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SAFETY GUIDE
 IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS TO DEVELOP THE FINAL LIST OF BEYOND DESIGN BASIS ACCIDENTS, ACCOUNTED IN PROJECT OF NUCLEAR POWER PLANTS WITH VVER TYPE OF REACTORS"

(RB-150-18)

I. General

1.1. This safety guide in the use of atomic energy "Recommendations to develop the final list of beyond design basis accidents accounted in projects of Nuclear Power Plants with VVER type of reactors (RB-150-18) (hereinafter - the Safety Guide) has been developed in accordance with Article 6 of Federal Law dated November 21, 1995. No 170-FZ "On the use of atomic energy" for the purpose of securing the compliance with the requirements of items 1.2.9,  1.2.16 of the Federal rules and regulations in the field of the use of atomic energy "General Provisions on Safety Assurance at the Nuclear Power Plants" (NP-001-15), approved by the Order issued by the Federal Environmental, Industrial and Nuclear Supervision Service dated December 17, 2015. No 522 (registered by the Ministry of Justice on February 2, 2016, registration No 40939);

1.2. This Safety Guide includes the recommendations issued by Federal Environmental, Industrial and Nuclear Supervision Service to develop the final list of beyond design basis accidents, presented in the Safety Analysis Report for the NPP Power Unit with VVER type of reactor.

1.3. The requirements of the federal rules and regulations in the field of atomic energy use may be implemented through the use of any other techniques (methods), other than those specified herein, subject to the substantiation of selected techniques (methods) for safety assurance.

1.4. The designations and abbreviations used are given in Appendix 1, terms and definitions - in Appendix 2 to this Safety Guide.

II. Order to develop the final list of Beyond Design Basis Accident (BDBA)

2.1. The requirements of the Federal Rules and Regulations in the field of atomic energy use. Purposes to develop the final list of BDBA

2.1.1. The following requirements to arrange the final list of beyond design basis accidents are stated in the federal norms and rules in the field of atomic energy use "General Provisions on Safety Assurance at the Nuclear Power Plants":

the final list of beyond design basis accidents shall include severe accidents, as well as accidents that are not referred to severe (requirements to cover severe accident and accidents that are not referred to severe);

the final list of beyond design basis accidents is mentioned in the NPP SAR (requirements to include the list of BDBA into the NPP SAR) <1>;

--------------------------------

<1> Term "the final list of beyond design basis accidents" (as opposed to approximate lists of design basis accidents established in accordance with the provisions of item 1.2.16 "General regulations for the safety assurance at Nuclear Power Plants" in the federal norms and regulations on the use of atomic energy for each type of reactor) means a list of beyond design basis accidents compiled (formed) specially for a specific Power Unit at the NPP, taking into account the specific features of such Power Unit.

the final list of beyond design basis accidents shall contain some representative scenario to define measures aimed to manage such accidents (requirements to representativity);

analysis of beyond design basis accidents included into the final list of beyond design basis accidents shall be provided in the NPP SAR.  The indicated analyses shall take into account all operational states of the NPP (requirement to cover all operational conditions), as well as all place where radioactive substances and wastes are located at the NPP Power Unit, where any violation of the NPP normal operation can be occurred (requirement to cover all places where any accident may occur). Places, where nuclear materials, radioactive substances and wastes are located at the NPP, not referred to the NPP Power Unit for which the final list of beyond design basis accidents is formed, shall be not considered;

analyses of BDBA, stipulated by the NPP SAR in relation to the accidents included in the final list of BDBA, shall be the basis to arrange Plans of measures to protect personnel and population in case of an accident, as well as to draw up a guide to control beyond design basis accidents (requirement to develop emergency response documentation based on the NPP SAR).

2.1.2. Requirement to representativeness shall be implemented by considering the NPP criticality level as well as potential operability or inoperability of safety systems and special-purpose engineering features for beyond design basis accident management.

2.1.3. In accordance with the requirement in item 2.1.1 of this Guide to develop emergency response documentation based on the NPP SAR, the primary purpose to develop the final list of BDBA is the further activity that is based on the performed analysis of accidents included into the above-mentioned list, aimed to develop (draw-up) a manual how to control the design basis accidents (as well as Plans of measures (activities) to protect personnel and public).

2.1.4. Compliance of the list of accidents included into  the final list of BDBA, formed in accordance with the requirements of the "General provisions on Safety Assurance at the Nuclear Power Plant" with the scenarios of Design Extension Conditions (DEC), considered in the NPP project in compliance with IAEA safety regulations, WENRA and EUR requirements, shall be specified in Appendix No 3 to this Safety Guide.

2.2. Stage to develop the final list of beyond design basis accidents

2.2.1. Development of the final list of beyond design basis accidents shall be implemented in five stages:

Stage 1. Compiling a list of places where any accident may occur

Stage 2 Compiling a list of the NPP operational states

Stage 3 Selecting some initiating events for accidents

Stage 4. Identification of non-severe accident scenarios to be included into the final list of beyond design basis accidents

Stage 5. Identification of severe accident scenarios to be included into the final list of beyond design basis accidents.

General algorithm to form the final list of beyond design basis accidents, showing the sequence how to implement the stages listed above in this paragraph is presented in Appendix No 4 to this Safety Guide.

2.3. Stage 1. Compiling a list of places where any accident may occur

2.3.1. The aim of 1 stage is to establish all places located on the NPP Power Unit, where any event that can be referred to the definition as "accident at the NPP" (thus requirement to cover all places where any possible accident may occur) may take place.

All places within the NPP Power Unit, where nuclear materials (including fresh and spent nuclear fuel), radioactive substances and radioactive waste can be stored or transported, or ionizing radiation can be generated, shall be duly identified. Reactor facility, which is part of the NPP Power Unit, storage facilities for fresh and spent nuclear fuel, transport covers, transport packaging kits (including intra-plant), devices using radioactive substances and generating ionizing radiation, as a part of liquid and solid RAW storage facilities at the NPP, as well as RAW re-processing plants and others.

2.3.2. For each place established under item 2.3.1 of this Safety Guide, a possibility of the event that is referred to the definition "accident at the NPP" shall be investigated, i.e. whether NM, RAS or RAW are located in the quantity that is enough to exceed the limits of safe operation when such even exceeds the boundaries stipulated by the NPP project.  For places where ionizing radiation is generated, it should be established in case of abnormal operation, whether it's possible that IR shall exceed the the boundaries established by the NPP project, which is referred to the definition "accident at the NPP". A list of places where any accident may occur shall be developed, places where NM, RAS or RAW (as well as where IR is generated) shall be excluded from the list, and in relation to which it's stated that in these places occurrences in the NPP operation that are referred to the definition "accident at the NPP  can't happen.

2.4. Stage 2 Compiling a list of the NPP operational states

2.4.1. During stage 2, a list of possible operational states for each place where possible accident may occur, which has been included into the list per the results of stage 1 and in compliance with  Section 2.3 of this Safety Guide, shall be set up to meet the requirement to cover all operational states for each place where any possible accident may occur.

The following states shall be considered for the reactor facility: operation at full and reduced power levels (including the minimum controllable power level), various operational states at the NPP Power Unit with the reactor in a sub-critical state (e.g., "hot" state, "cold" state, "shutdown for repair", state "shutdown for refueling"). For nuclear fuel storage facilities, states with different volumes of stored nuclear fuel may be considered as self-contained operational states (e.g., a single-tiered storage condition in the exposure basin and a two-tiered fuel storage condition), and a separate operating state in which transport and technological operations are carried out with stored fuel (refueling, loading, unloading) may be allocated.

2.4.2. The list of operational states at the NPP shall be compiled in accordance with the following conditions:

a) each of operating states included into the list of the NPP operating states, is different from any other operating state included into the specified list, either by a set of possible violations in normal operation (initiating events of accidents), or by state of physical barriers (for example, the first circuit can be compacted, or can be less compacted, hot functional test of the reactor facility can be tight, or can be depressed), or according to the requirements contained in the technological regulation of the NPP operation that perform safety functions (safety systems, special equipment to control BDBA and other systems that perform safety functions).

b) any possible, in accordance with the technological regulations of the NPP Power Unit operation, in normal operation, state of the NPP or operational regime shall be included in one of the operational states of the NPP, represented in the list of operational states of the NPP being developed at the Stage 2.

2.4.3. It is recommended that the probability analysis of first-tier safety analysis developed for the NPP Power Unit be used in compiling the list of operational states of the NPP, and if such analysis is not available (or if the PSA does not have sufficient record-keeping for operational states of the NPP) - to analyze the requirements of the technological regulations of the NPP Power Unit operation.

2.4.4. An example of the list of operational states for the reactor facility, depending on possible initiating events of accidents, as well as state of the NPP physical barriers and systems performing safety functions, is illustrated in Figure 1.
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Figure 1. An example of the list of operational states for the NPP in relation to RF, depending on possible initiating events of accidents, as well as state of the NPP physical barriers and systems performing safety functions.

2.5. Stage 3 Selecting some initiating events for accidents

2.5.1. On stage 3 initiating events of accidents shall be selected - a set of initiating events of accidents shall be formed for each place where possible accident included in the list, may occur, which is in accordance with the provisions of Section 2.3 of this Safety Guide and for each of the NPP operational states included into the list, shall be compiled under Section 2.4 of this Safety Guide.

2.5.2. A set of initiating events of accidents shall include the following: internal events (events related to failures of the NPP elements, including common cause failures of the NPP elements, as well as human caused errors); events related to intra-site fires, intra-site flooding; events related to the external natural impacts and man-made impacts that meet the following conditions:

a) event violates the NPP normal operation;

b) event requires any response measures made by the NPP systems (elements) and/or the NPP personnel to prevent transition of the event into an accident, or it directly may lead to an accident.

Both initiating events of the design basis accidents (later in the final list of BDBA such events shall be available only in combination with additional events if compare with design basis accidents referred to failures of safety system elements over and above any single failure - see steps 6, 8 of item 2.6.2 of this Safety Guide), and initiating events not considered for the design basis accidents shall be included in the set of initiating events.

2.5.3. If PSA is available for the NPP Power Unit for which the final list of beyond design basis accidents is being developed, the initiating events considered under the PSA are recommended to be included in the current set of initiating events of accidents referred to Stage 3.

A set of initial events shall include additionally events meeting the relevant conditions specified in item 2.5.2 of this Safety Guide, excluded from the PSA review on the basis of low probability of occurrence, if such events require the NPP systems (elements) and/or the NPP accident management personnel, which differ from the management activities of other accidents considered in the final list of BDBA. Proper attention should be paid to include the related initiating events of accidents under common cause failures into the list.

2.5.4. To determine the internal events that to be included into the set of initiating events of accidents, it's recommended to use jointly the following methods:

analysis of failures and their sequences for the NPP systems and components. During the indicated analysis, system after system shall be consistently analyzed in relation to impact of different types of failures of components or groups of components included in the system used for the NPP normal operation (failures in the NPP components shall be analyzed, including failures of spontaneous triggering, as well as failures to the requirement, including failures to open and close, failures to change the position and failures to start. Common cause failures shall be also analyzed);

use of the initiating events lists from previously performed safety analyses, including from the PSA for the analyzed and similar NPP Power Units, as well as from common lists of initiating events published in reputable foreign and international sources;

analysis of the analyzed and similar NPP Power Unit operation experience.

2.5.5. To determine the events related to intra-site fires (intra-site floods) to be included in the set of inititingl events of accidents, it is recommended to perform the following:

to allocate fire zones (flood zones) so that each of them shall corresponds to the definition of fire zone (flood zone) presented in Appendix No 2 to this Safety Guide. It is not allowed that one dedicated fire zone (flood zone) shall include premises that also belong to another fire zone (flood zone). It is also not allowed that systems and elements important for safety remain outside the dedicated set of fire zones (flood zones);

postulate occurrence of fire (flooding) in each of the designated zones one by one and analyze the impact of such fire (flooding) on the NPP safety (it's assumed that all equipment (other components of the NPP) located in the relevant zone, is failed). Intra-site fires (intra-site flooding) in such fire zones (flood zones) that meet conditions specified in item 2.5.2 of this Safety Guide, shall be included into the set of initiating events of accidents;

based on experience of operation of the NPP under analysis, as well as other NPPs, including foreign (perhaps, in addition, use of other sources of information - for example, results of PSA fires and analysis of fire impact on a safe shutdown) aimed to assess a possibility of fires occurrence in several fire zones at the same time and when taking a decision on possibility of such events occurrence aimed to analyze their impact on the NPP safety and, in the case if they meet the provision of item 2.5.2 of this Safety Guide, they shall be included into the set of initiating events of accidents.

2.5.6. To determine the events related to external natural impact and man-induced impacts to be included in the set of initiating events of accidents, it is recommended to perform the following:

for each of the external factors (processes, phenomena) of natural and man-made origin presented in Appendix No 5 to the current Safety Guide, to analyze the relevant factors (processes, phenomena) of external impacts at the site and in the NPP area that could have an impact on the NPP, that are in compliance with the conditions specified in item 2.5.2 of this Safety Guide. External impacts that meet the indicated conditions shall be included into the initiating events of accidents;

To analyze a possibility of joint adverse impacts as a combination of several external factors (processes, phenomena) as well as occurrence of additional processes, phenomena and factors, identifying cases where joint impact of factors (processes, phenomena) may lead to more severe consequences than the impact of each of the factors separately, to include the identified combinations in the set of initial events of accidents, if they meet the conditions specified in item 2.5.2 of this Safety Guide;

if for the same external factor (process, phenomenon) of natural (man-induced) origin, the scale of impact at the NPP and the volume of measures required by the NPP systems and personnel to ensure safety of the NPP may vary when different intensity of the factor in question (process, phenomena) is occurred, as separate initiating events, external impacts corresponding to the same factor (process, phenomenon) shall be included in the set of initiating events of accidents, but having different intensity, which causes different in importance of abnormal operation of the NPP and require different response of the NPP systems and operators.

It is recommended that external impacts be considered with the intensity taken into account in the safety design basis and with intensities that are higher than those mentioned in the safety design basis. The number of intensity gradation level of the impacts, exceeding the design basis impacts shall be  taken in an expert manner - this number should be determined by the difference of impacts caused by the external impact of one or another intensity, which requires, respectively, different response of the NPP systems and Operator THE and operated systems in the management of the EPA caused by the relevant impact.

Example of expert selection related to intensity gradation level of the external impacts is shown in Table 1.

Table 1. Example of expert selection related to intensity gradation level of the external impacts

	Intensity gradation level of the external impacts
	Impact on the NPP (the NPP Power Unit)

	External flooding

	"below basic" <2>
	No impact, state of the NPP normal operation is not changed <3>.

	"basic"
	Shut-down of the RF. Flooding of onshore pumping station and failure of circulation pumps.

	"extended"
	In furtherance to "basic" intensity of the impact:

flooding of the whole NPP site and bottom marks of rooms in the Turbine building, switch-yards and site where outdoor transformers are placed.

	"catastrophic"
	In furtherance to "extended" intensity of the impact:

flooding of the whole NPP site to the level when possibility to replace people and equipment is lost, complete insulation of individual buildings and structures, external sources of power are lost, flooding in rooms of diesel generators, flooding of premises at the lower marks in reactor and turbine houses.

	Wind

	"lower than basic" <4>
	No impact, the NPP normal operation state is not changed <5>.

	"basic"
	Shut-down of the RF. When wind is strong up to 32 m/s - automatic disconnection of external power lines is performed by protection device due to inter-phase short circuits occurred in wires.

	"extended"
	In furtherance to "basic" intensity of the impact:

When hurricane wind is more than 32 m/s -  break of power lines, long-term loss of external power supply to the NPP.

	"catastrophic"
	In furtherance to "extended" intensity of the impact:

damage of the equipment (other components of the NPP), located outside the building; damage of unprotected buildings.


--------------------------------

<2> Not exceeding the intensity that is considered in the safety design basis.

<3> It is not included into the set of initiating events of accidents because it's not in compliance with terms of item 2.5.2 of this Safety Guide.

<4> Not exceeding the intensity that is considered in the safety design basis.

<5> It is not included into the set of initiating events of accidents because it's not in compliance with terms of item 2.5.2 of this Safety Guide.

It is recommended to define the list of damages (failures) of the NPP systems (components), as well as damage to the infrastructure required to control the accidents (primarily the routes of communication) caused by external impacts to facilitate subsequent grouping of IE.

It is recommended that, where appropriate, to use the available results of external impact analyses at the NPP as part of a Probabilistic Safety Analysis (PSA).

2.5.7. If it is established that an external impact accident management strategy can be presented as a combination of accident management actions caused by internal IE having similar violations in the NPP operation and actions to limit damage and to restore infrastructure, it is recommended that such external impacts shall be grouped with appropriate internal IE. It is stated (a caveat is made) that if IE that is a part of the IE group has been caused by external impact, the necessity to take actions to limit the scale of damage should be considered when accidents control is carried out (e.g., extinguishing fires), that could potentially interrupt to performs actions for accidents control and restore required infrastructure necessary to control the accidents.

2.5.8. Initiating events of accidents that require the same set of SF, where they require operation of the same NPP systems (components) with the same (or similar) requirements, as well as the same actions of the NPP personnel carried out in similar conditions and, in addition, for which the same availability of systems performing Safety Functions (SF) is established, are recommended to group and further consider it as a single group of IE. For each IE group, all failures dependent on IE shall be identified, then IE group and the failures dependent on IE shall be considered in combination.

It's recommended to pay special attention to IE grouping, because it helps to reduce considerably a number of accident scenario to be reviewed afterwards.

2.5.9. When it's used for the purposes to perform grouping events included into the set of initiating events of accidents, the results of grouping initiating events performed in the scope of PSA, special attention shall be paid to situations where grouping was performed with conservative assumptions (i.e. such assumptions, when for IE that are a part of the group, it was assumed that the requirements for the actions made by the personnel and operation of the NPP systems (components) are the most stringent among all representatives of the group) - if use of these conservative assumptions leads to such situation when possible accident management strategies are not taken into account any more for separate IE, the results of such IE grouping for the purpose to develop the final list of beyond design basis accidents shall be revised.

2.6. Stage 4. Identification of non-severe accident scenarios to be included into the final list of beyond design basis accidents

2.6.1. When during the stage 3 the set of initiating events groups has been identified for each of the indicated IE group, scenarios of non-severe accidents that is subject to be included into the final list of beyond design basis accidents shall be established.

2.6.2. The following nine steps are recommended to establish the accident scenarios outlined in item 2.6.1 of this Safety Guide:

Step 1. For each IE group, the set of safety functions shall be duly defined (the safety function here and further is understood as the requirements for the actions (work) of the NPP systems (components) and the NPP personnel aimed at achieving a specific goal to prevent any accident occurrence or limiting its consequences) that should be carried out to manage the accident (i.e., to prevent the accident from its transferring into a severe stage, to return the NPP into a controlled state, to ensure performance of basic safety functions) established in item 3.1.2 of the federal norms and regulations on the use of atomic energy "General Provisions on Safety Assurance at the Nuclear Power Plants" as well as for mitigation of any consequences of an accident). An example of the set of safety functions and ways how to implement them for the reactor facility is presented in Appendix No 6 to the current Safety Guide, an example of presentation of the results of determination of the required safety functions (or how to perform safety functions) for specific selected groups of initiating events for the reactor facility is presented in Appendix No 7 to this Safety Guide.

If performance of the NPP safety function made by systems (components ) and/or personnel depends on operation of any other systems (including supporting and managing systems), it is recommended that operation of supporting (managing) systems is carried out together with the systems provided (managed) within a single safety function.

However, operation of the supporting systems (e.g., the NPP auxiliary power supply system), which failure to perform the several safety functions can lead to failures of several safety functions supported by them, and that are required to control the accident in question, it is recommended to consider it as an independent safety function.

Step 2. IE groups for which it is impossible to avoid transition into a more severe phase in the scope of stage 4, shall be not analyzed.

Step 3. Once the SF and the NPP systems (components) have been identified, as well as actions made by the NPP staff, combinations of "IE" shall be drawn up for each IE group, "Refusal to perform N safety function (or way K to perform N safety function)". Combinations shall be made for each of the SF that is included into the set of safety functions, which must be carried out to manage the accident identified for this IE group at Step 1. Only one SF shall be included in each combination. The results of analysis shall be presented in the form of a table <6>.

--------------------------------

<6> If first-tier PSA is available, this step is recommended to be carried out using the developed PSA of emergency sequence analysis.

Step 4. It is checked that for each of combination of the events formed at Step 3, it is possible to manage the accident due to operation of the remaining operable NPP systems (components) and actions carried out by NPP personnel, preventing transition of the accident into a more severe stage (or, at least, <7> significantly delaying such transition over time). For this purpose, the results of previously performed analyses (in particular, probabilistic safety analysis) can be used, as well as special studies (calculations) can be performed. Combinations that are not in compliance with the above mentioned conditions, shall be excluded from consideration and shall be analyzed separately in the scope of Stage 5 "Establishment of severe accident scenarios to be included in the final list of beyond design basis accidents" in accordance with the order presented in Section 2.7 of this Safety Guide.

--------------------------------

<7> For example, for several hours.

Step 5. For each combination of events selected per the results of Steps 3 and 4 performance, additional combinations of events shall be compiled, consisting of combinations of events selected during the indicated steps, with one or more events of the following type: "Failure to perform M safety function (or L way to perform M safety function)"<8>. Each SF (or way to perform SF) can be introduced only once in each of the additional combinations that was  formed in such a way. First, additional combinations of events are formed, consisting of three events, then - of four, and so on until all SF (the ways to perform safety functions) are completed. At the same time, if any of the formed combinations of events establish the impossibility to control the accident by operation of the remaining NPP operable systems (components) and the actions made by the NPP personnel in such a way, aimed to prevent transition of the accident into a more severe stage (or at least, such a transition can significantly delayed over time), such combination of events in the final list of beyond design basis accidents is not included (it is to be analyzed within Stage 5 "Establishment of severe accidents to be included in the final list of beyond design basis accidents scenarios of severe accidents" in accordance with the order presented in section 2.7 of this Safety Guide) and is not used to further formation of any additional combinations.

--------------------------------

<8> It is recommended to consider different ways of performing SF only in cases where these methods require significantly different in content actions to be performed by the personnel or when period for the actions to be performed by the personnel differs significantly. Otherwise, the different ways to carry out SF, when compiling combinations of events in the given Step 5, shall be not allocated.

Step 6. The combinations of events selected per the results of 3, 4 and 5 steps performance, shall be included in the final list of beyond design basis accidents. IE groups selected at Stage 3 (according to Section 2.5 of this Safety Guide) that do not relate to the IE of the design basis accidents but do not directly result in a serious accident shall be included also into the final list of beyond design basis accidents.

Step 7. It is checked that the combinations of events formed on steps 3, 4 and 5 shall include accidents that are not related to the severe, recommended for recording as part of BDBA in compliance with the Russian regulation (see Appendix No 8 to this Safety Guide). If necessary, the list of non-severe accident scenarios included in the final list of beyond design basis accidents on steps 3, 4 and 5 shall be supplemented.

Emergency scenarios recommended for recording as a part of BDBA by the Russian Law, for which there is a justification for the physical impossibility of their occurrence on the analyzed NPP Power Unit, shall be not included into the final list of the BDBA.

Step 8. It is allowed to exclude from the final list of BDBA any emergency scenarios that differ from design basis accidents only by number of operable safety trains (provided that the remaining trains of safety systems in such emergency scenarios ensure compliance with design limits for design basis accidents), or other features that do not have any fundamental impact on the management of such an accident compared to design basis accidents.

Step 9. In order to reduce the size of the final list of BDBA for emergency scenarios (which are combinations of events or IE of design basis accidents) to be included in the indicated list in accordance with Steps 6 and 7, it is recommended to perform grouping of emergency scenarios - where one group may include emergency scenarios requiring the same (or similar) accident management strategies, provided that the period available to the NPP personnel to implement these strategies are not significant (fundamental) and, in addition, there are no significant differences in the availability of the NPP systems (components) used to manage the accident. After such grouping, one representative of each group of scenarios shall be left, in the final list of BDBA.

2.6.3. Execution of Steps 1 to 9 described in item 2.6.2 of this Safety Guide allowed to include into the final list of beyond design basis accidents, a set of non-severe accident scenarios that meet the requirement referred to representativeness described in item 2.1.1 of this Safety Guide.

2.7. Stage 5. Identification of severe accident scenarios to be included into the final list of beyond design basis accidents

2.7.1. Scenarios of severe accidents to be included in the final list of beyond design basis accidents shall be identified at Stage 5. These scenarios are set separately for each of the place where possible accident identified in Stage 1 in accordance with section 2.3 of this Safety Guide may occur. At the same time, for the places where RAS and RAW located, and selected at the indicated stage, in which there is no any NM, identification of possible scenarios of severe accidents shall be not carried out <9>. Determination of severe accident scenarios is carried out separately for each of the NPP operational states allocated during Stage 2, in accordance with Section 2.4 of this Safety Guide.

--------------------------------

<9> Since a serious accident is an accident with damage of Fuel Element (FE), in places where there is no NM, any serious accident can not occur.

2.7.2. To meet the requirement of representativeness described in item 2.1.1 of this Safety Guide, the final list of beyond design basis accidents shall include all states of the NPP, arising from any serious accident, varying according to the implemented accident management strategy (by this, it's not so significant due to what emergency sequence during a serious accident, the NPP has been identified in such state).

It's recommended to perform seven steps sequentially to implement this purpose:

Step 1. A list of physical barriers, as well as safety functions, states of which may impact on the strategy of action to manage a serious accident shall be developed.

Step 2. A list of physical processes threatening the integrity of physical barriers in the event of a serious accident shall be compiled (a rough list of processes of this kind for the reactor facility is presented in Appendix No 9 to this Safety Guide).

Step 3. For each physical barrier and SF identified in Step 1, a gradation level of states shall be developed, starting from complete effectiveness of a physical barrier or safety function to complete inefficiency, so that different states of physical barriers or safety functions require implementation of different strategies to manage beyond design basis accidents (different strategies can be expressed different in relation to technical means, used to manage the accident and different actions that required to be carried out by the personnel) <10>. Development of state gradation level for physical barriers and SF requires analysis of available information on the phenomenology of severe accidents and, in some cases, execution of design studies. Each specific set of physical barriers states is later called the NPP state level of severity.

--------------------------------

<10> If second-tier PSA is available and used to develop a list of physical barriers, safety functions, and their gradation levels, it is advisable to bring in information on Purging and Cooling down System (PCS) allocated in the scope of PSA (since definition of factors that determine PCS are taken into account in many ways, the same factors as in determining the list of physical barriers, safety functions, as well as their gradation levels that are defined at Steps 1 to 3).

Step 4. Gradation of physical barriers (gradation of the NPP state severity levels), determined at Step 3 of this item 2.7.2, checked for compliance with the following condition:  negative effect of implementation of the threat associated with one of the physical processes established at Step 2 of this item 2.7.2, leads to a change in the NPP severity (i.e. as a result of implementation of the specified threat, state of at least one of the physical barriers, in accordance with the accepted gradation of states changes for the worse).  If necessary, gradation of physical barriers, set at Step 3 of this item 2.7.2, shall be adjusted.

Step 5. Generalized tree of events are developed to reflect development of the initiating event of accident in the NPP state with different levels of severity (example of development of generalized trees of events for VVER-1000 reactor facility is presented in Appendix N 10 to this Safety Guide) depending on whether or not the dedicated safety functions have been performed or failed <11>. Emergency sequences of generalized trees of events are developed until the end state is reached, which can be maintained indefinitely and in which measures to mitigate the effects of the BDBA are exhausted.

--------------------------------

<11> The generalized trees of events have a number of unprincipled differences from the trees of events developed within the framework of the PSA.  The difference is the following:

1) in the trees of events developed within the PSA, successful and unsuccessful states are considered as the end states without any differentiation, usually the latter in terms of severity levels (especially it refers to the trees of events developed within the PSA of 1 tier - only unsuccessful state is considered usually in them - state where the core is damaged), while the generalized trees of events developed for the purposes of the final list of BDBA and they Include a significant number of different end states corresponding to different levels of severity;

2) Implementation of SF is presented in generalized trees of events in a generalized form without explicit indication of systems or actions made by the personnel involved in their implementation.

Step 6. The final list of BDBA shall include scenarios corresponding to each of the events presented in the generalized trees of the severity related to the NPP state <12>. It is also possible to present scenarios of severe accidents in the final list of BDBA in a more general form - namely, in the form of a scenario that consistently develops from one level of severity of the NPP state to another (with possible branches). At the same time, if  more general way to present severe accidents in the final list of the BDBA is selected, it is recommended to accompany the description of each specific scenario with indications that the accident management strategy is subject to determination for each level of severity of the NPP state through which the emergency scenario is developed.

--------------------------------

<12> At the same time, when describing the scenario in the final list of BDBA it is allowed to specify only severity level of the NPP state and describe the scenario under which the accident is developed from the originating event (or from another level of severity of the NPP state) to a state with the considered severity level of the NPP state - whatever suits you better.

Step 7. It is checked that the developed generalized trees of events reflect the states of the NPP related to serious accidents, recommended by the Russian Law to be included in the final list of beyond design basis accidents (presented in Appendix No 8 to this Safety Guide). The list of severe accidents scenario included into the final list of beyond design basis accidents, shall be supplemented.

2.7.3. Execution of Steps 1 to 7 described in item 2.7.2 of this Safety Guide allowed to include into the final list of beyond design basis accidents, a set of severe accident scenarios that meet the requirements referred to representativeness described in item 2.1.1 of this Safety Guide.

2.7.4. As defined by the results of Steps 1 - 7 described in item 2.7.2 of this Safety Guide, the list of scenarios of serious accidents to be included in the final list of BDBA, can be specified after each of these scenarios of the NPP systems (components) and actions made by the NPP personnel are involved in the applied accident management strategy (after detailing the aggregated trees of events to the level of the NPP systems and actions made by the NPP personnel ensuring that SF have been duly implemented). As a result of the clarification, it may also be necessary to specify the levels of severity for the NPP defined on Steps 3 and 4, described in item 2.7.2 of this Safety Guide.

In its final form, a set of scenarios for severe accidents to be included in the final list of the BDBA is being drawn up at the same time as development of measures to manage BDBA is completed. In the course of this development, design analysis of selected scenarios of severe accidents are also carried out.

Per the results of the analyses, the signs by which the NPP personnel can identify a certain state of the NPP and make decisions about the appropriate sequence of actions to manage the accident shall be defined.

In establishing these signs, it is taken into account that scenarios of severe accidents may be occurred as the result of external influences of natural or man-made nature, as well as internal impacts (including fires, flooding for internal reasons), which can lead to massive damage to safety related systems, components, including monitoring and control systems, which can cause difficulties in identifying the NPP state.

Also, external impacts of natural and man-made origin, intra-site fires (flooding) and in addition, individual internal impacts can lead to accidents on several Power Units (other nuclear facilities located on the NPP site) if the NPP has several Power Units simultaneously. During further analysis of beyond design basis accidents, the occurred limitations (e.g., in human resources, in the possibilities to use common-plant systems) shall be taken into account, that are imposed on the ability to manage an accident in a situation where the accident is occurred at several Power Units s at once (other nuclear facilities located at the NPP site).

III. Submission of the final list of beyond design basis accidents and its further application

3.1. In accordance with the requirement to include the list of BDBA into the NPP SAR, as described in item 2.1.1 of this Safety Guide, the final list of beyond design basis accidents containing accident scenarios that are not serious, shall be defined in accordance with section 2.6 of this Safety Guide, as well as scenarios of serious accidents defined in accordance with section 2.7 of this Safety Guide, shall be presented in the NPP SAR.

3.2. In accordance with the requirement in item 2.1.1 of this Safety Guide to develop emergency documentation on the basis of the NPP SAR, a realistic (non-conservative) analysis of emergency scenarios included in the final list of beyond design basis accidents shall  be provided in the NPP SAR.

3.3. Based on the analysis mentioned in item 3.2 of this Safety Guide, a guide is being developed to manage beyond design basis accidents, which provides the instructions to the NPP personnel on how to manage beyond design basis accidents. These instructions (guidelines) are based on the signs of events and the state of the RF and the NPP as a whole, as well as on assumptions of the expected development of accidents. Due to the fact that the final list of beyond design basis accidents underpinning the analysis, which is based on the Beyond Design Basis Accident Management Manual, shall meet the requirement of representativeness described in item 2.1.1 of this Safety Guide, and the instructions contained in the Beyond Design Basis Accident Management Manual cover any accident that is physically possible on the NPP Power Unit and allows the NPP operator to take appropriate measures to manage the accident.

Appendix No 1
 to the safety guide in the use of atomic energy "Recommendations to develop the final list of beyond design basis accidents to be accounted in the Design of the Nuclear Power Plants with VVER-type reactors" approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ________________, 2018 No _____

DESIGNATIONS AND ABBREVIATIONS

	ES
	-
	Accident Sequence

	NPP
	-
	Nuclear power plant

	SFP
	-
	Spent fuel pool

	MSIV
	-
	Main Steam Isolation Valve

	BRU-A
	-
	Fast acting steam dump valve for steam discharge into atmosphere

	BRU-K
	-
	Fast acting steam dump valve for steam discharge into condenser

	BRU-SN
	-
	Steam dump valve to auxiliaries system

	PSA
	-
	Probabilistic safety assessment

	RI
	-
	Reactor Internals

	MIV
	-
	Main isolation valve

	CS
	-
	Containment System

	RCP
	-
	Reactor coolant pump

	RCP
	-
	Reactor coolant piping

	ET
	-
	Event Tree

	BDBA
	-
	Beyond-design-basis accident

	IR
	-
	Ionizing radiation

	PORV
	-
	Pilot-operated relief valve

	IE
	-
	Initiating event

	-
	-
	Pressurizer

	 PTL
	-
	Power transmission line

	IAEA
	-
	International Atomic Energy Agency

	MCL
	-
	Minimal controlled power level

	NPP SAR
	-
	Nuclear Power Plant Safety Analysis Report

	CR
	-
	Control rod 

	OSG
	-
	Open Switchyard

	ISAR
	-
	In-depth Safety Analysis Report

	SG
	-
	Steam generator

	SG SV
	-
	SG safety valve

	RW
	-
	Radioactive waste

	RS
	-
	Radioactive substances

	SDGS
	-
	Standby diesel-generator station

	RF
	-
	Reactor facility

	ECCS
	-
	Emergency core cooling system

	HP ECCS
	-
	High pressure ECCS

	LP ECCS
	-
	Low pressure ECCS

	RSDS
	-
	Radioactivity source damage state

	CPS
	-
	Control and protection system

	SSCR
	-
	 Self-sustained Chain Reaction

	SF
	-
	Safety function

	CDW
	-
	Chemically demineralized water

	NM
	-
	Nuclear materials

	NF
	-
	Nuclear fuel

	ATWS
	-
	Anticipated Transient without Scram

	DEC
	-
	Design Extension Conditions

	DEC A
	-
	Design Extension Conditions Category A

	DEC B
	-
	Design Extension Conditions Category B 

	EUR
	-
	European Utility Requirements for LWR Nuclear Power Plants

	WENRA
	
	Western European Nuclear Regulators Association
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TERMS AND DEFINITIONS

	Accident Sequence
	-
	combination of the further events: operating state that preceded disruption of the NPP normal operation, the originating event (failure of the NPP component, personnel error, fire, flooding, external impact of natural or man-induced origin), successful or unsuccessful performance of safety functions by the NPP systems (components), as well as personnel.

	Accidents on the NPP
	-
	operational occurrence at the NPP with a release of radioactive substances and/or ionizing radiation beyond the boundaries stipulated by the NPP design documentation for normal operation in the amounts exceeding the established safe operation limits; an accident is characterized by the initiating event,development scenarios and consequences.

	Intra-site flooding
	
	an event consisting in the creation stipulated water level limits exceeding the normal operation limits of water level in the buildings, civil constructions, constructions or in individual parts (rooms), caused by failures of equipment, piping and other components or human errors of the NPP.

	Itra-site fire
	-
	an event consisting in combustion and burning (up to complete burning) of combustible substances and materials located or circulating in the buildings, constructions, their individual parts (rooms) or on the open area of the NPP site.

	Beyond-design-basis accident
	-
	an accident caused by initiating events not considered for design basis accidents or accompanied by additional failures of safety system elements as compared to design basis accidents in excess of a single failure, by implementation of erroneous personnel decisions.

	Flooding zone
	-
	a room or several rooms of the NPP not having barriers for mutual penetration of water due to various types of linkages and separated from other rooms of the NPP by the availability of such barriers.

	Fire zone
	-
	a room or several rooms of the NPP not having barriers between them that prevent the fire propagatio due to various kinds of linkages and separated from any other NPP rooms by fire resistance barriers or physical segregation.

	Design basis accident
	-
	an accident with the initiating events and the end states defined in the NPP design and the provided safety systems aimed to assure mitigation of its consequences to the limits established for such accidents in case of any failure of a safety system component independent from the initiating event and considered in the NPP design or in case of a human error independent from the initiating event.

	Severe accident
	-
	Severe accident with damage of fuel elements exceeding the maximum design limit.

	Level of severity
	-
	a set of the postulated NPP states where each state is characterized by degree of damage to physical barriers in the way of radioactive substances and (or) ionizing radiation releases to the environment.

	The NPP operational state
	-
	a state of the NPP characterized by the operation limits and conditions set in the NPP design.
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COMPLIANCE 
OF THE FINAL LIST OF BDBA FORMED ACCORDING TO THE PROVISIONS OF NP-001-15 AND SCENARIO OF DESIGN EXTENSION CONDITIONS (DEC), THAT ARE SUBJECT TO BE RECORDED IN THE NPP DESIGN WITH THE IAEA SAFETY STANDARDS, WENRA AND EUR

In compliance with the modern safety standards issued by IAEA <13>, WENRA <14>, EUR <15> a set of beyond design basis accidents shall be defined in the NPP design <16> (DEC) - additional (if compared to scenario considered in the frame of design basis accidents) emergency scenario which should be taken into account during designing with the purpose of further improvement of the NPP safety due to:

--------------------------------

<13> IAEA Safety standards. Safety of the nuclear power plants: designing. Specific safety requirements. N SSR-2/1 (Rev.1). Requirement 20. IAEA, Vienna, 2016.

<14> Requirements of WENRA, mentioned in the document RHWG issued by WENRA are analyzed in this Appendix No 3 to the Safety Guide. Report. WENRA Safety Reference Levels for Existing Reactors. Update in Relation to Lessons Learned from TEPCO Fukushima Dai-Ichi Accident. Issue F. 24th September 2014.
<15> European Utility Requirements (EUR) for LWR Nuclear Power Plants are analyzed in this Appendix No 3 to the Safety Guide. Volume 2. Generic Nuclear Island Requirements. Chapter 1. Safety Requirements. Revision D. October 2012.

<16>  The term "Design extension conditions (DEC)" in official publications of IAEA is translated into Russian as "beyond design basis conditions". In practice, however, the term can be also translated into Russian as "extended design conditions."

increasing of possibilities of the NPP to withstand more significant events and conditions than those that are included in design basis accidents;

minimizing any dangerous impact on population and environment by radioactive emissions as much as is practically reasonable if the above mentioned events or conditions are occurred.

In accordance with WENRA approach, beyond design basis conditions (DEC) have two categories:

DEC A - emergency scenarios for which it is possible <17> to prevent transition of an accident to a more severe stage;

--------------------------------

<17> Using the technical devices provided by the NPP design.

DEC B - emergency scenarios of severe accidents.

In accordance with the provisions of EUR, the first of the above categories of beyond design basis conditions (DEC A) is called "complex sequences" and the second (DEC B) is called "severe accidents".

Analysis of beyond design basis accidents of DEC A category is intended to confirm that the NPP design has technical and organizational measures in place to prevent transition of emergency scenarios in this category to a serious accident. Analysis of beyond design basis accidents of DEC B category  is intended to show that there are feasible technical and organizational mitigation measures under consideration in this category of emergency scenarios.

Thus, the purpose of reviewing emergency scenarios under the DEC A and DEC B categories is to show that certain safety criteria are duly met (preventing severe accidents for DEC A and mitigating radiation exposure for DEC B <18>). In addition, by designing the NPP, in accordance with the approaches under consideration, it is required to ensure that the states leading to early release or large-scale radioactive release are practically excluded <19>.

--------------------------------

<18> For DEC B, according to WENRA approach, it should be shown that the emission of RW is limited over the time and magnitude so that there is sufficient reasonable period to implement protective measures (if they are required) near the NPP and to prevent contamination of large areas for a long period.

<19> A possibility of certain conditions  occurrence may be considered as "virtually excluded" if they are not physically possible or if there is a high degree of confidence in the very low probability of their occurrence.</19>

Goal of compiling the final list of BDBA to meet with the requirements of the federal norms and regulations on the use of atomic energy "General Provisions on Safety Assurance at the Nuclear Power Plants" is more general. The purpose of the indicated list of BDBA is to obtain a representative list of BDBA (responsible for the requirement of representativeness formulated in item 2.1.1 of this Safety Guide) - that is, a list that will allow, based on the results of the analysis of its beyond design basis accidents, to develop such instructions to  manage BDBA <20> instructions on the personnel actions (BDBA management strategies) that will allow the NPP personnel to take the correct action to manage BDBA in any situation, and in the event of highly unlikely scenarios that, in accordance with IAEA Safety Standards, WENRA, EUR, they may be considered as "virtually excluded" and therefore not considered as part of the design terms of the DEC A and DEC B categories).

--------------------------------

<20> As well as Plans of arrangements to protect personnel and population.

Not for all accidents that are in the final list of BDBA, formed in accordance with federal norms and regulations on use of atomic energy "General Provisions on Safety Assurance at the Nuclear Power Plants", generally speaking, it is required to show compliance with the safety criteria established in the regulatory documents. If the developer of the NPP design, in accordance with the requirements of the regulations and the current level of development of science, technology and production (considering, including the approaches of WENRA and EUR), decides for certain categories of beyond design basis accidents to demonstrate compliance with the safety criteria set in the NPP design, it should be taken into account that this approach may be not applied to all beyond design basis accidents included in the final list of BDBA.

Ratio of a set of emergency scenarios included in the final list of BDBA, formed in accordance with federal norms and regulations on use of atomic energy, "General Provisions on Safety Assurance at the Nuclear Power Plants", with the project conditions defined in accordance with WENRA and EUR approaches, is shown in Figure 2.
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Figure 2. Ratio of emergency scenarios included in the final list of BDBA (formed in accordance with the "General provisions on Safety Assurance at the  Nuclear Power Plants") with the beyond design basis conditions of DEC A and DEC B (defined in accordance with WENRA and EUR approaches).

As it can be seen from Figure 2, accidents classified in accordance with WENRA and EUR provisions are included in the final list of BDBA. However, the final list of BDBA also includes accidents not included in DEC A and DEC B.
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COMMON ALGORYTHM 
 TO DEVELOP THE FINAL LIST OF BEYOND DESIGN BASIS ACCIDENTS

	Stage 1. Compiling a list of places where any accident may occur

	
	

	

	Stage 2 Compiling a list of the NPP operational states

	
	
	

	Stage 3 Selecting some initiating events for accidents
	
	

	
	
	

	Stage 4. Identification of non-severe accident scenarios to be included into the final list of beyond design basis accidents
	
	Stage 5. Identification of severe accident scenarios to be included into the final list of beyond design basis accidents

	
	
	

	Final list of beyond design basis accidents
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LIST OF 
EXTERNAL PROCESSES, PHENOMENA AND FACTORS OF NATURAL AND MAN-INDUCED ORIGIN.

I. Hydrological and meteorological processes and phenomena

1.1. Flood

1.2. Tsunami

1.3. Watercourse icing (ice jams, ice gorges)

1.4. Phenomena connected with near shore zone mode (set down, pile ups, storm waves, change of shore line, the NPP site flooding):

1.5. Seiches

1.6. Tides

1.7. Changes in water resources: extremely low flow, abnormal decrease in water level

1.8. Tornado

1.9. Wind, hurricane

1.10. Tropical cyclone (typhoon)

1.11. Rainfall

1.12. Hail

1.13. Snow

1.14. Extreme snow storage

1.15. Atmosphere air temperature (high and also low)

1.16. Snowslide

1.17. Glaze frost

1.18. Lightning stroke

1.19. Sand storms

1.20. Snow storms

II. Geological and engineering-geological processes and phenomena

2.1. Fissure seismic and tectonic displacements, seismic dislocations, seismic and tectonic upheavals and settling of crustal blocks

2.2. Modern differential crust movements including tectonic creep

2.3. Present-day crustal motion

2.4. Residual seismic deformations of crust

2.5. Earthquakes (any genesis)

2.6. Volcanic eruption

2.7. Mud volcanism

2.8. Earthfalls and earth slip-falls;

2.9. Mudflows, snow and stone and crushed gravel-block avalanches

2.10. Water erosion of banks, slopes and streams

2.11. Subsidences and dips

2.12. Congelation and geologic (cryogenic) processes (frost heaving, lode ice thawing and icings)

2.13. Deformations of specific soils due to the development of natural and human-induced processes (thermokast, liquefaction, solifluction and suffosion processes)

2.14. Eolian processes (deflation, blowoff and barchan formation)

2.15. Erosion processes (sheet flood, erosion of soil and grounds, formation of ravines)

2.16. Corrosion aggressiveness of ground and groundwater

2.17. Extreme ground water level

2.18 Climatic (solar) thermal destruction

2.19 Atmosperic corrosion

III. Human induced factors <21>

--------------------------------

<21> For man-induced factors, both sources available outside the NPP site and sources at the NPP site shall be taken into account, but not related to the analyzed NPP Power Unit (common-plant equipment or sources related to the neighboring Power Units of the NPP that has several Power Units).

3.1. Crash of aircraft or other missiles

3.2. Fire due to external reasons <22>

--------------------------------

<22> Fires here are conditionally classified as man-induced factors, although they may have both natural and man-induced (anthropogenic) origin - fires of any origin, which are external to the NPP (NPP Power Unit) are subject to analysis.

3.3. Explosion at stationary and mobile facilities

3.4. Discharges of explosive, flammable and toxic vapors, gases and aerosols into the atmosphere, drifting cloud explosion

3.5. Discharges of toxic fumes, gases and aerosols into the atmosphere

3.6. Radiation accident

3.7. Corrosive liquid discharged into surface and groundwater

3.8. Electromagnet radiation

3.9. Spillage of oils and petroleum products on coastal surfaces of water bodies

3.10. Breach of natural and man-made water reservoirs

3.11. Malfunction in power grids (loss of auxiliary power supply, malfunctions in in external networks) <23>.

--------------------------------

<23> Malfunction in power supply systems can be considered in the scope of internal IE.

IV. External biological impacts

4.1 Impacts of micro-germs

4.2. Impact of water flora and fauna

4.3. Impact of bids and insects

4.4. Impact of terrestrial animals and plants
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EXAMPLE 
OF SUBMISSION OF THE RESULTS TO DEFINE A SET OF THE REQUIRED FUNCTIONS AND WAYS OF THEIR IMPLEMENTATION FOR THE REACTOR FACILITY IN OPERATIONAL STATE WHEN RF IS IN POWER OPERATION MODE

	Safety function
	Way how to implement safety function

	I. Sub-critiality of the reactor
	1. Rod withdrawal (automatic)

	
	2. Rod withdrawal (operator)

	
	3. Emergency boron injection system (operator)

	
	4. System of make-up and boron control + boron consentrate system (operator)

	II. Maintenance of coolant reserve in the primary circuit
	5. Passive core flooding system (passive)

	
	6. High pressure emergency core cooling system (automatic)

	
	7. Low pressure emergency core cooling system (automatic)

	
	8 Chemical and volume control system (operator)

	III. Heat removal from primary circuit via SG
	9. System of main and auxiliary feed water + system of main condensate + BRU-K (automatic)

	
	10. System of main and auxiliary feed water + system of main condensate + BRU-A or SG SV (automatic) + system of chemically cleaned water (operator)

	
	11.  System of main and auxiliary feed water (automatic) + BRU-SN + process condenser system (operator)

	
	12. System of emergency feed water + BRU-A or SG SV (automatic) + system of chemically cleaned water (operator)

	IV. Heat removal from primary circuit via planned cooling down line
	13. Planned cooling down line (operator)

	V. Heat removal from primary circuit in the mode "make-up  - drainage"
	14. Emergency cooling system of high pressure zone + PORV of Condensate System (operator)

	
	15. System of primary circuit make-up + PORV of Condensate System (operator)

	VI. Pressure reduction in primary circuit
	16. Injection system + disconnection of make-up system + opening of purge line (operator)

	
	17. Emergency gas removal system (operator)

	
	18. Disconnection of ECCS of high pressure (operator)

	
	19. PORV of Condensate System (operator)

	VII. Cooling down if primary circuit via SG
	20. Emergency feeding water system + main condensate system + BRU-K (operator)

	
	21. Emergency feeding water system + main condensate system + BRU-A (operator)

	VIII. Secondary circuit integrity
	22. Closure of MSIV or check valve (valve after MSIV) at steam line of the emergency SG (automatic)

	
	23. Closure of MSIV (valve after MSIV) at steam line of the emergency SG (operator)

	
	24. Closure of four MSIV (operator)

	
	25. Closure of BRU-A or valves before them (operator)

	
	26. Closure of BRU-K, BRU-A, SG SV,  isolation of turbine from main steam line (automatic)

	IX. Prossure control in primary circuit 
	27. Pressure compensator safety valve (automatic)

	
	28. Injection system to the compensator (automatic)

	
	29. Disconnection of make-up pumps of primary circuit (operator)

	X. Pressure control in secondary circuit
	30. SG safety valve or BRU-A (automatic)

	XI. Coolant circulation in primary circuit
	31. Opening of valve on emergency gas removal line from SG and reactor (operator)

	XII. Integrity of containment
	32. Closure of containment isolation valves located on boundary of the containment (automatic)

	XIII. Auxiliary power supply system
	33. Auxiliary power supply system for normal operation (automatic or reinstatement by an operator)

	
	34. Emergency power supply system (automatic)

	
	35. Auxiliary power supply system from mobile emergency source (operator)

	XIV. Heat removal to ultimate heat sink
	36. Service water systems of water circulation (automatic)
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EXAMPLE 
OF SUBMISSION OF THE RESULTS TO DEFINE THE REQUIRED SAFETY FUNCTIONS (OR WAYS TO PERFORM SAFETY FUNCTIONS) FOR THE SELECTED GROUPS OF INITIATING EVENTS FOR THE REACTOR FACILITY IN OPERATIONAL STATE WHEN RF IS IN POWER OPERATION MODE

	
	Ways to implement the safety functions <24>

	SF number <25>
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	XIII
	XIV

	Identifier of IE group
	

	IE-1
	1
	5+7
	-
	-
	-
	-
	-
	-
	-
	-
	31
	32
	33 or 34 or 35
	36

	IE-2
	1
	6
	9
	-
	-
	-
	-
	-
	-
	30
	-
	32
	33 or 34 or 35
	36

	IE-3
	1
	6
	9
	-
	-
	-
	-
	25
	-
	30
	-
	32
	33 or 34 or 35
	36

	IE-4
	2
	-
	9
	-
	-
	-
	-
	26
	-
	30
	-
	-
	33 or 34 or 35
	36

	....
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...


--------------------------------

<24> SB implementation number is given according to SB implementation ways numbers that are listed in the table of Appendix No 6 to this Safety Guide.

<25> SB number is given in accordance with the SB numbers listed in the table of Appendix No 6 to this Safety Guide.
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LISTS 
OF BEYOND DESIGN BASIS ACCIDENTS PRESENTED IN THE RUSSIAN REGULATORY DOCUMENTS

A rough list of beyond design basis accidents for the NPP with VVER reactors (federal norms and regulations on the use of atomic energy "Requirements for the content of the report on the safety case at the Nuclear Power Plant Power Unit with the VVER reactor" NP-006-16)

RF states with power operation of the reactor (including MCL) and shutdown states with hot primary circuit

range of expected NPP abnormal operation with coincident failure of emergency protection;

range of primary circuit leakages (within the containment, outside the containment into the adjacent systems, primary-to-secondary leakages) with failures of active ECCS components (with a failure of the normal operation NPP auxiliary power supply system and the emergency power supply system);

range of primary-to-secondary leakages with failure of the damaged SG isolation (scenarios not considered within design basis accidents);

long-term complete blackout of the NPP (loss of the normal operation NPP auxiliary power supply system and the emergency power supply system);

 large-scale primary circuit leakages with additional failures resulting in the containment bypass; <26> Containment;

--------------------------------

<26> Containment bypass - release of primary circuit coolant outside the containment due to breach of density in SG heat-exchange surface (leakage from primary circuit to secondary circuit is occurred) or release of coolant outside the containment due to leakage in primary circuit into the adjacent systems.

rupture of the secondary circuit pipeline with failure of the damaged SG isolation (scenarios not considered within design basis accidents);

failure of normal operation systems and active safety systems removing heat from the RF and SFP to ultimate heat sink;

external impacts of natural and man-induced nature with the intensity exceeding the values considered in the NPP design and also combinations of these impacts.

fires in the NPP rooms and at the NPP site (scenarios not considered within design basis accidents);

flooding in the NPP rooms and at the NPP site (scenarios not considered within design basis accidents);

range of severe accidents (including in-vessel and ex-vessel stages):

1) prolonged blackout of the NPP, leading to the drainage of the SG and boiling of coolant in primary circuit (when measures to reduce pressure in primary circuit are taken and when not), 2) spectrum of leakages of primary circuit within the containment when active elements of ECCS are failed, causing severe damage of fuel  elements inside the core, 3) range of leaks from primary circuit to secondary circuit when active elements of ECCS are failed, leading to severe damage of fuel elements inside the core.

States with the reactor shut down and cold primary circuit

long-term complete blackout of the NPP (loss of the normal operation NPP auxiliary power supply system and the emergency power supply system);

range of primary circuit leakages with coincident additional failures (scenarios not considered within design basis accidents);

accidents in the course of fuel storage and transportation;

accidents in the course of RS and RW handling;

range of severe accidents.

Recommended list of BDBA accidents at the NPP with VVER-type reactors (Safety Guide "Recommendations for the content of the report on the in-depth safety assessment of existing nuclear power plants (NPP In-depth safety assessment" RB-001-05)

Anticipated violations without trip (ATWS)

uncontrolled withdrawal of CPS rods group during start-up or power operation;

loss of feedwater normal flow;

loss of the plant power supply system;

loss of vacuum;

turbine trip;

loss of power supply;

closure of cutoff valves on the steam line;

unintended opening of SG SV or BRU-A or BRU-K.

Other accidents

complete failure of make-up water supply system ("make-up - drainage" procedure);

plant blackout;

small break in combination with complete failure of emergency make-up system;

shutdown of all RCP;

large break not considered in the scope of design basis accidents;

aircraft crash;

shock wave;

earthquake.

Rough list of beyond design basis accidents during nuclear fuel storage and handling (federal rules and regulations in the field of atomic energy "Safety rules for storage and transportation of nuclear fuel at nuclear facilities" (NP-061-05)

occurrence of SSCR for NF storage and handling system;

complete water discharge of the used nuclear fuel from the storage facilities;

falling of process equipment and building structures on the roof of the SNF storage compartments or stored NF;

flooding of repositories of 1 class.

Appendix No 9
 to the safety guide in the use of atomic energy "Recommendations to develop the final list of beyond design basis accidents to be accounted in the Design of the Nuclear Power Plants with VVER-type reactors" approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service dated
 ________________, 2018 No _____

ROUGH LIST OF 
THE PROCESSES THAT CONSTITUTE A THREAD TO INTEGRITY OF PHYSICAL BARRIERS DURING SEVERE ACCIDENTS OCCURRED ON REACTOR FACILITY

1. Burn-up, detonation of hydrogen (other combustible gases) in the atmosphere of containment;

2. High pressure in primary circuit equipment and pipelines is not acceptable <27>;

--------------------------------

<27> Also, the unacceptable combination of pressure and temperature in primary circuit or rate of cooling down in primary circuit, which may be a threat of damage in the reactor vessel like a fragile mechanism, or as a result of the thermal shock

3. Unacceptable high reactive efforts on civil structures if the reactor vessel is damaged due to high pressure in it;

4. Thermal impact of corium on the reactor vessel internal surface;

5. High temperature creep flow of SG tubes;

6. Over-pressurization of the containment (over-evacuation of containment);

7. Melting through concrete basement (foundation) of the containment by Corium <28>;

--------------------------------

<28> Besides break of containment integrity and flow of RAS through the molten foundation into the NPP premises (environment), interaction of Corium and concrete can lead to formation of large quantities of flammable carbon monoxide, which can be a threat to the containment integrity in the event of explosive combustion (detonation) of the indicated gas.

8. Overheat of the containment <29>;

--------------------------------

<29> For example, when hot gases  release from the molten core into the containment atmosphere.

9. Recurrent criticality of the core (Corium);

10. Interaction of the damaged core (Corium) with water.

Appendix No 10
 to the safety guide in the use of atomic energy "Recommendations to develop the final list of beyond design basis accidents to be accounted in the Design of the Nuclear Power Plants with VVER-type reactors" approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ________________, 2018 No _____

EXAMPLE 
HOW TO DETERMINE SEVERE ACCIDENTS SCENARIO THAT ARE TO BE INCLUDED INTO THE FINAL LIST OF BEYOND DESIGN BASIS ACCIDENTS FOR THE REACTOR FACILITY WHEN RF IS IN POWER OPERATION MODE (RF WITH VVER-1000 REACTOR TYPE

A list of physical barriers and their conditions

The following physical barriers are considered for the purpose to determine scenarios of severe accidents at the RF to be included in the final list of BDBA <30>:

--------------------------------

<30> In brackets after the name of the physical barrier, the letter designation assigned to it for the purposes of subsequent analysis presented in this Appendix No 10 shall be duly specified.

fuel matrix and rod cladding, that are combined by the term "fuel element" (FU);

boundary of primary circuit (PC) <31>;

--------------------------------

<31> In the part that is not connected with the reactor vessel integrity. State of the reactor vessel shall be considered individually.

reactor vessel (RV);

reactor facility containment (CN);

The following gradation of physical barriers states can be allocated (they are designated by letters and number for convenience):

Primary circuit boundary (PC)

PC 0 - primary circuit boundary is not damaged;

PC 1 - very small and small damages in primary circuit boundary integrity inside the containment;

PC 1 - medium and large damages of primary circuit boundary integrity inside the containment;

PC 3 - evaporation of primary circuit coolant through PORV of Condensate System

PC 4 - damages in primary circuit boundary integrity in SG <32>;

--------------------------------

<32> If necessary, leakages from the primary circuit to secondary circuit, as well as leakages from the primary circuit outside the containment into the adjacent systems can also be differentiated by the size of leakages (from very small and small, on the one hand, and larger leaks on the other hand).

PC 5 - damages in primary circuit integrity that may lead to a leakage outside the containment into the adjacent systems <33>.

--------------------------------

<33> Strictly speaking, the presented nomenclature of primary circuit boundaries states is not quite perfect, because the allocated states are not mutually exclusive - for example, it is impossible to exclude simultaneous leakages within the containment and leakages outside the containment.  If necessary, this fault can be corrected by adding the states of primary circuit  boundaries into the nomenclature, suggesting availability of leakages both within the containment and outside it.

Fuel elements (FU)

FU 1 - damage of fuel elements in the cores does not exceed the limits set for the design basis accidents (it is possible to de-pressurize totally the fuel elements claddings);

FU 2 - severe damage of core exceeding the established design limits for the design basis accidents, the cooled geometry of the core (or its biggest part) is not broken;

FU 3 - damages in the core cooling geometry, destruction or melting of nuclear fuel.

Reactor vessel (RV)

RV 0 - the reactor vesel is not damaged;

RV 1 - destruction of the reactor vessel at high pressure in primary circuit;

RV 2 - destruction of the reactor vessel at low pressure in primary circuit;

Reactor facility containment (CN):

CN 0 - the containment clearance loss doesn't exceed the value of design leakages;

CN 1 - damage of the containment with clearance loss sizes, doesn't exceed the design value of leakage to the moment when the accident is occurred or at the initial period of the accident. The causes of such clearance loss may be non-closure of insulation devices on the penetrations through the containment or damage of the containment due to the impact of emergency processes (pressure, temperature, flying objects, shock effects during detonation of combustible gases, etc.). Availability of such clearance loss may lead to an emergency release of RAS outside the containment;

CN 2 - damage of the containment due to melting of the concrete foundation, leading to the release of Corium into the premises of the NPP and the release of RAS into the environment;

CN 3 - the containment bypass when there is a leakage from primary circuit to secondary circuit or when there is a leakage outside the borders of containment into the adjacent systems. This gradation also examines the condition of damage to SG heat exchange tubes caused by the high temperature creep of their metal.

List of physical processes that is a thread to the integrity of physical barriers during severe accident

The analysis shall take into account the processes that pose a threat to the integrity of physical barriers in a severe accident, presented in Appendix No 9 to this Safety Guide, namely:

1) burn-up (detonation) of hydrogen (other combustible gases) in the atmosphere of containment;

2) high pressure in primary circuit equipment and pipelines is not acceptable;

3) reactive efforts and release of corium when the reactor vessel bottom is melted due to high pressure in primary circuit;

4) thermal impact of corium on the reactor vessels;

5) high temperature creep flow of SG tubes;

6) over-pressurization of the containment;

7) melting through concrete foundation of the containment by Corium;

8) overheat of the containment.

Implementation of the threat associated with the first of indicated phenomena (hydrogen detonation in the containment) can transfer the containment from the state CN 0 to the state CN 1.  Implementation of threats related to the sixth or eighth events of the above mentioned list may have the same consequences.

Implementation of threat related to the second of the above events can lead to transition from the state PC 0 to the state PC 2.

Implementation of the threat associated with the third of the above events can damage the reactor's tubes due to the reactive efforts that occur when the reactor vessel is melted at high pressure, as well as (possible) damage to the integrity of the containment. At the same time, the reactor vessels goes from the state RV 0 to RV 1, and it is also possible to transfer the containment from the state CN 0 to CN 1.

Implementation of the threat associated with the fourth of the above mentioned phenomena leads to damage in integrity of the reactor vessel due to corium melting.  At the same time, the reactor vessel transits from the state RV 0 to RV 1 or RV 2 (depending on the pressure in primary circuit).

Implementation of the threat associated with the fifth of the above mentioned phenomena may occur in the case of a strong heating of SG tubes (for example, in a situation where there is drainage of primary circuit, with heating and damage of the core, while there is no heat removal from the SG in secondary circuit), which may lead to their de-pressurization and, accordingly, by-pass in the containment is occurred and the containment is transferred into the state CN3.

Implementation of the threat associated with the seventh of the indicated phenomena can transit the containment from the state CN 0 to the state CN 2. 

The NPP state severity level

The NPP state severity level is designated by four digit code in compliance with the scheme[PC] [FU] [RV] [CN]. For example, the code 2100 is referred to the state of the NPP Power Unit in the presence of a large or medium damages in integrity of primary circuit coolant boundary with damage of the fuel elements within the limits set for design basis accidents and no damage of the reactor vessel and containment is available. If the NPP safety systems are operated in the design mode, the state will be stable, and the accident itself can be classified as design basis accident. If SF is failed, for example, the pumps of ECCS of HP and LP are not started, then there the core is drained and warmed up  and after a certain period there is a stage of severe damage of the core (severe stage), i.e. the NPP Power Unit is transited in to the state of 2200, and then, after a complete violation of the cooled geometry, melting and collapse of the core structure - in the state of 2300. Further development of this accident can lead to melting of the reactor vessel bottom and release of fuel melt into the reactor pit, i.e. transition of the NPP Power Unit to the state of 2320, and then to the containment foundation melting, i.e. transition to the state of 2322.

Transition to a more severe state can be prevented (or delayed) if safety systems, special technical devices to manage BDBA, other technical means, as well as the NPP personnel actions to support the relevant SF shall be performed successfully.

Number of the NPP possible states with different severity levels of the NPP is determined by the number of possible combinations of the physical barrier states gradation. However, not all combinations obtained in such a way can be practically implemented. For example, damage of the reactor vessel at low pressure (state RV 2) is possible only after a significant degradation of the cooled geometry and complete melting of the core, i.e. only when state of FU 3 is implemented. Damage of the vessel at high pressure (state RV 1) is possible when no violation of integrity of the primary circuit boundaries is presented or in the case when small damage is occurred in it (state PC 0 or PC 1), when coolant is evaporated through the safety valves of the pressure compensator (state PC 3 ), when integrity of the primary circuit boundaries in SG is failed (state PC 4 ) or when integrity of primary circuit  boundaries is violated, or when integrity of primary circuit boundaries is violated leading to leakages outside the containment into the adjacent systems (state PC 5).

The same is referred to the containment state CN 2. It can be possible only if the reactor vessel is damages, i.e when states RV 1 and RV 2 are occurred.

State CN 3 is possible when SG is not isolated and the reactor internals, forming the boundary of primary circuit are damaged, or when steam collection devices operate in emergency SG when there are leakages from primary circuit to secondary circuit.

The levels of the NPP state severity that are remained after screening postulated in the analysis, are represented in Table 2.

Table 2. The NPP states severity levels postulated in the analysis

	Physical barriers states
	Number of severity levels
	Codes of severity levels

	Primary circuit (PC)
	Fuel elements (FU)
	Reactor vessel (RV)
	Containment (CN)
	
	

	0
	1
	0
	0
	1
	0100

	1
	1

2
	0
	0

1
	12
	1100, 1101 1200, 1201

	
	3
	0
	0

1

3
	
	1300

1301

1303

	
	
	1
	1
	
	1311

	
	
	2
	0

1

2

3
	
	1320

1321

1322

1323

	2
	1

2
	0
	0

1
	11
	2100, 2101 2200, 2201

	
	3
	0
	0

1

3
	
	2300

2301

2303

	
	
	2
	0

1

2

3
	
	2320

2321

2322

2323

	3
	1

2
	0
	0

1
	12
	3100, 3101 3200, 3201

	
	3
	0
	0

1

3
	
	3300

3301

3303

	
	
	1
	1
	
	3311

3320

3321

3322

3323

	
	
	2
	0

1

2

3
	
	

	4
	1

2
	0
	0

3
	11
	4100, 4103 4200, 4203

	
	3
	0
	0

3
	
	4300

4303

4311

4313

	
	
	1
	1

3
	
	

	
	
	2
	0

2

3
	
	4320

4322

4323

	5
	1

2
	0
	0

3
	11
	5100, 5103

5200, 5203

	
	3
	0
	0

3
	
	5300

5303

5311

5313

	
	
	1
	1

3
	
	

	
	
	2
	0

2

3
	
	5320

5322

5323


Generalized trees of events

It is advisable to develop generalized trees of event for the initiating events that determine the states of primary circuit (PC) boundary.  In this case, all emergency scenarios can be divided into five groups according to the selected groups of states of primary circuit boundaries:

transition processes without any leakages in primary circuit;

small and very small leakages from primary circuit inside the containment;

medium and large leakages from primary circuit inside the containment;

leakages from primary circuit into secondary circuit;

leakages from primary circuit outside the containment into the adjacent systems.

The names of original and intermediate events shall be placed in headlines of generalized tree of events from left to right, and characteristics of the end states (gravity levels and their codes) shall be placed on the right.

Generalized trees of events are mentioned below for each of the five groups of states indicated above related to primary circuit boundary.  In generalized trees of events, SF and measures to manage accidents are presented in a generalized form.

Accidents when primary circuit boundary is not damaged

This group of scenarios includes BDBA without damaging integrity of the boundaries of primary circuit (PC 0), <34>, failure to comply with SF to ensure the sub-criticality of the reactor and/or heat removal from the reactor to ultimate heat sink  of these functions can result in during BDBA that primary circuit coolant through the pressure compensator safety valves (PC 3) with the further uncover and severe damage of the core up to its total melting and the possible destruction of the reactor vessel at high or low pressure. Another potential mechanism to destruct  the reactor vessel may be an unacceptable combination of pressure and temperature in primary circuit, which does not meet the criteria of fragile strength, as well as quick cooling down on the side of secondary circuit, leading to excessive temperature impact on the reactor vessel. At the same time, the level of the core damage, as well as conditions of damage of the reactor vessel (high or low pressure in primary circuit), shall depend on effectiveness of measures taken to manage such accidents in order to prevent severe consequences.

--------------------------------

<34> Accidents related to reactivity violations, failures that cause the reactor to trigger emergency protection, unauthorized emergency protection triggers, violations of normal heat removal from the core to ultimate heat sink, leakages in steam lines and feed-water pipelines, damages in supply systems (auxiliary power supply suystem, service water supply, ventilation, etc.).

Figure 3 shows the generalized tree of events for accidents without disrupting integrity of primary circuit boundary (except for scenarios with thermal impact on the reactor vessel when secondary circuit pipelines rupture is occurred, requiring separate analysis).  The following SF and measures to manage accident shall be considered as interim events:

A- switching and maintenance of the reactor in the sub-critical state;

P- maintenance of coolant reserve in primary circuit and heat removal from the core;

ZO - containment isolation (isolation of the containment shall be considered as a part of this function, as well as assurance of the containment integrity - measure to prevent unacceptable increase in pressure shall be taken, against damage of the containment due to direct heating, as well as against detonation if combustible gases, including operation of sprinkling system, hydrogen removal system, controlled release outside the containment);

P1- measures to manage the accidents, implementation of which shall prevent damage of the core up to the limits stipulated for design basis accidents;

P2- measures to manage the accidents, implementation of which shall prevent complete melting of the damaged core;

P3- measures to manage the accidents, implementation of which shall prevent the reactor vessel damage <35>;

--------------------------------

<35> These measures also cover actions to prevent primary circuit pressure from exceeding the pressure to unacceptable values in the event of a failure to open (or subsequent failure during operation) of PORV of Condensate System.

L- reducing pressure in primary circuit to prevent damage of the reactor vessel at high pressure;

ZO1 - accident management measures that prevent melting of the containment bottom;

ZO2 - accident management measures that prevent high-temperature creep of SG tubes.

As the initiating event, it is accepted to completely blackout of the NPP auxiliary power supply system (loss of external power supply of the NPP when EDGS start-up is failed).

State of physical barriers on this and subsequent trees of events are in line with the above mentioned data in "Physical Barriers list and their states" of this Appendix No 10 to the Safety Guide.
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Figure 3. The generalized tree of events for an accident without violating integrity of primary circuit boundary

The end state, characterized by the level of severity 0100, which it occurred in the case of implementation of emergency sequence 1, shall correspond to the design process, in which there is no damage to physical barriers beyond the design limits.

The end state with the severity level of 3100 shall occur in case when the emergency sequence AP 2 is implemented. This AP shall correspond to beyond design basis flow of transition processes, due, for example, to failure of SF to remove heat through secondary circuit at the initial stage of emergency process. This development of emergency processes can lead to such situation when a part of primary circuit coolant is boiled through safety valves (PC 3). Further development of the accident in accordance with AP 2 suggests that the measures used to manage BDBA aimed to prevent more severe damage of the core, and as a result of which conditions to damage the reactor vessel at high pressure are not created.  The containment state for AP 2 shall correspond to design basis conditions. The state of 3100 is implemented when BDBA is occurred, which has no severe consequences.

The end state with severity level of 3101 (AP 3) shall differ from the state with severity gravity level of 3100 in such a way that size of clearance losses in the containment exceeds design basis limits. This can lead to release of RAS during the accident into the environment and exceed in the design basis limits related to the radiation impact for design basis accidents.

The end state with severity level  3200 (AP 4) is characterized by severe fuel damage in the core, the level of which exceeds the limits set for design basis accidents (complete violation of cooling geometry and melting of the core can be prevented due to measures taken to manage the accident), absence of any damages in the reactor vessel and size of clearance losses in the containment shall not exceed design basis limits. It should be noted, however, that for the state of 3200 it is possible to exceed the limits set for design basis accidents on radiation exposure due to increased release of RAS from the reactor facility into the containment area if compared with design basis accidents.

The end state with severity level 3201 (AP 5) shall be different from the ultimate state with severity level 3101 due to larger volumes of RAS releases to the environment because of more severe damage of the core.

The end state with severity level of 3300 (AP 6) is characterized by destruction of the core, in which damage of the reactor vessel at high and low pressure in primary circuit is prevented and the design density of the containment can be duly maintained.

The end state with severity level of 3303 (AP 7) is implemented if no measures are taken to eliminate the high-temperature creep in SG tubes (when the core is melted it is possible to overheat SG tubes, with subsequent violation of their integrity in absence of cooling on the side of secondary circuit), which leads to the situation when a bypass is occurred in the containment and RAS are released into the environment.

The end state with severity level 3301 (AP 8) shall be similar to the state with severity level 3201 and it's different due to larger volumes of RAS releases to the environment because of more severe damage of the core.

The end state with level of severity 3320 (AP 9) is characterized by a complete melting of the core, damage of the reactor vessel at low pressure in primary circuit and no damage in the containment is occurred, including due to the measures taken to prevent melting of the containment basement.

The end state with level of severity 3323 (AP 10) is characterized by the complete melting of the core, damage of the reactor vessel at low pressure in primary circuit and damage of integrity of primary circuit boundary in SG, leading to bypass in the containment and release of RAS into the environment due to failure to take measures to eliminate the high-temperature creep of SG tubes.

The end state with level of severity 3322 (AP 11, 12) is different from the state with severity level of 3320 in such a way that there is a melting in the containment basement and release of corium beyond its limits, which can lead to release of RAS outside the containment, release of combustible gases generated from interaction of corium with concrete inside the containment, which can also lead to additional damage of the caontainment.

The end state with severity level of 3311 (AP 13) is characterized by complete melting of the core and damage of the reactor vessel at high pressure in primary circuit, which can lead to dependent damage of the containment and subsequent release of RAS into the environment.

Accidents with small or very small damages of primary circuit integrity within the containment

This group of scenarios includes small and very small leakages from primary circuit within the containment (PC 1) that are resulted from damage of primary circuit pipelines and related systems. The equivalent diameter of such leakages is less than 50 mm. If any leakage is occurred in this group, energy that is withdrawn from the core fuel elements into the leakage does not exceed the energy of residual heat. In the course of the accident development, the pressure in primary circuit is reduced, not exceeding the pressure of ECCS hydro-accumulator  without taking any additional measures to reduce the pressure.

Figure 4 shows the generalized tree of events for this category of BDBA, which considers the following generalized safety functions and accident management measures as interim events:

A- switching and maintenance of the reactor in the sub-critical state;

F- maintenance of coolant reserve and heat removal from the core;

ZO- the containment isolation;

F1- measures to manage the accidents, implementation of which shall prevent damage of the core up to the limits stipulated for design basis accidents;

F2- measures to manage the accidents, implementation of which shall prevent complete melting of the core;

F3- measures to manage the accidents, implementation of which shall prevent the reactor vessel damage;

L- reducing pressure in primary circuit to prevent damage of the reactor vessel at high pressure;

ZO1 - accident management measures that prevent melting of the containment bottom;

ZO2 - accident management measures that prevent high-temperature creep of SG tubes.

Small leakage (Dn50) of primary circuit inside the containment is considered as an initiating event.
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Figure 4. Generalized tree of events for the accident with a small and very small damage of integrity in primary circuit boundary

The end state with severity level of 1100 (AP 2) can occur when the processes are carried out in design basis limits, when degree of damage of nuclear fuel in the core does not exceed the limits set for design basis accidents, when there is no damage of the reactor vessel and the state of the containment is in compliance with the design basis conditions.

The end state with severity level of 1101 (AP 3) is different from the state of 1100 in such a way that the size of clearance losses in the containment exceeds the value of design basis leakage, which can lead to the early release of the RAS during the accident into the environment and exceeding the established design basis limits on radiation exposure for the emergency conditions.

The end state with severity level of 1200 (AP 4) is characterized by severe damage of fuel elements in the core, the degree of which exceeds the limits set for design basis accidents, absence of any damages in the reactor vessel and size of clearance losses in the containment that are not exceeding the design basis leakage. However, that for the state of 1200 it is possible to exceed the limits set for design basis accidents on radiation exposure due to increased release of RAS from the reactor facility into the containment area if compared with design basis accidents.

The end state with severity level 1201 (AP 5) shall be different from the ultimate state with severity level 1101 due to larger volumes of RAS releases to the environment because of more severe damage of the core.

The end state with severity level 1300 (AP 6) is characterized by complete destruction of the core (considerable degradation of cooling geometry), in which damage of the reactor vessel at high and low pressure in primary circuit is prevented and the design density of the containment can be duly maintained.

The end state with the level of severity 1303 (AP 7) is implemented if no measures are taken to eliminate the high-temperature creep in SG tubes (when the core is melted it is possible to overheat SG tubes, with subsequent violation of their integrity in absence of cooling on the side of secondary circuit), which leads to the situation when a bypass is occurred in the containment and RAS are released into the environment.

The end state with severity level 1301 (AP 8) shall be similar to the state with severity level 3201 and it's different due to larger volumes of RAS releases to the environment because of more severe damage of the core.

The end state with level of severity 1320 (AP 9) is characterized by a complete melting of the core, damage of the reactor vessel at low pressure in primary circuit and no damage in the containment is occurred, due to the measures taken to prevent melting of the containment basement.

The end state with the level of severity 1323 (AP 10) is implemented if no measures are taken to eliminate the high-temperature creep in SG tubes (when the core is melted it is possible to overheat SG tubes, with subsequent violation of their integrity in absence of cooling on the side of secondary circuit), which leads to the situation when a bypass is occurred in the containment and RAS are released into the environment.

The end state with severity level of 1322 (AP 11, 12) is different from the state with severity level of 1320 in such a way that there is melting of the containment basement and corium is released outside its boundaries, which may lead to further release of radioactive substances outside the containment.

The end state with severity level of 1311 (AP 13) is characterized by complete melting of the core and damage of the reactor vessel at high pressure in primary circuit, which can lead to dependent damage of the containment and subsequent release of RAS into the environment.

Medium and large damages of primary circuit boundary integrity inside the containment;

This group of scenarios includes medium and large leakages from primary circuit within the containment (PC 2), which may result in damage of pipelines (equipment) of primary circuit and related systems, the size of which shall exceed Dn50, when energy that is removed from the core with leaking coolant shall be more than the energy of residual heat.

Figure 5 shows the generalized tree of events for this category of BDBA, which considers the following safety functions and BDBA management measures as interim events:

A- switching and maintenance of the reactor in the sub-critical state (it's required for medium leakages from primary circuit, not required for large leakages);

H- maintenance of coolant reserve and heat removal from the core;

ZO - the containment isolation;

H1- BDBA management measures (actions) implementation of which can prevent complete melting of the core (violation of the core cooling configuration shall be prevented);

F2- measures to manage BDBA, implementation of which shall prevent the reactor vessel damage;

ZO1 - BDBA management measures that prevent melting of the containment basement;

ZO2 - BDBA management measures that prevent high-temperature creep of SG tubes.

Large leakage (Dn850) of primary circuit inside the containment is considered as an initiating event.

The end state with severity level of 2100 (AP 1) can occur when the processes are carried out in design basis limits, when degree of damage of nuclear fuel in the core does not exceed the limits set for design basis accidents, when there is no damage of the reactor vessel and the state of the containment is in compliance with the design basis conditions.

The end state with severity level of 2101 (AP 2) is different from the state of 2100 in such a way that the size of clearance losses in the containment exceeds the value of design basis leakage, which can lead to the early release of the RAS during the accident into the environment and exceeding the established design basis limits on radiation exposure.

The end state with severity level of 2200 (AP 3) is characterized by severe fuel damage in the core, the degree of which exceeds the limits set for design basis accidents (while maintaining cooling geometry, at least for part of the core), absence of any damages in the reactor vessel  <36> and size of clearance losses in the containment shall not exceed the design basis limits. It should be noted, however, that for the state of 2200 it is possible to exceed the limits set for design basis accidents on radiation exposure due to increased release of RAS from the reactor facility into the containment area if compared with design basis accidents.

--------------------------------

<36> Unlike small leakages, it is assumed that damage to the reactor vessel can occur only when pressure is low.

The end state with severity level 2201 (AP 4) shall be different from the end state with severity level 1101 due to larger volumes of RAS releases into the environment because of more severe damage of the core.

The end state with severity level 2300 (AP 5) is characterized by complete destruction of the core, in which damage of the reactor vessel at high and low pressure in primary circuit is prevented and the design density of the containment can be duly maintained.

The end state with severity level of 2303 (AP 6) is realized if no measures are taken to eliminate the high-temperature creep of SG tubes (in the case the core is melted and  "hydro seals" are available in the loops of the Reactor coolant pipeline it is possible to implement a mode that can lead to overheating of SG tubes, with further damage of their integrity) in case lack of cooling on the side of secondary circuit is available). It may lead to occurrence of bypass in the containment and release of RAS into the environment.

The end state with severity level 2301 (AP 7) shall be similar to the state with severity level 2201 and it's different due to larger volumes of RAS releases to the environment because of more severe damage of the core.

The end state with level of severity 2320 (AP 8) is characterized by a complete melting of the core (considerable degradation of the core cooling geometry), damage of the reactor vessel at low pressure in primary circuit and no damage in the containment is occurred, due to the measures taken to prevent melting of the containment basement.

The end state with the level of severity 2303 (AP 9) is implemented if no measures are taken to eliminate the high-temperature creep in SG tubes (when the core is melted it is possible to overheat SG tubes, with subsequent violation of their integrity in absence of cooling on the side of secondary circuit), which leads to the situation when a bypass is occurred in the containment and RAS are released into the environment.

The end state with severity level of 2322 (AP 10) is different from the state with severity level of 1320 in such a way that there is melting of the containment basement and corium is released outside its boundaries, which may lead to further release of radioactive substances outside the containment.

The end state with severity level of 2321 (AP 11) is different from the state with severity gravity level of 2320 in such a way that size of clearance losses in the containment exceeds design basis leakage.

[image: image5.png]©ymxumm Geso-

acroctn Mepst 1o ympasesio apapieli x| Yoosem
TaecT

AuH [ zo [ zo, [ zo,
1 2100
2 2101
3 2200
4 2201

all





Figure 5. Generalized tree of events for accidents with large and medium damages of integrity of primary circuit boundary within the containment

Damages in SG primary circuit integrity

Leakages from primary circuit into secondary circuit (PC 4) may occur as a result of ruptures in one or more heat exchange tubes, as well as damages in header or removal of steam generator header lid.

BDBA in such events may occur as a result of failure to perform safety functions associated with switching and maintaining of the reactor into a sub-critical state, maintaining the coolant reserve in the core, removal of heat from the core and isolating the emergency steam generator from secondary circuit and the environment.

Figure 6 shows Generalized tree of events for BDBA in this category.

Names of the interim events may have the following meaning:

A- switching and maintenance of the reactor in the sub-critical state;

Z- isolation of emergency steam generator in secondary circuit;

R- maintenance of coolant reserve and heat removal from the core when the emergency SG is isolated;

R1- measures to manage BDBA, implementation of which shall prevent damage of the core up to the limits stipulated for design basis accidents, when the emergency SG is isolated;

R2- measures to manage BDBA, implementation of which shall prevent complete melting of the core, when the emergency SG is isolated;

R3- measures to manage BDBA, implementation of which shall prevent damage of the core vessel, when the emergency SG is isolated;

L- reducing pressure in primary circuit to prevent damage of the reactor vessel at high pressure, when the emergency SG is isolated;

Z0- maintenance of coolant reserve and heat removal from the core when the emergency SG is not isolated;

Z1- measures to manage BDBA, implementation of which shall prevent damage of the core up to the limits stipulated for design basis accidents, when the emergency SG is not isolated;

Z2- measures to manage BDBA, implementation of which shall prevent complete melting of the core, when the emergency SG is not isolated;

Z3- measures to manage BDBA, implementation of which shall prevent damage of the core vessel, when the emergency SG is not isolated;

ZO1 - BDBA management measures that prevent melting of the containment basement;

ZO2 - BDBA management measures that prevent the containment bypass (including due to high temperature creep of SG tubes).

The end state with severity level of 4100 (AP 2) is occurred when the processes are operated in design basis limits, when the degree of the core fuel elements damage does not exceed the limits set for design basis accidents and the emergency SG is isolated from secondary circuit and the environment within a short period after the accident is occurred.

The end state with severity level of 4103 (AP 3 and 13) is different from the end state with severity level of 4100 with a longer period to achieve the emergency SG isolation (due to implementation of  measures to manage BDBA), as a result of which it is possible to release a large amount of coolants together with the RAS that are released during the accident into the environment.

The end state with severity level of 4200 (AP 4) is different from the state with severity level of 4100 by more extent of the core damage. Considerable degradation of cooling geometry due to the core melting can be prevented because of BDBA management actions.

The end state with severity level of 4203 (AP 5 and 14) is different from the state with severity level of 4103 by more extent of the core damage.

The end state with severity level of 4300 (AP 6) shall correspond to complete melting of the core, but thanks to BDBA management measures (actions),  damage of the reactor vessel can be prevented.

The end state with severity level of 4303 (AP 7 and 15) is different from the state with severity level of 4203 by more extent of the core damage (the core cooling geometry is lost).

The end state with level of severity 4320 (AP 8) is characterized by a complete melting of the core, damage of the reactor vessel at low pressure in primary circuit and no damage in the containment is occurred, due to the measures taken to prevent melting of the containment basement.

The end states with severity levels of 4322 (AP 9) and 4323 (AP 16) are different from the state with severity level of 4320 in such a way that in these states either the containment basement is melted and corium is released outside its boundaries including the related release of RAS into the environment, or to the moment when the reactor vessel is destroyed, the containment bypass is occurred.

The end states 4311 (AP 10) and 4313 (AP 11 and 17) are characterized by damage of the reactor vessel at high pressure in primary circuit and the dependent failure of the containment system, or the containment bypass is available.
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Figure 6. Generalized tree of events for accidents with damages of integrity of primary circuit boundary in SG
Damage of primary circuit integrity that may lead to a leakage outside the containment into the adjacent systems

Leakages outside the containment (PC 5) may occur as a result of ruptures of the systems associated with primary circuit (e.g., feeding and purging system) located outside the containment.

BDBA in such events may occur due to non-performance of SF, associated with isolation of the leakage places from primary circuit, switching and maintenance of the reactor in to sub-critical state, maintenance of the coolant reserve in the core, as well as heat removal from the core.

Figure 7 shows Generalized tree of events for BDBA in this category.

Names of the interim events may have the following meaning:

C- the containment isolation;

A- switching and maintenance of the reactor in the sub-critical state;

P- maintenance of coolant reserve and heat removal from the core;

P1- measures to manage BDBA, implementation of which shall prevent damage of the core up to the limits stipulated for design basis accidents;

P2- measures to manage BDBA, implementation of which shall prevent complete melting (considerable degradation of cooling geometry) of the damaged core;

P3- measures to manage BDBA, implementation of which shall prevent the reactor vessel damage;

L- reducing pressure in primary circuit to prevent damage of the reactor vessel at high pressure;

ZO1 - BDBA management measures that prevent melting of the containment basement;

C0- isolation of primary circuit leakage outside the containment within a short period after an accident is occurred;

C1 - isolation of leakage over the time when the core damage level doesn't exceed the design limits;

C2- isolation of leakage over the time when the core melting shall be completely prevented;

C3- isolation of leakage over the time when the core vessel damage shall be prevented.

Emergency sequences 1 - 7, leading to the end states with severity levels 0, 2, 4, 6, 7, 9 respectively shall be implemented when the leakage is isolated in the short time after the accident is occurred and its consequences are similar to those that are valis for transition modes (PC 0).

Emergency sequences 8 - 13, leading to the end states with severity levels 0, 1, 3, 5, 8, 9 respectively shall be implemented in absence of any leakages during different periods, which may lead to releases due to availability of the containment bypass.
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Figure 7. Generalized tree of events for accidents when primary circuit integrity is damaged leading to leakages into the adjacent systems

Identification of severe accidents scenarios to be included into the final list of beyond design basis accidents

Based on the analysis of the generalized trees of events, that are presented above, scenarios of severe accidents to be included in the final list of BDBA shall be duly defined. Scenarios of severe accidents shall be included into the indicated list so that they together cover all the levels of severity available in the generalized trees of events. Table 3 lists the scenarios of severe accidents, covering all the levels of severity available at the tree of events in Figure 3 to 7, and to be included in the final list of BDBA.

Table 3. An example of detailed presentation of scenarios of severe accidents to be recorded in the final list of BDBA

	The NPP severity level
	The generalized tree of events
	Emergency scenario
	Notes

	3200
	Figure 3
	1. Longterm blackout of the NPP, that can lead to water boiling in SG and primary circuit coolant (through PORV of Condensate System), uncovering of the core and fuel damage above the design limits, as well as zirconium-steam reaction with hydrogen release into the containment atmosphere.
	

	3200
	-//-
	2. Break of SG steam line when emergency SG is failed and longterm blackout of the NPP is overlapped, that can lead to water boiling in SG and primary circuit coolant (through PORV of Condensate System), uncovering of the core and fuel damage above the design limits, as well as zirconium-steam reaction with hydrogen release into the containment atmosphere. 
	

	3201, 1201
	-//-
	3. Scenario No 1 is accompanied by disclosure of the containment isolation devices (or by any other similar clearance losses in the containment, exceeding the design value of leakage).
	It is assumed that after transition into a severe stage, the further development of scenarios No 1 and 2 shall be identical and, accordingly, starting from this stage, BDBA management strategies shall be similar.

	3300, 3303
	-//-
	4. Continued development over the time  Scenario No 1, may lead to melting of the core fuel (up to complete violation of the cooling geometry in the core), as well as to destruction of SG tubes due to high-temperature creep
	Analysis can be carried out in combination with the analysis of the scenario No 1.

	3301, 1301
	-//-
	5. Scenario No 12 is accompanied by disclosure of the containment isolation device (or by any other similar clearance losses in the containment, exceeding the design value of leakage).
	

	3320
	-//-
	6. The further development of the scenario No 4 is accompanied by the measures to reduce pressure in primary circuit that can lead to the reactor vessel destruction when pressure in primary circuit is low.
	Analysis can be carried out in combination with the analysis of the scenario No 1.

	3322, 1322, 2322, 4322, 5323
	-//-
	7. The further development of the scenario No 6 can lead to concrete basement melting and release of corium into the NPP premises.
	Analysis can be carried out in combination with the analysis of the scenario No 1.

	3312, 1312, 4312, 5313
	-//-
	8. The further development of the scenario No 4 can lead to the reactor vessel destruction when the pressure is high as well as to concrete basement melting and release of corium into the NPP premises.
	Analysis can be carried out in combination with the analysis of the scenario No 1.

	1200, 5203
	Figure 4
	9. Small leakage in primary circuit within the containment when active ECCS is failed that may lead to the core uncover and damage of the fuel above max. design limit.
	

	1300, 5303
	-//-
	10. The further development of the scenario No 9 can lead to fuel damage or melting (complete violation of the core cooling geometry).
	Analysis can be carried out in combination with the analysis of the scenario No 9.

	1320
	-//-
	11. The further development of the scenario No 10 is accompanied by the measures to reduce pressure in primary circuit that can lead to the reactor vessel destruction when pressure in primary circuit is low.
	Analysis can be carried out in combination with the analysis of the scenario No 9.

	2200
	Figure 5
	12. Large leakage in primary circuit within the containment when active ECCS is failed that may lead to the core uncover and damage of the fuel above max. design limit.
	

	2201
	-//-
	13. Scenario No 12 is accompanied by disclosure of the containment isolation device (or by any other similar clearance losses in the containment, exceeding the design value of leakage).
	

	2300
	-//-
	14. The further development of the scenario No 12 can lead to nuclear fuel complete damage or melting (considerable degradation of the core cooling geometry).
	Analysis can be carried out in combination with the analysis of the scenario No 12.

	2301
	-//-
	15. Scenario No 14 is accompanied by disclosure of the containment isolation devices (or by any other similar clearance losses in the containment, exceeding the design value of leakage).
	

	2320
	-//-
	16. The further development of the scenario No 12 that can lead to the reactor vessel destruction when its pressure is low.
	Analysis can be carried out in combination with the analysis of the scenario No 12.

	4203
	Figure 6
	17. Rupture of SG tube where place of leakage is not isolated may led to lack of water in the tanks of active ECCS, which resulted in uncover of the core and damage of the fuel above max. design limit.

18. Rupture of SG header where place of leakage is not isolated may led to lack of water in the tanks of active ECCS, which resulted in uncover of the core and damage of the fuel above max. design limit.
	

	4303
	-//-
	19. The further development of the scenario No 17 can lead to complete fuel damage or melting (violation of the core cooling geometry).
	Analysis can be carried out in combination with the analysis of the scenario No 12.

	4323
	-//-
	20. The further development of the scenario No 17 that can lead to the reactor vessel destruction when its pressure is low.
	Analysis can be carried out in combination with the analysis of the scenario No 12.


Alternative (generalized) method to present the sever accidents scenarios in the final list of BDBA is presented in Table 4.

Table 4. An example of generalized presentation of scenarios of severe accidents to be included into the final list of BDBA

	No.
	Emergency scenario
	Notes

	1
	Longterm blackout of the NPP, that can lead to water boiling in SG and primary circuit coolant (through PORV of Condensate System), uncovering of the core and fuel damage above the design limits, as well as zirconium-steam reaction with hydrogen release into the containment atmosphere. Emergency scenario shall be analyzed both in the variant with successful closure of the containment isolating valves (or any other clearance losses in the containment, exceeding the design value of leakage).

Subsequently, the emergency scenario shall be accompanied by the core melting when corium is generated, and it's moved  down the intra-vessel space, interaction of corium with the vessel in the conditions when measures to reduce the pressure in primary circuit are taken and when they are not taken, as well as in the conditions when measures to prevent damage in the reactor vessel are taken and when they are not taken.

If measures to prevent the reactor vessel from melting are not successful, melting of the vessel at high and low pressure in primary circuit shall be duly analyzed
	When the analysis is performed BDBA management strategies are subject to justification on the following stages:

- start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core);

- significant degradation of cooling geometry (melting) of the core (the reactor vessel is remained solid);

- movement of corium and interaction of corium  with the reactor vessel (measures to reduce pressure in primary circuit, measures to prevent damage of the reactor vessel, for example, by cooling shall be taken);

- heating of the metal in SG tubes up to the temperature when thermal creep is generated;

- the reactor vessel melting when primary circuit pressure is high;

- the reactor vessel melting when primary circuit pressure is low;

All possible processes in the RF and the containment that may impact on integrity of physical barriers and systems used in implementation of safety function shall be considered when the strategies are justified. The justified strategies should describe order (objectives) of the personnel actions both when (a thread of implementation) negative impact of the indicated processes on physical barriers and systems is implemented and when it's not implemented.

The justified BDBA management strategies should take into account, in particular, the possibility of emergency emissions into the environment when the valves located at the containment boundary is not closed, when the containment is damaged due to detonation of hydrogen, direct overheating of the containment, as well as damage in heat exchange surfaces in the containment due to high-temperature creep and, accordingly, to provide for possible measures aimed at mitigating the consequences of the indicated releases.

	2
	Break of SG steam line when emergency SG is failed and longterm blackout of the NPP is overlapped, that can lead to water boiling in SG and primary circuit coolant (through PORV of Condensate System), uncovering of core and fuel damage above the design limits, as well as zirconium-steam reaction with hydrogen release into the containment atmosphere. <37>

Subsequently, the core melting when corium is generated, and it's moved  down the intra-vessel space, interaction of corium with the vessel in the conditions when measures to reduce the pressure in primary circuit are taken and when they are not taken, as well as in the conditions when measures to prevent damage in the reactor vessel are taken and when they are not taken.

If measures to prevent the reactor vessel from melting are not successful, melting of the vessel at high and low pressure in primary circuit shall be duly analyzed
	When the analysis is performed BDBA management strategies are subject to justification on the following stages: start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core).

Strategies of management in the further stages of an accident may not be justified if the fundamental conformity of these stages to the similar stages specified in emergency scenario 1 is shown.

	3
	Small leakage in primary circuit within the containment when active ECCS is failed that may lead to the core uncover and damage of the fuel above max. design limit, as well as steam - zirconium reaction when hydrogen is released into the containment atmoshpere.

Emergency scenario shall be analyzed both in the variant with successful closure of the containment isolating valves (or any other clearance losses in the containment, exceeding the design value of leakage).

Subsequently, the emergency scenario shall be accompanied by the core melting when corium is generated, and it's moved  down the intra-vessel space, interaction of corium with the vessel in the conditions when measures to reduce the pressure in primary circuit are taken and when they are not taken, as well as in the conditions when measures to prevent damage in the reactor vessel are taken and when they are not taken.

If measures to prevent the reactor vessel from melting are not successful, melting of the reactor vessel at high and low pressure in primary circuit shall be duly analyzed.
	When the analysis is performed BDBA management strategies are subject to justification on the following stages:

1. Start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core);

2. Significant degradation of cooling geometry (melting) of the core (the reactor vessel is remained solid).

Strategies of management in the further stages of an accident may not be justified if the fundamental conformity of these stages to the similar stages specified in emergency scenario 1 is shown.

	4
	Large leakage in primary circuit within the containment when active ECCS is failed that may lead to the core uncover and damage of the fuel above max. design limit, as well as steam-zirconium reaction when hydrogen is released into the containment atmoshpere.

Emergency scenario shall be analyzed both in the variant with successful closure of the containment isolating valves (or any other clearance losses in the containment, exceeding the design value of leakage).

Subsequently, the emergency scenario shall be accompanied by the core melting when corium is generated, and it's moved  down the intra-vessel space, interaction of corium with the vessel in the conditions when measures to reduce the pressure in primary circuit are taken and when they are not taken, as well as in the conditions when measures to prevent damage in the reactor vessel are taken and when they are not taken.

If measures to prevent the reactor vessel from melting are not successful, melting of the core vessel at low pressure in primary circuit shall be duly analyzed
	When the analysis is performed BDBA management strategies are subject to justification on the following stages:

1. Start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core);

2. Significant degradation of cooling geometry (melting) of the core (the reactor vessel is remained solid);

3. Heating of the metal in SG tubes up to the temperature when thermal creep is generated;

4. The reactor vessel melting when primary circuit pressure is low;

5. The reactor vessel melting when primary circuit pressure is low.

All possible processes in the RF and the containment that may impact on integrity of physical barriers and systems used in implementation of safety function shall be considered when the strategies are justified. The justified strategies should describe order (objectives) of the personnel actions both when (a thread of implementation) negative impact of the indicated processes on physical barriers and systems is implemented and when it's not implemented.

The justified BDBA management strategies should take into account, in particular, the possibility of emergency emissions into the environment when the valves located at the containment boundary is not closed, when the containment is damaged due to detonation of hydrogen, direct overheating of the containment, as well as damage in heat exchange surfaces in the containment due to high-temperature creep and, accordingly, to provide for possible measures aimed at mitigating the consequences of these releases.

	5
	Rupture of SG tube when such leakage is not isolated <38>, which may led to lack of water in the tanks of active ECCS, that can be resulted in burning of the core and damage of fuel above max. design limit, the steam-cyrconium reaction with release of hydrogen, subsequently - melting of the core when corium is formed, movement of corium down the intra-vessel space, interaction of corium with the vessel in the conditions when  measures to reduce the pressure in primary circuit are taken or not, as well as in conditions when measures to prevent damage of the reactor are taken or not.

If measures to prevent the reactor vessel from melting are not successful, melting of the reactor vessel at high and low pressure in primary circuit shall be duly analyzed.
	When the analysis is performed BDBA management strategies are subject to justification on the following stages:

- start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core);

- significant degradation of cooling geometry (melting) of the core.

Strategies of management in the further stages of an accident may not be justified if the fundamental conformity of these stages to the similar stages specified in other emergency scenario is shown.

	6
	Rupture of SG header when such leakage is not isolated <39>, which may led to lack of water in the tanks of active ECCS, that can be resulted in the core uncover and damage of fuel above max. design limit, the steam-zirconium reaction with release of hydrogen, subsequently - melting of the core when corium is formed, movement of corium down the intra-vessel space, interaction of corium with the vessel in the conditions when  measures to reduce the pressure in primary circuit are taken or not, as well as in conditions when measures to prevent damage of the reactor are taken or not.

If measures to prevent the reactor vessel from melting are not successful, melting of the core vessel at low pressure in primary circuit shall be duly analyzed
	When the analysis is performed BDBA management strategies are subject to justification on the following stages:

- start of the core damage (over max. design damage of fuel elements but up considerable degradation of cooling geometry of all fuel elements located in the core).

Strategies of management in the further stages of an accident may not be justified if the fundamental conformity of these stages to the similar stages specified in other emergency scenario is shown.


--------------------------------

<37> It is assumed that the emergency steam generator shall be not isolated per steam (including due to failure of check valves).

<38> Via secondary circuit or if main loop isolation valve is available - via primary circuit.

<39> Via secondary circuit or if main loop isolation valve is available - via primary circuit.

The list of scenarios indicated above in Tables 3 and 4 for severe accidents to be included into the final list of BDBA, may be specified after each of the scenarios of the list of systems and personnel actions that are involved in the accident management strategy (after detailing the generalized trees of events up to the level of systems (personnel actions) that may ensure implementation of safety functions). As a result of refinement, it may also be necessary to separate the allocated levels of severity of the NPP states (represented in Table 2).
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