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ABSTRACT 
Technical Research Centre of Finland (VTT) has studied with the Finnish Centre for Radiation 
and Nuclear Safety (STUK) the applicability of decision analytic approach to the treatment of 
nuclear safety ulated problems at the regulatory body. Decision models and analysis have been 
presented to inspectors of STUK who deal with operational safety of nuclear power plants. The 
role of probabilistic safety assessment (PSA) in decision making has also been discussed. 

In this study, inspectors from STUK exercised with a decision analytic approach by re-
operationalizing two occurred and solved problems. The research scientist from VTT acted as 
systems analysts guiding the decision analysis process. The first case was related to a common 
cause failure phenomenon in solenoid valves controlling pneumatic valves important to safety of 
die plant. The problem of the regulatory body was to judge whether to allow continued operation 
or to require more detailed inspections and in which time schedule die inspections should be done. 
The latter problem was to evaluate design changes of external electrical grid connections alter a 
fire incident had revealed weaknesses in die separation of electrical system. 

In both cases, die decision analysis was carried out in several sessions in which decision makers, 
technical experts as well as experts of decision analysis participated. A multi-attribute value 
function was applied as a decision model so that attributes had to be defined to quantify die levels 
of achievements of die objectives. The attributes included bodi indicators related to die level of 
operational safety of die plant such as core damage frequency given by PSA, and indicators 
related to die safety culture, i.e., how well die chosen option fits on die regulatory policy. 

The problem with applying decision analysis in regulatory decision making is diat die decision 
options usually include future options which are more effective dian minimal solutions to die 
original problem. Additional report; or proposals can be required from die power company to 
solve die problem. Therefore die emphasis in die analysis turned out to be in die specification of 
die objectives, after which it was meaningful to discuss decision options. In diat purpose, decision 
analysis can be an advancement to die normal practice, because it increases group working and 
information exchange. Particularly, die use of quantitative decision models forces to express die 
arguments explicitly. The discussions during die structuring of die problem and die processing of 
die weights for die multi-attribute value function was, perhaps, die most educating part of die 
exercise. A communication process, alike decision analysis, can timely help to clarify and to 
verify die fundamentals of die regulatory work even if it is not applied as a regular approach. 
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TIIVISTELMÄ 

Valtion teknillinen tutkimuskeskus (VTT) ja säteilyturvakeskus fSTUK) ovat selvittäneet 
päätösanalyysin soveltuvuutta monitavoitteisten ydinturvallisuusasioiden käsittelyyn. 
Päätösanalyysin menetelmiä on esitelty ydinturvallisuusasioista vastaaville henkilöille STUK:ssa, 
jotta saataisiin palautetta mecetelmien hyödyllisyydestä. Myös todennäkdisyyspohjaisten 
turvallisuusanalyysien (PSA) merkitystä päätöksenteossa on pohdittu. 

Tutkimuksessa STUK:n edustajat kokeilivat päätösanalyysiä kahden jo ratkaistun ongelm?n 
käsittelyyn. Ensimmäinen esimerkki liittyi Teollisuuden Voiman (TVO) laitoksella 1992 havaittuun 
yhteisvikailmiöön magneettiventtiileissä, jotka ohjaavat turvallisuudelle tärkeitä pneumaattisia 
venttiileitä. Ongelmana oli päättää, voidaanko tehoajolla jatkaminen sallia vai pitäisikö vaatia 
venttiilien tarkempaa tutkimista. Toisessa esimerkissä pohdittiin ulkoisten verkkoyhteyksien 
riippumattomuutta n-in ikään TVO:n laitoksella sen jälkeen, kun tulipalo oli vuonna 1991 
paljastanut heikkouden sähköjärjestelmässä. 

Molemmat tapaukset käsiteltiin päätösanalyysi-istunnoissa, joihin osallistuivat STUK:n 
päätöksentekijät ja asiantuntijat sekä VTT:n päätösanalyytikot. Moniattribuuttista arvofunktiota 
käytettiin päätösmallina. Attribuutteina oli sekä riskiin liittyviä mittoja, joita saadaan PSA:n avulla 
että turvallisuuskulttuuriin liittyviä mittareita, jotka muun muassa kuvaavat, kuinka hyvin 
päätösvaihtoehto sopii viranomaisen toimintaperiaatteisiin. 

Päätösanalyysin soveltamisessa viranomaispäätöksentekoon on se ongelma, että päätösvaihtoehdot 
ovat vaatimusten muotoisia, joilla pyritään vaikuttamaan siihen, eitä voimayhtiö ratkaisee 
ongelman. Siksi päätösanalyysin painopiste olikin tavoitteiden määrittelemisess? jonka jälkeen 
voitiin paremmin pohtia päätösvaihtoehtoja. Siinä mielessä päätösanalyysi on kehitystä nykyiseen 
käytäntöön, koska ryhmätyö lisääntyy ja tietojen sekä mielipiteiden vaihto paranee. Erityisesti 
kvantitatiivisten päätösmallien käyttö pakottaa ilmaisemaan argumentit täsmällisesti. Keskustelut, 
joita käytiin ongelmia strukturoitaessa ja moniattribuuttisen arvofunktion painokertoimia 
määritettäessä, olivat ehkä analyysin opettavaisin osa. Päätösanalyysin kaltainen 
kommunikointiprosessi voi tarpeen tullen auttaa selventämään ja tarkentamaan viranomaistyön 
perusteita, vaikka sitä ei käytettäisikään säännöllisenä menetelmänä ongelmien ratkaistaessa. 
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1 INTRODUCTION 

A regulatory decision making includes selections of methods to control 
power company's operating policy. An important decision making 
criteria for the regulatory decision maker is how well the selected 
control policy enhances safety culture. Decision analysis aims to model 
the subjective assessments of the decision maker and, thus, to help the 
decision maker to understand the considered problem. 

1.1 Objectives of the study 

Technical Research Centre of Finland (VTT) 
has studied with the Finnish Centre for Radia
tion and Nuclear Safety (STUK) the applicabili
ty of decision analytic approach to the treat
ment of nuclear safety related problems at the 
regulatory body. Decision models and analysis 
have been presented to inspectors of STUK 
who deal with operational safety of nuclear 
power plants. The role of probabilistic safety 
assessment (PSA) in decision making has also 
been discussed. 

Normally, the formulation of the contents of 
the requirements has several steps where three 
type of persons are involved: 1) decision 
maker, 2) referendary, who presents the 
subject to the decision maker, and 3) technical 
expert(s), who prepare(s) the subject to the 
referendary. In practice, the decision making 
process includes internal discussions and 
meetings as well as possibly some communica 
tion with the power company before the final 
decision is made. 

In this study, inspectors from STUK exercised 
with a decision analytic approach by re-
operational izing two occurred and solved prob
lems. The use of previously solved problems 
may bias the results of the decision analysis, 

but, on the other hand, the inspectors also got 
feedback to the earlier decision making 
processes. 

The first case was related to a common cause 
failure phenomenon in solenoid valves control
ling pneumatic valves important to safety of the 
plant. The latter problem was to evaluate 
design changes of external electric grid connec
tions after a fire incident had revealed weak
nesses in the separation of electric system. 

In both cases, the decision analysis was carried 
out in several sessions in which decision mak
ers, technical experts as well as experts of 
decision analysis participated. Firstly, die prob
lem was formulated and certain boundary 
condit'ons for the exercise were agreed. Then, 
the actual decision analysis could start with 
structuring of the problem. The decision op
tions were identified and the objectives were 
defined. A multi-attribute value function was 
applied as a decision model so that attributes 
had to be defined to quantify the levels of 
achievements of the objectives. 

This report introduces decision analysis with 
emphasis on the value theory. The courses of 
the case studies are presented as well as further 
applicability of the decision analysis on regula
tory decision making is discussed. 

8 



STUK-YTO-TR 61 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

2 DECISION ANALYSIS AND THEORY 

Decision analysis is a set of methods of sys
tems analysis and operations research which 
are applied in supporting extensive decisions. 
The objective of decision analysis is to support 
decision making by applying models and 
mathematical or formal analysis. When apply
ing decision analysis, the decision problem is 
not viewed holistically, but as an assemblage of 
individual features. The problem is decom
posed into components, each of which is 
subjected to evaluation by die decision maker. 
The individual components are then recom-
posed to give overall insights and recommen
dations on the original problem (Bunn 1984). 

According to Covello (1987), decision analysis 
represents a formalization of common sense for 
decisions that are too complex for the informal 
use of common sense. The analysis seeks a 
rational, logical, orderly and systematic frame
work for choosing among alternative actions or 
policies when the consequences of the actions 
are uncertain. Further, it attempts to describe, 
clarify and quantify trade-offs among the rela
tive advantages and disadvantages of alternative 
decisions. Finally, it synthesizes quantitatively 
the information produced by the analysis into 
reflecting the overall value of a proposed 
action or policy. 

The decision analysis is a co-operation between 

• 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 nuke sure mat all necessary information is 
available. The experts give information on the 
specific problems on the analysis. 

2.1 Phases of a decision analysis 

The methods of decision analysis vary from die 
simplest methods such as decision tables and 
the analytic hierarchy process (AHP) (Saaty 
1980) to most advanced applications of stochas
tic optimization. Although die methods applied 
in each decision analysis case may vary, die 
general structure of the analysis remains die 
same. The main phases of die decision analytic 
process are 

1) the structuring of the problem, 
2) die construction of die decision model, 
3) sensitivity analyses. 

2.1.1 Structuring of the problem 

During the structuring of die problem, die 
problem is characterized, and decision options 
as well as objectives are identified. The back
ground material is collected and some addition
al analyses may have to be performed. Uncer
tain factors are identified as well as depend
ences between die elements of die problem. 
The structuring is die most valuable part of the 
analysis. 

The identification of decision options consists 
of die clarification of existing decision options 
and die creation of new ones. The decision 
options and their nature are case dependent. 

Decision objectives are criteria or attributes on 
which die decision will be made. Specifically, 
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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 
preference, like maximize profit. It can include 
any consequence diat is important to die deci
sion maker or to group of persons identified by 
the decision maker as being part of die decision 
process. 

It is often beneficial to have several objectives 
under discussion, and treat die problem as a 
multi-objective decision analysis task. In fact, 
one could argue that the real problem in die 
decision making stems from die multi-objective 
nature of the issue. The objectives should be 
structured in an objectives hierarchy, which has 
in die top general objectives. Higher level 
objectives are specified by lower level objec
tives. For the lowest level objectives in a 
hierarchy, attributes are defined to measure die 
achievement of die objectives. 

The specification of die objectives needs some 
exercise so that die relative preferences of all 
levels of die objectives achievement can be 
evaluated. Decision options should not be 
mixed with die objectives. Also objectives 
which are goals like "core damage frequency 
should be under 10"5 1/a" show only die prefer
ence to reach a certain level (Keeney 1988). 
Usually, the objectives overlap or compete 
with one another and thus one goal of die 
analysis is to identify and specify a minimal set 
of independent objectives. 

In a multi-objective approach, structuring 
should result in a decision table which has 
objectives or criteria as columns and decision 
options as rows. The elements of die decision 
table describe how die options fulfil various 
criteria. 

If preference models ate used then quantitative 
performance measures, called attributes, should 
be defined and determined for each decision 
objective. The economical impacts can be mea
sured with money, safety impacts may be 
measured, for example, with numbers of early 
fatalities and die loss of life expectancy. The 
definition and determination of die attributes 

are always difficult and case dependent. The 
basic preference models, value and utility 
Junctions are presented in next sections. 

The decisions are typically made in situations 
in which many relevant variables are unknown 
to the decision maker. Critical uncertain vari
ables should be identified. A decision making 
situation under uncertainty is usually represent
ed by i payoff matrix which consists of 

* decision options o,, i= l,...,n, 
* outcome variables e,, y = 1,... ,m 
* consequences y^ depending on die 

option and die outcome: 

» 1 

• • 
• 
*» 

e, 

v„ 
* -
-
K-» 

. . . 

. . . 

«• 

Y,m 
• 

• 
-
y— 

The uncertainties of unknown outcomes are 
normally quantified dirough probabilities, 
Pfcj j Oj), eitfier on die basis of statistical obser
vations or expert judgements. Often, it is die 
task of die decision analyst to encode die 
probabilities since die decision makers and 
technical experts are not used to represent dieir 
knowledge in die form of probability distribu
tions. Savage (1954) discusses various criteria 
to rank die decision options of die payoff ma
trix. 

Note die difference between decision table and 
payoff matrix. The decision table distinguishes 
between different points of view to compare 
die decision options while die payoff matrix 
distinguishes between mutually exclusive 
outcomes affecting die consequences of die 
options. 

A multi-stage decision problems can be mod
elled by decision trees or influence diagrams. 
A decision tree represents die causal relation
ships between sequential dec'sions and out
comes in a tree form (see e.g. Raiffa 1968). 
An influence diagram is a more general model 
structure allowing network representation of 
die dependent elements in die problem 
(Howard and Matheson 1981). 

10 
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2.1.2 The construction of the preference 
model 

As a result of the structuring, the elements of 
the preference model are obtained. The prefer
ence model prioritizes the decision alternatives. 
The structuring of the model as well as die 
quantification methods depend on die approach. 
The decision maker must understand die used 
method and the relationship jetween the an
swers and results. A computer code helps die 
structuring and manipulation of die preference 
model. 

The elements of a preference model are 

1) decision options a,,...,a., 
2) attributes xlT..,xm measuring die 

achievement of die objectives. 

A decision option at results certain level of 
achievement of objectives which is a point of 
the (multi-attribute) consequence space 
(X;(4)'-rX-(<0)- Consequences can be certain 
or uncertain. A preference model maps die 
points of the consequence space to numerical 
scores to be used in the comparison of die 
options. In a value function model, con
sequences are certain. Influence of the uncer
tainties on preferences can be modelled by 
utility functions. 

The specification of value judgements and 
trade-offs is often the most demanding step in 
die decision analysis. In this step, the decision 
analyst helps die decision maker to make value 
judgements about die relative utility, value, 
worm or desirability of all relevant con
sequences. The construction of die preference 
model helps to clarify and to structure die 
objectives so diat comparisons between deci
sion options can be made, or even new options 
can be identified. 

2.1 J Sensitivity studies 

In die sensitivity studies, die decision problem 
is examined by die decision model. The pur
pose is to find die sensitivity of die results with 

respect to input parameters. It can be viewed 
as a means of stimulatirg die decision maker to 
uiink more closely about die decision problem 
(Rios-Insua and French 1991). 

A general framework for performing sensitivity 
analyses can be given as follows (Rios-Insua 
and French 1991). Let V(a,.w) be the prefer
ence function, where die parameters are denot
ed by w. Parameters may vary in a parameter 
space W. In die base case, die decision ma*er 
chooses w in W yielding an optimal solution a* 
and value V=V(<T,«). The decision maker 
may be uncertain about die true value of «, 
and dierefore she may provide a set SQ W of 
potential parameters. Possible competitors of 
die best solution can be now identified by 
varying w in S. It is often useful to find turn
over points where die preference order given 
by die 'base case" is changed. Thereby, 
critical assessments can be identified. 

2.2 Decision theory 

2.2.1 Preference relations 

The ranking of decision options is based on die 
ability to compare die points of die conse
quence space. A comparison is meaningful, if 
die consequences, i.e., die achievements of die 
objectives are measured in die same scale. A 
prerequisite for die comparison is that die 
decision maker can express a preference rela
tion of any pair of points in die consequence 
space. A preference relation can be a stria 
preference 

x>y «• "x is preferred to y", 

indifference 

x -y •» "x is as preferable as y", 

or weak preference 

xi.y •• 'x is at least as preferable as y". 

Operationally, die weak preference means diat 
either strict preference or indifference holds. 

I I 
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The decision maker is assumed to be consis
tent, i.e., his or her preference relations are 
transitive. If x*y and y>z, then x>z. Same 
holds for indifference and weak preference. 

122 Value functions 

A value function is a real-\alued function 
expressing the preference of an attribute (Fish-
barn 1964). The definition of the value func
tions for the attributes and the composition 
them to a multi-attribute function is the value 
analysis part of the decision analysis. 

Any real-valued function v(x) satisfying the 
conditions 

v(x)>v(y) *» x>y, 
v(x)*v(y) <* x~y. 

can be used to order the attribute values in a 
preference order. The point of the above condi
tions is that the implications are assumed to 
hold to both directions. This relies on that the 
decision maker is normative. 

Value functions satisfying these conditions are 
called ordinal because only die relative order 
has a meaning; the difference in the levels 
(v(x)-v(y)) is ignored (Krantz et al. 1971). 

The above conditions are not enough to reflect 
the relative preferences whedier it is better that 
the attribute exchanges from a to b or from c 
tad. A value function satisfying the conditions 

vOb)-v(a) > v(d)-v{c) n (b-a) >(d*-c), 
v(b)-v{a)'v{d)-v{c) •» (b*-a) ~ (</«-c), 

is measurable. "b*-a" denotes the exchange 
from a to b. Measurability is needed when a 
multi-attribute value function is created. Multi-
attribute value functions are used to represent 
mult;-objective decision making problems. 
Sometimes, it is easier to deal explicitly with 
multiple objectives because o f the difficulties to 
convert them to pure monetary values (Bunn 
1984). A multi-attribute value function repre
sents the preference order similarly to a single-
attribute function except that it has more argu

ments, i.e. 

v{xi,.,Xm)>vixl,...rK^ ** (xr...rXj>(x(,...^), 

V(X I , . . .^J=V(JC1
/ , . .^) ** <xv..jj~{x'x,...ym). 

It would be desirable to decompose the multi-
attribute value function into a function of sin
gle-attribute functions 

*Xv->xJ =f(yMx)>~>vM) • 

The computationally easiest form of the de
compositions is the additive function 

v(x„...,*J =*,v.(*>) + •+*..v„(xj. 

where kfi are the weights of the single-attribute 
functions. 

A sufficient condition for an additive decom
position of the multi-attribute value function is 
mutual preferential independence of the attrib
utes. An attribute x, is said to be prefentially 
independent of x2 if the preferences for specific 
outcome of x, do not depend on x2. \ix2 is also 
preferentially independent of x„ then they are 
mutually preferentially independent (French 
1986). 

An example of preferential dependence is 
between food and drink when selecting a meal. 
The preference order over the drinks .annot be 
considered without knowing the food. Note 
that, a physical dependence does not necessari
ly imply preferential dependence. 

The mutual preferential independence over a 
set of attributes requires preferences of disjoint 
subsets of the attributes are independent. For 
example, a set (x,^ >s preferentially indepen
dent on x3, if the trade-off between x, and x2 is 
not affected by the level of x3. 

assuming that the conditions for an additive 
multi-attribute function hold, the weights are 
assessed by making trade-offs between attrib
utes. The ratio of two weights k, and kj can be 
obtained by choosing two points in the attribute 
/ scale and one in the attribute./ scale denoted 
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by xl, Xi, Xj'. A second point y is selected in 
the attribute j scale making the attribute pairs 
prefentially indifferent. Then 

[*/,*/] - [x?,y] 

•• *,••,.(*/) *ty$) =kiVi(xf) *kjv/y) 

^k,mvfi)-vfi}) 
kj V ((JC/)-V.(^)* 

The two points in the scale should not be very 
close to each other so that they make a distinct 
difference in the value scale. One way to select 
die points is to take two actual decision options 
and their outcomes. Three points are fixed and 
one is variated to find the indifference point. 
Another alternative is to select three extreme 
points (best and worst levels of attributes), and 
adjust the fourth one to find die indifference. 
Figure 1 shows die determination of die ratio 
of die weights. 

The final weights can be computed, when m-l 
pairs of attributes have been compared. The 
weights can be normalized to 1, 

m 

In practice, it is wise to make more than m-l 
comparisons to check die consistency of die 
ratios. 

When a value function has been constructed, 
die best option is found by maximizing die 

value function 

max V{at) = v^a . ) , . . . ,*^) ) . 

In a way, the problem is turned to a multi-
objective optimization problem. In terminolo
gy, die emphasis in die multi-objective decision 
analysis is in die model construction while in 
die multi-objective optimization, die optimi
zation and die optimum concept is considered. 
See more about multi-objective optimization 
e.g. in (Goicoechea et al. 1982). 

2.23 Problems with value functions 

The use of value functions prerequisites diat 
die achievement of die objectives can be 
measured numerically by attributes. In many 
cases, it can be difficult to find suitable attrib
ute, but indirect attributes have to be used. As 
a consequence, exact and quantifiable issues 
get more attention in the modelling and issues 
which are difficult to model may escape die 
notice. The problem of quantifiable attributes 
can be naturally solved by weighting directiy 
die achievements of objectives. This partly 
explains die appeal to methods like analytic 
hierarchy process. 

Another problem is to construct a multi-attrib
ute value function. An additive function is easy 
to use but it is valid only in special cases. Re
quired preferential independence is difficult to 
check because it is a subjective judgement. The 

Figure 1. Determination of the ratio of weights for an additive multi-attribute value function. 
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shape of single-attribute function is related to 
the same problem. For instance, a linear func
tion may be valid only in a certain interval of 
the consequence space. The shape should be 
checked when the trade-offs between attributes 
are made, since it is possible to choose the 
compared points anywhere in the scale. 

2.2.4 Utility theory 

If the consequences are uncertain, the probabil
ities of the consequences have to be accounted 
in the value judgements, too. The utility theory 
provide a way to model the decision making in 
such a situation (von Neumann and Morgen-
stern 1944). The decision maker gives the 
preferences between various lotteries, since a 
decision option is regarded as a lottery in the 
consequence space <(p,Ji),~,(pHJ,)> where 
the consequence JC, takes place with the proba
bility Pi (note that XJ& are now in same dimen
sion; the extension to multi-attribute utility 
theory takes place similar to multi-attribute 
value theory). Various decision options results 
in various lotteries in the consequence space. 

According to the utility theory, he decision 
maker is able to determine for any lottery an 
equally preferable, certain consequence (*"), 
i.e., <<p,jc,)t...,(pHS,)> ~x\ By this principle, 
a utility function u(x) of the decision maker can 
be constructed. The utility function maps the 
points of the consequence space to numerical 
utilities. The utility u(x) can be obtained, for 
instance, by asking die decision maker by 
which probability a certain consequence JC is as 
preferable as the lottery <(l-u(x)jf), 
(M(JK)^*)> , where x° is the worst consequence 
and x* the best. This definition implies that 

u(x°)-0, u(x')'l. 

When the utility function has been defined, the 
task is to find the decision option which maxi
mizes the expected utility 

max E[ii(a)]'^pia)u^la)). 
' J 

14 

A utility function represents the risk attitude of 
the decision maker. If the decision maker pre
fers a lottery to the expected value of the lot
tery, she is risk seeking. A risk averse decision 
maker makes an opposite choice. A risk neutral 
decision maker considers the options equally 
preferable. 

2.3 Applications of decision 
models in risk decision 
making 

This chapter reviews decision analyses made in 
risk decision making context. Electric Power 
Research Institute (EPRI) has demonstrated the 
use of value-impact methodology in choosing 
between safety system designs of a nuclear 
power plant (EPRI 1982). In value-impact 
analysis, the consequences are divided into 
positive values and negative impacts. Otherwise 
the decision model is a multi-attribute value 
function. In this example, a linear multi-attrib
ute utility function was used. Nelson and 
Kastenberg (1985) extended the value-impact 
methodology by AHP. The method was applied 
to the comparison of risk reducing design 
modifications at a nuclear power plant. 

Renn (1986) has applied value tree analysis to 
define and weigh criteria in the energy debate. 
To cover the wide spectrum of views in the 
society, nine stake-holder groups were inter
viewed with the approach. A combined value 
tree was then formed from individual value 
trees, and the criteria were translated to mea
surable indicators. Weights of the criteria were 
elicited by interviewing randomly chosen 
citizens. 

In a Nordic benchmark study, decision analysis 
was applied to evaluate an exemption applica
tion from the safety technical specifications. 
The purpose was to simulate the authority 
decision making and the participating teams 
were allowed to choose the approaches freely. 
VTT used AHP and multi-attribute value func
tions as decision muiels (Holmberg and 
Pulkkinen 1992). Studsvikused single-attribute 
utility function (Pörn and Shen 1992). 
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Sinkko (1991) has analysed early protective 
actions after a nuclear accident by multi-attrib
ute utility functions. Haimes et al. (1990) have 
performed a multi-objective decision tree 

analysis in flood warning and evacuation 
systems. Noonan and Vidich (1992) have made 
a decision tree analysis on real estate acqui
sition. 

15 
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3 CASE 1: SOLENOID VALVES 

3.1 Problem description 

The problem is related to detected deterioration 
in die performance of solenoid valves of die 
hydraulic reactor scram system at both units of 
the TVO (Teollisuuden Voima Oy) nuclear 
power plant in 1992. All solenoid valves had 
been changed in the previous outage. The 
cause for the delayed actuation of the solenoid 
valves was unknown so that the phenomenon 
could be considered a common cause failure 
destructive detrimental for the safety of the 
plant. 

The starting point for the case was that the 
power company informed the regulatory body 
about the situation and proposed a stra- _, to 
solve or control die problem. The p r «em of 
the regulatory body was to judge whether to 
allow continued operation or to require more 
detailed investigations. In reality, the regulato
ry body required an inspection of failed valves 
cf TVO II unit during the next weekend. 

3.2 The course of decision 
analysis 

The decision analysis was carried out in several 
sessions in which decision makers, technical 
experts as well as experts of decision analysis 
participated. The purpose was to create one 
decision model reflecting opinion of all partici
pants. The mutual acceptance and understand
ing in each phase of decision analysis were 
obtained in discussions without using any 
formal methods to guide the discussion. 

In the first session, decision analysis techniques 
were presented and the subject of the first case 

was defined. Before the second session, the 
representatives of the regulatory body were 
asked to identify decision options and criteria 
relevant to the case. During the following 
session, the options and criteria were defined 
more specifically, and a decision table (see 
Table I) describing how the options meet the 
criteria was filled. 

Based on the decision table, a multi-attribute 
value function was constructed in die third 
session. The objectives achievement were 
measured by attributes and the weighing of the 
criteria was performed by asking trade-offs. 
The model was then manipulated by a spread
sheet application designed for additive multi-
attribute value functions. In the fourth session 
die results of the analysis were presented and 
discussed. 

3.2.1 Decision options 

Four decision options were identified: 

1. not to require extra investigations, 
2. to tequire immediate investigations of 

die solenoid valves, 
3. to require investigations of the solenoid 

valves within a prescribed time, 
4. to require shutdowns of both units, till 

the investigations provide results. 

The first option means that the power operation 
is continued and the test interval of die valves 
is shortened. In the meantime, die power com
pany and the vendors of the plant as well as of 
die valves try to find out the cause of die phe
nomenon by other means but not by inspecting 
the deteriorated valves. 

16 
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Table I. Decision table of case 1. 

Attributes 

Risk of external 
release 

Core damage 
risk 

Shut down risk 

Identification of 
failure mecha
nism 

Safety culture 

Economical 
losses 

1. 
No extra 

investigations 

+ 1 %,halfa 
year, two units 

+ 1 %,halfa 
year, two units 

0 shut down 

depends on die 
effectiveness of 
tests 

implies that 
solenoid valves 
are not impor
tant to safety, 
closest to the 
internal, prob. 
guide 

no losses 

Decision options 

2. 
Immediate inves

tigations 

+ 1 %, one week, 
two units 

+ 1 %, one week, 
two units 

1 shut down imme
diately 

depends on the 
effectiveness of 
investigations and 
tests 

shows awareness 
of the importance 
of solenoid valves 
and hydraulic 
scram system 

1 day production 

3. 
Investigations wit

hin one month 

+ 1 %, one 
month, two units 

+ 1 56, one 
month, two units 

1 shut down with
in a prescribed 
time, not 
necessarily an 
extra shut down 

same as option 2 
but more time to 
plan the investiga
tions 

same as option 2, 
acknowledges the 
importance of 
careful 
preparations 

1 day production, 
not necessarily 
extra losses 

4. 
Shut down 

of both units 

+ 0 % 

+0% 

2 shut 
downs im
mediately 

depends en 
the effec
tiveness of 
investiga
tions 

in practice 
nearly im
possible 
option, 
inconse-
quently 
stringent 

2x7 days 
production 
losses 

In the second option, some of the deteriorated 
valves are inspected to identify the causes of 
the faults. It means that one of the units has to 
be shut down to ensure safe replacements of 
the valves. Power operation can be then contin
ued, but the valves must be investigated imme
diately. 

In the fourth option, the situation is considered 
so severe that power operation cannot be al
lowed till the investigations provide results. 
The contents of the investigations are assumed 
to be same as in the second and third options. 

3.2.2 Decision criteria 

The third option is the same as the second one Six decision criteria were identified: 
except that investigations does not have to be 
done immediately. A time limit of one month 1. risk of radioactive release outside of the 
is assumed. Due to time, the company can containment, 
better schedule the shut down and investiga- 2. core damage risk, 
tions. 3. risks in plant shut down, 
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4. the identification of the common cause 
failure mechanism, 

5. influence on the safety culture, 
6. economical consequences from the loss 

of power production. 

Risk of radioactive release is relevant in this 
case because similar solenoid valves control the 
pneumatic isolation valves in certain pipelines 
which pass 'he containment. The isolation 
valves are responsible for the containment 
integrity. It should be noted that those pipelines 
are always equipped with secondary, outer 
isolation valves which are motor-operated and, 
thus, independent of the condition of the sole
noid valves. By conservative assumptions, the 
conditional probability of an external release in 
a core damage increases temporarily 1 %. 
Each decision option results in different periods 
of increased risk of external release. 

The main contribution of the solenoid valves to 
the core damage risk comes from the operation 
of the hydraulic scram system. By conservative 
assumptions, risk frequency increase of 1 % 
can be considered. As with the risk of external 
release, the decision options differ in the peri
ods of risk increase. 

Compared to power operation, a shut down 
increases temporarily the risk of core damage. 
In addition, a shut down is a thermal transient 
which loads the components in the primary 
circuit. 

The suspected cause for the slower perfor
mance of the solenoid valves was the slightly 
different construction in the new components. 
On the other hand, the installation or operation 
of the new valves might have caused a latent, 
progressing failure mechanism. Thirdly, the 
controlling pressure air system could have 
spread dirt in the valves. The surveillance tests 
indicate how the failure mechanism progresses. 
By investigating specific components, the 
failure cause could be possibly verified. 

Safety culture includes the awareness of the 
safety authorities and the power company to 
the importance of safety. The decisions made 

reflect the safety policy of the regulatory body. 
As a consequence, the decisions have influence 
on the safety culti re of the power company. 

The decisions of the regulatory body should be 
consistent. The consistency can be assessed by 
comparing this problem to the treatment of 
other problems and to regulatory guides. A 
STUK guideline used for internal purposes 
states a maximal allowed core damage 
probability increase till the next scheduled plant 
shutdown. In this case, the risk increase was 
assumed to be so small that the power opera
tion could be allowed till the next refuelling 
outage which would be after six months for 
bom units. 

The problem here was that, there were uncer
tainties about the failure causes. One feature of 
die safety culture is to express the awareness of 
the situation, and it depends on the safety 
significance of the solenoid valves. The nega
tive feature of the uncertainties is the fear of 
unnecessary additional requirements; what if 
the investigations do not reveal the causes. 

The requirements are the controlling method of 
die regulatory body. They affect how die 
power company will react to similar problems 
in future. Too a strong requirement is consid
ered a punishment while too mild one may 
relax the safety culture. One goal is that the 
authorities and die power company have a 
mutual understanding of the safety importance 
of the issues. 

During a shut down of one or two units, die 
electricity has to be produced by other power 
plants in Finland or it can be imported. Al
though the economical consequences do not 
directly concern die regulatory body, this 
criterion can be included in die model. 

3.2.3 Decision model 

The decision model was decided to be a multi-
attribute value function die elements of which 
were identified during die second session of die 
case. The hierarchy of die criteria and 
corresponding attributes is shown in Table II. 
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Table II. The objectives hierarchy of case 1. 

Top objective 

1. level criteria 

2. level criteria 

Attributes 

The solution of the problem 

Operational safety 

Risk of 
exter
nal 
release 

time of 
risk in
crease 

Core 
dam
age 
risk 

time of 
risk in
crease 

Shut 
down 
risk 

number 
of shut 
downs 

Safety culture 

Identifica- Consistency 
tion of fail
ure mecha
nism 

quality of time differ-
investiga- ence to 
tions (score) maximum 

given by the 
guide 

| 

National I 
economy | 

Economi- J 
cal losses J 

lost pro-
dv .tion 
days 

It should be noted that many of the criteria are 
physically dependent on each other. For in
stance, shut down risk is linked with losses of 
production via the shut down event. Whether 
or not an additive function can be used is 
further discussed in chapter 5. 

The risk of external release is measured by 
days in operation with increased risk. "1 day" 
is interpreted as one day operation of a unit for 
which die conditional probability of external 
release is increased 1 %. Correspondingly, one 
day in the core damage risk attribute means 
one day of operation of a unit which has 1 % 
higher core damage frequency. 

The shut down criterion is measured by the 
number of anticipated extra shut downs. The 
consistency is counted by how many days 
earlier the shut down of a unit is performed 
than the probabilistic guide would have allow
ed. The quality of investigations is measured 
by a subjective scale. The interpretation of the 
scale can be derived from the trade-offs. The 
production losses are measured by days lost of 
production per unit. The levels of the attributes 
for each decision option are summarized in 
appendix 1. 

The weights of the criteria were asked by 
trade-offs. One shut down was used as a 

reference yardstick because it was easy to 
interpret. Besides, the risk of a shut down has 
been evaluated. Respective core damage 
probability increase is obtained, if the plant is 
operated ISO days with 1 % higher risk fre
quency. 

A plant with nominal core damage frequency 
1 E-S 1/a and conditional probability of exter
nal release 0.1 was regarded as preferable as a 
plant with nominal core damage frequency 0.S 
E-6 1/a with postulated external release in an 
accident. Thus, 1 day with increased core 
damage frequency of order 1 % corresponds to 
0.9S days operation with increased probability 
external release as estimated in this case. 

Two points in the scale for the quality of inves
tigations was equally preferable as one extra 
shut down. "Two" is same as the difference in 
the quality of investigations between the deci
sion options "Immediate investigations" and 
"Shut down of both units". 

The maximal allowed time by the internal 
guide to continue the power operation in this 
case was more than the time till the scheduled 
refuelling outage (180 days). The shut down of 
both units immediately (altogether 360 days 
earlier) was regarded as bad as risks of one 
extra shut down. 
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Table III. Equivalent trade-offs of case 1. 
i 

Attribute 

Risk of external release 

Core damage risk 

Shut down risk 

Quality of investigations 

Difference to maximum 
given by the guide 

Loss of production 

Trade-off 

540 days 

ISO days 

I shutdown 

360 days 

7 days 

Total values 
production 

guide 
nvesfiQattons 

shutdown 
core damage * * * * * • • * 

release 

Options S 8 | 

Figure 2. The final scores of case 1. 

One shut down was considered equally bad as 
seven days loss of production with one unit. 
Equally preferred trade-offs are summarized in 
Table III. 

3.2.4 Results 

In the base case, following order were obtain
ed: 

1. "Investigations within one month", 
V=0.794, 

2. "Immediate investigatiois", V=0.775, 
3. "No extra investigations", V=0.497, 
4. "Shut down of both units", V=0.354. 

Figure 2 presents a bar diagram of the results. 
The higher a bar is in the diagram, the more 
an attribute supports the decision option. In 
each attribute column, the decision option 
worst with respect to the attribute receives zero 
points. The iast rows represents final scores 
which are sums of attribute specific scores, 
because of the additive model. 

Figure 2 shows that the decision options "In
vestigations within one month" and "Immediate 
investigations" are equally matched, and both 
are supported by all attributes. 

Two type of sensitivity studies were made. 
Firstly, individual attribute levels for each 
decision option were varied to find the turn 
over point. The only realistic variation was to 
change the points of "quality of investigations" 
of decision option "Investigations within one 
month" cr "Immediate investigations". In the 
base case they differ with 1 point. If die differ
ence is 0.6 points, then the decision options 
receive the same total score. 

Secondly, the weights of the attributes were 
varied. It was carried out by changing the 
equivalent trade-offs of the attributes in turn 
until the best option changed. Changes are 
summarized in Table IV. 
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Table IV. Sensitivity study on trade-offs of 
case 1. 

Only die last variation, i.e., to decrease die 
equivalent trade-off of lost production days 
down to 0.32 days is unrealistic. Other varia
tions could be considered. It can be also noted 
that by dropping any one of die attributes away 
from the model, does not solely change die 
best option, because the two best options are 
very similar and clearly better than die two 
odiers. 

3.3 Conclusions from the case 

The decision options "Investigations within one 
month" and "Immediate investigations" are 
clearly die best options. They are very much 
alike, and the critical judgement is how much 
die quality of die investigations is improved if 
some time is allowed for die power company to 
prepare die investigations dian to require die 
power company to start the investigations 
immediately. 

The option "No extra investigations" is 
weighed down by low scores from external 
release risk, core damage risk and quality of 
investigations criteria. The option "Shut down 
of both units" is the worst one because it is 
unfavorable with respect to production losses, 
quality of investigations and shut down risks. 

Attribute 

Risk of external 
release (540 days 
in base case) 

Core damage risk 
(150 days) 

Shut down risk 
(1 shut down) 

Quality of 
investigations (-2) 

Difference to guide 
(180 days) 

Loss of production 
(7 days) 

New 
trade-off 

164 

92 

0.25 

-3.5 

44 

0.32 

a, = "No extra investigations" 
a2 = "Immediate investigations" 

New 
best 

<*2 

<*2 

<*, 

<*2 

a, 

fl; 
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4 CASE 2: EXTERNAL ELECTRIC GRID 
CONNECTIONS 

4.1 Problem description 

The latter case was related to design changes of 
external electric grid connections of one units 
after a fire incident had revealed weaknesses in 
the separation of electric system in 1991. 
Figure 3 shows the electric power supply of 
one unit. In normal operation, power is sup
plied by the generator. In a loss of generator, 
the power is supplied from the 400 kV external 
grid. If this connection fails, dien there is an 
independent connection to die external 110 kV 
grid. If both connections to die external grids 
are lost, four diesel generators provide on-site 
power supply. 

In 1991, a short circuit and fire at one of the 
6,6 kV switchyards of TV OII caused a loss of 
both external grids for 7.5 hours. It was not 
possible to separate the failed parts of the 
connections without totally breaking die both 
connections. The incident lead to a 
conversation between the power company an-f 

die regulatory body whether die two external 
grids were independent enough or not. As a 
result, second start-up transformer was decided 
to assemble in die 110 kV grid. 

In die decision analysis exercise, die regulatory 
body had to decide whedier die solution ful
filled design principles of the electric system 
and how should die regulatory body formulate 
its decisions so as not to direaten its indepen
dence and not to put unnecessary constraints on 
die design. 

4.2 The course of decision 
analysis 

As in die first case, the decision analysis was 
carried out in several sessions. In this case, all 
die attributes were scored widi a scale 0—10 
individually by die participants of die regulato
ry body before die session. The "consensus" 
scores were then obtained in a discussion in the 
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Figure 3. Electric power supply at TVOI III (old design). 
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preference model session. Also die criteria 
weights were preliminary weighted directly by 
die participants without a trade-off technique. 
The final weights used were averages of die 
individual weights. 

4.2.1 Decision options 

Three decision options were defined: 

1. to accept small modifications which 
would improve the defence against a 
short circuit and subsequent fire, 

2. to require further investigations, 
3. to require further investigations and 

design modifications at latest in the next 
fuel outage. 

By requiring further investigations, the regula
tory body expresses mat small modifications 
are not enough, but die independence of the 
external grids must be improved. In die contin
uation, die power company is assumed to 
propose one of die following modifications: 

a) extra disconnectors after the start-up 
transformer and plant transformers, or 

b) extra start-up transformer in the 110 Kv 
grid. 

Both alternatives could be accepted by the 
regulatory body, and die modifications would 
be realized in the revision after two years. In 
reality, die power company proposed extra 
start-up transformers (option 2b). 

By setting a time limit for the modifications, 
die regulatory body shows that die current risk 
level does not allow die continuation of die 
operation longer than to die next revision. It 
was assumed that in this case the only 
possibility for die power company is to propose 
extra disconnectors (same as in option 2a) and 
that die disconnectors will be assembled in die 
next revision. 

4 2 J2 Decision criteria 

Six decision criteria were identified: 

1. independence of die external grids, 
2. core damage risk 
3. risks caused by modifications, 
4. frequency of loss of external power 

event, 
5. influence on safety culture, 
6. modification expenses. 

The design criteria for electric systems are 
explained in a regulatory guide. According to 
die guide, me onsite electric system must be 
supplied by two physically independent circuits 
designed and located so as to minimize to the 
extent practical die likelihood of dieir simulta
neous failure. In the loss of one of die grids, 
the other one should available fast enough. The 
criterion considers how well die options im
prove die independence. 

The loss of external power is one of die most 
important initiating events according to the 
TVO PSA. The modifications affect both the 
frequency of die initiating event and the proba
bility to restore an external grid fast enough. 

Modifications may cause new, possibly latent 
failures in the electric system. The probability 
of the failures depends on die amount and 
quality of die modifications as well as on tests. 

In TVO PSA, die loss of external power initi
ating events are classified according to die 
cause of die initiating events and to time spent 
for the restoration. In this case, only fire initia
tors are considered, and restoration times of 
more dian 0.5 hour and 2 hours. 

The safety culture criterion is related to signifi
cance and interpretation of die regulatory 
guides in the decision making. One aspect is 
whether die proposed concept fulfils the 
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Table V. Decision table of esse 2. 

Attributes 

Independence 
of external 
grids 

Core damage 
risk 

Risks of 
modifications 

Frequency of 
loss of exter
nal power ' 

Influence on 
safety culture 

Modification 
expenses 
1 f 0.5= 

f_2.0= 

1. 
Small 

modifications 

improvements 
in fire protec
tion, re
storation takes 
8h 

- 0 * 

no extra risks 

f 0.5 = 1.7E-3 
1/a (=2/1000 
a) 

f 2.0=1.7E-3 
1/a 

against the 
guide 

0 

Derision options 

2. 
Investigations 

a) Extra dis- b) Extra transformer 
connectors 

manual restor
ation possible 
in 0.5 h 

?, less than for 
option 2b 

affects e.g. 
control panels, 
standard 
components, 
easier to test 
than option 2b 

f 0.5=8.6E-3 
1/a 

f 2.0=8.6E-5 
1/a 

? 

automatic switching, 
no loss of external 
power if system 
functions 

for a fire initiator 
-1.35%, loss of 
external grid -1 % 

assemblage of 
switching automa
tion, changes in 
control panels, 
affects protection 
system 

f_0.5=1.2E-5 1/a 

f_2.0=4.1E-6I/a 

most expensive 

frequency of event in which external grid is lost over 0.5 h, 
frequency of event in which external grid is lost over 2 h 

3. 
Investigations 
and modifica

tions 

manual restor
ation possible 
in 0.5 h 

compared to 
option 2a, 
takes place a 
year earlier 

compared to 
option 2a, less 
time to plan 
and supervise 
works 

f 0.5=8.6E-* 
1/a 

f 2.0=8.6E-5 
1/a 

influence on 
planning, fast
est way to 
fulfil the guide 

? 

requirements of the guide. Another aspect is The regulatory body does not have to bother 
that requirements may put constraints on the about the expenses of the modifications but this 
designing and, thus, they may threaten the criterion can be included in the decision model, 
independence of the regulatory body. The decision table is shown in Table V. 
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TmUe VI. The 

Topob-
jecave 

1. level 
criteria 

2. level 
criteria 

Attributes 

objectives 

Inde
pendent 
grids 

score 

hierarchy of case 2. 

The solution of die problem 

Operational safety 

Core Risks 
damage of 
risk modifi

cations 

fire- score 
quency 

Loss of 
external 
power 

freq. of 
die event 

Safety culture 

Fulfill- Inc\ 
meat of pen-
tbe guide dence 

score score 

National 
economy 

Expenses 
of die 
modirka-
rions 

price 

4.2.3 

Decision model is similar to die case 1. The 
hierarchy of die criteria and corresponding 
attributes is shown in Table VI. As in the first 
case, diere are at least physical dependences 
between die criteria. For instance, die indepen
dence between die external grid appears in 
several occasions. See chapter S for further 
discussion on preferential dependence. 

In mis case, all attributes were scored in a 
numerical scale (0—10) so diat die best option 
whh respect to die attribute received 10 and me 
worst received 0. The participants of die regu
latory body gave first individually scores and 
men "consensus" scores were obtained in 
discussions. The scores are in appendix 2. 

Also die criteria were directly weighed so mat 
averages of die individual weights were used. 
The weights are summarized in appendix 3. 
Based on die weights equivalent trade-offs can 
be calculated. Table VII shows equally pre
ferred changes in other scales when die trade
off of die most important criterion, core dam
age frequency, is one unit. 

TmUe VII. Weights and trade-offs of case 2. 

AttiUmU 

Independence 
of ihe external 
grids 

Core damage 
risk 

Risks of 
modifications 

Loss of 
external power 
over 0.5 h 

Loss of 
external power 
over 2 h 

Fulfillment cf 
the guide 

Independence 
of the authority 

Modification 
expenses 

Weight 

0.225 

0.25 

0.0875 

0.175 

0.1125 

0.0625 

0.0625 

0.025 

Trade-off 

1.111 

1 

2.857 

1.429 

2 

4 

4 

10 
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4.2.4 Results 

In the base case, following order were obtain
ed: 

1. "Investigations within time limit (extra 
transformer)", V=0.888, 

2. "Investigations within time limit (extra 
disconnectors)", V=0.574, 

3. "Investigations and modifications within 
time limit", V=0.465, 

4. "Small modifications", V=0.175. 

while the sum of the weights was kept in 1. 
Figure 5 shows how the total scores of the 
options are changed with respe.t to weight of 
"risks of modifications". The first turn-over 
point is in 0.31 (0.087S in base case) when 
"Small modifications" passes "Investigations 
and modifications within time limit". 

The increase of the weight of die expenses has 
similar consequences. The changes in the rank 
order just happen vviwin a narrower range 
from 0.38 to 0.47 (0.025 in base case). 

Figure 4 presents a bar diagram of the results. 
The differences are clear, and most of the 
criteria rank the options like in the base case. 
"Risks of modifications", "independence of the 
authority" and "expenses" rank differently, but 
die weights of these criteria are small. 

The sensitivity studies were performed as in 
the first exercise. A variation of any attribute 
level did not provide changes in the order 
within meaningful ranges. Instead, a few 
interesting variations were found when the 
weights of the criteria were changed. Sensitive 
criteria are "risks of modifications" and "ex
penses". In the variations, die weight of one 
criterion was increased (decreasing had no 
effect on the preference order in this case) 

4.3 Conclusions from the case 

The preference order given by die decision 
model is clear because nearly all decision 
criteria support the options similarly. "Small 
modifications" is die worst one since it is 
supported only by "risks of modifications", 
"independence of the authority" and "expens
es". The significance of the "risk of modifica
tions" is, on die other hand, difficult to assess. 

The option "Investigatic s and modifications 
within time limit" is in a way evenly dominated 
by other options so that no single variation of 
die model parameters can make this option 
best. 

The two options of "Investigations widiin time 
limit" should not be compared with each odier, 
because die authority cannot choose between 
diem. However, an extra start-up transformer 
is preferred to extra disconnectors due to 
technical reasons. 

1) small modtf 

- S o ) 
disconnectors 

0 0.5 

wotQhf of 'rtiks of fflOdMcoHont* 

Figure 4. The final scores of case 2. Figure 5. The sensitivity of the weight of "risks 
of modifications". 

26 



STUK-YTO-TR 61 
FINNISH CENTRE FOR RADIATION 

AND NUCLEAR SAFETY 

5 DISCUSSION 

5.1 Methodolocigal issues 

One of the most important methodological 
issues in decision analysis is the encoding of 
subjective judgements, which is encountered in 
the scoring of the options with respect to the 
attributes and in evaluating the weights of the 
attributes. The elicitation and quantification of 
the value or preference statements is often 
difficult due to the qualitative attributes of the 
decision model. However, we should not forget 
the difficulties of the assessment of value func
tions corresponding the directly quantifiable 
attributes, such as core melt frequencies. 

In our case studies the scoring of the alterna
tives was based on the specification of the 
value functions. As discussed in section 2.2.2, 
the mathematical requirements for a value 
function are rather weak, and the analysts and 
decision makers are free to choose their 
approach. In the weakest formulation the value 
function specif es only the preference order 
between various realizations of the attributes. 
The problems of assessing the values for 
directly quantifiable attributes are connected to 
the shape of single-attribute value functions. 
Usually linear and logarithmic scales are 
applied. Careless application of logarithmic 
scale leads, in our opinion, more easily to 
inconsistencies than that of linear scales. 
Further, the determination of the attribute 
weights via trade-off techniques is more diffi
cult to interpret if logarithmic scales are used. 

The scoring of qualitative attributes (e.g. 
fulfillment of the regulatory guide) is often 
hard to interpret. The interpretation of such a 
scaling depends, in fact, on the weighing of the 
attributes: the scores of qualitative attributes 

are meaningful with respect to the scores of the 
other attributes. In any case, we may conclude 
that the scoring of attributes requires training 
with simple but meaningful examples. 

The simplest decision models are based on 
additive value functions, which are weighed 
sums of single-attribute value functions. The 
weights may be determined either by a trade
off technique (see section 2.2.2) or by direct 
assessment. The weights depend on the range 
and on the shape of the single attribute value 
functions. Consequently, the proper 
interpretation of the weights is automatically 
achieved by applying the trade-off comparisons 
which was used in the first case. In the second 
case the weights were assessed directly partly 
because the participants regarded it as an easier 
(faster) method. It may, however, lead to 
results which do not correspond the actual 
preferences. We may conclude that if the 
weights are assessed directly, then they should 
be checked with trade-off evaluations in order 
to reveal possible conflicts with actual prefer
ences. 

The application of additive value function 
requires preferential independence between the 
attributes. In practice, it is not easy to confirm 
the validity of this assumption and the physical 
dependences (which do not imply the preferen
tial dependences) make the picture unclearer. It 
is worth noticing that the hierarchical construc
tion of the preference model may lead to 
preferential dependences: if the higher level 
attributes are decomposed too deeply, then it is 
possible that the subattributes at the lower level 
become dependent. This may be the case in the 
second case study where the attribute concern
ing the loss of external power is decomposed 
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into two subattributes. One way to avoid 
preferential dependences is to cut-off the 
preference hierarchy at higher levels. 

The cases of this study were solved by 
applying the value function approach. The 
decision situations and the structure of the 
models were rather simple. However, more 
complex situations with several sequential 
decisions and dependences between the model 
elements could have been difficult to solve with 
the value function approach. Other models, 
such as decision trees (Raiffa 1968, Lindley 
1985) and influence diagrams (Howard and 
Matheson 1981, Pearl 1988) are candidates for 
solving such problems. 

Sensitivity analyses are essential phases of any 
decision analysis problem. They help in reveal
ing the needs for further information and re
structuring of the model. Here our approach 
consisted of the variation of attribute levels and 
the weights of the additive value function. 
Deeper analyses could have been made by 
applying the framework proposed by Rios 
Insua and French (1991). 

The decision analyses of mis project were, in a 
way, critical evaluations of the decisions 
already made. By analysing similarly more 
extensive collection of decisions one could 
identify the neids for developing the decision 
mechanisms and enhance the discussion 
between the authority and power utilities. In 
that case, the attitude towards the decision 
analysis should be more descriptive instead of 
(he prescriptive attitude adopted in this study. 

5.2 Practical aspects 

To establish decision analysis as a standard 
approach in regulatory decision making, the 
authorities should enhance the discussion on 
the objectives of the regulatory decision 
making. During the course of such discussion, 
the legal or institutional position of the 
authority should be taken into account. A result 
of this kind of discussion could be a consistent 

hierarchy of objectives, which could be used as 
a basis for the identification of the decision 
attributes in every application of decision 
analysis. 

The education of the personnel for decision 
analytic work can be recommended. It is 
natural to think every regulatory decision as an 
application of decision analysis, and thus the 
referendaries should act as decisions analysts in 
collecting the information from the experts and 
in forming the decision options. This is not 
possible, if the persons involved do not under
stand the fundamentals of the decision analysis. 
The education of decision analysis could result 
in developing a general structure of decision 
model to be used in every day work. 

The case studies were solved during several 
sessions, which were quite time-consuming. 
Much of time was used in identification of the 
attributes, i.e., in structuring of the problem. 
In practical work, the decision analysis should 
be made in shorter time. We expect that 
education of the inspectors and more 
experience on additional exercises or real cases 
will make the approach more effective. Also 
descriptive decision analyses of negotiations 
between safety authorities and power 
companies would train the negotiating parties 
more effectively to reconcile disputes (Raiffa 
1982). 

The PSA results and analyses were essential 
parts of the decision models in our case 
studies. This is natural since one of the main 
objectives of regulatory decision making is to 
reduce risk. The combination of decision 
analytical thinking with the PSA is one way to 
well established and balanced risk based 
operational criteria or technical specifications. 
The PSA of level 1 is not, however, sufficient 
but the results from source terms and 
radioactive releases are needed. The 
uncertainties of PSA results can be, in 
principle, taking into account in the decision 
models. 
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6 CONCLUSIONS 

A decision analysis is particularly needed when 
the problem is not clear and the best solution is 
not obvious. For instance, if PSA yields a high 
risk estimate, the decision making is simple 
because of high risk. If the risk level is low but 
not negligible, more consideration is needed 
and other factors begin to affect the decision. 

The problem of applying decision analysis in 
regulatory decision making is that the decision 
options usually include future options which 
are more effective than minimal solutions to 
the original problem. Additional reports or 
proposals can be required from the power 
company to solve the problem. Therefore the 
emphasis in the analysis turned out to be in the 
specification of objectives, after which it was 
meaningful to discuss decision options. In that 
purpose, decision analysis can be an 
advancement to the normal practice, because it 
increases co-operation and information 
exchange. 

The use of quantitative decision models forces 
to express the arguments as explicitly as possi
ble. For instance, the discussions during the 
structuring of the problem and the processing 
of the weights for multi-attribute function was, 

perhaps, the most educating part of the 
exercise. A communication process, alike 
decision analysis, helps to clarify and to verify 
the fundamentals of the audiority work even if 
it is not applied as a regular approach. 

Although the case studies revealed the potential 
of decision analysis in regulatory decisions, we 
may expect that this approach is even more 
suitable for the power companies. In their 
decisions the economical and risk aspects inter
act more clearly than in those of regulator. 
Furthermore, if both the authority and the 
power company apply decision analysis, then 
both sides understand more explicitly the objec
tives of each other, and, without doubt, the 
quality of decisions and discussions would be 
better. 

In the continuation, it could be worth consider
ing to apply decision analysis to some larger 
cases, to try to solve real problems, e.g., the 
renewing of the automation systems and contin
uation of the operating licenses. In those cases, 
the real benefit from a decision analysis could 
be seen when the complex issues are structured 
and clarified by means of a systematic method. 
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APPENDIX 1 

Attribute levels of the decision options in case 1 

Decision options 

1. 2. 3. 4. 
No extra Immediate Investigations Shut down of 

investigations investigations within one both units 
Attribute mont1* 

Risk of 
external 
release 

Core damage 
risk 

Shut down 
risk 

Quality of 
investigations 

Difference to 
the guide 

Loss of 
production 

[days] 

[days] 

[days] 

[days] 

2x180= 

2x180= 

0 

0 

0 

0 

=360 

=360 

2x7= 

2x7= 

1 

3 

180 

1 

= 14 

= 14 

2x30=60 

2x30=60 

1 

4 

180-30=150 

1 

0 

0 

2 

1 

2x180=360 

2x7=14 
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APPENDIX 2 

Attribute levels of the decision options in case 2 

Attributes 

Independence of 
external grids 

Core damage risk 

Risks of modifica
tions 

Loss of external 
power over 0.5 h 

Loss of external 
power over 2 h 

Fulfilment of the 
guide 

Independence of the 
authority 

Modification 
expenses 

1. 
Small 

modifications 

0 

0 

10 

0 

0 

0 

10 

10 

Decision options 

2. 
Investigations 

5 10 

6 10 

7 0 

4 10 

6 10 

6 10 

10 10 

5 0 

3. 
Investigations 

and modifications 

5 

6 

1 

4 

6 

7 

0 

5 

a) Extra b) Extra 
disconnectors transformer 
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APPENDIX 3 

Individual and average criteria weights of case 2 

-1 

2 

3 

- 4 

average j 
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