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ABSTRACT

This report reviews applications of formal decision analysis methods in resolving nuclear safety
related issues. The review is based on selected published reports and a questionnaire sent to the
members of the Principal Working Group 5 on risk analysis (PWG5) of OECD/NEA/CSNI.

In the report, decision analysis methodology is shortly described. The applications discussed in this
review are related to probabilistic safety goals of safety criteria, operational safety management,
nuclear waste management and emergency management.

The experiences from the application decision analysis methodology have been mainly positive.
The advantages provided by the decision analytical thinking are the structured view over the problem
under consideration and the explicit statements on uncertainties, values and preferences.

The decision analysis methodology is rather mature to be applied in solution of nuclear safety issues.
Although the applications have been mainly research oriented, it can be expected that the practical
use of the methodology shall be more common in future.
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TIIVISTELMÄ

Tässä katsauksessa käsitellään formaalien päätösanalyysimenetelmien käyttöä ydinturvallisuuteen
liittyvässä päätöksenteossa. Katsaus perustuu aiheesta julkaistuihin raportteihin ja OECD/NEA/
CSNI:n riskianalyysityöryhmän jäsenille lähetetyn kyselyn tuloksiin.

Katsauksessa esitellään lyhyesti päätösanalyysimenetelmiä. Sovellusalueista tarkastellaan
todennäköisyysperusteisia turvallisuustavoitteita (safety goal, probabilistic safety criteria),
käyttöturvallisuuteen liittyviä päätöksiä, ydinjätehuolto- ja hätätilannetarkasteluja.

Päätösanalyysien sovellukset ovat olleet pääasiassa tutkimusorientoituneita, ja niiden tavoitteena
on usein ollut selvittää menetelmien soveltuvuutta käytännön päätösongelmien ratkaisuun. Todellisten
turvallisuusongelmien ratkaisua päätösanalyyseilla ei ole juurikaan raportoitu. Laajimmat tarkastelut
ovat liittyneet ydinjätehuoltoon.

Menetelmien käytöstä saadut kokemukset ovat olleet pääasiassa myönteisiä. Päätösanalyyttisten
menetelmien etuna on yleensä pidetty niiden kykyä strukturoida päätösongelma selkeäksi
kokonaisuudeksi. Lisäksi edullisena on pidetty päätösanalyyseissä vaadittavaa epävarmuuksien,
arvojen ja preferenssien eksplisiittistä ilmaisua.

Päätösanalyysimenetelmiä voidaan pitää suhteellisen kypsinä myös ydinturvallisuuteen liittyvien
ongelmien käsittelyyn. Vaikka tähänastiset sovellukset ovat olleet lähinnä tutkimusluonteisia, voidaan
odottaa, että menetelmien käyttö jokapäiväisessä päätöksenteossa tulee lisääntymään.
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FOREWORD

This review has been made in connection to the research project "Risk and Reliability Analysis
(LURI)" belonging to the Finnish nuclear energy reserach program "Reactor Safety (RETU)". The
work has been carried out in VTT Automation. The work was ordered and financed by the Finnish
Centre for Radiation and Nuclear Safety (STUK). We express our gratitudes to Mr. Reino Virolainen,
who acted as the coordinator to the study.

A part of the review was a questionnaire sent to the members of Principal Working Group 5 on risk
analysis (PWG5) of OECD/NEA/CSNI. The responses to the questionnaire have been most useful
to the review, and are grateful to those who gave their contribution to our work.
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1 INTRODUCTION

This report reviews the use of decision analytic
methods in nuclear safety related problems. The
review is based on published reports on the ap-
plication of decision analysis methods in nuclear
safety. In addition to the literature survey, a ques-
tionnaire was sent to the members of OECD/
NEAVCSNI Principal Working Group 5 on risk
analysis (PWG5) to get more information on the
topic.

The aim of the review was to evaluate the matu-
rity of the decision analysis methodology in re-
solving nuclear safety issues. The emphasis is
mainly on the applicability of the methodology,
and the results obtained by the approaches are
not discussed deeply. Tools for decision analysis
(computer codes) are not reviewed.

Decision analysis applies methods of systems
analysis and operations research to support mak-
ing decisions. The problem is decomposed into
components, each of which is subjected to an
evaluation by the decision maker. The individu-
al components are then recomposed to give over-
all insights and recommendations on the origi-
nal problem

Based on the reviewed reports and articles, we
have divided the applications areas of decision
models in nuclear safety into

(1) operational safety management
(a) long term decision problems; e.g. design

modifications,
(b) short term decision problems; e.g. tem-

porary shutdown of the plant

(2) nuclear waste management; e.g. storage
location, selection of the technology, and

(3) emergency management; emergency strate-
gies, evacuation decisions.

Probabilistic safety assessment (PSA) usually
plays a central role in particular in the problems
related to operational safety management. In
other cases, when there is no risk analysis directly
available, limited probabilistic risk studies may
have to be performed. It is however important to
notice that while the performance of a valid risk
study can be extremely laborious, e.g. a proper
level-1 PSA of an NPP requires at least 10 man-
years, then in the decision making context one
can manage with a sufficiently smaller amount
of effort because the key objective is to compare
decision options. In other words, comparative risk
studies needed for the decision analysis are much
easier to perform than complete risk studies of
the considered subject.

The report is organized as follows. In section 2,
the principles and models of decision analyzed
are shortly described. Section 3 reviews the ap-
plications of decision analysis related to the safety
goal issue. Sections 4-6 concentrate on the ap-
plications related to operational safety manage-
ment, waste management and emergency man-
agement. In section 7, a summary of the reviews
is presented, and the conclusions are given in
section 8.
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2 DECISION ANALYSIS AND THEORY

Decision analysis applies methods of systems
analysis and operations research in supporting
extensive decisions. The objective of decision
analysis is to support decision making by apply-
ing models and mathematical or formal analy-
sis. When applying decision analysis, the deci-
sion problem is not viewed holistically, but as an
assemblage of individual features. The problem
is decomposed into components, each of which
is subjected to evaluation by the decision maker.
The individual components are then recomposed
to give overall insights and recommendations on
the original problem [Bunn 1984, French, 1986].

Decision analysis represents a formalization of
common sense for decisions that are too com-
plex for the informal use of common sense. The
analysis seeks a rational, logical, orderly and
systematic framework for choosing among
alternative actions or policies when the conse-
quences of the actions are uncertain. Further, it
attempts to describe, clarify and quantify trade-
offs among the relative advantages and disadvan-
tages of alternative decisions. Finally, it synthe-
sizes quantitatively the information produced by
the analysis into reflecting the overall value of a
proposed action or policy [Covello 1987].

Decision analysis requires a co-operation be-
tween the decision maker, the decision analyst
and the experts. The decision maker is a single
person or a group of persons who have to solve a
decision problem. The role of decision analyst is
to familiarize the decision maker and the experts
with the decision analytic method applied and to
make sure that all necessary information is avail-
able. The experts give information on the spe-
cific problems on the analysis.

2.1 Phases of a decision analysis

The methods of decision analysis vary from the
simplest methods such as decision tables and the
analytic hierarchy process (AHP) [Saaty 1980]
to most advanced applications of stochastic opti-
mization. Although the methods applied in each
case may vary, the general structure of the analy-
sis remains the same. The main phases of the
decision analytic procedure are
1) the structuring of the problem,
2) the construction of the decision model,
3) sensitivity analyses.

2.1.1 Structuring of the problem

During the structuring of the problem, the prob-
lem is characterized, and decision options as well
as objectives are identified. The background
material is collected and some additional analy-
ses may have to be performed. Uncertain factors
are identified as well as dependencies between
the elements of the problem. The structuring is
the most valuable part of the analysis.

The identification of decision options consists of
clarification of existing decision options and crea-
tion of new ones. The decision options and their
nature are case dependent.

Decision objectives are criteria or attributes on
which the decision will be made. Specifically,
an objective is a statement of something that is
desired to be achieved. The objective consists of
an object, like profit, and a direction of prefer-
ence, like maximize profit.

It is often beneficial to have several objectives
under discussion, and treat the problem as a multi-
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objective decision analysis task. In fact, one could
argue that the real problem in the decision mak-
ing stems from the multi-objective nature of the
issue. The objectives should be structured in an
objectives hierarchy. Higher level objectives are
specified by lower level objectives. For the low-
est level objectives in a hierarchy, attributes are
defined to measure the achievement of the ob-
jectives.

Preference models are used in the quantitative
decision analysis. The economical impacts can
be measured with money, safety impacts may be
measured, for example, with numbers of early
fatalities and the loss of life expectancy. The
determination of suitable quantitative measures
may be difficult and case dependent.

The decisions are typically made in situations in
which many relevant variables are unknown to
the decision maker. Critical uncertain variables
should be identified. A decision making situa-
tion under uncertainty is usually represented by
a payoff matrix which consists of

• decision options ai, i=\,...,n,
• outcome variables ej, j=l,...,m
• consequences yij depending on the option and

the outcome:

al

an

e\

y

- yim

yrun

The uncertainties of unknown outcomes are nor-
mally quantified through probabilities, either on
the basis of statistical observations or expert
judgements. Often, it is the task of the decision
analyst to encode the probabilities since the de-
cision makers and technical experts are not used
to represent their knowledge in the form of prob-
ability distributions [Savage, 1954].

A multi-stage decision problems can be modelled
by decision trees or influence diagrams. A deci-
sion tree represents the causal relationships be-
tween sequential decisions and outcomes in a tree
form (see e.g. [Raiffa 1968]). An influence dia-

gram is a more general model structure allowing
network representation of the dependent elements
in the problem [Howard and Matheson 1981,
Haimes et al, 1990].

2.1.2 The construction of the preference
model

As a result of the structuring of the problem, the
elements of the preference model are obtained.
The preference model prioritizes the decision
alternatives. The structuring of the model as well
as the quantification methods depend on the ap-
proach. The decision maker must understand the
used method and the relationship between the an-
swers and results. A computer code helps the
structuring and manipulation of the preference
model.

The elements of a preference model are
1) decision options aj,...,arf

2) quantitative performance measures, or at-
tributes, xr...,xm measuring the achievement
of the objectives.

A decision option ai results certain level of
achievement of objectives. A preference model
maps the points of the outcome space to numeri-
cal scores to be used in the comparison of the
options. In a value function model, consequenc-
es are certain. Influence of the uncertainties on
preferences can be modelled by utility functions.

The specification of value judgements and trade-
offs is often the most demanding step in the de-
cision analysis. In this step, the decision analyst
helps the decision maker to make value judge-
ments about the relative utility, value, worth or
desirability of all relevant consequences. The
construction of the preference model helps to
clarify and to structure the objectives so that
comparisons between decision options can be
made, or even new options can be identified.

The basic preference models are value and util-
ity junctions. Value functions are used when there
is no uncertainty, utility functions take into ac-
count the uncertainty of consequences and incor-
porates the risk attitude of the decision maker
into the analysis.
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2.1.3 Sensitivity studies

In the sensitivity studies, the decision problem is
examined by the decision model. The purpose is
to find the sensitivity of the results with respect
to input parameters. It can be viewed as a means
of stimulating the decision maker to think more
closely about the decision problem [Rios-Insua
and French 1991].

In typical sensitivity studies, so called turn-over
points are searched with respect to interested
parameter of the decision model. The parameter
is varied until the original preference order
changes. The change in the parameter value de-
scribes its sensitivity.

2.1.4 Decision making with multiple
parties

Decision making with multiple parties brings
additional aspects in the decision analysis. Firstly,
there may be several participants acting in the
decision analysis all having the same interest in
the problem but they may have different opin-
ions. Then, methods are needed in the process-
ing of the decision model, the quantification of
the options and the weighing of the criteria. This
may involve also the use of voting techniques
for the combination of various views. Renn
[1986] has applied value tree analysis to define
and weigh criteria in the energy debate.

The parties of the problem may have different
interests, and they have to negotiate in order to
obtain a solution. These situations have been dis-
cussed in game theory.

10
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3 SAFETY GOALS

An important part of the nuclear safety manage-
ment is carried out by setting safety goals or ob-
jectives, and by evaluation of the nuclear installa-
tions and their operation with respect to the ob-
jectives. From the decision analysis methodology
point of view, decision analysis can be used in the
assessment of goals. On the other hand, such goals
may appear as boundary conditions of the analy-
sis. Decision options not satisfying the objectives
are not accepted.

Use of probabilistic safety goals have been sur-
veyed in a task of the Principal Working Group 5
(PWG 5, Risk Analysis) of the nuclear energy
agency (NEA) of OECD [NEA/CSNI, 1993, and
NEA/CSNI, 1994]. The probabilistic safety goals
can be grouped into the following levels:

(1) System level: probabilistic criteria for impor-
tant safety systems or functions

(2) Reactor core level: core damage frequency
related criteria

(3) Radioactive release level

(4) Public health effects
(a) early or late mortality
(b) received dose

(5) Exposures of workers to radiation from ei-
ther normal plant operation or accident con-
ditions.

The practices vary from one country to another.
In the following we discuss some examples on the
application of probabilistic safety criteria (PSC).
Our aim is to identify the decision analytic basis
for PSCs in those examples.

In the Netherlands specific criteria are set on both
individual risk and societal risk, and they are in-
terpreted differently for different industrial activi-
ties [see NEA/CSNI, 1994]. The interpretations
and the criteria seem to reflect a decision analyti-
cal considerations, but these considerations are not
explicit. In the case of chemical industries, the
criteria for societal risk is not sharp, but a trade-
off in a multi-criteria cost-benefit considerations
in safety related decision-making, i.e., not fulfill-
ing means the requirement to apply the ALARP-
principle (as low as reasonably practicable).

In UK, the Nuclear Installations Inspectorate of
the Health and Safety Executive (NH) assess the
adequacy of the safety cases submitted by the op-
erators of licensed nuclear facilities by using the
NH Safety Assessment Principles (SAP's)[see e.g.
HM Nuclear Installations Inspectorate, 1992,
Health and Safety Executive, 1992, NEA/CSNI,
1994, and Coulston, 1994]. The SAP's are not de-
sign criteria, but they are used as a yardstick for
the independent assessment of plant in the licens-
ing process. The criteria consist of Basic Safety
Limits (BSL), which must be satisfied in order to
be considered for licensing, and of Basic Safety
Objective (BSO) which define the point beyond
which the assessors need not seek further safety
improvements from the licensee in his quest for
ALARP. Having satisfied the BSLs, the ALARP
principle is applied to drive the risk lower. The
ALARP process necessitates the decision by de-
signers and operators on a case-by-case basis and
no generally applicable numerical interpretation
is appropriate. ALARP considerations may be such
that the licensee is justified in stopping before BSO
level, but if it reasonable practicable for him to
provide a standard of safety better that of the BSO,
he is obliged to do so. In the SAPs, the ALARP
principle plays an important role.

11
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The ALARP considerations are important both in
UK and the Netherlands. In order to follow the
ALARP principle one has to consider whether the
safety improvements are practical and beneficial.
This requires case-by-case analyses, which are
based more or less informal and implicit decision
analytic thinking.

In USA, the probabilistic safety criteria are not
defined as an objective, but as decision-making
tool for the Nuclear Regulatory Commission
(NRC) to justify their generic backfitting initia-
tives. Application of the philosophy adopted by
NRC will minimize the number of occasions that
resources are spent on conducting extensive regu-
latory analyses that later determine a proposed
action, which is not justified because the incre-
mental safety benefits would not substantially
improve the existing level of plant safety. The ap-
proach consists of issue screening and prioriti-
zation and issue resolution, for which rather for-
mal decision rules are given. During the safety
prioritization process, a qualitative priority is given
to each issue. The criteria are based on core dam-
age frequency/plant, total core damage frequency
of all plants affected, radiation dose/reactor and
the sum of radiation dose over all affected plants.
In addition to these attributes, also the impact/value
ratio is used to find the appropriate priority level.
The resolution of generic issues must make use of

decision criteria, which are currently applied in
two phases. The first phase consists of a decision
on whether the potential net improvement in the
health and safety of the public is sufficient to jus-
tify the regulatory action. Depending on the esti-
mated reduction in the core damage frequency and
on estimated conditional containment failure prob-
ability, the second phase of the issue resolution is
conducted. The second phase consists of the evalu-
ating of the cost effectiveness of the proposed ac-
tion against a standard (currently $1000/person-
rem). The practice in USA involves thus a regula-
tory analysis for reactor safety enhancements,
which determines the adequacy and the need of
safety improvements. The analysis consists of a
set of rules for decisions.

Each of the above approaches includes either
ALARP, cost/benefit or value/impact considera-
tions, which are of decision analytical nature. The
safety criteria involve clearly also other attributes
than those connected to safety; also the costs of
improvements are taken into account. The appli-
cation of formal normative of prescriptive deci-
sion analysis methods is not explicit, but the forms
of the above criteria reflect decision analytic think-
ing. In USA, the applicability of formal decision
analysis methods was evaluated in a study ordered
by NRC [Bonn, 1992]. This study is discussed in
the following section of this report.

12
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OPERATIONAL SAFETY
MANAGEMENT

Operational safety management includes actions
taken by the plant safety management, operators
and safety authorities to ensure a safe operation
of the plant. In this context, we are concerned only 4 .1 E P R I Study
with the risk of a core damage accident.

decision techniques used as well as applications
demonstrated in this context.

The decision problems can be divided into two
groups depending on the time span of the prob-
lem: (1) long term problems and (2) short term
problems. It should be noted that in many cases
these two types of problems are interrelated. A long
term problem may be to avoid certain recurring
short term problems.

In long term problems, the decision maker is in-
terested in making permanent modifications in the
design, procedures or other practices of the instal-
lation. Consequences of the decision must be
evaluated over the considered investment period,
e.g. over the plant lifetime. Usually time does not
limit the decision analysis so that the options can
be compared even by quite complicated models.

In short term operational problems, quick deci-
sions must be made in order to solve a temporary
safety related problem. The time available may
be from a few hours up to a few weeks. A typical
example is to decide whether to shut down the
operation of the plant in a case of a failed condi-
tion in safety related systems. In many cases, the
Technical Specifications state the limits of opera-
tion, but sometimes the condition of the systems
is not clear or the condition is not mentioned in
the Technical Specifications or there may be a good
reason to apply an exemption to the Technical
Specifications.

In very short term operational problems, the deci-
sion are made by the operators in the control room
of the plant. We omit these problems and possible

Electric Power Research Institute (EPRI) has dem-
onstrated the use of value-impact methodology in
choosing between safety system designs of a nu-
clear power plant (EPRI 1982]. In value-impact
analysis, the consequences are divided into posi-
tive values and negative impacts. Otherwise the
decision model is a multi-attribute value function.

4.2 Nelson Kastenberg study

Nelson and Kastenberg [1985] extended the value-
impact methodology by analytical hierarchy proc-
ess, AHP. The method was applied to the com-
parison of risk reducing design modifications at a
nuclear power plant. The advantages of the AHP
methodology were found to be the flexibility and
ease of use. Furthermore, the abilities to incorpora-
te non-quantifiable variables and to compare
incommensurables, to include stake-holders' opin-
ions and obtain numerical rankings from qualita-
tive comparisons were felt especially desirable.

4.3 Nordic benchmark study

In a Nordic benchmark study, decision analysis
was applied to evaluate an exemption application
from the safety technical specifications. The pur-
pose was to simulate the authority decision mak-
ing and the participating teams were allowed to
choose the approaches freely. VTT used AHP and
multi-attribute value functions as decision mod-
els [Holmberg and Pulkkinen 1992]. Studsvikused
single-attribute utility function [Porn and Shen
1992].

13
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4.4 Exercise study with the
Finnish Centre for Radiation
and Nuclear Safety

Technical Research Centre of Finland (VTT) has
studied with the Finnish Centre for Radiation and
Nuclear Safety (STUK) the applicability of deci-
sion analysis to nuclear safety related problems at
the regulatory body. Decision models and analy-
sis have been presented to inspectors of STUK
dealing with operational safety of nuclear power
plants so that feedback could be gained of the use-
fulness of decision models. The role of probabilis-
tic safety assessment (PSA) in decision making
was also discussed [Holmberg and Pulkkinen
1993].

In this study, inspectors from STUK exercised with
two occurred and solved problems using decision
analysis. The first case was related to a common
cause failure phenomenon in solenoid valves con-
trolling pneumatic valves important to safety of
the plant. The latter problem was to evaluate de-
sign changes of external electric grid connections
after a fire incident had revealed weaknesses in
the separation of electric system. In both cases,
the decision analysis was carried out in several
sessions in which decision makers, technical ex-
perts as well as experts of decision analysis par-
ticipated.

4.5 Dutch hydrogen workshop

The objective of the Dutch hydrogen workshop
was to investigate the alternative mitigation tech-
niques for a postulated severe accident in the
Borssele type nuclear power plant in the case that
hydrogen will be produced. The workshop was
initiated by a task group of the Reactor Safety
Committee, an advisory body to the Nuclear Safety
Inspectorate in the Netherlands. Department of
Industrial Safety of the TNO Institute of Environ-
mental and Energy Technology was responsible
for the course of the decision analysis [Hydrogen
Workshop 1995].

The idea of the workshop was to bring experts to-
gether with knowledge of the various mitigation
techniques. The comparison of the techniques was
made by a multi-criteria decision analysis method.

The workshop process was carried out in two
phases. In the first phase, representatives from
mitigation techniques were invited to present a
position paper on the alternative they proposed.
The presentations were discussed in a panel con-
sisting of experts in reactor safety and nuclear tech-
nology. The purpose of the discussion was to un-
derstand different opinions. Criteria were defined
to distinguish all aspects concerning mitigation
techniques. After the discussion, the participants
were asked to fill in a score document in which a
score had to be given on each criterion for every
alternative. The scores were discussed in the fol-
lowing day. As a result of the first phase, original
ten mitigation techniques were reduced to four
alternatives.

In the second phase, the effect scores given in the
first phase were transformed in value function
forms, i.e., in a scale between 0 and 1. Then weigh-
ing factors for each criteria were given by a group
of experts. A decision analysis tool DATUM was
used in this step. After that the alternatives could
be compared quantitatively. The analysis was com-
pleted with a sensitivity analysis. The results of
the second phase were not available.

4.6 NRC investigation into the
application of formal
decision-making methods

As part of the NRC-sponsored program to study
the implications of generic Issue 57 (GI-57), "Ef-
fects of fire protection system actuation on safety-
related equipment", a subtask was performed to
evaluate the applicability of formal decision analy-
sis methods to generic issues cost/benefit-type
decisions and to apply these methods to the GI-57
results.

14
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The report on the subtask [see Bohn, 1992] in-
cludes an introduction to formal decision analysis
methods. The methodology discussed covers both
single and multiple attribute decisions with and
without uncertainty. The main approach is based
on utility functions, but also issues related to vari-
ous dominance criteria are discussed. Further,
methodologies to assess utility functions are dis-
cussed. The decision trees are applied in describ-
ing the decision problem. In addition to methodo-
logical discussion, applications to GE and B&W
plants are described.

According to the experiences from the trial appli-
cations, Bohn [1992] states that formal decision-
making methodology has great potential in mak-
ing retrofit (or front-fit) decisions in resolving
generic issues. The advantages which it offers over
simple cost benefit ratio analysis include the abil-
ity to clarify the implicit assumptions made in

decision-making process, the ability to provide a
structure for the decision-making process and the
possibility to deal with uncertain consequences.
Further, it makes it possible to apply sensitivity
analyses with respect to expert judgements and
modelling uncertainties.

Bohn [1992] makes a proposal to convene a panel
of decision makers and go through a formal que-
rying process to identify which attributes are sig-
nificant to the decision makers and what utility
functions and value tradeoffs they would select.
To assure this, Bohn [1992] states that it would be
beneficial to develop a small set of standardized
problems to demonstrate the implications of the
various preferences. Comparable recommenda-
tions and observations were also discussed in the
Finnish decision analysis exercise [Holmberg and
Pulkkinen, 1993].

15
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NUCLEAR WASTE MANAGEMENT

Nuclear waste management brings certain inter-
esting and difficulty quantifiable aspects into the
decision making. The time span of the possible
consequences is long, and it is difficult to deter-
mine how far in the future we should consider
the problem. Secondly, there are many parties
involved with different interests, responsibilities
and worries: power companies as the producer
of the waste, safety authority licensing the solu-
tion, local authorities and citizens of the site al-
ternatives. The political process must be taken
into account. Insofar, there are many technologi-
cal questions open, and they do not have to be
solved yet. Temporary waste management solu-
tions can be applied for a long time in order to
wait for innovations in the technology which are
difficult to predict.

5.1 Evaluation of the U.S.
national waste management
strategies

The study by Keeney and von Winterfeldt [1994]
to evaluate U.S. national waste strategies is with-
out doubt the most extensive trial to apply for-
mal decision analysis in the field of nuclear safety.
It involves several contradicting objectives and
tradeoffs between them.

The value model used in the analysis is an addi-
tive measurable value function. The objective for
evaluating the nuclear waste management strat-
egies involved minimizing pre- and postclosure
health and safety impacts, minimization of
environmental and social impacts, maximization
of equity of the decision process and its conse-
quences (i.e. the maximization of geographic
equity regarding storage of waste, maximization
of intergenerational equity, and maximization of
procedural equity), fulfilling government respon-

sibility, the minimization of indirect costs and
the minimization of fear and damage due to any
theft and misuses of nuclear waste. These objec-
tives were measured by suitable attributes. For
some attributes ordinal scales were used. The
value tradeoffs were either adapted from DOE
repository analyses or chosen after discussions
with several individuals knowledgeable about
nuclear waste and government decisions. In ad-
dition to the base case analysis, extensive sensi-
tivity analyses were performed.

The nuclear waste management strategy currently
being pursued by the US government is to at-
tempt to license and operate a nuclear waste re-
pository at Yucca Mountain to dispose of high
level waste from commercial nuclear power
plants. According to Keeney and von Winterfeldt
[1994] this strategy has not previously been care-
fully analyzed and compared with other readily
available alternatives. Rather, it is a strategy that
has been followed for 10 years so as to conform
with the Nuclear Waste Policy Act of 1982 and
Amendments to that Act of 1987. Thus, Keeney
and von Winterfeldt [1994] felt that it seemed
appropriate to conduct the decision analysis. The
analysis indicated that the current strategy is very
undesirable for USA. According to the analysis,
under various conditions the Yucca Mountain
repository is worse than storing the nuclear waste
either on site at the existing nuclear power plants
or in a monitored retrievable storage by the
equivalent of between $200 million and $33 000
million.

The recommendation drawn from the decision
analysis included the proposal to stop pursuing
the Yucca Mountain as a repository for perma-
nent storage of nuclear waste, to modify the Nu-
clear Waste Policy Act to allow other, more rea-
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sonable strategies and to conduct an independ- time. The new analysis should also investigate
ent detailed analysis along the lines of the analy- possible technological innovations in nuclear
sis presented by Keeney and von Winterfeldt waste management in more detail and it should
[1994]. The detailed analysis should address dy- address the possible development of improved
namic policy strategies to take advantage of flex- social procedures to involve the public and
ibility and adapt to uncertainties that resolve over stakeholders in decisions.
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6 EMERGENCY MANAGEMENT

6.1 Analysis of early protective
actions after a nuclear
accident

Sinkko [1992] has analyzed early protective ac-
tions after a nuclear accident by multi-attribute
utility functions. An evaluation of decision analy-
sis methodology preceded that work [Sinkko,
1991]. This earlier work included examples on the
use of decision analysis on cost/benefit analysis
of radiation shielding and on the use of contami-
nated freshwater fish.

The later study [Sinkko, 1992] provides two ap-
plications how multi-attribute utility analysis can
be used when planning protective actions after a
nuclear accident. In this study, multiattribute util-
ity functions and decision tree models were ap-
plied. The objectives hierarchy included both costs
of protective actions and the radiation doses. The
aim of this study was to demonstrate the use of
decision analysis methodology, and the protective
actions analyzed were generic, and thus not very
appropriate for full analysis of intervention lev-
els. Sinkko [1992] emphasizes that all important
attributes and feasible actions relevant to the case
under consideration should be included in the
analysis. Further, well defined attributes facilitate
the process ensuring that the final set of attributes
actually captures all the relevant and useful val-
ues.

6.2 Decision conferencing
exercise on countermeasures
after a large nuclear accident

In this context of the Nordic nuclear safety research
project of emergency preparedness (NKS/BER-
3), a decision conference was organized [see

French et al, 1993]. The objectives were to achieve
a common understanding between decision mak-
ers and local governmental officials and radiation
protection community of the issues that arise in
decisions in the aftermath of a major nuclear acci-
dent, to identify issues which need to be consid-
ered in preparing guidance on intervention levels
and to explore the use of decision conferencing as
a format for major decision making.

The exercise was solved by decision conferencing
technique or process, which seeks to support to a
group facing a complex strategic problem. At a
decision conference, the group are aided in their
discussions by a facilitator and analyst, who at-
tend tho the process and decision modelling-leav-
ing the group free to concentrate on the content of
their problem. The facilitator and the analyst built
the decision models of the choice facing the group.

During the NKS/BER-3 decision conferencing
[see French et al, 1993] an hypothetical accident
scenario was considered. The scenario assumed
that the conference was meeting some eight days
into the accident to consider medium and longer
term protective actions. By the end of the confer-
ence, considerable consensus on the general form
of the strategy had emerged. Many felt that it was
important to retain flexibility in the strategy of
protective actions, even this increased the uncer-
tainty for the affected population. All participants
felt that more research and advice on the psycho-
logical effects such accidents and effects of pro-
tective actions. It was felt that the exercise had
illustrated the problems inherent to radiation emer-
gencies. Moreover, it was felt that the exercise had
been useful in meeting the need to think about the
issues before an accident happens. It was also sug-
gested that the exercise was clearly a useful tool
in stimulating discussion in planning and emer-
gency preparedness.
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7 SUMMARY

Table I summarizes the applications.

Table I. Comparison of the decision analysis studies in nuclear safety field.

Application

EPRI

Nelson and
Kastenberg

Nordic benchmark
study

STUK exercise

Dutch hydrogen
workshop

U.S. national waste
management

Analysis of protective
actions after an
accident

Decision conference
on countermeasures
after a accident

NRC study on
Application of formal
decision-making
methods to safety
issue decisions

Problem area

Design modification

Design modification

Temporary plant
shutdown

Temporary plant
shutdown, design
modification

Design modification

Waste management
strategy

Accident
management
strategy

Accident
management
strategy

Design
modifications,
retrofitting

Purpose

Demonstration

Benchmark

Exercise

Decision
support

Demonstration

Simulation,
exercise

Evaluation of
methodology

Participants

Researchers

Researchers

Safety authorities,
researches

Experts in nuclear
safety

Researchers

Researchers

Officials, experts

Researchers,
NRC decision
makers

Model

value-impact
model, MAVF

value-impact
model, AHP

MAVF, AHP,
utility function

MAVF

MAVF

MAVF,
decision tree

MAUF

MAVF

MAUF

AHP = Analytic hierarchy process
MAVF = Multi-attribute value function
MAUF = Multi-attribute utility function
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8 CONCLUSIONS

This survey aims at obtaining information and
experiences from applications of formal decision
making methods in resolving safety related issues
in nuclear energy field. The applications reviewed
in this survey have considered safety goals, op-
erational safety management, waste management
and emergency management. In the area of safety
goals the use of formal decision analyses seems
to be rather implicit, although the rationale behind
the safety goals reflects decision analytic think-
ing.

In the case of operational safety management, in-
cluding design modifications and backfitting, the
applications are research oriented or methodology
evaluations. The experience from the case studies
is in many cases promising. The applications vary
from rather simple cost/benefit studies to exten-
sive uses of decision models.

The nuclear waste management has been consid-
ered by Keeney and von Winterfeldt [1994] in an
extensive decision analysis. The recommendations
from that analysis were rather profound. The ex-
perience of using decision analysis to resolve waste
management issues in other countries is missing.

The applications in resolving emergency manage-
ment problems is mainly research oriented. Also
in this area the experience has been promising.

Although the present review is not complete, and
many important case studies may have been left
outside of this study, we may conclude, that the
experience of applying formal decision analytic
methods is mainly positive. This is due to the ex-
plicit presentation of preferences and transparent
modelling of the decision problems. The structured
view over the issue under consideration helps to
balance the different attributes of decisions against
each other, and to use the proper information in
solving the problem.

On the basis of the experiences from the reviewed
studies, we think that the methodology is mature
for many types of decision problems. The value
and preference statements adopted in a real appli-
cation, should, however, discussed carefully, and
they must not be adopted as given. We expect that
the number of real practical applications, which
now seem to be small, increases in future rapidly.
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