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Abstract. As it was shown by the practice of probabilistic safety analysis (PSA) of nuclear power plants, the results of probabilistic assessment may be a good addition to the results of deterministic safety assessment of nuclear fuel cycle facilities (NFCF). The paper reviews the issues-of-the-day of the probabilistic safety assessment of nuclear fuel cycle facilities, possibilities to use the results of PSA of nuclear fuel cycle facilities in safety regulation.
1. Introduction
In the RF a complete nuclear fuel cycle is implemented: uranic ore extraction, nuclear fuel production, reprocessing of irradiated fuel of nuclear reactors and isolation of fissible materials and radionuclides suitable for further use, treatment and disposal of radioactive waste. 

Activity of the NFCF in the RF, as any activity in the area of nuclear energy use, is to be licensed by the State Regulatory Authority (Rostechnadzor) [1-4]. In order to obtain a license, organizations that operate NFCF, submit to Rostechnadzor a set of documents, which includes a Safety Justification Report (SJR), a plan for decrease of radioactive releases and effluents and other documents depending on the type of licensed activity [5]. SJR is to include the results of the NFCF deterministic and probabilistic safety analyses [6].
2. Current Approaches to the NFCF Safety Assessment
The basis of the NFCF safety assessment is traditionally presented by the deterministic safety analysis. In accordance with international practice a deterministic approach is used in the design accident analysis as reliable demonstration of admissibility of the design accident consequences, effectiveness of safety systems and also for determination of the NFCF safety operation limits. Deterministic nuclear and radiation safety analysis assumes studying of the types of potential accidents, radioactive substances releases and other accident consequences – taking into consideration neither the probability of such event occurrence, nor the probability of different variants of consequences.

PSA allows to detect vulnerabilities from the safety point of view (systems, technological processes), which may be not revealed in the frames of deterministic approach. In particular, only with the help of PSA it is possible to obtain quantitative information on probability and consequences of potential accidents at the NFCF, on significance of events and components during occurrence and development of the accidents and also on the most optimal methods of decrease of the risk of accidents. 

In recent years, because of intensive development of directions of probabilistic risk assessment in chemical industry [7-9] and due to the accumulated wide experience in NPP PSA in the RF, more and more representatives of regulatory authorities and scientists declare for the use of information on the risk of accidents for the NFCF safety regulation [10-13]. Though receipt of this information is unconditionally accompanied by a number of difficulties, it may become a valuable addition and even a basis for making regulatory decisions.
3. Use of PSA Experience in Safety Assessment of the NFCF
All probabilistic safety analyses of the NFCF that have been accomplished by to-day in the RF, were initiated either by the branch research institutes or by the operating organizations. Not the least aim of these works was to understand the real perspectives and practical necessity of conducting PSA for the NFCF. A number of researchers carried out only assessment of the probable accident frequency, while the accident consequences were not assessed; basing on results of the assessment, the experts made decisions on adequacy or inadequacy of measures for safety support. In cases, when accident consequences were also assessed, experts formulated recommendations for decrease of risk of accidents at the NFCF, aimed at decrease of the accident probability and mitigation of their consequences [20]. 
a. Probabilistic Calculations
Practice has shown that determination of probabilities of accidents at Russian NFCF is connected with various difficulties. Frequently initial data for carrying out of proper numerical calculations are not presented or collection of data is difficult because of a number of internal peculiarities of the facility and of the branch in general. It is one of the reasons why the probabilistic constituent of the NFCF safety assessment is insufficiently taken into consideration by the operating organizations. To say the truth, it is necessary to note, that the problem of initial data is also actual in other advanced countries, where it is solved by operating organizations by creation of special data bases on reliability of equipment or by the use of analogous data of adjacent industry branches (operation of nuclear power plants and chemical facilities) [14-18]. It is possible, that the problem of initial data in the RF is to be solved by analogical methods.
b. Criteria of Risk-Informed Decision Making
Some countries – members of the IAEA have criteria and practice of decision-making basing on probable accident frequency and its consequences, expressed as the dose units for persons exposed in result of the accidents [14].
This approach is also met in the RF. In particular, in the paper [12] it is proposed to use a criterion of acceptable radiation risk from all potential accidents. In the paper [19] risk matrix was proposed, based on numerical assessment of the accident frequencies and on qualitative assessment of these accidents consequences. Depending on their combination it is supposed to establish the deadlines for taking corrective measures. 
Nowadays no criteria have been established for decision-making on the basis of information on the risk of accidents at the NFCF in the RF. Only a certain reference point has been set, a special index for frequency of beyond design accidents, when evacuation of the population may be required – it must not exceed 10-6 cases per year [6]. Accordingly, in case of exceeding, technical decisions shall be provided at the NFCF for the accidents management with the purpose of their consequences mitigation. Generally speaking, the problem of taking into consideration the accident consequences in criteria of decision-making is rather difficult for the NFCF because of their significant variety and specificity.
4. Possibilities of the PSA Use
Besides «evident» application of the PSA – assessment of accident risks at the NFCF and following management of these risks, application of PSA results in SJR of the NFCF, SEC NRS also studies the perspectives of analysis of violations of the NFCF operation by PSA methods. Fortunately, for the recent years Russian NFCF have not met with serious violations (all violations were given «0» category by INES). Meanwhile, analysis of operational violations at nuclear power plants conducted by the specialists of SEC NRS with the probabilistic analysis methods, showed, that violations of the 0 level by INES may significantly influence on the change of the safety level of nuclear power plants – to increase the frequency of core damage. It is not excluded, that events, which occur during some operational violations at the NFCF, under concatenation of circumstances may increase probability of accidents, and hence, influence on safety level of the NFCF. 
Results of such additional probabilistic analysis of violations may be used in the assessment of the current NFCF safety level. Such assessment is carried out annually by the specialists of SEC NRS on the basis of annual reports on nuclear and radiation safety, reports on investigation of violations and other information with the purpose of scientific and engineering support of regulatory activity of Rostechnadzor.
5. Conclusion
Present-day risk theory comes from the fact that no man-created facility can be absolutely reliable. Nevertheless, knowing calculated probability of accident at the facility and foreseeing its consequences, it is possible to judge the facility safety. Really, if the accident probability and foreseen damage are small, i.e. the value of the accident risk is low, it will be logical to declare that a facility is safe [9]. However, for making any risk-informed decisions, criteria of decision-making are to be determined, corresponding regulatory base is to be developed and the ways of solution of the above-mentioned actual problems are to be found, including deficiency of initial data, deficiency of understanding of significance of probabilistic constituent of the NFCF safety and others.
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