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CATEGORIES IN THE IAEA SAFETY SERIES

A new hierarchical categorization scheme has been introduced, according to 
which the publications in the IAEA Safety Series are grouped as follows:

Safety Fundamentals (silver cover)

Basic objectives, concepts and principles to ensure safety.

Safety Standards (red cover)

Basic requirements which must be satisfied to ensure adequate safety for 
particular activities or application areas.

Safety Guides (green cover)

Recommendations, on the basis of international experience, relating to the ful
filment of basic requirements.

Safety Practices (blue cover)

Practical examples and detailed methods which can be used for the application 
of Safety Standards or Safety Guides.

Safety Fundamentals and Safety Standards are issued with the approval of the 
IAEA Board of Governors; Safety Guides and Safety Practices are issued under the 
authority of the Director General of the IAEA.

An additional category, Safety Reports (purple cover), comprises independent 
reports of expert groups on safety matters, including the development of new princi
ples, advanced concepts and major issues and events. These reports are issued under 
the authority of the Director General of the IAEA.

There are other publications of the IAEA which also contain information 
important to safety, in particular in the Proceedings Series (papers presented at 
symposia and conferences), the Technical Reports Series (emphasis on technological 
aspects) and the IAEA-TECDOC Series (information usually in a preliminary form).
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FOREWORD

Probabilistic safety assessment (PSA) is playing an increasingly important role 
in the safe design and operation of nuclear power plants throughout the world. The 
activities of the International Atomic Energy Agency in this area are focused on 
facilitating the use of PSA by reviewing the techniques developed in Member States, 
assisting in the formulation of procedures and helping Member States to apply such 
procedures in order to enhance the safety of nuclear power plants.

In this context a set of publications is being prepared that aims at establishing 
a consistent framework for conducting a PSA and forms of documentation that would 
facilitate the review and utilization of the results. Since December 1986 several 
Advisory Group meetings, Technical Committee meetings and consultants meetings 
have been convened by the IAEA in order to prepare the publications.

The lead publication for this set establishes the role of PSA and probabilistic 
safety criteria in nuclear power plant safety. Other publications discuss procedures 
for the conduct of PSA in nuclear power plants and recognized practices for specific 
areas of PSA, such as the analysis of common cause failures, human errors and 
external hazards and the collection and analysis of reliability data.

The publications are intended to assist technical persons performing or 
managing PSAs. They often refer to the existing PSA literature, which should be 
consulted for more specific information on the modelling details. Therefore, only 
those technical areas deemed to be less well documented in the literature have been 
expanded upon. The publications do not prescribe particular methods but they 
describe the advantages and limitations of various methods and indicate the ones 
most widely used to date. However, they are not intended to discourage the use of 
new or alternative methods; in fact, the advancement of all methods that achieve the 
objectives of PSA is encouraged.

The IAEA wishes to convey its thanks to all those who participated in the 
drafting and review of the publications.
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1. INTRODUCTION

An important part of the IAEA’s programme in nuclear safety is dealing with 
various ways of reducing the likelihood and the magnitude of nuclear power plant 
accidents with potential radiological consequences. The conduct of probabilistic 
safety assessment and the establishment of probabilistic safety criteria are important 
elements to this end. The estimation of risk (i.e. a measure of the probability of and 
consequences associated with undesirable events) has long been recognized as an 
appropriate means, amongst others, to assess the acceptability of potentially 
hazardous activities.

The purpose of this Safety Report is to provide guidelines on the role of 
probabilistic safety assessment (PSA) and a range of associated reference points, col
lectively referred to as probabilistic safety criteria (PSC), in nuclear safety. The 
application of this Safety Report and the supporting Safety Practice publication [1] 
should help to ensure that PSA methodology is used appropriately to assess and 
enhance the safety of nuclear power plants.

The guidelines are intended for use by nuclear power plant designers, opera
tors and regulators. While these guidelines have been prepared with nuclear power 
plants in mind, the principles involved have wide application to other nuclear and 
non-nuclear facilities.

In Section 2 of this Safety Report guidelines are established on the role 
PSA can play as part of an overall safety assurance programme. Section 3 summa
rizes guidelines for the conduct of PSAs, and in Section 4 a PSC framework is 
recommended and guidance is provided for the establishment of PSC values.

2. THE ROLE OF PSA

PSA provides a comprehensive, structured approach to identifying failure 
scenarios, constituting a conceptual and mathematical tool for deriving numerical 
estimates of risks. Nuclear power plant PSAs are normally performed at one of three 
levels. Each level can have a matching level of PSC against which the quantitative 
results of PSA can be evaluated.

1
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A Level 1 PSA identifies sequences o f events that can lead to core d am ag e .1 
It can provide m ajor insights into design strengths and weaknesses and into ways of 
preventing core dam age, which in m ost cases is the precursor to accidents leading 
to large off-site radioactive releases with potential health and environm ental 
consequences.

In addition to the investigations o f  Level 1, a Level 2 PSA identifies ways in 
which radioactive releases from  the plant can occur and estim ates their m agnitudes 
and frequencies. A Level 2 PSA can provide additional insights into the relative 
im portance o f accident sequences leading to core dam age with respect to the 
severity o f  the radioactive releases they might cause and into ways o f im proving the 
m anagem ent o f  accidents, including the mitigation o f their effects.

In addition to the investigations o f  Level 2 , a Level 3 PSA estimates public 
health risks, and sometim es other societal risks, and can provide insights into the 
relative im portance o f accident prevention and mitigation m easures expressed in 
term s o f adverse consequences such as public health effects o r the contam ination of 
land, a ir, w ater o r food.

N uclear pow er plants are typically designed on the basis o f a set o f deter
ministic rules aimed at preserving plant integrity and public health from  all plant 
operational conditions and from  postulated accidents. Central to the determ inistic 
approach is the concept o f  defence in depth, which requires successive barriers to 
prevent the release o f radioactive m aterial to the environm ent and the protection of 
the barriers them selves. A lso, determ inistic safety analysis has norm ally been the 
prim ary method o f  dem onstrating plant safety analytically. This involves the analysis 
o f predefined accident situations, norm ally accom panied by a set o f conservative 
assum ptions, to show that specified acceptance criteria have been met. Although 
PSA techniques have im proved considerably over the last decade, lim itations in the 
process rem ain and reliance must also continue to be placed on determ inistic proce
dures, techniques and criteria that have been used in the past to ensure safety. PSA 
and PSC play a com plem entary role to determ inistic m ethods o f safety design and 
assessment.

One o f the differences between PSA and traditional determ inistic safety analy
sis is that PSA uses a systematic approach to identify accident sequences that can 
arise from  a broad range o f initiating events, and it involves a m ore realistic estim a
tion o f accident frequencies and consequences. An additional feature o f PSA is that 
it explicitly perm its the quantification o f some o f the uncertainties in safety 
assessment.

1 The quantitative results o f a Level 1 PSA, as far as the estimated frequency of core 
damage is concerned, greatly depend on what has been defined as core damage. Most PSAs 
performed to date have conservatively defined core damage as the result of every accident 
sequence in which the core parameters exceed their design basis limits.

2
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The main objective o f PSA is to provide qualitative and quantitative inform a
tion and insights into plant design, perform ance and environm ental impact, including 
the identification o f dom inant risk contributors and com parison o f options for 
reducing risk. In doing so PSA provides a com m on basis for evaluation and com pari
son o f options for improving the safety o f the plant (e.g. m echanical, electrical 
and structural hardw are changes, operational practices and conditions). PSA 
m ethodology provides various quantitative estimates that can assist in safety related 
decision making. PSC provide a means to evaluate the quantitative results o f PSA, 
and together PSA and PSC can form  a consistent and integrated fram ew ork for 
supporting decisions affecting the safety o f nuclear pow er plants.

PSA has been shown to provide im portant safety insights additional to those 
provided by determ inistic analysis, and this Safety Report encourages its use. For 
existing plants the resource requirem ents for producing a PSA and the potential 
benefits will depend on a num ber o f  factors, including the expected plant lifetim e, 
the perceived risk, the availability o f data, the ability to carry out realistic calcula
tions and the determ inistic criteria used in the original design. To determ ine the 
appropriate extent o f PSA for particular plants, M em ber States will need to weigh 
the potential benefits and resource requirem ents, taking account o f areas w here these 
resources could be otherw ise em ployed to reduce risk.

2.1. ROLE OF PSA IN DESIGN AND BACKFITTING

PSA should be used as part o f the process o f  design and backfitting to assess 
the level o f safety o f the plant, to identify com ponent and system failure modes to 
obtain a clear understanding o f the equipm ent needed to m itigate the effects o f these 
failures, and hence to identify the areas where im provem ent would be most effective. 
PSA can be used to assist in the com parison o f alternative designs and o f alternative 
technologies on the basis o f risk, while at the same time allowing designers and 
operators greater flexibility in meeting the safety objectives.

Because design or procedural weaknesses which are recognized early can be 
wholly or partly corrected less expensively than those which rem ain until the plant 
is in operation, the PSA process should be started early in the plant life cycle.

The impact o f proposed design changes on PSA results should be reviewed 
before implementation o f the changes. One o f the benefits o f having a PSA available 
is that PSA results can be reviewed as part of the evaluation o f alternative ways of 
meeting a design change objective.

2.2. RO LE OF PSA IN ACCID EN T M A N AG EM EN T

PSA should be used to assist in the evaluation and establishm ent o f procedures 
to prevent o r reduce the magnitude o f a significant radioactive release in the unlikely

3
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event that design lim its are exceeded. Inform ation regarding potentially severe acci
dents can provide insights into their progression, the associated accident environm ent 
and recovery requirem ents. PSA can also highlight the role played by the operator 
and can assist in early recognition o f events or conditions that can lead to core 
dam age. PSA inform ation can be used to ensure the consistency o f existing em er
gency procedures with predicted conditions during severe accidents. It can also be 
used to enhance operator training program m es.

2 .3 . O PER A TIO N A L ROLE O F PSA

PSA results can identify im portant operator/m aintainer actions and can be used 
in the developm ent o f normal and em ergency operating procedures. Test procedures 
and allowable outage tim es can be optim ized through the use o f PSA methods. 
A ccident sequences identified as having a significant, albeit low, likelihood of 
occurrence should be covered by em ergency operational procedures.

PSA results can be used in the identification o f systems and safety features 
which should be subject to periodic testing. PSA results can also be used in the 
identification o f com ponents which should be subject to in-service inspection.

PSA can be used in the evaluation o f the safety significance o f incidents 
occurring in the plant.

Off-site em ergency preparedness plans can be review ed in the context o f PSA 
results to determ ine whether they cover an adequate spectrum o f severe accidents.

PSA models and results should be periodically updated so as to review  the 
integrated impact o f  any changes in design, failure data o r operational procedures 
(test, maintenance o r em ergency). It is often m ore practical to  use system and func
tion level PSA results to support operational decision making rather than higher level 
results.

2 .4 . SAFETY A N ALY SIS/RESEA RCH  ROLE OF PSA

PSA results should be reviewed to  determ ine whether additional scenarios need 
to be considered using determ inistic safety analysis.

W here PSA results have identified areas o f  potentially significant uncertainty, 
safety research program m es should be review ed to determ ine w hether these areas are 
being adequately addressed.

Prioritization o f  the elem ents in a safety research program m e can be facilitated 
by the results o f  PSA. This can be m ost effective if  the results o f PSAs on several 
plants are available and applicable.

4
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2.5. REGULATORY ROLE OF PSA

A PSA, if available, should be considered as part o f the regulatory body’s 
safety review o f plant design and operation. The PSC defined in Section 4 can be 
used in the review  process.

It is suggested that the evolution o f the regulatory body’s determ inistic guide
lines should take into account insights from  PSA. Such review s, over tim e, can iden
tify areas where the coverage o f  existing regulations may be inadequate, as well as 
areas where regulations may be overly stringent.

3. PSA MANAGEMENT, 
METHODOLOGY AND DOCUMENTATION

PSAs should be prepared within a consistent fram ew ork to ensure the proper 
treatm ent o f im portant PSA issues, to facilitate review  and to provide a consistent 
basis for intercom parisons or the com parison o f  results against established PSC. 
Detailed procedural guidelines on PSA m anagem ent, methodology and docum enta
tion can be found in Ref. [1], A t present these procedures are lim ited to Level 1 
PSA.

3.1. PSA M A N AG EM EN T

The PSA team  should consist o f individuals with intimate knowledge o f plant 
design and layout, individuals with knowledge o f operational aspects o f the nuclear 
pow er plant, individuals expert in PSA techniques, and other individuals as 
appropriate, depending on the particular scope o f the analysis.

The objectives and scope o f the PSA should be clearly stated at the beginning 
o f  the assessment.

Procedures to ensure the technical quality o f PSAs should be established at the 
beginning o f the assessment. The procedures should be consistent with the require
ments established in the overall quality assurance program m e for the nuclear pow er 
plant project. Peer review  is im portant in ensuring the quality o f a PSA.

A data collection and analysis system should be established for each plant. The 
results o f this activity can be used both to verify the accuracy o f the data previously 
used in perform ing a PSA and to provide current plant specific failure param eters 
for PSA updating purposes as part o f a continuous safety evaluation program m e.

5

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



3.2. PSA METHODOLOGY

A PSA should consider initiating events that can lead to core dam age or a 
significant off-site release. These initiating events can be considered during any 
operational states2.

A logic model o f the plant should be developed using appropriate techniques 
(e.g . event and fault trees) to identify accident sequences that can lead to the conse
quence o f concern. The logic model should consider com ponent unavailability due 
to random failures, com mon cause failures, test and m aintenance outages and human 
actions. Special attention should be given to events which could have a significant 
impact on risk, such as dependent failures and recovery actions by operators.

Data used in the quantification o f the plant logic model should be representa
tive o f the existing or expected perform ance o f the plant in question. A ppropriate 
attention must be given to the analysis o f hum an-system  interaction.

The quantitative results o f  a PSA are expressed in term s o f the estimated fre
quency o f  undesirable events or, at the function and system levels, in term s o f the 
estim ated unavailability or reliability. The uncertainty o f the results due to stochastic 
variations in the input param eters o f the models can be calculated. Uncertainties due 
to lack o f knowledge are also present in many input param eters o f the various models 
because o f scarcity or lack o f  data and variability within the population o f plants or 
com ponents and within assumptions m ade by the experts, and such uncertainties can 
be quantified to a degree. The uncertainty which is propagated through the models 
is most often illustrated by providing the range o f values within which the results 
may lie with the associated degree o f confidence.

There are, how ever, other lack-of-knowledge contributors to uncertainty 
which cannot be easily quantified. The im pact o f these uncertainties on the PSA 
results must be recognized. The two principal sources o f such lack-of-knowledge 
uncertainties are:

— M odelling adequacy: the logic and physical phenom ena models do not 
precisely represent reality.

— M odelling com pleteness: it is not possible to guarantee that all possible 
accident scenarios have been identified.

Uncertainty is not caused by and is not unique to PSA. W ith PSA this uncer
tainty is recognized and quantified as far as possible, whereas determ inistic analysis 
uses conservative assum ptions and safety factors to ensure an adequate level o f

2 Operational states are states defined under Normal Operation or Anticipated 
Operational Occurrences. For a definition of Normal Operation and Anticipated Operational 
Occurrences, see Ref. [2].
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safety. Thus it is vital in PSA to assess the potential impact o f  uncertainties by per
form ing, as part o f the PSA, appropriate sensitivity, uncertainty and importance 
analysis.

Assumptions made in PSA models (e.g. system success criteria) should prefer
ably be as realistic as possible. H ow ever, realistic assum ptions must be appropriately 
justified and if necessary backed up by detailed analyses. It may, how ever, be legiti
m ate to use deliberately pessim istic assum ptions and data, in order to reduce the 
analysis or justification effort needed, where the main aim is to show that criteria 
are met. H ow ever, this can give a distorted picture o f the relative im portance o f the 
various contributors to risk, and this fact should be clearly recognized and the 
approach used with caution. Any com puter codes used should be verified and 
validated to the extent possible, including justification o f  em bedded assum ptions, as 
discussed above.

3.3. PSA D O CU M ENTA TION

PSA docum entation should be well structured, com plete, and easy to follow, 
review and update. The various users o f the PSA should be identified and their 
particular requirem ents recognized.

Procedures provided in Ref. [1], which include a standardized form at for 
docum enting the results o f a PSA, should be followed. All systems analysed, 
methods used, models developed, assumptions m ade, data used and results produced 
should be included.

Accident sequences which are im portant in relation to the PSC should be 
clearly identified and discussed.

4. DEVELOPMENT OF PSC

To enhance and systematize the role o f PSA, the results o f PSA can be evalu
ated against PSC that express a desired safety level. Evaluation o f the results o f PSA 
against PSC can provide useful guidance to nuclear pow er plant designers, operators 
and regulators in fulfilling their roles in the provision o f safe nuclear power. The 
developm ent o f PSAs by M em ber States is therefore recom m ended. H ow ever, this 
does not imply a recom m endation for their strict use in a regulatory fram ework.

PSC are generally expressed in term s o f  the frequency o f occurrence o f an 
undesirable outcome. Such outcom es may include health effects in m em bers o f the 
public o r plant w orkers, accidental releases, core dam age, system unavailability, etc.
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The type o f  criterion specified will often reflect its origin and purpose (e .g ., the 
regulator or the corporate safety body policy within a utility may be m ore concerned 
with ‘h igher’ level criteria such as the risk o f health effects, w hereas the designer 
will find m ore useful criteria expressed in term s o f safety perform ance or reliability). 
In a fully developed system o f criteria it is im portant that, in so far as practicable, 
criteria expressed at different levels are internally consistent.

4 .1 . A FRA M EW O RK  FOR PSC

From  am ongst a num ber o f alternative approaches this Safety Report recom 
mends a fram ew ork o f  PSC in which the safety managem ent response to PSA results 
is dependent upon the level o f risks presented. ‘R isk’ is taken to refer to any o f the 
undesirable consequences previously indicated, for exam ple individual fatalities, 
societal consequences or core dam age. The recom m ended scheme is shown in Fig. 1 
and is sum m arized below:

— In Region I the level o f  risk is judged to be so high as to make the practice 
or activity intolerable whatever the benefits. Design changes must be made to 
reduce risks to a level within Region II o r III.

— In Region II the level o f risk is acceptable subject to the overriding require
m ent that all reasonably practicable m easures have been taken to reduce the 
risk. The am ount o f  effort required increases as the level o f risk increases. In 
particular, in proxim ity to the region o f intolerability, m ajor effort could be 
required to achieve a satisfactory degree o f risk reduction.

— In Region III the level o f  risk is judged to be sufficiently low to be broadly 
acceptable, and no additional effort is required to further reduce risk. It is, of 
course, necessary to continue to ensure that the safety levels are maintained 
and to incorporate new safety related inform ation as appropriate.

It is recognized that it is difficult to define the boundaries between Regions I, II and 
III as single precise values. In addition, the practical application o f PSA inevitably 
involves uncertainty and im precision in the estimation o f risks. These factors need 
to be taken into account in assessing PSA results within this fram ew ork and the 
criteria must not be used as absolute go/no-go rules; hence they are shown as hatched 
zones rather than single values in Fig. 1. W ithin such a fram ew ork it is unnecessary 
to define separate levels for old and new plants. H owever, it is recognized that it 
will generally not be reasonably practicable to reduce the risks from  plants in 
operation to the levels achievable in new plants.

The establishm ent o f specific upper and lower risk criteria may be influenced 
by many considerations which will vary with the type o f risk addressed. These con
siderations include public health, social and economic factors. The basic choice of
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FIG. 1. Framework fo r  PSC.

the appropriate levels o f  the public health and societal impact related criteria is essen
tially a sociopolitical decision and can only be made in a national context. The trans
lation o f this decision into a technical definition is, how ever, a technical task, a 
process in which judgem ent will inevitably be involved.

Values chosen for the upper and lower risk criteria under present conditions 
may well change in the future, depending on advances in technology and improving 
knowledge in areas such as the health effects o f radiation. Also, it may be expected 
that differences between M em ber States, for example in their econom ic and social 
structures, priorities for resource allocation and perceptions o f risk, will be reflected 
in differences in their choice o f the two levels o f risk criteria.

As regards Region II in Fig. 1, experience gained in the design, operation and 
safety assessm ent o f existing and planned reactors, representing the state o f the art, 
should provide a good indication o f what is reasonably practicable.
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Broadly

acceptable
region
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Although there is as yet no general international consensus on appropriate 
levels to be adopted for all m easures o f risk discussed here, it is apparent that there 
is a convergence o f views on three o f these, namely the low er levels (targets) for 
individual risk o f fatality, for a large off-site release and for core dam age. Values 
for these are proposed in the following paragraphs.

The PSC suggested in this Safety Report are appropriate for com parison with 
a PSA which has included consideration of both internal initiating events and internal 
and external hazards (e.g. fires, floods and earthquakes). H ow ever, it is recognized 
that quantification o f the risk from  some hazards involves large uncertainties both 
in data and in modelling. Because o f  this, such hazards are not included in a num ber 
o f  PSAs. W here they are included, the PSA results should be judged against the 
recom m ended PSC. W here the PSA does not include all initiators, the contribution 
to the overall risk from  those initiators excluded should be considered by other ana
lytical techniques and their contribution recognized in com paring PSA results to 
established PSC.

Principles and procedures used in establishing com pliance with existing PSC 
in the presence o f the quantified uncertainties are still evolving. It is recom m ended 
that, w here the distribution o f frequencies has been calculated, the mean value rather 
than an upper o r low er bound should be used. W here only point values have been 
used they should be representative o f  a central value. Section 3.2 discusses the evalu
ation o f  uncertainty, including both sensitivity and im portance analyses. The results 
o f  these analyses should be considered when com paring the PSA results with the PSC 
proposed in this publication. H ow ever, no formal rules concerning how this should 
be done are presented in this Safety Report.

4 .2 . PUBLIC H EA LTH  E FFEC T PSC

The risk to an individual and/or to the public in the vicinity o f a nuclear site 
will arise from  all plants situated at that site; hence the basic risk criteria need to 
be related to the site. H ow ever, it may be convenient to define subsidiary plant 
criteria for each installation present o r proposed for a site. In such cases, the 
apportionm ent o f the risk will need to be determ ined.

At the public health level, there is a role for PSC relating to both individual 
and societal risk. The risk will arise both from  exposure resulting from  norm al oper
ation and from  possible accidental releases o f radioactivity. The form er is already 
controlled by the system o f regulations derived from  the recom m endations o f the 
International Com m ission on Radiological Protection (ICRP) and the IAEA . The 
PSC referred to here are therefore restricted in their application to accident 
situations.

Exposure to radiation can result in both prom pt and delayed fatalities, depend
ing upon the m agnitude o f  dose received within the exposed population. W hile it is
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recognized that a delayed fatality is not equivalent to a prom pt fatality, subjective 
considerations are involved in quantifying this difference. Some national authorities 
may wish to apply PSC established for prom pt fatality to delayed fatality as well, 
or to the sum o f both prom pt and delayed fatality contributions. O ther national 
authorities may wish to develop separate prom pt and delayed fatality PSC.

In addition, consideration needs to be given to non-fatal consequences 
(normally non-fatal cancers) caused by the exposure o f populations to radiation. 
H ow ever, risk factors now given include provisions for such non-fatal effects. This 
aspect is therefore given no further consideration.

4 .3 . IND IV ID U AL RISK

PSC for individual risk should be established using the two level approach out
lined in Section 4 .1 . W hen setting the boundary thresholds a num ber o f considera
tions apply:

— Limiting levels for individual workers may be determ ined by exam ining the 
maxim um  levels tolerated in other industries and then a corresponding level 
for the public may be set low er than this by a suitable factor.

— Additional risks arising from  nuclear power plants o r other industries should 
constitute only a small increm ent to the risk to which individuals are already 
subjected.

Against this background the national authority in each country would be 
responsible for setting the upper level (threshold o f tolerability) since the appropriate 
value may vary according to the prevailing legal, economic and social conditions. 
There are already cases where this has been done and which may serve as a guide 
to other coun tries.3

The low er level o f the risk o f individual fatality (design target) should be set 
at a target frequency o f  10~6 fatalities per site per year. This risk criterion applies 
to the frequency o f prom pt fatality. National authorities may wish to set different

3 In the United Kingdom a value o f 10~4 fatalities per year has been proposed as the
threshold of tolerability for the risk of fatality to an individual member of the public from
modern nuclear power stations [3], In the Netherlands, a threshold of tolerability of 10 '5
fatalities per year has been adopted for the total risk from all new industrial activities [4]. Also, 
it is noted that the recommendations o f the ICRP on radiological protection standards for 
normal operation are based on an individual risk limit o f 5 x  10 '5 fatalities per year [5].
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criteria for delayed fatality. When establishing this recommended level, it was 
intended that the estimated risk be calculated with the following assumptions:

— The individual should be considered to be resident at the off-site location yield
ing the largest risk, for a representative period o f time or until such tim e as 
realistic off-site em ergency plans can be effected.

— The individual should be considered to be an average individual with respect 
to dose susceptibility.

— Atm ospheric dispersion calculations should be realistic, i.e . m aking allowance 
for variability in w eather and wind direction.

The resulting risk level is judged as being consistent with the view that additional 
risk should be a suitably small increm ent to existing risks.

4 .4 . SOCIETAL RISK

Section 4.3 has only considered protection o f the individual. Although this is 
a necessary requirem ent it does not by itself ensure public safety, and there is a 
general agreem ent that societal or group risks should be considered when assessing 
the acceptability o f a nuclear plant.

There are many ways o f expressing the societal im pact o f serious accidents, 
such as the num ber o f predicted prom pt or delayed fatalities, agricultural restric
tions, large scale evacuation and economic loss. There is no international consensus 
on which o f these or other m easures should be chosen to develop societal risk 
criteria, as individual countries will need to choose the impacts o f  greatest concern 
to them. Nevertheless, efforts to develop such criteria should be pursued.

A num ber of factors should be borne in mind when developing PSC based on 
societal risk, including public aversion to accidents with high consequences. The risk 
level chosen should decrease as the consequences increase. The criteria should be 
relatively sim ple to understand, and should take into account the im precision o f  PSA 
estimates that predict societal effects (either health effects o r others).

4.5 . O FF-SITE RELEA SE PSC

A large off-site release o f radionuclides can have severe societal consequences 
over and above those associated with public health, as discussed above. In view of 
the difficulty and com plexity o f  establishing societal risk criteria that adequately 
address these varied concerns, attention is sometimes focused on somewhat sim pler 
criteria aimed at restricting the frequency o f a severe accident leading to such a large 
release, since it is clear that this must be made a highly unlikely event. Such criteria 
can then act as a surrogate for societal risk criteria. In addition, this approach only
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requires that a Level 2 PSA be perform ed for this purpose, rather than a Level 3. 
Thus it is related m ore specifically to the plant itself and need not also take account 
o f site specific factors such as the population distribution in the vicinity o f the plant.

In order to establish off-site release criteria, a measure of the severity o f the 
release must be chosen and then a frequency threshold selected which is appropriate 
to the severity o f  the release. If  it is desired to cover a range o f release sizes to take 
account o f the very wide range o f consequences that are possible, then a series o f 
points (frequency versus release size) should be established. The tendency at present, 
however, is to focus on ju st one point reflective o f a large release.

V arious m easures or criteria for assessing release severity have been proposed 
or are already in use. These include:

(a) The total activity released in specific radionuclide groups;
(b) The total activity released expressed as a fraction o f the plant inventory, e.g.

0 .1%  o f the core inventory, excluding noble gases;
(c) W hether a release could cause at least one prom pt fatality off-site;
(d) W hether a release could give a specified dose to any person off-site, e .g . a 

release sufficient for evacuation to be initiated;
(e) W hether a release could give a specified dose at a specified distance from  the 

plant, e .g . a release sufficient to require extension o f the em ergency plan 
beyond its detailed planning zone;

(f) W hether a release leads to ‘unacceptable consequences’, deliberately left 
undefined.

There is at present no international consensus on the most appropriate measure 
o f what constitutes a large off-site release. H owever, M em ber States should give 
serious consideration to establishing their position on a criterion for large off-site 
releases. To assist in this, some examples are given below. It may be noted that in 
all three examples a frequency o f 10"6 per reactor-year has been adopted. This 
suggests that it may be possible to achieve a consensus in the future on the definition 
o f a large off-site release, o r at least on a rough equivalence of the various measures 
adopted.

The following are examples o f the current practices in M em ber States:

In the United States o f Am erica the Nuclear Regulatory Com mission has p ro
posed a tentative safety goal o f 10~6 per reactor-year for a large release but has not 
yet agreed on the definition o f a large release. Consideration has been given to a defi
nition based on that release causing one prom pt fatality, o r on the num ber of 
becquerels released.

In the United Kingdom , a target for the design o f a new plant is that the total 
frequency o f all events leading to an uncontrolled release, resulting from  some or 
all o f the protection systems and barriers having been breached or having failed, 
should be less than 10-6 per reactor-year.
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In France since 1977, in addition to the determ inistic safety criteria, the 
general probabilistic safety objective requires that the design o f a PW R unit should 
be such that the overall probability o f unacceptable consequences for the unit does 
not exceed 10~6 per reactor-year. W hen a PSA is used to achieve this goal, any 
main family o f events leading to an unacceptable consequence should not have 
an expected frequency exceeding around 10~7 per reactor-year. ‘U nacceptable 
consequences’ is defined in a conservative fashion for each family considered.

Until such tim e as an international consensus has been reached, it is suggested 
that the target frequency (the lower level in Fig. 1) for a large off-site release should 
be 1CT6 per reactor-year. A ‘large off-site release’ is defined as one that has severe 
social im plications. This criterion should be used in conjunction with the existing 
concepts o f defence in depth and diversity. It should be noted that no one accident 
sequence should contribute a significant percentage o f the risk. National authorities 
may wish to set an upper level criterion in line with the recom m ended PSC 
fram ework.

4 .6 . CORE DAM AGE PSC

PSC at this level can no longer be uniquely related to off-site release criteria. 
There are a num ber o f  reasons why the specification o f criteria at this level should 
be considered. F irstly, core dam age represents an undesired event o f great im por
tance not only because it may be a precursor to a large off-site release with potential 
health and environm ental consequences, but also because such an event, whether or 
not it leads to a large off-site release, would have major economic consequences and 
could have an impact on national and international nuclear pow er program m es. 
Secondly, the provision of such criteria places emphasis on the prevention side of 
accident control rather than on mitigation. Thirdly, it is recognized that the level o f 
uncertainty associated with the calculation o f core dam age frequency is less than that 
associated with health risks. F or these reasons, it is recom m ended that PSC be 
provided for the assessm ent o f core dam age frequency.

The value proposed in the next paragraph is based on a consideration o f the 
core dam age frequencies that have been predicted for modern reactors. A level has 
been chosen that represents the best that has been achieved with currently available 
technology where the judgem ent has clearly been made by those developing and 
assessing such designs that the further reduction of this frequency would not be 
reasonably practicable. W ithin the fram ew ork described in Section 4 .1 , no upper 
level criterion is proposed, although national authorities may wish to set such a 
criterion.
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It is suggested that the target frequency (the lower level in Fig. 1) for 
core dam age should be 10“5 per reactor-year, with no single accident sequence 
contributing a significant percentage o f  the target.

In suggesting a target frequency for core dam age, it is necessary to consider 
the definition o f core dam age, as the estimated frequency may vary significantly 
depending on the definition. As noted in footnote 1, most PSAs to date have defined 
core dam age as the result o f core param eters exceeding design basis limits. The pro
posed criterion is intended to relate to such a definition, although it is recognized 
that in some cases this will introduce significant conservatism. In such cases other 
definitions o f  core dam age may be used, although consideration will then need to be 
given to the appropriateness o f the proposed target. Factors to be considered will 
include the level o f  pessimism inherent in the use o f design basis lim its and the rela
tionship between the frequency of a given level o f core damage and the frequency 
o f a large off-site release.

4 .7 . FUN CTIO N  AND SYSTEM  LEVEL PSC

Clearly, the relationship between core dam age criteria and off-site release 
criteria depends on the perform ance o f the containment. However, as already noted, 
the relationship between core dam age and containm ent perform ance criteria and 
higher level criteria (related to large off-site releases or health effects) cannot be 
uniquely defined. The perform ance requirem ents for the containm ent depend on the 
types o f accident sequence that lead to core dam age, on the state o f the containm ent 
engineered safety systems and on the type o f  reactor. F or these reasons, no specific 
criteria are suggested here for containm ent perform ance.

Sim ilarly, the relationship between function or system level criteria and higher 
level criteria cannot be uniquely defined. System success criteria can change depend
ing on the initiating event (e.g. a large LOCA or a transient) o r characteristics of 
the site (e.g. frequencies o f loss o f off-site power). For a given reactor type it may 
be possible, given an understanding of the sequences which dominate the frequency 
o f core dam age, to define target reliabilities for functions or systems based on 
specific initiating events. N orm ally, system level PSC lower than 10~3-1 0 “4 failures 
per dem and are not specified as these are very stringent requirem ents for a single 
active system.

In some instances, function and system level PSC can be developed from the 
results o f a PSA perform ed on another plant that has been accepted as adequately 
safe. Such a plant constitutes a reference plant. In such a case, where the design is 
directly derived from  the ‘reference’ plant, the required system reliabilities can be 
based on the results o f the PSA for the reference plant. Design changes can then be 
assessed using function or system level PSA models. H owever, it is recommended
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that a com plete PSA on the plant be carried out in order to confirm  the initial conclu
sions reached on the basis o f the limited analysis and to provide a definitive PSA 
model for use throughout the lifetime o f the plant.

PSC at the function and system levels can also be established for operational 
applications by using the reliability models developed during a PSA o f the plant, 
provided o f course that the PSA has shown plant safety to be adequate.
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GLOSSARY

acciden t m anagem en t. The taking o f a set o f actions during the evolution o f an 
event sequence, before the design basis o f the plant is exceeded, o r during 
severe acciden ts without core degradation, o r after core degradation has 
occurred, to return the plant to a controlled safe state and to mitigate any con
sequences o f the accident.

function  level PSA  resu lts . Predicted unreliabilities o r unavailabilities o f specific 
functions (e.g. reactor shutdown, core heat rem oval, containment) w here m ore 
than one system can be used to accomplish the specific function.

p robab ilistic  safety  assessm ent (PSA). A com prehensive, structured approach to 
identifying failure scenarios, constituting a conceptual and m athem atical tool 
for deriving numerical estim ates of risk.

p robab ilistic  safe ty  c r ite r ia  (PSC ). Quantitative reference points that reflect a 
desired level o f safety, generally expressed in terms o f the frequency o f 
occurrence o f an undesirable outcome.

severe acciden ts. N uclear pow er plant states beyond accident conditions4, 
including those causing significant core degradation.

system  level PSA  resu lts . Predicted unreliabilities o r unavailabilities o f  specific 
systems (e.g. the em ergency core cooling system).

4 See Ref. [2],

17

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



CONTRIBUTORS TO DRAFTING AND REVIEW5

Aizawa, K.

Baixauli, F.J. 

Bandholz, K.-D. 

Becerra Perez, J.A . 

Berners, O.

Bock, H.

Bowers, W.J. 

Campbell, J.F. 

Chang, S.H.

Chatry, J.P .

Coote, J.A . 

Dinsmore, S. 

Dominici, G. 

El-Bassioni, A. 

Felizia, E.

Gonen, Y.G. 

Gonzalez, A .J. 

Gonzalez Cuesta, M. 

Graham, J.

Harrison, J.R. 

Higson, D .J.

Hirano, M. 

Hirschberg, S.

Hohn, J.

Power Reactor and Nuclear Fuel Development Corporation, Japan

Consejo de Seguridad Nuclear, Spain

Siemens AG, Federal Republic o f Germany

Comision Nacional de Seguridad Nuclear y Salvaguardias, Mexico

Elektrowatt Ingenieurunternehmung GmbH, Federal Republic 
of Germany

Atominstitut der Osterreichischen Universitaten, Austria

British Nuclear Fuels pic, United Kingdom

Nuclear Installations Inspectorate, United Kingdom

Korea Advanced Institute o f Science and Technology,
Republic o f Korea

Electricite de France, France

British Nuclear Fuels pic, United Kingdom

Federal Republic of Germany

ENEA, Italy

Nuclear Regulatory Commission, United States o f America

Comision Nacional de Energia Atomica, Argentina

Swiss Federal Nuclear Safety Inspectorate, Switzerland

International Atomic Energy Agency

Instituto de Investigaciones Electricas, Mexico

Atomic Energy of Canada Ltd, Canada

Central Electricity Generating Board, United Kingdom

Australian Nuclear Science and Technology Organization, 
Australia

Japan Institute o f Nuclear Safety, Japan

International Atomic Energy Agency

Staatliches Amt fiir Atomsicherheit und Strahlenschutz,
German Democratic Republic

5 The affiliations given are those that pertained at the time o f the meetings.

19

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



Hrehor, M. 

Kabanov, L. 

Kalfsbeek, H.W . 

Kelemen, I. 

Kelly, G .N. 

King, F.K.

Kus, J.P . 

Lederman, L. 

Mavko, B. 

Mortin, S J .  

Nguyen, C. 

Niehaus, F. 

Papazoglou, I.A. 

Puertas, I. 

Roelofsen, P.M . 

Shubeiko, E.K.

Totev, T.

Ueda, C. 

Veksler, L.M .

Versteeg, M .F. 

Virolainen, R. 

Waddington, J.

Moscow Energy Institute, Union of Soviet Socialist Republics

Commission o f the European Communities

Power Station and Network Engineering Company, Hungary

Commission of the European Communities

Ontario Hydro, Canada

Electricite de France, France

International Atomic Energy Agency

Josef Stefan Institute, Yugoslavia

Nuclear Electric pic, United Kingdom

Commissariat a l ’energie atomique, France

International Atomic Energy Agency

Greek Atomic Energy Commission, Greece

CIEMAT, Spain

Netherlands Energy Research Foundation, Netherlands

USSR Committee for the State Supervision o f Safety in Industry 
and Nuclear Power, Union of Soviet Socialist Republics

Institute for Nuclear Research and Nuclear Energy, Bulgaria

Japan Institute o f Nuclear Safety, Japan

I.V. Kurchatov Institute of Atomic Energy, Union of Soviet 
Socialist Republics

Ministry o f Social Affairs and Employment, Netherlands

Finnish Centre for Radiation and Nuclear Safety, Finland

Atomic Energy Control Board, Canada

Consultants Meetings

Vienna, Austria: 17-21 April 1989, 2 -6  October 1989

Technical Committee Meeting

Vienna, Austria: 24-28 April 1989

Advisory Group Meeting

Vienna, Austria: 14-18 May 1990

Czechoslovak Atomic Energy Commission, Czechoslovakia

20

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



SELECTION OF IAEA PUBLICATIONS RELATING 
TO THE SAFETY OF 

NUCLEAR POWER PLANTS

SA FE T Y  SE R IE S

9 Basic safety standards for radiation protection,
1982 edition

49 Radiological surveillance of airborne contaminants
in the working environment

52 Factors relevant to the decommissioning of land-based
nuclear reactor plants

55 Planning for off-site response to radiation
accidents in nuclear facilities

57 Generic models and parameters for assessing
the environmental transfer of radionuclides 
from routine releases: Exposures of critical groups

67 Assigning a value to transboundary radiation exposure

69 Management o f radioactive wastes from nuclear
power plants

72 Principles for establishing intervention levels for the 
protection of the public in the event of a nuclear accident 
or radiological emergency

73 Emergency preparedness exercises for nuclear 
facilities: Preparation, conduct and evaluation

75-INSAG-1 Summary report on the post-accident review meeting
on the Chernobyl accident

75-INSAG-2 Radionuclide source terms from severe accidents to
nuclear power plants with light water reactors

75-INSAG-3 Basic safety principles for nuclear power plants

75-INSAG-4 Safety culture

75-INSAG-5 The safety of nuclear power: INSAG-5

77 Principles for limiting releases of radioactive
effluents into the environment

79 Design of radioactive waste management systems
at nuclear power plants

1979

1980

1981

1982

1985

1985

1985

1985

1986

1987

1988

1991

1992 

1986

1982

1986

21

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



81 Derived intervention levels for application in
controlling radiation doses to the public in the event o f a 
nuclear accident or radiological emergency: Principles, 
procedures and data

84 Basic principles for occupational radiation monitoring

86 Techniques and decision making in the assessment
of off-site consequences of an accident in a nuclear facility

93 Systems for reporting unusual events in 
nuclear power plants

94 Response to a radioactive materials release 
having a transboundary impact

97 Principles and techniques for post-accident 
assessment and recovery in a contaminated 
environment o f a nuclear facility

98 On-site habitability in the event o f an 
accident at a nuclear facility:
Guidance for assessment and improvement

101 Operational radiation protection: A guide to optimization

103 Provision of operational radiation protection 
services at nuclear power plants

104 Extension of the principles of radiation protection 
to sources of potential exposure

105 The regulatory process for the decommissioning 
o f nuclear facilities

TECHNICAL REPORTS SERIES

217 Guidebook on the introduction of nuclear power

224 Interaction of grid characteristics with design and
performance of nuclear power plants: A guidebook

230 Decommissioning of nuclear facilities:
Decontamination, disassembly and waste management

237 Manual on quality assurance programme auditing

239 Nuclear power plant instrumentation and control:
A guidebook

242 Qualification of nuclear power plant operations
personnel: A guidebook

1986

1987 

1987

1989

1989

1989

1989

1990 

1990

1990

1990

1982

1983

1983

1984 

1984

1984

22

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



262

267

268 

271

274

282

292

294

296

299

300

301

306

307

327

328

249 Decontamination o f nuclear facilities to permit 
operation, inspection, maintenance, modification or plant 
decommissioning

Manual on training, qualification and certification 
of quality assurance personnel

Methodology and technology of decommissioning 
nuclear facilities

Manual on maintenance of systems and components 
important to safety

Introducing nuclear power plants into electrical power 
systems of limited capacity: Problems and remedial 
measures

Design o f off-gas and air cleaning systems at nuclear 
power plants

Manual on quality assurance for computer software 
related to the safety o f nuclear power plants

Design and operation of off-gas cleaning and 
ventilation systems in facilities handling low and 
intermediate level radioactive material

Options for the treatment and solidification 
of organic radioactive wastes

Regulatory inspection of the implementation 
of quality assurance programmes: A manual

Review of fuel element developments for water cooled 
nuclear power reactors

Cleanup of large areas contaminated as a result 
of a nuclear accident

Manual on quality assurance for installation and 
commissioning of instrumentation, control and 
electrical equipment in nuclear power plants

Guidebook on the education and training of technicians 
for nuclear power

Management o f abnormal radioactive wastes 
at nuclear power plants

Planning for cleanup of large areas contaminated as a 
result o f a nuclear accident

Grading of quality assurance requirements: A manual

1985

1986 

1986

1986

1987

1987

1988

1988

1989 

1989 

1989 

1989 

1989

1989

1989

1991

1991

23

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



IAEA-TECDOC SERIES

276

294

303

308

332

341

348

355

377

379

387

390

416

424

425

443

444

450

451

Management o f radioactive waste from nuclear 
power plants

International experience in the implementation of the 
lessons learned from the Three Mile Island accident

Manual on the selection of appropriate quality assurance 
programmes for items and services of a nuclear power plant

Survey of probabilistic methods in safety and risk 
assessment for nuclear power plant licensing

Safety aspects o f station blackout at nuclear power plants

Developments in the preparation o f operating procedures 
for emergency conditions of nuclear power plants

Earthquake resistant design of nuclear facilities with 
limited radioactive inventory

Comparison of high efficiency particulate filter testing 
methods

Safety aspects o f unplanned shutdowns and trips

Atmospheric dispersion models for application in 
relation to radionuclide releases

Combining risk analysis and operating experience

Safety assessment of emergency electric power systems 
for nuclear power plants

Manual on quality assurance for the survey, evaluation and 
confirmation of nuclear power plant sites

Identification of failure sequences sensitive to 
human error

Simulation of a loss o f coolant accident

Experience with simulator training for emergency 
conditions

Improving nuclear power plant safety through 
operator aids

Dose assessments in nuclear power plant siting 

Some practical implications of source term reassessment

1983

1984

1984

1985 

1985

1985

1985

1986 

1986

1986

1986

1987

1987

1987

1987

1987

1988 

1988

1983

24

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



497

498

499 

508

510

522

523 

525

529

540

542

543

547

550

553

561

570

581

458

586

OSART results 

OSART results II

Good practices for improved nuclear power plant 
performance

Models and data requirements for human reliability analysis

Survey of ranges o f component reliability data 
for use in probabilistic safety assessment

Status o f advanced technology and design for 
water cooled reactors: Heavy water reactors

A probabilistic safety assessment peer review:
Case study on the use of probabilistic safety assessment 
for safety decisions

Probabilistic safety criteria at the 
safety function/system level

Guidebook on training to establish and maintain
the qualification and competence o f nuclear power plant
operations personnel

User requirements for decision support systems 
used for nuclear power plant accident prevention 
and mitigation

Safety aspects of nuclear power plant ageing

Use of expert systems in nuclear safety

Procedures for conducting independent peer reviews of 
probabilistic safety assessment

The use of probabilistic safety assessment in the 
relicensing o f nuclear power plants for extended lifetimes

Safety of nuclear installations: Future direction

Computer codes for Level 1 probabilistic safety 
assessment

Reviewing computer capabilities in nuclear power plants

OSART mission highlights 1988-1989

Safety implications of computerized process control 
in nuclear power plants

Simulation of a loss o f coolant accident with rupture 
in the steam generator hot collector

1988

1989 

1989

1989

1989

1989

1989

1989

1989

1989

1990 

1990 

1990

1990

1990

1990

1990

1990

1991

1991
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590 Case study on the use of PSA methods: 1991
Determining safety importance of systems and components
at nuclear power plants

591 Case study on the use of PSA methods: 1991
Backfitting decisions

592 Case study on the use of PSA methods: 1991
Human reliability analysis

593 Case study on the use o f PSA methods: 1991
Station blackout risk at Millstone Unit 3

599 Use of probabilistic safety assessment to evaluate nuclear 1991
power plant technical specifications

600 Numerical indicators of nuclear power plant safety 1991
performance

605 OSART good practices: 1986-1989 1991

611 Use of plant specific PSA to evaluate incidents at 1991
nuclear power plants

618 Human reliability data collection and modelling 1991

631 Reviewing reactor engineering and fuel handling: 1992
Supplementary guidance and reference material for
IAEA OSARTs

632 ASSET guidelines: Revised 1991 edition 1991

635 OSART guidelines: 1992 edition 1992

P R O C E E D IN G S  SE R IE S

STI/PUB/593 Quality assurance for nuclear power plants 1982

STI/PUB/628 Nuclear power plant control and instrumentation 1983

STI/PUB/645 Reliability of reactor pressure components 1983

STI/PUB/673 IAEA safety codes and guides (NUSS) in the light o f 1985
current safety issues

STI/PUB/700 Source term evaluation for accident conditions 1986

STI/PUB/701 Emergency planning and preparedness for nuclear 1986
facilities

STI/PUB/716 Optimization of radiation protection 1986
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STI/PUB/759 Safety aspects o f the ageing and maintenance of 1988
nuclear power plants

STI/PUB/761 Nuclear power performance and safety 1988

STI/PUB/782 Severe accidents in nuclear power plants 1988

STI/PUB/783 Radiation protection in nuclear energy 1988

STI/PUB/785 Feedback of operational safety experience 1989
from nuclear power plants

STI/PUB/803 Regulatory practices and safety standards 1989
for nuclear power plants

STI/PUB/824 Fire protection and fire fighting in nuclear installations 1989

STI/PUB/825 Environmental contamination following a 1990
major nuclear accident

STI/PUB/826 Recovery operations in the event of a nuclear accident or 1990
radiological emergency

STI/PUB/843 Balancing automation and human action in nuclear 1991
power plants

STI/PUB/880 The safety of nuclear power: Strategy for the future 1992
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