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FOREWORD

Implementation Standard Concerning Preparation, Maintenance and Improvement of Severe Accident
Management in Nuclear Power Plants: 2019 has been developed and issued by the Atomic Energy Society of Japan
(AESJ), following the discussion by the Severe Accident Management Subcommittee established under the System
Safety Technical Committee for the Standard Committee, and approval of both the System Safety Technical
Committee and the Standard Committee. Aimed at the existing light-water nuclear power plants, the standard
specifies the concept of maintaining and improving severe accident management, technical requirements for the
renovation and/or addition of equipment and the formulation of procedures, and the methods of meeting the

requirements.

In the Great East Japan Earthquake which occurred on March 11, 2011, off the Pacific Coast of Tohoku
Earthquake of a magnitude 9.0 occurred, and the tsunami generated by the earthquake caused a beyond-design-basis
disaster, crippling the cooling systems of three reactors at Fukushima Daiichi Nuclear Power Plant; reactors 1-3 all
suffered Severe Accident (hercinafter referred to as “Fukushima Daiichi Nuclear Power Plant Accident”), and
hydrogen explosions were triggered in reactor buildings 1, 3 and 4. This resulted in losing the trust of the people in
Japan in nuclear power generation because major amounts of fission products were discharged to the environment.
Numerous reports, including reports by the Investigation Committee on the Accident at the Fukushima Nuclear
Power Stations of Tokyo Electric Power Company for the Japanese government, indicate that Fukushima Daiichi
Nuclear Power Plant had accident management measures in place for handling internal events, and during the
Fukushima accident, some of the measures were used effectively to recover the plant to a stable condition. However,
the reports further indicate that the accident management was inadequate for dealing with the failures caused by the
tsunami as external hazard, a common caused failure. Meanwhile, Fukushima Daini Nuclear Power Plant also fell in
a beyond-design-basis condition, but the accident management was effectively applied, the plant moved to cold
shut down state safely and stable cooling operation in reactor.

For assurance of Nuclear safety, beyond design accidents must not be made light of because of the low
occurrence frequency. A defense-in-depth concept must be established, according to risk assessment, to manage
all possible accident-initiating events (including cumulative events), and based on this concept, regularly occurring
events will be managed by rigorous quality assurance in accordance with the design basis requirements, while low
occurrence frequency and significant impact events will be managed by appropriate quality assurance that meet
requirements more than the design-basis requirements. That is to say, it is important to formulate integrated safety
measures that ensure compliance and consistency by implementing strategies that appropriately correspond to the
level of safety importance based on graded approach. Furthermore, it is impossible to avoid an event occurring
beyond human imagination, but strategies can be planned to prevent expansion of the accident, which is also

important.
The Standard Committee of AESJ has been improved the standard with focuses on the concept of using

risk information about severe accidents, Probabilistic Risk Assessment (PRA) methodology to be applied to nuclear

facilities, and specific methods for using risk information obtained from them. So far, AESJ has established the
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ensuring the quality of PRA, the estimation of parameters for PRA, the PRA methodology for internal events which
are classified into levels 1, 2 and 3, as well as the PRA methodology for external events; internal flooding and
internal fire as the internal hazards, earthquakes and tsunami as the external hazards. The PRA procedures are
continuously under deliberation and revision reflecting the latest knowledge. Accordingly, the improved PRA
methodology that enables the identification of risks attributable to all kinds of events, including internal and
external events, the integrated risk informed decision making methods are about to be developed.

Meanwhile, Japan’s Nuclear Regulation Authority and societies related to nuclear energy have also been
discussed measures for severe accidents. The standard provides not using only risk assessment-based hardware
measures but also emphasizing software measures for staff education/training and updating procedures in order to
improve the staff’s capability for dealing with safety issues. The combination of risk assessment based hardware
and software measures enables a scientific and rational approach to apply to scenarios of various severe accidents
including low occurrence frequency and significant impact events, and assures safety with functionality and
flexibility.

In the light of these circumstances, in order to reduce, to a rationally achievable level, risks related to
severe accidents, following appropriate assessment and identification of risks attributable to all kinds of events,
including internal and external events, that surround nuclear power plants, AESJ is to establish a standard that
consolidates Implementation Standard Concerning Preparation, Maintenance and Improvement of Severe
Accident Management in Nuclear Power Plant: 2013. The implementation standard has technical requirements for
equipment renovation, addition, and the formulation of procedures, methods of meeting the requirements, all of
which enable minimizing risks so as to prevent them from leading to severe accidents or otherwise enable the
mitigation of impacts of severe accidents once occurred.

Meanwhile, the nuclear regulations regarding severe accidents were established by Japan’s Nuclear
Regulation Authority. The standard contains key concept of the regulations regarding the preparation,
maintenance and improvement of severe accident management, and shows that it is significant to contribute to a
safer plant operation by evaluating the features of each nuclear power plants.

Additionally, technical requirements are embodied reflecting the latest knowledge including conformance
to regulatory requirements, AESJ established a standard that consolidates the Implementation Standard Concerning
Preparation, Maintenance and Improvement of Severe Accident Management in Nuclear Power plants : 2019 in
consideration of application to continual and voluntary safety improvement activities.

The key concept of establishing accident management is to defend based on defense-in-depth concept,
apart from the defense design based on conventional design basis accidents, by maintaining and improving the
management capability which provides an independent effect. In the case of a beyond-design-basis situation and, if
the situation is outside the scope of scenarios predicted by the accident management, it is vital to have the
capability to implement the accident management effectively so that impacts of accidents are eased and releases of
radioactive substances are controlled. Upgrading hardware for the accident management is an important measure
for maintaining and improving the accident management capability, but it should be recognized clearly that

accidents cannot be prevented and mitigated merely by focusing on upgrading hardware. In the condition leading to
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severe accident, very few systems are capable of starting up automatically. It will be down to humans to handle the
situation on the site, as appropriate, with the ability to make the right decisions and act accordingly. Naturally, using
a way similar to the conventional approach in order to deliver the accident management is still valid, but it is
obviously not good enough. With the primary purpose of maintaining and improving the accident management
capability, the standard demands strategies, in both hardware and software aspects, which include the effective use
of PRA as a tool and the upgrading of hardware, as well as the placement of highly-skilled resident staff at power
plants, plus the on-going assessment of skills required, including education and training, and enhanced training to
respond flexibly the complicated situation in which the scenario identification is difficult, and development of skills
to respond accordingly to various scenarios of severe accidents, including low frequency and significant impact
events. (Refer to Comment 1 Purpose of Establishment Comment 2 Method of Defense in Depth and
Applicable Scope of SAM Implementation Standard )

It should be noted, however, that with regard to the existing plants, while considering risk-reducing effects,
it is also necessary to consider the possibilities of generating and increasing risks on the whole of the plants, which
could be created by additional installation of new systems/equipment to maintain and improve severe accident
management and reduce risk in relevant scenario. Moreover, it should be remembered that the effectiveness in risk
reduction in hardware and software is different because the configuration is different with each nuclear power plants.
Therefore, severe accident management should be established from the view point of integrated risk reduction in
each plant.

It is considered that integrated risk will be continually decreased in nuclear power plant if SAM
implementation standard will be applied for the establishment of severe accident management.
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Disclaimer

This standard was developed and approved by the Standards Committee of AESJ in accordance with the
Standards Committee Rules, which assure Balance, Due process, and Openness in the process of deliberating on a
standard. The Committee is composed of individuals who are competent or interested in the subject and elected,
keeping the balance of organizations they belong in the subject, with their professional affiliations well-balanced as
specified in the Rules. Furthermore, the standard proposed by the Committee was made available for public review
and comment, providing an opportunity for additional input from industry, academia, regulatory agencies and the
public-at-large.

AESJ accepts the responsibility for interpreting this standard, but no responsibility is assumed for any detriment
caused by the actions based on this standard during construction, operation, or decommissioning of facilities. AESJ
does not endorse or approve any item, construction, device or activity based on this standard.

AESJ does not take any position with respect to the validity of any patent rights or copyrights claimed in relation
to any items mentioned in this document, nor assume any liability for the infringement of patent rights or copyrights
as a result of using this standard. The risk of infringement of such rights shall be assumed entirely by the users.

The Committee acknowledges with appreciation the participation by regulatory agency representatives and
industry-affiliated representatives, whose contribution is not to be interpreted that the government or industry has
endorsed this standard.
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Copyright

No part of this publication may be reproduced in any form without the prior written permission of the AESJ.
Copyright © 20@ @ Atomic Energy Society of Japan
All Rights Reserved.
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Severe Accident
Control Room
Guideline (SACRG-1) - -
Initial Response Diagnostic Flow Severe Challenge
Chart (DFC) Status Tree (SCST)
Severe Accident Severe Accident Guidelines Severe Challenge Guidelines
Control Room - SAG-1 - SCG—1
Guideline (SACRG- 2) - SAG-2 - SCG-2
for Transients after - SAG-3 - SCG-3
the TSC is Functional - SAG—4 - SCG-4
- SAG-5
— SAG-6
- SAG-7
- SAG-8

Computational Aids

SAEG-1
TSC Long Term
Monitoring Activities

SAEG-2
SAMG Termination
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EDMG EDG-1
EDMG EDG-2
EDMG EDG-3
EDMG EDG-6
EDMG EDG-7

EDMG EDG-8
EDMG EDG-9
EDMG EDG-10
EDMG EDG-11
EDMG EDG-12
EDMG EDG-14

ERO Guidance for Extensive Plant Damage Mitigation
External Spent Fuel Pool Makeup
Spent Fuel Pool Cooling via Spray
Makeup Up to Condensate Storage Tank
Manually Depressurize the Steam Generators to Minimize
Reactor Coolant System Inventory Loss
Manual Operations to Control Steam Generator Water Level
Use of Fire Engine to Supply Water to Steam Generators
Containment Flooding with Portable Pump
Vent Containment
Start Diesel Generator without DC Power

EDMG Equipment Annual Inventory

Brunswick (BWR4 Mark-I)

EDMG-001 Extreme Damage Mitigation Initial Response

EDMG-002 Spent Fuel Pool Makeup/Spray and Refuel Floor Enhanced

Ventilation under Conditions of Extreme Damage

EDMG-003 Containment Venting Under Conditions of Extreme Damage

EDMG-004 Depressurization of the Reactor Vessel and Injection

Using the Emergency Diesel Makeup Pump

EDMG-005 CST and Hotwell Makeup under Conditions of Extreme Damage

EDMG-006 Drywell Injection Using the Emergency Diesel Makeup Pump

under Conditions of Extreme Damage

EDMG-007 Mitigation Fission Product Release Using Portable Sprays

under Conditions of Extreme Damage

EDMG-008 Emergency Diesel Makeup Pump Setup and Operation
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#5) , p.22, 20104£11A (This is a translation of extracts from "Safety Assessment for Facilities and Activities,
IAEA Safety Standards Series No. GSR Part 4", ©|AEA 2009. This translation has been prepared by the
Nuclear Regulation Authority of Japan. The authentic version of this material is the English language version
distributed by the IAEA or on behalf of the IAEA by duly authorized persons. The IAEA makes no warranty
and assumes no responsibility for the accuracy or quality or authenticity or workmanship of this translation and
its publication and accepts no liability for any loss or damage, consequential or otherwise, arising directly or
indirectly from the use of this translation.)
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