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INTRODUCTION

The first knowledge most people had of the Russian designed nuclear reactors was of
Chernobyl and the consequences of the accident When this was followed by the IAEA's
OS ART review of the Kozloduy nuclear power plant in Bulgaria with the unprecedented
recommendation that in its present state the plant should be shut down, the international
attitude towards Russian designed reactors started to crystallize. The attitude developed that
all of the Russian designed reactors should be shut down immediately or at the earliest
opportunity. This attitude was not based upon technical understanding or knowledge but was
an emotive response to a perceived concern. This attitude was encouraged by anti nuclear
"experts" who saw these plants as potentially easier targets than western plants.

Gradually the argument changed as the need for these reactors became apparent Without
detailed studies, it was concluded that it would be prohibitively expensive to improve the
safety of these reactors to western levels and hence they should be shut down as quickly as
possible. This position was strengthened by some in the nuclear industry who put forward
very high reconstruction cost estimates for various improvement schemes.

The need for the continued operation of the plants has slowly become to be recognized In
Lithuania, and Bulgaria for example, the nuclear units provide a major part of the electricity
supply of the countries; they provide the most reliable and generally cheapest electricity
production and are vital to the continued economic development of these countries. The same
position applies in other countries where the pressure to close the nuclear capability has not
been as great

The Russian designed reactors fall into four groups: the newest WER 1000s, whicK are
generally viewed to be acceptable for continued operation, RBMKs are considered'
automatically to be unsafe. WER 440s fall into two categories — old (230s) and new (213s).
New VVER 440s are probably among the safest nuclear plant designs in the world, but the
older units are regularly described as among the most unsafe in the world. It is clear that
some of these attitudes are not based upon rational analysis but on initial reaction and
prejudice.

We have had a very close experience with the units at Kozloduy and feel that the
Bulgarian administration has begun to achieve considerable improvements in the state .of the
plants and the prospects for their prolonged operation should be considered positively. This
paper will concentrate upon WER 440s and in particular the experiences at Kozloduy. The
messages are relevant to other countries and in particular to those whose economy is in
difficulties and whose dependency upon external assistance is greatest at present
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It is very easy to inspect a nuclear facility and to identify design features, conditions, and
equipment which are not exactly as would be expected or required in a western plant The
same comments apply to inspections of older plants in any country which has been operating
nuclear units for many years. It is very easy to produce lists which indicate shortfalls from
modern standards of operation or equipment It is essential, however, to recognize that
nowhere is it economic or sensible to try to change everything which does not meet current
western approaches.

The VVER 440 design has many excellent features which, allied to well designed essential
systems, can lead to efficient and highly reliable and safe reactors. In the west there are many
new reactor designs being developed which are trying to increase the inherently safe
capabilities of the reactor systems. Most of these have low power density and large coolant
volumes — these are features which are moving in the direction of the W E R 440. The
change and improvement in design between the earliest VVER 440s and the latest W E R
440s is a recognition that the essential system provision for the first reactors was not as well
designed as it could be. This should not be interpreted that the earliest reactors cannot be
made safe. In contrast it is clear that with the appropriate improvements they can be made
sufficiently safe for continued operation. The question then becomes what are the appropriate
and reasonable improvements?

INITIAL INVESTIGATIONS AND APPROACHES

The IAEA OSART mission to Kozloduy was clearly a catalyst for a major international
reaction. Nobody would question the importance of the initial comments by the IAEA but the
subsequent reaction has not been well balanced.

The IAEA produced documentation identifying everything which is less than perfect for
the W E R 440 model 230 units. As a review organization, it has not had the responsibility of
considering whether the plants may be allowed to continue to operate, or what needs to be
fixed in order to justify this continuation. IAEA has generated documentation listing faults
ranging from major design deficiencies, down to minor shortcomings in maintenance and the
operational attitude. The cost of the actions needed to solve all of the IAEA deficiencies is
undefined.

Major international hardware suppliers to the nuclear industry have also contributed
greatly to the debate. Several have offered to replace completely Russian or locally made
equipment with their own western nuclear qualified equipment on the grounds that it must be
much better. Others have suggested installing additional systems to their design which would
solve some of the design deficiencies of the plants. It is clear that in some cases the Russian
made equipment have considerable problems with maintenance and availability of spares, or,
in extreme situations, do not meet fitness-for-purpose requirements; in general, the equipment
functions adequately and, above all, the operators are used to it and would not require the
retraining that changes would demand.

INTERNATIONAL RESPONSE

In the case of Kozloduy, there was a rapid response to the IAEA report which lead to the
establishment of the CEC funded projects under the PHARE program.

The most urgent activity needed at Kozloduy identified by the IAEA was the improvement
of the physical condition of the plant and the introduction of a higher standard of safety
culture and attitude throughout the staff. The first projects funded by the CEC were
assistance in housekeeping, which became assistance with the outage programs.- This work
has clearly produced a marked improvement in the cleanliness and physical state of the plant
It is less certain that the very large amounts of CEC funds spent on this work have been fully
utilized in the education of site personnel so that after the eventual withdrawal of the western
teams, the standards that have been reached will be maintained. The hand over of the
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experience and knowledge should be a high priority aspect of any project of this nature. The
twinning of Kozloduy with the Bugey plant in France is a very good step in this direction.
However, to many at the plant there has been a feeling that supervision by Soviet experts has
just been replaced by supervision by western experts. This feeling must be overcome to leave
behind a strong and confident management team and workforce at the plant.

The CEC PHARE program also funded several projects of analysis and technical
assistance. Some of these, e.g. vessel integrity justification, material tests, seismic backfit
designs, have been of practical use at the plant in justifying continued operation. Much of the
funds, however, have been spent on analysis of incomplete nature and/or excessive detail and
with very little local input into the projects. It is important that the local expertise is
developed to ensure that reliance upon foreign aid is not a self perpetuating situation.

EXAMPLES OF PROPOSED ACTIONS AND PLANT RESPONSES

The Kozloduy units, which are the oldest reactors exported from the Soviet Union, have
recognized design deficiencies in their essential emergency equipment In general, the almost
complete lack of equipment separation leads to considerable concern over common cause
failures from events such as fire and earthquake. In addition, the lack of any electrical or
system separation into essential trains leads to the risk of common cause failure from single
events in electrical supply or pipework damage.

Within the existing plant configuration, proposals have been made for improved fire
protection, cable replacement, seismic qualification, I&C modification, etc. In the short term,
some of these can make a contribution to the improvement of safety of these units. For
example, the removal of the most obvious fire sources and the provision of simple fire
barriers to reduce the potential spread of fires will inevitably reduce the risk of a total loss of
the plant. However, because of the lack of segregation of the equipment and cabling, it is
impossible to solve the complete fire risk to the plant by fire proofing the plant in its current
configuration. Even if the highest standards of fire detection, suppression and proofing were
installed, it would not be possible to protect the plant fully against the risk of fire leading to
an accident Very large expenditure could be demanded just to meet fire regulations on the
existing plant without a commensurate reduction in risk. Simple and pragmatic
improvements should be carried out Improvements in the emergency response capability are
at least as valuable and the acquisition of new fire fighting equipment and training in its use
will achieve much 6f what can be done with the existing plant

The I&C of the older units at Kozloduy is very basic. However, the wholesale
replacement by modern equipment will give only a marginal change in the overall plant
safety. A greater improvement would be achieved by the addition of some new information
display systems to help the operator in addition to the equipment with which he is fully
familiar. Replacement should only be considered where the existing equipment cannot be
maintained or repaired due to lack of spares. Changes of the information which is given to
the operator could also lead to a reduction of safety during the period when the operators are
learning the new information.

The seismic design of the Kozloduy units was to a very low design basis earthquake. It is
clear that many structures, systems and components would not withstand the potential
earthquake which could strike Kozloduy. However, the interaction of all of the essential
emergency systems would mean that almost every structure and system would have to be
seismically qualified, and hence, backfitted in order to provide a sound, system against an
earthquake with the existing plant Even if every system were scisrnically qualified, the
general arrangement of the equipment would not lead to the plant achieving an adequately
safe state. EQE has had an active involvement in the seismic improvement of the Kozloduy
units. We recognize that what has been done is analogous to the short term improvements in
fire protection suggested above. Those items which have a clear design shortcoming are
being fixed, and plans have been produced for the strengthening of the most important
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structures (diesel and service water building). The fixes which have been implemented have
been of a very simple and cost effective type based upon the experience of EQE in achieving
fixes in non-nuclear as well as nuclear facilities throughout the world. Excessive expenditure
on seismic backfit has been avoided by the recognition that more fundamental approaches are
needed. Most of the work has been done by Bulgarian engineers, with limited supervision by
very experienced western engineers.

EQE has worked with the Bulgarian industry for the last four years. Rather than produce
another list of problems to be solved, EQE considered that it was essential to quantify the
problems and also the benefit of proposed solutions. The classical approach to this problem is
to perform a PSA which would give a very detailed analysis of the risk of operating the plant
This would generally take a very long time and large resources. EQE developed the Top
Level Risk Model which provides a rapid indication of the general level of problems and
enables the most significant shortcomings to be identified quickly. The model also enables
the benefits of various improvements to be quantified.

EQE produced, with heavy reliance on local experts, a list of short term activities which
could be implemented while a program for significant safety enhancement is prepared. A list
of major modifications was produced which would improve the overall safety of the plant
significantly. EQE have just completed, with Bechtel, and at a low cost, a Safety
Improvement program for Units 3 & 4 at Kozloduy for the next five years. This program
includes in the assessment of safety improvements a review of their costs and benefits and
aims to achieve the necessary safety improvements for the minimum cost

EQE, through their local company EQE Bulgaria, have addressed many of the short term
improvements and, working closely with the plant, have helped in implementing them at
Kozloduy. These have included schemes for improving interconnections to give better
protection against hazards, and also the design of seismic backfit measures for the plant which
is accessible outside the confinement The plant has also implemented many safety
improvements suggested by the Bulgarian design company Energoproekt and much
preparation for the future has been established within the plant

The seismic work has developed simple improvements to the anchorages and bracing of a
range of equipment which has raised the seismic withstand capability of the mechanical and
electrical systems significantly. Designs have also been developed for the seismic backfit of
several buildings. , Alternative solutions to the backfitting of the buildings are being
investigated to find the most cost effective solutions which, incidentally, may not involve
direct seismic upgrade of the buildings.

WESTERN STANDARDS AND THEIR APPLICATION

A tendency has developed to adopt western standards for the resolution of various safety
problems. The wholesale adaptation of these standards can probably raise the safety levels of
the plants to adequate levels, but at an exorbitant cost In fact, the first western estimates of
the cost for upgrading Russian designed reactors, including Kozloduy, were excessive
because of the blind application of western standards by inflexible western engineers.

The seismic backfit of Kozloduy, for example, is such an issue. If all ASME, or their
equivalent European requirements, for the seismic qualification of piping were applied, the
cost would be prohibitive. We know that the ASME seismic requirements lead to little
improvement in the safety of the piping. That same level of safety can easily be
accomplished at a fraction of the cost using design-by-rule procedures in lieu of dynamic
stress analysis.

Other similar seismic backfit issues include masonry wall evaluation and strengthening,
equipment seismic qualification, and structural analysis. Western engineers and their
regulators have become lazy in blindly following excessive regulations which were developed
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because of perceived needs in the name of increased safety for western plants. In the west,
billions of dollars have been wasted to improve the seismic safety, for example, of older
plants. More money is being thrown away on new plants under excessive design
requirements. These mistakes can not be made with the Russian designed reactors because
the resources are not there and there are better uses for these resources.

Western-like standards need to be applied to Russian designed reactors, but they have to be
adapted intelligently. We must not repeat the many mistakes made in the past in the west

REGULATOR

The Regulator needs to establish a position whereby he must be convinced of the activities
at the plant However, the Regulator must not adopt an excessively demanding role which
becomes counter productive, either in requesting activities which will be unachievable
because of price, or in making threats about requirements which realistically he is unwilling
or unable, because of the national need, to carry ouL To develop lists of problems which are
unlikely to be solved during the residual life of the reactors is of little practical value.

The Regulator needs to encourage the operators and, in particular, the plant management,
to demonstrate the approach which will enable the Regulator to have confidence in the plant
This extends to operators, designers and analytical support organizations.

International support can be very valuable in enabling the Regulator to develop a level of
competence based upon information and interpretation. Training in the attitude to adopt and
the balance needed in making judgements is and has been an invaluable foreign assistance.

The Regulator needs to establish sufficient separation from the plant that independent
advice can be sought This requires the establishment of new organizations which can act on
behalf of or by giving advice to the Regulator independently of the supplying organizations
for the plant

FINANCIAL ASSISTANCE

Much of the international financial assistance has been valuable in the crisis position
which was perceived in 1991. However, there has been a significant amount of expenditure
which has resulted in little benefit to the recipient country.

There is *a conflict within the wish of individual countries to provide financial assistance
while directing that assistance to western organizations. This has and still is leading to
actions which are not the most cost effective use of relatively limited resources.

In order to improve the ultimate level of safety of these Russian designed nuclear plants, it
is important to ensure that the local operators and organizations are intimately involved in the
projects at all stages. It is also necessary to ensure that the actions are prioritized correctly in
relation to the country and its ability to contribute.

CONCLUSIONS

For the countries operating these Russian designed plants, it is necessary to adopt a
pragmatic approach where all changes must be demonstrated to improve the safety of the
plant and safety must be demonstrably improving. However, care must be taken to avoid the
pitfalls of excessive regulatory demands which are not satisfied and the development of an
attitude of disregarding requirements on the basis that they are not enforced.

For the lending countries and organizations, it is necessary to ensure that assistance is
given to the operating organizations so that the most effective use of funds can be achieved.
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The need remains to ensure that the priorities for funding are well established before
decisions on projects are finalized.

The experience in the west is that over-regulation and excessive expenditure do not
necessarily lead to improved safety. They can lead to significant waste of resources. Use the
western technology, but where it is really necessary and where it provides the greatest benefit.
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