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1 Introduction

Consideration of severe accidents beyond the traditional design basis, including full core melt acci-
dents, has become an important ingredient of regulatory process in Finland. Increasingly, decisions
are being based, at least in part, on results of plant-specific Probabilistic Safety Assessments (PSA)
studies. Plant-specific level-1 and level 2 PSA studies, including internal initiators, fires, flooding and
harsh weather conditions are required by STUK. These studies are used in a living fashion both at
the utilities and at STUK. PSA has got an important role in the safety management at Loviisa and
Olkiluoto (OL) plants and in the regulatory process of STUK.

2 Living PSA in Regulatory Use

The guidelines for applying the Living PSA are set forth in the Regulatory Guide YVL 2.8 "Prob-
abilistic Safety Analyses (PSA) in the Licensing and Regulation of Nuclear Power Plants" issued by
STUK [1]. The Living PSA is formally integrated in the licensing procedure already in the early
design phase and it is to run through the construction and operation phases all through the plant
service time.
In compliance with the requirements posed in the revised Regulatory Guide YVL 2.8 ( published
1996 ) the licensee has to use the results of PSA in support of decisions on operational safety issues
e.g. as follows:
- plant changes and backfits
- training of plant personnel
- working out of emergency operation procedures
- applications of Tech Specs
- case by case assessment of risks resulted from component failures
- risk follow-up of Licensee Events
- directing and weighting the In- Service Inspections and Testing
- maintenance and surveillance programme planning
Many specific applications of the Living PSA have are already been introduced [2,3,4] but some are
still waiting for further development such as ISI, 1ST and Risk Based Tech Specs.

2.1 Plant modifications and backfits

PSA has identified at Finnish NPPs numerous safety issues which were not recognised with determi-
nistic reviews. It is a regulatory requirement that the utility must provide STUK with the assessment
of safety significance of the proposed modification in conjunction with the pre-inspection documen-
tation. In the course of the regulatory process the candidate hardware or software changes have to be
modelled in the PSA, and the risk reduction potential is to be assessed in support of resolution of the



safety issue. A kind of assessment has to be submitted to STUK independent of the safety class
which the modified systems belong to.

STUK uses constantly deterministic reviews to ensure the conclusions made by PSA, and to com-
plement the PSA review. The deterministic reviews and analyses are necessary for demonstrating
that the systems and components fulfil the design objectives set for them. The assumptions on the
loading of components, operating parameters of systems, and faults impairing the performance of
systems, which are made in the analyses, are defined in the design requirements. In the course of past
several years the core damage probability of Loviisa plant has been lowered with no less than one
order of magnitude [5].

2.2 Emergency Operation Procedures and Training of Personnel

New EOP's have been written to provide guidance for operators in certain accident sequences which
the Olkiluoto I and II (BWR) PSA indicated to be of high importance to risk as follows
- refilling of the emergency feed water tank and condenser
- crossconnection of the diesel generators of neighbouring plant units
- manual depressurization of the reactor tank from the relay room
Insights from PSA have also been taken into account in the contents of operator training pro-
grammes. Both utilities have used the most important accident sequences of the PSA in the simulator
training as well as in improving the emergency operating procedures.

2.3 Technical Specifications

Some temporary exemptions from Technical Specifications (Tech Specs ) requirements have been
approved on the basis of risk evaluations. If the utilities apply for a temporary exemption from Tech
Specs, they have to assess the safety significance of the respective exemption with PSA. In such a
case however it is provided that the extension of the Allowed Outage Times (AOTs) contributes
only a tiny increment to the core damage probability compared with normal operation. The proce-
dure is based on the use of deterministic and probabilistic reviews as complementary methods to
each other.

Furthermore, the meaningfulness of some AOTs given in Technical Specifications has been evalu-
ated by PSA techniques. Certain inconsistency with the deterministic AOT's and actual risk impact
has been identified. The following example illuminates the issue. The core damage probability within
30 days implies a risk contribution of e.g. a latent failure during typical surveillance test period. The
PSA results show (Table 1) that the impact of the different type of safety systems on risk can be
fairly remarkable. Accordingly a twofold CCF in the service water system (721) implies the same
risk as a fourfold CCF of diesel generators (653) and auxiliary feedwater systems (327). An expla-
nation to that is an inter-unit crossconnection back-up to the failed dieselsystem and a manual de-
pressurization back-up to the failed auxiliary feedwater system (327). In addition a certain asymme-
try of the risk contributions appeared inside the safety systems. The two-fold failure of the trains A
and C of the auxiliary feed water system resulted in much higher contribution to the core damage
probability than the trains A and B. An explanation to the asymmetry is that the trains A and C are
more sensitive to CCF initiators like fire and flooding than trains A and B because of less mutual
isolation.



Table 1. Risk based rating of hypothetical safety systems failures at a BWR plant (CDF=2,5-10"5/a)

Multiplicity of sybsystem failures
Auxiliary feed water 327 AC

327 AB
327 ABC
327 ABCD

Diesel generator system 653 AC
653 ABCD

Service water system 721 AC

Core damage probability within 30 days
3.4-10"5

1.5-10"6

3.9-10"5

2.1-10-4

4,5-10-7

3,1-10-*
1.2-10"4

An analysis of the comparison of shutdown risk versus risk of continued operation has been made by
TVO power company to support the reconsideration of the Technical Specifications (TS). The com-
parison enlightens how reasonable the considered TS rule is. TVO pursues changes to the Allowed
Outage Times when at least three or four redundant subsystems in the service water system is failed.
The present rule requires immediate shutdown. TVO proposed that a continued operation is allowed
at most for three days for triple and quadruple failures. The proposal is based on the view that a
shutdown of the plant is not safer than a continued operation until the failures are repaired.

Additional items have been included in the Technical Specifications for Shutdown States based on
the results from shutdown mode PSA. STUK decided that the lower air lock of the containment of
OL units will be kept closed when the maintenance of the main coolant pumps is underway, in order
to reduce the risk the risk of a large LOCA in the lower head of the pressure vessel [6]. If large lower
head LOCA takes place and the lower air lock remains unlocked, the coolant escapes out of the con-
tainment and prevents adequate core cooling function which leads to core uncovery and core damage
within few hours.

2.4 Analysis of Operational Events

In the area of operational events PSA is becoming a standard tool to assess the safety significance of
component failures and incidents. Accordingly systematic risk follow-up studies are being made at
STUK. A risk follow-up study of Olkiluoto nuclear power plant's unit 1 and 2 was completed in
September 1994 at STUK. In this study the identification of safety related component failures and
possible precursors were investigated and their contribution to the core melt frequency was assessed.
The study was made according to the operating experiences of these units during years 1986-1991
(OL 1) and 1985-1994 (OL 2) [7,8]. All incidents were gathered from Licensee Event Reports pro-
vided monthly and daily by the TVO and were analysed with the STUK's living PSA-code and the
updated version of TVO's PSA model.

The contribution of component failures and operational disturbances to the expected annual core
damage probability during the studied time period was only few per cents in both units. It appeared
that the infrequent, significant precursors (LOCAs, transients, fires etc.) would provide the main
contribution to the total cumulative risk. The risk contribution from safety related component failures
and other operational events seems to remain insignificant.

Based on the insights received from the risk follow up studies, STUK has set forth a internal risk
based objective for operational events at Finnish NPPs. The objective is that the annual share of
operational events (component failures, preventive maintenance, exemptions from Tech Specs, inci-
dent) is equal to or less than 5 % in the predicted annual core damage probability. This objective
constitutes the strategy by STUK to lessen the number and contribution of operational events at
NPPs.



Table 2 Contribution Of operational events to the annual core damage probability

Classification

Incidents

Exemption from
Tecs. Spec.

Failure

Preventive main-
tenance

Description

OL: Reactor sram caused by frazil ice in the
sea water channels

LO: Unavailability of emergency feed water
system because of crossfailure

OL: One subsystem's dieselgenerator was
disconnected during normal operation to carry
out modifications in diesel's air inlet

LO: Pipe modifications in service water sys-
tem during normal operation causing unavail-
ability in heat exchangers of residual heat
removal system
OL: The pump of shutdown cooling system
tripped because of overcurrent during startup.
Pump was mechanically jammed

LO: The cooling compressor of air condition-
ing plant system fails to work

OL: Preventive maintenance: diesel package
in subsystem C.

LO: Periodic inspection of the protection
system of residual heat removal system pump

Tua

0.6

9

52.8

10

28.6

48.07

156.9

27.48

Ax

113.94

12.70

1.04

1.11

1.01

1.17

1.75

1.04

%

0.732

1.344

0.022

0.014

0.002

0.114

1.392

0.014

Tua = Unavailability time [hrs], Ax = Risk Achievement Worth, % = Percentage from the annual core damage
probability

2.5 Risk based ISI and 1ST

Use of PSA has up to now been rather limited for regulating and controlling in-service testing and
inspections (ISI/IST). Some test intervals, such as diesel generator testing have been modified at OL
1 and 2 in order to reduce negative impact of tests to the equipment ageing. Preventive maintenance
of diesel generator systems, high and low pressure core cooling systems during operation has been
re-scheduled at OL 1 and 2 based on insights from PSA.

A new project dealing with PSA support to regulatory audits has been initiated at STUK in 1997.
The aim of the project is to explore on how the plant specific PSAs can best be used effecting spe-
cific regulatory tasks such as ISI, 1ST, preventive and corrective maintenance activities. The pilot
studies on ISI of piping both of PWR and BWR plants are in progress. The systems subject to the
pilot study are the high pressure injection system and emergency feed water system at PWR and the
shut down cooling system and the feed water system at BWR plant.

The STUK's risk-informed procedure combines both the plant specific PSA information and the
deterministic insights in support of the system specific, detailed ISI program selection. Piping of all
systems important to safety are exposed to the selection procedure irrespective of the ASME class
(1,2,3 or even non-code piping). The selection procedure includes several steps such as selection of
systems and identification of the evaluation boundaries and functions, consequence evaluation and
qualitative degradation mechanism evaluation of piping and division of the segments into different
inspection categories. Division of pipe segments into various degradation categories is to be based
mainly on qualitative identification of the mechanism which the pipe segment is exposed (such as
erosion corrosion, vibration fatigue, water hammer thermal fatique, stress corrosion cracking and
others). Division of pipe segments into various consequence categories is based on conditional core
damage probability estimated by PSA applications. Finally the expert panel containing all affecting
engineering disciplines combines the deterministic and probabilistic information as emphasize by the
EPRI's approach and the NRC's regulatory guides [9,10]. The pipe segments are divided into differ-
ent inspection categories containing high, medium and low risk segments, respectively.



3 Concluding remarks

While PSA is recognised as an effective tool and review method for many different regulatory and
safety management purposes, we have to acknowledge its limitations which are often related to the
level of modelling or methods, not yet mature enough for some specific applications. Hence, in con-
text of the aforementioned activities, STUK has to use both deterministic and probabilistic reviews
in parallel while controlling and regulating the issues.
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