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1. Introduction

The NKS/RAK-1 project forms part of a four-year nuclear research program (1994-1997) in
the Nordic countries. Other projects of the program deal with severe accident research
(RAK-2), emergency preparedness, nuclear waste disposal, ecosystems and information. NKS
is a Nordic Committee for Nuclear Safety Research with members from authorities, research
organisations and enterprises in the nuclear field. The program is financed partly by NKS and
partly by national bodies.

The general objective of the NKS/RAK-1 project is to explore strategies for reactor safety. On
a more concrete level the project aims are:

- to investigate and evaluate the safety work
- to increase realism and reliability of safety analysis
- to increase the safety of nuclear installations in selected areas.

RAK-1 has consisted of five sub-projects (see Table 1). Subprojects 1 and 5 describe basic
principles for the safety work and plant modifications in Sweden and Finland. The projects
have done extensive interview work at utilities and authorities, and analysed a number of case
studies. Subprojects 2, 3 and 4 deal with LOCA frequencies, integrated sequence analysis and
maintenance respectively. Section 2 in this paper gives a few highlights from subprojects 1
and 5. Sections 3 and 4 give an overview of subprojects 3 and 4. Finally, in section 5 the
background and accomplishment of subproject 2 are briefly described, and issues to be
addressed in this seminar and in the report from the NKS project, are raised.



Table 1. Subprojects of NKS/RAK-1

SUBPROJECT

RAK-1.1

RAK-1.2

RAK-1.3

RAK-1.4

RAK-1.5

THEME

Review of safety work in nuclear
installations

LOCA frequencies

Integrated sequence analysis

Maintenance strategies and
ageing
Plant modifications

RESEARCH PROBLEM

How safety principles are formulated
and how safety work is reviewed
against them
Can we go improve WASH-1400
values and which are the LOCA risk
dominating mechanisms?
How complex event sequences should
be analysed with new approaches -
integrating different disciplines
How can one optimise maintenance and
testing?
How are safety related modifications
carried out and how should they be?

2. Overview of safety work and plant modifications in Finland an Sweden

NKS/RAK-1.1 has resulted in a systematic overview of all major components in the safety
work, and the report should be useful as a textbook. Among other things, the project has
demonstrated the use of object modelling techniques for formalised documentation of
activities and verification of safety work. Among issues discussed in the report from the study
are the balance between economy and safety and the balance between technical and
organisational review.

NKS/RAK-1.5 gives an overview of past, current and future modernisation projects of the
nuclear power plants in Finland and Sweden. The management procedures in controlling the
implementation of modifications are described and discussed in regard of prevailing
differences between Finnish and Swedish practices.

A formal modelling technique has been used to describe the procedures involved in the
modification process so as to facilitate review for completeness and consistency. The
approach taken, largely in accordance with the so-called Structured Analysis and Design
Technique (SADT), proved to be quite helpful, allowing the processes to be broken down in
detail as required to account fully for all factors.

In comparing the actual course of actions with prescribed procedures, it can be noted that this
does account for the possibility that additional requirements may be made in response to
proposals received by the authority. Problems encountered in handling modifications in a safe
and reliable way at the utilities seem often to be related to tight time schedules. One problem
for the safety authorities is to find selective approaches to the review of safety related
modifications considering time and resources available.



3. Integrated sequence analysis

This subproject is devoted to integrated sequence analysis (ISA), defined as event analysis
with active participation from different disciplines such as PSA, thermohydraulics, cognitive
modelling and human factors.

Today the PSA methodology has been developed to a stage where it is systematically used to
evaluate reactor safety and to guide safety-improving measures. The relevance of the PSA
event trees is verified with deterministic analyses. Methods have been developed for human
reliability analysis, which are used to support PSA with data on probabilities for human error
considering the factors that influence human reliability (performance shaping factors). Human
failure is then often an important parameter in PSA.

However, the probability estimates of human failure events often vary considerably and their
basis is in many cases vague. The completeness problem of PSA is also well recognised,
especially with respect to human error. The causes of human failure are often very complex
and require consideration of man, technology, and organisation as a whole.

Another problem with PSA, and the supporting HRA, is its limited capacity to describe the
dynamic evolution of events. The event evolution between an initiating event and a number of
possible end states can be very complex to analyse due to complex interactions between the
technical process system and the human/organisational system.

It was recognised that further development is needed to complement existing methodologies
for safety analyses with more fully integrated approaches to the interaction between human
and technological systems. With this background the NKS/RAK-1.3 project was formulated
with the overall objective to develop and test integrated methodologies to evaluate event
sequences. The term "methodology" denotes not only technical tools but also methods for
integration of different disciplines (such as PSA and cognitive analysis).

Four case studies, shown in Table 2, were selected in RAK-1.3 in order to test evolutionary
approaches to ISA. Two of the case studies, large man initiated LOCA and cold overpressure
events of a BWR were directly linked with shutdown PSA studies (SPSA). The third case
study is a PWR steam generator tube rupture (SGTR), which involves balancing actions on
the primary and the secondary side of the installation. In addition, there is a risk of early
radioactive release through an atmospheric release valve on secondary side. The fourth case
study deals with confused signal view in the control room followed by a fault in
instrumentation. Besides the primary objective to test methods, expected results from the
analyses included:

- Evaluation of Emergency Operating Procedures (EOPs) and possible recommendations for
improvements

- Improved risk evaluation of the sequences, thereby also a more realistic and credible PSA

- Benchmarking and validation of thermohydraulic codes

An important aspect of the project has also been as an educational tool for the participants,
concerning the sequences and about all areas of importance for their evaluation.



Table 2: NKS/RAK-1.3 case studies with their methodological orientation and status

Case study

BWR Large LOCA during
shutdown (man-made)

1. Cold overpressurization
of a BWR

2.Verification study: loss of
feedwater

Steam generator tube
rupture of a PWR

Disturbed signal view in
BWR control room due to a
CIF

Methodological orientation

PHASE I: Thorough task analysis + COGENT
PHASE II: Use of expert judgement

Theoretical, decision analytic view, time dependent
stochastic methods

A semidynamic framework with emphasis on cognitive
task analysis, PSA, HRA and thermohydraulics

Emphasis on creating a control room PSA model,
evaluating effects of different signal view set-ups

4. Maintenance studies

Subproject 4 represents a broad effort to improve the analysis and decision support for
maintenance practices. Clearly there is a continuous need to optimise maintenance taking
safety, reliability and economic factors into account. A survey of maintenance strategies and
development needs has been carried out and interviews have been made with utilities,
authorities and researchers. The survey addressed component ageing problems and related
corrective measures, component condition monitoring and maintenance indicators, and
decision criteria for maintenance and replacement of components. The results of the survey
have provided a rich data basis.

The project has given considerable attention to maintenance data systems. Various data
systems have been designed for different purposes such as to give data to PSA on component
reliability and to give support to the maintenance at a local level. Within NKS/RAK-1.4 a
special software system has been developed to improve the analysis and presentation of data
from these systems. The system has been installed at the Barseback power plant and it will be
further adapted to specific needs at Barseback and other nuclear power plants.

Another component in the subproject is a study in Finland on common cause failures
originating from maintenance activities. The results from this study emphasise the importance
to further analyse possible human failures during maintenance, a problem that is addressed
also in Subproject 3.



Internationally, maintenance strategies are now often discussed within the concept of
Reliability Centred Maintenance (RCM). A key issue in its development is to have
appropriate tools for decision support. Within RAK-1.4 a decision analysis software tool has
been demonstrated.

5 Piping reliability as part of NKS/RAK-1

Background

Subproject 2 represents an effort to evaluate LOCA-frequencies used in PSA, considering that
they are important parameters in PSA and that much new knowledge should have been gained
since the WASH-1400 study. On one hand, ageing naturally decreases the quality of pipe
systems, but on the other hand maintenance and surveillance methods improve. Generally
there is a feeling at the utilities that the PSA is too conservative in this respect, which makes it
difficult to optimise safety improvements. This was one of the reasons why this subproject
was proposed by the utilities as part of NKS/RAK-1.

Another reason for the subproject was to explore how material sciences could interact with
PSA, thereby supporting PSA in a more efficient way. Increased interaction should also be
beneficial for the material sciences in guiding what are the most important research topics
from the probabilistic point of view. Of course it must be recognised that deterministic
reasons and basic safety principles govern much of the research.

The link between NKS/RAK-1.2 and SLAP

In parallel with NKS/RAK-1, SKI had initiated the international SLAP Project. It was deemed
fruitful to couple the two projects together in this seminar. From the Nordic point of view, this
should enhance the value of NKS/RAK-1.2 and open a broader risk perspective. The results
from the seminar will also be considered, and to large extent included, in the NKS report.

Components of NKS/RAK-1.2

A probabilistic model for pipe rupturing initiated by intergranular stress corrosion cracking
(IGSCC) has been developed by the Swedish control agency SAQ Kontroll. The model needs
statistical data on fractures and data on the effectiveness of non-destructive testing. The
statistical data can be provided by the SKI database. Concerning inspection, VTT has
delivered a report on statistical models for reliability and management of ultrasonic inspection
data. All these components of NKS/RAK-1.2 are reported at this seminar.

The extent to which the SAQ model can be applied is limited by the availability of material
data. Currently there is an effort by the utilities to gather such data required for other
purposes, but this takes time. Instead it may be that existing, less comprehensive data will be
used in the model in the next phase of work. This is currently being investigated. Application
of the SAQ model to a new PSA model for the Oskarshamn 1 reactor was foreseen at an early
stage of the project. The Oskarshamn PSA model already describes the pipe systems more in
detail than any other PSA model used in Sweden or Finland.



Some key issues

The NKS/RAK-1.2 study is now coming to its end, and conclusions need to be drawn with
regard to future work and for that, this seminar in a key event. Among the many issues that
need careful consideration these may be a few;

- Is the approach taken by NKS/RAK-1-2 (detailed probabilistic modelling pipe rupturing
to be included in PSA) feasible, considering the efforts needed for implementation?

- Is the approach justified considering overall risk perspective?

- Is the SLAP database valid for the purpose of reactor safety analysis?

- How we find methods to weigh and integrate deterministic and probabilistic research
needs

- How do we improve methods for integration between PSA and basic sciences, in this case
material sciences?

The NKS/RAK-1 Project will be concluded with seminar held jointly with the NKS/RAK-2 project on
November 25-27,1997. Each subproject will give its own final report In addition there will be a final for
NKS/RAK-1 in its entirety.


