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One of the aims of the NEA’s Multinational Design Evaluation Programme (MDEP) is to work towards 
greater harmonisation of regulatory requirements.  To achieve this aim, it is necessary that there is a degree 
of convergence on the safety goals that are required to be met by designers and operators. The term “safety 
goals” is defined to cover all health and safety requirements which must be met: these may be deterministic 
rules and/or probabilistic targets. They should cover the safety of workers, public and the environment in 
line with the IAEA’s Basic Safety Objective; encompassing safety in normal operation through to severe 
accidents.  
 
MDEP is also interested in how its work can be extended to future reactors, which may use significantly 
different technology to the almost ubiquitous LWRs used today and in the next generation, building on the 
close co-operation within MDEP between the regulators who are currently engaged in constructing or 
carrying out design reviews on new designs.  For two designs this work has involved several regulators 
sharing their safety assessments and in some cases issuing statements on issues that need to be addressed.  
Work is also progressing towards joint regulatory position statements on specific 
assessment areas. Harmonisation of safety goals will enhance the cooperation between regulators as further 
developments in design and technology occur. 
 
All regulators have safety goals, but these are expressed in many different ways and exercises in 
comparing them frequently are done at a very low level eg specific temperatures in the reactor vessel of a 
specific reactor type.  The differences in the requirements from different regulators are difficult to resolve 
as the goals are derived using different principles and assumptions and are often for a specific technology. 
Therefore a different approach is being investigated, starting with the top-level safety goals and try to 
derive a structure and means of deriving lower tier goals and/or targets that can be seen to be clearly 
related to the higher level ones and set consistent requirements for different technologies.  MDEP has, 
therefore, established a sub-committee to carry out this work.  
 
This paper is a review of the work of this sub-committee over the last eighteen months or so in attempting 
to outline a framework within which potential goals can be included, as a move towards harmonization. If 
the work is successful, and leads to an agreed MDEP approach, it will greatly assist in the process of 
harmonisation. It is important to emphasise that this work has not as yet attempted  to derive specific safety 
goals per se, but to derive a framework, which can be used to understand how the deterministic and the 
probabilistic elements can be integrated in establishing reference level of safety.  
  
Nuclear facilities pose a range of safety issues.  These may be due to normal operational exposures of 
workers and discharges to the public and longer term issues of storage of spent fuel and radioactive waste, 
but much emphasis has been given to the consequences of accidents, particularly to the public. 
Determining how to balance the safety measures needed to prevent and protect against this spectrum of 
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unwanted consequences was difficult and led, in many cases, to overly conservative requirements in some 
areas, whilst  possibly too low a level in others. Whatever, it was difficult to be sure what the levels of 
safety achieved were and whether they were appropriate to the particular situation.  Increasingly, the 
emphasis has been placed on probabilistic assessments to provide risk estimates to support decisions in a 
more balanced approach.  This approach can also incorporate lessons learned from operating experience 
and research results: it has been especially true in the development of methods to analyse accidents. 
Nuclear safety requirements were developed decades ago using deterministic approaches with a defence-
in-depth (DID) philosophy as the foundation of the regulations/requirements. However, some explicit and 
implicit probabilistic considerations were used: these ranged from splitting the design basis faults into 
groups according to frequency with different acceptable consequences: the use of engineering safety 
margins, which had been determined heuristically; to overtly conservative requirements such as the single 
failure criterion. Different approaches were used in different countries, with some using more risk-based 
approaches than others, but in all cases, a DID philosophy, centred on several levels of protection including 
successive barriers and conservative considerations to prevent the release of radioactive material to the 
environment, was, and still is, employed.   
 
Basically, all countries’ fundamental objective is to ensure that nuclear facility operation will not lead to 
significant additional risk to the health and safety of the public, and will not adversely impact the 
environment. In considering the acceptability of a nuclear facility in relation to safety, Governments and 
regulatory bodies define a range of legal, mandatory requirements which are supplemented by regulatory 
requirements which may not have a mandatory nature.   
 
Occupational and public dose limits during normal operation have been established by all countries, and 
these generally conform to the IAEA Basic Safety Standard (1), which is derived largely from the ICRP 
recommendations.  In addition, many countries have developed deterministic and probabilistic goals, 
which are frequently expressed as numbers e.g. doses, frequencies of core damage and release quantities.  
As noted in INSAG-25 (2), which considers risk-informed decision making (RiDM), the design basis 
analysis uses deterministic assumptions by postulating a set of initiating events and scenarios against 
which the plant has to be protected and designed within the limits of specified acceptance criteria. The 
likelihood of postulated events is estimated in a conservative manner, and the acceptance criteria allow 
increasingly severe consequences for accidents of decreasing initiating event frequency. Conservative 
assumptions are made and scenarios bounding other potential accidents of similar nature are looked for to 
ensure that the results provide a generally robust protection against radiation hazards and other harmful 
consequences.  
 
In addition, probabilistic risk targets and Probabilistic Safety Analysis (PSA) are being used by many 
countries to assist in safety decisions by the nuclear industry and by the safety authorities. Many countries 
have developed probabilistic safety criteria which have generally been defined as targets or goals i.e. not 
mandatory.  Taken together, these criteria range from worker risk, societal risk, offsite releases, core 
damage, whilst other, lower level criteria, have been used in various risk-informed applications over the 
last few decades. Some countries have also developed criteria for long–term restrictions on the use of 
extensive areas of land and water, should a major accidental release of radioactivity occur.  
 
Although PSA methodology has now reached a relatively mature level of sophistication, and provides an 
integrated and systematic examination of safety aspects of design and operation that can be used for a 
range of applications, it is recognized that PSAs do not model all aspects of design and operation.  This 
adds an additional level of uncertainty to the bottom line numerical estimates, which by the nature of the 
modelling, contain aleatory and epistemic uncertainties.   Accordingly, in using calculated numerical 
results it must be remembered these are risk metrics and care must be taken not to assume that they are 
accurate measures of risk that can be compared with frequentist data from, say, road traffic accidents. 
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Nevertheless, integration of deterministic and probabilistic elements, using risk as a decision-making 
paradigm to determine a balanced approach, can lead to more coherent decisions.   
 
Whilst many countries use PSAs as a supplement to deterministic requirements, some countries use PSAs 
as a complement to the deterministic requirements. The complementary use of PSAs leads to identifying 
areas for safety enhancement and also supports flexibility in eliminating requirements if the requirement is 
shown through probabilistic analyses to have very low risk. The supplementary use of PSAs would allow 
imposing additional requirements based on the PSA results but not eliminate any deterministic 
requirements irrespective of the risk.  
 
Although the predominant type of reactor that is being used currently is the LWR (and mostly PWR), there 
are several other types of reactor in use in various parts of the world: in addition, other types of nuclear 
facility exist in many countries.  Future NPP designs, within the Generation IV ambit, cover many different 
technologies, some with no obvious parallel with current designs. Hence, to ensure that the safety of the 
population is consistently achieved, high level safety goals which can be applied to all types and designs 
need to be defined. Thus, the term safety goals must be recognized as covering the whole range of safety 
issues that need to be addressed, from normal operation, through to major accidents.   From this basis, 
lower level safety goals can be derived for specific types of facility and design, in a coherent manner.  
The safety goals that are enshrined in law or are promulgated by regulators are usually expressed in terms 
of specific technology and at a fairly detailed level.  Frequently they are based on a series of assumptions 
of modelling and/or data relevant to a particular technology, or even design. Thus, although several 
surveys have gathered the safety goals from a wide range of countries, it has been difficult to do more than 
say that they are roughly in line.  However, notable differences do arise and without an understanding of 
the reasons for this – and specifically how these different requirements have arisen - trying to 
harmonisation them is doomed to failure. The proposal was therefore made to the MDEP Steering 
Technical Committee that a different approach should be tried leading to the sub-committee being 
established.   
 
The first task of the sub-committee was to collect from the participating countries, the basic safety 
requirements – we referred to them as High Level Safety Goals.  We also held discussions with WENRA, 
who through their Reactor Harmonisation Working Group are developing Objectives for New Reactors (3) 
and, through a member of the sub-committee, with IAEA thinking in this area.  In addition meetings with 
the NEA, CSNI WGRisk group and the Generation IV Reactor Safety Working Group were held. 
The conclusions were that most, if not all, countries subscribe to the view that NPP should only add 
insignificantly to the risks which the population is exposed. In many cases this is based on 1% or 0.1% of 
risks of death of individuals or cancer, respectively.  These considerations should cover normal operational 
exposures of workers, radiation and radioactivity discharges to the environment as well as accidents.   
Although many safety goals are based on the effects on individuals, all countries recognise that the 
consequences of a nuclear accident can affect wider aspects such as effects on use of land or food 
production.  For this reason, countries all propose that, for new reactors, offsite releases of radioactivity 
should be reduced to a low level (i.e. the ALARP concept).  
 
As noted, all countries utilize a DID concept to make safety decisions. INSAG-12 (4), provides an 
excellent discussion of the DID concept.  This concept is also a prime factor in meeting Principle 8, 
Prevention of Accidents, in the IAEA Safety Fundamentals (5) and a key attribute of the Design Safety 
Requirements for NPP (6) and the Safety Guide supporting it. Most, if not all, countries generally follow 
the IAEA Safety Standards and may also consider other IAEA documents. The IAEA suite of the Safety 
Standards, from the Fundamentals, through Requirements to the Safety Guides, is an important consensus 
baseline for moving towards harmonisation.   
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Overall, the DID philosophy has resulted in excellent safety record of nuclear facilities and the sub-
committee proposes that the framework for defining safety goals should be based on a DID structure.  An 
extended DID framework has been devised which encompasses an approach for integrating the 
probabilistic and the deterministic elements in making safety decisions.  This is, in effect, a way of 
developing, in more detail, the INSAG25 RiDM approach.  The subcommittee have proposed a 
hierarchical set of Safety Goals, each level being linked to the higher level, but giving more detailed 
requirements.  This hierarchical scheme can be extended to detailed technology-based goals and targets.  
Whilst goals are often qualitative and express what is to be achieved, targets are usually quantitative and 
are a measure of the achievement. 
 
The main MDEP committees are considering these proposals. 
One of the proposals, which is generally agreed, is that the goal, and hence the derived target, for core 
damage states should provide a higher level of safety than previously. According to a survey by NEA 
relating to new reactors (7), in general, a core damage frequency target of 10-5 per reactor year is being 
applied by most countries for new LWR-type reactors. Requirements for large offsite releases to be either 
“practically eliminated” or must be of a low frequency, typically, 10-6 per reactor year, are also being 
applied by many countries.  However, it is important to remember that when deriving values for 
comparison with these targets, the assumptions and models used may be different in different countries.   
Hence, when comparing analyses with targets it is essential to ensure that the underlying assumptions are 
consistent. 
 
The sub-committee’s work is not finished and it is intended to finalise its report to the main MDEP 
committee in the autumn of this year.  Position Papers on Safety Goals and Integrated Risk-informed 
Decision Making have also been drafted and await endorsement by MDEP later this year and, then, we 
hope, will be issued via the website.  The future work will not be carried in isolation: it is a feature of the 
work that we see ourselves as a catalyst to bring together other groups.  Over the coming months, subject 
to MDEP approval, we will work in conjunction with other interested organisations, including those with 
which we have already opened discussions.  The longer term future is to close off the work when we are 
satisfied that other, more appropriate bodies, especially the IAEA, can take it forward in a suitable fashion.   
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