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Abstract

The report gives a short overview of the status of the activities in Romania relevant for the present Co-
ordination Research Programme: the development of small size simulators and computerised support systems
for the CANDU systems; the development of an expert system for risk monitoring, as a component of the
Cernavoda PSA activities for PSA team training and design changes evaluation; the implementation in
Romania of a segment of an integrated and comprehensive real-time on-line decision support system for
nuclear emergency in Europe (RODOS).

The activities in Romania that are directly relevant for the present co-ordinated research
programme are performed by the following institutes:

- the Institute of Physics and Nuclear Engineering, which is part of the Institute of Atomic Physics -
Bucharest;

- the Centre of Technology and Engineering for Nuclear Projects - Bucharest;
- the Institute for Nuclear Research - Pitesti (the last two units being associated to the Romanian Electricity

Authority).

A short description of the main CRP-relevant projects is given below:

(a) Development of micro-simulators and computerised support systems for the CANDU nuclear power
plant

The Institute of Atomic Physics, the Institute of Nuclear Research and the Centre of
Technology and Engineering for Nuclear Projects are involved in the development of micro-simulators
and computerised support systems that are intended for personnel training, that is complementary to the
training performed at the "full-scope" simulator, by solving all the training tasks that need not a real
control room environment. The small size and the slightly reduced scope of simulation give an excellent
opportunity to understand the plant procedures, and to deepen the theoretical knowledge of trainees
coming from different areas of operation.

The activity is going to be continued after the installation and beginning of operation of the
"full-scope" simulator at the Cernavoda Personnel Training Centre, and after the first unit of the
Cernavoda nuclear power plant will be in operation, when true operation data will be available.

(b) Development of an expert system for risk monitoring

The Institute for Nuclear Research has under development an expert system for risk
monitoring, as a component of the Cernavoda probabilistic safety evaluation project. This evaluation is
the first phase of a full-scope Level 1 Probabilistic Safety Assessment (PSA) study for the Cernavoda
CANDU-600 plant, having as main objectives the training of a PSA team and the development of a
limited scope probabilistic model for such applications as plant design evaluation and early safety
improvements, defining specification for a "living" PSA, identifying training scenarios for plant
operators, evaluating technical specifications and developing emergency procedures.

(c) Implementation in Romania of a segment of an integrated and comprehensive real-time on-line
decision support system for nuclear emergency in Europe
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Within its Radiation Protection Research Programme, the Commission of the European
Communities has embarked on a major project aiming at the development of an integrated and
comprehensive real-time on-line decision support system (RODOS) for nuclear emergencies in Europe,
applicable for the vicinity of the release and the early phase up to far distant areas and the later stages
of an accident.

The main purpose of the project is to provide the methodological basis, develop models and
data and install the hardware and software framework of RODOS. At present, the project is organised
as a joint venture of some 18 European institutes closely co-operating with several Russian and
Ukrainian laboratories. The Institute of Atomic Physics is one of the participants in the project.

OVERVIEW OF NATIONAL ACTIVmES

The first of the five CANDU-600 units, that are under construction in Romania, is due into
commission by the end of 1995. The operators for the first unit are under training at similar nuclear
power plants in Canada. At the same time, the Personnel Training Centre is under implementation at
Cernavoda, using both a "full-scope" simulator and "part-task" micro-simulators.

Taking into consideration the above mentioned conditions and also the fact that Romania has
no operation experience with nuclear power plants, the research programmes developed by the
Romanian research institutes have the following main topics:

- getting acquainted with, and understanding computerised support systems which have been developed in
the AECL and Ontario-Hydro research institutes;

- approaching some research objectives that are less dependent on the CANDU command concept, e.g., the
implementation of computerised support systems for emergency situations (risk evaluation and human
errors) or other systems that can be developed using our own experience.

DEVELOPMENT OF "PART-TASK" SIMULATORS AND COMPUTERISED SUPPORT
SYSTEMS FOR CANDU NUCLEAR POWER PLANT

In addition to the effort to put in operation the Unit 1 of Cemavoda nuclear power plant, the
Romanian companies involved in research and development of nuclear objectives have under
development expert systems and interactive media tools to assist operators in the Romanian nuclear
power plant.

An operator support system for CANDU moderator system

Starting from the status of the nuclear power plant construction and the needs for the initial
operation phase of the plant, Romanian specialists develop a fault detection and diagnosis support
system, that is intended to assist the operator during the normal and abnormal (incidents and accidents)
operation of the moderator system.

The Institute of Atomic Physics and the Centre of Technology and Engineering for Nuclear
Projects have developed for this phase of program:

- the simulation programs (object code) for the subsystems of the moderator system. The language used is
FORTRAN 77 for PC;

- the emulation software (object code) for Control Program of the moderator system. This software
package is used for testing and validation of the simulation programs;

- PSA model used mainly in the knowledge base.
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For the testing of the moderator fault detection and diagnosis support system, the "full-scope"
simulator replica Unit 1 of Cemavoda nuclear power plant, supplied by CAE Electronics Canada, will
be used.

An operator support system for CANDU spent fuel bay

Efforts are focused on implementing a computerised support system for Emergency Operating
Procedures for Spent Fuel Bay, that could be performed on the Romanian behalf.

Spent fuel system is worth attention because:
- after 10 years of operation the global activity stored in the spent fuel bay is nearly equal to the activity of

the reactor core at nominal power;
- the long-time aspects of the radioactive waste stored at the plant area are unsolved at this stage, no

permanent repository being at hand;
- the spent fuel bay is located outside the containment, so one safety barrier is eluded.

The operator could be faced to non-standard situations, e.g., emergency situations at reactor,
which require the urgent discharge of the spent fuel to the bay. The hazardous conditions are favoured
by placing the spent fuel bays outside of the containment - this is the PHWR concept at Cernavoda
nuclear power plant - and by manipulation of large quantities of irradiated fuel in short times.

At this stage the computerised support system is under development.

Development of a basic principle simulator for CANDU 600

The BAsic Principle SEVIulator (BAPSIM) is a "part task" simulator. It is intended as an
efficient multiple application training tool, to help the trainees in understanding the physical phenomena
and in becoming fully aware of the effects of the recovery actions, in order to considerably improve
their response. BAPSIM's developers tried to fulfil three essential requirements, specified by IAEA
technical documents in the field of nuclear power plant training simulators:

- inclusion of the nuclear power plant systems, subsystems and components;
- inclusion of operational regimes of the systems;
- physical phenomena to be seen in simulator responses.

As a "part task" simulator, BAPSIM is concentrated on the main subsystems of the CANDU
nuclear power plant: reactor, moderator, primary heat transfer circuit, turbine circuit and electrical
circuits [1,2,3].

The main feature of BAPSIM is that all information about the simulated operating regime is
displayed on colour monitors using mimic diagrams of the simulated systems, made up using graphic
symbols that denote the components and digital indicators showing the values of the process variables.
A colour code is used to indicate the status of the components. Status of simulated equipment can be
changed directly from the diagrams by keyboard or mouse. BAPSIM is provided with a special
instructor interface for training control.

BAPSIM may be used in different ways, according to the proposed teaching aims and the plant
personnel group in question, as:

- a basic principle simulator for the study and analysis of the basic thermohydraulic and neutronic
phenomena occurring in the reactor under normal and abnormal conditions;

- a functions simulator for study and analysis of the dynamic and logic behaviour of nuclear power
plant systems;

- an analytical tool for the complex thermohydraulic and neutronic phenomena.
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BAPSIM may be used for the training of the following personnel involved in the design and
operation of the nuclear power plant:

- operating personnel (licensed or not) during initial training and (subsequent) retraining;
- engineering personnel involved in support and design for the study of system modifications;
- maintenance personnel for insight into plant systems and interrelations between them;
- chemistry and radiological protection personnel, during their basic technological training;
- technical support personnel, during the development of operation procedures and transient

analysis;
- management staff interested in the overall behaviour of the plant;
- postgraduates interested in widening their studies of nuclear engineering.

RISK-BASED SYSTEMS CONFIGURATION MONITORING SYSTEM

The Risk-based systems configuration Monitoring System (RMS) is intended to be integrated
in the future "living PSA" system that is under development at the Institute for Nuclear Research.

The Cernavoda probabilistic safety evaluation (CPSE) project was initiated at the Institute for
Nuclear Research in 1987 on the recommendation of the IAEA and was developed with significant
assistance from the IAEA as part of a technical assistance programme.

Taking into account the status of the Cernavoda plant, that is planned for start-up of
commercial operation by the end of 1995, and despite certain deficiencies regarding the
communications between the PSA team and plant designers, a number of valuable results have been
obtained. These results are concerned mainly with design aspects, CPSE providing some insights that
could be used as an input for decisions concerning improvements in the design. In the same time the
results are being used in the identification of accident sequences to be included in the "full-scope"
training simulator for plant operators.

The potential use of CPSE results lies in technical specifications' evaluation, emergency
procedures' development and the development of a "living PSA" that is intended to be used for the
evaluation of nuclear safety during plant operation [4].

In 1990 an IPERS mission organised by IAEA took place in Romania, to review this PSA
model. After the visit, the INC PSA team worked to implement the IPERS recommendations and to
transfer the PSA model into a complex tool that will include, as a major item, plant operation.

The RMS software was developed in order to help operation of the plant to face with the
complex problems arising when a safety-related system configuration changes (due to testing/preventive
maintenance or due to corrective maintenance). The software assesses the changes in risk (in terms of
unavailability or frequency) and indicates the recommended actions to be taken, evaluating also the
available time interval. The plant system model is of PSA type, the evaluation being done based on
PSA methodology. Additionally the system uses the success -path evaluation methodology. The system
stores data and knowledge about the plant system design and operation, generates the internal failure
and success models taking into account the given success criteria and uses these to produce advice for
the plant operation: available success paths in given conditions, available outage time, components to
ensure being in operational conditions and changing in available outage time if so, the risk diagram
(instantaneous risk and cumulated risk), etc.

Even the software was not developed using an expert system shell, given the knowledge that it
requests and the results that it produces, it can be classified as being a safety-related expert system.

The detailed system design was done using the Information Structure Diagrams method, based
on the conceptual design previously developed. The prototype implementation was done using Visual
Basic 2.0, under Windows and was tested using test inputs intended to cover high complexity problems.
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The system was tested using, mainly, two different kinds of inputs, inputs containing large number of
components and complex logic inputs.

The RMS program has the following features:
- it stores general knowledge about the components and human factor, providing facilities for editing

various stored data;
- it stores data/knowledge about the plant system and system components providing facilities to

modify/search data/knowledge, based on the general knowledge;
- it generates the logic model of the system;
- it provides minimal cut sets and path sets determination;
- it provides information to be used by the user for configuration risk management;
- it provides user-friendly interface (selection and ranking of information, graphical interface,

windows).

The system prototype has no multi-user features. The decision to implement multi-user features
will be made on user's solicitation.

The prototype can be used only off-line. The on-line using of the system is included into the
prototype, but the development of this module was not completed.

The system can be independently used as an operator support system or for other on-line or off-
line applications.

The system prototype is intended to be used by two kinds of users:

(a) the reliability engineer, for:
updating the general knowledge base ( new types of components, new failures modes, new
reliability data, etc.);

- development of the plant system model (system structure, components, component connections'
logic, reliability data, technical specifications, operating procedures, human performance model,
initial components' status);

- evaluations of the developed model;

(b) the plant operator for risk-based evaluations, in case that the initial status for one or more
components changes.

The risk-based evaluations evolve based on the previously model that has been developed by
the reliability engineer. The user can change only the position of the components (to different success or
probabilistic status or to failures). The user is not allowed to change the plant system design or
operation features.

THE IMPLEMENTATION IN ROMANIA OF A SEGMENT OF AN INTEGRATED AND
COMPREHENSIVE REAL-TIME ON-LINE DECISION SUPPORT SYSTEM FOR NUCLEAR
EMERGENCIES IN EUROPE

The main purpose of RODOS is to provide the methodological basis, develop models and data
and install the hardware and software framework of the decision support system. A first prototype
version of RODOS has been developed, which integrates programs developed by the contractors, in
particular the complete software of the German real-time system RESY. This prototype consists of
models for near-range atmospheric dispersion, early emergency actions, dose calculations, food bans,
health effects and economic costs.

The primary purpose of the Institute of Atomic Physics, as a new comer within RODOS
community, is to get the technical basis in order to transfer from Karlsruhe Research Centre (FZK),
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which is the co-ordinator of the system development, and to install in Romania, the prototype version 1
of RODOS, under the guidance and with the assistance of FZK. Further on, the Institute of Atomic
Physics intends to operate, maintain, develop and promote RODOS as a reference capacity for nuclear
emergency planning and preparedness in Romania [5,6]. Related achievements are:

- the source-term evaluation, as a contribution to the RODOS software modules with CANDU reactor
source-term assessment component;

- the creation of a data bank for gamma and beta emission of the fission product radio nuclides;
- the elaboration of a fast and easy method for the computation of irradiation doses in case of human

exposure due to post-accident irradiation.

Development of a nuclear accident consequences assessment expert software package

The Nuclear Accident Consequences Assessment (ACA) expert system is a research-grade
intervention-oriented decision support system in nuclear emergency planning, preparedness and management,
it is meant as an open-ended modular structure to be inductively built and refined, assimilating in some
creative fashion elements of knowledge-models, methodology, procedures, etc., as these emerge and are made
publicly available by excellence centres and international organisations. It is intended to work as a
methodological framework, a focal point and a communication interface, in the frame of RODOS
[7,8,9,10,11].

ACA modules for interfering doses, health effects and intervention zones from field measurements of
relevant data on environmental contamination following an accidental release to atmosphere have been
elaborated during the last three years.

A comprehensive and noncontradictory integration of data given by field measurements of
radioactive release with generic data given by numerical modellation and simulation represents an important
exigency among reference terms in the realisation of automatic support system of decision in nuclear accident
condition.

The problem presents a number of scientific and technical aspects regarding the methodologies,
measurement systems and techniques, data acquisition systems, telemetry system methods and data
processing systems.

The approach used takes into account the last mentioned domain, processing of data, as output of
environmental (air and soil) contamination measurements in order to obtain information about the spatial
distribution of doses, expected health effects and recommended intervention zones.

To solve these problems a computer code was written, that was based on the assumption that in a
reasonable scenario, for nuclear emergency, two types of field measurements are available:

- fixed points - in environmental measurement stations of the surveillance and monitoring network;
- random points - in field measurements performed by mobile teams.

To solve these problems a number of interpolation techniques were programmed for each specific spatial
distribution of the field measurements.
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