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Abstract

A broad application of risk-informed decision making in the regulation of safety of nuclear power
plants is hindered by the lack of quantitative risk and safety standards as well as of precise instruments
to demonstrate an appropriate safety. An additional severe problem is associated with the difficulty to
harmonize deterministic design requirements and probabilistic safety assessment. The problem is
strengthened by the vulnerability of PSA for subjective influences and the potential of misuse. Beside
this scepticism the nuclear community is encouraged to intensify the efforts to improve the quality
standards for probabilistic safety assessments and their quality assurance. A prerequisite for reliable
risk-informed decision making processes is also a well-defined and transparent relationship between
deterministic and probabilistic safety approaches.

1. INTRODUCTION

This paper summarises some main unresolved issues which oppose a broader application of
probabilistic evaluations in the routine regulation process. Only technical subjects are investigated;
juridical, administrative and political matters are not considered.

Whereas probabilistic safety assessment (PSA) are a necessary and well established part of periodic
safety analysis and are conducted for nearly all nuclear power plants in Germany, many controversies
exist on probabilistic evaluations within the framework of individual regulation decisions day by day.
In order to justify decisions on backfitting measures, corrective actions or maintenance strategies
probabilistic arguments seem to be overstrained. According to the authors view of the practice in
Germany the methodological reasons for the discussions on risk-informed decision making are the
lack of probabilistic acceptance criteria, the insufficient quality of PSA for this purpose and the
principal problems of harmonization and compatibility of deterministic and probabilistic safety
approaches. This means that the standards as well as the tools to demonstrate an appropriate safety
have not yet reached a status which is appropriate for a efficient and reliable risk-informed decision
making.

2. LACK OF PROBABILISTIC ACCEPTANCE CRITERIA

A main obstacle to the implementation of risk-informed decision making is the fact that quantitative
risk acceptance criteria for all categories of regulatory objective do not exist in the most countries.
Risk-informed decision making is not possible without general probabilistic safety goals as well as
detailed quantitative acceptance criteria on the level of safety function, system and components
reliability. The top level safeiy goals, which give answers to the question "How safe is safe enough",
have to be defined by the policy and society. Before such a definition did not take place, the
elaboration of detailed quantitative acceptance criteria on the safety function, system and component
levels by technical expertise would be without normative foundation and therefore meaningless.

In the international context do exist the two INSAG/IAEA-targets of 10-4/a for the core damage
frequency (CDF) and 10-5/a for the large early release frequency (LERF); in addition to this the
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number of 10-5/a is proposed as a quantitative criterion for the classification of sequences in the
defense-in-depth levels 3 and 4. Only with these figures an effective risk-infoimed decision making is
not possible for several reasons. At first the INSAG/IAEA figures for CDF and LERF are not
obligatory in the member States. Secondly they only are strong indicators for immediate actions if
PSA's show that the figures are exceeded; in the case that they are not exceeded the absolute PSA-
results perform no guidance for regulatory measures. Particularly it cannot derived in such cases that
no further actions are needed to fulfill the regulatory requirements. With respect to the criterion for the
classification into the defense-in-depth levels 3 and 4 it must be pointed to ithe tendency to exclude
some, if not all classical design basis accidents (DBA) from this categorization. The reason is that
these events must remain the basis of design due to their enveloping character although their
frequencies can be much lower than 10-5/a. Summarizing it can be stated that in the present situation,
due to the lack of obligatory overall probabilistic safety goals and of detailed quantitative acceptance
criteria, a risk-informed decision making based solely on absolute figures cannot have a reliable
foundation.

3. INSUFFICIENT ACCURACY AND QUALITY OF EXISTING PSA

Beside the considerable progress in PSA methodology in the last decade, there still remain inherently
large uncertainties in PSA results. In addition to the uncertainties induced by the spread of input data,
uncertainties due to modelling effects must be considered. Furthermore, in some areas different expert
options exists on the appropriate methodological approach, for example in the fields of common-mode
failure and human reliability. Other potentially risk-relevant factors such as the influence of
organization, management and safety culture are normally not considered in current PSA. These facts
lead to the conclusion that even from a methodological point of view the maturity of PSA is not
sufficient in order to serve as an adequate basis for risk-informed-decision making processes.

In addition to these facts it must be considered that in practice the PSA for existing plants do vary
widely in quality, scope and completeness. Examples of the different scope of PSA application is the
treatment of fire, flooding, external hazards and shutdown conditions.

High quality PSA's at least of level 2 (this means that the frequencies of Core Damage and Large
Releases are explicitly and comprehensively treated) are a prerequisite for an effective use of
probabilistic assessments for decision making processes in nuclear safety regulation. It is
acknowledged that sound guideline programs for PSA including guidance for Quality Insurance to
guarantee quality and consistency of future PSA's are underway. But for the present situation it must
be stated that standards are missing to guarantee that PSA have a sufficient quality and that the results
for different plants are comparable.

4. THE RELATION OF DETERMINISTIC SAFETY CONCEPT AND PROBABILISTIC
SAFETY ASSESSMENT

A fundamental impediment for risk-informed decision making is the fact that existing plants are
designed, licensed and constructed on the basis of regulations which are mainly deterministic and were
not formulated to be risk-based. The fundamental approach of nuclear safety is the defense-In-depth
principle with several levels of protection in connection with multiple, successive barriers to prevent
the release of radioactive material in the environmental. The deterministic concept for maintaining at
least one barrier in accident situations relies on set of representative design basis accidents and on
conservative assumptions. These two elements should compensate unknown phenomena resp. not
explicitly treated accidents and introduce large safety margins in the design of the plant. As a result the
plant is capable to deal with a large variety of sequences even beyond the design basis. On tiie other
hand probabilistic safety assessments of the actual plant status should analyse: all possible sequences
and failure combinations individually in a realistic manner. Main challenges on PSA are overall
completeness, realistic modelling and accurate quantification of the investigated accident sequences.
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On these premises probabilistic evaluations are very efficient tools for verifying design deficiencies
and identifying plant vulnerabilities. Such probabilistic insights can be used to introduce additional
safety measures within the design basis (e.g. if conservative supposed assumptions are not
conservative in reality, see the insight that small LOCA's and not large LOCA's put the highest
challenge on the safety systems) or beyond the design basis (e.g. if dominant risk distributors are
identified, see core melting under high primary system pressure). This complementary approach
consisting of a deterministic concept as an overall basis and of additional checks by probabilistic
methods is reasonable and in principle suitable to increase the safety.
Another use of PSA has the potential to lower the safety level namely if the purpose is to reduce
'unnecessary conservatism' or to remove 'undue burden' associated with current requirements. The
decision whether a requirement is unnecessarily conservative or not can only be reliable if the analyst
has explicitly in mind the full purpose and the full context of the requirement. This means for example
that the analyst must reflect all elements of the background of the conservatism. Without a detailed,
complete and transparent analysis of the means of a conservative assumption, a correction of
deterministic requirements by probabilistic arguments seems not to be reliable. Changes in
deterministic requirements should be justified primarily by deterministic arguments rather than by
probabilistic ones.

Because of the fundamental and methodological character of the problems due to the mix of both
approaches, deterministic principles such as the defense-in-depth concept must always override
probabilistic considerations. Probabilistic safety assessments are an excellent element to supplement
deterministic design principles but can never replace them. An vice versa.

5. BENEFITS AND PITFALLS IN USING PSA

It is obvious that the existing probabilistic assessments have substantially promoted the knowledge on
safety and risks of nuclear power plants. The insight have been generic as well as plant-specific.
Important generic insights are related to the phenomena during severe accidents. In connection with
the assessment of the consequences of accidents it was necessary to quantify the source term as
precisely as possible because the knowledge about the nature, time and amount of radioactive releases
are the most important parameters for the determination of the consequences of a nuclear accident.
While in early generic risk studies it was assumed that radioactive releases and the potential of
catastrophic consequences would be an unrealistic worst-case-scenario (due to steam explosion),
recent investigations in the eighties revealed additional phenomena with the potential of early
containment failure. Examples are the effects of Direct Containment Heating, the high-pressure core
meltdown and the hydrogen problem. With these results, the knowledge about the risks of nuclear
reactor accidents was extended dramatically.

Another lesson from generic risk assessments was the result of French studies showing that the risks of
shutdown states should not longer be neglected. Conclusions were drawn from the results of these
generic risk assessments, for example the implementation of accident management measures, the
installation of catalytic hydrogen recombines, or the revision of the instructions for the shutdown
states of the plants.

The results of plant-specific probabilistic safety assessments also revealed important insights. In
particular, a lot of safety-related weaknesses and vulnerabilities were found in nearly every plant. In
many cases, these facts were caused by non-compliance with the deterministic safety requirements.
Depending on their probabilistic significance, different kinds of backfitting measures were provided.
Perhaps more important than probabilistic numbers is the fact that through the analysis the operator
gained a more profound understanding of his plant and that deficiencies were found which were
corrected spontaneously.

It can be stated that existing PSA have led to important progress in the knowledge about the risks of
nuclear accidents as well as about the safety characteristics of individual plant. In many cases the
results of PRA were used for improvements and backfitting measures so that a significant gain in
safety was achieved. On the other hand it cannot be ignored that PSA results can be misused as
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justification to tolerate safety deficiencies or cases of non-compliance with fundamental requirements.
There are many cases in which probabilistic numbers are used as an argument to classify corrective
measures as not urgent even if fundamental deterministic principles are concerned. Numerous cases
are known from the past in which probabilistic arguments were misused in the described sense.
This kind of misuse is encouraged by the high degree of subjectivity which can influence the scope
and the result of probabilistic assessments. This is another fact beside the insufficient quality described
in chapter 3 - that diminishes the value of absolute probabilistic numbers.

6. RECOMMENDATIONS

In the preceding chapters several arguments have been put forward against the introduction of risk-
informed regulation in the nuclear industry at the present time and for existing nuclear power plants.
This does not mean that the benefit of PSA for nuclear safety is disregarded or underestimated by the
author. On the contrary, PSA are regarded as an excellent tool to gain deeper insights into the safety
and risk characteristics from a generic point of view as well as for individual plant. Particularly for the
identification of weakness and vulnerabilities of plant design features, PSA are a modern and highly
effective instrument. This is also valid for its application in comparative decisions and for the
prioritization of different measures.

Fore these applications, PSA can be used in regulation processes. So far, the further development and
a higher degree of standardization are not only desirable but also necessary. Corresponding efforts
should be supported as far as possible. It should be an important goal that for each nuclear power plant
in the world a comprehensive and high-quality level 2-PSA is performed as soon as possible and that
this PSA shoul d be renewed continuously in the sense of living PSA. With this approach, the highest
profit of the probabilistic tools can be achieved. On the other hand, it should be avoided to stretch the
probabilistic tools in areas where PSA have weakness or to pose question on PSA which cannot be
answered by technical experts but only by society and policy. Absolute probabilistic numbers are
useless as long as society and policy have not defined what risk is acceptable or not. PSA experts can
only analyse and give answers to technical questions. They cannot replace risk acceptance criteria.
PSA cannot replace deterministic principles like the defense-in-depth concept; they can only
complement them. Probabilistic tools are most useful and effective for enhancing safety. PSA should
not be misused to justify deterministic deficiencies; this would limit the profit of probabilis tic tools
and their future importance drastically.
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