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Regulatory requirements for AM
Concept of nuclear and radiation safety during beyond-design-basis accidents

Abstract

Objective of the working group

According to the results of the "Seventh Annual Meeting of the Co-operation Forum of the WWER
Regulators" in Odessa, Ukraine on 11-13 October 2000, the working group has to develop a working
group report on Accident Management with concentration on regulatory requirements for the concept of
nuclear and radiation safety during beyond-design-basis accidents. The terms of reference for the
working group were prepared by Sergej Adamtschik and Nikolay Sulkhanishvili from Gosatomnadsor of
the Russian Federation. The report contains the following main paragraphs:
1. Legal basis and basis for regulatory requirements for on-site and off-site AM
2. Regulatory requirements or recommendations for on-site AM
3. Regulatory requirements for emergency preparedness
4. Background information concerning the implementation and review of an AM program as a basis for

an AM guideline
The report is presented at the "Eighth Annual Meeting of the Co-operation Forum of the WWER
Regulators" in Sofia, Bulgaria on 11-13 July 2001.

Methodology of the work performed
Actual practice the and proposals for further activities in the field of Accident Management (AM) in the
member countries of the Co-operation Forum of WWER regulators and in Western countries have been
assessed (Annex 1). Further the results of the last working group on AM / 1 / , the overview of interactions
of severe accident research and the regulatory positions in various countries 121, IAEA reports /3-9/,
practice in Switzerland /10-18/ and Finland /20/, were taken into consideration.
From this information, the working group derived recommendations on Accident Management. The
general proposals correspond to the present state of the art on AM. They do not describe the whole
spectra of recommendations on AM for NPPs with WWER reactors. However, Chapter 4 gives a basis
for the implementation of an AM program, which could be extended in a follow-up working group. The
developments and research concerning AM have to be continued. In Annex 2 the position of various
countries with regard to the "Interactions of severe accident research and the regulatory positions" are
given.
On the basis of the working group proposals, the WWER regulators could set regulatory requirements
and support further developments of AM strategies, making use of the benefits of common features of
NPPs with WWER reactors. Concerted actions in the field of AM between the WWER regulators would
bundle the development of a unified concept of recommendations and speed up the implementation of
AM measures in order to minimise the risks involved in nuclear power generation.
Participants of the working group meeting in Bad Zurzach/Switzerland, 5-8 June 2001 and of the visits
to the Swiss regulator HSK and the Beznau /Switzerland:

Alexej Kovalevski /Russia-Gosatomnadsor
Gyula. Fichtinger /Hungary-HAEA
Igor Lola /Ukraine-SSTC
Ashot Mnatsakanyan /Armenia-ANRA
Rolf Janke /Germany-GRS

Pavel Bobaly /Slovakia-UJD
Elizabet Tzvetanova /Bulgaria-BNSA
Vaclav Soucek /Czech Republik-SUJB
Bernhard Putter /Germany-GRS

Further, the working group was supported by:
Sergej Adamtschik and Nikolay Sulkhanishvili/Russia-Gosatomnadsor, Jan Husarcek/Slovakia-UJD,
Juhani Hyvarinen/Finland-STUK, Michael Herttrich/Germany-BMU, Vesselina Ranguelova and Jozef
Misak/IAEA.
Swiss practice was explained by the HSK representatives:
U. Schmocker, S. Chakraborty, P. Uboldi, H.P. Isaak, Theis.
and by representatives from the Beznau NPP:
Walter Nef, M. Richner, S. Zimmermann.
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Introduction
The 7th annual meeting of the co-operation forum of state nuclear safety authorities of the countries
operating WWER-type reactors (October 11-13, 2000, Odessa, Ukraine) proposed to continue the
working group (WG) with concentration on regulatory requirements for the concept of nuclear and
radiation safety during beyond-design-basis accidents. The Russian side, responsible for working out the
terms of references, emphasised that the basis of the regulatory concept is the regulatory requirement to
prevent core damage, to retain the core within the reactor vessel and maintain containment integrity, and
to mitigate the consequences of accidental release of fission products into the environment; it
recommended that requirements for Accident Management should be developed as a method to mitigate
radiological impacts on personnel, the population and the environment.
The working group discussed the regulatory aspects of the realisation of AM measures at units with
WWER-type reactors and proposed regulatory requirements for an AM concept, which could be
considered by the regulatory body as recommendations or requirements (Chapters 2 and 3), depending
on their chosen legal basis (Chapter 1).
Accident management measures can be divided into on-site and off-site AM measures. For this purpose,
accident management procedures, severe accident management procedures (SAMP) and guidelines
(SAMG) as well as a guidance for the implementation of AM measures and for regulatory review should
be developed (Chapter 4).
The objective of on-site Accident Management is the prevention and minimisation of the residual risk of
severe accidents in NPPs (Chapter 2).
The objective of off-site Accident Management is the protection of the personnel and the population in
the event of severe accidents, to prevent the release of radioactive materials into the environment, and
to perform early notification and implementation of the measures for the protection of the personnel and
the population (Chapter 3).
The bases of judgement of the residual risk are deterministic and/or probabilistic requirements and
conditions for the demonstration of sufficient defence at all levels of the defence-in-depth concept.
Right after the introduction, the list of technical terms used is given.
Finally, the fruitful atmosphere within the working group and the good accord between the participants
should be mentioned. Last but not least, the presentations of the Swiss emergency response centre of
HSK /10-14/ and the AM concept of the Beznau NPP contributed substantially to European
understanding of the AM issue among the participants /15-18/.
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0 Definitions in accordance with the IAEA - report:
'Implementation of AM Programmes in NPPs 151

Accident Management: The taking of a set of actions during the progression of a beyond-design-basis
accident

• to prevent the escalation of the event into a severe accident

• to mitigate the consequences of a severe accident and

• to achieve a long-term safe stable state.

Accident Management Programme: Comprises plans and actions undertaken to ensure that the plant
and its personnel with responsibilities for accident management are adequately prepared to take
effective on-site actions to prevent or to mitigate the consequences of a severe accident.

Beyond-design-basis accident (BDBA): An accident that has not been taken into account in the plant
design and in its safety systems design envelope. A BDBA may or may not involve core degradation.

Computational aid: Pre-calculated analyses, nomographs or easy-to-use computer software available to
plant staff during a severe accident:
1) to support plant staff guidance,
2) to predict accident phenomena and timing, and
3) to evaluate the effectiveness of candidate specific strategies.

Confinement: A system to keep the release of radioactivity into the environment within acceptable limits
under accident conditions.

Containment: A confinement system of hermetically sealed buildings or boundaries, pressure
suppression subsystems and clean-up installations. Note: the term 'containment' used in the text
throughout this document should also be read to include the term 'confinement'.

Core damage: Substantial loss of the core geometry with major radioactivity release, leading to
conditions beyond the criteria established for design basis accidents, typically due to excessive core
overheating.

Core Damage Frequency. Expected frequency of occurrence (usually expressed in reactor-year1) of an
event leading to core damage, as calculated in a Level-1 PSA.

Core degradation: A process that leads to core damage.

Design Basis Accident (DBA): Accident conditions against which the nuclear power plant has been
designed according to established design criteria and for which the damage to the fuel and the release of
radioactive material are kept within prescribed limits.

Emergency Operating Procedures: (EOP) Plant-specific procedures containing instructions to operating
staff for implementing preventive accident management measures. The EOP typically contain all
preventive measures (those for both DBA and BDBA).

Emergency Response Organisation: the organisation responsible for the execution of the Plant
Emergency Plan1.

Event-specific procedure: A procedure containing actions which are appropriate only for a specific
accident sequence (or set of sequences) which must be diagnosed before applying the procedure. An
event-specific procedure may or may not be symptom-based.

Generic: referring to the features common to a family of similar plants.

Guideline: A document written to support activities that can be used to mitigate or stabilise accident
conditions.

Individual Plant Examination (IPE): A study to determine a quantitative understanding of the overall
probabilities of core damage and fission product releases, ordered from US plants by the USNRC in the
Generic Letter 88-20.

1 Reference is made to the IAEA NUSS Code on Operation, Ch. 13
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Mitigating accident management measures (mitigating measures): Accident management measures
which mitigate the consequences of an event involving core degradation (a severe accident).

Mitigating Accident Management: see Severe Accident Management

Preventive accident management measures (preventive measures): Accident management measures
which prevent or delay core degradation.

Procedure: A document written for directing activities to a strict detail. The action described should be
accomplished in the sequence written unless noted in the procedure body or by the rules for usage of a
document.

PSA level 1: Probabilistic Safety Analysis, in which accident scenarios which can lead to core
degradation are identified and their frequency quantified.

PSA level 2: Extension of the Level-1 PSA to investigate the thermal hydraulic and fission product
behaviour of the severe core damage scenarios, and thereby predict the magnitude and frequency of
fission product releases from the plant to the environment.

Severe Accident: Accident conditions more severe than a design basis accident and involving significant
core degradation. In practice, the term severe accident has come to be synonymous with core melt
accident. The severity of an accident depends on the degree of fuel degradation and on the potential
loss of the containment integrity and the resultant radioactivity release to the environment.

Severe Accident Management (SAM): A subset of accident management measures that:

• terminate core damage once it has started,

• maintain the capability of the containment as long as is possible,

• minimise on-site and off-site releases,

D return the plant to a controlled safe state.

Severe Accident Management Guidelines (SAMG): A set of guidelines containing instructions for actions
within the framework of severe accident management.

Strategy: A group of activities at a plant with a common objective which are developed to prevent and/or
to mitigate the effects of severe accidents.

Symptom-based procedure/guideline: A procedure or guideline containing actions which are taken
depending on the values of directly measurable plant parameters.

Validation: The evaluation performed to determine that the actions specified in the instructions and
guidelines of AMP can be executed by trained staff to manage emergency events.

Verification: The evaluation performed to confirm the correctness of a written procedure or guideline to
ensure that technical and human factor concerns have been properly incorporated.

Vulnerability: Any combination of plant design features and operations which could lead to a severe
accident or could inhibit the ability to prevent or to mitigate a severe accident.
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1 Legal basis and regulatory requirements
1.1 Legal basis
The countries have different legal bases concerning severe accidents /Annexes 1 and 2a/, which are
based either

on deterministic radioactive release limits,
- on probabilistic criteria for core damage frequencies and containment failures,

on a combination of both, i. e. deterministic and probabilistic criteria,
only on selected severe accident sequences or

- on voluntary recommendations.
Furthermore, different approaches exist for new and existing plants.
A technically credible severe accident management capability is a regulatory requirement for a future
reactor /19/. However, in future reactor design there is a wide variety of approaches, ranging from
minimal patchwork - as done for many existing plants - to thorough consideration in each design phase.
Likewise, performance expectations and proof methodology (analysis) approaches differ widely. But the
point is that severe accidents are explicitly taken into account in the design and need to be considered in
the licensing procedure.
The WWER plants in operation were not designed against severe accidents with core meltdown and
containment failure. Therefore accidents involving large releases cannot be excluded. For these plants it
seems to be impossible to define release limits as a legal basis without larger plant modifications.
In practice, severe accidents have already become a de-facto part of the design basis for all future
reactor designs. Also, for some existing reactors, severe accidents have already become a matter of
licensing (e.g. in Finland).
In other countries operating WWER type-reactors, AM measures and AM guidelines are in the proce—
of development for upgrading the existing safety level. Nevertheless, they could hardly become
comparable to recently designed reactors, and for that reason it is reasonable to apply reduced licensing
requirements regarding AM performance. However, the current valid safety standards require more
efficient protections of environment and population also for operating NPP.
Hence, for the plants under operation, severe accident management concepts should be developed,
making full use of available equipment and procedures to mitigate the consequences of an accident.
Such concepts could include the use of alternative or diverse systems, procedures and methods to use
non-safety-grade equipment, and the use of external equipment for the temporary replacement of a
standard component.
The safety standard should be achieved by means of:

- an appropriate defence-in-depth concept and strategy
(demonstration of sufficient depth of defence at all safety levels),

- an appropriate defence-in-depth strategy verified by Periodic Safety Reviews (PSRs) and after
plant modifications.

The requirements for the AM concept should be defined in the legislation as law, rule, recommendation
or license prescription.
The legal basis should contain and regulate:

responsibility for AM,
- competencies of the organisations involved in AM,

liability for damages in case of severe nuclear accidents.
The requirements for and approaches to the AM concept could be different for new and existing plants,
even though the objectives are the same:

prevention of core damage
prevention of a failure of the reactor pressure vessel and the primary system
prevention of containment failure
mitigation of fission product release.

1.2 Acceptance criteria of nuclear risk
The acceptance criteria applicable to BDBA should be defined in such a way that the risk of intolerable
consequences for the population and the environment is sufficiently low. They describe the conditions
under which core meltdown and/or large radioactive releases into the environment will be accepted. For
this purpose, international standards, experiments performed for similar plants, good practice, etc. might
be taken into consideration.
Hence the acceptance criteria of nuclear risk my be defined as cut-off criteria. The cut-off criteria could
be deterministic ones, complemented by probabilistic values. Deterministic acceptance criteria have
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been specified in a number of countries, a typical example is the radioactive releases into the
environment not only for the design basis accidents but also for severe accidents.
Large early releases will not be dealt with by AM measures because there is not enough time for on-site
and off-site actions. Such sequences should be designed out.
Precautions should be undertaken in order to keep releases as low as reasonably achievable (ALARA)
so that nuclear risk in all operational and accidental modes will not be a significant addition to other
social risks. The intended measures should be feasible and should not have a disproportional cost-
benefit ratio.
The countries should decide independently whether cost-benefit considerations should influence the
prioritisation of the implementation of specific AM measures. "Cost-benefit" has to be understood as the
financial investment in relation to the reduction of lost human life and/or environmental impact.

1.3 Basis for regulatory requirements for on-site and off-site Accident Management
The deterministic definitions are based on safety-objective-oriented requirements and conditions.
Complementary to the deterministic approach, the Level-1 PSA could be used for the quantification of
sufficient defence at all levels of the defence-in-depth concept. It is understood that the main purpose of
a PSA is to identify the plant's vulnerability and the main contributors to the risk.
The probabilistic basis of judgement of residual risk includes the core damage frequency (CDF) and the
large radioactive releases into the environment. The CDF is determined on the basis of a Level-1 PSA.
The radioactive releases into the environment are based on source terms calculations for event
sequences with core meltdown.
The regulatory body should consider the following principles and cut-off criteria:

principle of release reduction in order to avoid the evacuation of the population outside the
disaster response planning area (emergency planning zone)
deterministic principles (allowing to cut off part of the beyond-design-basis accidents on the basis
of reactor-inherent safety properties and design principles)
cut-off criteria concerning a probabilistic limit for severe core damage
cut-off criteria concerning the probabilistic limit for reactor pressure vessel and containment
failure.

Items of major importance:
1. The regulatory body should define:

deterministic criteria describing the safety standard by means of an appropriate defence-in-depth
strategy verified by reviewing of plant safety in order to demonstrate sufficient defence at all
levels of the defence-in-depth concept,
a list of BDBA challenges and phenomena with which the NPP has to cope on the basis of the
current state of the art.
probabilistic criteria as a risk target
(risk can be defined by the probability of barriers failure multiplied by the source term, for e.g. the
release probability in Bq/year)

the time span between core meltdown and containment failure,
- the short-term health effects following a severe accident;
- the long-term health effects (release of Cs-137 should be below prescribed limits following a

severe accident),
regulatory enforcement measures and sanctions
the minimum conditions for liability in case of severe core accidents.

2. The regulatory body may decide
which unresolved issues should be handled by the licensee (e.g. steam explosion in the
containment) and should prescribe the time schedule for corrective actions
if an uncertainty analysis has to be performed to verify safety margins (chapt.4).

3. The possibility should be considered that the states operating WWER reactors establish joint
guidelines.

2 Regulatory requirements or recommendations for on-site AM
• Each plant should have a severe accident management concept (AM measures, severe accident

management procedures and guidelines - SAMP and SAMG)
• The licensee has to demonstrate within the updating process of the safety analysis report (SAR),

during the periodic safety review (PSR), by the safety substantiation of the AM measures or in the
technical basis of the AM programme:
- compliance of the level of safety of his NPP with the prescribed acceptance criteria, and
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- the efficiency, the absence of any negative impact of implemented accident management (AM)
measures, and the absence of long-term consequences (e.g. flooding of the reactor cavern and
assumed steam explosion).

2.1 List of beyond-design-basis accidents
• The plant-specific vulnerabilities and capacities should be evaluated. Dominant accident sequences

leading to core meltdown and the most essential contributors should be identified.
• A plant-specific list of beyond-design-basis accidents should be defined.
• The regulatory body could require precautions for rare events with a huge impact on the environment

for which mitigation measures have to be provided independent of the fulfilment of the acceptance
criteria, e.g. station black-out, H2 explosion, high-pressure failure of the containment, and scram
failure (additional borating system)

• Furthermore, it is recommended for NPPs that the severe accident sequences to be considered, the
acceptance criteria and the analysis methodology should be discussed with the regulatory body at an
early stage of AMP preparation.

2.2 AM concept and programme
• Various components of the prevention and mitigation of severe accidents have been partially

reflected in 'traditional' documents used in the operation of nuclear power plants such as Safety
Analysis Reports, PSA studies (all levels and Level 2 in particular), Emergency Operating
Procedures and Emergency Plans. However, the Accident Management Programme should provide
for the integration of all relevant plant-specific information available into a comprehensive set r

consistent documents.
• Proposals for an AM programme should be developed by the licensee on the basis of the current

state of the art (e.g. to analyse BDBAs, to undertake decision-making for the implementation of
procedures and/or measures, see also Annex 2f).

• The AM programme should describe clearly and well structured the NPP concept of nuclear and
radiation safety during beyond-design-basis and severe accidents. The focus of AM is on the actions
taken by the plant staff during an accident. Recognising that success or failure relies very much on
the human element, a key aspect is the availability of procedures or guidance prepared in advance to
aid the operator and the technical support group. However, the relationship between the emergency
operating procedures and AM guidelines may vary from country to country.
Some countries divide AM procedures into EOPs and severe accidents management procedures and
guidelines (SAMP and SAMG). EOPs include the spectrum of accidents up to core damage and are
part of licensing process and the Safety Analysis Report (SAR). SAMP/SAMG include measures for
more severe accident sequences.

• In the AM programme any instrumentation needed to monitor the state of the plant and the level of
accident severity as well as any equipment to be used to control the accident or mitigate the
consequences should be identified.

• Transition criteria from EOPs to AM strategies should be clearly indicated.
• A long-term maintenance programme of the AM concept should be developed regarding AM

procedures, SAMP and SAMG and also the status of preparedness of the corresponding equipment.
• The internal and external personnel should be well trained in the use of AM procedures, severe

accident management procedures (SAMP) and guidelines (SAMG).

2.3 Safety substantiation
• The AM concept should be examined and/or assessed according to the state of the art at regular

intervals and should be updated after plant modifications if necessary. By means of a PSA, the utility
has to demonstrate whether the AM concept is sufficiently robust and flexible and assures effective
prevention or limitation of damage to the core, safety system and safety barriers.

• Specific requirements for safety demonstration
Scope and content of the safety demonstration
kind of documentation for safety demonstration (licensing documents, SAR, FSAR, PSR or
independent analysis on AM)
reporting intervals
criteria related to persons/organisations involved in the safety demonstration, e.g. by NPP itself or
by independent expert organisations,
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2.4 Implementation of AM
• Design criteria for the implementation of AM measures, e.g. redundancy, qualification for accident

conditions, guidelines for set-up of procedures;
Deterministic and/or probabilistic criteria at all levels of the defence-in-depth concept avoiding the
progression of accidents to severe consequences
criteria of deterministic and PSA analysis approach (best-estimate, uncertainty and sensitivity
analyses, code validation, methodology, assumptions and acceptance criteria used for analytical
justification of the measures)
cut-off criteria concerning CDF and limits for large radioactive releases into the environment in
accordance with national limits for radiological consequences.

2.5 Regulatory review
• The regulatory body checks whether the AM concept of the utility fulfils the regulatory AM

requirements, is sufficiently robust and flexible, and assures the effective prevention or limitation of
damage to the core, safety system and safety barriers and also whether it may have any negative
impact on the designed safety functions of the plant.

• The Regulatory body sets the procedure and the corresponding QA criteria for the review
Sequence and responsibilities of the review procedure
(NPP provides; who examines ? - TSO 1;
who reviews? - TSO 2;
regulatory body makes assessment and derives conclusion).

- As a basis for the review, assessment and verification of AM programmes, reference is made e.g.
to the corresponding IAEA Review Guide /6/.
(/6/ contains a 'template' analysis of selected AM measures. Such analyses could, for instance,
address one or two important and well-known AM measures and serve as an example to
regulatory authorities, demonstrating what level of depth in analysis and what scope of
documentation is to be prepared by NPPs in the justification of AM measures. The selection of
the measures for 'template' analysis can be based on safety issues identified in the PSA and
other recent safety analyses).

• It is recommended the guidelines should be developed on PSR, on PSA-1,2 and on AM which could
be applied for both developers and regulators as a basis for assessing the results of the safety
demonstration
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3 Regulatory requirements for emergency preparedness
During a beyond-design-accident in an NPP that leads to a radioactive release outside the NPP
containment or to a significant threat of such release, the fifth level of defence in depth has to take effect
- disaster response intended for the protection of NPP personnel and the population from ionising
radiation. The preparedness with regard to beyond-design-basis accidents must be ensured for the
successful implementation of the disaster response measures.
The key elements which have to ensure appropriate emergency preparedness should include the
following issues:

procedures for staff protection
procedures for population protection (incl. emergency intervention criteria for the implementation
of protective measures)

- on-site and/or off-site plant emergency centre(s)
local emergency centres
national emergency centre(s)
authority(ies)
procedure for interaction and data exchanging
notification procedures
procedures for emergency classification
prediction of event sequences.

Main requirements for emergency plans concerning NPP personnel and population protection should
address the systems and procedures of emergency classification (on the basis of the reactor facility
state/condition and radiation situation in the environment of the NPP), early notification, and necess?-'
protective measures/actions.
Emergency plans concerning NPP personnel (on-site emergency planning) and population (off-site
emergency planning) protection should be reviewed and approved by the regulatory and other
competent authority(ies) during the licensing procedure and/or periodic safety review of the NPP.

3.1 System and Procedures of the Emergency Situation Classification
An emergency classification system should be used in case of an emergency situation to specify criteria
by which the situation and the procedures can be identified. The classification procedure should provide
pre-defined classes of situations, e. g.:

- alert,
on-site emergency,
general (off-site) emergency.

3.2 Classification of procedures
The classification of procedures should be based on the following criteria:

capabilities for managing the accident progression at the plant and severity of the radiation
consequences; intervention levels,
intervention levels should be established by the regulatory authority according to radiation criter:^

3.3 Early notification.
In order to take prompt protective measures, alerting procedures should be developed. They should
define

the necessity and order of alerting of the plant staff,
the emergency organisations,
the population and the competent authorities in dependence on the class of the emergency
situation.

In case of the predicted possible cross-border radioactive release from the NPP, it is necessary that the
competent authorities notify the adjacent countries and the competent international organisations.

3.4 Protective Measures
On the basis of intervention criteria and classification of emergency situation, procedures for the
protection of the staff and the population should be developed.
It is necessary

to provide various protective measures,
to determine procedures of radiation monitoring on site and of the surrounding area, as well as
procedures of dosimetric monitoring of operating staff, emergency workers and specified groups
of the population,
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to provide the relevant data to all emergency centres and save them for further accident
investigations,
to co-ordinate all protective measures by local and/or governmental authorities,
that the NPP informs the local and/or governmental authorities in time about the current plant
conditions and the expected accident progression.

3.5 Emergency response centres
In order to manage the protective measures, communications and data exchange, on-site (at the NPP)
and off-site emergency response centres (ERC) should be available and functional. It is necessary to
clearly define the allocation of responsibilities of the emergency centres, communication channels and
the data exchange procedures. The NPP and the local emergency centres should be self-sufficient over
a certain time and sheltered.

3.6 Information provision
It is necessary to install the function of briefing centres to provide information on the situation during and
after emergencies to the media and to the public.

3.7 Regulatory requirements/recommendations concerning emergency preparedness
The regulatory body should give requirements/recommendations to:

emergency classification system
intervention levels
plant data for characterising the current plant condition
reporting data
notification procedure

- design of the ERC and to the self-sufficiency (how many days the ERC has to work self-
sufficiently)

- tools for prognoses (prediction).
The regulatory body may arrange its own emergency response centre to monitor the NPP activities
during an accident, to predict the accident progression, and to assess independently the emergency
situation in order to contribute to the overall emergency response.

4 Background information concerning the implementation and review of
an AM programme

The working group has collected some of the information available concerning the implementation of AM
programmes. This information is regarded by the working group to be not complete. In a follow-up
working group the information should be extended in more detail, in such areas which have to be
specified.
Nevertheless the collected information can be used as background information in the course of a
licensing process, but not only by regulatory bodies. This information may also be useful for the
development of an AM programme guide. The safety demonstration by the licensee, the review by the
regulatory body and the set-up of emergency preparedness are part of the implementation of an AM
programme.

4.1 Implementation of AM programmes in accordance with regulatory requirements
The only common rule for AM programmes is that there is no common rule. There are numerous
approaches. This chapter presents samples for the structure and the content of an AM programme.
Some information is given for the process of development, verification and validation of such a
programme.
Accident Management (AM) has been defined as actions during the development of a beyond-design-
basis accident in order:
• to prevent the escalation of the event into a severe accident,
• to mitigate the consequences of a severe accident and
• to achieve a long-term safe stable state.
Severe Accident Management (SAM) is a subset of accident management measures with the objectives:
• to terminate core damage,
• to maintain the capability of the containment,
• to minimise on-site and off-site releases,
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• to return the plant to a controlled safe state.
Severe Accident Management Guidelines (SAMG) are a set of guidelines containing instructions for
actions within the framework of severe accident management. Main attributes to be considered for the
severe accident management are:
• dedicated strategies, procedures, guidance and guidelines,
• reliability of instrumentation,
• quantitative support e.g. in the form of tables and/or so called 'Computational Aids',
• interaction with the Emergency Operating Procedures (EOPs),
• assignment of responsibilities and directing of personnel involved,
• interface with the Emergency Response Organisation (ERO),
• verification and validation,
• training and exercises (drills),
• incorporation of new knowledge from experience and research.
The following basic principles should be applied in the process of the development and implementation
of an AM - Programme:
• Prevention of core damage is the first priority. If a core meltdown cannot be avoided, the release of

large quantities of radioactivity into the environment has to be prevented. Neither a containment
bypass nor a failure of the reactor vessel and containment should occur.

• AM measures should neither impair plant operation under normal or upset conditions, nor may they
unacceptably interfere with existing procedures.

• AM measures should allow the use of all existing systems and equipment and their interconnection
capabilities.

• Normally prohibited actions on safety-related systems should be permitted, if appropriate procedures
exist and the staff is well trained.

• AM actions can be both manual and automatic.
• AM actions should be defined in such a way that there is enough time for plant status analysis,

decision-making and preparation.
• Is should be possible to interrupt AM actions if required because of e. g. restored safety functions or

changing priorities.
• Procedures and guidelines should be validated for their feasibility, technical accuracy, practicality,

simplicity, effectiveness, scope and limitations.
• To the maximum possible extent, SAMP/SAMG should provide continuity with existing emergency

operating procedures (EOPs).

4.2 Approach and methodology
The approach used for the development of an AM/SAM concept including SAMP/SAMG needs to be
systematic in order to adequately cover the spectrum of hypothetical beyond-design-basis and severe
accidents. Strategy identification and development should be based on a combination of probabilistic
and deterministic insights, fundamental safety objectives, human capabilities and technical resource'-,
and even engineering judgements. That means e.g. event-oriented and symptom-based procedures «_ ;
possible. The scenarios selected from a PSA can be analysed further regarding the likelihood of different
plant damage states in the course of the event. A key aspect will be the recognition that severe
accidents always evolve into a small set of plant damage states regardless of the sequence of errors
and/or malfunctions. A symptom(function)-based approach requires the identification of parameters valid
for the description of the plant damage state and the definition of adequate strategies. Some of the AM
measures are effective for different plant damage states and thus keeping the number of
countermeasures low. The number of countermeasures should be kept low in order to straighten the
decision-making by avoiding too many choices. Their reliability will be increased if they are kept simple
and are often trained.
Appropriate AM strategies should be defined to address challenges to safety objectives and functions.
Analyses should assess the effectiveness of the strategies, the timing of actions, the minimum
equipment requirements, the influence of uncertainties and the change of conditions with time as well as
adverse effects. They should be performed with best-estimate boundary conditions and realistic models
also for severe accident phenomena e.g. the core damage progression. The assessment of the
feasibility should consider equipment and human performance under severe accident conditions,
enormous stress and information unavailability.
In Annex 2f, answers are provided by various countries to the question: What is the safety policy /
philosophy to support decision making?
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4.3 Identification of BDBA areas, vulnerabilities and capabilities of the plant

DBA-EOP
normal operating

proceduring and EOP
repair case
SFC, CCF,
segregation

safety classification

In order to set up the AM concept, the plant-specific accident areas should be identified and divided in
following areas (see figure):
- design basis accidents (DBA),

preventive AM area of beyond-design-basis accidents (BDBA), for which the plant capabilities can
be used to cope with BDBA,

- selected BDBA for which specific operational or safety systems have been developed,
- severe accident area, for which mitigating measures could be used for further risk reduction in order

to avoid reactor pressure and containment failure.
The following questionnaire may support the identification of plant-specific BDBA events and their
allocation to AM areas:
Part 1: Treatment of design basis accidents and beyond-design-basis accidents
• Which are the "classical" design basis accidents?

Postulated initiating events (PIEs) such as transients, primary leaks, steam generator tube rupture,
etc.

• Which internal hazards are respected in the design?
internal flooding, fire, lightning, missiles, etc.

• Which external hazards are respected in the design?
external flooding, external fire including smoke and gas, severe weather conditions (storm, extreme
ambient temperatures including long-term freezing, long-term drought), earthquake, etc.

• How are very rare external hazards treated, such as aircraft crash and explosion (shock waves)?
treatment and depth of analysis comparable to other external events

• Which are the other beyond-design-basis accidents taken into account?
- ATWS, etc.

event sequences including station blackout (total loss of off-site power), total loss of steam generator
feedwater, loss of ultimate heat sink, loss of control room, etc.
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• What are the differences between the measures taken to control design basis accidents and beyond-
design-basis accidents?
level of redundancy, application of single-failure criterion and maintenance case, active vs. passive
measures, automatic control vs. manual control, level of analysis (conservative vs. best-estimate)

• Which accident scenarios are explicitly excluded?
large vessel rupture (reactor pressure vessel, steam generator), valve or pump casing rupture, rod
ejection accident, multiple steam generator tube ruptures, etc.

• Are beyond-design-basis accidents in low-power and shutdown (LP&S) states of operation taken into
account?
boron dilution, loss of core cooling with open containment, etc.

• Does a rationale existing to distinguish between design basis accidents, beyond-design-basis
accidents and excluded accidents?
explicit probabilistic assessment vs. historical development

Part 2: Regulatory position
• Does (or did) the regulatory authority request the licensee to implement measures to control beyond-

design-basis accidents?
it is important to know whether a formal request exists or if there are only requirements which are not
legally binding

• Does the regulatory authority request the licensee to implement measures to mitigate the
consequences of beyond-design-basis accidents or severe accidents?
it is important to know whether a formal request exists or if there are only requirements which are not
legally binding

4.3.1 BDBA areas
The goal is to identify beyond-design-basis sequences leading to core damage and/or large releases into
the environment. The selection criteria with regard to severe accidents sequences are
• their radiological impact on the population and environment,
• the probability of the sequence.
The most common way of identifying BDBA sequences leading to severe accidents is to use the results
of the Level-1 PSA. Another approach is to identify representative or bounding sequences of the physical
phenomena which are specific for different stages of BDBA sequences.
Major event sequences leading to severe accidents should be identified using a combination of
probabilistic and deterministic methods and engineering judgement.

4.3.2 Assessment of plant vulnerabilities and capabilities
The first step in the development of accident management measures is the identification of the plant
vulnerabilities, which are challenging safety objectives like the retention of radioactive materials within
the containment.
The assessment of vulnerabilities should be based on an analysis of the plant's response to beyond-
design-basis accidents (BDBA) and severe accident (SA) conditions.
This should be done in a realistic manner using best-estimate methods, taking note of the uncertainties
that are associated with such methods. The assessment should also include all possible plant situations
and modes of operation. This analysis should be supplemented by as many of the following inputs as are
available:
1. probabilistic safety assessment;
2. research into severe accident phenomena;
3. study of operational experience and precursor events;
4. generic studies and analyses done for similar or reference plants;
5. review of existing procedures to assess their limitations;
6. evaluation of instrumentation behaviour and limitations for accident identification and control;
7. evaluation of utility capability for emergency situations;
8. plant-specific operational experience;
9. generic operational experience (e.g. IAEA database).
Although plants have been designed to a specified number of incidents and accidents, the actual
capability to cope with accidents is usually quite larger (due to safety margins). The plant may be
capable of coping with more serious accidents than is considered in the design basis. This is mainly due
to the fact that only dedicated systems have been considered in the design basis and, hence, are
considered in the safety analysis. Making use of other systems can greatly enhance the plant capability,
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even more if systems are allowed to operate also outside their intended range of operation for a shorter
or, eventually, also a longer time frame (so-called non-conventional use of systems).
Therefore all plant capabilities able to fulfil safety functions have to be investigated, including hook-ups
(the use) of non-dedicated systems and temporary connections (hoses, mobile equipment).

4.4 Manual actions at severe accident management
Some manual, especially mitigating, actions will not be rule-based actions but knowledge-based ones.
Under the stressful conditions, this might lead to a decreasing reliability.
The regulatory body should require from the NPP the identification of manual actions within error-like
situations, and the consequences of a failure propagation has to be determined.
In one of the latest investigations in connection with severe accident research, the following questions
have to be answered. "What is you current estimate of the contribution of human error to the SA risk? Do
you feel further research is necessary or appropriate to reduce this contribution?" - (See Annex 2c)
It has been documented in the ISARRP - report 121 that all respondents identify human error as being a
large contributor to severe accident risk in nuclear power plants. However, most of them point out that
the probability of human error applied in the analyses may be significantly overestimated due to the lack
of appropriate credit to recovery actions in most existing analyses. Furthermore, the respondents appear
to support the continued research into human reliability analysis.

4.5 Severe accident phenomena which have to be regarded
A questionnaire concerning the further need of SA research (see annex 2d)
has led to the following consensus among the ISARRP-participants:
At least to some extent, gaining knowledge to reduce uncertainties in risk assessment is of value to
regulatory decision-making, provided that research is appropriately focused. The results of past research
may have actually contributed towards increasing phenomenological uncertainties, rather than reducing
them.
Some regulatory and research organisations have concluded that the following SA issues have been
resolved for their reactors:
• a mode failure (early failure of containment after e.g. RPV head failure)
• direct containment heating (DCH) for PWRs
Some of the following issues are considered unresolved:
• vessel failure modes
• fuel/coolant interaction (steam explosions)
• melt debris coolability in-vessel and ex-vessel
• hydrogen combustion (DDT, global detonation)
• source term (revolatilisation, ex-vessel release)
Most respondents of the ISARRP project gave the highest priority to the issues of in-vessel and ex-
vessel cooling. High priority was attached to the resolution of the hydrogen issue. The resolution of the
fission product release and transport issues has been also regarded to be of importance. In addition, for
the long-term accident period, research should be performed concerning the pH-value in the
containment with regard to its influence on the iodine chemistry and the prevention of equipment
corrosion.
Even the long-term experience of the Chernobyl accident concerning the re-criticality and the retention of
the corium debris should be analysed and considered in the development of mitigation measures.

4.6 Analysis of beyond-design-basis accidents
A guideline for BDBA analysis should be worked out, addressing requirements for input data,
methodology, used software, qualification of analysts, inputs, outputs, results presentation. The guideline
should consider the following requirements:
- the BDBA sequences should be determined by means of a PSA and/or by deterministic safety

requirements;
the analyses of BDBAs should be performed assuming best-estimate boundary and initial conditions
and realistic models. They should/could be approved by the regulatory body;
if credit is taken of the extraordinary use of systems, there should be a reasonable basis to assume
that they can be used as analysed;
uncertainties of the best-estimate analysis should be calculated and analysed;
success criteria should be determined and justified;
efficiency of the measures should be demonstrated.
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4.7 Risk minimisation by accident management
The objective of on-site accident management is the minimisation of the residual risk of severe accidents
in NPPs. The basis of judgement of residual risk are deterministic and/or probabilistic requirements. The
probabilistic basis of judgement of residual risk could be the core damage frequency (CDF) or
containment failure rate in combination with the source term of radioactive releases into the environment.
In Annex 2b, answers are provided by various countries to the question: "Will there be a change in
regulatory demands on SA research if regulatory decision-making is based on risk analysis?".
However, nowadays it is difficult to assess the risk reduction by mitigation measures because the
uncertainties and the reliability of manual actions and the consequences of unresolved severe accident
phenomenological issues is unknown. Hence, mitigation measures (SAM) research should be initiated.
Uncertainties about physical phenomena should be shown.

4.8 Programme for implementation of AM measures
A general strategy for the implementation of AM measures should be developed and applied. Safety
objectives have to be set (e.g. safety enhancement, risk reduction, protection of core damage, mitigation
of radioactive releases) and the scope of AM measures has to be clearly specified. References to
internationally accepted documents should be provided.
The programme prepared by the licensee should contain:
• main purpose of the concept of nuclear and radiation safety during beyond-design-basis accidents,

with reference to the relevant legislation and normative documents as well as to the decisions of the
state authorities for nuclear and radiation safety regulation;

• consideration of the AM measures as a part of the whole safety concept of the NPP (interconnection
to the remaining levels of the defence-in-depth concept, conditions, criteria and responsibilities .
using the AM programme);

• description of the programme for the implementation of AM measures (including administrative
procedures), the aims and scope of each of its sections, and the logical links between them;

• approach, methodology and assumptions used for the analytical substantiation of the measures
(which has to be described and documented):

• information about the implementation status of the AM measures (including an identification of the
designer, constructor and reviewer of the implemented modifications);

• a description of the existing licensing status of specific AM measures;
• information on quality assurance, including work arrangement for the preparation of AM measures,

list and short description of organisations involved in the preparation and implementation with
confirmation of their qualifications for performing work in the nuclear power generation field;

• other issues specific to the plant or to the country's regulations.

4.9 Design criteria for accident management measures
Since measures of the fourth level of the defence-in-depth concept have a very low probability of being
needed during the lifetime of a NPP, the requirements concerning their redundancy and diversity can be
reduced.
• Design of measures of the forth level of defence in depth:

single train (no further redundancies for the AM measures are required and no further quality
requirements that would correspond e.g. to those stipulated for the design of the safeguards system
are made).

• Equipment qualification:
operational with reduced number of functional tests.

• No negative impact of AM/SAM measures on plant safety status during normal operating activities
and control of design basis accidents.

• Any spurious actuation of AM/SAM measures has to be avoided with high reliability by organisational
or technical measures.

• Sufficient time must be available for diagnosis and decision-making before the initiation of AM.
• Sufficient time and operability must be ensured for carrying out manual activities (to ensure

environmental conditions for operational actions).

4.10 Features of equipment, instrumentation and diagnostics
• Demonstration that the required instrumentation, systems and components are available to operate

outside design conditions; the documentation has to include a qualification of the equipment and
instrumentation to withstand the harsh conditions.
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• Indications should be provided of:
the number of load cases, loads, accidental parameters and impacts, surrounding accidental
conditions.

The AM instrumentation for beyond-design-basis emergencies employs all levels of the defence-in-depth
concept avoiding the progression of accidents to severe consequences:
1. instrumentation of the normal operation equipment (provided their functionality is ensured);
2. instrumentation of the design basis accidents (provided their functionality is ensured);
3. instrumentation for mitigation of the aftermath's of accidents and localisation of beyond-design-basis

emergencies;
• technical measures to ensure containment integrity upon the beyond-design temperature and

pressure increase (venting);
• retention of the corium within the confinement and assurance of sub-criticality of the corium;
• prevention of H2 combustion;
• mitigation of radioactive fission products releases.
Design requirements are needed for the instrumentation for the mitigation of the aftermaths of accidents
and localisation of beyond-design-basis emergencies:
• qualified instrumentation capable of reflecting the event progression in a proper way;
• safety qualified for the instrumentation used for the transition from EOP to AM procedures;
• sufficient instrumentation for control of the event progress and for decision-making and efficiency

control.

4.11 Prevention and mitigation measures
A general strategy of AM/SAM has to be developed and applied. Answering to the question "Should SA
research focus on prevention or mitigation actions?" (see Annex 2e), the participants of the ISARRP
project came to the following consensus:
Prevention (especially of energetic phenomena which could challenge containment integrity) is of
primary interest. However, most recognise that research into mitigating phenomena (including improved
operator training and instrumentation for use during SAs) is essential in order to provide the technical
bases for the management of potential accidents and the mitigation of radiological releases.
An overview of the implementation of AM is given in Annexi.
Technical modifications of the plant could be necessary to ensure containment integrity upon the
beyond-design temperature and pressure increase (venting);

4.12 Characteristics and structure of severe AM strategies
Severe AM strategies may take different forms, but generally they are a separate set of procedures
transitioned into from the EOPs. The transition usually is made at the point when core meltdown occurs
and critical safety function criteria exceed accepted values. In such a case, an emergency declared by
the shift manager calls the site emergency response organisation into action. The sample SAMP/SAMG
package should consist of the following parts:
• procedures for use in the control room - during the period before the technical support group (TSG) is

functional, and also during the diagnostic activities of the TSG;
• guidance for use by the TSG, and
• computational aids for the TSG.
The main part of the SAMG is the guidance for use by the TSG in the emergency response centre
(technical support centre) at the plant site. These guidelines should include:
• SAMG Diagnostics - this guidance should be used for performing a diagnosis of the plant status by

flow charts and also for a diagnosis of the fission product releases and challenges to the fission
product barriers on the basis of status trees. The diagnostic flow chart should specify the key
parameters to be monitored and controlled during a severe accident until a point is reached where
the plant is in a controlled stable state. If a particular parameter is out of this range, the TSG should
evaluate the need for an implementation of severe AM strategies. The diagnostic flow chart and
status tree should identify the appropriate SAMG for given key parameters.

• SAMGs - each of these guidelines should contain one or more strategies which might be used to
respond to the challenged parameter. The guidelines should present a method for the systematic
logical evaluation of the possible strategies, based on human factor considerations and investigation
of the process associated with a decision to implement or not a given set of actions. With the help of
these SAMGs, the TSG should evaluate the following considerations:

whether the implementation of a strategy is possible with the current plant configuration;
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the balance between the potential positive and negative impacts associated with implementing a
strategy;
the criteria for successful implementation of a (recovery) strategy;
the long-term concerns associated with the implementation of a strategy;
integration between AMP and emergency plan;
determination of hardware needs (heat removal, instrumentation, containment and its systems,
control room, etc);
alarm plan, accident management manual;
SAMG - Exit Guidance - this should consider the conditions and criteria for SAMGs termination
and should give guidance for long-term monitoring activities.

4.13 Verification and validation (V&V)
The SAMPs/SAMGs should be verified and validated to ensure that the technical basis is accurate and
the developed strategies are adequate. Verification is the process of checking that the procedures and
guidelines are technically correct and there is correspondence with the physical plant configuration.
Verification should include a check of the SAMGs
• with respect to plant behaviour and critical states covered by different sequences;
• for compliance with the plant design, control room hardware availability, performance and

designation;
• for their compatibility with the plant layout and accessibility of the panels and equipment in accident

conditions;
• for conformity of the values with the up-to-date Technical Basis Document;
• for consisting of clear and simple statements in user-friendly format;
• for compatibility with the minimum number of qualified personnel involved.
Validation is the process of exercising the procedures and guidelines to ensure that they are usable and
will function as intended and that the language and level of information are appropriate for the users. The
SAMGs should be validated with respect to scope, limitations and usability. During the validation
process, the uncertainties in determined plant damage conditions should be taken into account. The
effects on the plant resulting from the implementation of a strategy could also be uncertain. Assessing
the adequacy of the strategy, the possibility should be considered that the intended safety goal is
achieved without the user's detailed knowledge about plant conditions and severe accident phenomena.
One - or a combination - of the following validation methods may be used:
• simulator validation;
• best-estimate calculations;
• system performance testing;
• control room and plant walk-through;
• plant operating experience;
• desk reviews;
• emergency drills.
It should be noted that experiments on integral test facilities and currently available simulators may hi
limitations in their capability to represent the plant behaviour in the prevention and mitigation phase, and
that this would restrict the usefulness of the validation process.
Personnel independent of the development staff should perform the V&V process. The results from the
V&V and the feedback from the independent personnel should be well documented and further used for
systematic improvement of the guidelines. A procedure for SAMG long-term maintenance should be
included in the quality assurance system of the plant.

4.14 Training
Training in the use of SAMG should be integrated appropriately into the existing training programmes.
The training programmes should be designed for initial training and for maintaining the performance of
the control room operators, the TSG members, the plant management and the staff involved in AM
actions. The training should reduce potential human errors during the transition from the EOPs to the
SAMGs and should promote effective communication between the control room operators and the TSG
staff.
The following elements are identified as a proper training programme:
• task analysis for the different types of SAMG users - evaluators, decision makers and implementers

(operators);
• objectives of the training for the different types of SAMG users;
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• methods and means for training;
• criteria to evaluate the success of the training;
• implementation of efficient training;
• frequency of the training.

5 Conclusions
The working group developed a report on Accident Management with concentration on regulatory
requirements for the concept of nuclear and radiation safety during beyond-design-basis accidents
according the terms of reference.
Practice in Western countries in connection with the AM concept and proposals for further activities in
the field of accident management (AM) in the member countries of the "Co-operation Forum of WWER
Regulators" formed the basis for the work performed. For that, the working group was able to take credit
from the results of the last working groups of the "Co-operation Forum" that dealt with AM and PSR
(Odessa 2000 and Armenia 1998).
Furthermore, the experience gathered by the European Union, OECD, and IAEA and the analysis
performed by the Swedish Royal Institute of Technology concerning the interactions of severe accident
research and the regulatory positions in various countries 121 were taken into consideration.
The working group used this information to derive recommendations on accident management. The
proposals are oriented along the licensing procedures.
First, the regulatory body should establish regulatory requirements for AM and emergency preparedness
on a legal basis.
Afterwards, the licensee has to demonstrate that his AM programme is in compliance with the licensing
conditions. In the implementation of emergency preparedness measures, other local and governmental
organisations are also involved.
The working group on AM made proposals with regard to:

legal basis and basis for regulatory requirements of on-site and off-site AM
regulatory requirements or recommendations on on-site accident management
regulatory requirements for emergency preparedness
background information concerning the implementation and review of an AM programme as a
basis for an AM guideline.

The proposals may be summarised as follows:
In the WWER-operating countries but also in Western countries, there are different approaches to
establishing a legal basis concerning severe accidents and to the AM programmes /annex 1/. The
report therefore only gives a snapshot of the present AM developments. The recommendations on
AM and the corresponding "Severe Accident Management Guidelines" to be developed have to be
adapted in a continuos way.

• The approaches of the legal basis for severe accidents in various countries can be divided into five
groups:
- on deterministic radioactive release limits based on source term calculations for event sequences

with core meltdown,
- on probabilistic criteria for core damage frequencies and containment failures on the basis of

Level-1 and -2 PSAs,
- on a combination of both, i. e. deterministic and probabilistic criteria,
- only on selected severe accident sequences or
- on voluntary recommendations.

• It is very difficult to define deterministic radioactive release limits for severe accidents. On the basis
of the precaution principle, the states should define the release risk. This could be a combination of
the release rate and the frequency of severe accident sequences.

• For the definition of the accepted radioactive release risk, acceptance criteria applicable to BDBA
should be defined in such a way that the risk of intolerable consequences for the population and the
environment is sufficiently low. They describe the conditions under which core meltdown and/or large
radioactive releases into the environment will be accepted.

• There are uncertainties in the determination of the radioactive release risk. Consequently, further
research into severe accident phenomena and human actions during severe accidents is required,
(see Annexes 2c, 2d, 2e)
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• For new plants, consideration to severe accidents should be given during the design stage already.
For the operating plants, severe accident management programmes making full use of available
equipment and procedures should be developed.

• Beside the legal basis, requirements for have to be defined with regard to liability, responsibility,
sanctions, alerting concepts and emergency preparedness strategies.

• Further developments concerning AM strategies should use the benefits of the common features of
NPPs with WWER reactors. Concerted actions in the field of AM undertaken by the WWER
regulators would bundle the development of a unified concept of recommendations and speed up the
implementation of on- and off-site AM measures in order to further reduce the nuclear risk.
The working group proposals could support the WWER regulators in these efforts.
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investment for the super emergency system NANO was about SF 563 Mio., for the interim
storage at the site was SF 30,2 Mio.;
the I&C was replaced by digital one;
the plant life time is estimated on 50 operational years;
taking into account the expected remaining life time of the plants the costs for one KWh are 3
- 5 Rappen).

/16/ M. Richner und S. Zimmermann/NPP Beznau
Status of modernisation, results of the performed PSA, implemented AM measures,
experience with the severe accident management guideline
(this SAMG is based on the approach of Westinghouse, the SAMG contain the transition
criteria from EOP to SAMG, the overall SAM concept UR-R-TOP, three guidelines for severe
accidents and seven guidelines for the management of severe accident situations),
Presentation on slights

/17/ M. Richner und S. Zimmermann/NPP Beznau
Use of the PSA level 1 and level 2 (including external hazards and shut down modes) as
tools for optimisation and assessment of safety upgrading measures and for precautions for
further risk reduction.
(The inclusion of BDBA sequences into the safety analysis of the NPP belongs to the
licensee obligations. The HSK reviews the PSA by using of an alternative methodology.
Additional for the review a limitation characteristic for the cumulative complementary
distribution of the probabilities is used. Furthermore the HSK reviews, whether the AM
concept of the utility is sufficient robust and flexible and assured the effective prevention
respective limitation of core, safety system and safety barrier damages.)

/18/ M. Richner und S. Zimmermann/NPP Beznau
System of controlled venting of the containment
(The measure was already completed before the AM guidelines have been implemented.
The decontamination factors are 1.000 for aerosols and 100 for Iodine).

/19/ GPR/RSK
Proposal for a common Safety Approach for Future Pressurised Water Reactors
May 25, 1993

/20/ H. Tuomisto, T.G. Theofanous
A consistent approach to severe accident management
Nuclear Engineering and Design 148 (1994) 171-183
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Annexes
IV Severe Accident Management Implementation and Expertise - SAMIME

Overview about AM / SAM implementation in member countries of the SAMINE project;
Measures and Candidates for High Level Actions (CHLAs) based upon US SAMG
European Commission, Contract N°.FI4S-CT98-0052, 8 December 2000

12 a-f/ B. R. SEHGAL, Royal Institute of Technology, Sweden
INTERACTIONS OF SEVERE ACCIDENT RESEARCH AND THE REGULATORY
POSITIONS 121
"SAMG is most important for regulatory organisations to assure themselves of the safe
performance of a nuclear plant in a postulated severe accident event!"

a. What are your requirements with respect to severe accidents?
b. Will there be a change in regulatory demands on SA research if the regulatory decision

making is based on risk analysis?
c. What is your current estimate of the contribution of human error to the SA risk? Do you

feel further research is necessary or appropriate to reduce this contribution?
d. Where and why do you see further need of SA research?
e. Should SA research focus on prevention or mitigation actions?
f. What is the safety policy / philosophy to support decision making?

/3/ Relationship between different components of an accident management programme
141 Three groups of BDBAs
/5/ List of not discussed issues within the present report
/6/ Proposal for new working group
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Annex 1 Overview about AM / SAM ii Cementation in member countries
Candidates for High Level Actions (CHLAs) based upon US SAMG

the SAMINE project; Measures and

a) Regulatory requirements (y / n / und.
dev.)
b) Industrial position (y / n / not applicable)
c) Coverage of core melt
d) EOP Extension, SAMG's (in progress:*)
e) Plant modifications
f) (S)AM - Hiqh Level Actions
1. Inject into RPV / RCS
2. Depressurize the RPV / RCS
3. Spray within the RPV (BWR)
4. Restart reactor cooling pumps
5. Depressurize steam generators (PWRs)
6. Inject into (feed) steam generators

7. Spray into containment
8. Inject into the containment
9. Operate fan coolers
10. OperateJhermal / catalytic recombiners
11. Operate igniters
12. Inert containment with non-condensibles
13. Vent containment (nf=> not filtered)
14. Spray secondary containment
15. Flood secondary containment
16. External cooling of RPV/RCS
17. Steam inerting of the containment

Belg.

y

n
y

E,*
y

X

X

X

X

X

X

Belg.
X

X
X
c
X
X
nf
X
X
X

X

Finnl.

y

n.a.
B

E,*
y

X

X

B

V
V

Finnl.
X

X

Vc
V
B
B

V

France

u.d.

y
y
S
y

X

X

X

X

X

X

France
X

t

X

Ger.

n

y
n
E
y

X

X

X

X

X

X

Ger.
X

X

c

X

Swiss

u.d.

n
n

E,*
y

X

X

X

X

X

X

Swiss
X

X

t

X

NL

y

y
y
*

y

X

X

X

X

X

X

NL
X

X

X

c
X

X

X

X

X

X

X

Slovak

n

n
n
E
n

y,*5
y,*6

Slovak

Sloven

u.d.

n
y

n

X

X

X

X

X

X

Sloven
X

X

X

c
X

X

nf
X

X

X

X

Spain

u.d.

y
y
*
n

X

X

X

X

X

X

Spain
X

X

X

c
X

X

nf
X

X

X

X

Swed.

y

n.a.
y

Hb
y

X

X

X

X

X

X

Swed.
X

X

t

X

Uk

y

n

y
E
n

X

X

X

X

X

X

Uk
X

X

t

USA

n

y
y
s
n

X

X

X

X

X

X

USA
X

X

X

t
X

X

nf
X

X

X

X

B: BWR; Hb: Handbook; implemented: x, V: Vver
/5 / YES - at the WWER 440/230 depressurisation system at nominal pressure from
/6 / YES - the Super Emergency Feedwater System is connected directly to the SG

the reactor head and SGs to remove gas bubble
vessels and enables F&B at secondary side
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Annex 2

Interactions of severe accident research and the regulatory positions

Annex 2 a

What are your requirements with respect to severe accidents?
There is a significant variation amongst the various countries regarding requirements with respect to
severe accidents. In most countries, SAs are considered to be beyond the design basis accident
envelope; while in other countries, specific guidelines exist regarding SAs. Overall, SA risk is to be
demonstrated to be low, and the vulnerabilities to severe accidents are expected to be eliminated
through procedural and/or plant-specific modifications.
Belgium
The requirements we have with respect to severe accidents are that each plant has SA guidelines
implemented, that the staff is well trained in using those guidelines, and that the strategy and guidelines
be updated and optimised at regular intervals (at least every 10 years). (Belgium)
Czech Republic
Regulatory body prepared requirements concerning to severe accidents and agreed with NPP staff
including program and schedule of realisation . The implemented EOPs are base for SAMGs and
technical measures preparation. SAMGs after validation and verification have to be implemented in the
NPP for emergency and operational staff. The NPP staff have to be well trained periodicaly (every
year) in using those guidelines. Guidelines should be updated at regular interval, at least every 10 yer
during PSAR. Czech Republic ( SUJB , Prague)
Finland (STUK)
That the containment withstands them and the plant can be brought to a controlled state for long-term
confinement. This, we think, will guarantee maintaining the releases within present release limits.
France (IPSN)
It seems that no physical phenomena are missing. The main problem is quantification.
Germany (GRS)
In general concerning SA, there shall be no need for permanent relocation, evacuation outside the
immediate vicinity of the plant and long restrictions in food consumption. In Germany this general
requirement is fixed by law (Atomgesetz).
Hungary
DDominant severe accident sequences and the potential radiological consequences should be analysed
(in a realistic manner).
DSevere accident management procedures should be established.
DThe use of existing capabilities (systems beyond their originally intended function and design basis)
should be considered.
DAII potential design modifications that could either reduce the probability of the occurrence of these
events, or would mitigate the consequences should be evaluated.
DThe severe accident analysis shall provide information relevant to the preparation of the emergency
plan.
DThe design basis for the containment should consider technical solutions for the mitigation of the
consequences of severe accidents.
DThe containment should be equipped with systems for the removal of fission products from the
containment, and for the reduction of the concentration of hydrogen and other gases. In case of design
basis accidents or severe accidents.
DTechnical solutions should be developed to provide integrity of the containment even in the case of
severe accidents.
DThere is a valid temporary exemption for some areas of the Paks NPP given according to the Periodic
Safety Review.
The important identified vulnerabilities are:
1. High leakage rate of the containment
2. Possible high pressure melt ejection (the preventive procedures available in the new EOP will solve

this issue)
3. Highly flammable hydrogen mixtures even in the in-vessel phase of the accident
The containment failure due to the debris thermal attack of the cavity access door.
Japan (Nuclear Safety Commission)
NSC has no legal requirement for additional protection against severe accident. However NSC is
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encouraging the utilities to continue their efforts to introduce severe accident countermeasures to their
plants as a part of their integrated efforts to further reduce the risk of their facilities.
Plants must consider severe accidents and take appropriate action. This includes both hardware
(equipment) and software (procedures and guidance that cover a full core melt event). It is a part of our
regulation. Regulatory Body of the Netherlands
Slovakia (Nuclear Regulatory Authority)
Severe accidents belong to the beyond design accidents. UJD SR does not prescribe any specific
requirements for severe accidents with respect to the plant design. In case of emergencies, the severe
accident management guidelines and emergency plans are required. They are mostly focused on the
mitigation actions. -
Slovenia
To have acceptable models and codes to analyze all significant phenomena to be expected during SA
and to have a validated SAMG for all NPPs operated in Slovenia.
Spain
All plants must identify severe accident vulnerabilities through PSA level 2 (deadline to submit PSA of all
plants is year 2000), and also propose backfitting measures if deemed appropiate, but there are no
established quantitative criteria for this. Backfitting has been done in some cases as a result of PSA level
1. All plants must implement SA management procedures. Deadline is year 2001 .-
Sweden (SKI)
The requirements are outlined in a bill to the Swedish Parliament in 1980/81. It was emphasised that,
although die probability of release of large quantities of radioactive material is small, measures in order
to further reduce the risk should be taken. Specifically it was stated that land contamination, which
impedes the use of large areas for a long period, shall be prevented, that fatalities due to acute radiation
disease shall not occur, that the specified maximum release of radioactive substance shall apply to all
reactors irrespective of site and power, and that extremely improbable scenarios have not to be
considered for fulfilling the requirements. In order to comply with these guidelines it was further required
that any release must be limited to noble gases and at most 0.1% of the inventory of the caesium
isotopes 134 and 137 contained in a reactor core of 1800 MW thermal power, assuming that other
nuclides of significance in regard of land contamination are released to lesser or, at most, equal extent.
Switzerland (HSK)
That they should be of direct use for plant specific applications. As already mentioned, most of the past
research which has found its way in applications has to be carefully re-evaluated every time a plant
specific study is performed.
UK (Nil)
Nil's assessments of licensees' safety cases are guided by its published SAPs. Those relevant to severe
accident analyses are: SAPs 42, 44 and 45, which set out numerical criteria for accident frequencies,
SAPs 28 to 31, which provide guidance on certain aspects of severe accident analysis, and SAPs 331 to
333, which relate to severe accident management.
The total predicted frequency of accidents on the plant that would give a maximum effective dose to a
person outside the site of > 1000 mSv should be less than lO^/yr (Basic Safety Limit - BSL) and lO^/yr
(Basic Safety Objective - BSO). SAP42
The total predicted frequency of accidents on the plant with the potential to give a release to the
environment of more than: 10000 TBq of Iodine 131; or 200 TBq of Caesium 137; or quantities of any
other isotopes which would lead to similar consequences to either of these, should be less than 10"5/yr
(BSL) and 10"7/yr (BSO). SAP44
The total predicted frequency with which the plant suffers damage and a significant quantity of
radioactive material is permitted to escape from its designed point of residence or confinement, in
circumstances which pose a threat to the integrity of the next physical barrier to its release, should be
less than lO^/yr (BSL) and 10"5/yr (BSO). SAP45
Fault sequences beyond the design basis which have the potential to lead to a severe accident should
be considered, and analysed (by means of bounding cases if appropriate - SAP19). The analysis should
identify the failures which could occur in the physical barriers to the release of radioactive material or in
the shielding against direct radiation, and should determine the magnitude and characteristics of the
radiological consequences. SAP28
The analysis of severe accidents should be sufficiently realistic to form a suitable basis for the accident
management strategies in SAP331 et seq. Where the uncertainties are such that a realistic analysis
cannot be performed with confidence, reasonably conservative assumptions should be made to avoid
optimistic conclusions being drawn. SAP29
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The severe accident analysis should also provide information relevant to the preparation of the site
emergency plan for the protection of people outside the site in the event of a large release of
radioactivity. SAP30
Where severe accident uncertainties are judged to have a significant effect on the assessed risk,
research aimed at confirming the modelling assumptions should be performed. SAP31
Accident management strategies should be developed to reduce the risk from severe accidents. The
strategies should primarily aim to prevent the breach of barriers to release or, where this cannot be
achieved, to mitigate the consequences. The ultimate objective should be to return the plant to a
controlled state in which it can be maintained in a safe condition. SAP331
The strategies should identify any instrumentation needed to monitor the state of the plant and the level
of severity of the accident, and any equipment to be used to control the accident or mitigate its
consequences. Where additional hardware would facilitate accident management, this should be
provided if reasonably practicable. SAP332
Provision should be made in the strategy for training plant personnel in accident management
procedures and implementing the accident management strategies, utilising appropriate instrumentation
and items of plant that are qualified for operation in severe accident environments.SAP333
USA (NRC)
As implied in the "NRC"-Commission's policy statements referenced above, currently there are no
regulatory requirements with respect to severe accidents for operating plants though the Commission
has placed an increased emphasis on severe accident risks following the TMI accident. However, the
Commission fully expects that designs of new plants would achieve a higher standard of severe accident
performance than prior designs. In particular, the policy statements reaffirmed the Commission's belief
that a new design could be shown to be acceptable for severe accident concerns if it: (1) demonstrai
compliance with 10CFR50.34(f) requirements, (2) demonstrated technical resolution of all unresolved
safety issues (USIs) and medium to high priority generic safety issues (GSIs), and (3) contained a
design-specific PRA with consideration of severe accident vulnerabilities. The guidance was
subsequently codified in 10CFR52.47. The subject of generic rulemaking on severe accidents for new
reactor designs is discussed in SECY-97-148, which concludes that such an action is not needed at
present.

Annex 2 b

Will there be a change in regulatory demands on SA research if the regulatory decision making is
based on risk analysis?
Most respondents do not foresee a change, since either risk information has already been used to
support regulatory decision-making, or simply because regulatory decisions are being, and expected to
be, made solely on deterministic bases. On the other hand, the move towards risk-informed decision-
making may entail additional demands for reduction of SA uncertainties and thereby continued research
in some areas of SA may be warranted.
Belgium (AVN)
16: No
Czech Republic (State Office for Nuclear Safety)
16: no
Finland (STUK)
16: We make use of risk insights also, but regulatory decision making can be based on risk analysis only
if the risk analysis can be shown complete enough for the purpose, which we do not think can be done.
France (IPSN)
16:-
Germany (GRS)
16: Risk analysis could only support specific decision making processes, but should not be the base for
regulatory demands only.
Hungary (HAEA NSD)
16: Very likely yes, however the implications of such a change are not clear to us as yet
Japan (Nuclear Safety Commission)
16: Regulatory decision making is always made reflecting risk information. Here, the risk information is
not limited to PSA results. It is a matter of course that the prioritization of SA research should be made
based on the risk information.
Regulatory Body of the Netherlands
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16: Our regulatory decision making is already largely based on risk insights. In general, the shift to the
use of risk insights makes it possible to define close-out criteria: if risk is reduced below a certain level,
further work to fill gaps in knowledge or to reduce remaining uncertainties is not warranted.
Slovakia (Nuclear Regulatory Authority)
16: The Slovak regulatory body decision making is deterministic. An application of risk based decisions
could change the priorities in severe accident research.
Slovenia

16: yes.

Spain
16: We already use a risk informed approach in the topic of SA prevention and mitigation.
Sweden (SKI)
16: The Swedish regulatory position is mostly determined by the regulations decided by the government.
The risk concept is in a way already a part of the regulations. No essential changes are expected
because of a new view on the risk analysis.
Switzerland (HSK)
16: As mentioned, more focussed, plant specific research is foreseen to be needed in Switzerland.
UK (Nil)
16: Nil's approach to assessment of nuclear plant has been informed, but not dominated, by risk
analysis for many years. As current plant safety cases already contain a significant amount of risk
analysis, it is not anticipated that there will be any changes to regulatory requirements arising from new
risk insights.
US-NRC
16: The answer, in principle, is yes. The nature and extent of changes will depend on the results of risk
analysis. SECY paper, SECY-98-300, "Options for Risk Informed Revisions to 10 CFR Part 50 -
Domestic Licensing of Production and Utilization Facilities," dated December 23, 1998, proposed high-
level options for modifying regulations in 10 CFR Part 50 to make the regulations risk informed and laid
out associated policy issues for Commission consideration. Regulatory Guide 1.174, "An Approach for
using Probabilistic Risk Assessment in Risk-Informed Decisions On Plant-Specific Changes to the
Licensing Basis," dated July 1998, describes a consistent approach to regulatory decisions in areas
where the results of risk analysis will be used to justify regulatory action.
As a follow on to the above initiatives, the staff will start the process of making Part 50.59, dealing with
licensee-initiated changes to the facilities and designs already in FSAR, risk-informed. As a possible
outcome of this process, some current regulatory requirements may not be warranted based on risk
significance and hence, a burden reduction may be in order. Yet, other regulations may need to be
revisited if the process demonstrates that the issues covered by the regulations are more risk significant
than previously considered. In these cases, results of SA research will be used to determine additional
regulatory requirements.

Annex 2 c

What is you current estimate of the contribution of human error to the SA risk? Do you feel
further research is necessary or appropriate to reduce this contribution?
All respondents identify human error as being a large contributor to severe accident risk in nuclear power
plants. However, most point out that the probability of human error used in the analyses may be
significantly overestimated, due to lack of appropriate credit to recovery actions, in most existing
analyses. Furthermore, the respondents appear to support the continued research in human reliability
analysis.
Belgium (AVN)
20: We feel that the contribution of human intervention (errors and recovery actions) to SA risk is
important but has large uncertainties. More research is necessary in order to have a more balanced and
realistic view of the risk profile of a plant and on the potential and priorities for further risk reduction.
Czech Republic (State Office for Nuclear Safety)
20: I think the human error has important contribution for SA risk. Research is necessary. It shows some
probabilistic study. EOP and SAMG and their implementation and personal training can lead to reduce of
contribution of human error.
Finland (STUK)
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20: We feel the most serious human error possibility relates to mishandling or negligence of prevention-
related safety issues among all parties (utilities, regulators, research).
France (IPSN)
20: In the level 1 PSA, the weight of the sequences which include at least one human error is very
important (> 80 %). However this does not mean that operators are the "weak point" of nuclear power
plants. Usually, these "errors" are just the lack of recovery actions. The weight of the sequences which
include at least one system failure is 100 %. Thus, research efforts should be oriented in every aspect of
risk assessment, including but not restricted to human factors.
Germany (GRS)
20: The contribution of human errors to the SA risk is considerable. The knowledge base today gained
by research is not appropriate to further reduce this contribution
Hungary (HAEA NSD)
20: According to our statistics, the direct contribution of human errors to ordinary (INES 1 or below)
events in our NPP was about 25% in the last years. On the other hand, since no symptom oriented
SAMGs are in force in Hungary as yet, and no thorough training of the personnel in SA situations has yet
been conducted, the chance of unexpected human errors in SAs is unpredictable. Further research in
this field is certainly needed.
Japan (Nuclear Safety Commission)
20: In general, human errors largely contribute to the SA risk. Modeling development of human errors,
especially, errors of commission during post-accident operation seems to be of value. Potential human
errors in severe accident managment, however, should be studied not in the context of human factors
research but in the context of providing clearly understandable and reliable Severe Accident
Management Guidelines (SAMGs).
Regulatory Body of the Netherlands
20: Human error is one of the known major contributors to severe accident risks, although it is probably
difficult to quantify it. Operator behaviour in mitigation of severe accidents is at present not modelled in
PSAs; without appropriate guidance (SAMG type) the event may even get worse. A useful type of study
would be to model operator behaviour during the execution of SAMG, in oder to enhance its
effectiveness (some work is already underway).
Slovakia (Nuclear Regulatory Authority)

20: The PSA studies level-2 for Slovak nuclear power plants are now in preparation. After completion of
these studies and their careful regulatory review, the UJD SR will receive an actual specific information
about the nuclear power plant response to severe accidents and impact of human factor on accidents.
The results of PSA study level-1 show a significant impact of human factor on calculated results. Further
validation and verification of methodology and data used for the modelling and description of human
behavior is recommended.
Slovenia

20: There is a discussion about it, but seems to be significant.
Spain
20: The impact of human error in sequences leading to core damage is well addressed in PSA level 1,
although certain aspects, such as commission errors require better treatment. Procedures to deal with
severe accidents are not so detailed, and also instrumentation may have been failed, or give wrong
indications, therefore the probability of human errors is higher. However, without a detailed study of SA
management procedures, it is difficult to estimate the contribution of human error.
Sweden (SKI)
20: Human errors are only partly considered m the risk assessment. Mostly the human errors are treated
very conservatively. If the requirement on a component is that it should have a passive function for a
specific number of hours, operator actions are normally not credited for that period. The problem is that
such conservatism dominates the results to such a degree that technical improvements do not
significantly affect the overall picture of risk.
Switzerland (HSK)
20: The PSAs which have been performed show that human errors are the major contributors to plant
risks, therefore research in this area is still needed. However, most of the operator errors which
contribute to risk are dependent on specific plant and systems designs. Generic research is of limited
use, with the possible exception of the area of cognitive errors, since errors of commission have yet to
be addressed in PSAs. In addition, the balance between human action and full automation should be
investigated.
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UK (Nil)
20: Severe accident risk is not quantified as such in the Sizewell B PSA. In terms of core damage
frequency, the fractional contribution(i) for operator error, including maintenance errors, is in the region
of 50%. This figure is dominated by risks associated with the reactor at shutdown.
(1) The fractional contribution is the sum of minimal cutsets(2) containing the item of interest (i.e. a
human error contribution in this case) divided by the sum of all of the minimal cutsets.
(2) A minimal cutset is a unique combination of equipment and/or human failures which in combination
with an initiating fault, leads to the undesired event, in this case core damage. There are hundreds of
thousands of minimal cutsets in the PSA.
US-NRC
20: We believe that human error is a significant contributor to severe accident risk, and that further
research is needed in this area. NRC sponsors research on the incorporation of human errors of
commission into PRAs. Such errors are generally not considered in the current PRAs. In addition, NRC
is participating in two international efforts related to human reliability and risk analysis: PWG-5 work in
this area and COOPRA study of organizational influences on risk.

Annex 2 d

Where and why do you see further need of SA research?
a) How have such SA research results affected your decision making related to protection against

severe accidents?
Opinions are divided amongst the responding institutions. Some believe that uncertainties in key
phenomena e.g., steam explosions, in-vessel and ex-vessel melt coolability, are still large thus impeding
regulatory decision making in some areas. The others contemplate applications of SA research results
mainly to the development and implementation of SAM measures (pre- and post- core damage) e.g.,
RCS depressurisation, containment venting, hydrogen control, in-vessel melt retention, and melt
spreading, etc.
b) Where and why do you see further needs of SA research?
Several respondents do not foresee the need for continued general research just to gain further
academic phenomenological understanding. While most others foresee the need for continuation of
research as a way to improve our understanding and to reduce overall uncertainties associated with key
phenomena. Overall, there appears to be general support for continuation of some SA research in order
to maintain competence and expertise in reactor safety. However, the focus of such research should be
increasingly on issues related to accident management, including a better understanding and
qualification of instrumentation and systems during severe accidents.
c) Which areas of SA research would you like to be investigated further and why? Could you prioritise?

All respondents follow the response to the previous question. There appears to be a general consensus
on the need for additional research as related to in-vessel and ex-vessel melt coolability, in-vessel
corium retention, steam explosions, and phenomena related to potential issues arising from SAM
implementation.
d) Some regulatory and research organisations have concluded that the following SA issues have

been resolved:
- a mode failure,
- DCH for Westinghouse PWRs,
- liner failure for G. E. Mark 1 BWRs,

Issues, which are considered unresolved, are
- vessel failure modes
- fuel-coolant interaction (steam explosions)

melt debris coolability in-vessel and ex-vessel
hydrogen combustion (DDT, global detonation)
source term (revolatilization, ex-vessel release)

What are your views on the above statements? Please prioritise the importance of each one of
these and the needs for further research if any.
All institutions feel that alpha mode failure, DCH for Westinghouse PWRs, and liner failure for G.E. Mark
I BWRs have been resolved. However, all point out that the last two are not generic issues, and can be
resolved only on a plant-specific basis. The combined result of prioritisation of the other issues to be
resolved appears to be that:
Most respondents attach the highest priority to the issues of in-vessel and ex-vessel cooling.

10.07.01 Forum-AM requirements 4 July 2001-rev-jaf 29/41



At least 4 respondents attach a relatively high priority to resolution of hydrogen issue.
Two respondents attach a high priority to resolution of fission product release and transport issues.
Most respondents include all of the listed issues where there is a need for additional reduction of
uncertainties.
Belgium (AVN)
7-9: SA research results have been used for the development and the implementation of SAM measures
(e.g. the installation of the hydrogen catalytic recombiners), and for the construction of the containment
event trees in the PSA. / We feel further SA research is needed to reduce remaining uncertainties in well
selected key phenomena (e.g. corium coolability for existing reactors), and also to maintain competence.
/ In our opinion, high priority should be given to SA research on the following topics: in-vessel and ex-
vessel coolability, and steam explosions (in particular the understanding of the differences between
prototypic materials and simulates)
18: I agree with the list of resolved and unresolved issues. Concerning the unresolved, the priority for
further research should be the following:
(1) melt debris coolability in-vessel and ex-vessel
(2) fuel-coolant interaction (steam explosions)
(3) vessel failure modes
(4) source term (revolatilization, ex-vessel release)
(5) hydrogen combustion (DDT, global detonation)
Czech Republic (State Office for Nuclear Safety)
7-9: SA research is needed to reduce uncertainties . SUJB is supporting SA research in NRI .
SUJB(NRI) participate in the CSARP research program US NRC and in Rasplav. The results of research
are used for the development and implementation of SAMGs. High priority should be given to
research on following topics: Hydrogen phenomena, accident during low and zero power, accident in
spent fuel pond, long term SA progression, in-vessel and ex vessel coolability, melt spreading and
retention, fuel coolant interaction, fission product release.
18: Hydrogen combustion, source term, mode failure of containment and the items mentioned in the
points 8 and 9 of this questionnaire
Finland (STUK)
8: Some items such as passive recombiner catalyst poisoning under both normal and accident
conditions have received too little attention, even though such devices are marketed as solutions to the
hydrogen problem.
18: We have no Westinghouse or GE plants so we do not comment on those issues, but we note that
high-pressure melt ejection which initiates DCH can have consequences other than containment
pressurisation which yet are significant (such as challenging the integrity of penetrations and dispersed
melt long-term coolability).
Of the other issues we think that it is not possible to categorically claim any of them "resolved" or
"unresolved". Whether they are resolved or not is to us a plant-specific question. For example, we
consider the current data base more than adequate for the demonstration of the feasibility of in-vessel
melt retention in Loviisa, and unfeasibility for large power density (above, say, 1800 MWth in a typir^l
today's PWR vessel) reactors.
France (IPSN)
• Hydrogen risk : ...implementation of autocatalytic recombiners ... the effectiveness and the absence

of drawback (self ignition criteria) of recombiners in a severe accident conditions have been checked
by an experimental program (H2PAR, KALI). Experiments on the RUT facility are going on in order to
evaluate criteria for fast deflagration and DDT with application to the reactor case.

• High pressure core melt prevention :... voluntary RCS depressurization
• Core concrete interaction tests gave orders of magnitudes of H2, CO release in the containment (H2

risk), of fission products releases during the short term (first hour) of the MCCI.
• Accident management of the French CRUAS PWR : use of iodine tests results gave the

recommendation to have a basic Ph water sump.
• In vessel corium cooling : tests on external critical heat flux gave good results for in-vessel core

cooling capability.
• Corium spreading tests are giving data to validate spreading codes
8: Priorities :

(1) later reflooding effects,
(2) in-cavity water ingression,
(3) H2 distribution and igniters behavior,
(4) organic iodine production and potential measure to reduce or retain ,
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(5) in-vessel corium retention,
(6) long term MCCI behavior.

18: DCH : Corium dispersion in the containment is strong dependent on the reactor design cavity and
communication ways between reactor cavity and containment. Representative test are necessary. For
French reactor cavity, the proposed test for lower pressure would be sufficient.
Priority:
For the operating plants, priority will be defined for an actual concept, and for the impact on accident
management :

(1) melt debris coolability in-vessel or ex-vessel (including steam explosion risk),
(2) fuel-coolant interaction (in-vessel steam explosion),
(3) hydrogen combustion (DDT, global detonation),
(4) vessel failure modes,
(5) source term (revolatization, ex-vessel release).

Germany (GRS)
8: - properties and chemical reaction kinetics for real plant materials (e.g. vessel failure mode ->
chemical interactions of corium with RPV-wall, melt coolability, FCI, long-term MCCI)

slow gas flows and natural convection pattern of gases in the reactor system and the containment
(e.g. structure heat-up, gas- and aerosol distribution, decay heat removal
SA instrumentation and process indicators
debris - or spreaded melt coolability.

SA research is necessary because of still existing large uncertainties and to find optimal solutions for
SAM-measures and new reactor concepts.
18: The first statements on closed issues are in general plant specific. Concerning the list of unresolved
issues, this requires a detailed discussion.
Hungary (HAEA NSD)
8: A comprehensive re-evaluation of the safety of the Hungarian nuclear plant has been performed in
1992-1994 (AGNES project), resulting in a number of conclusions and recommendations. (The current
safety upgrading Program of the NPP is based on these results.) The analysis has shown that the most
important factor influencing the outcome of a severe accident is the containment. Its week points from
SA point of view is that it needs passive and active tools for maintaining pressure suppression on one
hand and that it exhibits a relatively high leak-rate on the other hand. Consequently we have to make
efforts

to keep the integrity of the RPV by using accident management tools
to reduce containment pressure and to decrease and/or to delay over-pressure time periods, and
to avoid hydrogen combustion which may challenge the containment integrity
to reduce the volume of volatile fission products and aerosols in the containment.

The in-vessel phase is still interesting from the viewpoint of the preparation of the Accident Management
Guides (e.g. bleed and feed) not yet ready for the plant.
For emergency preparedness purposes calculation of source terms from the possible SA sequences as
well as the results of Level 2 PSA are relevant.
Application of new fuel types, as well as the use of the existing fuels for longer period, also pose SA
questions.
18: The priority for further research:

melt debris coolability in-vessel and ex-vessel
hydrogen combustion (DDT, global detonation)
source term (revolatilization, ex-vessel release)
vessel failure modes
fuel-coolant interaction (steam explosions)

Japan (Nuclear Safety Commission)
8-9: Considering the fact that a wide range of SA research has been made in the 20 years after the TMI
accident, we think it is the time to review the past efforts and clarify what is known and what is not in
order to prioritize the remaining issues and focus the research programs on the most important areas./
Check and review of current SA research results to contribute to provide necessary solutions for
regulatory issues would be more important than continuation of research to clarify "involved phenomena"
in discursive manner. Priority should be given for researchers to improve predictive capability of models
and computer codes for analysis of accident progression and source terms for the full scale nuclear
power stations. In this respect, cooperative, research with PSA and human-factor specialists should be
encouraged
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18: We have to review to what extent each issue has been resolved. We expect that specialists in SA
research summarize and evaluate the current status of extent of resolution.
Regulatory Body of the Netherlands
7-8: The containment filter, the hydrogen recombiners and the SAMG that were recently introduced in
our plant have been accepted by us using insights from such research Main items are in- and ex-
vessel debris coolability, local hydrogen accumulation and combustion, RPV failure and failure mode, ex-
vessel FCI, MCCI in small/dry cavities to find timing of foundation failure, I&C behaviour during severe
accidents, programmes that support further development of A/M, codes to help authorities to find source
terms.
Reason: to reduce the areas where there are still large uncertainties in A/M, enhance A/M as such, and
support Emergency Planning.
18: We agree on most of the above with the following precautions. FCI should be restricted to ex-vessel
phenomena. Global hydrogen combustion is not risk relevant, local still is. Which includes flame
acceleration. Source term issues do not drive A/M decisions at the plant; they are mainly relevant for
Emergency Planning. Source term insights have contributed little to effective SAMG so far.
Priority should be with phenomena that may lead to an early containment failure. For NL that is hydrogen
combustion (but it is understood that this is plant specific - for many plants hydrogen is not a risk).
Reference is made to item 8 where we specified the perceived needs of these and other fields, plus
some other articles where we specified research needs.
Slovakia (Nuclear Regulatory Authority)
7-8: The results of severe accident research are used for the development of emergency procedures,
severe accident management guidelines, emergency planning and for the preparation of nuclear pow^r
plant upgrading. / The UJD SR requires a support in the severe accident research. However, the exist!
support is not considered to be sufficient. Some expected severe accident phenomena are not properly
experimentally investigated (reactor core degradation and creation of molten pool, vessel failure modes,
retention of core degradation, melt debris coolability, chemical reactions between radionuclides, their
transportation and release into the environment). Mathematical description of some severe accident
phenomena in used computer codes (MELCOR, MAAP) is not adequate and consequently, some
calculated results are not reliable. There is still a room for the continuation in severe accident research to
understand the plant response to severe accidents, prevent and mitigate the severe accidents.
18: The PSA studies level-2 for Slovak nuclear power plants are now in preparation. After completion of
these studies and their careful regulatory review, the UJD SR will receive an actual specific information
about the nuclear power plant response to severe accidents. UJD SR will see the impact of uncertainties
on calculated results, weak points of plant design and operation. UJD SR will prioritise the tasks for
severe accident research.
The PSA 2 has been completed for WWER 440/213 units at the end of 1998 and PHARE project 4.2.7.
a/1998 "Beyond Design Basis Accident Analyses and Accident Management" has started to investigate
a discuss SAM basis for WWER 440/213. This PHARE project consider preventive and mitigative
measures. The preliminary SAMG diagnostic tools have been developed. Recommendation regarding
the hardware modifications (mitigation systems) of this type units have been provided in this project. T^e
AM study performed in the project contains the mitigative AM follows:
• RPV and core debris coolability issues
• hydrogen mixing, deflagration to detonation transition
• induced primary system failure
• overpressurisation and filtered venting
The AM study has contributed to the understanding of severe accident behaviour in the WWER 440/213
units and optimisation of recovery strategy - preventive and mitigative. The study has provided a
detailed technical basis for development of the AM programm on the NPPs."
Slovenia
7-9: Some preventive accident management measures have been verified. List of SA analyses was
modified according to results of previous project related to BDBA and accident management. / For
development of SAMG, (2) verification of proposed preventive and mitigative measures in Accident
Management and (3) setting of hardware measures (recombiners) resulting from SA analysis. / Steam
explosion (in-vessel molten pool water interaction), vessel failure and direct containment heating, molten
cerium-concrete interaction in the reactor cavity due to large uncertainties

18: Research - issues and priorities:
1. vessel failure modes
2. fuel-coolant interaction (steam explosions)
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3. melt debris coolability in-vessel and ex-vessel
4. hydrogen combustion (DDT, global detonation)
5. source term (revolatization, ex-vessel release)
Spain
7-9: Protection against SA will be based on
1. SA management procedures, which will be implemented according to generic guidelines developed

by vendors and owners groups.
2. Identification of SA vulnerabilities through PSA level 2
Generally speaking, SA research has improved our knowledge of phenomenology and codes, which we
are using to assess PSA's level 2. Decisions which have been or will be made, as a consequence of the
assessment, are thus affected by SA research results. We have developed an emergency analysis tool
named MARS, based on the MAAP code. Results of SA research are currently being used to define
uncertainties of the code. / We see further need of research, principally:
1. To define and reduce if possible the uncertainties of integrated codes MELCOR and MAAP.
2. Phenomenology areas we would like to be investigated should be related to proving the effectiveness

of SA management procedures, and also to reducing uncertainties of containment failure modes
which are dominant in PSA analysis. / SA phenomenology areas:

TOP priority: hydrogen control measures
MEDIUM: exvessel steam explosions, vessel failure modes, melt coolability inside/outside the vessel
LOW: some topics concerning FP behaviour in containment ( I chemistry), and also scrubbing of FP in
SGTR sequences.
18: Vessel failure mode: We have entered the LHF project. Research is needed to better define
mechanical properties of vessel materials at high temperatures and creep behaviour. Medium priority;
fuel-coolant interaction (steam explosions: Research is needed to define the uncertainties of ex vessel
steam explosions. Medium priority;
melt debris coolability in-vessel and ex-vessel: Research is needed on cooling mechanisms inside the
vessel: gap cooling, entrance of water in the debris mass, upward heat flux. Also melt coolability
Medium priority. We consider that Spanish plants probably will not implement ex vessel flooding.
Concerning exvessel melt coolability, reasearch is needed on the possibility of cooling the melt by,
pouring water on top of the melt; hydrogen combustion (DDT, global detonation): High priority, especially
the issue of DDT. Global detonation seems unlikely and does not need additional research.;

source term (revolatization, ex-vessel release): Additional research on the chemistry of FP in
containment. Also FP scrubbing in the secondary side of SG. Low priority.
Sweden (SKI)
7-9: It has been difficult to resolve and close certain questions. Research results have for instance been
used to verify the function of the emergency filters and scrubbers. / It is needed to reduce uncertainties,
in particular for risk dominating phenomena. Additional measures may be needed to reduce core failure
probability, to investigate core melt chemistry and release, relocation phenomena, in-vessel coolabilitv,
mode of vessel melt through, integrity of the containment with respect to fuel-coolant interactions, ex-
vessel coolability, and measures to prevent containment failure. In addition one should also consider, for
instance, features of more passive systems. / First priority is perhaps further investigations of the
possibility for early measures to limit core melt and to retain the molten core material in the vessel, since
this would directly affect potential releases. The second objective would probably be to conclusively
verify that the ex-vessel phenomena are taken care of in the case of a core melt. Characterization of risk
dominating releases such as I, Cs, ruthenium, etc. would probably also be: requested.
18: We believe that the potential for alpha-mode failure is resolved as well as the DCH for Westinghouse

reactors. The liner problem has not really been addressed for the Swedish reactors. We thought that
vessel failure mode was close to finally being resolved for Swedish BWRs, The discussion on the
possibility to retain the core melt in the vessel will probably need a close review of this conclusion.
Recent proposed explanations to the reason why some materials trigger steam explosions while other
materials do not, and molten corium is one of the latter, have created anticipations that this question
may be resolved within reasonable time. Melt debris coolability in-vessel and particularly ex-vessel is
associated with a large uncertainty. The ex-vessel coolability is very important since the assumption
that the core melt can be cooled inside the containment, and not cause containment failure, when it
falls into water is a key element in the Swedish strategy for severe accident consequence mitigation. If
the conclusion is that the melt will not be coolable, backfits will be necessary. Hydrogen will be an issue
for two of the Swedish PWRs, and actions to eliminated hydrogen are probable. Source terms and ex-
vessel releases are important. The results from testing in the Phebus reactor, reveal unexpected
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chemistry, in particular the forms of I and Cs, which probably will need a closer review with respect to
applicability for Swedish reactor conditions. The first priority is thus in- and ex-vessel coolability and
retention of the molten core. If it can be concluded that threat to containment integrity by fuel-coolant
interaction has a very low probability, the next priority is probably the source term assessment closely
followed by the other issues. One has to bear in mind that it is not only the risk associated with certain
phenomena which is important for research prioritization but also the probability to reach results of
sufficient quality and reliability.

Switzerland (HSK)
7-9: As mentioned (see response to Question 5), so far most decision making has been based on
deterministic rules, and severe accidents have played a very small role in HSK activities. In addition,
also for matters concerning severe accidents, decisions have been mostly taken with
deterministic/conservative considerations.
HSK on several occasions has used the results of severe accident research to achieve closure of
outstanding issues. For instance, the results of the US NRC experiments on DCH have used to assess
the DCH-induced containment failure likelihood for large dry containments (e.g., Goesgen). Other
examples include, in-and ex-vessel steam explosions, and uncertainties in source terms (Phebus FP
experiments). It should be noted that many of the decisions made so far, have also been based on
deterministic rules, and it is only recently that HSK has started to focus on risk-informed decisions on
plant-safety improvements. For instance, interesting variations on the potential benefits of containment
venting, as compared with the original deterministic-based thinking, have emerged, that are based on
risk methods that have generated a more serious interest on re-evaluating the deterministic-based
process of decision-making at HSK. /
For the most part, HSK is of the opinion that SA issues as generic safety issues have been resolveo
cannot be resolved within a reasonable time frame. This has been borne out by the plant specific PSAs
performed for all Swiss installations. On the other hand, more plant specific research is needed to
resolve plant related issues, which have been identified in PSAs. /
HSK is currently proposing to use frequency of exceedance of releases (CCDF curves) for safety criteria.
All PSAs performed by HSK for the Swiss plants have shown that the overwhelming source of
uncertainties in releases is associated with uncertainties in radionuclide release and transport
phenomena, both in-vessel and ex-vessel, while uncertainties in accident progression phenomena inside
containment play a smaller role. Therefore, research aimed at reducing or eliminating some of these
uncertainties should be continued. On the other hand, in-vessel accident progression is still not very well
understood. And subject to large uncertainties. This, however, is an area where HSK is of the opinion
that uncertainties will not be resolved within a reasonable time frame, therefore, if research is to be
continued, it should be pursued for the sake of scientific interest, but we feel that it would likely have a
limited potential application. In addition, the Swiss plants are currently mandated to provide in the near
future SA Management Guidance, therefore it is foreseen that research in this area should be increased
also.
18: As already mentioned, HSK is of the opinion that most generic issues have either been resolved, or
cannot be easily resolved. Based on plant specific studies, the statement on the first 3 issues appp=»r
correct. About the unresolved issues, only source terms issues (especially from the point of view /
emergency planning) have been proven to be of importance for the Swiss plants. In addition, retention
of debris in vessel by either reflooding (in-vessel) or by external cooling appears still to be the best
mitigative measure, and this issue should be resolved also.
UK (Nil)
7-9: In the UK, the licensee is responsible for developing and maintaining adequate safety standards.
The Nil as regulator challenges the licensee's proposals to ensure that these will result in plant designs
and operations with a risk reduced to a level that is ALARP. In the case of Sizewell B, the behaviour of
the reactor under severe accident conditions was also examined during a lengthy public inquiry. Nil
initially required a study of degraded core accidents in order to:
(a) demonstrate that there is no sudden escalation of consequences just beyond the design basis;
(b) estimate the overall risk to the public of adverse health effects from such accidents;
(c) estimate the benefit of the containment in reducing the frequency of uncontrolled release of
radioactivity;
(d) establish the requirements for accident management procedures (pre- and post-core-damage)
and to assess the usefulness of further plant modifications;
(e) identify instrumentation and equipment required to operate in a post-accident environment and to
determine the levels of qualification of this equipment.
This study became part of the station safety case, and Nil used the results of severe accident research
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to inform its decisions on the adequacy of the severe accident assumptions and analyses presented in
this safety case. /
The potential benefits of further severe accident research appear limited, since there are no proposals
for construction of new nuclear power reactors in the UK. There is therefore no need for research to
assist with the development of new designs. There are currently no unresolved regulatory issues
associated with severe accident analysis in the Sizewell B safety case, so there is no pressing need for
further research to support this either. The only area where further research might be beneficial is into
instrument and plant behaviour in severe accidents, to assist with severe accident management.
Apart from research into instrument and plant behaviour in severe accidents as noted above, there are
no areas of PWR severe accident research that Nil regards as necessary for current regulatory decision-
making.
18: These severe accident issues tend to be plant-specific, and have all been resolved from a regulatory
perspective for the UK's one civil PWR. Sizewell B was designed and constructed in a period when
these issues had already been identified, and its design was optimised so far as reasonably practicable
to address them. They do not generally apply to the UK's gas-cooled reactors.
US-NRC
7-9: The Commission has considered severe accidents in its regulatory decisions and actions since its
early days. For example, accidents more severe than the design basis accidents were clearly a
consideration in the Commission's decision on reactor siting criteria. The source term used for the
assessment of the Part 100 dose guidelines was based upon a "substantial meltdown of the core." The
risk insights provided by WASH-1400 were considered in the staffs development of recommendations
for emergency planning requirements.
Following the accidents at TMI, the Commission's regulatory decisions and actions utilized greater
consideration of risks from severe accidents. Anticipated Transient Without Scram (ATWS) and Station
Blackout (SBO) rules were issued by the Commission in the 80's in consideration of severe accidents
and evaluation of potential new requirements for plants to deal with such accidents. Both ATWS and
SBO were identified in the safety studies as important contributors to risk. In 1988, NRC issued Generic
Letter 88-20 which required licensees to conduct Individual Plant Examinations (IPEs) for vulnerabilities
to severe accidents. In 1990, NUREG-1150 was published which provided a quantitative assessment of
plant risks against severe accidents. NUREG-1150 also provided a model for subsequent PRA studies
used in the design certification reviews of advanced and evolutionary plant designs.
Much of the ongoing SA research activities is being coordinated under the PRA Implementation Plan, a
major element of which is the development of a risk-informed decision making framework. Improvement
in the understanding of severe accident phenomena and reduction of uncertainties through continued SA
research would be beneficial in that regard. /
Currently, we have adequate understanding of SA phenomena to make regulatory decisions. However,
some SA phenomena are still treated conservatively which may hinder systematic implementation of
risk-informed regulations. Therefore, further need of SA research is perceived where phenomenological
knowledge is inadequate or where uncertainties in severe accident phenomena are unacceptably large.
The following documents summarize our views of the status and plans for severe accident research.
SECY-98-131, "Status of the Integration Plant for Closure of Severe Accident Issues and the Status of
Severe Accident Research," dated June 8, 1998.
Memorandum to the Commission from W. Travers, "Schedule for Closure of Severe Accident Issues and
Severe Accident Research Activities," November 9, 1998.
The severe accident research program, described in SECY-98-131, consists of activities in six areas: (1)
hydrogen combustion, (2) direct containment heating (DCH), (3) fuel-coolant interactions, (4) lower head
failure/vessel integrity, (5) fission product release and transport, and (6) code development, assessment
and maintenance. The most recent focus of hydrogen combustion research has been the investigation
of detonability of hydrogen-air-steam mixtures in order to obtain data for model verification, and
mitigation of hydrogen release through passive autocatalytic recombiners (PARs) in support of the
AP600 licensing review. We now believe that significant information exists on the hydrogen combustion
issue, which is sufficient to assess possible threats to containment integrity. We also note that there is
enough information about the operation of passive autocatalytic recombiners to adequately design the
system to account for the effects of high steam and aerosol concentrations. All experimental hydrogen
combustion research programs are considered complete at this point.
Direct Containment Heating (DCH) research has resulted in the closure of this issue for all
Westinghouse, Combustion Engineering, and Babcock & Wilcox large dry and subatmospheric PWR
plants. Additional research is currently being performed to address resolution of DCH for ice condenser
plants. Historically, DCH has not been considered to be as risk significant for BWR plants.
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Steam explosion research conducted thus far was useful in resolving the alpha-mode failure issue from a
risk perspective. Research has also produced data demonstrating that it is difficult for a prototypic core
material to explode under most severe accident conditions of interest. However, some residual issues
remain concerning mixing and triggering of a large mass of prototypic material under subcooled and low
pressure conditions, typically associated with ex-vessel scenarios. Continuation of FCI research at a
modest level would be useful in this regard. With regard to ex-vessel quenching and debris coolability,
demonstration of successful quenching at reactor scale is needed to terminate accident progression and
confirm the effectiveness of accident management strategies. Past and ongoing coolability programs
have not provided definitive demonstrations; thus, a focused effort is needed to resolve theex-vessel
coolability issue.
Thermal loads imposed on the lower head by molten corium is the subject of the RASPLAV program,
performed at the Russian Research Center. Examination of lower head failure modes is the objective of
the Lower Head Failure (LHF) program at the Sandia National Laboratories. The LHF program is
relevant to an accident management issue involving reflood of a partially depressurized reactor vessel
following a core melt accident. Reflooding may cause significant repressurization when the vessel is
approaching failure temperatures thus increasing the likelihood of vessel failure. Results of the LHF
program are expected to shed some light into the efficacy of the reflood strategy. Both the LHF and the
RASPLAV programs are being conducted under the auspices of OECD.
The scope of fission products research is confined to participation in the PHEBUS-FP program and,
otherwise, to support the regulatory side of NRC in the implementation of the revised source term.
Future PHEBUS tests may examine issues such as high burnup effects, mixed oxide fuel behavior, and
fission product behavior following shutdown accidents.
The analysis of plant response to severe accidents is a key component of severe accident research
support of risk informed regulatory initiatives and resolution of safety issues. As the NRC experimental
programs are gradually terminated, the emphasis is placed more on developing and maintaining
analytical capabilities. Over the next several years, code capabilities will be consolidated to reduce the
number of codes actively maintained while sustaining vital expertise in key phenomenological areas.In
summary, very few experimental SA research programs will continue, primarily under the auspices of
international cooperative programs, in the short term to address risk significant phenomenological
issues, . In the long term, work on severe accident codes will continue in support of risk informed
regulatory initiatives. Also, in the long term, new emerging issues such as MOX and high burnup fuel
behavior and future design issues may create new avenues of SA research, especially, in light of our
transition to a risk-informed regulatory framework. /
The current thrust of NRC's SA phenomenological research is in-vessel severe accident phenomena
(e.g., RASPLAV and OECD LHF), the rationale being that if in-vessel core melt coolability or retention is
assured, there need not be further concern about ex-vessel issues. There is a recognition, however, that
for high power reactors, in-vessel core melt retention may not be assured thus creating the likelihood of
RPV failure. Also, as stated in connection with the LHF program in Question 8, accident management
strategy of reflooding a partially depressurized RPV following a core melt accident may create the
likelihood of RPV failure. Therefore, certain ex-vessel issues (e.g., ex-vessel FCI and coolability) mav
require further investigation. However, as mentioned elsewhere, facilities required to conduct ;
needed research are being closed down. As a result, remaining severe accident issues may not attain
the same degree of resolution as the resolved issues. With regard to NRC's SA research prioritization,
ongoing phenomenological research, particularly the cooperative international programs, will be brought
to an orderly closure in the short term. In the longer term, emphasis will be directed toward improvement
and assessment of severe accident analytical tools or codes.
18: NRC is in complete agreement with the statements concerning the status of resolution of the alpha
mode failure, the DCH (for PWRs), and the Mark I liner failure issues. Additionally, NRC is of the opinion
that adequate research has been performed on hydrogen combustion and in-vessel steam explosions.
We believe significant information exists on the hydrogen combustion issue, which is sufficient to assess
possible threats to containment integrity. Ongoing programs (LHF program at Sandia, FAI in-vessel
coolability program, RASPLAV program) are expected to yield additional information to close some of
the remaining unresolved issues on in-vessel coolability and lower head integrity. PHEBUS program
likewise is expected to yield information needed to resolve specific source term issues. With the
unexpected termination of the FARO program, data on ex-vessel steam explosions and FCI will be
severely limited. Finally, if the MACE program is discontinued, data on ex-vessel melt coolability (by top
flooding) will be limited and consequently, the issue may remain unresolved.
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Annex 2 e

Should SA research focus on prevention or mitigation actions?
Prevention (especially of energetic phenomena which could challenge containment integrity) is of
primary interest to most of the respondents. However, most recognise that research on mitigative
phenomena (including improved operator training and instrumentation for use during SAs) is essential in
order to provide the technical bases for management of potential accidents and mitigation of radiological
releases.
Belgium (AVN)
12: Prevention is of course the preferred strategy, but in line with the defence-in-depth concept,
mitigation is also important. Moreover, mitigation is more difficult and may therefore require more
research.
Czech Republic (State Office for Nuclear Safety, Prague)
12: Prevention has a higher priority than mitigation but mitagation is also very important. Research
should be focused on mitigation strategy now .
Finland (STUK)
12: Both capabilities should be available. Prevention is not in our view a "severe accident" research item.
France (IPSN)
12: The French approach concerning the severe accident was from the beginning to prevent the risk of
severe accident associated to an early fission product release because the emergency plans are not
consistent with these kind of scenario. Then severe accident with containment bypass and containment
failure resulting from all energetic phenomena leading to an early FP release must be prevented as far
as possible (global H2 detonation, high pressure core melt sequences, steam explosion leading to
containment failure). For the other scenarios of severe accident, mitigation measures will be developed.
Germany (GRS)
12: Prevention has a higher priority than mitigation.
Hungary (HAEA NSD)
12: Since the leakage from the WER-440 containments is quite high, prevention of an SA is more
important for us than mitigation.
Japan (Nuclear Safety Commission)
12: From the regulatory viewpoint, prevention takes priority to mitigation in principle. However, it is
difficult to answer in a general way, because he priority depends on uncertainty and risk impact of
specific issues.
Regulatory Body of the Netherlands
12: Prevention of core damage is not an area for severe accident research, prevention of releases is. In
general, mitigative actions are the domain for severe accident research.
Slovakia (Nuclear Regulatory Authority)
12:There is not common meaning whether severe accident research should be focused on prevention or
mitigation actions. The important is to have an acceptable level of risk from radioactive releases for staff,
public and environment.
Slovenia

12: both
Spain
12: It is not possible to give a single answer to this question. We think that reasearch of actions aimed at
stopping SA progression is more important in general, but in some research fields, mitigation is the key.
Examples: Reactor Pressure Vessel: prevent vessel failure. Ex-vessel steam explosions: prevent
energetic explosions, H2: prevent dangerous situations leading to DDT, MCCI: prevent basemat failure
by mitigating thermal load, FP: mitigate FP inventory in containment, and mitigate FP release outside
containment.
Sweden (SKI)
12: The main focus should be on preventing failure of physical barriers. Some research is also needed to
support assessment of mitigation actions.
Switzerland (HSK)
12: Both aspects are very important. Prevention should be for the most part achieved through the use of
passive systems and on improvements in operators training and procedures, or alternatively in an
enhanced independence from operator interventions. Therefore, research in these areas should be
enhanced. On the other hand, SAs cannot be ruled out deterministically, therefore, mitigation
techniques and systems devoted to accident management should be more thoroughly investigated.
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UK (Nil)
12: The licensee's primary objective should be to prevent accidents. Nil interprets a severe accident as
an event or sequence of events that, through loss of control of plant conditions, creates a potential for
the release of sufficient nuclear matter to the environment to enable a person off-site to receive a dose
equivalent of 100 mSv or greater. Severe accident research can therefore only be relevant in the event
that the licensee fails with this primary objective, since provided that this objective is met, there are no
severe accidents. Future severe accident research has therefore to address mitigation.

US-NRC
12: The Commission's Severe Accident Policy stated the desirability of performing a systematic
examination of each nuclear power plant in order to identify potential plant-specific vulnerabilities to
severe accidents. The policy led to the issuance of the Generic Letter 88-20 establishing the IPE
program. One stated purpose of the IPE is to gain a better understanding of severe accidents in order to
prevent or mitigate the same. Whenever possible, emphasis is placed on prevention through a reduction
of the overall probabilities of core damage and fission product release. This may be achieved through a
better understanding of the phenomenology and the use of best estimate tools to reduce undue
conservatism in the estimation of severe accident risk. Or, it may be achieved by modifications of
hardware and/or procedures. Mitigation of severe accidents is the next order of priority.
Generally, for new reactor designs, there are opportunities and provisions for design features and/or
modifications to prevent severe accidents. For operating plants also, accident prevention takes priority
over mitigation. However, when prevention cannot be assured, the focus shifts to mitigation by devising
accident management strategies.

Annex 2 f

What is the safety policy / philosophy to support decision making?
All institutions concord that safety policy is based on guidelines, i.e., a prescriptive approach, developed
either independently on state-of-the-art knowledge, or based on guidelines developed in the countries of
origin of the plants. The Finnish approach also requires an adequate understanding of the plant
behaviour under all applicable operational conditions. In addition, it is apparent that one of the outcomes
of SA research is to buttress the "defence-in-depth" that is embodied within the current Western reactor
design and licensing basis. However, the overall regulatory decision-making process continues to be
based on "deterministic" philosophy, which is being increasingly supported by risk insights.
Belgium (AVN)
3: The safety policy in Belgium is based on the guidelines developed in the country of origin of the
plants, i.e. the US. PSA models of the plants are being developed in order to complement the
deterministic approach.
Czech Republic (State Office for Nuclear Safety, Prague)
3: Prevention of SA, preparation of EOP and SAMG or SACM.
Finland (STUK)
3: That plant behaviour must be adequately understood and controlled to an appropriate degree in <
situations, including severe accidents.
France (IPSN)
3: In the domain of the SA, as the knowledge has to be developed and rules and criteria has to be
established, the objective of the research at IPSN is to get a well understanding of the physical
phenomena in order to have a good estimation of the risks and give a well based judgment on the
methodology of safety demonstration.
Germany (GRS)
3:-
Hungary (HAEA NSD)
3: Our policy is to use as much expertise of the country as we can (including experts of the TSOs) for our
regulatory decisions. R&D resources have been used to keep the knowledge-level of the TSOs high,
while TSO-agreements ensure the availability of this knowledge in the regulatory decision-making
process.
Japan (Nuclear Safety Commission)
3: Many years of excellent operation record clearly demonstrates the high level of safety of nuclear
power plants in Japan. We therefore do not think that the risk of severe accident is considerably high.
However, to be as careful as possible, NSC issued a statement in May 1992, which strongly encourages
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all the utilities to establish accident management measures voluntarily to reasonably reduce the risk of
severe accident.
Regulatory Body of the Netherlands
3:-
Slovakia (Nuclear Regulatory Authority)
3: The safety policy/philosophy is defined in UJD SR legislative documents and guidelines. Any
regulatory decision has to be prepared in compliance with legislation, properly supported and
documented by analytical results, experimental results or engineering judgement.
Slovenia
3:-
Spain
3: Our objective is the identification of risks due to SA in existing plants, the elimination of specific SA

vulnerabilities when justified, and the implementation of SA management procedures. Concerning
regulatory decision-making, licensees have to follow decisions made in the countries of origin of the
nuclear plant main technology (USA and FRG).
Sweden (SKI)
3: The safety policy is to support the defence-in-depth policy that implies defence and maintenance of
the physical barriers to prevent releases. The government has also established quantitative safety goals
for use as design bases for the mitigation of offsite radiological consequences.
Switzerland (HSK)
3: According to Swiss Atomic Law, safety of nuclear installations must follow the State-of-the-Art in
science and technology, and from this point of view, research must be followed very closely. Decision
making, however, is supported by a number of guidelines which have been developed over a period of
more than twenty years. For the most part, these guidelines follow the US NRC philosophy of the 1970s
and early 1980s (i.e., deterministic and/or conservative). Currently, most of the guidelines are being
revisited, in view of the fact that some inconsistencies are present (e.g., not all plants in Switzerland are
licensed with exactly the same criteria), and changes are being introduced, which reflect also recent
IAEA guidelines. In addition, more emphasis will be put on decision making based on results of living
probabilistic safety assessments, specific for each installation.
UK (Nil)
3: A general requirement of UK health and safety legislation is that the risk presented by work activities
must be reduced to a level as low as reasonably practicable (ALARP). Nuclear site licensees are
responsible for the safety of their operations, and conditions attached to the licences require them to
demonstrate this through written safety cases. These safety cases are assessed by Nil, using guidance
published by HSE (Safety Assessment Principles for Nuclear Plant [SAPs]).
Research may provide evidence on the nature of challenges to plant safety, and indicate ways of
eliminating or reducing those challenges. The results of research may therefore be used by Nil to probe
plant safety cases and test whether the risk has indeed been reduced to a level that is ALARP.
US-NRC
3: The Commissions safety policy and philosophy in support of decision making are based on a defence-
in-depth strategy. A key element of this strategy is accident prevention. Safety systems are designed
and installed in a plant to prevent accidents. Furthermore, a containment is provided to confine the
radionuclide release in the event of an accident. In the event of a containment failure, plants are
required to implement emergency procedures and accident management strategies. Thus, the defence-
in-depth philosophy incorporates a multiple barrier concept for the protection of public against
radionuclide releases.
The above philosophy provides a clear and logical structure for the safety research mission covering four
major program areas: reactor licensing support, reactor regulation support, nuclear materials licensing
and regulation support, and radioactive waste management support. The Commissions safety policy with
regard to severe accidents are promulgated in the following policy statements:
Policy Statement on Severe Reactor Accidents Regarding Future Designs and Existing Plants (10 CFR
Part 50), August 8, 1995. (Federal Register 50 FR 32138).
In the policy statement, the Commission said that it had concluded that existing plants pose no undue

risk to public health and safety and saw no basis for immediate action on generic rulemaking or other
regulatory actions to deal with severe accidents. However, the Commission indicated its intention to
initiate a systematic examination of each nuclear power plant for possible significant risk contributors. In
the policy statement, the Commission also said that it fully expected that designers of new plants would
achieve a higher standard of severe accident performance than prior designs.
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Policy Statement on Safety Goals for the Operations of Nuclear Power Plants (10 CFR Part 50) August
21, 1986 (Federal Register 51 FR 30028)
SECY paper, SECY-97-171, "Consideration of Severe Accident Risk in NRC Regulatory Decisions,"
dated July 30, 1997, provides the Commission with a summary and background on how severe accident
risk has been considered by the Commission in past regulatory decision making and how severe
accidents are being considered for potential future actions.
In this policy statement the Commission established two qualitative safety goals based on the principle
that nuclear risks should not be a significant addition to other societal risks.

Annex 3

Relationship between different components of an accident management
programme
Accident management is one of the key components of effective defence in depth. In accordance with
defence in depth, each level should be protected individually, independently from other levels. It means
in particular, that accident management provisions should take place in any case, even if all provisions
within the design basis are adequate.
The following figure shows the relationship between different components of an accident management
programme.

Prevention core
damage Mitigation

-DBA regime BDBA regime

Plant modifications

Plant specific DBA, BDBA analyses

Preventive Accident Management

Emergency Operating Procedures

PSA level 1

-*~ severe accident

Plant specific severe accident analyses

Mitigative Accident Management
Severe Accident Management Guidelines

PSA Ievef2 Plant modifications

Generic procedures
Information needs and
instrumentation upgrades

Systems evaluations Systems evaluations
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Annex 4 Three groups of BDBAs
1. Rare events
- ATWS

ATWS analyses have to be carried through. Based on the results of these analyses measures have
to be implemented which are adequate to reduce the risk
site-specific man-made external impacts (e.g. air-plane crash, external explosion wave), in case of
unacceptable risk measures have to be taken to reduce the risk.

2. Prevention of core damage
Analyses have to be performed for those BDBA sequences, respectively conditions, for which under
consideration of plant internal safety features and corresponding AM measures core damage can be
prevented and plant safe state conditions can be restored. Representative BDBAs to be analysed are
- transients and small LOCAs with loss of secondary side heat removal

steam generator leaks beyond design basis
station blackout (total loss of electrical power)
total loss of cold heat sink (total loss of the safety related service water system)

Depending on plant specific and operational features, or, if available, on corresponding PSA results,
additional accident sequences may be considered.
3. Severe core damage states
Considering severe accident conditions for which core damage could not be prevented mitigative
measures for reducing accidental consequences (particularly for prevention of early containment failure)
have to be foreseen. Main types of scenarios to be considered with regard to the integrity of the Bubble
Condenser Containment are

core meltdown with containment bypass
core meltdown under high pressure
core meltdown with hydrogen burning inside the containment
core meltdown with slow rise of pressure in the containment.

Annex 5: Proposal for new working group
1. Proposal for prolongation of the current working group (Czech Republic):

• to prepare detailed guidelines for the chapter 4 " Background information for review and
implementation of AM measures in accordance with regulatory requirements".

• to prepare some guidelines for implementation of AM in NPPs.
2. New proposal (Czech Republic):

• to prepare regulatory requirements for licensing process concerning lifetime prolongation of
current NPPs with WWER reactors.
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