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Abstract

The report presents an overview of major activities performed in ENEA and ANPA in the period
1993-1995 related to CRP subject. Being in Italy the Nuclear Power Plant not in operation since 1987, studies
and research under development related to the CRP subject make reference to technological themes such as
the methods to improve the software quality in critical application and the methods to improve the operator
training.

INTRODUCTION

Purpose of the present report is to provide a brief summary of major research activities
performed in ENEA and ANPA in the period 1993-1995 related to the CRP subject.
Being the nuclear program presently stopped in Italy since 1987, (a brief overview of the Italian
situation is reported in sect. 2), studies and researches on man-machine interface have been mainly
oriented to cover technological themes or to consider the possibility to transfer to a conventional context
approaches and methodologies previously developed for nuclear applications.

In this sense the studies presented during the previous CRP meetings covered the followings:

- a critical review of the operator support system requirements, mainly derived on the basis of the
international experience in regard;

- a presentation of methodologies and tools under development in ENEA to enhance the software
design process and the software quality;
a presentation of the methodologies developed in ENEA to improve the operator preparedness
during the emergencies.

In general these projects have been developed in ENEA in the frame of the European projects
ESPRIT and Environment in collaboration of other European partners.

An updating on the Italian situation

In Italy the responsibility for regulating the peaceful use of nuclear energy from the point of
view of nuclear safety and health protection of workers and population has been carried out for several
years by the Directorate for Nuclear Safety and Health Protection (DISP), an autonomous branch of
the National Committee for Energy, Environment and New Technologies (ENEA). According to a law
recently approved by the Parliament (January 1994), DISP has become the core of a new governmental
agency, denominated ANPA (National Agency for Environmental Protection), harged with more
general duties related to environmental protection. ANPA continues to be responsible for nuclear
installations regulation and control.

On the European side, an effort is also addressed to follow the evolution of some alternative
concepts such as a large size PWR. At this regard the development of the EPR (European Pressurised
Reactor) design could represent an important opportunity for the European regulators to harmonise
their safety criteria.
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As well known, Italy has built and operated 4 NPPs. Three of them (Latina- Gas graphite
reactor; Garigliano - BWR; Trino - PWR) started in the early sixties and one (Caorso -BWR) in 1981.
At the time of Chernobyl accident, in 1986, the ALTO LAZIO NPP (two 1000 MWe BWR MK HI
units), was under construction, and a standard PWR design (the so-called PUN project) was developed
and already under regulatory body examination. Site preparation for the first Standard PWR plant was
underway.

After the Chernobyl accident a referendum on nuclear matters was held in 1987 in Italy.
Although the referendum questions were formally limited to some specific aspects of the legislation
regulating the activity of the Italian utility in the nuclear field, the referendum results were politically
interpreted as negative for the existing nuclear technology and the Government, with parliamentary
approval, decided to indefinitely shutdown all operating NPPs, to stop Plants under construction, and
to place "a 5 year moratoria" on the new nuclear plants.

After that time the interest has been directed towards innovative reactors, possibly with
enhanced inherent and passive safety features (SBWR,AP600), which seem to offer the best hope of
public acceptance in Italy. More recently, the interest at national level has been restricted to the AP600.

In addition, since 1992, ANPA has been involved, within the European Community assistance
programs to Eastern Countries TACIS (Technical Assistance to CIS Countries) and PHARE
(Assistance for Economic Reconstruction of Poland and Hungary), in activities mainly addressed to
provide assistance to the Regulatory Bodies of the beneficiary Countries in reviewing their own
organisations and in supporting them in the safety analysis of the plant in operation. Presently major
efforts in this direction have been performed in the activities co-ordinated by the Regulatory Assistance
Management (RAM) Group and the Technical Safety Organisations (TSO) Group and in the activities
co-ordinated by an international consortium to improve the safety of the RBMK reactors

Moreover, as mentioned above; since 1994 ANPA has been also charged of new duties in the
protection of the environment. In particular, at this regard, ANPA is required:

- to develop appropriate methodologies, regulation and standards to preserve and enhance the
quality of the environment;
to identify and monitor key parameters;
to provide appropriate information to public;
to provide guidance and technical support to local administrations;
to promote studies and researches related to the protection of the environment and the development
of cleaner technologies.

Sectors and themes covered by the Agency activity will include the quality of the environment,
the management of natural resources, the waste management and the risk management.

Review of operator support system requirements

Operator Support System Requirements have been reviewed mainly on the basis of the
international experience existing in regard. Typical sources of information were the studies and the
analyses on the man-machine interface conducted at the Halden Project or the studies coming from
Countries where this type of systems are presently under development or in operation.

The systems were reviewed and classified by considering the operating environment (normal,
abnormal, accident, etc), the type of technology (conventional procedural software / expert systems),
the postulated final user (plant operator, engineer; plant management staff etc.) and the expected
licensing requirements.

Detailed analyses in regard are reported in the final CRP report; In the following only a short
summary of major conclusions is reported below:
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- COSS's (Computerised Operator Support Systems) include a wide variety of computer
application. Specific requirements need to be tailored by considering each specific application;

- human aspects connected with the introduction of COSS's are expected to be;
- the proper involvement of the final user in the definition of the system requirements;
- the development of an appropriate training program;
- the development of appropriate models of the operator behaviour to better allocate functions to

man and machine;
- software quality appear to be a crucial point in the development of future COSS's; in particular it

may be expected that software quality requirements will be graduated by considering the criticality
of each specific application. In addition, because in some cases software reliability can play a
critical role, there is a need to develop appropriate metrics to measure software attributes and to
make use of more formal techniques to support the Verification and Validation (V&V) process or
critical systems.

In particular in ENEA researches have been recently performed regarding themes such as the
development of methods and tools to support the software development and the operator training. To
these experiences is made reference in section 4 and 5.

Methodologies and tools to enhance the software design process and the software quality

During previous CRP meetings, two ENEA studies to develop techniques supporting the
software design process have been presented:

- the IPTES project (Incremental Prototyping Technology for Embedded real-time System); an
ESPRIT project to develop a common software development environment that support in the
software development the Boehm's principles;
the SQUID project (Software Quality In Development), an ESPRIT project to develop
methodologies to implement software quality metrics.

1-IPTES project

Purpose of the IPTES project is to develop methods and tools supporting:

- the specification of prototypes at different level of abstraction;
- the execution of a prototype having different parts at different level of abstraction;

- a graphical description of design models and analyses.

Expected benefits from this technology can be:

- reduced cost in software development by using the incremental prototyping technique;
- improved co-operation between different teams in large software design.

As test bed in ENEA the methodology has been applied to some subsystems of the control
system of the FTU (Frascati Tokamak Upgrade) reactor.

1- The SQUID project

Purpose of the SQUID project is to develop methodologies for software quality specification,
evaluation and control based on quantitative measures of appropriate "software quality indicators". In
particular the project aims to define an appropriate quality model through the definition of specific non-
functional behavioural requirements (quality requirements) and through the identification of appropriate
measures and numeric targets.
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The methodology was tested in ENEA by using two different subsystems of the Antarctica
Telescience project (an unmanned station in Antarctica remotely monitored and controlled, able to
operate during the Antarctic winter to perform scientific experiments) characterised by different
attributes:

- the electric power supply and distribution subsystem characterised by having limited
environmental pollution, high availability, high maintainability and tolerance to faults;

- the remote man-machine interface which should allow the remote operators and researchers to
operate the station and to perform the experiments.

The study defined and analysed the concept of "quality model"; then a "quality model" was
established for each subsystem on the basis of the specific quality attributes of the subsystem

Methodologies to improve operator preparedness during the emergency management.

ENEA gained experience on information technologies to support the emergency management
since 1989, in the frame of the ESPRIT project ISEM (Technology information systems to Support
Emergency Management) and in the frame of the "CEC Environment" project MUSTER ( Multi User
System for Training and Evaluating Environmental Emergency Response).

These experiences emphasised the importance of the operator training to improve the
effectiveness of the emergency management, and recognised that the efficiency of an emergency
management organisation depend crucially on the effective co-ordination of the personnel involved.

In particular in the MUSTER project the efficiency of a multi user structure such are those
generally involved in managing emergencies was analysed and a set of tools designed to support the
training of operators involved in the emergency management was developed.

Because Nuclear Power Plants are not presently in operation in Italy the MUSTER project is
developed by considering two conventional domain application (namely an Oil Port domain and a
railways node domain ).

The system make use of AI techniques to develop:
- a training methodology able to increase the adaptability of the system to the user needs (i.e.

didactic strategies should be tuned taking into account the skill level reached by the student inside
the matter );

- a co-operative model to simulate functions, responsibility, procedures, etc. of the different
operators participating to the emergency management and to develop models to evaluate tools and
end user performances;
an instructor model containing the scenario generator and the evaluation model;
an application domain model that formalises and structures the knowledge referring to the specific
application domain.

Although the system has been developed referring to a conventional environment some results
of this type of experience such as the operator and instructor models and the evaluation models could be
easily transferred to a nuclear context.
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