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Abstract: Nuclear power plant KrSko has completed the Level 1/Level 2 Probabilistic Safety Analysis
(PSA) for internal initiating events and is in the process of completing the same for the external
initiators. The analysis completed up to now has provided a valuable insight into a plant risk profile. In
NPP KrSko there is a plan to use the PSA model as a permanent tool for the risk based applications and
incorporate it into a decision making process. In order to achieve this there is a need to permanently
maintain the PSA model in a manner that it reflects both the plant configuration/design at a time point
and the operational experience up to the time point. All the activities aimed toward keeping the PSA
model up-to-dated in this sense are usually referred to as a Living PSA (LPSA) program. NPP KrSko is
in the process of defining and proceduralizing a LPSA program that would be plant specific and based
on known world practices. Further, in order to be suitable for risk based applications the PSA model
must be flexible in a sense that modifications to the base case model may be done easily and
requantifications performed quickly as to evaluate various conditions imposed by real or hypothetical
situations. NPP KrSko PSA model has been based on licensing type software. The requirements
specified above dictate the transfer of the overall model to an application oriented software of newer
generation with larger capabilities. The transfer becomes a part of a mentioned ongoing effort aimed
at establishing LPSA model and concept. The paper presents this effort and the perspectives of LPSA
concept and risk based applications in NPP KrSko.

1. Introduction

NPP Krsko (two loop Westinghouse type plant rated 664 Mwe with large dry containment)
has performed PSA study for internal and external initiators following the requirements of Slovene
Nuclear Safety Authority (SNSA). The primary objective was to perform an "individual plant
examination" (IPE) in accordance with US NRC Generic Letter 88-20. The study has provided a
valuable insight into the plant risk profile. This has lead NPP Krsko to decide to use the study and
the existing probabilistic model in the future as well, in order to carry on the risk based applications
by employing a Living PSA (LPSA) concept. In the forthcoming sections we discuss bases of a
LPSA concept as well as the overall process of transferring the Krsko "basic PSA" model to the
"living PSA" model.

2. Basic PSA Model

By the "Basic PSA Model" here we mean the original PSA model developed for the IPE
purposes. One characteristic of this model is that it is "static" by its nature. It is time-averaged
model and it deals with long term perception of risk. Krsko basic PSA includes analyses of internal
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fl events (IIEs), fires, flooding, seismic events and other external events. Detailed Level 1
/ f l t tree models have been developed for IIEs, internal fires, internal floods and seismicaf

e" For other external events, such as external floods, strong winds, airplane crashes, etc.,
-jive as well as quantitative boundary analyses were performed. As for the containment

jonse/ detailed event tree/fault tree models exist for IIEs and seismic events. For other groups of
ating events a qualitative analysis of containment performance was done. The approach used
•'in accordance with the US NRC Generic Letter 88-20 and its Supplements and references. The

«niiovvln9 c o r e damage frequencies, expressed per reactor year, were obtained:

Internal Initiating Events 5.4E-05
Internal Floods 1.0E-05
Internal Fires 1 .OE-04
Seismic Events 5.5E-05
Other External Events 1.3E-05

The overall Krsko PSA model development was supervised and coordinated by
Westinghouse which also provided the methodology and tools for all relevant tasks. The "fault tree
Unking" approach was used to develop the event tree/fault tree structure. The tool used for the
development and quantification of Krsko probabilistic model was Westinghouse's GRAFTER/WLINK
PSA software package.

Various aspects of results were evaluated and analyzed, such as the dominant minimal
cutsets and core damage sequences, calculated importance factors for components and operator
actions, etc. Appropriate compensatory measures have been proposed, which are under
consideration or have already been implemented. Also, some proposed plant modifications were
Bvaluated by the means of the existing PSA model. In summary, it may be said that the existing
Krsko PSA model as developed in GRAFTER/WLINK environment has fulfilled its original purpose,
which was to perform an "individual plant examination" in the spirit of GL 88-20 and, by this, to
Meet the requirements of License Amendment issued by SNSA. However, NPP Krsko plans rather
jxtensive use of this PSA model in the future, as well, and this one would be as a basic tool for
/arious risk based applications. This subject is further discussed in the sections to come.

}. Living PSA Concepts

In the following several sections we discuss the bases of Living PSA (LPSA) concept.
Senerally, it may be thought of as consisting of three elements:

I. The definition of risk based applications which would be carried on, as well as of the extent
to which they will be used;

-• The LPSA model(s) which will represent the basic tool for carrying on these risk based
applications;

'• The maintenance of the LPSA model(s) which is represented by a formal structured program
that will ensure their validity, i.e. that LPSA model(s) reflects the plant and its operation in
an adequate manner.

ollowing are short discussions on each of these three elements.

•• Risk Based Applications

The first element of LPSA concept is actually an answer to the simple question: What do we
'ant to do with the PSA model? Which sort of PSA applications do we want to carry on, and in
'hich manner shall we use the results? Three major groups may be identified among the risk based
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applications that are currently carried on: 1) long term risk assessment, 2) risk control/risk
monitoring, and 3) risk based evaluation of operating experience. They are briefly discussed i
following paragraphs.

Long Term Risk Assessment

In this type of application an average risk (expressed typically per reactor year) caused |
operation of the plant in long term perspective is assessed. The plant is represented by its ave
configuration and components by their average unavailabilities. These applications in fact repre
the "normal" continuation of the use of basic PSA model and have the same purpose: to located
major risk contributors (in long term frame) by analyzing the dominant minimal cutsets, core damj
sequences, importance indexes, etc. Long term risk assessment may be applied to real plant
configuration as well as to hypothetical (e.g. proposed) one in order to compare the two. Thissja
of application is typically used for the assessment of long term risk impact of proposed changes)!
plant design, test or maintenance strategies, procedures changes. Technical Specifications changl
etc. As a such, it will be used in NPP Krsko for the long term planning and strategic decision
making.

Risk Control/Risk Monitoring

Here the risk (usually expressed per day or, even, per hour) is calculated for the given plantf
configuration and given equipment status. By integrating this risk over the time period AT one
obtains a probability of occurrence of specified undesirable event (for example, a core damage in
the frame of Level 1) within AT for considered configuration/status. By calculating these
probabilities for two or more different cases (such as different modes of operation, different
compensatory measures, etc.), the risks associated with each of them may be compared. This may
serve as an input into a making of decision on which alternative to choose in handling given
situation. It may be said that user, in a way, actively controls (manages) the risk, which is where
the name for this group of applications comes from. The group includes the following typical
applications:
1) The subgroup of applications where continued operation is considered versus going into

shutdown (such as evaluation of allowed outage times, justification for continued operation,
etc);

2) Evaluation of various compensatory measures (such as performing tests of various
equipment, changing systems configuration/lineup, starting up the systems, etc.);

3) Evaluation of test intervals (comparisons of different test strategies);
4) Scheduling of preventive maintenance;
5) On-line risk monitor (risk-meter).
The ultimate form of application 5) would be a risk-meter in main control room which reflects the
current status of plant's systems and components and provides the operators information on the
risk associated with it. NPP KrSko does not intend to explore an on-line monitoring in this sense for
a time being. However, the off-line applications from this group are considered. One thing should be
pointed out here. Although the time-averaged LPSA model (derived directly from basic model) may
be suitable enough for some of risk control applications, a transfer to time-dependent model is
generally required in order to carry these applications on to their full extent.

Risk Based Evaluation of Operating Experience

The purpose of this group of applications is not to directly control or manage the risk, as it
was the case with the second group. Instead, the risk experienced during the past operation of the
plant is calculated a posteriori with the aim of examining the "seriousness" of operational events
and determining the frequency of serious events in the past. With this knowledge certain strategies
may then be developed to improve the performance of the plant in the future. So, this sort of
applications represent a corrective risk management. The examples of the application are accident
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jfe programs carried on by US NRC ([8]) and EdF ([5]). NPP KrSko considers the use of this
of appl ic a t l o n s ar)d< a s a Part °* '*< a development of PSA performance indicators. Generally, a
ife to time-dependent LPSA model is required for this sort of applications, as well (although
may be c a m e d o u t t 0 some extent by the time-averaged model also).

This first element of LPSA concept includes also the definition of two additional items. The
lr*t is a s e t °f safetY goals expressed in terms of (acceptable) risk. This means that certain risk

es (typically: average risk expressed per year, instantaneous risk expressed per day or per
SSftour, jntegrated risk expressed per event, etc.) must be defined as well as the criteria for their

acceptance. The majority of PSA users are very cautious and reluctant when it comes to define
numerical values for the acceptable risk level due to the uncertainties associated with the PSA
r̂esults. However, the quantitative acceptance criteria are finding their way to risk based

^applications, although the attention is always paid to the uncertainties associated with the
application results ([5]). With respect to the quantitative risk based acceptance criteria, NPP Krsko
Intends to follow the existing practices in the world. The second item is the definition of the role of
LPSA in the decision making process. Here the standpoint used in NPP Krsko is that the LPSA
application results represent one of the inputs (and by no means the only one) into the decision
making.

5. LPSA Model

By the term "LPSA model" here we mean a computerized event tree/fault tree structure
.(together with the supporting documentation) which is used as a tool for carrying out the risk based

: applications described above. As mentioned in the previous section, there are two types of LPSA
model: 1) time-averaged, and 2) time-dependent. The first one reflects the plant average
configuration and components average unavailabilities. Each standby component is modeled in the
manner that there is a certain probability that it would be unavailable at the moment of challenge.
There is no reflection of the potential knowledge on the real status of the equipment. This is the
way in which a basic PSA model (such as, an "IPE PSA" model) is developed. This type of LPSA
model is used for the applications of the first group. It may also be used to some extent for some of
the applications of other two groups.

The second type of LPSA model represent a specified plant configuration (either real or
hypothetical) as well as a knowledge on specific equipment status. If a component is known to be
unavailable, then a basic event representing its unavailability or its failures is declared logical unity
(or its probability is set to 1, depending on the approach used). On the other hand, for a component
which status is "hidden" (unknown), the probability that it >s unavailable (i.e. failed) will depend on
the time passed since it has last been demonstrated operable. The time-dependent type of a LPSA
model is used to carry out the second and the third group of applications.

Nature of all the risk based applications described above is such that they require a number
of modifications to be made to the LPSA model in order to reflect various postulated situations
(such as various configurations, designs, boundary conditions etc.) and, consequentially, a number
of requantifications in order to assess the risk associated with each case. So, whichever type a
LPSA model is, it is required to have two basic features: 1) it should be flexible enough to allow
easy and quickly to be done changes to referential event tree/fault tree structure, and 2)
quantification run times should be reasonably short. These depend on the performances of the
software tool used to build the model.

From the discussion provided above it is clear that the Krsko basic PSA model might have
been used to carry on the LPSA applications of the first group. Moreover, it has really been used for
several such applications (specifically, proposed design change evaluations). However, as it
appears, the code package used to develop it is the software which has originally been developed
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for the use with traditional PSA approaches. Its primary purpose was to be used for the
development of basic PSA models such as "IPE" PSAs, which are a design based. For this purp,
it has proved efficient. However, when measuring its performances with respect to LPSA
applications, the following should be noticed.

The code does not employ any logical switches, such as house events, in order to enable!
the changes of existing event tree/fault tree structure so that it fits into various boundary
conditions. The effect is that one portion of logical structure (e.g. fault tree) instead of being
changed "on line" (by actuation of appropriate logical switch) in accordance to the set of boundary!
conditions currently valid, has to be reproduced as many times as there are sets of boundary -•"*
conditions relevant to this structure. Each "copy" of this structure is then physically rearranged in
order to reflect particular set of boundary conditions. Further effect may be (and it, actually, is) thai
there is a number of models (i.e. fault trees) of the same plant's system with only minor difference^
between them, including no more than one or two basic events. (Refer to the example shown on
Figure 2 in section 7.) This causes the overall PSA model to grow very large, which, further, has
two undesirable implications: 1) modifications of the model can not be done easily and quickly
enough, and 2) it takes a long time to make any requantification. To illustrate the first point, one -
can imagine a situation where the model of particular component needs to be changed to reflect the
design change. If this component model appears at, say, 15 different spots in the overall event
tree/fault tree structure (due to the reasons given above), then special care must be taken that
neither of them is skipped.

Due to the facts explained above and, in addition, due to the rather slow process of minimal
cutset generation, the run times for the quantification of core damage and, especially, for the
quantification of plant damage states were very long. Based on this considerations, as well as some
others, it was found that the existing PSA model is not suitable enough for the LPSA purposes. This
lead NPP KrSko to decide to transfer the existing model into Risk Spectrum code environment,
which is further discussed in section 7.

6. Maintenance of the LPSA Model

Whichever sort of applications is carried on, a referent/a/ LPSA model of the plant must
always exist. This one needs to be maintained in a way that it reflects the plant and its operation in
an adequate manner. The set of activities aimed toward ensuring this represents the third element
of LPSA concept. The referential plant model (be it time-averaged or time-dependent) must be
periodically updated in order to be kept in accordance with three major aspects of plant and its
operation, which are:
1) plant design,
2) operational practice (procedures, Technical Specifications, training, etc.), and
3) operational experience (operational events).

These three aspects influence the model in a way that they may affect its logical structure
or the probability values associated with the basic events. Changes of plant design such as
permanent modifications in plant's systems may directly reflect themselves in a fault tree structure.
Changes within the second aspect may influence probabilities associated with human errors (e.g.
changes in EOPs, changes of training program, etc), as well as component unavailabilities (e.g.
changes in technical specifications). Finally, monitoring the operational experience provides raw
data for the plant specific quantification of component failures.

Maintenance of LPSA model is a formal structured program which basically consists of the
following:
1) permanent observation of the three aspects of the plant and its operation,
2) recognition of the need to update the model,
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implementation of the updates, and
pclocumentation of the process.

N P KrSko develops procedures that will cover the process. Some of the activities are
k>''going on {for example, monitoring the plant operational experience and processing the raw
The overall LPSA concept with its three major elements is illustrated by Figure 1.

OTHER INPUT (Le. not risk based)
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Figure 1: Living PSA Concept

7. Transfer from "Basic PSA" to "Living PSA"

In the light of the above provided considerations, it will be possible to divide the overall
transfer of the Krsko "basic PSA" model to "living PSA" model into three major steps. They are:
!• Direct conversion from the old to the new software environment,
2. Optimization of the model obtained by the direct conversion, and
3- Adaptation of the model according to the risk based applications to be carried on (as

needed).

The first step consists of the direct conversion of an existing event tree/fault tree structure
into the new software environment. The approach used will be "one gate for one gate" and "one
basic event for one basic event". The purpose is to enable the verification and validation of the
conversion process itself by direct comparison of the results obtained by the old model to the ones
obtained by the new, converted, model.
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Figure 2: Modeling of two different boundary conditions with no
logical switches available

The directly converted
model obtained by the first
step will not make use of the
advanced features of the new
software (except for the much
faster process of generation of
minimal cutsets and
quantification). For example,
the model will still be very
large, containing multiple fault
trees modeling the same
system within different
boundary conditions, as
discussed in section 5. As an
illustration of this one may
consider a simple example

rshown in Figure 2. Here a
failure of system B is an event
which is a part of event tree
sequences 2 and 4. The event
may in both sequences be
modeled by the same logical
structure: operator fails to
establish the system (represented by the basic event) or system is unavailable due to hardware
failures (represented by the complex logical structure). Logical structure representing the hardware
failures is the same in both cases. However, the human error probability is dependent on the status
of the system A (e.g. due to the different level of stress or complexity of action). With the original
software this situation can be modeled only in the following way (since there are no any logical
switches): two fault trees modeling system B have to be created (fault trees B1 and B2 in Fig. 2),
which are completely identical except for the basic event representing the human error (events
HEB1 and HEB2). When running sequence 2, the fault tree B1 is linked into the sequence, while
when running sequence 4 the fault tree B2 is used. So, there are two fault trees which are
practically identical, but each of them have to be kept, documented, maintained, etc. separately. In
this manner the original model grew very large. With logical switches available this situation may be
modeled by creating only one fault tree and defining two basic events (HEB1 and HEB2) which
would represent human error and which would be exchanged "on line" depending on which
sequence (i.e. 2 or 4) is analyzed. The exchange is normally accomplished by activating the
appropriate logical switch. It is the second step where the overall model will be optimized using the
logical switches (house events, exchange events), as well as the other advanced features offered by
the new software such as, for example, treatment of common cause events. The resulting model
will generally be suitable for performing the applications with average risk assessment.

Finally, any further adaptation of the model that may be associated with the particular LPSA
application will be performed in the third step. One example of such an adaptation may be transfer
to time-dependent model.

8. Conclusions

The traditional PSA tool which has been used to develop KrSko basic PSA model and have
proved efficient for this purpose, was found not to be suitable enough for the living PSA concept.
The main reason for this is the "inertness" of the model, which has two aspects: 1) model is not
flexible enough in a way to allow various changes to be done quickly and easily enough to its
logical structure, and 2) quantification run times are not short enough. While this inertness is not
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much a matter with basic PSA concept which is a design based, it does matter with living PSA
icept where many*changes to the referential model structure and many requantifications are

, be them off-line or on-line. This has lead NPP KrSko to a decision to transfer the existing
^ model to another, more "application oriented" software in order to be able to carry on a living

concept which bases were described above. By this transfer the PSA model will be obtained
ich will enable performing of the risk based applications to their full extent.
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