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FOREWORD

The International Symposium on Severe Accidents in Nuclear Power Plants,
organized by the International Atomic Energy Agency and co-sponsored by the
Nuclear Energy Agency of the OECD, was held in Sorrento, Italy, from 21 to
25 March 1988.

The symposium was attended by over 300 participants from 35 Member States
and 4 organizations. There were 72 oral presentations and 28 poster presentations.
In addition, a special session devoted to the publication entitled Basic Safety
Principles for Nuclear Power Plants was organized by the International Nuclear
Safety Advisory Group (INSAG) in the form of a panel discussion.

At the commencement of the symposium opening statements were made by the
Minister of Industry, Commerce and Trade of the Italian Government (A. Bettaglia),
the IAEA Deputy Director General and Head of the Department of Nuclear Energy
and Safety (L. Konstantinov), the Director General of the Nuclear Energy Agency
of the OECD (H. Shapar), and the Director of the Italian Commission for Nuclear
and Alternative Energy Sources (G. Naschi), representing the host organization.

The objective of the symposium was to provide a forum for an international
exchange of information on the scientific and technical aspects of severe accidents,
and on the rationale and implementation of severe accident practices in participating
countries.

The scientific and technical programme consisted of nine sessions covering the
following topics: (1) national positions and practices on severe accidents; (2) accident
initiation and analysis; (3) accident research and development; and (4) accident
management.

The papers provided an excellent overview of different national approaches,
with the overall emphasis on preventive, mitigative and accident management
measures. Every reasonable effort is being made in design and operation to prevent
accidents from happening and to limit the consequences of any that might occur.
However, it is also generally considered prudent to introduce design modifications
and operational changes and prepare contingency plans for dealing with a possible
accident. The actual measures taken vary from country to country but usually involve
detailed extended or new emergency operating procedures and the use of existing
and/or new systems to limit off-site releases. Containment filtering and venting, the
use of mobile equipment and the utilization of external water sources were among
the options presented and discussed in detail.

The interest of regulators, research workers and operators in severe accidents
is continuing and there is growing interest in the use of probabilistic methods to
isolate important issues and to evaluate the alternatives available for dealing with
different accident initiation scenarios and situations.



Gradual improvements in the understanding of accident phenomena continue
and progress was clearly demonstrated during the sessions devoted to accident
research and development. The most important outcome is a clear awareness of
accident management questions. The filtered venting of containments was one of the
most controversial issues discussed and is likely to attract much attention in the near
future. Most of the questions related to filtered venting systems and other accident
management measures are extremely design dependent, which makes it difficult to
reach any general conclusion at the present time.

The International Atomic Energy Agency wishes to express its special thanks
and appreciation to the Government of Italy and the Italian Commission for Nuclear
and Alternative Energy Sources (ENEA) for its outstanding support, generous
hospitality and the comprehensive and efficient services provided. These contributed
greatly to the smooth running and success of the symposium.
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Abstract

SEVERE ACCIDENTS: NATIONAL POSITION AND PRACTICE IN ITALY.

Activities concerning severe accidents in Italy aim at
further implementing the defence in depth principle, once
all reasonable preventive provisions against core damage
have been taken. In mid-1985 a tentative position for use
in Italy was developed in order to govern the consideration
of severe accidents in safety analyses. It was also
presented and discussed at international meetings. This
position, presently still in a trial implementation phase,
can be generally expressed as follows: It is considered
realistic to ensure, by additional accident management
provisions, with a conditional probability higher than 95%,
that external releases of iodine or caesium, in situations
otherwise leading to uncontrolled severe accidents, will be
limited to within 0.1% of core inventory. Both accident
management actions and pre-existing openings in the
containment have to be taken into account. The way in which
this approach is being implemented is, quite naturally, by
the completion of plant specific probabilistic safety
studies (PSSs) of Level 2. These take into account accident
management actions and supply a complete picture of typical
severe accident scenarios and of needed procedural and
hardware provisions necessary to satisfy the stated
probabilistic objective. One additional criterion adopted
requires the preferential use of passively actuated and
operated emergency systems for severe accident situations.
Completion of the PSSs for plants of present interest in
Italy is expected in mid-1988. Provisions already
identified as advisable or necessary for Mark II and Mark
II1I BWRs are: a passive filtered venting system, a passive
reactor cavity flooding system and a number of preparations
in view of simple or 'rustic' emergency actions, not
requiring personnel specialized in nuclear plant operation.
These actions mainly consist of adding water to the vessel
and to the containment. Hardware provisions for severe
accidents might not be required to comply with the same
redundancy and strength criteria as the engineered
safeguards pertaining to design basis accidents. Final
decisions in this connection will be taken while keeping in
mind the probabilistic target mentioned above.
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1. GENERAL OBJECTIVE

The objective of the activities concerning severe
accidents in Italy is the search for means to further
implement the defence in depth principle, both for existing
plants (backfitting) and for new ones, once all reasonable
prevention provisions against core damage have been taken.
Under this perspective, an answer is sought to the
following questions:

{1) Wwhich realistic reference upper limits can be
established for releases of radiocactive products to the
environment (source terms), even under severe accident
conditions, taking into account the best possible
exploitation of the plant characteristics, through the
establishment of an accident management structure
(procedures, equipment, training)?

(2) which provisions, concerning both procedures and plant
equipment, have to be implemented at specific plants in
order to keep severe accident source terms as low as
reasonable and, in any case, lower than the above
mentioned upper limits?

The form in which the severe accident problem is
stated, as reflected by the two preceding questions, is
related to the adoption in Italy of reactors having a
similar technology and to the adoption of the idea of a
nationwide emergency planning scheme in the presence of a
homogeneous siting policy [1].

Nuclear power plants in Italy are, in particular, based
on light water cooled and moderated reactors (LWRs) which
form a class with similar severe accident problems. In this
condition it is quite clear that an upper bound generic
sodrce term is a convenient datum for a number of order of
magnitude evaluations. This upper bound source term,
indeed, sets a first reference for the gross definition of
in-plant hardware provisions and for external emergency
measures.

Besides the definition of an upper bound release, the
second of the two preceding questions requires specific
plant studies intended to push further the implementation
of the defence in depth at the individual plant level along
tpe line of an 'as low as practicable' principle.

2. ACTIVITIES

Activities intended to offer a practical solution to
the above stated problems were strongly enhanced in Italy
in the early 1980s, concurrent with the remarkable advances
made internationally in that period of time in severe
accident knowledge. An ad hoc study group was created, the
Source Term Working Group (GLAST), including
representatives of the Italian regulatory body (ENEA/DISP)
of the research and promotion departments of ENEA, of the
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governmental electric power body (ENEL), of industry
(ANSALDO) and of universities. Intense participation in
international research programmes and study groups has
helped Italian organizations to obtain the necessary
phenomenological insight and to acquire suitable analytical
tools. The first phase of the work was devoted to
preparatory and scoping studies and was followed by
increasingly detailed analyses and evaluations.

At present, most of the individual plant studies are
nearly completed. The type of additional plant improvements
is clear and only the choice between some design
alternatives and the precise definition of design input
data has to be performed. It is expected that the
implementation phase will start in 1988.

The regulatory procedure followed includes, as usual in
Italy, a request (already filed) from the regulatory body
(ENEA/DISP) to the electric power body (ENEL) to prepare an
official proposal for plant and procedure modification, a
review of the proposal and the approval of a final solution
before the start of site implementation.

3. CRITERIA

As an outcome of the preparatory and scoping studies,
in mid-1985 a tentative position for use in Italy was
developed in order to govern the consideration of severe
accidents in safety analyses. It was also presented and
discussed in international meetings {2, 3]. This position,
presently still in a trial implementation phase, can be
generally expressed as follows: it is considered realistic
to ensure by additional accident management provisions,
with a conditional probability higher than 95%, that
external releases of iodine or of caesium, in situations
otherwise leading to uncontrolled severe accidents, be
limited to within 0.1% of core inventory. Both accident
management actions and pre-existing openings in the
containment have to be taken into account.

This criterion should be complied with for each group
of phenomenologically similar severe accident sequences,
e.g. small break loss of coolant accidents (LOCAs) without
emergency core cooling systems, transients without
suppression pool cooling for BWRs and so on. This
additional requirement is intended to ensure a balanced
treatment for all of the typical accident scenarios, each
one represented by a group of similar sequences.

For most groups of unmitigated accident sequences, core
melt intervenes before containment failure. For these
cases, the above criterion can be stated also as follows:

External releases of iodine and caesium are limited to
0.1% of core inventory with a probability, conditional upon
core melt, higher than 95%. Some sequences, however, exist
for each type of reactor in which the timewise sequence of
events is reversed, namely, again without any mitigating
action, the containment failure precedes the core melt.
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Examples are the more severe anticipated transients without
scram (ATWS) in BWRs and the interface LOCAs (V sequences)
in PWRs. In order to accommodate these cases, too, as the
last formulation of the criterion is not applicable, the
following additional requirements can be used:

(a) The overall (all groups of normal and reversed
sequences) probability of external iodine and caesium
releases higher than 0.1% is lower than 5% times the
overall core melt probability; and

(b) The contribution of the reversed sequences to the
overall probability of releases higher than 0.1% is not
a dominant one.

In any case, no sharp increase of external releases
should exist for probabilities lower than 5% times the
overall core melt probability and close to this same
probability value (absence of any 'cliff edge' situation).

The position illustrated above mentions radicactivity
releases of iodine or caesium only. It is, however, implied
that the release of other isotopes will result from the
application of state of the art models and computer codes.
It is expected in general that noble gases will be almost
totally released to the outside in case of a severe
accident (fractions of core inventory higher than 10%) and
that isotopes generally less volatile than iodine or
caesium (such as rare earths and actinides) will be
released in fractions substantially lower than those
pertaining to iodine and caesium.

In general terms, the following four considerations
formed the conceptual basis of the stated position:

(1) Most present plants already incorporate significant
safety margins which enable them to cope with accident
situations more severe than the design basis ones.

(2) Severe accident sequences of practical interest, with
the exception of theoretical and probably impossible
ones, evolve in such a time-span that human remedial
actions to terminate them (accident management) are
possible: these actions enhance the effect of the
safety margins mentioned above.

(3) Remedial interventions by plant personnel or by other
emergency personnel can be favoured by the availability
of suitable procedures and training in such a way as to
make the interventions fully credible.

{4) A rather limited safety objective has to be chosen in
order to make the treatment of severe accidents a
constructive one in terms of increased safety level of
the plants.

Even in this last case, limits are not only restrictive
but they are constructive too. The way in which this
principle is implemented in this case is to require a
drastic mitigation of all but the most unlikely (and
perhaps impossible) severe accident sequences by the use of
guantitative probabilistic limits instead of a risk
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reduction target. Indeed, a different statement of the same
concept can be that a full risk reduction based approach
would discourage possible and clearly beneficial safety
improvements. As in other cases [4], here risk is not a
good decision tool for operative provisions.

The reason for this situation lies in the fact that
current global accident risk evaluations tend to be
dominated by the rather speculative low probability, high
consequence type of events. The importance of the more
soundly known region of non-extreme sequences is thus
obscured. Paradoxically, here the commendable attempt to
include in risk analyses even the less likely, rather
speculative, events acts, in the end, against the
implementation of feasible improvements of plant safety,
while there is no evident sensible basis for this. .The
concurrent negative effects on public perception of danger
are to be noted too.

A typical example of a rather theoretical, probably
impossible, sequence characterized by a very low estimated
probability and by a large uncertainty is the one involving
core melt followed by a sudden, destructive steam explosion
capable of breaking the reactor containment. Many tonnes of
finely subdivided corium melt should simultaneously react
with water in order to start such a phenomenon. These
sequences are bound to dominate the overall calculated risk
of external consequences because of the associated large
radiocactivity releases. In view of their very low
probabilities, and of the fact that their inclusion in a
severe accident criterion tends to conceal the benefit of
the feasible accident management provisions, the criteria
described above are formulated in such a way as to require
the consideration of the less unlikely severe accident
sequences only, including however steam spikes and limited
steam explosions. The pursuit of the defence in depth
principle is, together with the exercise of good common
sense, responsible for this choice. It is noted here that
in this respect the Italian approach is similar to that
adopted in a number of other countries.

Some explanation seems appropriate here about the
reasons for choosing a quantitative probabilistic
formulation of the severe accident criteria instead of a
qualitative one. Also it is useful to explain the choice of
the specific probabilistic parameters and figures adopted.

Probabilistic methods and criteria have been adopted
with satisfaction in Italy for many years as auxiliary
tools for decision making in safety analyses and in
combination with deterministic methods. More recently, in
the pursuit of severe accident safety analyses, the merits
of the probabilistic methods as an additional valuable tool
for decision making were reaffirmed. They provide elements
for decision on issues such as:

(a) Ranking severe accident sequences in order of priority
for additional safety (accident management)
requirements;








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































