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The cooperation between the western countries and the countries of ex-eastern block in the
field of nuclear safety is recent and still limited.

The main reasons for this situation are limited or non existent capabilities of these countries
for financing as well as non acceptable legal conditions concerning the third party nuclear
liability in this part of Europe.

Nevertheless, Framatome and Siemens associated in the consortium named EUCOM, have
signed in April 1996 the contract of about 100 million US dollars with Slovak electricity
company (SLOVENSKE ELEKTRARNE-SE) for upgrading the Units 1 and 2 of Mochovce
Nuclear Power Plant according to the western safety standards. This is the first important
project involving west-european companies in the modernisation of Russian type of
pressurized water reactor (VVER 440/213). The consortium will cooperate with other
partners involved in the project: Slovak, Czech and Russian.

The financing of the project will be provided mainly from Slovak and Czech sources. The
safety upgrading will be financed through French and German buyer credits. French
company Electricite de France (EDF) will be the consultant for SE.

The safety upgrading measures have been elaborated taking into account the
recommendation of Vienna International Atomic Energy Agency (IAEA) and the evaluation
of the safety realised by RISKAUDIT, the common organization of German and French
safety authorities (GRS and IPSN). Hence all guaranties have been taken to fulfil the
western safety criteria for Nuclear Power Plant Mochovce.
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Introduction

Construction of several NPP's began in the 70s and 80s in former Czechoslovakia,
including four 440 MW-units at the Mochovce site which were not completed. The
progress of works with high degree of involvement of Czechoslovak industry came to a
standstill due to the changes of the political landscape. After the decision to complete
two units the financing was set up without contribution from international aid programs.

The completion relies primarily on the continuation of still valid contractual agreements
among the original partners. The contribution of the western partners : European
Consortium Mochovce (EUCOM) which comprises SIEMENS and FRAMATOME was
brought into the project by a new agreement signed in April 1996 with Slovenske
Electrarne (S.E.), the Slovakian utility.

Recommendations of international expert panels were put into a technical specification
by SE and are being implemented to bring the safety standard up to an internationally
recognized level. The broad range of improvements contains software and hardware
upgrades with most significant contribution to reduction of accident occurrence being
among others fire protection measures, separation of redundances, improvement of
electrical containment penetrations as well as improvements in seismic design.

The EUCOM consortium will cooperate closely on project implementation with the
project partners from Slovakia, the Czech Republic, and Russia which are entrusted with
plant completion and further safety upgrades.

The four VVER 440/V213 units are second generation VVER reactors.
Unit 1 is scheduled to come on line in June 1998, with Unit 2 following in March 1999.

VVER 440/213 built-in safety and main concerns

Compared with Western NPP designs and despite the favourable features and
improvements already implemented, the NPP Mochovce design still presents some
deficiencies. The most relevant aspects to be improved belong to the following
complexes :

. equipment quality

. safety systems performance

. protection against hazards

. integrity of the 2nd and 3rd barriers

. accident analysis
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3. Mochovce NPP upgrading approach

The final safety objective of the Mochovce NPP safety enhancement program is to asstma
such safety level, which is comparable with current international practice and acceptah] *
from various assessments point of view. Technical Specifications of Safety Measures
(TSSM) were elaborated and submitted by SEa.s./EMO to define each particular safety
measures. These safety measures to be applied for Mochovce NPP are based on the
following documents or safety review missions :

. IAEA safety review mission 5 to 13 May 1994 (IAEA-Report WWER-SC-102)

. Riskaudit examination of safety design 1994 (Riskaudit-Report No. 16)

. Safety issues and their ranking for VVER 440/213 NPPs (IAEA-Report WWER-C108)

Latter document has been used as a reference to derive plant specific safety enhancement
programs, and at the same time as the basis for reviewing their implementation. Since
the importance of this document the approach applied by the IAEA should be explained
shortly.

The evaluation process was organised on the basis of generic safety issues. Safety issues
are concerns which reflect either a deviation from current recognised safety practices in
design and operation or a potential degradation of the plant defence-in-depth. Basically
the following data sources were taken into account :

. operational experience in VVER-440/213 including reliability of equipment and
material degradation

. generic and plant specific experience feedback

. results of safety reviews

. results from VVER-440/213 plant specific PSAs

All safety issues were ranked in accordance with the approach applied to VVER-440/230
NPPs in IAEA TECDOC-640. Three categories are relevant for Mochovce NPP :

Category I : Issue reflects a departure from recognised international practices
Category II : Issue of Safety concern. Defence-in-depth is degraded
Category III : Issue is of high safety concern. Defence-in-depth is insufficient

The judgement of the safety significance of an issue is based on a evaluation of potential
degradation of defence-in-depth. For that purpose the evaluation follows the concept of
defence-in-depth as given in INSAG-3 which is focused on several levels of protection.
The levels of protection are implemented, firstly, to prevent damage to the plant and the
three barriers, i.e. the fuel and its cladding, the boundary of the primary circuit and the
containment, and secondly, to mitigate the consequences of anticipated damage.
Therefore, the impairment of defence-in-depth for a given issue involves an evaluation of
the performance, of the main safety functions affected :

. controlling the power

. cooling the fuel

. confining the radioactive material
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This evaluation considers also the principal tfiat plant conditions with relatively high
probability of occurrence shall have only limited consequences and plant conditions
resulting in plant damage with consideration of radioactive releases shall be of low
probability of occurrences.

Referring to the categorisation of Safety Measures (SM) the approach to be applied for
Mochovce NPP aims basically on complete analysis and, if necessary, engineering and
implementation of all category III and II SMs before commissioning. Category I SMs
may be implemented during the next operational outages.

Safety Measures of EUCOM scope

As mentioned above Technical Specifications of Safety Measures (TSSM) were
elaborated by SEa.s./EMO. About 50% of all Safety measures were allocated to
EUCOM which is the European Consortium for Mochovce between Siemens AG and
Framatome SA. EUCOM is involved in all areas of major safety issues of the Mochovce
Enhancement Program. These are the following complexes :

. accident prevention

. protection against common mode failures

. reliability of safeguard functions

. integrity of barriers and radiation protection

. accident analysis and PSA

. man-machine-interface

For each complex several TSSM define the Safety Measures either to be investigated or
implemented. Sometimes one Safety Measure serves more than one safety complex. The
basic requirements and related EUCOM Safety Measures of each safety complex are
summarised below.

L Accident Prevention

The prevention of accidents depends on conservatively designed equipment and good
operational practices to prevent failure, quality assurance to verify the achievement of
the design intent, surveillance to detect degradation or incipient failure during
operation, and steps to ensure that a small disturbance or incipient failure would not
develop into a more serious situation.

With reference to Accident Prevention the following Safety Measures will be
implemented by EUCOM :

. Application of Leak-Before (LBB) for primary circuit

. Fire prevention
(e.g. concept for dampers, cells, redundancy separation and cable cover)

. Protection against primary system cold overpressure
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(e.g. I&C upgrading)
. Condition monitoring for the mechanical equipment

(e.g. primary circuit vibration monitoring and fatigue monitoring of mechanical
equipment)

. Control and monitoring system for primary and secondary water chemistry
(e.g. review and design of upgrading measures)

. Prevention of uncontrolled boron dilution
(e.g. assessment and modification proposals)

4.2 Protection Against Common Mode Failures

Design provisions seek to prevent the loss of safety functions due to damage to several
components, systems or structures resulting from a common cause. The appropriate
design method to prevent damage to two or more systems simultaneously is determined
by specific circumstances. Among the methods used are physical separation by barriers
or distance, protective barriers, redundancy linked with diversity and qualification to
withstand the damage.

With reference to Protection Against Common Mode Failures the following Safety
Measures will be implemented by EUCOM :

. Fire protection
(e.g. fire hazard analysis, fire detection and extinguishing, mitigation measures
against fire effects)

. Analysis of hazards due to high energy line breaks

. Internal flooding analysis

. Application of LBB for primary circuit

. Qualification of safety-related valves of secondary side for water flow
(e.g. qualificaiton requirements of the Main Steam Relief Control Valves and
connecting piping)

. Physical and functional separation between MCR and ECR
(e.g. study on electrical separation of ESFAS)

. Assurance of habitability of control rooms
(e.g. implementation of airtight doors, intake air filters and airconditioner)

. Re-evaluation of resistance of containment compartment walls in case of LOCA

. Hydrogen removal system
(e.g. design of monitoring systems and autocatalytic recombiner system)*

. Analysis of man induced external events
(e.g. probalistic assessment of airplane crash and consideration of natural gas cloud)

4.3 Reliability of Safeguard Functions

Despite the high quality of the design and construction and any self-controlling features
it is anticipated that sequences of events originating either inside or outside the plant
will occasionally occur that exceed the protective capabilities of normal plant control
systems. Engineered safety features are incorporated as necessary to ensure that plant
damage, especially damage to the reactor core, would be limited even in the most
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r'severe of th~e design basis accidents. Initiation and operation of the engineered safety
features should be highly reliable. The reliability has to be achieved by appropriate use
of fail-safe design, by protection against common cause failure, by independence
between safety systems and plant process systems and redundancy of safety trains.

With reference to Reliability of Safeguard Functions the following Safety Measures
will be implemented by EUCOM :

Reliability analysis of safety class 1 and 2 safety systems in the frame of PSA
Qualification of pressurizer relief and safety valves for water flow (or replacement
of these valves by qualified ones)
Qualification of safety-related valves of secondary side for water flow
(e.g. study on thermohydraulic effects and definition of qualification requirements)
Operation of main steam relief valves at low pressure

(e.g. analysis of long term heat removal)
Fire detection and extinguishing systems improvement
Improvement of reliability of power operated valves on the ECCS injection lines
(e.g. study on interchange of valve position at nominal operation, check valves
periodic -tests program)
Protection of ECCS heat exchanger integrity
(e.g. activity monitoring, boronmeter for sampling monitoring, prevention of clear
water plug risk)
Countermeasures for mitigation of a steam generator primary side collector break
(e.g. studies on thermal hydraulic effects and modifications of collector head, basic
design of N16 measurement and additional line for PRZ spray system)
Assurance of habitability of control rooms
(e.g. intake air filter and airtight door for MCR/ECR)
Physical and functional separation between MCR and ECR

(e.g. study on electrical separation of ESFAS)
Review of reactor trip initiating signals
(e.g. analysis of completeness of RTS signals and new RTS signals justification)
On-site power supply for incident and accident management
(e.g. analysis of emergency diesel load balance and redesign of load sequence)
Assurance of sufficient battery discharge time
(e.g. increase battery capacity to 2 hours, EOP to reduce DC consumption during
station blackout)
Re-evaluation of bubble condenser structure in case of LBLOCA

4.4 Integrity of Barriers and Radiation Protection

The reactor coolant boundary is of special interest because its failure could lead to
impairment of the ability to cool the fuel, and in extreme cases to loss of confinement
of the radioactive fuel. This is particularly important for the reactor pressure vessel,
since catastrophic failure of this component would not be tolearable. For all
components forming part of the reactor coolant boundary careful attention must be paid
to design, materials, fabrication, installation, inspection and testing.
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Since the containment is the last barrier its structure has to be designed to withstand th*
internal pressure that can be expected as result from design basis accidents, calculated
using substantial safety factors.

The defence-in-depth concept includes not only protection of the barriers but also
measures to protect the public and the personnel from harm in case these barriers are
not fully effective. Measures have to be directed towards control of the sources of the
radiation, to the provision and continued effectiveness of protective barriers and
personal protective equipment and to the provision of administrative means for
controlling exposure.

With reference to Integrity of Barriers and Radiation Protection the following
Safety Measures will be implemented by EUCOM :

. Application of Leak-Before-Break (LBB) for primary circuit

. Qualification of pressurizer relief and safety valves for water flow (or replacement
by the valves of qualified one)

. Protection against primary system cold over pressure
(e.g. I&C upgrading)

. Qualification of safety-related valves of secondary side for water flow
(e.g study on thermohydraulic effects and definition of qualification requirements

. Control and monitoring system for primary and secondary water chemistry
(e.g. concept review of primary and secondary side water chemistry)

. Hydrogen removal system
(e.g. design of monitoring systems and autocatalytic recombiner system)

. Re-evaluation of bubble condenser structure in case of LBLOCA

. Re-evaluation of resistance of containment compartment walls in case of LOCA

. Re-evaluaion of peak pressure in containment and activation of sub-atmospheric
pressure after blowdown

. Radiation protection and monitoring
e.g. design and supply of computer system for radiation monitoring and accident
dosimetry system)

4.5 Accident Analysis and PSA

As the accident provides the basis for formulating the minimum requirements for safety
systems, for preparation of emergency operation procedures, for protection and signal
setting and for personnel training to cope with accidents, a comprehensive safety
analysis sould be performed. Criteria should be established to select and classify the
accidents to be analysed. A consistent methodology referring to initial and boundary
conditions, acceptance criteria and evaluation of results should be applied.

Furthermore a probabilistic approach is required to evaluate the probability of
accidents. It should take into account the probability of occurrences of initiating events
that might turn up into accidents and the probability of success or failure o fthe
protection ad mitigation systems. The realisation of a PSA is essential for a good
understanding of the plant safety, in order to fortify deterministic approach and point
out any possible weak points to be improved.
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With reference to Accident and PSA the following Safety Measures will be
implemented by EUCOM :

Re-evaluation of the scope and methodology of accident analysis on the basis of
IAEA recommendations

. Assessment of input data for accident analysis

. Validation of computer code and plant model

. Performing best-estimate accident analysis for supporting plant operation

. Analysis of accidents important to the safety enhancement program like :
- main steam line rupture
- overcooling transients related to PTS
- steam generator primary collector break
- boron dilution accidents
- accidents possible under low power and shutdown conditions
- anticipated transients without scram (ATWS)
- beyond design basis accidents

. Reliability analysis of safety class 1 and 2 safety systems in the frame of PSA

. Analysis of man induced external events
(e.g. probabilistic assessment of airplane crash)

4.6 Man-Machine-Interface

Contined knowledge and understanding of the status of the plant on the part of
operating staff is a vital component of defence-in-depth. The control room has therefore
to be provided with display of the information on plant variables needed to ascertain the
status in normal operation, to detect and diagnose off-normal conditions, and to observe
the effect of corrective responses by control and safety systems. Additional information
conveyed to the operators by instruments and display systems would help them in
deciding on action to prevent or mitigate damage.

With reference to Man-Machine-Interface the following Safety Measures will be
implemented by EUCOM :

. Accident monitoring instrumentation
(e.g. functional requirements and hardware modifications for the safety parameter
display system (SPDS) and specification of parameters to be monitored within the
post-accident monitoring systems (PAMS)

. Performing best-estimate accident analysis for supporting plant operation

. Communication system
(e.g. supply of hardware).

5. Conclusion
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The general significance of the Mochovce project is based on being the first plant under
construction with implementation of a comprehensive safety measures catalogue, which
will be an important signal for plants of similar design. The broad-based cooperation of
Slovak, Czech, Russian and West-European companies will establish a solid foundation
to carry out similar projects.
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