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SUMMARY

The paper gives an overview of recent developments in the field of risk informed approaches for
various applications at nuclear power plants. After that it discusses how the regulatory oversight is
expected to change with an application of risk informed approaches. Based on this discussion the pa-
per expands in a consideration of challenges that are connected to a further development of risk in-
formed approaches for plant life management. A conclusion of the paper is that the safety of nuclear
power also in the future will rely on both deterministic and probabilistic thinking.

1 INTRODUCTION

The safety of nuclear power was traditionally laid on deterministic prescriptions, which in-
cluded application of the defence-in-depth principle, design-basis-accidents and the single-failure-
criterion. These concepts proved their efficiency in steering the development of reactor concepts into
robust designs that were possible to operate safely within an envelope defined by a set of safety-
technical-specifications. Operating procedures and other instructions were in addition written to pro-
vide step-by-step guidance for human interactions with the equipment.

It gradually became evident that this deterministic approach had to be amended by an approach
that also took account of the probabilities for certain failure sequences. To some extent this had been
done in the deterministic approach, but judgements were arbitrary and they sometimes led to inconsis-
tencies in requirements and decisions. The development of probabilistic approaches took off in the late
1970ies and led gradually to the so called probabilistic safety analysis (PSA) [1]. Today the PSA-
methodology is well-established and used for various applications at the nuclear power plants (NPPs).

When confidence in the probability estimates given by the PSAs grew, the obvious question was
to ask how this information could be used to improve the safety of the plants. The core damage prob-
abilities given by the first PSAs were often large as compared with safety standards of today and it
was therefore relatively easy to identify needs for improvements. In this way many plants were able to
decrease their core damage probabilities considerably and sometimes even with orders of magnitude.

The probabilistic approach was in the beginning seen mostly as a complement to the determinis-
tic approach, but gradually the PSA emerged as a methodology of its own. In this development the
need to create a comprehensive frame in which safety issues could be resolved in a consistent way was
seen as more pressing. Especially the sometimes very strict deterministic prescriptions concerning also
very improbable scenarios were seen as introducing an unnecessary burden on the NPPs. In trying to
resolve these issues the concepts of risk based and risk informed decision making were introduced.

From a decision making perspective a risk informed approach appears to be a very natural ap-
proach to take, because in allocating efforts for safety management it is clear that more attention
should be assigned to important things than to less important. It is clear that the PSA-methodology can
and should be used to provide such importance measures, but unfortunately there are still uncertainties
in the PSA modelling that should be understood and reflected before a full confidence in the risk in-
formed approach can be placed. The pros and cons of the risk informed approach are elaborated in
more detail in the remainder of this paper.
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2 BUILDING SAFETY INTO NUCLEAR POWER PLANTS

2.1 A basis for safety

In building a basis for nuclear safety it was evident from the beginning that one has to consider
possible threats together with their likelihood and consequences. This triplet introduces a number of
questions to be asked. Firstly whether or not all possible threats been considered, i.e. is the analysis
reasonably complete. A second question is if the likelihood estimates are believable and what their
uncertainties are. Finally one should ask how accurate the consequence predictions are, which are
connected to various sequences of events. The task of the plant designer is then to find solutions,
which make it possible to eliminate some of the threats, decrease the likelihood of the remaining
threats and/or mitigate their consequences.

It also became evident that two different roles have to be separated, one in which the operators
of the nuclear facilities have an undivided responsibility for safety and the other in which a regulator
acts in the interest of the society by issuing safety requirements and by inspecting that they are ful-
filled. This separation of roles implies that it is not enough that a plant is safe, but its operator should
also be able to convince the regulator that this is the case.

A third component in striving for safety is connected to the utilisation of operational experience
on a world wide scale. The nuclear industry has always been in the forefront in its sharing of opera-
tional experience within the whole community. This has made it possible to utilise the full experience
base of all NPPs in the world. Formally this is today handled through international organisations such
as WANO, IAEA and OECD/NEA in co-operation with national regulators and utilities [2]. In the
United States the Nuclear Regulatory Commission is using a process to identify generic issues of im-
portance [3].

In setting up a basis for safety there are two generic difficulties. One is connected to the com-
pleteness of the analysis, because safety can be seen as an absence of threats and proofs of non-
existence have to rely on indirect methods. The other is the difficulty of establishing a standard of
what can be considered safe enough, which is depending on the likelihood and consequences of possi-
ble chains of events on a societal scale of acceptability.

2.2 The deterministic approach

The deterministic safety approach is based on the defence-in-depth principle, design-basis-
accidents and the single-failure-criterion. An application of the defence-in-depth principle led to the
construction of several independent barriers that contained the radioactive material during postulated
failure sequences. The design-basis-accidents were used as pinch points for the safety analysis in en-
suring that safety systems had appropriate capabilities. Finally the single-failure-criterion ensured
functionality of the barriers also during equipment failures through redundancy and diversity. Conser-
vativeness in assumptions compensated for uncertainties in the analysis.

This deterministic approach is deeply anchored in present nuclear safety regulation, which to a
large extent consists of prescriptive rules about plant design, operation and quality assurance. The
regulation gives also guidance to designers on accident scenarios to be analysed. In spite of this basi-
cally deterministic approach of the regulation, there were nevertheless probabilistic considerations
used to conclude that certain accidents need not be considered in the design basis. The deterministic
approach also encompassed the safety classification of functions, systems and equipment, which to
some extent can be seen to carry a risk informed component.

The limitations with the deterministic approach became gradually apparent. Firstly there was a
need to consider a broader set of potential threats to safety and to provide logical means for prioritis-
ing them based on risk significance, operating experience, and/or engineering judgment. Secondly
there was a need to facilitate the consideration of a broader set of resources to defend against these
threats and to explicitly identify and quantify sources of uncertainty in the analysis. It also became
apparent that the deterministic approach is not well adapted to the true complexity of a NPP, which
includes start-up and shut-down sequences, maintenance, plant modifications, etc.
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2.3 The probabilistic safety analysis

The benefit of the PSA is that it explicitly is based on certain chains of events that pose threats
to the plant and/or to the public, the probabilities for these and their consequences. In the development
of the PSA-methodology it became usual to speak about three levels of PSAs, where the Level 1 PSA
only considered the sequence of events up to the point of core damage. A Level 2 PSA is in addition
considering the release of radioactive substances to the environment and the Level 3 PSA furthermore
the off-site consequences.

In the development of the PSA the need for including also human interactions with plant
equipment was identified early. These interactions were not covered in the deterministic analyses. To-
day a human reliability analysis normally is included in the PSAs, although there still are many prob-
lems to be resolved before the analysis is fully believable [4]. Furthermore the inclusion of organisa-
tional factors in the performance shaping factors of operator actions has proved to be even more diffi-
cult, although some initial approaches have been proposed (cf. [5], [6]).

For the PSA-methodology to be usable in decisions related to plant safety there should be an as-
surance that models are reasonably accurate and complete. Unfortunately there are still large variations
in the PSAs even from very similar plants [7]. Furthermore acceptance criteria for the risks should be
available, but this is seldom the case. There is also a need for creating guidance on how PSAs could be
used to create measures for assessing the safety importance of functions, systems and equipment as
discussed in a recently project within the Nordic Nuclear Safety Research [8].

2.4 Applications of the risk-informed approach

There has been a large enthusiasm in applications of the risk informed approaches that was re-
flected in a recent editorial [9]. The most obvious application of the PSA and the risk informed ap-
proach is in various modifications that are made in old plants [10]. In addition the PSA has been used
successfully to target maintenance actions [11] and inspection activities [12]. The PSA can be used to
prioritizing outstanding corrective actions [13] and it has been successfully applied in suggesting
changes in the testing, inspection and monitoring requirements for emergency diesel generators [14].
Furthermore PSA-methodology has been used for the identification of safety importance of compo-
nents by calculating safety importance measures [15].

The risk informed approach can easily be combined with a cost-benefit analysis to prioritise
possible modifications in systems and equipment. In this approach it is a common policy to do simple
and inexpensive improvements regardless of their risk level and to do expensive modifications only
for large risks. In applying the risk informed approach there will be some residual risk, below which
no actions are taken. It depends on how probability and consequences are weighted together where
such cut levels are placed. One way to do this weighting is simply to use their product. National cut
levels in Europe seem however to weight consequences more heavily when calculated in terms of ex-
pected number of fatalities.

A risk informed approach has the benefit of targeting safety management activities to ensure
that efforts are spent on things, where they have their largest impact. Some steps towards a systematic
combination of the deterministic and probabilistic approaches have been made in trying to combine
safety goals with the INES classification framework of accidents in terms of releases and radiological
consequences [16]. The need for a risk informed approach has also become evident in assessing new
reactor types [17].

3 REGULATORY OVERSIGHT

3.1 The basis

The principles for regulatory oversight depend on national practices and they are anchored in
applicable legislation. The legislation is typically defined on different levels with lower levels giving
more concrete guidance on requirements for design, construction and operation. The construction and
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operation is based on a license, which is awarded when due requirements have been verified. If the
plant does not fulfil safety requirements the license can be revoked with immediate effect. The legisla-
tion is often amended with more specific guidance on requirements that govern operation, modifica-
tions, reporting, etc. activities of the licensee. The regulators have internal systems of rules for their
regulatory and inspection activities.

The regulatory requirements have been developed over time to reflect a collected operational
experience of nuclear power reactors. This development has been gradual, but accidents have some-
times introduced a surge of new regulation. When new regulation is introduced a difficult question is
to what extent it should be enforced also for old reactors. From a societal point of view it would be
natural to correct at least the obvious deficiencies when new knowledge is obtained, but a full compli-
ance may be difficult and expensive to reach. In practise this dilemma has not caused too large discus-
sions, because the industry has often voluntary made the necessary improvements. When new re-
quirements are enforced, operators are typically given a transition period for implementing the
modifications.

3.2 Systems of requirements

Regulatory requirements typically define design targets and conditions for acceptability. A
common strive is to write the requirements to be generic and independent of plant design. This is how-
ever seldom possible, because detailed requirements are usually coupled to the designs they are gov-
erning. In writing requirements it is therefore necessary to have a good understanding of the design
process. Requirements are furthermore coupled to the concepts of verification and validation, which
loosely can be said to convey the difference between ensuring that a certain requirement is fulfilled
and that the entire design is fit for its purpose.

To give stability to regulatory decisions and to ensure objective and consistent interpretations,
the requirements have to fit into some logical frame. In this frame aspects important for safety should
be addressed and the requirements should provide a definition of a safe design and operational enve-
lope. They should also be practical to give relevant guidance for designers and operators. They should
furthermore provide guidance for regulatory inspections on an appropriate level of detail. The guides
in which the requirements are described should be balanced, consistent and non-contradictory and it
should be easy to find specific requirements. It may be necessary to amend the requirements with ref-
erences to regulatory decisions to make interpretations stable over time and independent of inspectors.
It would be beneficial if the requirements are harmonised between countries. Finally the requirements
should be updated regularly and changes should be introduced in a consistent way.

Designers and operators should know in advance what the requirements are and the process that
will be used to inspect that they are fulfilled. This requirement and its interpretation have sometimes
caused discussions, in spite of the fact that it has to be considered just. Regulators have sometimes
explicitly refused to participate in a piecemeal decision making process asking them to accept a large
set of details, which later may prevent them to take a stand on the design as a whole. This difficulty
may to some extent be resolved if the requirements are articulated on different levels, where the ge-
neric requirements are defined on higher and more detailed guidance is given on lower levels.

3.3 Prescriptive versus performance based regulation

In parallel with the introduction of risk informed approaches in regulation a separation between
prescriptive and performance based regulation is often done. Prescriptive regulation can in principle be
seen as a long more or less structured list of requirements that specifies particular features, actions or
programmatic elements to be included in design and operation, for the NPP to comply with. Perform-
ance based regulation is instead anchored in defined performance goals that are monitored on a con-
tinuing basis.

The Nuclear Regulatory Commission in the United States has made a clear commitment to
move towards risk-informed and performance based regulation as described in [18]. An historical ac-
count of the process leading forward to this regulatory position is described in [19]. European regula-
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tors have been following this development, but so far there have not been similar outspoken commit-
ments, in spite of the fact that risk informed and performance based considerations already have been
used in many regulatory decisions.

The nuclear industry has in its response to risk informed and performance based regulation rec-
ognised that it is time to modify the traditional deterministic approaches. The industry has seen that
performance based regulation can provide exemptions from detailed and sometimes conflicting re-
quirements. Some scepticism is however still coupled to the risk-informed and performance based ap-
proaches, which apparently is governed by a fear that they will introduce new regulatory burdens if
outdated requirements are not removed.

The difficulty with performance based regulation is that it is hard to find measurable or calcula-
ble parameters to monitor the performance of facilities, systems and equipment. There are criteria to
assess performance based on risk insights, deterministic analyses and/or performance history, but it is
difficult to integrate them into a consistent framework. If licensees are given full flexibility to deter-
mine how they will meet established performance criteria, it is likely that a large diversity of ap-
proaches will evolve, which may increase the regulatory effort in giving them a fair treatment. Per-
formance based regulation would also need a framework in which the failure to meet a certain per-
formance criteria could be handled in the regulatory decision making process. In practical implementa-
tion performance criteria may be included in the regulation itself or in the licensing conditions.

4 CHALLENGES FOR THE FUTURE

4.1 Changes in the regulatory systems

It is evident that new experience has to be reflected in new regulation. One example is the inclu-
sion of research findings from the area of severe accidents that have gradually been integrated in the
national regulation in the European countries. In the decisions how old units should be treated with
respect to the new regulation it is evident that a risk informed approaches will be needed. It is likely
that some of the new requirements have to be relaxed for the old units, but this is difficult without
clear criteria.

Human factors is another area, where new regulation has been introduced. The required proc-
esses to verify and validate new control room solutions may however be too heavy in modernisation
projects taking also into account that the present strategies call for modernisations to be completed
gradually over several years. Risk informed approaches are likely to be needed in defining what could
be considered as reasonable.

The introduction of digital I&C both in modernisations of old plants and in new plants is an-
other area, where new regulation is needed. The approach so far has been that the same criteria should
apply both for analogue and digital I&C, but experience has already shown that it can be very hard to
provide proofs that the new systems fulfil given reliability requirements. A suitable combination of
deterministic and probabilistic approaches may provide a solution in this regard.

The largest obstacle in moving towards a risk informed approach in regulation seems to be the
bulk of regulation that has to be changed. It is clear that the requirements have to be changed gradu-
ally, but then some frame of a new regulatory system should be available as a target to co-ordinate
efforts in the change process. Independently of how the regulation will be developed in the future, it is
evident that there has to be a dialogue between regulators and the utilities they regulate. In the first
place this has to rely on a collection of utility views on the present regulatory system [20]. Further-
more in entering such a process it would be important to look also at the effectiveness of the regula-
tory process [21].

4.2 Plant life management

The largest recent change in the operational conditions of the NPPs is the transfer to a deregu-
lated electricity market. One may even say that the utilities had a societal mission before the deregula-
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tion and that the society correspondingly paid them for serving this mission. In such an environment
nuclear utilities could absorb the burden of detailed prescriptive regulation, but this is now more diffi-
cult. In the new situation it has also been somewhat more difficult to maintain an open exchange of
operational experience between the NPPs.

Some of the nuclear operators have had problems in their adaptation to the new conditions, but
the mothballing of some production capacity, an increased electricity demand and occasional short-
ages in hydro power have now set electricity prices at a level, where it is relatively easy for the NPPs
to compete. In their adaptation to the new demands the NPPs have been adopting more accurate plan-
ning processes in which for example the timing of investments is investigated carefully. From that
planning it has also become obvious that an extension of the plant life has a large economic value.

It is clear that plants in planning for their future have to navigate between new regulatory re-
quirements and possible modernisations that for some of them may include power upgrades. Experi-
ence indicates that successfully response to these challenges requires not only the implementation of a
successful strategy, but more importantly, organisational attitudes to continuously improve plant per-
formance and reduce operational and maintenance costs. To be efficient this should involve a risk in-
formed approach in a continuous improvement of work processes [22].

4.3 Harmonisation of safety requirements

One obstacle to an efficient utilisation of resources in the plant life management is the diversity
in national regulatory approaches. In hindsight they were often developed with a hidden goal to protect
the national nuclear industry. Today the diversity brings in several problems, which are connected to
ownership of nuclear capacity over national borders and the requirement that plants should compete on
identical terms on the market. The diversity in national regulation makes it difficult to find vendors
willing to acquaint themselves with requirements that they are not familiar with. Activities connected
to the harmonisation of safety approaches for existing nuclear power reactors within the Western
European Association of Nuclear Regulators (WENRA) indicate the path to take.

The issue is not only harmonisation of national nuclear regulation, but also harmonisation
within safety management of various safety critical industries. It is evident that risk informed ap-
proaches can and should be used to deal with this need. These questions were discussed at a recent
workshop arranged by the European Commission [23]. More generally this issue is connected to the
need for finding reasonability and balance in the precautions to the whole spectrum of risks in a mod-
ern society. Examples of risk informed decision making from other areas than the nuclear are given
from the off-shore industry [24], the chemical industry in [25] and in land use planning [26].

4.4 A new safety philosophy

In an assessment of respective shortcomings of both the deterministic and the probabilistic ap-
proach it is evident that both approaches have to be combined. One may perhaps argue that that the
probabilistic approach would be enough, but without proper deterministic design principles the model-
ling effort in the PSA would rapidly become unpractical. An application of proper deterministic design
principles has the benefit of guiding the design process towards constructions that are simple and easy
to analyse. Probabilistic arguments could on the other hand make it possible to relax deterministic re-
quirements for sequences of events that can be considered very unlikely. This approach would also
include probabilistic design goals to which it would be possible to respond to by arguments based on
deterministic information from the design process.

Exactly how such integration can be achieved is still to be under discussion and most people to-
day tend to favour one approach over the other. In this process of integration, one may even claim that
there is a need for a new safety philosophy. This should consider the roles of the utilities and the regu-
lator in their task of establishing confidence in selected solutions, in the regulatory process and in
methods and tools that are used.

In approaching a new safety philosophy there are possible pitfalls. If regulation becomes parti-
tioned into different isolated areas, it may make the regulation overlapping and inconsistent. Risk in-
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formed applications can be similarly partitioned and focusing entirely on applications such as in-
service testing, in-service inspections, quality assurance, etc. Instead the new approaches should make
it possible to simultaneously look at specific details in some area and at the interactions between areas.
It is also possible that new development will focus too much on justifying risk increases, instead of
focusing on making requirements risk-effective and less burdensome.

In developing a new safety philosophy thoughts have also to be given to the integration of
available operational experience in the approaches. This experience has to be analysed, categorised
and grouped according to its importance before it can be utilised. This will also include models of ac-
cidents and safety, which have a good predictive power [27]. The difficulty so far, has been connected
to the need for squeezing actual operational experience into the straitjacket of a particular model. New
reactors will need their own development efforts to make fair assessment of their salient features. Fi-
nally safety culture in the broadest sense should be integrated in the new requirements [28].

5 CONCLUSIONS

An application of risk informed approaches does not mean that deterministic safety principles
would be abandoned, but instead that deterministic and probabilistic reasoning is combined in a con-
structive way. One component in this endeavour is to establish better models and tools for the PSAs to
decrease ambiguities in their results, which may imply new thinking and research. A successful com-
bination of deterministic and probabilistic approaches may emerge as a basis on which a new safety
philosophy is established. Such a philosophy could give a better frame for reasoning about safety in
many different settings. In developing such a philosophy there is a need for both intelligibility and
transparency. If this can be reached it can make it easier to harmonise different systems of safety re-
quirements. In the decision making a cost-benefit view should be taken not to unnecessarily squander
with resources.

Performance based regulation is not likely to supersede prescriptive regulation and future de-
velopment will most likely be a combination of both approaches. In developing the new regulation one
impediment is the amount of resources necessary to make the changes in present regulation. There is
no easy transfer to a system for regulatory control that would fulfil all requirements on simplicity,
transparency, consistency and effectiveness, etc., but if an open dialogue between nuclear utilities and
regulators can be achieved it should be possible to make considerable improvements [29].

One of the challenges for the whole nuclear community is to be able to find ways to organise for
efficiency, without at any time to compromise the safety of the facilities. In addition the regulatory
oversight carries the requirement that the safety can be verified both through observed performance
and through a confidence in the work processes that are used. With a prospect of operating the present
NPPs for many more decades to come, another challenge is to ensure that nuclear utilities, vendors and
regulators have the necessary human resources available. If the industry in this way can show its
strength, there should not be any problems to maintain the nuclear option for electricity generation in
Europe.

REFERENCES

[1] I. Wall, J. Haugh, D. Worlege: Recent applications of PSA for managing nuclear power plant
safety, Progr.Nucl.Energy, 39, pp. 367-425 (2001).

[2] OECD/NEA: Nuclear power plant operating experiences from the IAEA/NEA incident report-
ing system 1996-1999. OECD NEA Publications NEA#02288 (2000).

[3] H. Vander Molen: Enhancing regulatory effectiveness by improving the process for identifying
and resolving generic issues, Nucl.Eng.&Design, 208, pp.133–142 (2001).

[4] A. Spurgin, B. Lydell: Critique of current human reliability analysis methods, IEEE 7th Confer-
ence on Human Factors in Power Plants, 15-19 September, Arizona, USA (2002).

[5] M. Modarres, A. Mosleh, J. Wreathall: A framework for assessing influence of organization on
plant safety, Rel.Eng.&Syst.Safety, 38, pp.157-171 (1992).



Paper presented at "FISA 2003, EU research in reactor safety", 10-13 November 2003, Luxembourg.

8(8)

[6] K. Davoudian, J.-S. Wu, G. Apostolakis: Incorporating organizational factors into risk assess-
ments through the analysis of work processes, Rel.Eng.&Syst.Safety, 45, pp.85-105 (1994).

[7] J. Holmberg, U. Pulkkinen: Experience from comparing two PSA-studies, Nordic Safety Re-
search, NKS-36 (2001).

[8] K. Simola: Advances in operational safety and severe accident research, Nordic Safety Re-
search, NKS-61 (2002).

[9] W.E. Vesely, G.E. Apostolakis: Editorial: Developments in risk-informed decision-making for
nuclear power plants, Rel.Eng.&Syst.Safety, 63 pp.223-224 (1999).

[10] R. Himanen, H. Sjövall: An integrated approach to living Level 2 PSA, Probabilistic Safety As-
sessment and Management (PSAM6), 23-28 June 2002, San Juan, Puerto Rico, USA.

[11] D. Brewer, K. Canady: Probabilistic safety assessment support for the maintenance rule at Duke
Power Company, Rel.Eng.&Syst.Safety, 63, pp.243-249 (1999).

[12] J. Chapman, V. Dimitrijevic: Challenges in using a probabilistic safety assessment in a risk in-
formed process (illustrated using risk informed in-service inspection), Rel.Eng.&Syst.Safety,
63, pp.251-255 (1999).

[13] K. Burns, R. Turcotte: Prioritizing and quantifying the risk of outstanding corrective actions,
Rel.Eng.&Syst.Safety, 68, pp.85–94 (2000).

[14] M.W. Golay: Improved nuclear power plant operations and safety through performance-based
safety regulation, J.Haz.Mat, 71, pp.219–237 (2000).

[15] M. Cheok, G. Parry, R. Sherry: Use of importance measures in risk-informed regulatory appli-
cations, Rel.Eng.&Syst.Safety 60, pp.213-226 (1998).

[16] G. Saji: A new approach to reactor safety goals in the framework of INES, Rel.Eng.&Syst.
Safety, 80, pp.143-161, Safety goals in ‘risk-informed, performance-based’ regulation, Rel.
Eng.&Syst.Safety, 80, pp.163-172 (2003).

[17] K. Fleming, F. Silady: A risk informed defence-in-depth framework for existing and advanced
reactors, Rel.Eng.&Syst.Safety, 78, pp.205-225 (2002).

[18] M. Caruso, M. Cheok, M. Cunningham, G. Holahan, T. King, G. Parry, A. Ramey-Smith, M.
Rubin, A. Thadani: An approach for using risk assessment in risk-informed decisions on plant-
specific changes to the licensing basis, Rel.Eng.&Syst.Safety, 63, pp.231-242 (1999).

[19] J. Garrick, R.Christie: Probabilistic risk assessment practices in the USA for nuclear power
plants, Safety Sci., 40, pp.177 –201 (2002).

[20] B. Wahlström, R. Sairanen: Views on the Finnish nuclear regulatory guides, report displayed at
the web-site http://www.stuk.fi/english/convention/yvl-review.html (2001).

[21] W.E. Vesely: Principles of resource-effectiveness and regulatory-effectiveness for risk-
informed applications: Reducing burdens by improving effectiveness, Rel.Eng.&Syst.Safety,
63, pp.283-292 (1999).

[22] J. Anderson, J. Jeffries, T. Mairs, F. Rahn: Optimized work control process to improve safety
and reliability in a risk-based and deregulated environment, Rel.Eng.&Syst.Safety, 63, pp.225-
229 (1999).

[23] C. Kirchsteiger, G. Cojazzi: Promotion of technical harmonisation on risk-based decision mak-
ing, Summary Paper of an International Workshop held at Stresa&Ispra, Italy, 22-25 May 2000.

[24] K. Øien: Risk indicators as a tool for risk control, Rel.Eng.&Syst.Safety, 74, pp.129-145 (2001).
[25] C. Kirchsteiger: Towards harmonising risk-informed decision making: the ARAMIS and com-

pass projects, J.Loss Prev., 15, pp.199–203 (2002).
[26] M. Christou, A. Amendola, M. Smeder: The control of major accident hazards: The land-use

planning issue, J.Haz.Mat., 65, pp.151–178 (1999).
[27] E. Hollnagel: Understanding Accidents − From Root Causes to Performance Variability. IEEE

7th Conference on Human Factors in Power Plants, 15-19 September, Arizona, USA (2002).
[28] J.N. Sorensen: Safety culture: A survey of the state-of-the-art, Rel.Eng.&Syst.Safety 76, pp.

189-204 (2002).
[29] H. Specter: Win-win initiatives, Rel.Eng.&Syst.Safety 63, pp. 275-281 (1999).


