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Summary
BKAB has developed a detailed and useful model for PSA Level 1 that was
finished in the beginning of 1999. The PSA-model has already been used in
several activities as a tool to form the basis for risk-informed decisions. First of
all it is used to reduce the risks that have been identified in the PSA Level 1 but
there are plans to use it in justification of criteria in the technical specification,
in in-service inspection with focus on the reactor pressure boundary piping and
in classifying critical components.

Introduction
Barseback Kraft AB (BKAB) performed its first PSA (Probabilistic Safety
Assessment) Level 1 in 1984 in connection with the first ASAR (As Operated
Safety Analysis Report) for BKAB. This study was updated in 1987 and 1991. It
was later revised in 1995 and incorporated in the second ASAR, ASAR-90, that
was delivered to SKI in 1995. In ASAR-90 a PSA Level 2 was also conducted.
The PSA Level 1 in ASAR-90 was underdeveloped and had to be updated
according to current requirements on degree of detail. It also had to be extended
with a "close-to-reality" fire and flooding analysis and contain a start-up and
shutdown analysis. The work with this PSA Level 1 started in 1996 and was
completed in the beginning of 1999. This PSA is not actually an update of earlier
BKAB PSA but more an adaptation of the PSA Level 1 for OKG's NPP O2 that
was under work at the time being and that will be concluded in the late 1999.

BKAB has also started the work with updating the PSA Level 2.

Some Characteristics of BKABrs PSA Level 1
The PSA Level 1 model has a great level of detail in order to cover all
dependencies that exists between different systems and components. Especially
two areas have been surveyed in detail: the power supplies distribution with
corresponding fuses and cable routings and the RCPB (Reactor Coolant Pressure
Boundary)-piping.
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Table 1 Comparison between the new and older PSA Level 1 for BKAB for some
characteristics in the PSA models

Number of PSA Level 1 for B1 (okt-98) PSA Level 1 in ASAR-90

17
150

50

0

308

Two types of initiating events that was not covered in the earlier analysis have
been incorporated in the current PSA: CCI (Common Cause Initiators) and
internal fire and flooding. It was a tedious work to expand the analysis with these
events since they require a systematic and complete mapping of supply- and
service-systems with the corresponding control logic, power supply and cabling.
Both these types of initiating events are associated with extensive uncertainties in
their contributions to the resulting CDF (Core Damage Frequency). To some
extent this uncertainty is caused by the large degree of development in the
analysis. When large portions of the PSA-model are expanded in a way that
completely new areas are incorporated, it takes both time and effort to consolidate
the PSA-model and to stabilise the outcome.

Plant specific and individual PSA-models for both Bl (Barseback 1) and B2
(Barseback 2) have been produced. Three separate models have been developed:
Internal events, fire and flooding and start-up/shut-down. The PSA-models for
internal events and fire and flooding are going to be merged during 1999. The
PSA-models are all built with the tool Risk Spectrum PSA Professional.

BKAB's PSA Level 1 is based on IAEA's guide for PSA Level 1 (Safety Series
No. 50-P-4) and on PSA Level 1 for 02 (Oskarshamn 2). Further it is also based
on a set of task descriptions covering the most important steps in performing the
work focusing on the survey of the plant, fire- and flooding and the
documentation.

The LOCA (Loss of Coolant Accident)-analysis is based on a detailed survey. The
RCPB-piping has been broken down into about 3000 potential pipe rupture
locations like bends, welds, suspensions, T-pieces etc. For each such location the
frequency for rupture and guillotine break has been assessed.
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Figure 1 Example on how the power supply routings must be surveyed for a single
critical component

Through FMEA (Failure Mode and Effects Analysis) all critical components with
support systems have been identified. A critical component has a failure mode that
is depicted in the PSA-model. For these critical components all necessary power
supplies and control logic have been analysed in detail covering also the power
supplies that can affect transducers, breakers etc. Further all fuses that feed current
to critical components have been identified and also all cables that connects fuses,
control logic and critical components.
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Figure 2 A component can be dependant on the power supplies from several different
sources

Figures 1 and 2 above give an indication on how important it is to map all the
relevant power supply sources with the corresponding cable routings.
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The fire analysis is based on a model that is shown in figure 3 below.

Room X

Start of a fire
Pilot fire

The frequency for
start of a pilot fire

Critical fire

The probability that a
pilot fire will become

critical

•

/cDPire /pilotfire ' ^Critical fire ' Pcore damage

Core damage

The conditional
probability for core
damage given a

critical fire

Figure 3 The basic model for fire analysis in BKAB:s PSA Level 1

The flooding analysis is based on a similar model.

Areas of use

The ambition is that the PSA shall continuously reflect the state of the plant and so
be updated according to the changes that are made in hardware, maintenance and
operation. All the necessary means for this work is not yet in place but there are
several activities going on to improve routines and tools. A living PSA requires
appropriate documentation of the plant, maintenance routines and operational
experiences that can be accessed without unnecessary obstacles.

3.1 Support for plant modification

The current PSA Level 1 has been used as a tool for plant upgrading and
modification since the beginning of 1998. Ideas and proposals regarding
modification of both hardware and software that has some impact on safety are
tried out with the PSA-model. This work is done in some sort of iterative process
in an attempt to frame the most optimal solutions. A detailed PSA-model is
sensitive to changes in that a change in one system can effect properties in several
other systems.



NKS/SOS-2 Seminar on Risk Informed Principles. 13-14 April 1999 6 (8)
Applications of Risk Informed Principles at BKAB

The following activities have been performed or are ongoing.

• Dependability analysis of the cooling water intake and adjoining systems

• Supplying room ventilation and equipment in that room from the same auxiliary power-source (Safety Injection
System and Auxiliary Feedwater System)

• Improved reliability performance for some DC-power supply systems at external power black-out

• Enhancement of the barriers against fires in rooms containing electrical equipment

• The impact from high- or low seawater level on the cooling water intake

There are also few other minor analyses performed.

3.2 Evaluation of ideas and proposals for modernisation
One clear objective with the current PSA Level 1 was that a PSA-model should be
available at the beginning of 1998 for use in the TREVI-project. TRIM stands for
the modernisation of the three sibling plants O2, B1 and B2 of ASEA Atom
design. The objective with TRIM is to update and maintain the safety level of the
plants for another 25 years of operation. Modification proposals from different
manufacturers have been incorporated in the PSA-model and the impact on the
result has been evaluated. This work was performed in close co-operation with
OKG and with the assistance of the consulting firm RELCOM

The results were later presented to the manufacturers for feedback. The work is
finished and the experience from the outcome is positive.

There is an advantage in not letting the individual manufacturers perform their
own PSA but instead using the same team that apply the same modelling
principles to all proposals. In this way it is easier to evaluate the different
solutions.

4 Future plans

4.1 Consolidating the process of updating PSA

The main effort for the nearest future, e.g. the coming year, is to consolidate the
whole process of keeping the PSA living. PSA involves a large amount of data
processing and this has to be performed in an efficient way. Several activities at
the plant will be more or less involved and the requirements from the work with
PSA compete with other urgent needs. The best foundation is when the technical
documentation is correctly updated and adapted to the needs of PSA. PSA also
requires an updated, complete and available SAR (Safety Analysis Report). The
interface between SAR and PSA has to be clear.

One planned project is to compile all FMEA in one database and supplement it
with other relevant information like test-procedures and intervals, failure data etc.
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4.2 Risk-based in-service inspection
Risk-based in-service inspection is focused on the RCPB-piping.

BKAB has in co-operation with SKI supported a research project where empirical
data on piping failures from NPPs all over the world is combined with plant
specific data in an effort to estimate unique pipe rupture frequencies for all the
potential pipe rupture locations in the RCPB. The project is called B-LAP
(Barseback 1 - LOCA Affected Piping) and the outcome of the project will be
published in the coming SKI Report 98:30. The survey of the RCPB piping has in
this project been extended even more in detail and counts about 4000 different
locations. These new pipe rupture frequencies will further on replace the old ones
that are based on data from WASH-1400.

The LOCA analysis in a PSA is based on the same information that is used in
classifying the piping for in-service inspection. The pipe rupture frequencies
correspond to the damage category and the CDF corresponds to the consequence
category. At BKAB there are on going discussions to merge the information from
PSA and in-service inspection. This will take both time and effort and must be
achieved without any risks for unstable results.

4.3 Evaluation of criteria in the technical specifications

The technical specification for Bl and B2 shall be updated in accordance with the
new SAR. As an option to this task the PSA- model shall be used to verify some
parts of this work. BKAB has an advantage in that the start-up and shut-down
sequences already are modelled in the PSA.

4.4 Risk follow up
The objective is to use the PSA-model to assess the safety impact from events that
have occurred. In this way the risk from day to day can be monitored. There are
several aspects on this type of activities. The work is tedious and the outcome in
most cases just confirms what you already know. But it is good way to be familiar
with the PSA-model and it can be a complement to the risk measures that are used
today.

4.5 Classification of critical components
A detailed FMEA completed with additional information and used in combination
with the PSA-model can be used to identify the safety importance for different
components and the corresponding failure modes. This is useful for classifying
components and for input to maintenance strategies and plans.
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5 Needs for development

The tools and routines for information processing must be improved for cost
efficiency. As much as possible shall be incorporated in the daily work with the
technical documentation. A handful of key persons at the plant must be allocated
for the different tasks: LOCA analysis, function- and system analysis, close co-
ordination with maintenance and operation, easy access to data from process,
operation and maintenance, efficient system for information and document
handling. It should be as easy as possible to keep the PSA updated then there will
be more time available for using it as a tool for safety improvements.

6 Conclusion

It requires quite a bit of effort to build and maintain a detailed PSA of sufficient
quality and stability. But once you are there, the possibilities of application are
many covering a wide range from cost-benefit analysis to risk-optimisation.
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