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Abstract

Computerised operator support systems and related activities in Hungary are summarised.
Sytems developed in the past, presently developed and used as well as being in a planning phase are
briefly described. Activity of the Hungarian participants in the framework of the co-ordinated project on
operator support systems for nuclear power plants is summarised.

INTRODUCTION

Computerised operator support systems have been and are being developed since the late 70-es
in Hungary. Many of the developed systems are being applied by the operating personnel of the
Hungarian power plant and other nuclear facilities, some others, on the other hand, did not grow over
the piloting stage. The first attempts to develop computer based systems to support the NPP operators
were made years before the commissioning of the first unit of the Hungarian Paks NPP. Although these
systems did not comply with the requirements of a state-of-the-art operator system of today, they can be
regarded as the roots of the systems developed later on for real, on-line applications. The first system
built for real application in a NPP control room was the VERONA core monitoring system. Other
typical installations are the PDR (Paks Diagnostics System) for noise analysis: the EMERIS
surveillance and disturbance analysis system for the MR reactor of the IAE Kurchatov, Moscow: and
the KAZMER automated diagnostics system for the WER-1000 reactor of the Kalinin NPP, Russia.

For some years already, efforts are being made to develop elements of AI based CSS's, X
Window based human-machine interface for CSS's, database structures for supporting decision
making, development of systems on various platforms, such as the G2 real-time shell, alternative
operating systems and graphical user interfaces. Some of these attempts have grown mature enough to
be applied in the NPP, some others are still in the experimenting phase and will hopefully find their
applications in the next years.

Review of the CSS's in Hungary was first presented at the co-ordination meeting in Vienna,
1992, the first version of the present National Report has been compiled and submitted in September
1993. This report is a revised and extended version of the previous one, including the results since then.
The most important systems ever developed or being in developing or design phase in Hungary are
briefly described in Sections 2 and 3 respectively. Section 4 summarises the Hungarian contribution to
the final report of the co-ordinated research project in question. A list of related publications by the
Hungarian developers closes the compilation.

OVERVIEW OF OPERATOR SUPPORT SYSTEMS DEVELOPED IN HUNGARY

In what follows short descriptions of the computerised operator support systems developed in
Hungary are given. Many of the systems were aimed at fulfilling specific tasks and are not in service
any more, others, however are in continuous use and represent standard components of the nuclear
installation where they are in operation.

It is to be mentioned that most of the detailed documentation of the systems and programs
developed in this field were not documented in English, since they were intended to be used inside
Hungary. References are only made to documents available in English.
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Alarm Analysis System for the WR-SM Research Reactor

A pilot system having been operation in connection with the computerised control system of the
WR-SM reactor. The system is based on pre-defined 'alarm libraries' which were evaluated after
having been triggered by some signals [1].

RMR Reactor Data Collection System

A data collection and monitoring system developed during the period of the WR-SM research
reactor upgrading. It collects processes and displays all the important analogue and discrete measured
data, prepares inventories and data records. The most important operational parameters are
continuously monitored and limit-checked. Schematic diagrams can be displayed for the larger
technological components which contain the available measured values in a continuously updated form.

The operation of the system is menu driven and self explanatory. The actual as well as the
recorded data can be displayed in functional (trend) or tabular form.

RPM Reactor Parameter Monitoring System

An on-line data acquisition system with several built-in evaluation functions, such as reactivity
calculation, reactivity coefficient estimation, integration, filtering etc. The system was developed
primarily to support the physical start-up experiments on the WER-type reactors. Prior to the
application of the system in the start-up experiments of the units of the Paks Nuclear Power Station, a
group of Hungarian experts exploited the RPM system in the start-up experiments of the Unit 2 of the
Bohunice (Slovakia) NPP and in the start-up experiments of the Unit 3 of the Kozloduy (Bulgaria)
NPP. By the time of the start-up of the first Unit of the Paks NPP the modifications initiated by the
experiences collected during the first two applications of the system were incorporated in the system.

The hardware of the system consisted of a CAMAC crate supplied with an Ihtel-8080 based
CPU along with the necessary modules for analogue to digital conversion and collection of binary
signals. The system also contained special analogue modules for signal amplification and conditioning.
The maximum scanning frequency of the 32 analogue input signals was 5 Hz (0.2 sec resolution) and
32 discrete status signals were connected to the system in change sensitive manner. The system is still
operable and have been routinely applied during the start-up experiments and some other on-power
physical experiments, such as 'small perturbation reactivity coefficient measurements'.

PANDA - a Program System for Post-mortem Disturbance Analysis

A LISP based system for off-line fault-tree analysis giving possibility to define fault-trees, to
describe the structure and the models of the technology and to evaluate the fault trees using real
technological measurements recorded during a transient [3]. Presently not in use

The DAS System for Automated Failure Analysis in Paks NPP

A pilot version of an automatic fault-tree analysis system was designed and developed to
operate together with the power control system of the Unit 1 of the Paks NPP. The system has never
been tested under real conditions because of the safety system category of the power control subsystem
[4].

The VERONA Core Monitoring System and its Versions

The system is meant for the detailed analysis of the data coming from the well instrumented
reactor core of the WER-440/213 type power reactors, specifically for the Units of the Paks NPP. It
presents detailed information for the operator about the internal conditions in the reactor core. The
detailed evaluation includes the reconstruction of the two and three dimensional power and temperature
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distributions within the core, the heat-balance calculation of the primary cooling loops and in the
secondary circuit, long-term integration for burnup assessment and SPND calibration. Several
approaches were developed and tested during the last decade to fulfil the task of power distribution
reconstruction.

Basically, three version of the system existed: the original version first installed in 1984 at Unit
1 which is not in use anymore; the VERONA - plus version still operating at Unit 4; and the
VERONA-u version which is operational at Units 1 through 3 and at the training simulator.

In the VERONA-plus release, special functions help the operator in preparing and controlling a
planned change of the energy production.

In the latest, VERONA-u version, the system is developed on an appropriate HW
configuration, which includes a redundant, VME-based data acquisition system, two MicroVAX-3100
computers for the detailed elaboration and four DECstations as operator's workstations. The
development was performed in the Applied Reactor Physics Department of the Atomic Energy
Research Institute, Budapest. In this project state-of-the-art software tools were also applied, such as
the X-window compatible DECwindows software for M/M interface, object-oriented database
handling. This latter was specifically developed for the sake of this project, utilising the experiences of
the EMERIS development (see below). The main feature of the database handling is that the experts of
the utility can tailor the system during its life time, according to the new experiences, new requirements
or technological changes, without turning to the developer staff.

The application of the X-window compatible DECwindows software gave the developer a very
effective way of developing the flexible, easy-to handle nevertheless rather complex man-machine
interface. The modular structure of the MMI is also designed to fulfil the needs of the users of different
categories.

The VERONA-u release has several new features compared to the previous releases. The most
important ones are the following [5, 6, 24, 25, 26, 37, 39-41, 48]:

- hot-spot monitoring on fuel pin level, taking into account the reconstructed, actual 3D nodal
distribution and the precalculated distribution within the assemblies;

- on-line determination of DNBR distribution and comparison to the technological limits;
- long-term archivation of all data, available for a complex later analysis;
- (over 3 month time-span on disk);
- well developed tools for a great variety of possible queries in the on-line database are at the

expert's disposal;
- duplication for redundancy both at the level of data acquisition and the level of elaboration to

ensure a long-term continuous operation;
a very wide set of display figures including core maps of almost every possible quantities relevant
to the operation, as well as animation of control rod positions and SPND readings.

The EMERIS PROCESS Monitoring and Disturbance Analysis System for the MR Reactor of
IAE Kurchatov, Moscow

Though the system is installed outside Hungary, it is worth mentioning in the present
compilation since it has been developed in the KFKI Atomic Energy Research Institute Budapest, and
therefore considerably contributed to the experience of the members of the staff taking part in the
development work. Specifically, it represents an important milestone in the Hungarian CSS
development work since it is the first operational on-line application of the artificial intelligence
approach to a CSS for a nuclear system, developed in Hungary. The system was developed for MR
materials testing reactor of the Kurchatov Institute, Moscow. Though the technology, where the system
is applied is not a power station, it is so complex that an Al-based operator support system may be of
great importance. An important feature of the system is that by a shell-like database definition tool, it
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can be adopted to the frequent changes of the complex technology to monitor. The Disturbance
Analysis subsystem works according to the graphically definable logic graphs and the conditions at the
nodes of the graphs can be given in simple meta-language[16, 22].

According to the latest information the MR reactor has been shut down and thus the system is
not operational anymore.

•PDR, Noise and Vibration Monitoring and Analysis System

Systems are installed at all units of the Paks NPP for monitoring neutron- and technological
noise data and vibration spectra from the main rotating machines. The systems were developed in co-
operation of the Atomic Energy Research Institute (AEKI) and the Institute for Electric Power
Research (VEEKI), both from Budapest. The system is proved to be beneficial in discovering and
locating a control assembly deformation and abnormal vibration. The analysis of the noise signals is not
fully automated, but a number of software tools are available to support the expert's work [2, 7, 8].

"KAZMER" A Complex Noise Diagnostic System for WER-1000 type Reactors

A complex noise analysis system was developed in Hungary for the Kalinin Power Station
Russia. The system includes a semi-automated in-core noise analysis subsystem (KARD), an
automated vibration monitoring system (ARGUS) and an automated medium-size-leakage monitoring
system (ALMOS). The system can be converted to collect and process data from WER-440 type
reactors.

The incore noise analysis subsystem has been adapted to the Paks WER-440 units and is in
operation at Unit 3. and 4 [20, 29 -33].

DIR/KAR, the Dosimetric Control System for Paks NPP

A new dosimetric control system has recently been installed at the PAKS NPP, which includes
several sophisticated processing options. In addition to the in-plant dosimetry monitoring the system
incorporates the monitoring of the wider environment of the plant, including the meteorological
conditions. The system has been developed by the AKRIBIA Ltd. software engineering firm and the
Atomic Energy Research Institute, Budapest. The new system substitutes the obsolete previous
dosimetric system and also integrates the former environment monitoring system.

Full Scope Training Simulator of the Paks NPP

The Paks NPP is provided with a full scope replica training simulator reflecting all the
characteristics and functions of a WER-440 reactor unit. The simulator has been developed in co-
operation with the Finnish firm NOKIA/AFORA and is in full operation for initial training and
retraining of the power plant personnel.

The control room is a full scale replica of that of the NPP. The simulator software runs with a
one second cycle time and is able to cover every normal and anomalous events up to a small break
LOCA [18, 19, 23, 34].

Upgrading of the simulator to include severe accident up to prior to core melting has recently
been completed. The reactor- and thermohydraulical models have been replaced by new ones and a
separate code (running in a separate computer) has been added to account for large scale LOCA events
[28, 34].
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Basic Principle and Compact Training Simulators

One of the traditional research and development activity of the Atomic Energy Research
Institute is related to the nuclear training simulators. Besides the full scope simulator mentioned above
various basic principle and compact (quasi full scope with limited control room devices) simulators
have been developed. They are operational at the Paks NPP, Kola NPP and Rovno NPP, all with
WER-440 type reactors [9, 12, 13, 19, 21, 27].

Emergency Control Room Simulator of the Paks NPP

The emergency control room simulator represents an image of the real emergency control room
simulator through computerised displays. The simulator is connected to the full scope training
simulator and offers the same interacting possibilities as the real devices. The simulator is the result of
the development work performed in the NPP Simulator Centre.

COPAS - Computerised Operator Assessment System

The system is used during the full scope training simulator sessions to assess and evaluate the
performance of the trainees. The system is based on the Emergency Operation Procedure of the plant
and is fed by data from the simulator. It compares and displays the actions and reactions of the
operators as opposed to the required or optimum sequences. The system has been developed by the NPP
Simulator Centre experts [23, 36]

The Plant Information Centre - EIK

The measurements available at the separate units of the Paks NPP are transferred to a
plantwise information centre, called EIK. The data are collected periodically, are subject to certain
(limited) processing and are stored in archives. The centre is meant for data recovery, posterior
analysis and generation of standard logs and journals. A database maintenance, system makes the
follow up of the plant-changes easy.

Environmental simulator

A PC based simulator has been developed in the KFKI AEKI to follow the consequences of
radioactive releases of a hypothetical nuclear accident. Atmospheric dispersion, plume depletion by dry-
out and wash-out, cloud shine and ground shine doses, dose commitments from inhalation and
ingestion, early and late health effects are calculated. Effects of the introduction of countermeasures
are also taken into account.

The simulator is meant for prediction in case of a real accident and for education and training
of the decision-makers [43].

GPCS - a G2-based prototype NPP information system

As a result of a concentrated R&D activity (sponsored by the National Committee for
Technological Development - OMFB) a prototype of a process monitoring and alarm-generation system
has been developed in the framework of the G2 expert shell. The most important plant subsystems have
been included into system and have been tested experimentally, using a training simulator.

The system was used to demonstrate the ability of the G2 based expert system to collect,
process and display on-line, real-time data from a WER-440 reactor and its main technological
components. It has also been applied to build up the model of logics and interlocking systems of
selected technological components in order to establish and intelligent alarm displaying module [42,
44].
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Operator Performance Experiments

Operating personnel of the Paks NPP take part in regular retraining sessions at the full scope
training simulator. During these sessions a systematic series of experiments have been conducted in the
course of which every crew has been tested in four (operationally) abnormal situations.

The evaluation of the human performance was made with the aid of the COP AS system (c.f.
Subsection 2.14), the results are published in [36]. this work was also sponsored by the OMFB.

ONGOING AND PLANNED CSS DEVELOPMENTS IN HUNGARY

In the following short descriptions of the systems being in development or planning phases are
given. The CSS related activities going on, or being planned in Hungary can be divided into two
groups. Those in the first group relate to the development or upgrading of operator support systems
directly applicable to the Hungarian NPP. Such activities are:

further development of the core monitoring system VERONA-u;
- upgrading the full scope simulator;
- development of a primary data gateway and archivation system;

upgrading of the process computer;
- developing of a critical safety function monitoring system and emergency operational procedures;

developing systems related to the refurbished reactor protection system.

The second group of the research and development activities involve projects financed by
governmental bodies (like the National Committee for Technological Development - OMFB), or
initiated by other (possibly international) institutions because of their potential applicability. Such
projects are:

- development of an integrated failure monitoring system;
- development of a severe accident simulator;
- development of multifunctional simulators;
- participation in the Halden Reactor Project.

Further Developments in the VERONA-u System

The VERONA-u system actually operational at units 1 through 3 and at the full scope training
simulator of the Paks NPP has the version number 3.0. This version can be considered as final and will
also be implemented at Unit no. 4. Further developments concern:

the inclusion of specific reactor physics algorithms to account for new types of fuel elements,
loading patterns and operational strategies;

- introducing statistical methods to evaluate the state of the detectors and measurements [51];
- developing long-term, plantwise archives management tools;
- introducing centralised database and software management;
- introducing further remote stations and stand-alone systems with on-line data supply.

Upgrading the Full Scope Simulator

Because of the ageing hardware configuration as well as of further specific applications of the
full scope training simulator, a thorough upgrading is planned. In the framework of the upgrading new
computers are included into the system and the models are tuned to a 0.1 sec cycle time. The simulator
is made suitable to include 'hardware in the loop tests' in order to serve the future development of a new
reactor protection system or other main technological components.
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ARGW - Data Gateway and Local Archives

In order to directly interface the Plant Information Centre (EBK.) and the primary data
acquisition units an intelligent gateway system has been established at units 3 and 4 and is to be
introduced at units 1 and 2. Because of the difference in the data acquisition systems of the two unit-
pairs, the gateways have slightly different roles. At Units 3 and 4 the gateway is hardly more than a
data transfer unit with very limited database handling and archives capabilities. At Units 1 and 2 the
ARGW systems are planned to be more sophisticated including certain data processing and more
complex database and archives handling features. The system is in the phase of functional specification
its relation and connection to the future process computer is not yet decided.

Upgrading the Process Computer

The process computers of the Hungarian NPP are in operation since the starting up of the units
and (although are continuously maintained and certain main components have also been replaced) are
getting obsolete and aged. Changeover of the process computers to new ones naturally yields the
upgrading (in fact changeover) of the respective software systems. This project is in the state of the
feasibility studies and requirement specification.

The new system will very likely be flexible enough to incorporate some of the existing data
acquisition, monitoring and surveillance systems. Other will be interfaced to it via networking. It is
expected that the user interfaces of the various CSS's will be as unified as possible and the number of
operator workstations will be minimised.

A plantwise database and information system is expected to be formed and the various
elements of the unit CSS's will be connected to each other.

Critical Safety Function Monitoring and Symptom Oriented EOPs

The present operating procedures of the Hungarian NPP assume that the operator is fully
aware of the situation and recognises the events going on. Accordingly the operating procedures are
basically event oriented. According to the advanced practice symptom oriented operating procedures
tend to gain importance in handling emergency situations. Such procedures are used in conjunction with
some kind of Safety Parameter Display Systems, or Critical Safety Monitoring Systems. Introduction
of symptom oriented emergency operating procedures and critical safety function monitoring at the
Hungarian plant is under consideration. The related R&D work is quite extensive, the project is in the
phase of feasibility studies.

Data Processing Related to the Reactor Protection System

Refurbishment of the Paks NPP reactor protection system is in the phase of system design. The
reactor protection system will by fully digital with almost all data available for recording and
processing. Consequently there is a need to collect, process, display and store a large number of
measured or generated signals. This task will be performed by either the gateway and archive system
(ARGW) or the new process computer. The Post Emergency Monitor System (PEMS) will be part of
the above mentioned processing unit. Final plans for this system are to be made at the end of the
planning period of the RPS.

JEDI - An Integrated Failure Monitoring System

In the framework of the R&D activities sponsored by the OMFB an extensive project has been
and is being carried out in the field of CSS's. The primary goal of the project is the development of
computerised operator support systems that may contribute to the safe operation of the plant via
decreasing the possibility/probability of human failures.
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The project focuses on the development of an integrated failure monitoring system which
processes data measured in the NPP. The system incorporates various methods and models of early
failure detection such as various versions of the Sequential Probability Ratio Tests, Kalman filters,
ARMA models, parity space methods etc., as well as well established fluctuation diagnostics and
analysis methods.

Data are collected on-line from a large data-surface offered by the core monitoring
measurements combined with signals from other specific technological sensors. A software controlled
multiplexing method ensures the collection of the (maximum 32) signals selected from the available
several hundred.. The results of the signal validation and noise diagnostics analysis are offered in
various forms, such as trend-curves, numerical values, textual information as well as time series and
spectra, also stored in files [38, 39, 45 - 47, 49, 52 - 55]

Severe Accident Simulator

This, recently completed, OMFB sponsored project aimed at the development of an independent
simulator to play the possible scenarios of a severe accident, usually preceded by a large break LOCA.
The system is based on the existing compact simulator software architecture and include separate core
melting, radioactivity and radiological consequence estimating models [35].

Multifunctional Simulator

In the framework of the PHAKE project a consortium, selected by the European Union
representatives, is in charge to develop a multifunctional simulator to be applied at eight WER-440
plants (the Hungarian plant is not included), part of them being of V 213, others of V 230 types. The
consortium has contracted KFKI AEKI to be a partner in developing the simulator software tools.
Models specific to the WER-440 plants (like 3D neutronics, ECCS, turbine hydraulics and neutron
controls, control rod drives) are developed by the Hungarian partner.

Participation in the Halden Reactor Project

KFKI Atomic Energy Research Institute has become e member of the OECD Halden Reactor
Project in 1995. In the next two year period the expected result of the Hungarian participation is
threefold. First, the Hungarian participants will become familiar with the applications of the CSS tools
developed in the Halden Project. These tools are mainly to be applied in developing monitoring and
surveillance systems. Secondly, R&D work has been initiated to develop a critical safety parameter
monitoring system (CRISP). As a first step the background and the functional specification of the
planned system have been summarised. The third CSS related area of the Hungarian HRP participation
is the R&D in the field of signal validation and early failure diagnostics. Experiences and results of
KFKI AEKI in the field will be summarised in a report.

HUNGARIAN CONTRIBUTION TO THE CRP

The activity of the Hungarian participant in the co-ordinated research programme covered two
main areas. First, as all other participants of the CRP, the Hungarian participants have contributed to
the programme in the scope originally defined. The second area includes the design, programming and
compilation of a database containing important data of the CSS; in operation world-wide.

Contribution to the CRP Original Scope

The participants of the co-ordinated research programme in their first co-ordination meeting
have defined a number of distinct tasks (areas) that cover the whole range of the computerised operator
support systems (CSS) related activities in the extent as follows:

- CSS' current status and experience;
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- identification and classification of CSS;
- technology for implementation;
- cost/benefit and evaluation.

The participant countries have had the freedom to select specific tasks to participate in or act
as a Task Leader. The Hungarian representatives proposed participation in the following tasks:

a) Survey of existing documentation relevant to this programme's goals
b) Survey of existing operator support systems and experience with them
c) Development of appropriate terminology for identification and classification of CSS
d) Identification and classification of CSS
e) Develop guidance on how the end user should be involved in the development of CSS
f) Develop infrastructure requirements to support incremental upgrades in existing plants with

regard to data communications, databases, knowledge bases, analogue/digital compatibility, unified
MM, etc.

g) Determine to what extent and by which methods should the CSS be evaluated before final
implementation to demonstrate their quality and also how to effectively evaluate them after
implementation.

Hungary was selected to be Task Leader in the task e).

Tasks a) and b) were completed in the first year of the Programme . A CRP Meeting has been
organised by the Hungarian participants in Budapest in October 1993, where National Reports on these
activities have been presented and discussed. The leaders of the tasks have summarised the results of
the Reports, the National Reports as well as the summaries have been published in the IAEA Working
Material Report No. IAEA-IWG-NPPCI-93/4. The outstanding merits of the Hungarian National
Report were mentioned with emphasis by the IAEA representative as well as by the Task Leader.

The document above also summarises the state-of-the art of the other ongoing tasks. Thus the
Hungarian contribution to Tasks c) and d) - to have been completed in the second year of the
Programme - had also been included into the National Report and was accepted by the participants.

The tasks to perform in the final year of the programme were discussed in the co-ordination
meeting in Rome, October 1994 and the drafts commonly accepted were included into the Working
Material Report No. IAEA-IWG-NPPCI-95/1. The Meeting has also decided on the structure and
contents of the Final Report, the participants and the Task Leaders were requested to compile and
submit their contributions accordingly.

In Task e) - where Hungary was the Task Leader - a questionnaire had been composed with
those questions and possible answers that later on have lead to the final conclusions in the Task. The
questionnaire had been answered by the interested participants in the Task and has been summarised by
the Task Leader. The answers and the revised draft document, originally submitted to the Rome
meeting represent Section 4.1, Involving the end user in the development of CSS's of the Final CRP
Report in Chapter 4. Human Aspects of Introducing CSS's.

Developing a Database of Existing CSS's

The first CRP meeting the participants decided to compile a questionnaire on operator support
systems in use at nuclear power plants. The questionnaires have been sent out to a large number of
NPP's. About 60 answers were received describing existing CSS's. Following the relative success of the
inquiries the participants have decided to store the answers in a database.

The database was built up in MS ACCESS and was programmed by the Hungarian
participants with a project supervision from IAEA. At the time of the compilation of the present
National Report, the database is in the phase of the final programming, sample data have already been
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input, a consultancy meeting has overviewed it. Inputting the entire information in the questionnaires is
the task of the rest of the project.
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