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The development of the boiling water cooled graphite moderated pressure tube reactor system
(RBMK) came out of the Soviet uranium-graphite Pu production reactors, the first of which began
operation in 1948. In 1954 a demonstration 5 MW(e) reactor began operation in Obninsk and
subsequently a series of reactors were developed using the combination of graphite moderation and
water cooling in a channel design.

Currently there are 15 RBMK reactors in operation: 11 units in Russia, 2 in Ukraine
(Chernobyl unit 2 has been shutdown since 1991 after a major fire collapsed the turbine building
roof and damaged safety equipment) and 2 in Lithuania. The connection to the electric power grid
of these units took place from 1973 (Leningrad 1) to 1990 (Smolensk 3).

In April 1986 the Unit 4 of Chernobyl NPP was destroyed in the worst accident in the
history of commercial nuclear power. Unit 4 started operation in 1983 and was a RBMK type
nuclear power plant (NPP).

Over the years, three generations of reactors have emerged which have significant
differences, particularly with respect to the safety provisions built into their design. The electric
power of the RBMK reactors is 1000 MW(e) except for Ignalina whose power is 1500 MW(e). The
development of the Kursk Unit 5, currently under construction, has led to many design changes -
hence it can be thought of as a fourth generation.

The first generation units (Leningrad-1 and -2, Kursk-1 and Chernobyl-1 and -2) were
designed and built before 1982 when new standards on the design and construction of Nuclear
Power Plants (NPPs) OPB-82 were introduced in the Soviet Union. Since then other units have been
designed and constructed in accordance to these requirements. The safety standards in the USSR
were revised again in 1988 (OPB-88).

Since the Chernobyl accident a considerable amount of work has been carried out by Russian
designers and RBMK operators to improve RBMK reactor safety and to eliminate the causes of the
accident. As a result, major design modifications and operational changes have been implemented.
However, safety concerns remain, particularly related to first generation units.

In the framework of a Programme on RBMK safety initiated by the IAEA in 1992, a total
of 58 safety issues related to seven topical areas were identified. The issues related to the six design
areas were further ranked according to their perceived impact on plant safety.

Safety issues connected to operational areas, particularly those related to ensuring that a high
safety culture is an underlying basis for operation, were considered very important. It was stressed
that all efforts should be made to implement the related recommendations along with design
modifications.

The direct causes of the Chernobyl accident were related to the reactor core design.
Therefore, safety improvements have been initially focused on the core physics shortcomings.
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It is recognized that to date considerable work has been completed to decrease the core void
reactivity coefficient and to increase the efficiency of the shutdown system. However, the problem
of the void reactivity associated with the loss of coolant from the channels of the control and
protection system (CPS) and the issue of independent and diverse reactor shutdown - both issues of
high safety relevance - have not yet been resolved. The intent of the Russian designers to develop
and modernize the RBMK CPS to provide higher safety level is strongly supported by international
experts.

The safety significance of the safety issue related to the operational reactivity margin (ORM)
is high since the ORM has to be controlled in order to maintain the void reactivity coefficient, the
effectiveness of the shutdown system (insertion rate, shutdown subcriticality) and the power
distribution within the given safety limits. With the present design it is the responsibility of the
operator alone to keep the ORM within these safety limits. It was recommended to automate the
shutdown actions when the ORM value falls below the safety limits to reduce the safety significance
of the manual ORM control.

The design and safety analysis of the RBMK reactors were performed with the calculational
tools available at that time. These tools (e.g. computer codes) generally did not have the capability
to adequately model spatial interactions between neutronics and thermohydraulics. Considering that
these aspects are very important for RBMK safety analysis and core design, development of 3-D
methods for predicting space-time dependent depletion, neutron fields, coolant density and
temperature distribution of fuel and graphite should be continued. These methods should be used
to confirm results of previous safety analysis and should be used for further studies.

The major concerns are the segregation between the electronic systems and the level of
diversity present in the most important systems and equipment. For example, the flux control system
shares many common elements with the shutdown system and, although there is considerable
resilience in the system due to the high level of redundancy, the two systems would be vulnerable
to common mode failure, thus control and protection could be lost simultaneously.

Some primary coolant circuit components and piping are outside of the accident localization
system. The guillotine break in 800 mm diameter piping in the first generation of RBMK NPPs can
result in damage to civil structures. Application of the leak before break (LBB) concept would
reduce risk of primary coolant circuit failures, but the applicability of this concept for RBMK
conditions is not fully demonstrated and LBB method and techniques are not in use.

To date there have been three single channel ruptures due to water flow blockage or power-
flow imbalance. It was recommended to analyze and to implement, as feasible, the reduction of the
number of in-line components, the failure of which can result in a water flow blockage.

The reviews indicate that at some plants operation has continued even though the frequency
and the number of examinations required by the national regulations for the reactor pressure
boundary are not performed or when the results are not satisfactory. The existing time schedules for
implementation of modifications and additional analysis as well as the requirements for record
keeping are sometimes not followed. Criteria for limiting plant operation in these cases are not
established.
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The required high volume of in-service inspection is not fulfilled in practice. It was found
that in some cases the required number of fuel channels was not inspected. The approach adopted
at RBMK plants to repair identified critical defects differs from the predictive approach adopted for
in-service inspection (I SI) elsewhere. Pre-service inspection records and I SI predictive records are
not maintained. The equipment and procedures used are inadequate to give repeatable measurements
of subcritical defect size.

The scope of analysis of postulated accidents available in the Technical Justification of Safety
(TOB) was determined by national regulations effective at the time the TOB was issued. Compared
to current practices, it was found to be limited and the related information usually does not provide
a clear description of the assumptions used in the analysis. The computer codes used at the time of
RBMK design were of limited modeling capability. The lack of an experimental data base on pipe
rupture of the primary heat transport system limited the possibility of integral code validation.
Presently, more modern Russian codes and some Western codes are being used, but these codes have
not been sufficiently validated for modeling RBMKs.

In general it has been found that the high redundancy which exists in several of the front line
safety systems is not present to the same extent in the supporting systems such as the service water
and intermediate cooling systems. Moreover, the high level of redundancy in the safety systems
cannot always be given full credit due to potential common cause failures.

In general, it has been found that the differences between the plants are so important that
each recommendation has to be evaluated on a plant specific basis.

Fire risks were not adequately considered in the design phase of RBMK reactors when
passive measures could have easily been implemented. However, much work has been done
afterwards. Removal of the largest fire load, the plastic floor coating, has started gradually.
Improvement of compartmentation has been carried out by upgrading fire doors and penetration
sealings. Within the compartments the main improvement effort has been the covering of cables with
a fire resistant protective coating.

Manual fire suppression capability is generally very strong at NPPs in the former Soviet
Union. This applies to the number and the training of fire brigade personnel. Deficiencies, however,
exist in the personal protective equipment, communication equipment and fire fighting equipment,
such as fire extinguishers, hoses and nozzles.

Outlook

On the basis of national and multilateral safety reviews the main safety concerns of RBMK
NPPs have been identified and the required safety improvements agreed upon. Much work is still
required to implement the safety improvements at the individual NPPs.

Despite the work carried out to date, safety concerns remain, particularly those related to the
first generation units. Therefore, future IAEA work will focus on assisting in the review of the first
generation units and on streamlining efforts to resolve generic safety issues.
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