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Abstract

A wide spectrum of COSSs have been developed within the Halden Project. Major emphasis has been
put on assisting the operator in detecting disturbances at an early stage, to avoid development into a more
critical situation. Ideas about which systems to develop come either from the Halden research staff itself, or
from the participating organisations which consist of licensing organisations, vendors, utilities and research
laboratories. The systems are developed up to a prototype level, demonstrated in the HAMMLAB experimental
control room. Often, the prototypes are further developed and taken into use by utilities in the participating
countries.

INTRODUCTION

The only activity in Norway that is directly relevant for the present CRP is performed by
Institutt for Energiteknikk, the Norwegian Energy Research Institute. This institute is responsible for
conducting the OECD Halden Reactor Project. The research project has as one of its main items a
programme on "Man-Machine System Research (MMSR)". This main objective with this programme
is to improve operational safety and efficiency of nuclear plants through introduction of new technology
in the control room. This activity is divided into four main chapters:

- development of computerised operator support systems;
- development of advanced control rooms;
- human factors activities related to introduction of new technology in the control room;
- software verification and validation.

All these activities are relevant to the present CRP. A short description of each item is therefore
given in the following.

DEVELOPMENT OF COMPUTERISED OPERATOR SUPPORT SYSTEMS (COSSs)

COSS development constitutes a major part of the MMSR research at Halden. Ideas about
which systems to develop come either from the Halden research staff itself, or from the participating
organisations which consist of licensing organisations, vendors, utilities and research laboratories. The
systems are developed up to a prototype level, demonstrated in the HAMMLAB experimental control
room which is coupled up a large scale training simulator. Often, the prototypes are further developed
and taken into use by utilities in the participating countries.

A wide spectrum of COSSs have been developed within the Halden Project. Major emphasis
has been put on assisting the operator in detecting disturbances at an early stage, to avoid development
into a more critical situation. An alarm system has recently been developed. Through extensive alarm
handling, the number of alarms is strongly reduced. Further, emphasis is put on alarm presentation to
ease the operators understanding of the situation.

The concept of Early Fault Detection where dynamic models of parts of the plant are run in
parallel to the process has turned out to be an efficient means of detecting disturbances before the
conventional alarm system is triggered. Further, alarming has been studied by use of critical safety
functions.
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Coupled to detection of the disturbances, diagnosis has also been looked into. Especially in
complex operational situations, the operator may face problems in identifying what is wrong. Help may
be obtained from knowledgebased diagnosis systems, like DISKET which has been tested out at
Halden.

For handling of early phases of accidents, the CAMS (Computerised Accident Management
Systems) has been developed. It contains a signal validation module, a real-time model running in
parallel to the process, and a predictive model. By use of the predictive model, efficient strategies for
handling the accident may be tested out.

The core monitoring system SCORPIO has been developed to optimise the utilisation of the
reactor during normal transients like load cycling and startup. Based on real-time and predictive
calculation of power distribution in three dimensions, more efficient control strategies are arrived at.
The system has been taken into use by a number of utilities.

Procedures are required during normal as well as disturbance and accident situations. By use of
the COPMA computerised procedure system, the operator may more easily implement procedures in a
correct manner.

In addition to development of COSSs as described above, tools are also generated to help
development of the specific systems. The COPMA system may in fact be considered a general tool, as
it may be used for all types of procedures. A general toolbox has been developed for generation of
alarm systems. To simplify the development of the man-machine interface to COSSs, the user interface
management system PICASSO is extensively used.

DEVELOPMENT OF ADVANCED CONTROL ROOMS

By advanced control room is meant a control room which is fully computerised, and where a
number of COSSs are integrated. Much emphasis is put on efficient co-ordination and prioritisation of
information. A first prototype of an advanced control room was completed in 1991. The object of the
control room studies is to demonstrate concepts for use in realisation of future control rooms, but
equally important to demonstrate how existing control rooms may be retrofitted in an efficient manner.

The background for this work is that with the COSSs available today, serving a large number
of functions in the control room, careful integration into the total man-machine interface (MMI) in the
control room is required. A unified MMI is therefore developed, where information is presented in a
structured and coherent manner.

It is observed that when utilities are retrofitting their control rooms, some take the top-down
approach of analysing carefully the tasks to be performed in the control room, the experiences up to
date with the present set-up, and generate a new control room philosophy as basis for the technical
upgrading. Institutt for Energjteknikk is involved in such studies.

HUMAN FACTORS ACTTVinES RELATED TO INTRODUCTION OF NEW TECHNOLOGY IN
THE CONTROL ROOM

A main objective of this work is to ensure that systems that are developed fulfil the
requirements put to them in practice. COSSs are therefore evaluated in HAMMLAB, often by use of
real operators faced with complex plant transients. Through experiments performed over more than ten
years, generic knowledge is accumulated on selection of efficient evaluation techniques, what are
characteristics of good interfaces etc. Human factors experts also enter into an early phase of system
design.
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HAMMLAB is a simulator-based laboratory with an experimental control room from which a
model of the Loviisa W E R in Finland is operated. Realistic evaluations of COSS are performed using
operators from the Halden reactor or from Loviisa as test subjects. In the studies, one attempts to
determine to which extent the COSS under investigation helps the operator. In more detail, one also
looks into the various features of the system, such as MMI or functionality, to identify important
generic requirements to be put to such systems.

The human factors work further involves more basic human factors studies. The most
important project at present is the human error analysis work. Here, cognitive errors are studies with
the goal to reduce cognitive errors through improvement in MMI design and improved operator
training. The increased knowledge of human error is also expected to reduce uncertainty in human
reliability estimates in PSA analysis.

SOFTWARE VERIFICATION AND VALIDATION

The activity on software verification and validation has mainly been addressing methods for
improving reliability of safety critical software. This means that safety and protection systems are
studied, while more complex software as typically found in COSSs has not been addressed in much
detail. Studies have, however, been made of knowledge based systems, and V&V of COSSs will
become increasingly important in the future.

Much emphasis has been put on developing a methodology for development and validation of
software based on formal mathematical methods. Applications on examples like a BWR protection
system has demonstrated the feasibility of the method. In the future, the potential of formal methods in
development of COSSs will be analysed.

Static analysis, where a program is analysed without being executed, is being applied as a
method in software verification and validation. Up to now safety critical software has been analysed, in
the future, tools will be developed for quality assessment of more general programs, written in different
programming languages. Different testing methodologies are also investigated. Further, commercially
available tools are tested with respect to their ability to enhance software quality.

In the future, a new experimental control room will be developed in connection with upgrading
of HAMMLAB. New software will be developed, and existing commercial software will be utilised. In
this work, emphasis will be put on the software quality aspects. Experience will be gained on how
software quality aspect should be handled in connection with establishment of new control rooms or
implementation of new COSSs. A classification of software elements with respect to the safety
relevance of the software will constitute a basis for the approach.
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