EXECUTIVE SUMMARY 
on results of additional analyses of a degree of protection of Russia’s operating NPPs with regard to external extreme impacts
Background
The Russian Concern for Generation of Electricity and Heat at Nuclear Power Plants (Rosenergoatom) operates 33 power units on 10 nuclear power plant sites:

· 17 units with VVER reactors (11 VVER-1000 and 6 VVER-440 of different makes);

· 15 units with channel-type reactors (11 RBMK-1000 and 4 EGP-6);

· 1 unit with a sodium-cooled fast neutron reactor BN-600.
Besides, four units (Beloyarsk-1,2; Novovoronezh-1,2) are finally shutdown for decommissioning.
The operating nuclear power units were commissioned in the period of time from 1971 (Novovoronezh-3) till 2011 (Kalinin-4). All nuclear power plants undergo safety enhancement programs which include both engineering and organizational measures aimed at maintaining the units compliant to current nuclear and radiation safety requirements as set forth by the Russian regulations.
The Federal Environmental, Industrial and Nuclear Supervision Service (Rostechnadzor), being the state regulatory authority in the field of the use of atomic energy, develops and enacts regulatory documents for NPPs safety, supervises over activities associated with the use of atomic energy, and issues licenses for activities in the field of the use of atomic energy, in particular, for operation of NPPs.
Additional safety assessments of Russian NPPs (stress tests)
Basing on results of the analysis of the external event which affected and disrupted normal operation of Fukushima-Daiichi NPP (Japan) on March 11, 2011 and developed into a severe accident, Rostechnadzor deemed necessary to carry out an additional safety check at Russia’s nuclear power plants in the following areas:

· degree of protection against external extreme impacts of natural and anthropogenic origin, including impacts of an intensity which exceeds NPP design bases, as well as a degree of protection against combinations of external impacts;
· preparedness for management of beyond design basis accidents involving complete loss of NPP in-house power;
· preparedness for management of accidents involving a loss of ultimate heat sink;

· preparedness for management of severe accidents at NPPs (where fuel was damaged in excess of design limits).
In March-April 2011, under instructions of the Government of the Russian Federation, Rostechnadzor conducted off-schedule inspections of operating Russian NPPs with a focus on the said areas. Also, Rosenergoatom carried out checks of operating Russian NPPs and off-schedule emergency exercises for the personnel of all NPPs to master actions in conditions of accidents triggered by external impacts.
In June 2011 Rostechnadzor requested Rosenergoatom to carry out an additional analysis of NPP protectiveness against external extreme impacts (including earthquakes and floods) as well as that of preparedness to manage beyond design basis accidents, including severe ones. Rostechnadzor’s requirements for a scope and contents of the additional analysis were set forth considering the stress tests format developed by the Western European Nuclear Regulators’ Association (WENRA) and suggested by the European Nuclear Safety Regulators Group (ENSREG) for the use by nuclear operators of plants located in countries of the European Union.
The Rostechnadzor’s initiative to carry out the said additional analyses of NPP protection against external extreme impacts was a first important step towards implementation by Russia of the call for carrying out a comprehensive safety and risk analysis of operating nuclear power plants which is stated in the Declaration of the IAEA Ministerial Conference on Nuclear Safety held in June 2011 and the IAEA Nuclear Safety Action Plan approved by the IAEA General Conference in September 2011.

In August 2011 Rosenergoatom submitted to Rostechnadzor reports with results of additional protectiveness analyses with regard to external extreme impacts covering Russian operating NPPs (stress tests), which also contained action plans to enhance safety of NPPs.
Rostechnadzor confirmed that the submitted reports, on the whole, met its requirements for the scope and contents of the additional analysis. At the same time, some reports were refined by Rosenergoatom basing on Rostechnadzor’s comments.

In September-October 2011 Rostechnadzor, with involvement of its technical support organization – Scientific and Engineering Center for Nuclear and Radiation Safety – reviewed the submitted reports on the additional analyses, including action plans of NPP safety enhancement. The review results were discussed with Rosenergoatom and reported on at an extended session in Rostechnadzor in December 2011.
Main results of additional safety assessments of Russian NPPs
Protection against external extreme impacts of natural and man-induced origin

Seismic impacts
According to requirements of standards and rules in the field of the use of atomic energy, values of design basis and safe shutdown earthquakes are set forth for each of ten sites where NPPs are operated. Seismic stability categories are attributed to safety related NPP components (equipment, pipelines, constructions, buildings and structures), including safety systems equipment, as per requirements of the regulations. Additional design measures to ensure seismic stability is being implemented for a number of safety related equipment.
In the course of stress tests, calculation assessments were made for individual power units of NPPs (in particular, for units with VVER-1000 reactors). These assessments demonstrated that there are strength margins with regard to seismic impacts which exceed the impacts subject to consideration in the NPP design bases. For instance, in case of containments of NPPs with VVER-1000 reactors such margin is about 1 point in excess of the safe shutdown earthquake as per MSK-64 intensity scale. A plan of measures for other NPP power units produced by Rosenergoatom also includes analyses of seismic impacts with an intensity which is greater than that of the safe shutdown earthquake.
For NPP sites an update of seismic micro-zoning data is planned. It is also planned to complete seismic stability justifications for some safety important equipment items.
Floods
Sites of Russian NPPs are not susceptible to tsunami.
A possibility of floods induced by other, apart from tsunami, causes (abnormal situations at hydraulic structures, such as dam breaks, tearing of dam, extreme precipitation etc.) was analyzed. For most of NPPs it has been confirmed that floods do not affect their safety. 
In case of NPPs where flooding is plausible under extreme external events, negative effects on the plant safety of such events will be compensated for by measures to outfit such NPPs with mobile systems for heat removal to the ultimate heat sink (diesel-driven pumps, motor-driven pumps, fast-to-assembly pipes) as envisaged by Rosenergoatom.
Other external impacts of natural and man-induced origin and their combinations 

In accordance with requirements of the Russian standards and rules in the field of the use of atomic energy, external factors of natural and man-induced origin of an estimated value of probability which is higher than (10-4 ÷ 10-6)1/year, as set forth in the regulations, are subject to consideration in the design bases of NPPs. The stress tests conducted have confirmed that the Russian NPPs are protected against external impacts subject to consideration in the design bases of NPPs. At the same time, for some NPPs it is required to carry out additional refining calculations of stability of building structures with regard to tornado and extreme snow loads.
There is no a direct requirement to consider combinations of external impacts in a NPP design in the Russian regulatory documents. However, in the course of the stress tests, by a Rostechnadzor’s request, an influence of combinations of external impacts which occurrence is deemed highly likely by an expert judgment was studied. A systemic analysis of combinations of external impacts is envisaged by the action plan developed by Rosenergoatom. 
To analyze an influence on safety of nuclear power plants of external impacts which intensity exceeds values considered in the design bases, by request of Rostechnadzor Level 1 probabilistic safety analyses are planned which, among other, will consider external initiating events. An updating of parameters of external impacts for certain sites is also planned.
Preparedness to manage accidents involving a loss of NPP in-house power
At Russia’s operating NPPs heat removal from the reactor cores (as well as spent fuel pools) cannot be carried out for an unlimited period of time in conditions of a full loss of the plant’s in-house power. The latter is understood as a failure of power supply from the normal operation power sources, in particular, from the mains with overlapping failure of backup power sources, i.e. diesel generators. The exclusion is reactors of Bilibino NPP (which feature small power reactor cores) as well as power units of Kola and Novovoronezh NPPs which are fitted with means for management of beyond design basis accidents involving blackouts, i.e. mobile diesel generator sets. 
Basing of results of the stress tests, Rosenergoatom plans to fit all power units of NPPs with additional engineered features, including mobile diesel generators 
0.4 kV and 6 kV, which will ensure long-term safe conditions of the power units in case of NPP blackout and will help to avoid development of loss of external power events accompanied by overlapping of failures of design emergency power supply systems into a severe accident. By Rostechnadzor’s request these additional engineered features should be made protected against external extreme impacts.
For power units with RBMK reactors it is additionally planned to carry out a calculation and experimental justification of a possibility of a passive (air) cooling of the core. At some NPPs additional measures are planned for to improve reliability of the normal operation power supply (from the mains), as well as measures to set up backup (additional) systems for cooling regular backup diesel generator sets which can be employed when main cooling systems of diesel generators are lost.
Preparedness to manage accidents involving a loss of the ultimate heat sink
At the Russian NPPs, heat removal from the reactor cores, spent fuel pools, SNF storage facilities to the ultimate heat sink – to the atmosphere or water reservoir (sea, lake, cooling pond, river) is arranged for using designated systems, i.e. service water supply systems, recirculation water supply systems, heat removal through the secondary circuit and other.
In the event of beyond design basis accidents involving a loss of heat removal from nuclear fuel to the ultimate heat sink, fuel rods overheat and the accident develops into a severe stage if no special measures are taken. 
Basing of results of the stress tests, Rosenergoatom plans to fit all nuclear power units with special engineered features for management of such beyond design basis accidents; these are the above said mobile power sources which can supply power to the de-energized system components which are involved in heat removal, as well as mobile motor-driven pumps, dry standpipes, tank trucks, additional cooling water intakes at water reservoirs and water tank farms which allow arranging for off-design water supply system to cool down the reactor cores, steam generators, spent fuel pools, SNF storage facilities, when necessary, and exclude development of an accident involving a loss of the ultimate heat sink into a severe stage.
Preparedness to manage severe accidents
A generally recognized approach to NPP safety ensuring is that nuclear power plant should have in place necessary engineering and organizational measures for management of severe accidents. Severe accident scenarios are analyzed in the available safety analysis reports of NPPs.
As of today, some nuclear power units have engineering means for severe accident management, such as systems for monitoring of concentration and removal (afterburning) of combustible gases inside the reactor containment. 
Basing on results of the stress tests, Rosenergoatom plans for a set of measures which will allow for efficient management of severe accidents. These include:

· outfitting of all NPP power units with systems of hydrogen explosion protection and monitoring of concentration of gases which form a combustible mixture;

· outfitting of the containments of VVER units with pressure relief systems;

· outfitting of NPP units with a set of instrumentation which remains functional in severe accident conditions.
It is planned to carry out Level 2 probabilistic safety analyses where it is foreseen to work out a strategy of severe accident management and justify sufficiency of available and planned engineering features used for severe accident management. Basing on results of the analyses, it is planned to write severe accident management guides for the NPP units where such guides are unavailable.
Rosenergoatom also plans for implementation of measures related to the accident management (both severe and other):
· ensuring reliable operation of means of communication in beyond design basis accident conditions (both on the NPP site and means of communication with crisis centers);

· improvement of a degree of protection of places where the personnel are present (primarily, NPP units’ control rooms);
· refining of emergency documents to include scenarios where an operational event (accident) affects several power units of a multi-unit NPP.
General conclusions
Basing on results of the additional safety assessments of operating nuclear power plants in Russia (stress tests), Rostechnadzor has concluded as follows:
1.  At NPPs operated in the Russian Federation, nuclear and radiation safety requirements in effect in Russia are observed.
2.  Rostechnadzor deems justified and sufficient the short-term, mid-term and long-term NPP safety enhancement measures developed by Rosenergoatom basing on results of the additional analyses of protection of the Russian operating NPPs against external extreme impacts; Rostechnadzor controls implementation of these measures.
3.  Rostechnadzor deems reasonable to carry out an additional analysis of protection against external extreme natural and man-induced impacts for Russian NPPs being constructed and sited.
4.  Rostechnadzor deems reasonable to carry out an additional analysis of protection against external extreme natural and man-induced impacts for research nuclear installations and largest nuclear installations of the nuclear fuel cycle enterprises.
5.  Rostechnadzor deems reasonable to refine the Russian regulatory basis in the field of the use of atomic energy as regards supplement of requirements to the emergency documents (beyond design basis accident management guides, severe accident management guides); requirements for consideration of natural and man-induced external impacts in NPP designs; requirements for selection of nuclear power plant sites; as regards rules of design of seismic NPPs; as regards requirements for safety analysis reports of nuclear power plants; as regards implementation of the “leak-before-break” concept at NPP power units.
6.  Rostechnadzor deems reasonable to develop, jointly with the State Atomic Energy Corporation ROSATOM, an “Action Program of Participation of the Russian Federation in Implementation of the IAEA Nuclear Safety Action Plan” with involvement of the Ministry of Foreign Affairs of the Russian Federation, the Ministry of the Russian Federation for Civil Defense, Emergencies and Elimination of Consequences of Natural Disasters, and Federal Medical Biological Agency.
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