear Power Plants

» Ms Renate van Doesburg for local organization/administration

31.10.2009, 10



PAUL SCHERRER INSTITUT Laboratory for Thermal Hydraulics

ﬁ} Severe Acciden’jL;(;lz:;rlzcze;gr’zs:,dsii(:z
ISAMM2009: Administration

» All participants are kindly invited to Dinner

Tuesday, October 27, 2009, 19:30 at the Kurhotel Restaurant, Zurzach

* Please contact Ms Renate van Doesburg (or me) for any assistance

Enjoy the workshop

31.10.2009, 11
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International Atomic Energy Agency

Recent IAEA Activities In the Area of

Severe Accident Management and
Level-2 PSA

Presented by: Artur Lyubarskiy
A.Lyubarskiy@iaea.org

OECD/NEA Workshop on Implementation of Severe Accident




e
HIGHLIGHTS OF PRESENTATION

® Structure of IAEA Safety Standards

" New Safety Guide on Severe Accident
Management

" New Safety Guides on PSA
" |AEA services

® Relevant recent activities



SAFETY STANDARDS HIERARCHY

Global Reference Point for
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Publications categories:

STANDARDS

Basic principles, objectives, =» Safety Fundamentals are

and concepts of safety and

primary texts for a number

Safety protection in the development  of Safety Standards Series

Fundamentals and application of atomic
energy for peaceful purposes

The requirements that

areas

must be met to ensure
Safety safety for particular

Requirements activities or application

Actions, conditions or

L

procedures for meeting

Safety safety requirements

Guides

4 of 34

publications

Expressed as “shall” statements
Governed by the safety principles
presented in the Safety
Fundamentals

reflect an international consensus on
what constitutes a high level of
safety

Expressed as “should” statements

Implied that it is necessary to take the
measures (recommended or equivalent
alternative) to comply with the
requirements

Reflect an international consensus on
best practices

2 N
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New Structure of Safety Standards
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SAFETY STANDARDS RELATING TO NPPs

Safety Requirements
Safety of NPPs:

Design
No. NS-R-1

Safety Guide
Software for Computer
Based Systems
Important to Safety in
NPPs
No. NS-G-1.1

Safety Guide
Safety Assessment and
Verification for NPPs
No. NS-G-1.2

6 of 34

Fundamentals (SF-1)

Safety Requirements
Safety of NPPs:

Operation
No. NS-R-2

Safety Guide
Fire Safety in the
Operation of NPPs
No. NS-G-2.1

Safety Guide
Operational Limits and
Conditions and
Operating Procedures for
NPPs No. NS-G-2.2

Safety Guide
Periodic Safety Review
of NPPs No. NS-G-2.10

Safety Requirements
Safety Assessment for
Facilities and Activities -

(No. GS-R-4)

Safety Guide

Severe Accident

Management Programmes
for NPPs
No. NS-G-2.15

Safety Guide i
| Development and I
I

T [ Application of Level-1 PSA
I for NPPs

(DS-394) |
L | N _u N B N B B B |

Safety Guide |

| Development and I
] Application of Level-2 PSA &
I for NPPs l

(DS-393) ¥

International Atomic Energy Agency \’g\@
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o
SAFETY STANDARDS DEVELOPMENT PROCESS

Nuclear Safety

1. Outline and work plan
prepared by Secretariat;
Review by the Committees
and the Commission

Draft SGs have been
widely circulated amongst
MSs; 2 TMs held

Standards
Committee

q

(NUSSC)

- reviewing Safety
Standards for nuclear

facilities and

2. Secretariat and consultants:

drafting or revising of
safety standard

activities

2k

| 3. Review by Safety Standards

Committee(s)

Draft
————— > 4. Member
< States
Comments

Final draftu ﬁ

Approved for

5. Endorsement by
COMMISSION ON
SAFETY STANDARDS (CSS)

publication

o~ ]
"

6. Publication
Committee

DS393
DS394

7 KN
Agency
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SAFETY GUIDE

Severe Accident Management Programmes for
Nuclear Power Plants

(NS-G-2.15)

ﬁ



NS-G-2.15 - OBJECTIVE

" To provide recommendations for the development
and implementation of an accident management
programme (including managing severe accidents)

* Meeting the requirements that are established in NS-
R-1, NS-R-2 and GS-R-4 for accident management

* Intended primarily for use by operating
organizations of nuclear power plants, utilities and

their support organizations
v'"May also be used by regulatory bodies to facilitate
preparation of the relevant national regulatory
requirements

. . ¢ 8L\
9 of 34 International Atomic Energy Agency \’4‘@ 3‘/
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NS-G02.15 - OVERVIEW OF THE CONTENTS

Basically two sections:

" Concept of AM guidance (AMG)

" Detailed recommendations in process of
development of AMG

e Appendix: Practical use of SAMG

* Annex: Example of a categorization scheme for accident
sequences

* plus Annex on the use of the AMG

" Major reference is IAEA Safety Series Report No. 32,
‘Implementation of AM Programs in NPPs

. . ¢ AN
10 of 34 International Atomic Energy Agency \’4‘@ 3\/
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11 of 34

2. CONCEPT OF AMP (1/2)

Basic Concept: Top Down

Prevention / Mitigation

Objectives

P
f—

Strategies
Measures I l
Procedures/ l
guidelines

2 \
International Atomic Energy Agency \{\@ 3‘/
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2. CONCEPT OF AMP (2/2)

"  Develop AMG for ALL plants, irrespective of CDF/LERF

" Develop AMG for all physically identifiable challenge

mechanisms for which guidance can be developed
(limited probability considerations)

* I|dentification of accident sequence not needed

" Add/upgrade equipment for meaningful AMG

* |.e. aprogram that indeed reduces risk

" Determine type of AMG: overall or detailed guidance in

an iterative process (via drills)
* Qverall: may have too much latitude

* Detailed: may be too prescriptive
" Define roles and responsibilities, compatible with
AMG

" Define adequate transition between preventive and
mitigative domain, including transition of
responsibilities / decision making authority

. . ¢ AN
12 of 34 International Atomic Energy Agency \’4‘@ 3\/
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3. DEVELOPMENT OF AN AMP

B Contains detailled recommendations for
all steps in developing the AMG

" Total: 113 recommendations; apart from
items In the ‘concept’

* Analysis (a.o. plant vulnerabilities, plant capabilities)
* What should be in the AMG

v’ e.g. initiation of actions, resources, cautions, throttling,
monitoring response, termination

* Priorities between AM strategies

* Consideration of positive and negative consequences of
actions

* Use of I&C and how to deal with missing information
* Formation of AMG development team

. . ¢ AN
13 of 34 International Atomic Energy Agency \’4‘@ ?»/
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USEFULNESS OF SG NS-G-2.15

" ‘Severe accidents’ is a complex issue
Physics only partly understood
Most plants not designed to such accidents

v' but many plants have features that can be used to mitigate such
accidents

Plant status partly unknown (1&C often outside quality range)

Actions can have both positive and negative consequences

v'  E.g. spraying the containment: reduces pressure, but de-inerts
containment atmosphere

High uncertainty

" Guidance on meeting the requirements that are
established in NS-R-1, NS-R-2 and GS-R-4 for severe
accidents management is extremely needed

* Intended primarily for use by operating organizations of nuclear
power plants, utilities and their support organizations

v" May also be used by regulatory bodies to facilitate preparation of
the relevant national regulatory requirements

14 of 34 International Atomic Energy Agency \’4‘@
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SAFETY GUIDES ON PSA (DS393 & DS394)

DS394- Development and Application of Level 1 PSA

DS393- Development and Application of Level 2 PSA

ﬁ



SAFETY GUIDES ON PSA (DS393 & DS394)

" Objective: to provide recommendations for
performing or managing a PSA project for
an NPP and using it to support the safe
plant design and operation

* The recommendations aim to provide technical
consistency of PSA studies to reliably support PSA
applications and risk-informed decisions

* An additional aim is to promote a standard framework that
can facilitate a regulatory or external peer review of a PSA
and its various applications

. . ¢ AN
16 of 34 International Atomic Energy Agency \’4‘@ &
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PSA SCOPE COVERED IN SAFETY GUIDES

" All plant operational conditions, i.e.:

(a) full power
(b) low power and shutdown

" All potential initiating events and hazards,
l.e..
(a) internal initiating events caused by random component failures
and human errors;

(b) internal hazards (e.g. internal fires and floods, turbine missiles,
etc.);

(c) external hazards, both natural (e.g. earthquake, high winds,
external floods, etc.) and man-made (e.g. airplane crash,
accidents at nearby industrial facilities, etc.)

" Radioactivity source: reactor core

. . ¢ AN
17 of 34 International Atomic Energy Agency \’4‘@ \&
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DS394: SAFETY GUIDE ON LEVEL 1 PSA

o B =

© 0o N

INTRODUCTION

GENERAL CONSIDERATIONS RELATING TO THE
PERFORMANCE AND USE OF PSA

PSA PROJECT MANAGEMENT AND
ORGANIZATION

FAMILIARIZATION WITH THE PLANT

LEVEL 1 PSA FOR INTERNAL INITIATING EVENTS
FOR FULL POWER CONDITIONS

GENERAL METHODOLOGY FOR INTERNAL AND
EXTERNAL HAZARDS PSA

SPECIFICS OF INTERNAL HAZARDS PSA
SPECIFICS OF EXTERNAL HAZARDS PSA

LEVEL-1 PSA FOR LOW POWER AND SHUTDOWN
MODES

10. USE AND APPLICATIONS OF THE PSA

18 of 34

2 N
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DS393: SAFETY GUIDE ON LEVEL 2 PSA (1/4)

1. Introduction

e Discussion on
v General PSA classification

v" Connection of the Safety Guide to other Safety Standards publications
v' Scope, and objectives

2. PSA project management and organization

Specific recommendations relating to the management and
organization of a Level-2 PSA project
3. Familiarization with the plant and identification of

design aspects important to severe accidents

e Specific recommendations dealing with acquisition of information
Important to severe accident analysis

4. Interface with Level-1 PSA:

* Grouping of sequences:

v' Addresses the analysis tasks covering the interface between Level-1
and Level-2 PSAs

v Definition of plant damage states for all initiating events and hazards,
and plant operational states .

. . ¢ ALY
19 of 34 International Atomic Energy Agency \’4‘@ &
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DS393: SAFETY GUIDE ON LEVEL 2 PSA (2/4)

5. Accident progression and containment analysis

e Key recommendations regarding

v Analysis of containment performance during severe accidents
v Analysis of the progression of severe accidents

v Development and quantification of accident progression event trees or
containment event trees

v’ Treatment of uncertainties
v Interpretation of containment event tree quantification results

6. Source terms for severe accidents

20 of 34

* Key recommendations for

v" Definition of the release categories

v Grouping of containment event tree end states into release categories
v Source term analysis

v Uncertainty evaluation, and

v Interpretation of results of the source term analysis

2 N
International Atomic Energy Agency ‘{,@ liv
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DS393: SAFETY GUIDE ON LEVEL 2 PSA (3/4)

/. Documentation of the analysis:

* Presentation and interpretation of results
v" Discusses specific issues relating to the documentation of a Level-2 PSA

8. Specific needs and recommendations for applications
of Level-2 PSA

* Recommendations for a number of Level-2 PSA applications
v' Comparison with numerical criteria
v Design evaluation
v’ Severe accident management
v Emergency planning
v’ Off-site consequences
v' Prioritisation of research
v Other PSA applications

" Three annexes:
* An example of atypical schedule for a Level-2 PSA
* Information on computer codes for severe accidents, and
* Details of the severe accident phenomena

. . ¢ AN
21 of 34 International Atomic Energy Agency \’4‘@ &
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DS393: APPLICATION OF LEVEL-2 PSA FOR SAM

" The SG DS303 provides specific recommendations on the use of
Level 2 PSA results for

e The evaluation of the measures and actions that can be carried out to
mitigate the effects of a severe accident

v To determine the effectiveness of the severe accident management measures
that are described in the SAM guidelines or procedures

v To identify using the Level 2 PSA all interdependencies between the various
phenomena that can occur during a severe accident to take them into account
in the development of the severe accident management guidelines

— Several examples illustrate the importance of consideration of
interdependencies

® E.g. depressurization of the primary circuit may prevent high pressure
melt ejection but might increase the probability of an in-vessel steam

explosion
* The updates of the Level 2 PSA and updates of the SAMGs guidelines
should be performed in an iterative manner to facilitate the

progressive optimization of the severe accident management
guidelines

* Recommendations correspond to those, provided in NS-G-2.15

. . ¢ AN
22 of 34 International Atomic Energy Agency \’4‘@ ?»/
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LEVEL 1 P34 LEVEL1-2 LEVEL 2 PEA LEVEL 3
INMTEEFACE PaA

Safety Guide on

Level 1 PSA and Safety Guide on Level 2 PSA and Applications
Applications

=» Level-3 PSA will be covered later

ﬁ
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PLANNED TECDOC ON IRIDM
First CS has held in October 2009

OBJECTIVE: IRIDM provides principles and suggests

approaches to integrate the results of deterministic and
probabilistic safety analyses as well as other important aspects
to make sound, optimum, and safe decisions

HIGHLIGHTS

Principles on IRIDM

* An overview of the complementary blend of deterministic and probabilistic
approaches

* COrganizational interrelationships in IRIDM and overview of the necessary support for
IRIDM

* Deterministic and risk aspects of IRIDM
* How to use deterministic and risk aspects to arrive at sound decisions
* Documentation and presentation of IRIDM results

Follows main principles listed in Draft INSAG-24 “A FRAMEWORK FOR
INTEGRATED RISK-INFORMED DECISION MAKING PROCESS”

2 N
International Atomic Energy Agency \‘;@ ,,&
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Regulatory
considerations

i Deterministic considerations -

Defined options

Utility
considerations

| Safety Criteria Q

| Defence-in-depth Q

b =

| Safety Margins

= o
4 Probabilistic analysis I

I Probabilistic targets

-

PSA Quality and Scope
\__ ' J

4 Organisational considerations )

Management systems m

Operational experience

Implementation

Corrective Performance
Action Monitoring

Evaluated Integrated
options Decision

K

( Security considerations

)
( Standards + good practice )
~

- Other considerations
| Radiation doses
=
| Economic Factors Q
| Research results g
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DIVISION OF NUCLEAR INSTALLATION SAFETY

/

DSRS

Design Safety Review Service

SSRS  seismic Safety Review Service
FSRS Fire Safety Review Service
AMAT  Ageing Management Advisory Team

SWSRS Software Safety Review Service

These Services, initiated in 1989, provide advice on
selected engineering safety aspects of nuclear power
plants in siting, design, construction and operation.

INSARR

Integrated Safety Assessment
of Research Reactors

INSARR missions are an IAEA safety service offered
to assist Member States in ensuring and enhancing
the operational safety of research reactors.

IRS
Incident Reporting System

The IRS is a global network for the collection, analysis
and dissemination of information on safety relevant
events that have occured at NPPs.

IRSRR

Incident Reporting System
for Research Reactors

The IRSRR is a system designed to collect, analyse
and disseminate information on unusual events that
have occured at research reactors.

SAFETY SERVICES

C OSART

Operational Safety
Review Team

The purpose of the OSART programme, established in
1982, is to assist Member States in enhancing the
operational safety of nuclear power plants by promoting
performance based assessment processes and
providing recommendations and assistance derived
from these assessments.

PROSPER

Peer Review of Operational
Safety Performance Experience

An |AEA operational safety service (derived from the
former ASSET service) to peer review self-assessments
by NPPs of their operational safety performance and
its trends based on operating experience.

SCEP

Safety Culture
Enhancement Programme

A service intended to support senior utility managers in
enhancing the management of safety and safety culture.
It provides training to increase the understanding of
safety culture issues, to perform a self-assessment

and to develop improvement initiatives.

" IRRT

International Regulatory
Review Team

Launched in 1989, the IRRT programme provides
advice and assistance to Member States to strengthen
and enhance the effectiveness of their nuclear safety
regulatory body.

IPSART

International Probabilistic Safety
Assessment Review Team
IPERS (now called IPSART) was established in 1988 to

make international expertise available for reviewing
probabilistic safety assessments (PSAS).

RAMP

Review of Accident
Management Programmes

An IAEA service to assist Member States in the
preparation, development and implementation of
accident management programmes for NPPs.

INES

International Nuclear Event
Scale Information Service

INES is a scale aimed at putting into perspective
incidents and accidents in NPPs and other nuclear
installations by explaining in simple terms their

significance and relative importance to the public.




IPSART SERVICE

.......... N
|

et e ot 1 l nternational

S — Probabilistic
- Safety
Assessment
) Review
Team

= Established in 1988

= Conducted in accordance with dedicated
Guidelines



® More than 50 IPSART mission have been conducted all around the world
" |n average, 3-5 IPSART missions are conducted every year

" |nstallations Reviewed
* Mostly NPPs
* Research reactors
* Open to other types
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REVIEW APPROACH

IPSART

Surface check of methodological
aspects, completeness,
consistency, coherence, etc.

Detailed spot checks

29 of 34

—> project plan, work and team
organization

PSA objectives, purpose, scope,

and system analysis

PSA models, e.g. accident seguences

QA
internal

v

human reliability analysis

Database, methodology, para:meters,

review

v

PSA documentation, information,
results, applications, LPSA aspects

=~

3
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IPSART MISSION REPORT

Describes the review performed, the review findings, the
technical aspects of the PSA study, strengths, and limitations

Provides suggestions and recommendations for improvement
of the PSA quality and its sound use for enhancing plant safety
and risk management applications

BENEFITS

IPSART service helps to achieve high quality of PSA and
therefore assists in further enhancing the nuclear safety

« PSA results are used widely in various risk-informed decisions by
plants and regulatory authorities

IPSART service proliferates advanced methodology and
knowledge in nuclear safety assessment

2 N
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RAMP SERVICE (1/2)

!

Review of
Accident
Managament
Programme

31 of 34

At particular plant, on request
by Member State

Review by team of usually 4
experts, plus IAEA lead

Duration usually one week

e Study of documents
* Interviews with plant staff, regulator

Location:
* on-site, preparation before: off-site

At end: discussion plus
detailed report with assessment
and recommendations

2 N
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RAMP SERVICE (2/2)

" |AEA has prepared ‘User Manual’ for RAMP service:
“GUIDELINES FOR THE REVIEW OFACCIDENT
MANAGEMENT PROGRAMMES”

" Contains detailed questionnaire, with 90 questions:
* Topics of questions
v" Selection and definition of AMP
v Accident analysis for AMP
v Assessment of plant vulnerabilities
v Development of severe accident management strategies
v' Evaluation of plant equipment and instrumentation
v Development of procedures and guidelines
v" Verification and validation of procedures and guidelines
v’ Integration of AMP and plant Emergency Arrangements
v' Staffing and qualification
v Training needs and performance
v" AM Programme revisions

" Separate parts for analysis and AM guidelines

: . ¢ &N\
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RELEAVENT ACTIVITIES

" RAMP Services
Krsko NPP, Slovenia, 2001
Chashma NPP, Pakistan, 2005 (pre-RAMP)
Ignalina NPP, Lithuania, 2007

Cernavoda NPP, 2007 (Pre-RAMP)

* Pre-Review of Accident Management Programme

KANUPP , Karachi, Pakistan, 10.2008 (pre-RAMP)

* Introduction of severe accident analysis and AMP for Pressurized Heavy Water Reactors

" Expert Missions (2007 - 2009)

Expert mission on severe accident analysis and accident management programme,
Beijing, China 07.2007

* Review the severe accident analysis for Chinese PWRs and develop plan for severe accident management
programme (AMP)

Expert mission to review severe accident analysis and to assist in developing

severe accident management strategy, Beijing, China 07, 2008
* Review typical severe accident analysis for Chinese PWRs

KANUPP, Karachi, Pakistan (held in Vienna, 09.2009)
* Review SAMG documents prepared by KANUPP

" Workshops and Technical Meetings

Regional workshop on severe accidents analysis and accident management for NPPs, Kiev, Ukraine, 06.2007

e Sharing views and exchanging experiences on the severe accident analysis and accident management in
participating countries

TM on severe accident, accident management and PSA application of PHWRs (jointly with AECL/CNSC) Canada,
2008

2 N
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CONCLUDING REMARKS

" The NEW IAEA’s Safety Standards publications will provide a common
platform for performance and application of SAMPs, safety assessment,
PSA, and IRIDM

"= SG on SAMP contains extensive guidance for the setting up of an AM
Program, with focus on severe accidents

* E.g., type of guidance, responsibilities, setting priorities, use of 1&C, dealing
with incomplete information and possible negative consequences of actions

e useful for new AM programs and for review of existing AM programs

" SGs on PSA will promote a consistent development, application, and
review of PSA studies, as well as the use of PSA results and insights in the
IRIDM process

= RAMP Service

* High quality review of AM Program at individual NPPs

v' benefit from ‘fresh look’, and in-depth discussions during about one week of
mission
" |PSART Service
* Helps to achieve high quality of PSA
v’ proliferates advanced methodology and knowledge in nuclear safety assessment

* AIllIAEA publications available at:
http://www-pub.iaea.org/MTCD/publications/publications.asp

: . ¢ &N\
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Technical Challenges in Applying

SAMG Methodology to Operating
CANDU Plants
Keith Dinnie - AMEC NSS - Toronto, Canada

OECD/NEA Workshop on Implementation of
Severe Accident Management Measures

I (5200

REACTOR ASSEMBLY

___END
MODERATOR o - FITTINGS
INLETS __ %

._“‘\“

MODERATOR
OUTLETS ___

" CALANDRIA TUBES




Contents ameCG

Key features of CANDU reactor design
Entry Conditions

SAG Perioritization

Mitigating challenges to containment

Role in PSA




Core Components

*380 — 480 horizontal
channels

eCalandria tank
containing heavy water

*Shield tank containing
light water

ETDEET-2

TVAULT



Fuel Channels ameCG

*Fuel in cylindrical bundles

*Pressure tube (PT) Is the
pressure boundary

) *Gas filled annulus
- between inner PT and
outer calandria tube (CT)

eCalandria tube
surrounded by heavy
water moderator

Fuel Bundie and
Primary Heat Transport System




Heat Transport System Piping

[ . i ._ |
i g fillssa
4 ;”ﬁ g_g;,‘;:‘.{&{,’,",’.’.‘;‘;;’.-:
5 | I T
.

_—

~—— FeederPiping

= Fuel Channels

Material: SA-106B carbon steel

Pipe Size: NPS 1.5 (DN 40) through NPS 3.5 (DN
90) Length: 20 feet (6.1 m) through 60 feet (18.3 m)
Operating Pressure: nominally 9 to 11 MPa
Operating Temperature: nominally 250 to 310°C




Entry Conditions ameCG

*Need for CANDU-specific entry
conditions:

Figure 3: CANDU Fuel Channel Under Degraded Cooling Conditions

MO SIGNIFICANT

No direct measurement of core o
temperature available oogon
Wider range of accident end- ZXY e
states involving fuel damage for

CANDU plants, including DBAs e N “—
Fuel damage alone is not an (AT e $225%
indication of imminent transition TXS At e AR L Y

to a severe accident

*Entry conditions must @ o @

COMPLETELY REMOVED BY
WATER/STEAM WITHIN CHANNELS

distinguish onset of severe ded:f*;e
accident conditions from those

accidents that can be effectively

managed by EOPs

< severenccoents | | cessusassaccoents >




Entry Conditions ameCG

Table 1: SAMG Entry Conditions

Condition Parameter Typical Instrumentation
1. Loss of core cooling No subcooling margin in inlet Heat transport system (HTS)
headers for >15 minutes temperature and pressure
instrumentation
AND either
2. Loss of moderator Moderator level below top of Moderator level instrumentation
cooling to fuel channels | highest channels
or
3. Major release of fission | Plant radiation levels Ex-containment gamma

products from the fuel measurements

> setpoints




Onset of Severe Accident amecC )

Calandria Face View Calandria Side View



Entry Setpoint ameCG

* Design basis events ~ <1% FP release to containment if plant
responds as expected (% core damage determined by
correlation to dose rate measurement outside containment)

« ~>10% FP release is clearly in severe accident range

« Setpoint = measured dose rate corresponding to calculation at
specified locations assuming 3% FP release to containment




Prioritization of Barriers to Severe CG
Accident Progression ame

I n th ei r Cu rre nt form y th e Seve n Figure 4: Barriers to Accident Progression
CANDU SAGs are as follows:

1.Inject into the Heat Transport
System

2.Control Moderator Conditions
3.Control Shield Tank Conditions
4.Reduce Fission Product Releases
5.Control Containment Conditions
6.Reduce Containment Hydrogen
7.Inject into Containment.

In its initial form, the order of the
first three SAGs was reversed
(i.e., 3-2-1)




Considerations

*“Reverse” order gives priority to
protecting the intact barriers by
external vessel cooling

«Current order establishes
priority to internal vessel cooling
and for recovery actions

* Actions in SAGL1 likely already
attempted in EOPs

* Water added to HTS will find its
way to the intact barrier

* Recovery of ECC in recirculation
mode always a high priority

amec”

Figure 4: Barriers to Accident Progression

CESA PLATE
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Diagnosing and Mitigating Challenges to C(9
Containment ame

Figure 5: Darlington Multi Unit Containonent

SITE FLAK



Containment Schematic

ame

Figure 6: Outline of the Multi-Unit Containment Envelope
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Example - Basis for Hydrogen Diagnosis amedg

 Hydrogen source term related to rate of accident progression,;

« Correlation between hydrogen production and degree of fission
product release to containment;

« Expectation that hydrogen will be mixed by pressure differentialst
and that there will be mass transfer between the accident unit
and other reactor buildings (can be estimated by comparing
relative radiation measurements at similar locations outside each
reactor building);

« Tracking of mass transfer to the VB (analogous to “venting” from
the containment to the VB) for which pressure and temperature
measurements are available;

« Assumption that igniters will maintain local hydrogen
concentrations close to the flammability limit.

« Assessment of steam concentration to determine flammability



Role of Human Actions in CANDU PSA aﬂ')eCj

 Level 1 PSA actions supported by EOPs
= Alternative sources of cooling water to HTS
= Moderator make-up

 Limited role seen for innovative Level-2 actions
supported by SAMG

" |ncompatibility between PSA requirements for operator
actions and SAMG decision making process

* Benefit anticipated at Entry and Exit from SAM
Guidelines




Closing Potential Early Release
Pathways - Example

amec”

In EOPs, low pressure
filtered air Venting Is used Figure 7: Containment Pressure vs. Time for Total Loss of Heatsinks
to maintain containment 25000
subatmospheric after

design basis accidents

150000 4
In SA, where containment wwg\-—_—ffj\&f/

200000 A

Pressure [Pa]

pressure may be above /

atmospheric, this pathway son0 ;”

may be at risk due to the N

pressure transients that 2 4 & 5 0 o w ® w m n

Time [Hours]

accompany accident
progression

——RV2 ===VBL -~ = VBU

*Can be addressed in
SACRG-1




Long-Term Stable State

Failure to mitigate progression
can result in fuel attacking the
basemat

Accumulation of water in the
fuelling duct during accident
progression but insufficient to
cool debris

*SAMG aims to flood the duct to
cover debris before exiting (only
one strategy)

Reduces likelihood of
containment failure due to MCCI

amec”

Calandria Side View




Summary ameCG

Unique plant design features represent a challenge to structure of
CANDU SAMG

More experience with drills will help to validate current approach or
identify need for changes

Importance of SAMG to PSA is expected to be to reduce the
likelihood of potential early failure pathways and reduce the
Impacts of MCCI by ensuring long term cooling




Accident Management in German NPPs:
Status of Implementation and the Associated
Role of PSA Level 2

P. Scheib, M. Schneider, M. Krau
Federal Office for Radiation Protection
Oct. 26, 2009, ISAMM2009

Bottstein
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Outline

— History of AM in Germany

— PSR and PSA

— Implementation of AM-measures

— Level 2 PSA results on efficiency of SAM

— Conclusion and Outlook
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History of AM in Germany

— Initiated by Risk Study Phase B (1981-1989)*

« Existing safety margins can be used to prevent core damage or mitigate
the consequences

 Primary and secondary bleed and feed as preventive action
— Reduction of CDF by factor of ~8
* Primary bleed as mitigative action
— Reduction of high pressure core melt by a factor of ~7
* Filtered containment venting (FCV)

} not quantified
« Limitation of hydrogen-content inside the containment

— Consulting mandate to the RSK and resulting recommondations (1986-88)
« Safety review of all German NPPs
 Accident Management
 Recommendations for PSR

* Deutsche Risikostudie Kernkraftwerke Phase B, ISBN 3-88585-809-6, BMFT 1990

| Verantwortung fir Menschund Umwelt| B H N [ | \@_/
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PSR and PSA

Guide

Fundamentals on Periodic Safety Review for NPPs

Guide
Safety State Analysis

Guide
Security Analysis

Compilation of
protective goal-oriented
requirements of the
entire actual nuclear
technical rules and
standards

&

Bundesamt flr Strahlenschutz
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Changes in PSA requirements 1997 - 2005

— Calculation of core damage states, taking into account preventive
accident management measures

« Evaluation of efficiency of preventive AM-measures
— Extension of the event spectrum to external hazards
— Extension of Level 1 PSA to LPSD

— Performance of Level 2 PSA for full power operation
« Evaluation of efficiency of mitigative AM-measures

| Verantwortung fir Menschund Umwelt| B H N [ | \@_/
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Conduct of Level 2 PSA in Germany*

— Required as part of PSR since 2005 for full power operation

— 2-step approach (based on existing Level 1 PSA) or integrated
approach possible

— Evaluation of effectiveness of SAM-measures

— Hints how to present results in order to support emergency
management (but not required)

* According to: Facharbeitskreis Probabilistische Sicherheitsanalyse flir Kernkraftwerke: Methoden zur probabilistischen
Sicherheitsanalyse fiir Kernkraftwerke, BfS-SCHR-37/05, 2005

| Verantwortung fir Menschund Umwelt| B H N [ | \@_/
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Implementation of AM-measures in PWRs

Measure z z[ 2] 2] 2] z z1 2] 2] %
w W 4 Z c (@) T A o m
> | wm| = | ™ N
Emergency management manual ° ) ) ° ° ° ° ° °
Secondary side bleed o o o \ o o o o o o \
Secondary side feed ° ° ° ° ° ° ° ° ° ° °
Primary side bleed ° ) ) ° ° ° ° ° ° °
Primary side feed ° ° ° \ ° ° \ ° ° N
Assured containment isolation ° ° ° \ ) ) \ ° ° ° v
Filtered containment venting ° ° ) ) ) ) ° ° ° ° °
Passive autocatalytic recombiners g ° ° ° ° ° ° ° ° °
Supply-air filtering for the control room | e ) ) ° ° ° ° ° ° ° \
Emergency power supply from ° ) ° ° O m m ) m O
neighbouring plant
Increased capacity of the batteries ° ) ) ° ° N ° ° ° °
Restoration of off-site power supply ° ° ° \ ° ° ° ° ° ° °
Additional off-site power supply ° ) ) ° ° ° ° ° ° ° °
(underground cable)
Sampling system in the containment ) ° ° ° ° ° ° ° °
J design e realised through backfitting g license 1 not applicable
measures granted
| Verantwortung fiir Menschund Umwelt| W H N [ | \@‘/
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Implementation of AM-measures in BWRs

Measure KKB KKI 1 KKP 1 | KKK KRB KRB C
B
Emergency management manual ° ° ° ° ° °
Independent injection system . ° ° ° O O
Additional injection and refilling of the RPV ° ° ° ° ° o
Diverse pressure limitation for the RPV ° ° ° ° ° °
Assured containment isolation ° ° ° ° \ V
Filtered containment venting ° ° ° ° ° °
Containment inertisation ° ° ° ° o* o*
Supply-air filtering for the control room ° ° ° ) ° )
Emergency power supply from neighbouring plant | o . O . °
Increased capacity for batteries . \/ . . V V
Restoration of off-site power supply ° ° \ ° . °
?:Sliéi)onal off-site power supply (underground . . . . . .
Sampling system in the containment ° ° o o
\ design o realised through backfitting o applied for o not applicable
measures
* wetwell inerted, drywell equipped with catalytic recombiners

| Verantwortung fir Menschund Umwelt| B H N [ | @
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Implementation of AM-measures

— Some remarks:

 Bleed and Feed as preventive and mitigative action for PWRs
were based on PSA (Risk Study B), but not on plant specific PSA

 Selection of SAM-measures not based on Level 2 PSA

* Ongoing discussion about usefulness of PAR

— Statement by RSK includes insights gained from the Level 2 PSA
for the reference plant used to determine the design of PARs

— Module 7 of “Safety Criteria for NPPs”
* Planning of AM based on “representative event sequences”
— List of events + events taken from PSA results

| Verantwortung fir Menschund Umwelt| B H N [ | \@_/
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Examples for PSA results on SAM efficiency

—Konvoi

PWR 1300 MWe

Entered commercial
operation 1988 - 1989

Study by GRS on
behalf of BMU/BfS

2-step approach
based on existing
Level 1 PSA

PARs and FCV
examined for 3
selected accident
scenarios

| Verantwortung fiir Mensch und Umwelt |

—SWR 69

— BWR 900 MWe
(reference plant)

— Entered commercial
operation 1976 - 1983

— Study by GRS on
behalf of BMU/BfS

— 2-step approach
based on existing
Level 1 PSA

—GKN 1

3-loop PWR 840 MWe

Commercial
operation since 1976

Level 2 PSA as part
of PSR (currently in
review)

2-step approach
based on existing
Level 1 PSA

\&
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PSA results on SAM efficiency: Konvoi*

Scenario 1: total loss of steam generator feed with primary bleed

Scenario 1

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%

20,00%
10,00%
0,00%

Probabilty for containment to stay intact

PAR FCV PAR + FCV

* G. Bonigke et al.: Untersuchungen von MalRnahmen des anlageninternen Notfallschutzes zur Schadensbegrenzung flr
LWR, BMU-1999-536
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PSA results on SAM efficiency: Konvoi*

Scenario 2: break of pressurizer connection pipe

Scenario 2

100,00%
90,00%
80,00% T
70,00%
60,00%
50,00% T
40,00% -
30,00% =
20,00% -

10,00%
0,00%

Probabilty for containment to stay intact

PAR FCV PAR + FCV

* G. Bonigke et al.: Untersuchungen von MalRnahmen des anlageninternen Notfallschutzes zur Schadensbegrenzung flr
LWR, BMU-1999-536
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PSA results on SAM efficiency: Konvoi*

Scenario 3: small leak in the hot leg and loss of SG heat removal

Scenario 3

100,00%
90,00%

80,00% - 1
70,00%
60,00% -

50,00% - T
40,00%

30,00% -
20,00%
10,00% -

0,00%

Probabilty for containment to stay intact

PAR FCV PAR + FCV

* G. Bonigke et al.: Untersuchungen von MalRnahmen des anlageninternen Notfallschutzes zur Schadensbegrenzung flr
LWR, BMU-1999-536
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PSA results on SAM efficiency: SWR 69*

2

* H. Loffler, M. Sonnenkalb: Methods and Results of a PSA Level 2 for a German BWR of the 900 MWe Class, presented
at EUROSAFE 2006, Paris
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PSA results on SAM efficiency: SWR 69*
Typical accident progression:

— Core damage typically at low pressure (f>97%)

— Low probability (<2%) to retain partly molten core inside RPV
* Only in case of high pressure core melt

— Containment failure shortly after RPV failure
* melt-through of steel shell in control rod driving room (CRDR)

— Containment failure at elevated pressure, but below initiating
pressure for FCV. Possibility of H,-combustion outside containment.

« damage to adjacent buildings — new release paths

— High probability of large early release in case of core damage

* H. Loffler, M. Sonnenkalb: Methods and Results of a PSA Level 2 for a German BWR of the 900 MWe Class, presented
at EUROSAFE 2006, Paris
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PSA results on SAM efficiency: SWR 69*
Discussion on SAM-measures:

— Flooding of CRDR to keep RPV intact:

« Steam prevents water from reaching crucial parts of RPV
— probably leads to large area failure of RPV

— FCV in most cases not initiated before containment failure

 Initiate more early in order to reduce pressure inside the
containment and release H, to reduce damage to adjacent
buildings

— Integrity of CRDR:

* Modifications of the CRDR ensure fragmentation of core material
« Cooling from outside

* H. Loffler, M. Sonnenkalb: Methods and Results of a PSA Level 2 for a German BWR of the 900 MWe Class, presented
at EUROSAFE 2006, Paris
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PSA results on SAM efficiency: GKN 1*

Release Containment (C)
category failure mode
Relative proportions of the total PDS frequency RC-A LOCA outside C
RC-C RC-E RC-F
5{;5 0.049% 6.66% 0.02% RC-G RC-B Uncovered SGTR
RC-A R 0.22% RC-C Early C rupture
0.31% RC-D
1.42% RC-H RC-D C isolation failure
0.51% RC-E Covered SGTR
RC.I RC-F Sump line failure
402% I RC-G Late C rupture
RC-H Basemat melt-
through
RC-I Unfiltered C venting
RC-J FCV
RC-K No failure

* A. Strohm et al.: An Approach to quantification of Uncertainties in the Risk of Severe Accidents at Neckarwestheim Unit 1
Nuclear Power Plant and the Risk Impact of Severe Accident Management Measures, presented at PSAM 9, 2008
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PSA results on SAM efficiency: GKN 1*

Bl RC-E RC.F
0.04% G.60% 0.02%

RC-B
R.:_"___\ D';].*"'-i

Relative contribution of RC to the total potential e
released activity

RC-D
1.42%

. RC-J
RC H 1.60%

RC-E
51.43%

RC-D
12.58%

* A. Strohm et al.: An Approach to quantification of Uncertainties in the Risk of Severe Accidents at Neckarwestheim Unit 1
Nuclear Power Plant and the Risk Impact of Severe Accident Management Measures, presented at PSAM 9, 2008
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PSA results on SAM efficiency: GKN 1*

Release Containment failure mode Relative proportions of the Relative contribution of RC to
category total PDS frequency the total release (excluding
noble gases)
RC-A LOCA outside containment 0.31% 21.50%
RC-B Uncovered SGTR 0.05% 3.02%
RC-D Containment isolation failure | 1.42% 12.58%
RC-E Covered SGTR 6.66% 51.43%
RC-I Unfiltered containment 4.02% 7.36%
venting
Sum 12.46% 95.89%
RC-J Filtered containment venting | 77.48% 1.60%

* A. Strohm et al.: An Approach to quantification of Uncertainties in the Risk of Severe Accidents at Neckarwestheim Unit 1
Nuclear Power Plant and the Risk Impact of Severe Accident Management Measures, presented at PSAM 9, 2008
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PSA results on SAM efficiency: GKN 1*

— Dominant failure mode for the containment:
gross failure under dynamic or static overpressure

— FCV effective method to avoid containment failure

— More detailed studies about effectiveness of AM-measures have
been done by the operator as part of the sensitivity studies, but are
not published

* A. Strohm et al.: An Approach to quantification of Uncertainties in the Risk of Severe Accidents at Neckarwestheim Unit 1
Nuclear Power Plant and the Risk Impact of Severe Accident Management Measures, presented at PSAM 9, 2008
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Conclusion and Outlook

— Various AM-measures implemented during the last 20 years
— Analysis of AM in PSA Level 1+2 required since 2005

— Importance of PSA regarding (S)AM increasing
» e.g. Safety Criteria + safety-orientedness of PARs

— Feedback from development and review of Level 2 PSAs performed
as part of PSR is becoming available and will be fed into PSA
guidelines

* Working group Level 2 PSA of the FAK starts this November

| Verantwortung fir Menschund Umwelt| B H N [ | \@_/
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Thank you for your attention

Patric Scheib
Bundesamt fur Strahlenschutz
P.O. Box 100149, D-38201 Salzgitter, Germany
pscheib@bfs.de
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Circumstances and Present
Situation of Accident Management
Implementation in Japan

OECD/NEA Workshop on Implementation of Severe
Accident Management Measures (ISAMM-2009)
Bottstein, Switzerland

October 26 - 28, 2009

Haruo Fujimoto, Keisuke Kondo, Tomomichi Ito,
Yusuke Kasagawa, Osamu Kawabata, Masao Ogino
and Masahiro Yamashita

Japan Nuclear Energy Safety Organization ( JNES)
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1. Background and history

Date Major events for AM

May, 1992 The Nuclear Safety Commission (NSC) of Japan issued a
decision statement “Accident Management as a Measure against
Severe Accidents at Power Generating LWRs,” which strongly
recommended the regulatory body and utilities to introduce AM
measures.

July, 1992  MITI encouraged utilities to establish AM implementation plans,
using benefit of insights obtained from PSA.

March, The utilities submitted AM implementation plans to MITI. MITI

1994 reviewed utilities plans.

October, MITI made a report entitled “AM for Light Water NPPs,” in which

1994 MITI recommended utilities to undertake AM implementation

plans toward 2000 and to prepare operating procedures and
administrative framework.
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1. Background and history (cont’d)

Date Major events for AM

February, The utilities completed implementation of AM and reported to

2002 NISA (new regulatory body founded in January, 2001.) The
effectiveness of AM for representative plants were evaluated by
NUPEC (former of INES.)
NISA recognized that it was also important to evaluate
effectiveness of AM measures for NPPs other than
representative plants. And NISA requested utilities to perform
evaluation of every NPPs.

March, The utilities performed evaluation of effectiveness of AM

2004 measures for every NPPs and submitted report entitled “PSA
evaluation Report following AM Implementation.” NISA reviewed
this report with the help of JNES.

Up to now  Besides fifty-two operating NPPs, AM have been studied and

implemented to four newly constructed NPPs.
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2. Accident management measures
Implemented to the operating
NPPs
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AM measures for BWR

fl?r?éﬁg/n Purpose Prevention of core damage | Mitigation of core damage
Reactor Alternate ® ARI (except ABWR)
shutdown reactivity control ® RPT (except ABWR) )
® ADS actuation by L-1
Coolant Reactor ;
injection to depressurlzatlon A(\eB)\(/(\:/eRF;t BWR2, 3 and
RPV and
CV Alternate coolant | ® MUWC _
injection ® Fire extinguishing system or filtrate water system
Hard vent system | ® Hard vent system
Heat :
removal Alternate cooling - ® Alternate cooling by dry-
from CV well cooler or CUW
Recovery of RHR | ® Recovery of RHR
: ® Electric power supply from adjacent unit
Supporting Elljectlrlc power ® Electric power supply from HPCS-DG (Single-unit site)
function PPl ® |Installation of dedicated EDG
Recovery of EDG | ® Recovery of EDG

ARI: Alternate rod insertion, RPT: Recirculation pump trip, ADS: Automatic Depressurization System,
MUWC: Makeup water system condensated, CUW: Reactor water cleanup,
RHR: Residual heat removal, HPCS: High pressure core spray




AM measures for alternate coolant
iInjection (BWR)

Containment
vessel

Dry-well

Pressure

vessel

Filtered water
storage tank

¢

Fire
Alternate coolant extinguishing
injection pump

Demineralized

water storage
Condensate tank

ECCs |

MUWC
pump

To utilities
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AM measures for CV heat removal
(BWR)

Containment
vessel

A Stack

Alternate heat
removal

Pressure

I Dry-well cooler I

vessel

Reactor building
ventilation system

[,

SGTS

X

—D— —DN

Filter Fan

g

1S—4
Rupture disk

Heat removal by hard vent

Alternate heat
removal

To feedwater system

A

Clean up water system
(heat exchanger)

Dry-well PLR pumps

to re_actor,
containment

From reactor,
containment
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AM measures for PWR

fl?r?gﬁg/n Purpose Prevention of core damage Mitigation of core damage
Reactor Reactor ® Use of main feedwater pumps )
shutdown shutdown (ATWS)
ECCS ® LPI with turbine bypass valves )
injection
® Alternative recirculation
ECCS » Tie-line between LPI and CSI
- - - » Alternate recirculation pump -
Core cooling recirculation » Recirculation sump isolation
valve bypass line
Isolation of _ _
coolant ® Cooldown and recirculation -
leakage
I . I ® Natural convection heat removal
- ® Natural convection heat remova ® Coolant injection to CV
gfg&?gg&%% rl'_(laer:ﬂ)val > Use of non-safety CV heat ® Forced depressurization of
materials from GV removal system primary system
» Outside CV spray ® Hydrogen igniter (Ice condenser
CV plant)
® Alternate component cooling
» Air conditioning system
: : » BOP CCWS -
Supporting Supporting > CV cooling system
function function > Fire extinguishing system
® Electric power supply from the )
adjacent unit 8




e 7> JNES

AM measures to prevent core damage
(PWR)

Main steam
relief valves

Main steam

CV spray header
safety valves I

CV natural
=y aa RWSP
[MFX m convection cooling

E CCWS CV spray Hx
Use of turbine
bypass valves N

Tie-line between —

_ LPI and CSI CV spray

pumps

Turbine
bypass valves

Condenser 2V,
_E > Use of main m /’/ — ( )
Main feedwater feedwater pumps RHR Hx  Low press.
pumps f

injection pumps

Aucxiliary [l / High press.
feedwater pumps _ injection pumps

(@)
<
%
c
=
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AM measures to prevent containment
faillure (PWR)

Raw water
tank
CV natural CV spray header
Coolingt convection /\
down = A . .
cooling ~ { Fire extinguishing pumps RWSP
Main steam : Coolant
relief valves CCWS p Forced injection to
depressurization CcV CV spray Hx
Turbine = N\
Pressurizer — < )
] relief valves
CV spray
pumps
=1 O—
T T
RHR Hx Low press.
injection pumps

CV sump @7
E /

High press.
injection pumps
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Comparison of alternatives for ECCS
recirculation

RWSP
CV spray header CV spray Hx
A
A ‘ % —
! !

CV spray
pumps

Tie-line between @*
LPI and CSI ol
RHR Hx Low press.
injection pumps

—
Cv B I I
sump
Alternative
Alternative N/ Recirculation Line

Recirculation
Pump 11
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Power supply from the adjacent unit

Transmission
line

Transmission Transmission
line line

i
H1I®
Unit 1 main Unit 2 main
Auxiliary transformer transformer
transformer
Unit 1 plant Unit 2 plant
transformer transformer
Unit 1 Unit 2
generator generator
N
Unit 1 [II] . : : :
A train Unit 1 Unit 2 Unit 2
B train A train B train
Unit 1 Unit 1 Unit 2 Unit 2
A-DIG B-D/G A-DIG B-D/G 12
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Reactor types and safety systems (BWR)

type A type B type C type D
Reactor BWR2, 3 BWRA4 BWR5 ABWR
Containment MARK-I MARK-I Mol\sllAl\Igﬁl_TlK-l, RCCV
vessel Mod. MARK-I]
CRDHS CRDHS CRDHS CRDHS
Reactor scram SLCS SLCS SLCS SLCS, ARI
FMCRD
High HPCI HPCI HPCS HPCF(2)
ECCS pressure 1IC(2) RCIC RCIC RCIC
Low CS(2) CS(2) LPCS LPFL(3)
pressure LPCI(2) LPCI(3)
Containment heat SHC(2) RHR(2) RHR(2) RHR(3)
removal CCS(2)

ARI: Alternate rod insertion, CCS: Containment cooling system, CRDHS: Control rod drive hydraulic
system, CS: Core spray, FMCRD: Fine motion control rod drive, HPCF: High pressure core flooder, HPCI:
High pressure coolant injection, HPCS: High pressure core spray, IC: Isolation condenser, LPCI: Low
pressure coolant Injection, LPFL: Low pressure flooder, LPCS: Low pressure core spray, RCCV:
Reinforced concrete CV, RCIC: Reactor core isolation cooling, RHR: Residual heat removal, SLCS:
Standby liquid control system, SHC: Shutdown cooling 13
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Reactor types and safety systems (PWR)

Safety systems type A type B type C type D
Two-loop Three-loop | Four-loop Four-loop
Reactor Type with ice condenser
HPI(2), CHSI(3), CHSI(3), HPI(2)
HP Boosted by Boosted by HPI1(2),
LPI during LPI during Boosted by LPI
ECCS recirculation | recirculation | during recirculation
LPI 2 2 2 2
Acc. 2 3 4 4
M/D (2) M/D (2) M/D (2) M/D (2)
Aux.feedwater | /p 93 T/D (1) TID (2) TID (1)
2
CV spray 2 2 RHR spray(2) 2

HPI: High pressure injection, LPI: Low pressure injection,
CHSI: Charging safety injection, M/D: Motor-driven, T/D: Turbine-driven,
RHR: Residual heat removal

14
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CDF results before and after AM

( BWR )

10N

lementat

imp

O CDF (before AM implementation) O CDF (after AM implementation) B Redcution ratio

10.00

, BWRS

Type C

Type B, BWR4

, BWR2, 3

Type A

1.00

0l1eJ UoIONPaY 10 4aD
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CFF results before and after AM

O CFF (before AM implementation) O CFF (after AM implementation) B Reduction ratio

lementat

10N

imp

10.000

Type A, BWR2, 3

BWRS

Type C,

Type B, BWR4

1.000
0.100

Ol1eJ UOIONPaY J0 44D
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O CDF (before AM implementation) O CDF (after AM implementation) B Redcution ratio

10.00

atil

CDF or Reduction r:

010

0.01
Fukushimal-1 Fukushimal-2 Fukushima2-1 Kashiwazaki-kariwa-6
(type A) (type B) (type C) (type D)

» CDFs of type D plants before AM implementation are small comparing to type A,
type B, and type C plants, while the reduction ratios by AM are large, i.e. AM
effect is small.

ARl and RPT are installed, and highly redundant systems are used for the

coolant injection and residual heat removal functions in type D plants, which
make CDFs before AM implementation much smaller than the other.

 Additional reactor shutdown, coolant injection, and residual heat removal
function are considered not needed as AM measures. 17
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O CDF (before AM implementation) O CDF (after AM implementation) B Redcution ratio

10.00

1.00 — —

CDF or Reduction rati

010

« Some variations of CDFs and CFFs can be found in the same plant type.
There are some small differences in the design and operation of plants and

AM measures adopted.
Example: CDF variation due to the design and operation of CCWS in type C

plants. 18
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CDF results before and after AM
iImplementation ( PWR )

B CDF (before AM implementation) OO0 CDF (after AM implementation) B Reduction ratio

10.00 ' ;
! Type C, 4-loop with I
~ TypeA, 2-loop ; Type B, 3-loop ice condenser CV Type A,
- n o0 on - T 4-loop
o 100 | a i S
g |
5 i
£ :
3 :
& |
S I
LL 1
D 1
@) |
0.10 H :
0.01 =+ ‘ i
a2 L) v N v > N G ) s N > ™ > W
& & & & & & FEFF S FF
VS @ @ Tt W O 0O N
¥ 19
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CFF results before and after AM
iImplementation ( PWR )

O CFF (before AM implementation) O CFF (after AM implementation) B Reduction ratio

100.00 ; ! ! |
Type A, 2-loop : Type B, 3-loop Type C, 4-loop with Type D,
: ice condenser CV 4-loop
10.00 ] — f f
o i T 0 A i i
& - M I : M
S B B ] ] ! —‘ !
3 ! ! -
3 100 |} L - : =
[5)
o : :
5 : j
LL | 1
LL ! |
o : :
0.10 H : :
0.01 R :
v 1% e v N Y 2 D> ™ D> N 1% ‘o . Y S H M £ ™
> Q \Y Q Q x> \$ \S & & Q & & X Y \Y N N N & NS N
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CDF or Reduction ratit

O CDF (before AM implementation) O CDF (after AM implementation) B Reduction ratio

10.00

1.00

010

0.01
Takahama-3 Takahama-4 Mihama-3 Takahama-1 Takahama-2 Ikata-3 Sendai-1 Sendai-2

CDF of Ikata-3 in type B group is much smaller than CDFs of other NPPs in
the same group.

In Ikata-3, the high pressure injection (HPI) pumps do not require boosting
by the low pressure injection (LPI) pumps during ECCS recirculation mode
while the other NPPs In the same group require boosting by LPI pumps.

This plant design of Ikata-3 leads to smaller overall unreliability of ECCS
during recirculation mode and thus smaller CDF of the plant. )
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HPI Pump Boosting by LPI Pump (PWR)

CV spray header

T

CV spray RWSP
Hx
== 0
| |
CV spray
HPI pumps pumps

_G_

i

= O
RHR Hx LPI
pumps

=

CV sump

With boosting by LPI pumps

CV spray RWSP
Hx
To CV XM
spray <= N ~
header | | C,/
CV spray
To cold-leg 4@ pumps
HPI pumps
To cold-leg & N/
| | G-
RHR Hx LPI
pumps
From CV E

sump

Without boosting by LPI pumps

22




e 7> JNES

O CDF (before AM implementation) O CDF (after AM implementation) B Reduction ratio

10.00

1.00 — —

CDF or Reduction ratit

0.10 [

0.01
Ohi-3 Ohi-4 Turuga-2 Genkai-3 Genkai-4

« Turuga-2 is the only one plant which needs boosting by LPI pump to HPI
pump in type D group, which makes CDF of Turuga-2 before AM
Implementation greater than the other.

* In contrast, two cross-ties between LPIl and CSI are used for Turuga-2,
comparing one cross-tie between LPI and CSI for the others, makes small

reduction ratio of Turuga-2, i.e. large AM effect.
23
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O CDF (before AM implementation) O CDF (after AM implementation) B Reduction ratio

10.00

MR B RN N

CDF or Reduction ratit

010 [

0.01
lkata-2 Tomari-1 Tomari-2 Mihama-1 Mihama-2 lkata-1 Genkai-1 Genkai-2

Another example can be find in type A group. ECCS switch-over
from the injection mode to the recirculation mode is done
automatically for Tomari-1 and 2, while this operation is done by
operator for other NPPs of type A group. This design difference
makes CDFs of Tomari-1 and 2 smaller than CDFs of the other

plants in type A group.

24
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3. Accident management measures
iImplemented to the recent NPPs

« For the newly constructed NPPs which begin commercial operation in 2002
or later, it is recommended by the NSC to establish an AM implementation
plan before the first fuel loading to the core and submit the plan to the
regulatory body for review.

* According to this process, AM measures for Higashidori-1, Hamaoka-5,
Shika-2, and Tomari-3 have been investigated and reported to NISA until
now. The results were reviewed by NISA with technical support of INES
and reported to the NSC.

« Among them, AM implementation plan and evaluation of effectiveness of
AM measures for Tomari-3 were reported to NISA last year and they were
reviewed by NISA and the NSC until the beginning of this year.

« Similar AM measures to the operating plants are used for Tomari-3, but
some of them, i.e. train separation of CCWS actuated by a low CCW surge
tank level against loss of CCWS function, and redundant intake lines from
CV recirculation sump are incorporated as a part of basic design of the plant.

25
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AM case studied (Tomari-3)

Case Conditions for analysis

Basic design
1 | Base case (without automatic CCWS train separation,
alternative recirculation)

Basic design
(with automatic CCWS train separation,

Basic design | jernative recirculation)

2 \(’)V'tgrz'i‘tli\gi by AMs by operation manuals (no hardware modifications)
mp Use of turbine bypass system
anuals . .
Cooldown and recirculation
Forced RCS depressurization
with AM measures
3 All AMs - Natural convection cooling in CV
implemented - Coolant injection to CV

Electric power supply from adjacent unit

26
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Component cooling water system
automatic isolation

CCWS surge tank

Sea water _4
system

Header A (safetyv Header C (non- v Header B (safety
systems) safety systems) systems)

27
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W case 1 O case 2 @ case 3 M@ reduction ratio

1.E+00
1.E-01 |
e
8
§ 1.E-02
(-
o
c
LL 1.E-03
o
@)
1.E-04
1.E-05
ECCS ECCS Heat Isolation Secondary Loss of Rx Total
injection recirc. removal failure heat support  shutdown
failure failure failure of leak removal  function failure
from CV failure

» CDFs are normalized by the total CDF of case 1.

« Overall reduction ratio of CDF, i.e. case 3 vs. case 1, is 0.37, whereas ratio
of case 1 vs. case 2 is 0.41. Most of these reduction is accomplished by the
adoption of alternative recirculation and automatic CCWS train separation.

 Failure of ECCS recirculation, failure of heat removal from CV, and loss of
support function are reduced by the installation of alternative recirculation,
natural convection heat removal, and automatic CCWS train separation. 2g
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B case 1 O case 2 @ case 3 M reduction ratio

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

CFF normalized

1.E-05

1.E-06

1.E-07

1.E-08

Over- Concrete CV Ccv stearm  DCH H2 Total
pressure Interaction bypass isolation explosion detonation
failurer

 CFFs are normalized by the total CFF of case 1.

« Overall reduction ratio of CFF, i.e. case 3 vs. case 1, is 0.20, whereas ratio
of case 1 vs. case 2 is 0.37. The latter is almost equal to the reduction ratio
of CDF.

« Overpressure, Concrete interaction, and DCH are reduced by installation of
natural convection heat removal, coolant injection to CV, and forced
depressurization. 29
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Basic requirements for AM

AM implementation plan is reviewed from the following points;
e Basic requirements to develop AM measures

Organization to execute AM measures _
Organization, Roles of related divisions, Person in charge

Development of infrastructure
Preparation of facilities and equipments used by technical
support center, Availability of instrumentations

Establishment of knowledge base
AM manuals for operators and technical support center,

Understanding of plant condition, Decision to execute AM
measures

Communication with the outside of the plant
Education and training of the staffs

o Effectiveness of AM measures evaluated by PSA

* Impact to the original safety functions
No interfering with the intended original safety functions by
iImplementing AM measures

30
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Related future issues to AM

e Reconsideration of the treatment of AM In the nuclear
safety regulatory framework

o Efficient way of AM development

 Improvement of quality of PSA used for evaluation of the
effectiveness of AM measures

* Characteristics of PSA used for AM development
 Consideration of external events
 Public communication on AM measures

31
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4. Conclusions

Introduction of AM measures to the Japanese NPPs began with the
decision by the NSC issued in 1992, followed by the study of AM
measures for the operating plants. Modifications of the plants as well
as the establishment of AM execution framework and the
preparation of the relevant AM procedures had been completed by
2002. The effectiveness of AM measures was evaluated by utilities
and results of these evaluations were reported to the regulatory
body. The effectiveness of AM measures was conformed through
the reviews on these reports by the regulatory body.

32
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4. Conclusions (cont’d)

It was recommended to establish AM measures and to complete
Installation of AM measures by the first fuel loading to the core for
the newly constructed NPPs. Up to now, AM plans for four newly
constructed plants were studied and reviewed in this process. In
some cases, AM measures were incorporated as a part of basic
design of the plant, reflecting the outcomes achieved by the AM
studies for the operating plants.

In the latest AM review, the NSC pointed out some future issues for
AM implementation; i.e. reconsideration of the treatment of AM in
the nuclear safety regulatory framework, improvement of the quality
of PSA, AM measures for external events, and others.

33
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1 - Introduction

» JSince the 1990’s, Severe Accident Management
Guidelines have been developed in France by EDF
to help the PWR plant operators and emergency
teams In limiting the consequences of any
postulated severe accident.

» Severe accident knowledge, codes, PSA, methods,
are still making progress ...

» The presentation provides some views on the
current situation for the French PWR In operation

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN BZEE
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Content

1. French PWRs in operation

2. EXisting severe accident measures on operated
PWRs

3. A new tool for the safety regulation: the severe
accident safety standard

4. Severe accident risk quantification and
reduction - Present and future activities for the
PWR severe accident management

5. Towards some higher requirements in relation
with plant life extension?
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1 - French PWRs In operation

Table 1 — Some features of the French PWRs in operation
900 MWe PWR 1300 MWe PWR 1450 MWe PWR

Started 1977 - 1984 1984 - 1992 1996-1998
Loops 3 4 4
Safety injection 2 high pressure trains (HP) 2 medium pressure (MP) 2 MP trains

2 low pressure trains (LP) trains, 2 BP trains 2 BP trains
Accumulators 3 4 4
Specific procedures for Yes, including connection Yes Yes
additional water injection means with neighbouring plant
Containment Single, liner, design pressure: | Double, design pressure: | Double, design pressure:

5 bar abs -CPY series 4,8 bar abs -P4 series, 5,3 bar abs
5,2 bar abs - P’4 series

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN B



1 - French PWRs In operation

Design P : 5 bar

PARS
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No Core catcher ...
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No draining of

1 ) [ water in the
li i B e m, g “E_ cavity
" anl§ =0 S
T :%-«m - Diversity of
water
injection
P possibilities

DE SAUVEGARDE ET
LOCAUY, ELECTRIQUES

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 -

IRSN



2 - Existing severe accident measures on
operated PWRs

Part 1 -Some examples of key systems

Severe accident management guidelines

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN Kk
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2.1 - Key systems : Reactor Containment

building

For all French Gen Il PWRs, the normal behaviour of containment
(in the design) is associated to leakage rates that are low enough
to guaranty that the radiological consequences of a severe
accident would be Ilimited enough to be managed by the
emergency organization.

Main issues regarding severe accident concern the situations that
may lead to some degraded containment tightness and the
demonstration that the probability of such situations is very low
(practically eliminated).

The design pressure of reactor containment building is about
5 bar abs, which iIs below the extreme loading that could be
calculated for a severe accident with ]pessimistic assumptions (in
case of DCH and hydrogen deflagration tor example).

This situation justifies the achievement of detailed analyses of the
beyond design behaviour of the reactor containment building and
the implementation of severe accident measures aiming at limiting
the potential loading on the containment.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN BEE
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2.1 - Key systems : Reactor Containment

building

For most reactors of the 900 MWe series, the detailed study of the
beyond design behaviour has shown that realistic mechanical
resistance is well above the design pressure thanks to the internal
steel liner and that a relative weak point was the closure system
of material access penetration. For each reactor, a reinforcement
of this closure system is planned at the 3rd decennial inspection.

For the 1300 MWe series reactors, which were not equipped with
an inner steel liner, but with an annular space with
filtration/ventilation ducts, the beyond design behaviour analysis
Is still in progress but the ultimate (calculated) resistance pressure
of the internal containment should be somehow lower than for the
900 MWe series reactor.

For the most pessimistic severe accident loading, the containment
efficiency is supﬁosed to depend on the release collection (and
flltratlons/ through the annular space. This issue will be examined

In detail during the preparation of the 3rd PSR for this PWR series
(2010-2014).

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN EkE



2.1 - Key systems : Pressurizer safety valves

» Like all PWRs, the RCS safety valves have a key role In
case of severe accident to limit the in-vessel pressure
(and avoid DCH or induced steam generator tube
rupture). Opening the pressurizer safety valves is one
of the first actions that should be achieved by the
operator at the beginning of the core degradation.

» To avoid any unwanted closure of these valves (due for
example to electrical cables failure after irradiation)
during the in-vessel progression of accident, EDF has
proposed a modification of the electrical command of
the valves. This modification will be implemented
during the 3rd decennial visit for 900 MWe reactors and
IS being examined for other series.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN EEE




2.1 - Key systems : Containment venting
system

» A containment venting system has been installed on all French
PWRs in the 90’s to avoid any containment failure in the long term
phase of accident (MCCI). A metallic filter in the containment can
retain a large part of aerosol and a sand filter, outside the
containment should retain the remaining aerosols. The ventin
line is heated to avoid the steam condensation and to limit the ris
of hydrogen combustion within the venting line.

» This system is supposed to retain efficiently the aerosols and limit
the long term Impact of a severe accident. Some technical
exchanges are now In progress between EDF and the French Safety
Authority plus IRSN on the interest to improve the capabilities of
this venting system for iodine filtration.

» For some plants with particular design of the foundations
(earthquake), it may be necessary to depressurize with more
efficiency the containment during MCCI phase; the containment
venting has an increased capacity and a specific procedure is
available. Some technical reviews are still in progress at IRSN to
check the compatibility of such procedures with emergency
preparedness.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN BUE:



2.1 - Key systems : Passive Autocatalytic
Recombiners (PARS)

» PARs have now been installed on all operated French
PWRs and are designed on the following basis

e hydrogen combustion pressure peak in the containment should
not exceed the beyond design containment strength,

e the molar hydrog8en mean concentration in the containment
should stay bélow8 %,

e the local molar hydrogen concentration should stay below 10 %
(indicative value).

» The development of L2 PSA provides today the
paoportumty to validate the_ design of PARS and to
iIdentify some low probability  sequences that may
conduct to exceed the design criteria (in particular the
situations that may lead to high kinetics of hydrogen
production).

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSIN EAEE




2.1 - Key systems : Instrumentation for
hydrogen

» Following a requirement of the French Safety
Authority, EDF has developed some specific
Instrumentation that should help the operators and
emergencs(] teams In understanding the situation
regarding hydrogen release during a severe accident.

» This Instrumentation Is based on thermocouples
Installed on PARs and uses the high temperature of the
catalyser plates during the hydrogen recombination
with oxygen.

» It will be installed for the 900 MWe series during the
3rd PSR but some technical elements are still expected
from the utility (justification of the number of captors
and their localization, guideline for the operators or
emergency teams).

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN B¥E:




2.1 - Key systems : Instrumentation for the
vessel failure detection

» Following a requirement of the French Safety
Authority, EDF has developed a specific
Instrumentation able to inform the operators
and emergency teams on the occurrence of a
vessel rupture.

» This Instrumentation Is based on a
thermocouple located In the reactor cavity.
Some technical elements are still expected
from EDF on the availability of the measure In
all situations but it will be Installed also during
the 3rd PSR of 900 MWe series.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN BEE:
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2.1 - Ke?/ systems : Containment Heat

Removal System (spray system)

» For IRSN, the contalnment heat removal system must
be considered as a Sy stem In case” of severe
accident Dbecause it a ows the deposit of fission
product and may be the unique solution to avoid the
containment pressurization.

» Today, the only requirement specific. .to severe
accident on this System concerns the abilities to close
the isolation valves In severe accident conditions In
case of leakage in the auxiliary building.

» Role of the CHRS for the short and long term phase of a
severe accident_has been discussed and proposals are
expected from EDF by the Safety.  Authority. This issue
may be difficult to deal .with,” In particular for the
demonstration of operability of a long term sump
recirculation.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN BrE:
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2.1 - Key systems : Containment Isolation

system

» Some specific procedures have been established by EDF
(within EOPs) to control the efficiency of the
containment isolation system.

» Specific requirements are being defined for the circuits
(called ““3rd barrier extension’) that may stay open
during the accident (including case of SA)

» The studies have been mainly based on a deterministic
basis and, for IRSN, the development of L2 PSA should
provide the possibility to check the efficiency of the
system and procedure. Some modelling proposals are
expected from EDF for the next version of L2 PSA.
Nevertheless this topic is considered by IRSN as
technically difficult to deal with, In relation with the
periodic test of isolation components).
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2.1 - Key systems : Safety Injection system

» The safety injection may be crucial in the management
of a severe accident, either to stop the in-vessel
accident progression (see TMI2 accident) or to maintain
some long term corium cooling.

» Like CHRS, the demonstration of the operability of a

long term operation of safety injection system through
sump recirculation is still not done.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN BEE:



2 - Existing severe accident measures on
operated PWRs

Part 2 -Severe accident management guidelines
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2.2 - Severe accident management guidelines

» Severe accident management guidelines (SAMG) have
been developed by EDF since many years, with the
objective to define actions based on the containment
protection (in the emergency operating procedures
(EOP), before SAMG application, the main objective is
to assure the short and long terms core cooling).

» Regarding the iInternational practice, the severe
accident guidelines for the French PWRs may appear
singular because it gives a very high importance on the
prevention of early containment failure and conducts
to limit the possibility of core cooling when the water
Injection is prohibited.

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSN BEE:



2.2 - Severe accident management guidelines

The latest versions of SAMG include some specific
recommendations regarding in-vessel water injection to
limit the risks on the reactor containment, for
example:

» water injection should be avoided at the beginning of core
degradation if the flow rate is not sufficient to compensate both
residual power and oxidation power (the idea is to avoid
hydrogen production with high kinetics regarding PARs (passive
autocatalytic recombiners) capabilities); from a practical point of
view, the safety injection system is the only mean able to cope
with this recommendation;

» water injection should be avoided after few hours of core
degradation if a sufficient break does not exist on the reactor
cooling system (RCS); this condition has been drafted to avoid
RCS pressurization by injected water vaporization and then DCH;
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2.2 - Severe accident management guidelines

» For IRSN, the current situation is justified regarding the
state of knowledge on severe accident in France but a
better understanding of the technical basis used In
other countries to establish the severe accident
management guidelines (case where water injection is
recommended whatever the situation) would be
certainly useful. Unfortunately, this level of
Information is rarely available in the public domain ...

» Some updated versions of the SAMG are expected from
EDF in near future with complements related to the
progress in the severe accident knowledge, the new
materials installed on the plants and mostly the
management of the long term phase of an accident.
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3 - A new tool for the safety regulation: the
severe accident safety standar
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3 - A new tool for the safety regulation: the
severe accident safety standar

BACKGROUND

'FI)'\r)VeRsevere accidents were not included in the initial design of the

Nevertheless, some specific plant modifications are implemented
to. improve the plant robustness in case of accident (mainly for the
mitigation of the conseqguences of a severe accident).

Progressively the situation became difficult to manage in terms of
safety regulation due to the lack of clear safety requirement that
should be applied on the operated plants for the severe accidents
Issues

In that context the French Safety Authority asked EDF in 2001 to
propose a severe accident safety standard containing at minimum

the approach and. objectives for prevention and mitigation of risks
associated with serious accidents,

e the studies necessary. to demonstrate compliance with the objectives
and the practical provisions and their design basis.

e This standard should also take into account_aspects related tq radiatign
protection qf workers and rely on the initial results of level 2 PSA in
order to prigritize requirements_ in function of the level of potential
releases for the accidental scenarios considered.
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3 - A new tool for the safety regulation: the
severe accident safety standar

Several versions for this standard have now been
established by EDF and successively reviewed by IRSN.
The last version of the safety standard includes two
parts:

» the safety requirements (approach and safety objectives in terms
of prevention and mitigation of severe accident, the studies
necessary to demonstrate compliance with the objectives, the
current practical provisions and their design basis, the
requirement applied to materials),

» the synthesis of the operated plants status related to severe
accident (synthesis of existing knowledge on severe accident
progression, the status of material behaviour in severe accident
conditions, a demonstration that the probabilistic safety goals
are achieved and the results of radiological consequences
assessment for reference scenarios); this synthesis is supposed to
show that the safety requirements are met.
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3 - A new tool for the safety regulation: the
severe accident safety standar

» The last review by IRSN and positions of the ““French
Permanent Group’ has conducted the Safety Authority
to ask for some complements but the main”conclusion
IS that this standard Is now seen as a progress and can
be used for the identification of  the plant
Improvements related to accident prevention and
consequences limitation.

» It should be applicable during the next PSR of the 1300
MWe PWRs.

» For_IRSN, the use of a safety standard for the severe
accident, In conjunction with both deterministic
studies, progress of R&D and development of L2 PSA
will certainly help_in the analyse of the severe accident
Issues and "also In the_ capitalization of knowledge

needed In a perspective of potential plant [life
extension.
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4 - Severe accident risk quantification and
reduction - Present and future activities at IRSN
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4 - Severe accident risk quantification and
reduction - Present and future activities at IRSN

» The severe accident risk quantification and
Identification of reduction possibilities for the French
PWRs will orientate IRSN futures activities in that field
for Gen Il reactors.

» This activity remains based on IRSN independent
analyses (R&D programmes, codes developments, L2
PSA developments, deterministic studies..) whose

conclusions are used during the safety review process.
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4.1 Some conclusions from the L2 PSA of the
900 MWe PWRs developed by IRSN

The frequency of the heterogeneous dilution sequences remain
rela}gvely high, considering the potential associated impact of such
accident ...

The calculated frequency of the loss-of-containment-integrity
sequence after a steam explosion in the reactor CPit appears
relatively high. Additional studies regardingi Induced loads and
containment strength under this type of loading seem to be
necessary

The study indicates a risk of containment failure due to hydrogen
combustion after in-vessel water Injection; the calculated
frequency of this type of scenario is low, due to the precautions
already taken by the operator and emergency teams through SAMG
application (prohibition of low-flow water injection at the
beginning of core degradation); nevertheless, IRSN considers that
the actions recommended in the severe accident guidelines could
and should be optimized;
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4.1 Some conclusions from the L2 PSA of the
900 MWe PWRs developed by IRSN

» Certain sequences will be re-examined in detall :

» situations leading to high vessel pressure and containment bypass
in the case. of steam generator tube rupture, despite the
implementation of specifiC control measures to depressurize the
reactor coolant system before (or during, at the latest) core
degradation;

» situations leading to the opening of the containment venting
system iIn less than 24 hours after to the beginning of coré
egradation (while the SAMG recommends to avoid opening the
containment venting system before 24 hours);

» The study shows the importance of the ultimate
pressure Capacity of the containment (i.e. beyond the
initial design_ “pressure) to limit  the T"accident
consequences for_the more extreme loading (mainly H2
combustion and DCH) and reminds the importance of
maintaining _containment structures In excellent
condition during plant life. It also shows the relevance
of making changes to reinforce containment structures
beyond “their " initial design @ strength (reinforced
equipment hatch closure system).
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4.2 The management of water during a

severe accident : a key issue with no

sufficient technical basis?

Water injection on the corium during the severe
accident progression would be the more efficient way
to stop the_accident progression on a Gen Il PWR (like
In TMI2 accident).

It may Dbe_ crucial because these plants were not
designed with a core catcher for the case of vessel
rupture and the demonstration that, the basemat will
not be penetrated by the corium is still to be done.

The grawty of an accident with basemat penetration
would nevertheless be higher (ground contamination,
uncontrolled leakage) than without, and the “‘accident
managers’” would certainly keep this in mind.

But for IRSN (and also EDF), this cannot justify to

Introduce in tr(1e SAMG any risk of early containment
failure due to the water injection.
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I —————
4.2 The management of water during a

severe accident : a key issue with no

sufficient technical basis?

At IRSN, we have to consider that today, and after 30
ears of research on severe accident, the technical
asis to deal with some of the following issues remains

POOr:

e what would be the increase of hydrogen production rate in case

of in-vessel water injection? Does it really justify avoiding water
injection in some reactor configurations? Can the spray system be

used to decrease the containment pressure and limit the
amplitude combustion peak?

e what would be the RCS pressure rise in case of late in-vessel
water injection? what would be the vessel behaviour? what is the
link with the DCH risk?

e Is the presence of water in the reactor pit (before vessel rupture)
positive (corium cooling) or negative (steam explosion,
containment pressurisation, corium spread area) on the accident
progression?
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4.2 The management of water during a

severe accident : a key issue with no
sufficient technical basis?

This situation had an impact on the IRSN priority for
existing severe accident _programmes_ in _order to
complete the needed technical basis for SAMG:

e the development of a validated 2D modelling for degraded core
reflooding Is now In progress in ICARE-CATHARE then ASTEC V2
codes, supported by the éxperimental PEARL programme;

e the comprehension of the hydrogen combustion development
mechanism under stray conditions i1s studied through
collaborations with CNRS,

e the comprehension of the vessel failure condition_ (delay and
break size) is still studied with some specific experimental and
modelling effort,

e the analysis of ex-vessel steam explosion risk remained at high
priority. through the improvement and the validation of the
simulation tools (MC3D code, SERENA programme...).

e the spreading capacity of the corium when it falls in the water of
the reactor cavity_(interest from 1300 MWe PWR L2 PSA, because
the _ reactor cavity is connected to a corridor increasing
significantly the corium spreading area). Some modelling_efforts
have been’planned at IRSN in 2010 $W|th MC3D and.  ASTEC V2
codes) and rmay conduct to some complementary need in terms of
ﬁxper_lrr%entst xchange of experience with other countries may

ave interest.
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4.3 The source term assessment

In France, the emergency preparedness (distances for counter-
measures applications) was consistent with a reference source
term (S3) for severe accident (core degradation and vessel rupture
with late containment venting). This approach 1Is evolving
progressively with the development and use of L2 PSA allowing a
more precise categorisation of the accident scenarios and source
term calculations.

In progress

» The integration of the results of the ISTP programme in the basic
assumptions for the source term calculation ielther in ASTEC code or in
the very fast-running release code of L2 PSA) (2010)

» Further evolutions of these assumptions and calculations are already
planned (integration of the CHIP programme result on the iodine form
transferred from RCS to containment) and some complements to the
ISTP programmes are also proposed, in particular to validate the
assumptions concerning the long term phase of a severe accident or
examine some specific mean for the release reduction.

The position of the updated reference source terms regarding the
objectives defined in the severe accident safety standard will be
examined during the next periodic safety reviews. Some
complementary accident measures may be examined to limit as far
as possible the amplitude of the release.
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5 - Towards some higher requirements In
relation with plant life extension?
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- Towards some higher requirements in

relation with plant life extension?

For 900 MWe and 1300 MWe reactors, the preparation
of the 3rd decennial review has and will provide an
opportunity to make an Iinventory of the severe
accident risks, with a better formalization
(development of severe accident safety standard and
L2 PSAs). Some plant design modifications have been
defined (or will be for the 1300 MWe reactors) for
Issues with undeniable ratio cost / safety benefits.

The exercise shows also clearly some field where the
situation remains complex, In particular the
management of water during severe accident
progression, and where some progress from the R&D
are needed.
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5 - Towards some higher requirements in

relation with plant life extension?

But, in near future, will be examined in France the EDF
request for plant extension of life beyond 40 years.

Gen Il and Gen lll (EPR) reactors will coexist during a
Io_n%I period of time and this will conduct to a societal
wish of progress in the safety of Gen Il reactors.

For IRSN, both accident prevention and accident
conseguence mitigation will have to be examined.

Mitigation of the consequence of a severe accident is
considered as a key Issue.

For example, Iin the framework of plant life extension,
the current difficulties on topics like water injection
will have to be solved.
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5 - Towards some higher requirements in
relation with plant life extension?

The severe accident safety standard should be a
relevant tool to define possible additional requirements
In relation with the Safety Authority demands.

For IRSN, this near future should be a turning point in
the severe accident activities, passing from a long
period of knowledge acquisition to the definition of
practical (reasonable) provisions allowing a Dbetter
control of the accident consequences.

First discussions between EDF, the Safety Authority and
IRSN have been initiated Iin 2009 iIn the broader
framework of plant life extension and will be
Intensified in 2010.
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6 Conclusions

OECD/NEA Workshop on Implementation of Severe Accident Management Measures- Oct 2009 - IRSHN BexEs



6 Conclusions

> Prog?resses have been achieved with practical
Implementations of severe accident measures.

» Some results from the R&D field are still
expected for some specific issues, In particular
for the water management during the accident
and the source term assessment.

» The future activities will be linked to the plant
life extension with the definition of possible
additional safety requirement and a research of

ractical and reasonable measures allowing a
etter control of accident conseguences.

Thank you for your attention !
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Presentation Outline

e Historical context and regulatory basis
* Definition and scope

 Major steps in a SAMA evaluation

e Current status of SAMA reviews

* Insights from SAMA evaluations

* Potentially cost-beneficial SAMAS

e Conclusions / information availability



N Protecting People and the Ensiromment
Quick terminology note

* SAMDA = severe accident mitigation design
alternative

* SAMA = severe accident mitigation alternative

e Only the application is different, the
process/scope Is the same
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Historical context and regulatory basis

e 1980 severe accident interim policy statement

— ldentify additional cases where additional features
would prevent/mitigate severe accident
consequences

e 1985 severe accident policy statement

— No present basis for generic rulemaking or other
regulatory changes due to severe accident risk

— Nevertheless, perform analysis to discover instances
of vulnerability to core melt or unusually poor
containment performance
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Historical context and regulatory basis (2)

e 1989 court decision
— SAMDA required for plant operation

« NRC gained SAMA experience through:

— SAMDA evaluations for Limerick, Comanche Peak
and Watts Bar

— Containment performance improvement program

— Individual plant examinations (IPEs) and Individual
plant examinations: external events (IPEEES)

— Implementation of severe accident management
programs (US industry initiative)
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Definition and scope

e« SAMA = A feature or action that would
prevent or mitigate the consequences of
a severe accident

e |Includes:

— Hardware modifications, procedure changes,
and training program improvements

— Prevention and mitigation
— Both internal and external events



N Protecting People and the Ensiromment
Major steps in a SAMA evaluation

1. Leading contributors to risk
— Use plant-specific risk study or equivalent

— External events considered to the extent
practicable

2. ldentify candidate SAMAs

— ldentify SAMASs, including low-cost ways of
achieving functional objective

— Use of PRA importance measures to identify
Important basic events

— Ultilize relevant past SAMA evaluations
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Major steps in a SAMA evaluation (2)

3. RIisk reduction / implementation cost
estimates

— Calculate maximum attainable benefit (MAB)

— Perform benefit assessment and cost assessment
— Screen out SAMAS that can’t be cost-beneficial

— Assess effects of uncertainties

4. Potentially cost-beneficial SAMAS

— Estimate net value of SAMA (averted costs — cost
of enhancement)

— NUREG/BR-0058 and NUREG/BR-0184
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Averted Cost Values
For completely eliminating internal events

Average (and Ranges) of

NUREG/ MAB from Submittals for
Cost BR-0184 All Approved License
Factor |Significance Section Related Parameters Renewals
: Aperson-Sv (from the Level 3 $370K
APE Offsite exposure | 5.7.1 PRA analysis) ($12K — $1,500K)
AOffsite Economic Cost (from $400K
AOC Offsite economic 5.7.5 Level 3 PRA) and accident ($10K — $2,700K)
frequency (from Level 2 PRA) ’
Immediate occupational dose
: (33 person-Sv) $17K
202 CIEIELR G S Long term occupational dose ($1K — $130K)
(200 person-Sv)
Onsite cleanup and
ACC Onsite economic 5.7.6.1 |decontamination cost ($1.1¢10° $870K
single event, present worth) ($37K — $6,300K)
ARPC [Onsite economic 5.7.6.2 |Plant power level
K
Total $1,700

($110K - $8,700K)
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Major steps in a SAMA evaluation (3)

5. More detailed analysis for remaining
SAMAS

— More realistic evaluation of benefits

— More detailed implementation cost
development

— Nuclear Energy Institute document NEI-05-
01, Revision A

 endorsed by NRC Interim Staff Guidance LR-
1ISG-2006-03
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Current status of SAMA reviews

e Comp
sites

e COmp
multip

e COmp

eted SAMDA evaluations for 3
uring initial licensing in 1989-1995

etec
e al

etec

SAMDA evaluations for
vanced light-water reactors

SAMA evaluations for > 50

units for license renewal, including:

— All BWR containment/NSSS types in US,
except Mark-1ll / General Electric Type 6

— All PWR containment/NSSS types in US

11
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Insights from SAMA evaluations

e Considerations:
— CDFs from operating plants are relatively low
— Past programs have addressed known weaknesses

— SAMAs typically only act on one contributor, while risk is
generally driven by multiple contributors

— Implementation costs are high for design retrofits
— Residual risk for advanced reactors is very low

e Therefore

— It is difficult to identify additional changes that substantially
reduce risk and are cost-beneficial

— Cost-beneficial changes usually limited to procedural changes
and limited hardware changes

— Averted onsite costs are important — promote preventative
SAMAs
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Risk Reduction Values
For completely eliminating internal events

Average Ranges
CDF (/yr) 4.0 x 10 1.9x10%-3.3x 10+
Population Dose
(person-Sv/year) 0.15 0.006=0.69
$/event $2.8 billion $49 million — $12 billion
$/person-Sv $220,000 $69,000 - $670,000

Total MAB

$1.7 million

$110,000 — $8.7 million
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Potentially cost-beneficial SAMAS

» Types of cost-beneficial SAMAS:

— SAMASs related to SBO or loss of power
sequences

— SAMAS relatec
seismic and ot

— SAMAS re
— SAMAS re
— SAMAS re

ated
atec

to internal floods, fire,
ner external events

to protection systems
to support systems

atec

to procedures and training

15



%' USNRC

h‘t'h—ng; Prr.rph' am'd' Hrf .f'lrl'r' lllllllll

Potentially cost-beneficial SAMAS (2)

e Specific examples:

— Procure an additional portable 480V AC station DG
for backup to EDGs

— For internal floods, install watertight doors/wall
around vulnerable equipment

— Provide an alternate/additional compressor that can
be aligned to the instrument air system

— Use firewater systems as backup for containment
spray
* An extensive list of examples is provided in the
assoclated paper
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Conclusions / information availability

 PRA has been used to identify numerous cost-beneficial
Improvements

 PRA importance measures play a key role in this process

o Typically low cost improvements (e.g., procedure
modification) are found to be more cost-beneficial

* |Information related to all aspects of license renewal,
Including licensee submittals and Environmental Impact
Statements (which include SAMA analysis) is available at:

http://www.nrc.gov/reactors/operating/licensing/renewal.html
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 AC = Alternating current

« ACC = Averted cleanup and decontamination costs
« AOC = Averted offsite property damage costs

« AOE = Averted occupational exposure costs
 APE = Averted public exposure costs

« ARPC = Averted replacement power costs

« BWR = Boiling water reactor

« CDF = Core damage frequency

« COE = Cost of enhancement

« DG = Diesel generator

« EDG = Emergency diesel generator

« |IPE = Individual plant examinations

 IPEEE = Individual plant examinations: external events
« LR-ISG = License renewal interim staff guidance

« MAB = Maximum attainable benefit

 NEI = Nuclear Energy Institute

« NSSS = Nuclear steam supply system

 PRA = Probabilistic risk assessment

e PWR = Pressurized water reactor

« SAMA = Severe accident mitigation alternative

« SAMDA = Severe accident mitigation design alternative
« SBO = Station blackout

« Sv=Sievert

* US NRC = US Nuclear Regulatory Commission
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BN Contents

a Severe Accident Policy in Korea
0 Status of PSA and SAMG

0 Outline of SAMG

0 Effect of SAMG on Level 2 PSA
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BWENI Severe Accident Policy in Korea

AOMOST announced in August, 2001

dMain Points
% Set up Safety Goal
< Implement PSA for all operating plants

< Confirm plant capabilities to cope with severe
accident

< Establish Severe Accident Management Program

)
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Korea Atomic Energy Research Institute

OECD/NEA ISAMM,, 2009.10.26~28




BWENII KHNP Implementation Plan

a PSA : Completed in 2007 for all operating plant
% Plants in operation on Sep. 2001 : Level 2 PSA
< Plants in construction : Level 2 PSA including Shutdown PSA
» YGN 5&6, UCN &,6, SKR 1&2, SWS 1&2
% Advanced Plant(Shinkori 3,4) : Level 3 PSA

O RIMS : Risk Monitoring System
< Completed in 2007 for all operating plant

Q Severe Accident Management Program
< Completed in 2007 for PWRs
< Will complete in 2009 for PHWRs

)
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BN Status of PSA and RIMS

| | | | | | | |
Back |__severe accident policy implementation
ground | Requirements for CP/OL. |
Post-TMI actions |
YEAR 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07
K#1 11 L2N 11 6 L2-UI/RM 5
K#2 1 L2-N 12 1 L2-NI/RM 12
K # 3,4 9 LIN 8 9 L2-U1/RM 6
Y#1,2 I 9 L1-N 3 9 L2.-U1 12 7L2-U1/RM 12
Y #34 4 L2-N 1 Ll2-U1/RM 5
.
Y #5,6 9 L2 SD-N 12 i
U #1,2 1 L2-N/RM 12
U #3.4 8 L2 -N 10 1 L2-U1/RM 12
U #5,6 7 L2 SD -N 6 1L2-U1/RM 6
I
W#l I10 L2-N 12 10 L2-U/RM 12 [l
W #2,34 2 123DN 6 1 L2-U1I/RM 12

(CZAEﬁl

* Legend : L1(Level 1 PSA), L2(Level 2 PSA), SD(Shutdown/Lower Power PSA), N(NEW), U(Update), RM(Risk Monitoring)

IR X2 P R

Korea Atomic Energy Research Institute
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BWENI Severe Accident Management Program

. Years
Period
YGN 5,6 ’99.12~°01.06
YGN 3,4 ) (T s
UCN3,45.6 02.04~°02.12 —
Kori 1 ’02.09~°03.12 S —
Kori 2,34 ) v |
YGN 1.2 03.01~’04.12 S
UCN 1,2 ’05.06~07.05 i —
WS 1,2,3,4 ‘08.01 ~ “09.12
Trainin CE W H {
£ "01.07~ I . tJ_ . P"_'YV_F
Program
Implementatio]  '02.04~
— i
75 SIRUXIR0I Y
(/KAEHI .bf:;ea Atoniw_i::—Energ)Es:a::'h Instit.LE

OECD/NEA ISAMM,, 2009.10.26~28



BRI/ Severe Accident Mitigation Features-OPR1000

® Safety depressurization
system
- prevent DCH & TI-SGTR
® Hydrogen igniter
® Large cavity floor area

- no dedicated cavity
flooding system

® Long term containment
cooling

- spray
— - fan cooler
- no alternating containment

cooling equipment
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ﬁEHl Korea Atomic Energy Research Institute
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BB NJ| Severe Accident Management Guidance of UCN 3&4

O Developed Based on WOG SAMG
O Guidelines
+ SACRG, Severe Accident Control Room Guideline
< DFC, TSC Diagnostic Flow Chart

* SAGs, Severe Accident Guidelines

»

»

»

»

»

»

»

* SAEGs, Severe Accident Exit Guidelines

SAG-01, Inject into the Steam Generators
SAG-02, Depressurize the RCS

SAG-03, Inject into the RCS

SAG-04, Inject into the Containment
SAG-05, Reduce Fission Product Release
SAG-06, Control Containment Condition
SAG-07, Reduce Containment Hydrogen

» SAEG-1, TSC Long Term Monitoring

»

o pRAR R N
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SAEG-2, SAMG Termination

OECD/NEA ISAMM,, 2009.10.26~28



BWENI Result of UCN 3,4 PSA (2004)

a Core Damage Frequency : 5.30 x 10°/ry

0 Containment Failure Frequency : 1.66 x 10¢/ry

0 Containment Bypass (SGTR) : 7.99 x 107 /ry (15% of CDF)
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BNl Reevaluation of UCN 3,4 PSA

dReevaluation of bypass frequency
% Reevaluate sequence 37 of SGTR
» Propose revision of Emergency Operation Procedure

» Evaluate HEP base on proposed EOP

dReevaluation of late containment failure frequency
% Consider SAMG

» Recovery of containment spray system

» Reactor building fan cooler

9
~ IR QI X}21011Q
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BN SGTR Event Tree
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27 1.00E-1(

32 3.84E-8

36 1.72E-7
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BWENI Frequency of SGTR-37

0 Evaluation of operator available time

<* Computer code : MARS
“* RCS cooldown rate :100 OF/hr

“ operator available time : about 40 minute

d Evaluation of HEP

“* Assumption :

» RCS depressurization procedure is described clearly in EOP when HPI
fails

» Operator is trained for this procedure
» Operator available time : 30 minute
<+ HEP : 0.0256 (cf.0.59)

- Frequency of SGTR-37 : 2.734 x 10°%ry (cf. 5.20E-7)
(I.-/I{AEHI b= & = - Gl
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BWENI Result of HEP Analysis

Before EOP revision
Available Time 30 min. 40 min. 50 min. 60 min.
MMI Medium Medium Medium Medium
Procedure Low Low Low Low
Training Low Low Low Low
HEP 5.90E-1 3.05E-1 2.39E-1 6.80E-2
After EOP revision
Available Time 30 min. 40 min. 50 min. 60 min.
MMI Medium Medium Medium Medium
Procedure Medium Medium Medium Medium
Training Medium Medium Medium Medium
HEP 2.56E-2 1.42E-2 1.16E-2 5.44E-3
Ratio 0.043 0.046 0.048 0.08
(‘T/ﬂ o1 QU X}2101
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-."[/ Reevaluation of Late Containment Failure
Frequency

O Recovery of Spray System
<+ SAG-06 “Control Containment Condition”

Step 1 identifies the availability of containment spray system

If spray system is unavailable, identify the reasons why containment spray system are not available
and restore a containment spray system

< Spray pump takes the longest time to restore among components in spray system
% 47 hours are required to disassemble and assemble spray pump
< Late containment failure frequency is evaluated 72 hours after accident initiation

< Assign 0.9 for probability of spray system restoration
QO Use of Fan Cooler

% Fan cooler is non-safety grade

% SAG-06 allows the use of non-safety grade equiment

<+ Failure rate of fan cooler under normal operating condition : ~ 10°%/ry

% Increase of failure rate of fan cooler under severe accident condition is expected

< Use of fan cooler just after failure of sprat prevents high pressure and high
temperature

) o0 A .
) spsimuasiaby
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BN 1ate Containment Failure Frequency

C(Tntamment Base Case Fan Coolers Spray Recovery Fan Coolers &
Failure Mode Spray Recovery
Intact 3.635E-06 3.856E-06 4.067E-06 4.091E-06
(0.686)* (0.728) (0.768) (0.772)
Early containment 1.192E-08 1.192E-08 1.192E-08 1.192E-08
Failure (0.002) (0.002) (0.002) (0.002)
Late containment 5.376E-07 2.992E-07 5.938E-08 3.259E-08
Failure (0.101) (0.056) (0.011) (0.006)
Basemat 1.286E-07 1.462E-07 1.750E-07 1.775E-07
Meltthrough (0.024) (0.028) (0.033) (0.034)
Containment Bypass 9.841E-07 9.841E-07 9.841E-07 9.841E-07
(0.186) (0.186) (0.186) (0.186)
Total 52‘;;1“"'“‘73’ 5.297E-06 5.298E-06 5.297E-06 5.297E-06

* Fraction of the total frequency
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BN Change of Containment Failure Frequency
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BN NI Result of Level 2 PSA

Q Bypass Frequency

+* Previous : 0.186
+* Present : 0.093

0 Late Containment Failure Frequency

** Previous : 0.101
** Present : 0.006

0 Basemat Meltthrough Frequency

“*Previous : 0.024
*Present : 0.034

)
(/mzm b i Ap= -~ 8

Korea Atomic Energy Research Institute

OECD/NEA ISAMM,, 2009.10.26~28




BN Result of Level 2 PSA
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BWENI Summary & Conclusion

d EOP Revision (proposed)

< Assumed that RCS depressurization procedure is described
clearly in EOP when HPI fails

“*Frequency of SGTR-37 sequence reduced
“*Frequency of Bypass reduced

“*Revision of EOP is important in the reduction of containment
bypass frequency

OSAMG

< Restoration of spray system and use of fan cooler considered
< Frequency of late CF reduced very much
< Frequency of basemat meltthrough increased slightly

¢ SAMG is very effective on the prevention of late containment

X @f'%‘ﬁ?xrmﬁ?@
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Insights from a full-scope Level 1/Level 2 all
operational modes PRA with respect to the
efficacy of Severe Accident Management
actions.

Kligel, J.-U., NPP Go6sgen
Rao, S.B., Mikschl, T., Wakefield, D., ABSG Consulting Inc.
Torri, A., Pokorny, V., RMA

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management"
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Overview

 |ntroduction
e Scope and Structure of the Goesgen PSA model

e Main results of the Goesgen PSA (full power,
shutdown)

* Insights gained from the analysis of the results
— Source term analysis for shutdown states

— Importance of post accident SAM actions and of
physical phenomena

e Summary and conclusions

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management" 2



Kernkraftwerk

Introduction

e NPP Goesgen is a 3-loop PWR
(KWU-design) with
P,=1002 MW
e Commercial operation since 1979

* Integrated Emergency management
since 2005 (AM +SAM integrated)

 First PSA (level 1/level 2- external
events, shutdown) completed in
1994

e Periodic updates of seismic PSA —
1994, 2001/2003 and 2005/2006

(full power) as well as for shutdown
conditions (2002, 2005);

* International Peer Review
(2004/2005)

« Complete PSA upgrade 2008 as a
part of the PSR

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management"



Scope of Goesgen PSA

«— Full and Low > Shutdown >le FullandLow ______
Power Model Power
Model Model
100
() %—
z .2
o (]
[N
50
%
%
<+—— Secondary e RHR e Secondary————— b
Cooling Cooling Cooling
Time R

Villigen, October 26-28, 2009
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Scope of Goesgen PSA

All modes, all events integrated levell/level2 PSA study

— 156 initiating events for power operation (including low power nn RHR-
modes)

— 173 initiating events for shutdown
Three different outage modes
— A repair, RCS closed
— B repair, RCS open
— C refueling outage
Internal events subdivided in
— LOCAs
— Transients
— SGTRs (including multiple ruptures and multiple leaks)

— ATWS ( failure of rod insert = failure of scram) for all transients, small
LOCAs and SGTRs)

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management" 5
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Kernkraftwerk'=.=E;=' Goésgen ==

Scope of Goesgen PSA

 Internal hazards (explicit model)
— Internal floods
— Fires (more than 300 fire scenarios )

o External hazards (explicit model)

— Airplane crash (several different classes of
Impactors)

— Earthquakes (41 initiating events)
— External floods
— Loss of service water intakes

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management" 6
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Scope of Goesgen PSA

e Implicit models (via ,shutdown scenarios” or
manual scrams)

— Wind and Tornado (contributions below 1E-10/a
screened out)

— Forest fire

— Hall

— Extreme snow loads

— Climate change

— Transportation and industry accidents

— Turbine missiles (below screening threshold)

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management"
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Structure of the Goesgen model

e ]
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SYSIEmE _?_ponse Categories
Tree el
Containment Response
Figure 2-1. Overview of Modularized Event Tree Structure for the Full Power Model Level 1

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management" 8



Kernkraftwerk

Main results

Initiating Event Group (Number of Initiators) CDF Contribution CDF Contribution,
[1/a] [%0]

LOCAs (10) 2.61E-7 40.4
Transients (40) 8.07E-9 1.2

SGTRs (6) 2.87E-9 0.4

Internal Events (Total) 2.7TE-7 42.9

Aircraft crashes (7) 1.13E-8 1.8

External Floods (1) 1.42E-8 1.8

Fires (23, more than 300 scenarios) 2.37E-8 0.4

Cooling Water Intake Plugging (2) 2.66E-9 0.4

Internal Floods (20) 1.34E-9 0.2

Seismic Events (41) 3.37E-7 52.1
External Events (Total) 3.65E-7 56.5

Other 3.87E-9 0.5

Total CDF 6.46E-7 100%

Are the results too optimistic??

Villigen, October 26-28, 2009 OECD/NEA “Implementation of Severe Accident Management"
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Comparison with other studies, CDF

KKG KKG KKG Convoy/ KKB (2009),
(GPSA2009) | (GPSA2003) |(GPSA1994) | Preconvoy Modernized
(GRS studies) | Westinghouse
plant
6.5E-7/a |1.4E-6/a |2.3E-6/a |1.7E-6/a |1.7E-5/a
Plant State Model of 2009 | Model of 2009 | (without (preliminary)
2008 Plant State Plant State seismic)
2003; 1994 (preconvoy—
4.6E-6/a with
seismic)
Results (simulating the design of other 4.3E-6/a |3.1E-5/a

plants) using the Goesgen model (more
heat sinks, more safety trains than other
designs (+2 trains for most PIES), 6X
100% for most PIES)

Villigen, October 26-28, 2009

OECD/NEA “Implementation of Severe Accident Management"
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40.40%

2.20%

O Other

Olnternal Floods

OFires

B Water Intake
Plugging

BSGTR

OATSW

52.12% B Transients

OAircraft Crashes

W External Floods

BELOCAs

B Seismic Events

Contribution of IE groups to
CDF

1.76% 0.21%

1.25%
0.83%

0.44%
0.02%

0.37%

The CDF is dominated by external events,

Seismic events ca. 52%, total 56.5% of
CDF

Villigen, October 26-28, 2009
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