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ABSTRACT 
This paper focuses on the role of probabilistic safety assessment in decision-making. The prerequisites for use of 

the results of probabilistic safety assessment and the criteria for the decision-making based on probabilistic safety 
assessment are discussed. The decision-making process is described. It provides a risk evaluation of impact of the issue 
under investigation. Selected examples are discussed, which highlight the described process. 

INTRODUCTION 
Probabilistic safety assessment (PSA) is a tool for 

assessment and improvement of safety systems reliability 
and nuclear power plants safety in sense of evaluating and 
reducing risk. It is increasingly used in decision-making 
[Vesely, 1999, Caruso et al., 1999, Cepin&Mavko, 1997]. 
The principal role of PSA in decision-making is to 
provide a risk evaluation of impact of issue under 
investigation. 

PSA IN DECISION-MAKING 

Features of PSA 
Several prerequisites for use of PSA in decision-

making exist: 
1. All operating modes of nuclear power plant and all 

initiating events should be addressed. If the PSA do 
not covers all the required information, the missing 
information from PSA has to be addressed in some 
other manner. 

2. The level of detail in PSA should be sufficient to 
model the impact of addressed change. 

3. PSA should represent the modelled entity in 
accordance with accepted practices. Independent peer 
review is strongly recommended. 

Acceptance Guidelines 
The risk acceptance guidelines are well established in 

NRC Regulatory Guide 1.174, summarised in ref. [Caruso 
et al.]. Regions are established in two planes generated by 
a measure of the baseline risk metric along the x axis and 
the change in those metrics along the y axis. Risk metrics 
that are used are the following: core damage frequency 
(CDF) and large early release frequency (LERF). 
Acceptance guidelines are established for each region. 
E.g. if the issue under investigation results in the decrease 
of CDF, it will be considered, that this issue has satisfied 

the relevant principle of risk-informed regulation with 
respect to CDF. 

Decision-Making Process 
Decision-making process is an iterative process 

consisting of number of steps: 
1. Definition of issue under investigation: this step 

identifies the subject of evaluation together with: 
A. the identification of all aspects of the plant's 

licensing bases that may need change because of 
this issue (e.g. Updated Safety Analysis Report), 

B. the identification of structures, systems and 
components and their appropriate procedures 
that may be connected with this issue (e.g. 
operating procedures) and 

C. the identification of available engineering studies 
and operational experience connected with this 
issue. 

2. Performing the engineering analyses, which include 
risk-based methods (e.g. PSA): in this step the 
engineering studies are carried out and operational 
experience is collected and analysed. E.g. the PSA 
results should confirm that the core damage frequency 
and large early release frequency are not significantly 
increased as a result of issue under investigation. 

3. Definition of implementation and monitoring 
program: this step: 
A. ensures that no adverse safety degradation occurs 

due to the implementation of the issue under 
investigation and 

B. confirms that the conclusions of the engineering 
analyses are valid. 

4. Submittal for regulatory acceptance: this step 
includes: 
A. description of the nature of changes that have 

been introduced into the models of risk-based 
methods (e.g. PSA) to evaluate the issue under 
investigation and 



 

 

B. interpretation of the results. Results of risk-based 
methods are quantitative and qualitative (this is 
specially true for PSA). Qualitative results are of 
special importance for highlighting the issues, of 
which quantitative evaluation is not possible. 

EXAMPLES OF USE OF PSA IN 
DECISION-MAKING 

Proposed Change of Surveillance Test 
Interval in Technical Specifications 

The change of test interval of slave relays in reactor 
protection system is used as an example of proposed 
changes of technical specification [Fabjan et al.]. 
1. Definition of issue under investigation: the change of 

test interval of slave relays in reactor protection 
system: 
A. changes of technical specifications, which 

represent chapter 16 of Updated Safety Analysis 
Report, 

B. slave relays in reactor protection system and 
appropriate procedures for slave relays testing, 

C. NUREG-1366, NUREG/CR-6172, WCAP-
10271, specific plant operational experience with 
slave relays. 

2. Performing the engineering analyses, which include 
risk-based methods (e.g. PSA): system unavailability 
evaluations give the risk information at the system 
level, evaluation at the plant level confirms that core 
damage frequency is not significantly increased as a 
result of issue under investigation. 

3. Definition of implementation and monitoring 
program: 
A. change the testing procedures (change in 

requirement on test frequency), 
B. strengthen the inspection of testing activities 

4. Submittal for regulatory acceptance: 
A. description of the proposed change including the 

changes in procedures, 
B. description of performed evaluations and 

engineering judgement; to evaluate the issue 
under investigation, interpretation of the results. 

Risk Measures Used for Selection of 
Inspection Activities during Scheduled 
Outage of Nuclear Power Plant 

Independent inspection activities of safety equipment 
testing during nuclear power plant scheduled outage 
increase the confidence in correct testing results and in its 
suitable process. Due to a large number of testing 
activities, the inspection activities focus to the selected 
part of all testing activities. 

Focus to the selected part of the testing activities may 
be determined based on the list of components with high 
Risk Achievement Worth (RAW). RAW is defined as an 
increase in risk when a component is assumed to fail. 

Mathematically it can be calculated as the probability of 
top event in a fault tree (core damage frequency at the 
plant level) with a component failure probability set to 1 
divided by probability of top event (core damage 
frequency at the plant level). 

The method for selecting the most important test 
activities includes: 
1. Selection of components ranked from 1 to n1 from 

the plant level list of RAW. These components are 
inspected every year (every outage, if the time 
between two consecutive scheduled outages is 
different from one year), 

2. Selection of components ranked from n1+1 to n1+n2 
from the plant level list of RAW. These components 
are inspected every b1 year (every b1 outage), 

3. Selection of components ranked from n1+n2+1 to 
n2+n3 from the plant level list of RAW. These 
components are inspected every b2 year (every b2 
outage), 

4. Selection of components ranked from n2+n3+1 to 
n3+n4 from the plant level list of RAW. These 
components are inspected every b3 year (every b3 
outage), 

where: 
n1, n2, n3, n4 ... ranking places of the components 

from the list of RAW at the plant level (core damage 
frequency evaluation), 

b1, b2, b3 ... time in years (outages) between 
inspections of selected components; 

requirement: b3>=b2>=b1. 
Result of the method is determination of inspection 

frequency for tests of safety components. E.g. independent 
inspection of the diesel generators tests and auxiliary 
feedwater pumps tests is conducted yearly (every outage), 
because those two components are highly ranked by RAW. 

DIFFICULTIES WITH EVALUATION OF 
CHANGES OF TECHNICAL 
SPECIFICATIONS 

Several proposed technical specifications (TS) 
changes were evaluated. Table 1 shows part of the 
summary of proposed changes, their acceptance and 
extent of use of probabilistic safety assessment (PSA) for 
decisions about acceptance. The proposed changes are 
numbered in the first column. The system affected is 
identified in the second column. Definitions of situation in 
TS before and after the realisation of changes are 
summarised in third and fourth column. Each change is 
described in the fifth column. The changes accepted after 
evaluation are signed with Y (yes), others with N (no). 
Information, if the system/component is considered in 
PSA, or it is not, and if the methods and results of PSA 
were actually used for the evaluation of particular change 
or not, is included in the last, sixth column. 

For example: for item no. 1 (Control Rod Movement 
Test) the suggested surveillance test interval is relaxed 
from one to three months. The change is accepted. 



 

 

Equipment is not considered in PSA. Methods and results 
of PSA were not used as input for decision making about 
acceptance of this change. 

Conclusions based on the evaluation of proposed 
changes (three examples are evident in Table 1) are the 
following: 
− Proposed TS changes base on recommendations in 

references [NUREG-1366, NUREG/CR-6172]. 
− Only some changes are connected with components 

and systems considered in PSA. 
− Even among changes of TS for components and 

systems, which are considered in PSA, its results and 
additional risk-based calculations were not used for 
all proposed changes. Mainly due to nature of textual 
changes of TS which besides the definitions of 
changes of some parameters (surveillance test 
intervals, allowed outage times) included the change 
of conditions valid for them. Anyway, in the decision 
making process for the equipment under evaluation it 
was examined in how many the most important 
minimal cut sets the equipment appeared and what 
are its importance factors. The results of previously 
published changes based on probabilistic methods 
served as a good source of additional information to 
increase the confidence in good decisions. 

− Due to very different nature of TS changes, it is not 
realistic to have a universal method for risk 
optimisation. Rather it is recommended to evaluate 
changes on case by case basis keeping in mind results 
of PSA in addition to the plant specific operational 
experience and deterministic analyses. An example: 
relaxation of slave relay functional testing. Current 92 
day test interval for all slave relays is to be replaced 
by testing samples of slave relays every three months 
(practically this means extension of 3 month test 
interval to refuelling and application of staggered 
testing) as recommended in NUREG-1366. Due to 
specific experience with slave relays, this is not 
recommended for all slave relays. But it is 
recommended for slave relays for main steam line 
isolation valves, which enable to test them on same 
requirements as these valves, to decrease the 
probability of their inadvertent closure. 

CONCLUSION 
It has been recognised that probabilistic safety 

assessment could be increasingly used in decision-making 
on questions about the nuclear power plants safety. 

Probabilistic safety assessment does not replace the 
defence-in-depth principle but supports it. Eventually, 
there could exist a rule or regulation in which 
probabilistic safety assessment would be the dominant 
basis for decision-making, while there could exist other 
case in which the defence-in-depth principles would 
remain dominant. 
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