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Introduc t i on

The Hungarian electrical energy consumption was 37 046
GWh (gross) in 1990 its development in time is shown in
Figure 1. Considering electrical energy consumption per
capita at an international scale with the value of 3579
kWh/capita,year Hungary is located in the middle field
of Europe (Figure 2.). Rates in the contribution of the
fuels used for the electrical energy production is shown
in Figure 3. while the flow chart of production and
consumption are shown in Figure 4. [l]

It can be seen from the figures that the Hungarian elec-
trical energy production system covers only 70 '-, of the
consumption, while the electric power import covers
about 30 '-.. It is also clear, that electric power pro-
duced at a nuclear basis takes 50.0 '-. of the total do-
mestic production, although the nuclear power plant
capacity is hardly more than one fourth of the total
Hungarian electric power plant capacities. Consequently
the nuclear power plant shall be considered as a compo-
nent of highest importance in the Hungarian electric
power system.

The first important date in the history of the Hungarian
nuclear power plant construction is 1966 when we had
concluded an intergovernmental agreement with the Soviet
Union for the delivery of two pressurized water (VVER-
type) reactor units.

That time the Soviet Union manufactured and offered for
sale the first generation of the 440 MW reactor units
(type 230) without containment. After selection of the
site the construction had begun in 1968 in Paks, near
the Danube, about 120 km south of Budapest. Referring to
energy policy reasons the Hungarian side stopped the
construction in 1970, and postponed its continuation for
5 years, but envisaged at the same time purchase of two
more units later on.

In the meantime the Soviet Union had revised her safety
philosophy and practice and developed the second gener-
ation (type 213) of the VVER-440 units for which as de-
sign basis accident pipe break of the largest diameter
in the primary circuit had been taken into account, and
the units have been equipped with appropriate emergency
cooling systems and containment.

The construction was continued in 1974, and then in De-
cember 1982 the first unit had been put into operation.
This were followed by the other units (1984, 1986 and
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1987) and since then 4 units each with 440 MW of nominal
electric capacity have been operating in Paks.

The periods of time spent for different phases of start-
up have been illustrated in Figure 5. [2J . The values of
the capacity factor are very high, in 1989 the value
related to the complete power plant was near to 90 %.
(Figure 6.). [3] . It justifies the Hungarian standpoint
which had been consistently applied in course of the
investment, according to which no compromise may be
accepted at the account of the quality,and in certain
cases postponing of full commission had rather been
chosen. Personel of the power plant follows this ap-
proach even now, and it is the main guarantee of safe
operation of the power plant.

Passing on to the nuclear safety which is the actual
subject of this presentation we can generally state,
that nuclear safety is considered to be the most
important issue, and its permanent improvement is our
key responsibility.

We share the opinion, that everybody who works in the
field of nuclear power generation has to be at such a
high level, both in respect of the professional and the
moral aspects, which would practically exclude occurence
of accidents causing adverse environmental effects. We
are aware that another severe accident occuring in any
country of the world would put the whole nuclear indus-
try into a hopeless situation, which - as we have al-
ready seen - would seriously influence the Hungarian en-
ergy system as well. I try to illustrate in my presenta-
tion how can our VVER reactors be evaluated in the high-
light of the internationally accepted safety require-
ments, how safe can they be considered and what can we
do in order to ensure at every time the appropriate
level of safety.

General safety considerations

In the first period of the construction of our nuclear
power plant there were not available domestic safety
guidance system. That is why we have accepted the Soviet
guides and standards for the desing, and in course of
the installation extensive activities have been per-
formed in order to adapt and apply the system of the
Soviet procedures. As a result the Safety Regulatory
Guides for Nuclear Power Plants have been developed,
which used to constitute the basis for the regulation in
their original form just until the recent past.
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After the TMI-2 and Chernobil accidents the principles
and practice of nuclear safety have thoroughly reviewed
and summarizing the experiences of this review a report
has been issued by the international Atomic Energy
Agency, (IAEA) [4] . Applying statements of this IAEA-Re-
port and up-dating of the Regulations mentioned above
have been initiated in Hungary which is near to comple-
tion by now.

Concerning the basic principles, the most important is
to declare that the nuclear safety has to be considered
as complex and in time changing, requirements and
permanent effort have to be made for improving it
applying the newest results of science and technology.
It is also fundamental that the countries constructing
and operating nuclear power plants should compose an
equi-strength system from the point of view of safety.
Even the weakest point of this system must be stronger
than specified by the system of critera accepted in the
international practice. In other words, awaring of the
potential danger of the nuclear power plants, each coun-
try has to guarantee such a level of the safety culture,
that reduces probability of nuclear accidents with seri-
ous consequences practically to zero level.

Concerning the development of the safety philosophy the
case of the Hungarian nuclear power plant can be con-
sidered as a good example.

In the introduction it has been mentioned that for the
reactors offered by the Soviet Union in the 1960s
(V-230), the break of the primary pipeline with the
largest diameter has been excluded from the design basis
accidents and consequently the safety systems have been
laid out only for protection against medium size loss-
of-coolant accidents. The most important practical
consequence of this philosophy was the lack of
containment causing a fundamental difference from all of
the other reactors constructed in the world.

In the period of commission of the units in Paks this
Soviet standpoint could not be maintained anymore.
Therefore, the second generation of VVER-440 reactors,
V-213 type has been developed, which took practically
all of the international safety requirements into con-
sideration. Its effects were that in addition to making
the safety systems complete and increasing their per-
formances the containment appeared and the technology of
the reactor vessel has been improved and the control and
instrumentation systems have been modernized.
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Following the Chernobil accident the basic safety prin-
ciples have been further developed and as a result,
probability safety criteria have appeared even in the
Soviet guidance and accordingly the probabilistic safety
approach and severe accident management and procedures
have been accepted as tools and methods to be used.
Recognition of importance of the human factor resulted
in the development of the systems and methods of
training and re-training. The most significant form of
domestic appearance of this area was the full-scale
training simulator, which was put into operation in Paks
at the end of 1988. However, it has to be stated that
lack of the probabilistic approach or the late
recognition of its importance caused damages, in
particular, in a less effective emergency planning.

In respect of the safety philosophy and general safety
considerations Hungary has always strived to follow the
international requirements, to apply them consequently
in the operation of our units. To realize this Hungary
has established and keeps tight relations with the IAEA
and participates in the work of several other interna-
tional organizations. Differing from the principles and
practice of the supplier we have emphasized just in
1982 the importance of probability risk analysis [5]
which makes better justification of safety possible and
directly afterwards we have initiated the coordinated
research activity in the field of the probabilistic
safety analyses (PSA) [6]. PSA has been one of the major
fields of research even now.

Specific design features of the VVER-440 (V-213)
nuclear units

The main systems of the primary circuit of units V-213
are shown in Figure 7. with simplified illustration of
the safety related systems. The main design parameters
of the primary circuit and equipments are given in the
Table 1. attached.

The unusually large number of primary loops, namely six,
are supplied with isolation valves both in the hot and
the cold legs which provide the possibility of prin-
ciple isolation of the individual loops. Nozzles of the
cold and the hot legs are arranged on the reactor vessel
in two different levels above each other resulting in
the pipeline tract as per Figure 8. Existence of the
sloping pipe section in the hot leg is not advantageous
because in case of LOCAs it may cause problems in core
cool ing.
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The main circulating pumps (MCP) are equipped with fly-
wheels which is not the case in the first generation of
VVERs (V-230) having hermetically sealed, small inertial
pumps. The large number of MCPs makes it possible to
operate the reactor with partial power controlled
automatically to reduced power level in the normal
operational transients of one or more (maximum three)
MCPs trip, instead of having a reactor scram.

The reactor vessel is rather long and heavy. (Figure 9.)
This can be explained by the fact, that the control
rods, similarly to the fuel elements have hexagonal
cross section, and in case of pulling out of the core
fuel bundles have to be replaced them from the lower
plenum in order to avoid the large neutron flux peak.
The consequence of this construction is that a signifi-
cant volume of water would remain in the lower plenum of
the reactor vessel even after drying out of the core and
it can play an important role in a hypothetical core
melting process. Because of the closed-wall fuel bundle
the danger of a blokage due to blowing-up of the FE-
caldding can decrease or even stop the inflow of the
coolant.

The size of core is small, therefore there is no danger
of xenon oscillation in it, consequently, there is no
need of special control rods to avoid it. Typical for
the VVER-440 reactors the low specific volumetrical heat
production with the avarage value of 83 kW/1 and the low
value of linear power as well (280-290 W/cm). The rather
low heat flux from the fuel pellets to the coolant
causes that DNB-margin is high which feature is import-
ant in tt.i cases of transients. The fuel temperature is
low as well, especially because of the fact that there
is a hole in the centre of the fuel pellets.

The six loops contains a large volume of water in the
primary circuit which is advantageous in LOCAs and
during any other abnormal event when primary feed and
bleed procedure as accident management measure is
necessary.

The horizontal steam generators contains a large amount
of water in the secondary side which is advantageous in
case of a loss-of feedwater accident situation. Because
of the large water surface the specific steam production
is low. Moisture separator efficiency can be moderate to
achieve good steam quality. Additionally all reactors
operate two steam-turbines, equipped with large volume
feedwater tanks each of which contains hot water to be
supplied to the steam generators. The two turbines

f:
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configuration makes it possible to operate the reactor
units with 50 '-. power also in the case if one of the
turbogenerators is not available. This increases the
capacity factor of the VVER-units and it increases the
reliability of power supply of the units in abnormal
events as well.

Residual heat removal occurs by natural circulation from
the core through the steam generators filled with water,
in the secondary side. If there is no feedwater supply
to the steam generators several hours are available
until this large volume of water would run out serving
as passive heat sink even without having cooling water
in the service water circuit as ultimate heat sink. The
emergency core cooling systems and the cooling system of
the containment do not show any difference as to the
usual design. 3-3 redundant systems have been installed,
all of which arew able to perform their tasks alone. The
passive emergency core cooling system is composed of 4
hydroaccumulators three of which are enough to fulfil
the task. The auxiliary systems - the electric power
supply system, the service water system etc. - do not
have significantly different features. However, it is
not true for the containment.

Containment cf type V-213 is a multi-compartment her-
metic area enclosed rectangular rooms (Figure 10.) There
is a passive system available for reducing the pressure
peak in the first few minutes of LOCA and then, by
periodic operation of the active injection system an
underpressure of the internal atmosphere is ensured for
a long term. Despite the relatively high leakage rate
(5-10 %/day) due to the short period of overpressure the
integrated radioactive emission can be kept below the
level allowed.

The containment has been designed only for internal
effects (overpressure, temperature). Its behaviour is
not completely known in the cases of external loads. The
examination of earthquake resistence is especially
important which is performed in the framework of a
comprehensive programme. Detailed investigations of the
containment involving its behaviour also in severe
accident conditions is considered as one of our major
tasks.

Design safety
(

Safety in design of the units of Paks have been j
specified on strictly deterministic basis. In course of
design the principle of defense in depth hsd been
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applied together with the single failure criteria. A
safety zone had been defined which includes a zone of
3 km measured from the reactor building of the power
plant.

The main criterium of safety was that the personel the
population and the environment must not receive higher
radiation dose neither in normal operation nor in
accident conditions than permitted. Considering its
numerical value which was valid in the period of the
design process the containment has to guarantee that
external dose of radiation received by the personel and
the population must not exceed the value of 0.25 Sv and
the internal radiation dose must not be higher than 1.5
Sv for the personel and 0.75 Sv for the population [7J .

Since the period of design however, stricter safety
requirements were put into force. The mean annual dcse
from the normal operation emissions of the nuclear power
plant must not exceed the value of 1.65 mSv according to
the Soviet specification which value does not include
background radiation and radiation dose got from medical
examinations. According to the new Hungarian regulations
individual radiation dose coining from all artificial
sources for the population must not exceed the annual 5
mSv while it should not be higher than the 50 mSv
effective dose equivalent for the employees, excluding
medical applications. In case of long lasting radiation
loading the dose limit for the population is 1 mSv/year
[8] .

For accidents the new values of the Soviet requirements
(valid since 1979) are as follows:

For the design basis accidents the permitted doses at
the boundary of the health security zone are

- from external radiation 0.1 Sv
- from inhalation, for thyroid
of children 0.3 Sv

According to the safety analysis the calculated dose
values in the case of a large break LOCA assuming
maximum permitted leakage rate of the containment and
the most unfavourable weather conditions are 1.02 mSv
and 0.695 Sv. respectively [7] , meaning that the power
plant, with its original design conditions does not meet
the new Soviet criteria. If, however we replace the
conservative values of the source term, the leakage rate
and the overpressure inside the containment with the
real values they would stay within the permitted limits.



Here we have to emphasize again the importance of the
behaviour of the containment.

According to the Soviet practice construction of a
nuclear plant begins with the issue and discussion of
the technical project documentation based on which the
Preliminary Safety Analysis Report will be finalized. In
the PSAR all of the important technological and onsite
parameters are included and the fulfilment of the safety
criteria has also to be proved in it.

In course of the construction the requirements may
change and it is necessary that the whole unit matches
them. Upto the first phase of the start-up process the
Final Safety Analysis Reports, (FSAR) has to be
performed and issued. FSAR for the Nuclear Power Plant
of Paks consists of 30 volumes and includes all the
information needed for safe operation.

Oasign safety is guaranteed by the Soviet main con-
structor while the Hungarian licensing authority has the
responsibility of the control. We will speak of the
Hungarian system of regulation and control later on in
more details.

Operational safety

At present there is no nuclear power plant in Hungary
under construction. Conceptional works and feasibility
studies are going on for the decision makers concerning
the next basic load power plant, which can be either
nuclear or conventional fossil fuel power station. In
this situation our main task is to ensure safe operation
of the existing nuclear units the two groups of tasks
of which are composed of maintaining the original safety
level and of continuous improving of the same.

As concerns maintaining the safety level the goal is to
solve the problems connecting to the ageing of the
equipments.

Embrittlement of the reactor vessels of the first
generation of VVER-units (V-230) installed in the Soviet
Union, in Bulgaria, in Chechoslovakia and in the GOR
achived a level which causes problems in their further
operation. The situation is much better in case of the
reactor vessels of the nuclear power plant of Paks. The
steel material of the reactor pressure vessels
manufactured by the Czechoslovakian Skoda Works is less
inclied for embrittlement as compared to that of the
earlier Soviet vessels. The effect of irradiation can be
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followed by periodical surveillance and checking of the
test pieces located in the reactor vessel and they show
that the vessel may reach their planned lifetime of 35
years or perhaps more without the real risk of rupture.
Research and development activities are under way to
determine the residual lifetime and its extension
possibilities.

For the purpose of early failure detection of the main
equipments in the primary and secondary circuits a
diagnostic monitoring system, have been developed and
installed for all of the four units [9, 10]. The diag-
nostic system collects and processes different nuclear
and mechanical signals of the sensors (neutron flux,
displacement, pressure and temperature), located on
different parts of the main equipments, and noise
signals of the system and based on these data con-
clusions can be drawn conclusions to the condition of
the equipments.

Well-organized in-service inspection system ensures safe
operation together with the maintenance and repair
activities. Well-equipped maintenance organization is
working within the plant and it has all the necessary
tools for the fulfilment of the tasks.

The power plant devotes serious efforts to training and
re-training of the operating personel. There is a
training centre supplied with full-scale simulator for
performing regular training of the operators and second-
ary and high level education institutions are available
in Paks for schooling the next generation of employees.

However, it is not enough to keep safety at the original
level. Accepting the theses, that what is considered to
be safe today will not be safe enough tomorrow we en-
deavour to steadily review and improve the safety of our
units.

Probabilistic analytical methods play more and more
important role in the assessment of safety [ll] . On this
bases four different event trees have been analysed and
the probability of ,-core melt has been found to be of
the magnitude of 10" /reactor year [12] . We have applied
the method for revising of the test frequencies of
safety systems and for getting numerical data concerning
human reliability, too.
The system of operational and accident procedures are
based at present solely on event-oriented approach.
Preparations have been made for the introduction of
symptom-oriented instructions, for promotion of which
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analysis of beyond design basis accidents and improve-
ment of the accident management methods are required. We
try to decrease the gap being in this field between
developed countries and Hungary utilizing international
cooperat ions .

Operational safety of the nuclear power plant of Paks
was examined at the end of 1988 by the OSART mission
organized by IAEA. (OSART - Operational Safety Review
Team). The independent group composed of international
experts made very favourable statements as concerns
operating reliability of the power plant, however, it
also stated several imperfections, too, correction of
which has been immediately initiated.

Continuous processing of the operating experiences
drawing of the conclusions and backfitting of the
results into the process of operation are considered to
be very important. In course of this work experiences
gained from our own and from other power plants have
been utilized and efforts have been made to get
informations from different sources (Incident Reporting
System, IRS - IAEA, World Association of Nuclear
Operators - WANO, bilateral relations).

Low numbers of actuation of reactor scram system (Figure
11.) as well as the collective dose values (Figure 12.)
and the much lower value of radioactive emissions as
compared to the permitted ones are representative for
the operating safety of the plant [13, 14] .

The issue of final storage of the spent fuel elements
and final storage of low- and medium-level radioactive
wastes cannot be considered as a question solved.
Although, spent fuel transport back to the Soviet Union
is guaranteed by contract, however it cannot be com-
pletely exluded that difficulties would occur in this
field. In the case of other radwastes the selection of
the site was vetoed by the population and its realiz-
ation could not be solves so far. In the near future we
have to reach progress in both issues in order to ensure
further successful operation of our power plant.

Emergency plans specify the measures both inside and
outside the power plant. Their continuous maintenance
and improvement is required, for which analyses of
severe accidents could make an important progress.
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Regulatory control

Safety of the nuclear power plants is regulated at the
highest level by the Nuclear Law which was passed in
1980. Its executive instructions issued at different
administrative levels make provisions for the operative
tasks.

The licensing prodecure of a new power plant in Hungary
is performed according to a rather complicated system.
In view of the fact that issuance of the licences be-
longs to the duty of several ministries and other auth-
orized organizations in the period of the commissioning
a top-level national committee composed of the represen-
tatives of all authorities bear the responsibility to
give permission for execution of the different phases of
start-up of the nuclear unit and finally for its full
power operation.

(During the operation the Nuclear Safety Regulatory Body
working in the frame of the National Atomic Energy
Authority performs the tasks of control and regulations.
Its activity is supported by several scientific back-
ground institutions. The fundamental documents of the
prodecures are laid down in the different volumes of the
Safety Regulatory Guides for Nuclear Power Plants. The
complete system is being reviewed from time to time in
order to better match the new safety requirements and to
follow the results of technical-sientific development.
Comprehensive review process of the Guides is under way
now with the purpose of national up-dating the regila-
tory procedures on the basis of the IAEA guidelines
(NUSS documents) and expecially in compliance with the
INSAG-report already mentioned.

The regulations including the concrete technical pro-
cedures are completed with standards and instructions of
different levels. The operation of the whole complicated
system needs coordination on national level which is the
task of the National Atomic Energy Committee. In
technical questions the Technical-Scientific Council of
the Committee represents the body giving advises and it
fulfils at t-e same time the role of the Technical
Advisory Committee of the Governmental Committee for
Emergency Accident Management. The Governmental Commit-
tee itself is the top-level body to have the different
level emergenc;. plans elaborated coordinated and cont-
rolled in operation which has been established for the
fulfilment of :he necessary measures to be taken in case
of nuclear incidents. This committee shall get convinced
through regular exercises on their appropriateness and
on the ne:essi /. of their improvement.

t
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Safety research activities

Research activity aiming at the field of nuclear power
plants have been performed since 1981 within the
framework of coordinated national research programmes
and they always treated the safety related subjects as
to be the highest priority.

Power plants equipped with VVER-type reactors came into
highlight in the recent years. Criticising remarks have
been heard at different international forums as to the
safety of VVER reactors and rather much trouble has been
caused by the fact that the essential differences
between the power plants of first generation (V-230) and
of the second generation (V-213 in Paks) have not been
given sufficient emphasis both in professional and in
popular publications. Even, in several cases the
Chernobil reactor was identified with the types of VVER
units operating in our power plant.

These movements forced the domestic scientists and
research managers to revise their research activity
performed so far and to determine the priorities with
consideration to the new international trends. The first
working group established for this purpose summarized
the position of the present international snd domestic
situation of the safety technology of the nuclear power
plants and founded on this basis the concept of research
and development [l5l . Thereafter, a smaller working
group has been nominated which elaborated proposal for
safety research for the next three years.

Before describing it, I would like to report on some
results achieved so far.

Analysis of loos-of-coolant accidents have been under
way for years both in theoretic and experimental ways.
The calculations have been performed by using of the
different versions of RELAP-code while the experimental
works have been carried out in the high-pressure water
loop installed in the Research Institute for Nuclear
Power of the Central Research Institute for Physics.
Specification of the loop is to be found in references
[16, 17] . Analysis for LOCAs assumed to occur at differ-
ent points of the primary circuit and supposed to be of
different sizes has been performed in respect of the
emergency core cooling capacity and generally of core
coolability and in course of this investigation special
attention had teen devoted to the sloping pipe section
in the hot leg (see Figure 8.) where natural circulation
can be stopped riL-2 to the possible water seal.
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In management of the LOCAs the containment has fundamen-
tal role. In view of the special construction of the
containment of units type V-213 application of codes of
our own development was the only way to analyse the
thermohydraulic behaviour [l8] . The experiments per-
formed in the Institute for Electric Power Research
served for verification of the codes [19, 20] . The main
purpose of these tests was to clarify whether the
passive (bubbling trays and air locks) and active
(sprinkler-injection) pressure reducing systems fulfil
their functions in order to compensate the relatively
high leakage rate by means of a short term internal
over-pressure.

The third area of the LOCAs consists of investigation of
radioactivity released to the atmosphere and examination
of its dispersion and environmental effects. This activ-
ity became especially important in relation with the
Chernobil accident when the results of the past period
had to undergo practical examination. An environmental
monitoring system at Paks NPP has been installed in
1981-82. developed by Central Research Institute of
Physics (KFKI).

The system is to be applied for monitoring of the popu-
lation's radiation dose received due to the plant in
normal operation and for giving immediate information on
the expected dose of the environment in accidental situ-
ation to make more effective emergency preparadness
measures.

The scheme of the system can be seen in Fig. 13. [2l]

The main modules of the systems are the followings:
- measurement of realeses - air and water
- meteorological tower - wind and temperatures
- modelling of diffusion - normal operation and accident
- measuring and sampling stations - "A"-type telemetric

stations, "B" and "C"-type control stations, (see Fig.
14.)

- environmental laboratory - in the town Paks
- mobile laboratory - radio link to the environmental

laboratory .

Until now, no increase could be detected in the gamma
dose rate caused by NPP.

To analyse severe accidents Source Term Code Package
(STCP) cede system has been transferred from the NRC
through the IAEA to the VVER-countries. The STCP has
been adapted for VVERs in the frame of a regional
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project coordinated
madi fications.

by the IAEA making significant

With the implemented STCP-code some selected accident
scenarios have been analysed as follows:

TMLB
S,B

I "
- transient with station black-out
- SB LOCA with station black-out
- SB LOCA with ECCS inoperability
- LB LOCA with staton black-out

Timing of important events for all sequences has been
calculated. Additionally, analysis have been applied to
elaborate accident management mesures as primary and
secondary feed and bleed processes, to recombine hydro-
gen with oxigen by igniters or catalitic recombiners or
to apply filtered venting system to reduce realese into
the environment in severe accident situation.

Hungary has joint as co-sponsor to the international
project of Advanced Containment Experiments (ACE)
coordinated by Electric Power Research Institute (EPRI,
U5A) and these results should be used in the future as
experimental verification for VVER-codes as well.

Investigations have been carried out on the structure
analysis of the reactor vessels of Paks, on neutron
radiation embrittlement which will provide an initial
basis for further research as to the residual life of
the pressure vessels. [22]

A material of reactor pressure vessel (RPV) is an
alloyed (Cr-Mo-V) steel with low Cu and P content. There
is a welding located near to the core which forms the
most sensitive place determining the lifespan of the
RPV.

To check the residual life of the RPV a comprehensive
testing and surveillance programme has been initiated.
An expert group has been established to investigate all
factors that influence ageing of the RPV material. Main
tools for that are the sets of specimens that have been
located in channels welded to the outer wall of the core
barrel. The specimens consist of base metal, heat-af-
fected and welding material.

Tests and calculations performed have shown that
embrittlement process is going on as planned. Consider-
ing small break LOCA accident as initiator of a pressur-
ized thermal shock does not endanger the RPV integrity
during the lifetime of the reactor. Ultrasonic testing
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has been involved into the complex investigation methods
as well. A H factors influencing the brittle fracture
safety has been shown in Fig. 15.

Now, going to the plans of the near future we have to
concentrate our efforts on the five topics as follows:

Topic 1.: Accident Prevention

1.1. Experimentally controlled, computer-based mod-
elling of processes occuring in the power

^ plant (incident and accident analysis)
"* 1.2. Development of methods and means for ensuring

integrity of the primary circuit
1.3. Improving human reliability, examination of

the man-machine interaction, development of
systems for operator's aid for the purpose of
increasing operational safety

1.4. Studying of the issues promoting safe solution
of provisional and final storage of radioac-
tive wastes

"• j 1.5. Performing of reliability analysis and PSA to
reveal weak points and to determine probabil-
ity of accident sequences

v^s Topic 2.: Severe Accident Analysis

\ 2.1. Modelling of the core melting process
2.2. Simulation of severe accident processes
2.3. Revealing of the mechanisms leading to loss of

containment integrity
2.4. Aerosol behaviour, determination of the radio-

active source term endangering the environment
2.5. Examination of the radioactive dose rates in

the atmosphere originated from domestic or
foreign nuclear objects, the environmental
behaviour of the emitted fission products, and
development of computer-aided models

2.6. Elaboration of technical measures and methods
for reduction of the severity and probability
of accident consequences

Topic 3.: Emergency Preparedness

3.1. Development of methods for accident management
3.2. Examination of the adverse effects of radioac-

tive radiation, development of the means and
methods of preventation and management

3.3. Elaboration of the concept of the national
radiation protection and environmental control
s\ster
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3.4. Scientific works for the different levels of
emergency planning

3.5. Principles for emergency preparedness of the
civil, military and security organizations
participating in nuclear accident management

Topic 4.: Scientific works for regulatory control and
supervision activities

4.1. Modernization and unification of safety
criteria and normatives

4.2. Investigation of the performance and
reliability of the safety systems

4.3. Evaluation of the performance and limits of
containment

4.4. Methodological developments for ageing prob-
lems of reactor vessel

4.5. Sources and origin,relationships and possibil-
ities for the reduction of occupational
radiation doses

4.6. Risk analysis, comparative risk assessment
between different types of power plants.

4.7. Classification of the equipments and systems
of the nuclear power plants in respect of
their earthquake resistance.

Topic 5.: Scientific works for international relations
and public accaptence

5.1. Safeguards contract
5.2. Nuclear exports
5.3. Responsibility for nuclear damages
5.4. Recording of the radioactive materials
5.5. Training, education
5.6. Public information

This rather extensive program can only be successfully
realized in close international cooperation similarly
but more intensively than it was done in the past
period.

The political, economic and social changes of the past
years have significantly affected our international
relationships. Tnere was a highly ambitious research and
development program initiated within the CMEA, one of
the high priorities of which was the nuclear energetics.
However, it was stopped as a result of the collapse of
CMEA. Bilateral relations with the institutions of the
former social countries are only partially operating.
However, certain possibilities towards the Western
countries have ceen opened up and they seem to expand in
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respect of which just the present joint seminar can be
mentioned as an example. Under the present diffucult
economic conditions of our country there are less finan-
cial source allocated to the research and development
activity that is why the most efficient utilization of
the available sources is now much more important than
ever before. Therefore we have strong efforts to extend
the international relations which would promote improve-
ment in R+0 results and would increase the number of
well educated people.

As an example, I would like to mention our relation
developed with the International Atomic Energy Agency in
Vienna. Our insitutes participate in several coordinated
research programs and fellowships, scientific visits and
possibilities for participation in training courses
granted for the Hungarian specialists promote education
of our experts. This year, we organize a two-week course
in Hungary with the assistance of the IAEA in the topic
of severe accident analysis and management for our do-
mestic experts. Within the international regional
project Standard Problem Exercises with the aim of
comparison of results got from SB LOCA benchmark tests
have been going on for years and Hungary is the coordi-
nator of the exercises.

Another example for the expansion of our international
relations is that Hungary joined in 1989 to the
international consortium which support ACE project, co-
ordinated by the Electric Power Research Insitute (EPRI,
USA), and aiming at the experimental examination of se-
vere accidents. This seems to be the most effective way
by which we hope to reduce our lag behind in this field.
The agreement which was recently concluded between the
US NRC and the Hungarian National Atomic Energy Commis-
sion as weel as the American-Hungarian scientific-tech-
nological fund provides further possibilities for the
expansion of our cooperation.

Finally I would like to stress importance of the fact
that safety of the nuclear power plants is not only a
national matter and interest but it is a global
responsibility. We have to do our best for practical
realization of this principle.
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