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1. INTRODUCTION 

BACKGROUND 

1.1. This Safety Guide provides recommendations and guidance on the use of deterministic safety 

analysis and its application to nuclear power plants in compliance with the IAEA’s Safety 

Requirements publications on Safety of Nuclear Power Plants: Design, SSR-2/1 (Rev. 1) [1] and 

Safety Assessment for Facilities and Activities, GSR Part 4 (Rev.1) [2]. 

1.2. Current developments for ensuring the stable and safe operation of nuclear reactors are closely 

related to the advances that are being made in safety analysis. Deterministic safety analyses for 

normal operation, anticipated operational occurrences, design basis accidents and design extension 

conditions including severe accidents, as defined in Ref.SSR-2/1 (Rev. 1) [1] and in the IAEA Safety 

Glossary [3], are essential instruments for confirming the adequacy of safety provisions. 

1.3. This Safety Guide supersedes the guidance provided in the previous version of SSG-2
1
. The 

modifications incorporated in this Safety Guide reflect recent experience withof deterministic safety 

analysis included in Safety Analysis Reportssafety analysis reports for present reactor designs for new 

nuclear power plants and with various applicationsin the application of deterministic safety analysis 

ofto existing nuclear power plants. Updating of theThe Safety Guide ishas also aimed at ensuringbeen 

updated to maintain consistency with current IAEA Safety Standardssafety standards, including 

updating ofthose Safety Standards implemented withRequirements publications updated to reflect 

lessons from the Fukushima Daiichi nuclear power plant accident.  

OBJECTIVE  

1.4. The objective of this Safety Guide is to provide recommendations and guidance on performing 

deterministic safety analysis and its application to nuclear power plants for designers, operating 

organizations, regulatory bodies and technical support organizations. on performing deterministic 

safety analysis and on its application to nuclear power plants. It also provides recommendations on 

the use of deterministic safety analysis in:  

(a) (a) Demonstrating or assessing compliance with regulatory requirements;  

(b) (b) Identifying possible enhancements of safety and reliability. 

                                                 
1 INTERNATIONAL ATOMIC ENERGY AGENCY, Deterministic Safety Analysis for Nuclear Power Plants, IAEA Safety 

Standards Series No. SSG-2, IAEA, Vienna (2009). 
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The recommendations are based onprovided to meet the applicable safety requirements established in 

SSR -2/1 (Rev. 1) [1] and GSR Part 4 (Rev. 1) [2] and supported by current practices and experience 

from deterministic safety analysis being performed for nuclear power plants around the world. 

SCOPE  

1.5. This Safety Guide applies to nuclear power plants. It addresses the ways forof performing 

deterministic safety analyses thatto achieve their purposes in meeting safety requirements. Such 

analyses are primarily required to demonstrate adequate fulfilment of safety functions by the design, 

in order to ensure that barriers to the release of radioactive material will prevent an uncontrolled 

release to the environment for all plant states, and validity of the operational limits and conditions. 

Deterministic safety analyses are also required to determine the characteristics of thepotential releases 

(source termterms) depending on the status of the barriers for different plant states. 

1.6. This Safety Guide focuses primarily on the deterministic safety analysis for the design safety of 

designs for new nuclear power plants and, as far as reasonably practicable or achievable, is also 

applicable to the safety re-evaluation or re-assessment of existing nuclear power plants when 

operating organizations review their safety assessment. The guidancerecommendations provided isare 

intended to be as much as possible consistent with the scope of applicability indicated in paras 1.3 and 

1.6 of SSR-2/1 (Rev. 1) [1] and it is particularly based on experience with deterministic safety 

analysis for water cooled reactors. 

1.7. The guidancerecommendations provided in this Safety Guide focusesfocus on best practices in 

the analysis of all plant states considered in the design, from normal operation, through anticipated 

operational occurrences and design basis accidents up, to design extension conditions including severe 

accidents.  

1.8. Regarding deviations from normal operation thisThis Safety Guide deals with human errors and 

failures of plant systems (e.g. systems fromin the reactor core, reactor coolant system, containment, 

fuel storage or other systems containing radioactive material) having the potential to affect the 

performance of safety functions and thus leadinglead to loss of physical barriers against releases of 

radioactive material. Analysis of hazards themselves, either internal or external (natural or human 

induced) is not covered by this Safety Guide, although the effects and loads resulting from the hazards 

and potentially inducing the failures in plant systems are taken into account in determining initiating 

events to be analysed. 

1.9. This Safety Guide is devoted toaddresses the use of deterministic safety analysis for design or 

licensing purposes, which are aimed at demonstrating, with adequate margins, compliance with 

established acceptance criteria.  
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1.10. This Safety Guide coversaddresses different options available for performing deterministic 

safety analysis, whethernamely the conservative or not.approach, the best estimate approach with and 

without quantification of uncertainty, and a combined approach.  

1.11. This Safety Guide focuses on neutronic, thermal-hydraulicthermohydraulic, fuel (or fuel channel 

for pressurized heavy water reactors) and radiological analysis. Other types of analysis, in particular 

structural analysis of structures and components and structures, are also important means of 

demonstrating the safety of a plant. However, detailed guidance on performing such analysis is not 

included in this Safety Guide since such information can be found in specific engineering guides. It is 

also clear that neutronic and thermal-hydraulicNeutronic and thermohydraulic analysis provides 

necessary boundary conditions for structural analysis.  

1.12. The extent of radiological analysis in this Safety Guide includes the transport of radioactive 

material within the buildings and structures of the nuclear power plant, in particular in anticipated 

operational occurrences and accident conditions, as one of the inputs for determining the radiation 

doses to the nuclear power plant staff (see GSR Part 3) [4]. The aspects going beyond the 

determination of source term release to the environment, such as dose calculation, radioactive gaseous 

and liquid effluent calculations or dispersion of radioactive substances in the environment, are not 

covered by this Safety Guide. It is however recognized that minimization of exposures and optimizing 

radiation protection is a much more complex issue, which primarily includes such measures as 

minimization of radiation sources, appropriate nuclear power plant configuration, adequate shielding 

and ventilation design, limitation of staff exposure time and monitoring of staff exposure. 

Determination of the doses to personnel at the nuclear power plant is therefore not covered by this 

Safety Guide. 

1.13. This Safety Guide also1.12. This Safety Guide covers aspects of the analysis of releases of 

radioactive material, up to and including the determination of the source term for releases to the 

environment for anticipated operational occurrences and accident conditions (paras 2.16 to –2.18). 

Radioactive gaseous and liquid effluents and discharges during normal operation are primarily 

controlled by operational measures and are not covered by this Safety Guide. Similarly, dispersion of 

radioactive material in the environment and prediction of the radiological effects on people and non-

human biota is outside the scope of this Safety Guide. (see GSR Part 3 [4]). While general rules for 

deterministic safety analysis apply also to the analysis of radiological consequences of anticipated 

operational occurrences and accident conditions, this Safety Guide does not provide specific guidance 

for such analysis. Such specific guidance can be found in other IAEA Safety Guides, e.g. Ref.GSG-10 

[5]. 

1.1413. This Safety Guide providesdescribes general rules and description of processes to be followed 

in performing deterministic safety analysis. The Safety Guide does not describe specific phenomena 

and does not systematically identify the key factors essential for neutronic, thermal-
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hydraulicthermohydraulic fuel (or fuel channel) and radiological analysis. When such kind of 

information is provided in this Safety Guide it is meantintended as an illustration or example of the 

processes and should not be understood as a comprehensive description. 

Interface between safety and security regarding deterministic safety analysis 

1.14.1.15. Recommendations on nuclear security are out of the scope of this Safety Guide. While inIn 

general, documentation and electronic records relatedrelating to deterministic safety analysis 

processprocesses and outputs provide limited information regarding equipment location and 

vulnerability, and practically no information on cable routes and other aspects of the plant layout. 

However, such information needs to be reviewed with regard to containingidentify any sensitive 

information that could be used to support malicious actions. Considerations of acts, and such 

information needs to be protected appropriately. Guidance on sensitive information and guidance on 

the security of nuclear information are further discussedsecurity is provided in Ref. [6]. 

STRUCTURE 

1.16.1.15. This Safety Guide consists of nine sections and two annexes. Section 2 introduces some 

basic concepts and terminology used in the area of deterministic safety analysis. It includes general 

statements necessary, as a basis for the specific guidancerecommendations provided in the other 

sections of this Safety Guide; the sequence of these sections corresponds to the general approach, in 

terms of process, to perform deterministic safety analysis. . 

1.16.1.17. The sequence of subsequent sections corresponds to the general process to perform 

deterministic safety analysis. Section 3 describes methods of systematic identification, categorization 

and grouping of initiating events and accident scenarios to be addressed by deterministic safety 

analysis. The section, and includes practical advice on selection of events to be analysed for the 

different plant states.  

1.18. Section 4 provides a general overview of acceptance criteria to be used in deterministic safety 

analysis for design and authorization of nuclear power plants and describes the rules for determination 

and use of acceptance criteria. Section 5 provides guidance for verification and validation, selection 

and use of computer codes and plant models, together with input data used in the computer codes.  

1.19. Section 6 describes general approaches for ensuring adequate safety margins in demonstrating 

compliance with acceptance criteria for all plant states, with focus on anticipated operational 

occurrences and design basis accidents. The guidance provided covers conservative and best estimate 

approaches for addressing uncertainties and for ensuring adequate margins in safety analysis.  

1.20. Section 7 provides specific guidance on performing deterministic safety analysis for each 

individual plant state.  
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1.21. Section 8 includes guidance on the documentation, review and updateupdating of deterministic 

safety analysis. Section 9 provides guidance for independent verification of safety assessment, 

including verification of deterministic safety analysis.  

1.2217. Annex I indicates additional applications of the computer codes used for deterministic safety 

analysis, besides the nuclear power plant design and authorization.  

1.23. Annex II indicates the frequency ranges of anticipated operational occurrences and design basis 

accident categories used in some States for new reactors. 

2. GENERAL CONSIDERATIONS 

OBJECTIVES OF DETERMINISTIC SAFETY ANALYSIS 

2.1. The objective of deterministic safety analysis for nuclear power plants is to confirm that safety 

functions can be performed with the necessary reliability and that the needed systems,necessary 

structures, systems and components, in combination where relevant with operator actions, are capable 

and sufficiently effective, with adequate safety margins, to keep the releases of radioactive material 

from the plant withinbelow acceptable limits. Deterministic safety analysis is aimed to demonstrateat 

demonstrating that barriers to the release of radioactive material from the plant will maintain their 

integrity to the extent required. Deterministic safety analysis, supplemented by further specific 

information and analysis (such as those relatedinformation and analysis relating to fabrication, testing, 

inspection, evaluation of the operating experience) and by probabilistic safety analysis, is also 

aimedintended to contribute to demonstratedemonstrating that the source term, and eventuallythe 

potential radiological consequences of different plant states are acceptable and that the possibility of 

certain conditions arising that could lead to an early radioactive release or a large radioactive release 

can be considered as ‘practically eliminated’ (see para. 3.55). 

2.2. The aim of deterministic safety analyses performed for different plant states is aimed to 

demonstrate the adequacy of the engineering design, in combination with the envisaged operator 

actions, by demonstrating compliance with established acceptance criteria. 

2.3. Deterministic safety analyses predict the response of the plant to postulated initiating events 

possibly combined, alone or in combination with additional postulated failures. A set of rules and 

acceptance criteria specific to each plant state is applied. Typically, these analyses focus on neutronic, 

thermal-hydraulic, thermal mechanicthermohydraulic, thermomechanical, structural and radiological 

aspects, which are often analysed with differentappropriate computational tools. Computational 

simulations are carried out specifically for predetermined operating modes and plant states.  

2.4. The results of computations are spatialspace and time dependent values of variousselected 

physical variables (e.g. neutron flux; thermal power of the reactor; pressures, temperatures, flow rates 
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and velocities of the primary coolant; loads to physical barriers; concentrations of combustible gases,; 

physical and chemical compositions of radionuclides,; status of core degradation or containment 

pressure,; source term for a release to the environment and others). 

ACCEPTANCE CRITERIA FOR DETERMINISTIC SAFETY ANALYSIS 

2.5. Acceptance criteria are used in deterministic safety analysis for judgment of to assist in judging 

the acceptability of the results of the analysis as demonstration of the safety of athe nuclear power 

plant. The acceptance criteria can be expressed either in general, qualitative terms or as quantitative 

limits. Three categories of criteria can be recognized:  

(a) (a) Safety criteria: these are criteria that relate either directly related to the radiological 

consequences of operational states or accident conditions, or to the integrity of barriers 

against releases of radioactive material, with due consideration given to maintaining the 

safety functions;  

(b) (b) Design criteria: design limits for individual structures, systems and components, 

thatwhich are part of the design basis as important preconditions for meeting safety criteria 

(see Requirement 28 fromof SSR-2/1 (Rev. 1) [1]; and]);  

(c) (c) Operational criteria: these are rules to be followed by the operator during normal 

operation and anticipated operational occurrences; they, which provide preconditions for 

meeting the design criteria and ultimately the safety criteria. 

2.6. In this Safety Guide only the safety acceptance criteria that are the targets of the deterministic 

safety analysis are addressed. These acceptance criteria, as approved by the regulatory body, may 

include margins with respect to safety criteria. 

UNCERTAINTY ANALYSIS IN DETERMINISTIC SAFETY ANALYSIS 

2.7. In this Safety Guide, The use of uncertainty analysis in deterministic safety analysis is addressed 

in paras 6.21 to –6.29. Several methods for performing uncertainty analysis have been published (e.g. 

in Safety Report Series No. 52in Ref. [7]). They include: 

(a) (a) Use of a combination of expert judgement, statistical techniques and sensitivity 

calculations; 

(b) (b) Use of data from scaled experiments;  

(c) (c) Use of bounding scenario calculations. 

APPROACHES TO DETERMINISTIC SAFETY ANALYSIS  

2.8. Table 1 lists different options currently available for performing deterministic safety analyses 
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with different levels of conservatism associated with the computer code used (see Section 5), the 

assumptions made about availability of systems and the initial and boundary conditions applied for 

the analysis.  

TABLE 1. OPTIONS FOR PERFORMING DETERMINISTIC SAFETY ANALYSIS 

Option number and 

title 

Computer 

code type 

Assumptions 

on systems 

availability 

Type of initial and 

 boundary conditions 

1. Conservative Conservative Conservative  Conservative  

2. Combined Best estimate Conservative  Conservative  

3. Best estimate plus 

uncertainty 

Best estimate Conservative  Best estimate; partly most 

unfavourable conditions 

4. Realistic
2
 Best estimate Best estimate Best estimate 

 

2.9. Option 1 is a conservative approach wherein which both the assumed plant conditions and the 

physical models are set conservatively. The concept ofIn a conservative approach parameters need to 

be allocated values that will have an unfavourable effect in relation to specific acceptance criteria. 

The conservative approach was incorporatedcommonly adopted in the early days of safety analysis to 

simplify the analysis and to balancecompensate for limitations in modelling and insufficient 

knowledge of physical phenomena with large conservatisms. In a conservative approach any 

parameter need to be allocated a value that will have an unfavourable effect in relation to specific 

acceptance criteria. The reasoningIt was assumed that such an approach would bound many similar 

transients in a way that the acceptance criteria would be met for all of thembounded transients. 

2.10. At present, experimentalExperimental research has resulted in a significant increase of 

knowledge of physical phenomena, and the development of computer codes has improved the ability 

to achieve calculated results that correspond more accurately to experimental results and recorded 

event sequences in nuclear power plants. Due to the improved capabilities of computer codes and the 

possible drawbacks of the conservative approach (e.g. potential masking of important phenomena, 

counter effects of variousconservatisms in different parameters) potentially cancelling each other out), 

                                                 

2 For simplicity in this Safety Guide the term “‘realistic approach”approach’ or “‘realistic analysis’ is used to mean best 

estimate analysis” is meant “Best Estimate without quantification of uncertainties”. 
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option 1 is rarely used now and is not suggested for current safety analysis unless, except in situations 

when scientific knowledge and experimental support is limited. Option 1 remains alsorelevant, 

however, as it may have been used in legacy analysisanalyses.  

2.11. Option 2 is a combined approach based on the use of ‘best estimate’ models and computer codes 

instead of conservative onesmodels and codes (para. 6.12). Best estimate codes are used in 

combination with conservative initial and boundary conditions, as well as and with conservative 

assumptions regarding the availability of systems, assuming that all uncertainties associated with the 

code models are well established and that plant parameters used are conservative based on plant 

operating experience. The complete analysis requires use of sensitivity studies to justify 

conservativethe selection of conservative input data. Option 2 is commonly used for design basis 

accidents and for conservative analysis of anticipated operational occurrences. 

2.12. Option 3 is so called a ‘best estimate plus uncertaintyuncertainty’ approach. This allows the use 

of best estimate computer codes together with more realistic hypothesesassumptions. A mixture of 

best estimate and partially unfavourable (i.e. somewhat conservative) initial and boundary conditions 

may be used, taking into account the very low probability that all parameters would be at their most 

detrimentalpessimistic value at the same time. However, inConservative assumptions are usually 

made regarding availability of systems. In order to ensure the overall conservatism required in 

analysis of design basis accidents, the uncertainties need to be identified, quantified and statistically 

combined. Availability of systems is usually assumed in a conservative way. Option 3 contains a 

certain level of conservatism and is at presentcurrently accepted for some design basis accidents and 

for conservative analyses of anticipated operational occurrences. 

2.13. In principle, Options 2 and 3 are distinctly different types of analysis. However, in practice, a 

mixture of Options 2 and 3 is often employed. This is because whenever extensive data are available, 

the tendency is to use best estimate input data,  whenever extensive data are available, and whenever 

data are scarce, the tendency is to use conservative input data. whenever data are scarce. The 

difference between these options is the statistical combination of uncertainties. In Options 1, 2 and 3, 

conservative assumptions are made about the availability of plant systems.  

2.14. Deterministic safety analysis performed according to optionsin accordance with Options 1, 2 

and 3 is considered to be conservative analysis, with a decreasingthe level of conservatism decreasing 

from optionsOption 1 to 3 (see paras 2.9 to –2.13 above). 

2.15. Option 4 allows the use of best estimate code modelling,models and codes and best estimates of 

system availability assumptions and initial and boundary conditions. Option 4 may beis appropriate 

for realistic analysis of anticipated operational occurrences aimed at assessment of control system 

capability (paras 7.17 to –7.44) and in general for best estimate analysis of design extension 

conditions (paras 7.45 to –7.67)), as well as for the realistic analysis with the purpose of justification 

ofjustifying prescribed operator actions. in realistic analysis. Deterministic analysis for operating 
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events that may requirenecessitate a short term relaxation of regulatory requirements may also rely 

also on best estimate modelling. More detailed information regarding modelling assumptions 

applicable for different options is provided in section 7 of this Safety GuideSection 7. 

SOURCE TERM FOR A RELEASE OF RADIOACTIVE MATERIAL TO THE ENVIRONMENT 

2.16. Deterministic safety analysis includes as one of its essential components determination of the 

source termterms for releases of radioactive material, as a key factor for prediction of dispersion of 

radioactivesuch material toin the environment and eventuallyultimately of radiation doses to the plant 

staff, and to the public and radiological impact on the environment. In accordance with Ref. [3] 

(IAEA Safety Glossary) the The source term is ’the“the amount and isotopic composition of 

radioactive material released (or postulated to be released) from the facility’;a facility”; it is ’used 

used “in modelling releases of radionuclides to the environment, particularlyin particular in the 

context of accidents at nuclear installations or releases from radioactive waste in 

repositories’.repositories” [3]. 

2.17. To evaluate the source term from a nuclear installation, it is necessary to identify the sources of 

radiation, to evaluatedetermine the inventories of radionuclides that are produced and to know the 

mechanisms of transmission ofby which radioactive material can travel from the source through the 

installation and be released to the environment. Under accident conditions, source term evaluation 

requires simulation code capabilities dealing withcodes that are capable of predicting fission product 

release from fuel elements, transport through the primary system and containment or spent fuel pool 

building and, the related chemistry affecting this transport and the form in which the radioactive 

material would be released. 

2.18. The source term is evaluated for operational states and accident conditions for the following 

reasons: 

(a) (a) To ensureconfirm that the design is optimized so that the source term will beis reduced 

to a level that is as low as reasonably achievable in all plant states; 

(b) (b) To support the demonstration that the possibility of certain conditions arising that 

could lead to an early radioactive release or a large radioactive release can be considered 

to have been ‘practically eliminated’;  

(c) (c) To demonstrate that the design ensures that requirements for radiation protection, 

including restrictions on doses, are met; 
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(d) (d) To provide a basis for the emergency arrangements
3
 that are required to protect human 

life, health, property and the environment in case of an emergency at the nuclear power 

plant; 

(e) (e) To specifyTo support specification of the conditions for the qualification of the 

equipment required to withstand accident conditions; 

(f) (f) To provide data for training activities regarding emergency arrangements;  

(g) (g) To support the design of safety features and safety systems for the mitigation of the 

consequences of severe accidents (e.g. filtered containment venting and recombiners of 

combustible gases; see NS-G-2.15 [11]). 

2.19. General rules presented in this Safety Guide fullyfor deterministic safety analysis apply also to 

determination of the source term. In several places of this Safety Guide aspects associated with 

determination of the source term are introduced to remind readers of the applicability of the general 

rules forto this specific application. 

 

3. IDENTIFICATION, CATEGORIZATION AND GROUPING OF POSTULATED 

INITIATING EVENTS AND ACCIDENT SCENARIOS 

3.1. In accordance with the definition of “‘plant states (considered in the design)”)’ from SSR-

-2/1  (Rev.  1), page 65 ) [1], the plant states considered in the deterministic safety analysis should 

cover: 

(a) (a) Normal operation; 

(b) (b) Anticipated operational occurrences;  

(c) (c) Design basis accidents;  

(d) (d) Design extension conditions, including sequences without significant fuel degradation 

and sequences with core melting.  

3.2. The deterministic safety analysis should consider theaddress all postulated initiating events 

originatedoriginating in any part of the plant potentially leadingand having the potential to lead to a 

radioactive release to the environment, both on their own and in combination with consideration also 

                                                 
3 This application and the establishment of such arrangements are beyond the scope of this Safety Guide. Requirements 

regarding these arrangements are established in GSR Part 7 (Preparedness and Response for a Nuclear or Radiological 

Emergency, 2015) [8] and recommendations are provided in GS-G-2.1 (Arrangements for Preparedness for a Nuclear or 

Radiological Emergency, 2007) [9] and GSG-2 (Criteria for Use in Preparedness and Response for a Nuclear or Radiological 

Emergency, 2011) [10]. 
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ofpossible additional failures, e.g. in the control and limitation systems
4 

and the associated safety 

functions. This includes events that can lead to a release of radioactivityradioactive material not only 

from the reactor core but also from other relevant sources, such as fuel elements stored at the plant 

and systems dealing with radioactive material.  

3.3. Where applicable, itthe possibility should be considered that a single cause cancould 

simultaneously initiate postulated initiating events in several or even all reactors, in the case of a 

multiple unit nuclear power plant, or spent fuel storage andunits, or any other sources of potential 

radioactive releases on the given site (SSR -2/1 (Rev. 1), para. 5.15B) [1].  

3.4. The deterministic safety analysis should address postulated initiating events that can occur in all 

modes of normal operation. InitialThe initial conditions should considerassume a stationarysteady 

state with normal operation equipment operating prior to the initiating event. 

3.5. EveryEach configuration of shutdown modes, including refuelling and maintenance, should be 

considered. For these modes of operation, contributors potentially increasing, possible failures or 

other factors that could occur during shutdown and lead to increased risk should be considered, such 

as the: inability to start some safety systems automatically or manually; disabled automation systems; 

equipment inundergoing maintenance or in repair; reduced amounts of coolant in the primary circuit 

as well asand, for some modes, in the secondary circuit for some modes; instrumentation switched off 

or non-functional andso that measurements are not made; open primary circuit; and open containment. 

3.6. For postulated initiating events relatedrelating to the spent fuel pool, specific operating modes 

relatedrelating to fuel handling and storage should be considered.  

3.7. Postulated initiating events taking place during plant operating modes with negligibleof 

negligibly short duration in time may be excluded from deterministic safety analysis afterif careful 

analysis and quantitative assessment of itsconfirms that their potential of contribution to the overall 

risk, including tothe risk of conditions arising that could lead to an early radioactive release or a large 

radioactive release, is also negligible. Nevertheless, the need to prevent or mitigate these events with 

appropriate procedures or means should be addressed on a case by case basis. 

MANAGEMENT SYSTEM 

3.8. The performance and use of deterministic safety analysis and use of the results should be 

conducted takingtake into account the recommendations of GS-G-3.1 [12] and GS-G-3.5 [13] to meet 

                                                 
4 In this Safety Guide, the term ‘control and limitation systems’ refers not only to the instrumentation systems for control and 

limitation of the plant variables but also the systems for normal operation and those for anticipated operational occurrences 

actuated by them. 
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the requirements for meeting Requirements 1 to –3 of SSR -2/1  (Rev.1) [1] and the requirements 

established in GSR Part 2 requirements [14].  

NORMAL OPERATION 

3.9. Deterministic safety analysis should include analysis of normal operation, defined as operation 

within specified operational limits and conditions. Normal operation should typically include 

operating conditions such as:  

(a) (a) Normal reactor start-upstartup from shutdown, approach to criticality, and approach to 

full power;  

(b) (b) Power operation, including full power and low power operation;  

(c) (c) Changes in reactor power, including load follow modes and return to full power after 

an extended period at low power, if applicable;  

(d) (d) Reactor shutdown from power operation;  

(e) (e) Hot shutdown;  

(f) (f) Cooling down process; 

(g) (g) Cold shutdown;  

(h) (h) Refuelling during shutdown or during normal operation at power, where applicable;  

(i) (i) Shutdown in a refuelling mode or maintenance conditions that open the reactor coolant 

or containment boundary; 

(j) (j) Normal operation modes of the spent fuel pool;  

(k) (k) Storage and handling of fresh fuel. 

3.10. It should be taken into account that, in some cases during normal operation, the main plant 

parameters are changing dueowing to the transfer to different plant modes or the changes in the plant 

power output. A major aim of the analysis for transients occurring during normal operation transients 

should be to prove that the plant parameters can be kept within the specified operational limits and 

conditions.  

POSTULATED INITIATING EVENTS 

3.11. Prediction of the plant behaviour in plant states other than normal operation (anticipated 

operational occurrences, design basis accidents and design extension conditions) should be based on a 

plant specific list of postulated initiating events possibly combined with additional equipment failures 

or human errors for specific event sequences definition.  

3.12. A comprehensive list of postulated initiating events should be prepared for ensuring. The list 
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should be comprehensive to ensure that the analysis of the behaviour of the plant is as complete as 

possible, so that ’all“all foreseeable events with the potential for serious consequences and all 

foreseeable events with a significant frequency of occurrence are anticipated and are considered in the 

design’design” (SSR-2/1 (Rev. 1), Requirement 16) [1].  

3.13. The list of postulated initiating events should take due account of operationaloperating 

experience feedback, which includes including, depending on availability of relevant data, operating 

experience from the actual nuclear power plant or from similar nuclear power plants. 

3.14. The set of postulated initiating events should be defined in such a way that it covers all credible 

failures, including: 

(a) Failures of structures, systems and components of the plant (partial failure if relevant), 

including possible spurious actuation; 

(b) Failures initiated by operator errors, which could range from faulty or incomplete 

maintenance operations to incorrect settings of control equipment limits or wrong operator 

actions;  

(c) Failures of structures, systems and components of the plant arising from internal and 

external hazards. 

3.15. All consequential failures that a given postulated initiating event could originate in the plant 

should be considered in the analysis of the plant response as a part of the postulated initiating event. 

These should include the following: 

(a) — If the initiating event is a failure of part of an electrical distribution system, the 

analysis for anticipated operational occurrences, design basis accidents or design 

extension conditions analysis should assume the unavailability of all the equipment 

powered from that part of the distribution system; 

(b) — If the initiating event is an energetic event, such as the failure of a pressurized system 

that leads to the release of hot water or pipe whip, the definition of theanalysis for 

anticipated operational occurrences, design basis accidents or design extension conditions 

should consider include consideration of potential failure of the equipment whichthat 

could be affected; by such an event;  

(c) — For internal hazards such as fire or flood, or for failures caused by external hazards 

such as earthquakes, the definition of the induced postulated initiating event should 

include failure of all the equipment that is neither designed to withstand the effects of the 

event nor protected from it. 

3.16. AdditionalIn addition to the set of initiating failures and consequential failures, other failures are 

assumed in deterministic safety analysis for conservatism (e.g. single failure criterion in design basis 
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accidents) or for the purpose of defence in depth (e.g. common cause failure). Distinction should be 

made between these additional failures and the failures that are part of, or directly caused by, the 

postulated initiating event. FurtherFinally, some failures may be added to bound a set of similar 

events, so as to limit the number of analyses.  

3.17. The postulated initiating events should only include only those failures (either initial or 

consequential) that directly lead to the challenging of safety functions and eventuallyultimately to a 

threat to threatening the integrity of barriers againstto releases of radioactive releasesmaterial. 

Therefore hazards, either internal or external (natural or human induced) should not be considered as 

postulated initiating events by themselves. However, the loads associated with these hazards should 

be considered a potential cause of postulated initiating events, which includes resulting including 

multiple failures resulting from these hazards.  

3.18. SSR-2/1 (Rev. 1) [1] states that:  

“Where the results of engineering judgement, deterministic safety assessments and probabilistic 

safety assessments indicate that combinations of independent events could lead to anticipated 

operational occurrences or to accident conditions, such combinations of events shouldshall be 

considered to be design basis accidents or shouldshall be included as part of design extension 

conditions, depending mainly on their complexity and frequencylikelihood of their 

occurrence..”  

3.19. The set of postulated initiating events should be identified in a systematic way. This should 

include a structured approach to the identification of the postulated initiating events such as: 

(a) - Use of analytical methods such as hazard and operability analysis (HAZOP), failure 

modes and effects analysis (FMEA),, engineering judgement and master logic diagrams; 

(b) - Comparison with the list of postulated initiating events developed for safety analysis of 

similar plants (ensuring that prior flaws orpreviously identified deficiencies are not 

propagated); 

(c) - Analysis of operating experience data for similar plants;  

(d) - Use of insights and results from probabilistic safety analysis insights and results. 

3.20. Certain limiting faults (e.g. large break loss of coolant accidents, main steam or feedwater pipe 

breaks and control rod ejection in pressurized water reactors or rod drop in boiling water reactors) 

arehave traditionally been considered in deterministic safety analysis as design basis accidents. These 

accidents should be considered because they are representative of a kindtype of riskaccident that the 

reactor has to be protected fromagainst. They should not be excluded from thisthe category of design 

basis accidents withoutunless careful analysis and quantitative assessment of itstheir potential of 
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contribution to the overall risk, including to conditions arising that could lead to an early radioactive 

release or a large radioactive release, indicate that they can be excluded. 

3.21. Failures occurring in the supporting systems that impede the operation of systems necessary for 

normal operation should be also be considered as postulated initiating events, if such failures 

eventuallyultimately require the actuation of the reactor protection systems or safety systems. 

3.22. The set of postulated initiating events should be reviewed as the design and safety 

assessmentsassessment proceed and should involve, as part of an iterative process between these two 

activities. The postulated initiating events should also be periodically reviewed throughout the 

lifetime of the plant life to ensure that they remain valid, for example as part of a periodic safety 

review, to ensure that they remain valid. 

IDENTIFICATION OF POSTULATED INITIATING EVENTS FOR ANTICIPATED 

OPERATIONAL OCCURRENCES AND DESIGN BASIS ACCIDENTS  

3.23. Postulated initiating events should be subdivided into representative groups of event sequences 

taking into account the physical evolution of the postulated initiating events. These groups gatherEach 

group should include event sequences that lead to a similar threatchallenge to the safety functions and 

barriers and the need for similar mitigating systems to drive the plant to a safe state. Therefore, they 

can be boundbounded by a single representative event sequence, which is usually referred to when 

dealing with the group (and often identified by the associated postulated initiating event itself). Then 

theseThese groups are also categorized according toin accordance with their frequency of occurrence 

(see para. 3.27). This approach allows the selection of the same acceptance criteria and initial 

conditions, and the application of the same assumptions and methodologies, to all postulated initiating 

events grouped under the same representative event sequence. As an example, the postulated initiating 

events “stop‘Stop of a Main Feed Watermain feed water (MFW) pump”, “stoppump’, ‘Stop of all 

MFW pumps”pumps’ and “isolable‘Isolable break on MFW system”system’ are all typically grouped 

under a single representative event sequence such as “‘Loss of MFW”.MFW’. 

3.24. Representative event sequences can also be grouped by type of sequencessequence, with focus 

on aspects such as reduced core cooling and reactor coolant system pressurization, containment 

pressurization, radiological consequences, or pressurized thermal shocks. In the example above (para. 

3.23), the representative sequence “‘Loss of MFW” belongsMFW’ would belong to “the type of event 

sequence ‘Decrease in reactor heat removal” type of event sequenceremoval’. 

3.25. The postulated initiating events associated with anticipated operational occurrences and design 

basis accidents should reflect the specificsspecific characteristics of the design. Some typical 

postulated initiating events and resulting event sequences are suggested in para. 3.28 for anticipated 

operational occurrences and in para. 3.30 for design basis accidents, according toin accordance with 

the typical type of sequences listed below: 
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(a) Increase or decrease ofin the heat removal from the reactor coolant system; 

(b) Increase or decrease in the flow rate of the reactor coolant system flow rate; 

(c) Anomalies in reactivity and power distribution in the reactor core, or anomalies in 

reactivity in the fresh or spent fuel in storage; 

(d) Increase or decrease ofin the reactor coolant inventory; 

(e) Leaks in the reactor coolant system with potential by-pass of the containment by-pass; 

(f) Leaks outside the containment; 

(g) Reduction in or loss of cooling of the fuel in the spent fuel storage pool; 

(h) Loss of cooling toof fuel during on-power refuelling (pressurized heavy water reactor);  

(i) Release of radioactive material from a subsystem or component (typically from treatment 

or storage systems for radioactive waste). 

3.26. For analysis of the source term, specific groupinggroupings of postulated initiating events may 

be appropriate to adequately address different pathways that could lead to the releasesrelease of 

radioactive material to the environment. Special attention should be paid to accidents in which the 

release of radioactive material could bypassby-pass the containment, because of the potentially 

largesevere consequences even in the case of relatively small releases.  

3.27. Within each group of postulated initiating events, the representative event sequences should also 

be subdivided into categories dependingbased on the frequency of the most frequent postulated 

initiating event in the group. The assignment of each postulated initiating event to thea frequency 

rangesrange should be checked by an appropriate methodology. Possible anticipated operational 

occurrences and design basis accident categories with their indicative frequency ranges, as used in 

some States for new reactors, are indicated in Annex II (Table II-1). of Annex II.  

3.28. Typical examples of postulated initiating events leading to event sequences categorized as 

anticipated operational occurrences should include those given below, sorted by types of 

sequencessequence. This list is broadly indicative. The, but the actual list will depend on the type of 

reactor and the actual design: 

(a) — Increase in reactor heat removal from the reactor: inadvertent opening of steam relief 

valves; pressure control malfunctions leading to an increase in steam flow rate; feedwater 

system malfunctions leading to an increase in the heat removal rate; 

(b) Decrease in reactor heat removal: feed water from the reactor: feedwater pump trips; 

reduction in the steam flow rate for various reasons (control malfunctions, main steam 
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valve closure, turbine trip, loss of external load and other external grid disturbances, loss 

of power, loss of condenser vacuum); 

(c) Increase in flow rate of the reactor coolant system flow rate: start of a main coolant pump; 

(d) Decrease in flow rate of the reactor coolant system flow rate: trip of one or more coolant 

pumps; inadvertent isolation of one main coolant system loop (if applicable); 

(e) ReactivityAnomalies in reactivity and power distribution anomalies in the reactor core: 

inadvertent withdrawal of control rod (or control rod bank) withdrawal;); boron dilution 

due to a malfunction in the chemical and volume control system (for a pressurized water 

reactor); wrong positioning of a fuel assembly; 

(f) Reactivity anomaliesAnomalies in thereactivity in fresh or spent fuel in storage: boron 

dilution in spent fuel pool; 

(g) Loss of moderator circulation or decrease in or loss of moderator heat sink (in pressurized 

heavy water reactor); 

(h) Increase in reactor coolant inventory: malfunctions of the chemical and volume control 

system; excessive feedwater flow in (boiling water reactors;reactor); inadvertent operation 

of emergency core cooling;  

(i) Decrease in reactor coolant inventory: very small loss of coolant due to the failure of an 

instrument line; 

(j) — Reduction in or loss of fuel cooling inof the fuel in the spent fuel storage pools: loss of 

off-site power; malfunctions in decay heat removal system; leaking of pool coolant;  

(k) — Release of radioactive material due to leak in reactor coolant system, with potential 

containment bypass;by-pass;  

(l) — Release of radioactive material due to leak from a subsystem or component: minor 

leakage from a radioactive waste system or effluents system. 

3.29. The subset of postulated initiating events which are considered aspotentially leading to design 

basis accidents should be identified. All postulated initiating events identified as initiators of 

anticipated operational occurrences should also be analysed using design basis accident rules, i.e. 

demonstrating that is possible to manage them “by safety actions for the automatic actuation of safety 

systems in combination with prescribed actions by the operator” (SSR-2/1 (Rev.1), para. 5.75(e)) [1]. 

Although it is not usual to include postulated initiating events with a very low frequency of 

occurrence, the establishment of any thresholdlower limit of frequency should considertake account of 

the safety targets established for the specific reactor. 
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3.30. Typical examples of postulated initiating events leading to event sequences categorized as 

design basis accidentaccidents should include those given below, sorted by types of 

sequencessequence. This list is broadly indicative. The actual list will depend on the type of reactor 

and actual design: 

(a) —Increase in reactor heat removal from the reactor: steam line breaks; 

(b) Decrease in reactor heat removal from the reactor: loss of feedwater; 

(c) Decrease in flow rate of the reactor coolant system flow rate: seizure or shaft break of 

main coolant pump; trip of all coolant pumps; 

(d) ReactivityAnomalies in reactivity and power distribution anomalies: uncontrolled 

withdrawal of control rod (or control rod bank) withdrawal;); ejection of control rod 

ejection (pressurized water reactor); rod drop accident (boiling water reactor); boron 

dilution due to the startup of an inactive loop (for a pressurized water reactor); 

(e) Decrease in reactor coolant inventory: a spectrum of possible loss of coolant accidents; 

inadvertent opening of the primary system relief valves; leaks of primary coolant into the 

secondary system; 

(f) —Reduction in or loss of fuel cooling inof the fuel in the spent fuel storage pools: 

decrease of coolant inventory due to the break of piping connected to the water of the 

pool; 

(g) Loss of cooling toof fuel during on-power refuelling (pressurized heavy water reactor); 

(h) Loss of moderator circulation or decrease in or loss of moderator heat sink for a 

(pressurized heavy water reactor;); 

(i) — Release of radioactive material due to leak in reactor coolant system, with potential 

containment bypassby-pass, or from a subsystem or component: overheating of or damage 

to used fuel in transit or storage; break in a gaseous or liquid waste treatment system;  

(j) End-shield cooling failure (pressurized heavy water reactor). 

3.31. Probabilistic analysis should be used as ain support to justifyof deterministic analysis in 

justifying the categorization of postulated initiating events according toin accordance with their 

frequency of occurrence. The calculation of the frequency should take account of the relative 

frequencies of the plant operational states according to its occurrencestate(s) in which the postulated 

initiating event could occur, such as full power or hot shutdown. ItParticular care should especially be 

checkedtaken to ensure that a transient with the potential effects onto degrade the integrity of barriers 

hasis assigned to a category consistent with theits possible damageseffect on the barriers.  



DS491 (DSA for NPPs)   Technical Editorial review, 24 November 2017 

 

19 

 

3.32. A reasonable number of limiting cases, which are referred to as bounding or enveloping 

scenarios, should be selected from each category of events (see para. 3.27). These bounding or 

enveloping scenarios should be chosen so that collectively they presentinclude cases presenting the 

greatest possible challengechallenges to each of the relevant acceptance criteria and areinvolving 

limiting values for the performance parameters of safety related equipment. Note that a bounding 

scenario may combine or amplify the consequences of severalSeveral postulated initiating events may 

be combined, and/or their consequences amplified, within a bounding scenario in order to encompass 

all of the possible postulated initiating events in the group. The safety analysis should confirm that the 

grouping and bounding of initiating events is acceptable. 

3.33. It should be taken into account that aA single event should in some cases be analysed from 

different points of view with different acceptance criteria. A typical example is a loss of coolant 

accident, which should be analysed for many aspects: — including degradation of core cooling, 

buildup of containment pressure build–up, radioactivity and transport and environmental releases, 

andrelease of radioactive material — and, specifically for pressurized water reactors as, also for 

leakage of primary coolant to the steam generator by-passingbypassing the containment, pressurized 

thermal shock and boron dilution (reactivity accident) e.g. due, for example, to a boiling condensing 

regime.  

3.34. Handling accidents withAccidents during the handling of both fresh and irradiated fuel should 

also be evaluated. Such accidents can occur both inside and outside the containment.  

3.35. In addition, thereThere are a number of other different types of postulated initiating eventsevent 

that would result in a release of radioactive material outside the containment and whose source term 

should be evaluated. Such accidentsevents include: 

(a) A reduction in or loss of cooling of the fuel in the spent fuel pool when the pool is located 

outside the containment; 

(b) ReactivityAn increase of reactivity in the fresh or spent fuel; 

(c) An accidental discharge from any of the other auxiliary systems that carry solid, liquid or 

gaseous radioactive material; 

(d) A failure in systems or components such as filters or delay tanks that are intended to reduce the 

level of discharges of radioactive material during normal operation;  

(e) An accident during reload or maintenance wherewhen the reactor or containment might be 

open. 

3.36. The frequency associated withassigned to a bounding event sequence belonging to an 

anticipated operational occurrence or a design basis accident should usebe the bounding frequency 

established for the postulated initiating events that have been grouped together. 
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GENERAL CONSIDERATIONS FOR IDENTIFICATION OF DESIGN EXTENSION 

CONDITIONS 

3.37. In accordance with SSR-2/1 (Rev. 1), Requirement 20 [1], design extension conditions more 

severe than a design basis accident or involving additional failures, should be identified using 

engineering judgement, as well as deterministic and probabilistic assessment, with the objective of 

identifying design provisions to prevent as far as possible such conditions or mitigate their 

consequences.Requirement 20 in SSR-2/1 (Rev. 1) [1] states that  

“A set of design extension conditions shall be derived on the basis of engineering judgement, 

deterministic assessments and probabilistic assessments for the purpose of further improving 

the safety of the nuclear power plant by enhancing the plant’s capabilities to withstand, without 

unacceptable radiological consequences, accidents that are either more severe than design basis 

accidents or that involve additional failures. These design extension conditions shall be used to 

identify the additional accident scenarios to be addressed in the design and to plan practicable 

provisions for the prevention of such accidents or mitigation of their consequences.” 

3.38. Two separate categories of design extension conditions should be identified: design extension 

conditions without significant fuel degradation; and design extension conditions progressing into core 

melting, i.e. severe accidents
5
. Different acceptance criteria and different rules for deterministic safety 

analysis may be used for these two categories. 

IDENTIFICATION OF DESIGN EXTENSION CONDITIONS WITHOUT SIGNIFICANT FUEL 

DEGRADATION 

3.39. The initial selection of sequences for design extension conditions sequences without significant 

fuel degradation should be based on the consideration of very low frequency single initiating events of 

very low frequency or multiple failures, to meet the acceptance criteria regarding prevention of core 

damage prevention.  

3.40. A deterministically derived list of design extension conditions without significant fuel 

degradation should be developed. The relevant design extension conditions should include: 

(a) Initiating events that could lead to situations beyond the capability of safety systems that 

are designed for design basis accidents. A typical example is the multiple tube rupture 

beyond the design- basis assumptions in a steam generator of a pressurized water reactor;  

                                                 

5 In some States these two categories of design extension conditions are denoted respectively as ‘design extension 

conditions AA’ (without significant fuel degradation) and ‘design extension conditions B.B’ (with core melting). 
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(b) Anticipated operational occurrences or frequent design basis accidents combined with 

multiple failures (e.g. common cause failures in redundant trains) that prevent the safety 

systems from performing their intended function to control the postulated initiating event. 

A typical example is a loss of coolant accident without actuation of the safety injection. 

The failures of supporting systems are implicitly included among the causes of failure of 

safety systems. The identification of these sequences should result from a systematic 

analysis of the effects on the plant of a total failure of any safety system credited in the 

safety analysis, for each anticipated operational occurrence or design basis accident (at 

leastand in particular for the most frequent onesanticipated operational occurrences and 

design basis accidents);  

(c) Credible multiple failures postulated initiating events involving multiple failures causing 

the loss of a safety system while this system is used to fulfil its function as part of normal 

operation. This applies to those designs that use, for example, the same system for the heat 

removal both in accident conditions and during shutdown. The identification of these 

sequences should result from a systematic analysis of the effects on the plant of a total 

failure of any safety system used in normal operation. 

3.41. Although designDesign extension conditions are, to a large extent, technology and design 

dependent, but the list below should be used as a preliminary reference of design extension conditions 

without significant fuel degradation and, which should be specifically adapted to the type and design 

of the plant: 

(a) Very low frequency initiating events typically not considered as design basis accidents: 

— Multiple steam generator tube ruptures (pressurized water reactor, pressurized 

heavy water reactor);  

— Main steam line break and induced steam generator tube ruptures (pressurized 

water reactor, pressurized heavy water reactor);  

(b) Anticipated operational occurrences or design basis accidents combined with multiple 

failures in safety systems: 

— Anticipated transient without scram: anticipated operational occurrences combined 

with the failure of rods to insert; 

— Station blackout: loss of offsite power combined with the failure of the emergency 

diesel generators or alternative emergency power supply; 

— Total loss of feed water: loss of main feedwater combined with total loss of 

emergency feedwater; 



DS491(DSA for NPPs)   Technical Editorial review, 24 November 2017 

 

22 

 

— Loss of coolant accident together with the complete loss of one type of emergency 

core cooling feature (either the high pressure or the low pressure part of the 

emergency core cooling system);  

— Loss of required safety systems in the long term after a postulated initiating event;  

(c) Multiple failures postulatedPostulated initiating events involving multiple failures: 

— Total loss of the component cooling water system or of the essential service water 

system;  

— Loss of the residual heat removal system during cold shutdown or refuelling;  

— Loss of the cooling systems designed for normal cooling and for design basis 

accidents in the spent fuel pool; 

— - Loss of normal access to the ultimate heat sink. 

3.42. For the identification of design extension conditions without significant fuel degradation, 

specific attention should be paid to auxiliary and support systems (e.g. ventilation, cooling, electrical 

supply) as some of these systems may have the potential of causingto cause immediate or delayed 

consequential multiple failures in both operational and safety systems. 

3.43. DifferentSequences for different design extension conditions sequences without significant fuel 

degradation that are associated with similar safety challenges should be grouped together. Each group 

should be analysed through a bounding scenario that presents the greatest challenge to the relevant 

acceptance criteria. 

3.44. Multiple failures considered in each sequence of design extension conditions without significant 

fuel degradation should be specifically listed. 

IDENTIFICATION OF DESIGN EXTENSION CONDITIONS WITH CORE MELTING 

3.45. A selectionnumber of specific sequences with core melting (severe accidents) should be 

madeselected for analysis in order to establish the design basis for the safety features for mitigating 

the consequences of core meltingsuch accidents, according toin accordance with the plant safety 

objectives. These sequences should be selected in order to represent all of the main physical 

phenomena (e.g. primary circuit pressure, reactor decay heat or containment status) involved in core 

melt sequences.  

3.46. Deterministic safety analysisIt should considerbe assumed that the features to prevent core 

melting fail or are insufficient, and that anthe accident sequence will further evolve into a severe 

accident. Some representativeRepresentative sequences should be selected by considering additional 

failures or incorrect operator responses to the design basis accident or design extension condition 

sequences and to the dominant accident sequences identified in the probabilistic safety analysis. 
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3.47. RepresentativeThe representative sequences for design extension condition sequences conditions 

with core melting, regardingin accordance with each acceptance criterion, should be analysed to 

determine limiting conditions, particularly those sequences that could challenge the integrity of the 

containment integrity. The representative sequences should be used to provide input to the design of 

the containment and of those safety features necessary to mitigate the consequences of such design 

extension conditions.  

3.48. Although designDesign extension conditions are, to a large extent, technology and design 

dependent, but the accidents below are provided as a preliminary reference of design extension 

conditions with core meltmelting (severe accidents): 

(a) Loss of core cooling capability, such as an extended loss of off-site power with partial or 

total loss of on-site AC power sources or/and the loss of the normal access to the ultimate 

heat sink (exact sequence is design dependent);  

(b) Loss of reactor coolant system integrity, such as loss of coolant accidents without the 

availability of emergency core cooling systems or exceeding their capabilities. 

3.49. TheA low estimates of theestimated frequency of occurrence offor an accident with core melting 

is not sufficient reason for failing to protect the containment against the conditions generated by such 

an accident. Core melt conditions should be postulated regardless of the provisions implemented in 

the design. To exclude containment failure, the analysis should demonstrate that very energetic 

phenomena that may result from core meltan accident should bewith core melting are prevented (i.e. 

the possibility of the conditions arising may be considered to have been ‘practically eliminated’). 

3.50. Representative sequences of design extension conditions with core melting should be selected to 

identify the most severe plant parameters resulting from the phenomena associated with a severe 

accident phenomena. These parameters should be consideredused in the deterministic analyses of the 

plant structures, systems and components necessary to demonstrate the limitation of the radiological 

consequences of such severe accident sequences. The analysis of these sequences should provide the 

environmental conditions to be taken into account in assessing
6
 whether the equipment used in severe 

accidents is capable of performing its intended functions when necessary (see Requirement 30 from 

SSR-2/1 (Rev.1) [1]). 

                                                 

6. Although equipment qualification is out ofoutside the scope of this Safety Guide, it is understood that typical equipment 

qualification programmes for these accidentdesign extension conditions maywith core melting might not always be 

applicable and an assessment onof the operability of structures, systems and components is acceptable; according to that, 

the. The term ‘survivability assessment’ is used in some States for such an assessment. 
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IDENTIFICATION OF POSTULATED INITIATING EVENTS DUE TO INTERNAL AND 

EXTERNAL HAZARDS 

3.51. Determination of postulated initiating events should considertake account of effects and loads 

from events caused by relevant site specific internal and external hazards, individually and their 

combinationsin combination (SSR-2/1 (Rev.1), Requirement 17, paras 5.15A to –5.21A) [1]. A list of 

external hazards can be found in NS-R-3 (Rev. 1) [15]. Analysis of internal and external hazards 

differs from analysis of postulated initiating events and scenarios originated by a single failure or 

multiple failures in the nuclear power plant technological systems or by erroneous human actions 

having direct impact on performance of fundamental safety functions
7
. The hazards themselves do not 

represent initiating events but they are associated with loads, which can initiate such events. 

3.52. In accordance with SSR-2/1 (Rev.1), paras 5.15B, 5.19 and 5.63 of SSR-2/1 (Rev.1) [1], in 

determination ofdetermining postulated initiating events caused by site specific hazards for multiple 

unit plant sites, the possibility to impactof affecting several or even all units on the site simultaneously 

should be taken into account. Specifically, the effects from losing the electrical grid, those from losing 

the ultimate heat sink and the failure of shared equipment should be taken into account. 

3.53 The analysis of hazards
8
, which is performed by using probabilistic methods or appropriate 

engineering methods, should aim to demonstrate for each hazard that either: 

(a) SuchThe hazard can be screened out due to its negligible contribution to risk; or  

(b) The nuclear power plant design is robust enough to prevent any transition from the load 

caused by the hazard into an initiating event; or  

(c) The hazard causes an initiating event considered in the design. 

3.54. In cases where an initiating event is caused by a hazard, the analysis should only credit only the 

functions of those structures, systems and components that are qualified for or protected forfrom the 

hazard. 

EVENT SEQUENCES AND ACCIDENT SCENARIOS TO BE ‘PRACTICALLY ELIMINATED’ 

3.55. According toParagraph 2.13(4) of SSR-2/1 (Rev. 1), para. 2.13 (4) [1], ] states that:  

                                                 

7 According to the IAEA Safety Glossary [3] the termThe ‘fundamental safety functions’ are also called ‘main safety 

function’ is equivalent.functions’ [3]. 

8 AvailableSee further guidance includes:in NS-G-1.5 [16], NS-G-1.7 [17] and NS-G-1.11 [18] (Note: NS-G-1.7 and 

NS-G-1.11, together, are under DS494 (Step 5): Protection against Internal Hazards in the Design of Nuclear 

Power Plants).]. 



DS491 (DSA for NPPs)   Technical Editorial review, 24 November 2017 

 

25 

 

“The safety objective in the case of a severe accident is that only protective actions that are 

limited in terms of lengths of time and areas of application would be necessary and that off-site 

contamination would be avoided or minimized. Event sequences that would lead to an early 

radioactive release or a large radioactive release
9
 are required to be ‘practically eliminated’

10
”. 

(See paras 7.68 to 7.72)..”  

3.56. The event sequences requiringfor which specific demonstration of their ‘practical elimination’ is 

required should be classified as follows:  

(a) 1) Events that could lead to prompt reactor core damage and consequent early 

containment failure, such as: 

(i) a. Failure of a large pressure-retaining component in the reactor coolant system; 

(ii) b. Uncontrolled reactivity accidents; 

(b) 2) Severe accident sequences that could lead to early containment failure, such as: 

(i) a. Highly energetic direct containment heating;  

(ii) b. Large steam explosion; 

(iii) c. Explosion of combustible gases, including hydrogen and carbon monoxide; 

(c) 3) Severe accident sequences that could lead to late containment failure
11

: 

(i) a. Basemat penetration or containment bypass during molten core concrete 

interaction (MCCI);; 

(ii) b. Long term loss of containment heat removal; 

(iii) c. Explosion of combustible gases, including hydrogen and carbon monoxide; 

(d) 4) Severe accident with containment bypass;  

(e) 5) Significant fuel degradation in a storage fuel pool and uncontrolled releases. 

                                                 
9 SSR-2/1 (Rev. 1) [1], footnote 3: “An ‘early radioactive release’ in this context is a radioactive release for which off-

site protective actions would be necessary but would be unlikely to be fully effective in due time. A ‘large radioactive 

release’ is a radioactive release for which off-site protective actions that are limited in terms of lengths of time and areas of 

application would be insufficient for the protection of people and of the environment”.” [1]. 

10 SSR-2/1 (Rev. 1) [1], footnote 4:  “The possibility of certain conditions arising may be considered to have been 

‘practically eliminated’ if it would be physically impossible for the conditions to arise or if these conditions could be 

considered with a high level of confidence to be extremely unlikely to arise. ” [1]. 

11 These conditions shouldneed to be analysed during the identification of situations to be practically eliminated. 

Nevertheless, consequences from “a”(i) and “b”(ii) could generally be mitigated with the implementation of reasonable 

technical means. 
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3.57. Consequences of event sequences that may be considered to have been ‘practically eliminated’ 

are not part of the deterministic safety analysis. However, deterministic safety analysis contributes to 

the demonstration that design and operation provisions are effective in the 'practical elimination’ of 

these sequences (see paras 7.68 to –7.72).  

 

4. ACCEPTANCE CRITERIA FOR DETERMINISTIC SAFETY ANALYSIS 

4.1. In accordance with Paragraph 4.57 of GSR Part 4 (Rev. 1), para. 4.57 ) [2], the acceptance criteria 

(criteria] states that: “Criteria for judging safety) should be defined for deterministic safety analysis. 

These criteria should reflect the criteria used by the designers or operating organizations and should 

be consistent with, sufficient to meet … the requirements of the designer, the operating organization 

and the regulatory body., shall be defined for the safety analysis.”  

4.2. Requirement 42 fromParagraph 5.75 of SSR-2/1 (Rev.1), para. 5.75 ) [1], state] states that the: 

“The deterministic safety analysis among other objectives shall mainly provide “comparison: … (d) 

Comparison of the results of the analysis with acceptance criteria, design limits, regulatory dose limits 

and acceptable doseslimits for purposes of radiation protection”. Compliance with the acceptance 

criteria should be demonstrated by deterministic safety analysis. 

4.3. Acceptance criteria should be established for the entire range of operational states and accident 

conditions. These criteria should aim at preventing damage to relevant barriers againstto the release of 

radioactive material in order to prevent unacceptable radiological releases (thus also theand hence 

consequences).) above acceptable limits. Selection of the criteria should ensure sufficient margin 

between the criterion and the physical limit for loss of integrity of a barrier against release of 

radioactive material..  

4.4. Acceptance criteria should be related to the frequency of the relevant conditions. Conditions that 

occur more frequently, such as normal operation or anticipated operational occurrences, should have 

acceptance criteria that are more restrictive than those for less frequent events such as design basis 

accidents or design extension conditions. 

4.5. Acceptance criteria should be established at two levels as follows: 

(a) — High level (radiological) criteria, which relate to radiological consequences of plant 

operational states or accident conditions. TheyThese are usually expressed in terms of 

activity levels or doses, and are typically defined by law or by regulatory requirements;  

(b) — Detailed/ (derived) technical criteria, which relate to integrity of barriers (to releases of 

radioactive material (e.g. the fuel matrix, fuel cladding, reactor coolant system pressure 

boundary, containment) against radioactive releases. They). These are defined byin 
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regulatory requirements, or proposed by the designer subject to regulatory acceptance, for 

use in the safety demonstration. 

4.6. The radiological acceptance criteria should be expressed in terms of effective dosesdose, 

equivalent dosesdose or dose ratesrate to workers at the nuclear power plant staff,, members of the 

general public or the environment, including non-human biota, as appropriate. The doses are required 

toRadiological acceptance criteria regarding doses should be within prescribed limits and as low as 

reasonably achievabledefined in all plant states,accordance with the applicable safety requirements 

(see Requirements 5 and 81 [1] of SSR-2/1 (Rev.1), Requirement 5 [1].)).  

4.7. Radiological acceptance criteria expressed in terms of doses may be conveniently 

transformedconverted into acceptable activity levels for different radioactive isotopesradionuclides in 

order to decouple nuclear power plant design features from the characteristics of the environment. 

4.8. Radiological acceptance criteria for normal operation should be typically be expressed as 

effective dose limits for the workers at the plant staff and for the members of the public in the vicinity 

of the plant surroundings, or acceptableas authorized limits on the activity in planned radioactive 

releasesdischarges from the plant,  (see SSR-2/1 (Rev. 1), Requirement 5, para. 4.4 [1].]).  

4.9. The radiological acceptance criteria for anticipated operational occurrences should be more 

restrictive than for design basis accidents, since theirthe frequencies of anticipated operational 

occurrences are higher. 

4.10. The radiological acceptance criteria for design basis accidents should ensure that Requirement 

19, and the requirements in para. 5.25, from of SSR-2/1 (Rev.1) [1], is] are met.  

4.11. The radiological acceptance criteria for design extension conditions to be established should 

ensure that Requirement 20, and the requirements in para. 5.31A, from of SSR-2/1 (Rev.1) [1] isare 

met.  

4.12. Technical acceptance criteria should be set in terms of the variable or variables that govern the 

physical processes that challenge the integrity of a barrier. It is a common engineering practice to 

make use of surrogate variables
12

 relatedrelating to the integrity of the barriers to establish an 

acceptance criterion or a combination of criteria for ensuring the integrity of the barrier. When 

defining these acceptance criteria, a sufficient conservatism should be included to ensure that there are 

adequate safety margins to the loss of integrity of the barrier.  

                                                 
12 In this Safety Guide, the use ofa surrogate variables refers to the use of variables providingvariable is a measurable 

variable that provides an indirect measure of another variable which direct measure is not possiblethat cannot be directly 

measured. 
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4.13. For specification of a set of criteria depending on specific design solutions theThe following 

groups and examples of criteria should be considered, as appropriate depending on specific design 

solutions, in the specification of a set of technical acceptance criteria: 

(a) Criteria relatedrelating to integrity of nuclear fuel matrix: maximum fuel temperature, and 

maximum radially averaged fuel enthalpy (both values with their dependence on burn-up 

and taking into account burnup, fuel composition of fuel /and additives like, such as 

burnable absorbers, in both values); 

(b) Criteria relatedrelating to integrity of fuel cladding: minimum departure from nucleate 

boiling ratio,; maximum cladding temperature,; maximum local cladding oxidation; 

(c) Criteria relatedrelating to integrity of the whole reactor core: adequate subcriticality,; 

maximum production of hydrogen from oxidation of claddings,cladding; maximum 

damage of fuel elements in the core,; maximum deformation of fuel assemblies (as 

required for cooling down, insertion of absorbers, and de-assembling),control rods and 

removal of control rods); calandria vessel integrity (for pressurized heavy water 

reactorreactors); 

(d) Criteria relatedrelating to integrity of nuclear fuel located outside the reactor: adequate 

subcriticality,; adequate water inventorylevel above the fuel assemblies and adequate heat 

removal; 

(e) Criteria relatedrelating to integrity of the reactor coolant system: maximum coolant 

pressure,; maximum temperature, pressure and temperature changes and resulting stresses- 

and strains in the coolant system pressure boundary,; no initiation of a brittle fracture or 

ductile failure from a postulated defect of the reactor pressure vessel; 

(f) Criteria relatedrelating to integrity of the secondary circuit (if relevant): maximum coolant 

pressure,; maximum temperature, pressure and temperature changes in the secondary 

circuit equipment; 

(g) Criteria relatedrelating to integrity of the containment and limitation of releases to the 

environment: value and duration and value of maximum and minimum pressure,; 

maximum pressure differences acting on containment walls,; maximum leakages,; 

maximum concentration of flammable/ or explosive gases,; acceptable working 

environment for operation of systems,; maximum temperature in the containment;  

(h) Criteria relatedrelating to integrity of any other component needednecessary to limit 

radiation exposure, such as the end shield in pressurized heavy water reactors: maximum 

pressure, temperature and heat-up rate. 
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4.14. For postulated initiating events occurring during shutdown operational regimesmodes or other 

cases with disabled or degraded integrity of any of the barriers, more restrictive criteria should be 

preferably used if possible, e.g. avoiding boiling of coolant in open reactor vessel or in the spent fuel 

pool, or avoiding uncovering of fuel assemblies. 

4.15. In particulargeneral, technical acceptance criteria relatedrelating to integrity of barriers should 

be more restrictive for conditions with higher frequency of occurrence. For anticipated operational 

occurrences there should be no consequential failure of any of the physical barriers (fuel matrix, fuel 

cladding, reactor coolant pressure boundary or containment) and no fuel damage (or no additional fuel 

damage if minor fuel leakage, within operational limits, is authorized in normal operation). For design 

basis accidents, and for design extension conditions without significant fuel degradation, barriers to 

the release of radioactive material from the plant should maintain their integrity to the extent required 

(see paras 4.10 and 4.11). For design extension conditions with core melting, containment integrity 

should also be maintained and containment by-passbypass should be prevented to ensure prevention 

of an early radioactive release or a large radioactive release.  

4.16. The range and conditions of applicability of each specific criterion should be clearly specified. 

For example, specification of fuel melting temperature or fuel enthalpy rise should be associated with 

specification of fuel burn-upburnup and content of burnable absorbers. Similarly, for limitation of 

radioactive releases, the duration of the releases should be specified. Acceptance criteria can vary 

significantly depending on conditions. Therefore, acceptance criteria should be associated with 

sufficiently detailed conditions and assumptions to be used for safety analysis. 

4.17. Although the assessment of engineering aspects important to safety maymight not be explicitly 

addressed in the safety analysis, it constitutes a relevant part of the safety assessment. Safety margins 

applied to the design of structures, systems and components should be commensurate with the 

uncertainty ofin the loads they may have to bear, and with the consequences of their failuresfailure. 

4.18. In addition to all pertinentrelevant physical quantities, the evaluation of stresses and strains 

should considertake account of the environmental conditions resulting from each loading, each 

loading combination and appropriate boundary conditions. The acceptance criteria should adequately 

reflect the prevention of consequential failure of structures or components neededthat are necessary to 

mitigate the consequences of the events, which are correlated to the assumed loading. 

5. USE OF COMPUTER CODES FOR DETERMINISTIC SAFETY ANALYSIS 

BASIC RULES FOR SELECTION AND USE OF COMPUTER CODES 

5.1. According to Requirement 18 fromof GSR Part 4 (Rev. 1) [2],] states that: “Any calculational 

methodmethods and computer codes used in the safety analysis shall undergo verification and 
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validation”..” The models and methods used in the computer codes for the calculationdeterministic 

safety analysis should be appropriate and adequate for the purpose. The requirements for extent of the 

validation and verification necessary and the means for achieving it should depend on the type of 

application and purpose of the analysis. 

5.2. Regarding the selection of computer codes, it should be confirmed that: 

(a) (a) The physical models used to describe the processes are justified;. 

(b) (b) The simplifying assumptions made in the models are justified;. 

(c) (c) The correlations used to represent physical processes are justified and their limits of 

applicability are identified;. 

(d) (d) The limits of application of the code are identified. This is important when the model 

or calculational method is only designed to model physical processes overin a 

validityparticular range of conditions, and the code should not be applied outside this 

range;. 

(e) (e) The numerical methods used in the code are accurate and robust;. 

(f) (f) A systematic approach has been used for the design, coding, testing and documentation 

of the code;.  

(g) (g) The Compliance of the source coding with its description in the system code 

documentation has been assessed relative to the code specification.  

5.3. The assessment of the accuracy of individual codes should include a series of steps: 

(a) (a) Identifying the important phenomena in the supporting experimental data and 

expected plant behaviour; 

(b) (b) Estimating uncertainties associated with the numerical approaches used in the code; 

(c) (c) Estimating uncertainties in keythe main models used in the code;  

(d) (d) Establishing sensitivities inof important processes to values of the main variables. 

5.4. Regarding the outputs of the computer codes, it should be confirmed that the predictions of the 

code have been compared with: 

(a) (a) Experimental data for the significant phenomena modelled. This would typically 

include a comparison againstwith ‘separate effect test’ (SET)tests’ and ‘integral effect 

test’ (IET), seetests’, as described in para. 5.25; 

(b) (b) Whenever available,Available plant data, including tests carried out during 

commissioning or startup and data from operational occurrences or accidents; 
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(c) (c) Outputs offrom other codes whichthat have been developed independently and use 

different methods;  

(d) (d) StandardResults from standard problems and/or numerical benchmarks whenever, 

when these are available and reliable; 

5.5. Although there has been substantial progress in the development of more accurate and reliable 

computer codes for accident analysis, the user still has a significant influence on the quality of the 

analysis. Regarding the users of the code, itIt should be ensured that: 

(a) (a) TheAll users of the code have received adequate training and they appropriately 

understandhave sufficient understanding of the models and the methods used in the code;  

(b) (b) The users or their supervisors are sufficiently experienced in the use of the code and 

appropriately understand have sufficient understanding of its uses and limitations for the 

specific application case (e.g. loss of coolant accident); 

(c) (c) The users have adequate guidance in the use of the code;  

(d) (d) The users follow the recommendation for use of the code and, especially the ones 

relativethose relevant to the specific application for which the analysis is carried out. 

5.6. Regarding the use of the computer code, it should be confirmed that: 

(a) (a) The nodalization (see para 5.3839) and the plant models provide a good representation 

of the behaviour of the plant; 

(b) (b) The input data are correct;  

(c) (c) The nodalization, selected models and assumptions are consistent, to the extent 

practicable, with the onesthose chosen for SETseparate effect tests and IETintegral effect 

tests used for the qualification of the application;  

(d) (d) The output of the code is evaluated and understood adequately and used correctly. 

PROCESS MANAGEMENT IN CONNECTION WITH THE USE OF THE COMPUTER CODES 

5.7. All activities that affect the quality of computer codes should be managed. This will require, 

using procedures that are specific to ensuring the quality of software. The appropriateEstablished 

software engineering practices that are applicable to the development and maintenance of software 

critical to safety should be applied. More specifically, formalizedFormalized procedures and 

instructions should be put in place for the entire lifetime of the code, including code development, 

verification and validation, and a continued maintenance process with special attention to the 

reporting and correction of errors.  
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5.8. Code developers should ensure that the planned and systematic actions required to provide 

confidence that the code meets the functional requirements have been taken. The procedures should 

address, as a minimum, development control, document control, configuration of the code and testing 

and corrective actions.  

5.9. To minimize human errorserror in code development, only properlysuitably qualified or 

supervised personnel should be involved in the development, verification and validation of the code. 

Similarly, in user organizations, only suitably qualified or supervised personnel should use the code. 

5.10. The activities in the code development and maintenance of the code should include:  

(a) (a) Preparation and upgrading of code manuals for developers and users; 

(b) (b) Verification and validation activities and their documentation; 

(c) (c) Error reporting and corrective actions and their documentation; 

(d) (d) Acceptance testing including non-regression tests, installation of the code and 

upgrading of code manuals; 

(e) (e) Configuration management; 

(f) (f) Control of interfaces;  

(g) (g) Version control of the code. 

5.11. If some tasks of code development, verification or validation are delegated to an external 

organization, those tasks should be managed to ensure quality within the external organization to 

ensure quality. The user’s organization should review arrangements within the external organization 

and should audit their implementation. 

5.12. AsWhen new versions of codes are developed, an established set of test cases should be 

simulated and run with the new version and any significant differences fromin the results compared to 

previous versions should be identified and understood. Such simulations should be performed by the 

code developers and users, as appropriate.  

Interface between safety and security regarding the use of the codes 

5.13. Computer security measures should be in place to protect the code and development 

environment from malicious acts and the introduction of new vulnerabilities; see NSS-17. Guidance 

on computer security for nuclear facilities is provided in the IAEA Nuclear Security Series [19]. 

VERIFICATION OF COMPUTER CODES  

5.14. Paragraph 4.60 of GSR Part 4 (Rev. 1) [2] indicates that verification of the code is required to 

include both model verification and system code verification. 
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5.15. Verification of the code should be performed to demonstrateinclude demonstration that the code 

(source code and algorithm) accurately represents the mathematical model of the real system (model 

verification) and conforms to the specifications.code documentation (system code verification). In 

general, the verification should ensure that the numerical methods, the transformation of the equations 

into a numerical scheme to provide solutions, and the user options with theirand restrictions are 

appropriately implemented in accordance with the specifications. 

5.15. In accordance with GSR Part 4 (Rev. 1), para. 4.60 [2], verification of the code should consist of 

both model verification and system code verification.  

5.16. The verification of the code should be performed by means of review, inspection and audit. 

Checklists mightmay be provided for review and inspection. Audits mightmay be performed on 

selected items to ensure quality. 

5.17. Verification of the code should be performed to review the source coding in relation to its 

description in the code documentation. The verification should include a review of the design concept, 

basic logic, flow diagrams, algorithms and computational environment.  

5.18. If the code is run on a hardware or software platform (e.g. operating system) other than that the 

one on which the verification process was carried out, the continued validity of the code verification 

for the intended platform should be assessed. 

5.19. Verification of the source codecoding should be performed to demonstrate that it conforms to 

accepted programming practices, and that its logic is consistent with the design specificationcode 

documentation.  

5.20. A complex code may containinclude the integration or coupling of simpler codes. In such cases, 

verification of the complex code should ensure that the links and/or interfaces between the codes are 

correctly designed and implemented to meet the design requirementscode documentation. 

VALIDATION OF COMPUTER CODES 

5.21. Validation of the code should be performed to determine whether athe mathematical 

modelmodels used in the code isare an adequate representation of the real system being modelled. 

Outputs of the code areshould be compared, as far as possible, with observationobservations of the 

real system or experimental data. 

5.22. Validation of the computer code should provide confidence in the ability of a code to predict, 

realistically or conservatively as required, the values of the safety parameter or parameters of interest. 

The level of confidence provided by the validation should be appropriate to the type of analysis; . For 

example, the scope of validation mightmay be relaxed for codes used in severe accident analysis, 

taking into accountin view of the limited relevant experimental data available, in which case 

additional reliance should be placed on verification (see paras 5.14 to –5.20). 
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5.23. Validation of the code should be performed to assess the uncertainty ofin the parameter values 

predicted by the code. Outputs of the code areshould be compared with relevant experimental data 

and , if possible, with data from operational transients, if possible, for representing the important 

phenomena expected to occur. 

5.24. The validation of the codes used in For complex analysis, the validation should be performed in 

two phases: the development phase, in which the assessment is doneperformed by the code developer, 

and the independent assessment phase, in which the assessment is performed by the code user. Both 

phases are recommended for validation.  

5.25. The validation should ideally include comparisons of code outputs with results from four 

different types of test: 

(a) (1) Basic tests. Basic testsThese are simple test cases that may, which might not be 

directly related to a nuclear power plant. These tests may have analytical solutions or may 

use correlations or data derived from experiments;. 

(b) (2) Separate effect tests. Separate effect tests addressThese are designed to highlight 

specific phenomena that may occur at a nuclear power plant, but do not address other 

phenomena that may occur at the same time. Separate effect tests should ideally be 

performed at full scale. If not, appropriate attention should be paid to possible scaling 

effects (see paras 5.29 to 30–5.31);32). 

(c) (3) Integral effect tests. Integral testsThese are test cases that are directly related to a 

nuclear power plant. All or most of the relevant physical processes are represented. 

simultaneously. However, these tests may be carried out aton a reduced scale, may use 

substitute materials or may be performed atwith different boundary conditions;, compared 

to a nuclear power plant.  

(d) (4) Nuclear power plant level tests and validation through operational transients. Nuclear 

power plant level tests are performed on an actual nuclear power plant, for example during 

the commissioning phase. ValidationValidations through operational transients, together 

with nuclear power plant tests, are important means of qualifying the plant model. 

The validation5.26. Validation against test data is the primary means of validation. However, in cases 

where no means to achieve appropriate data for validation are available for (2), (3) and (4test cases of 

the types (b), (c) or (d) above, it is possible to enhance confidence onin results by means of code –to -

code comparisoncomparisons or the use of bounding engineering judgement, to cover 

deficienciescompensate for limitations in the full validation. The approach taken to validation and the 

use of the code should be justified. 
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5.2627. The validation should ideally cover the full range of values of parameters, conditions and 

physical processes that the code is intended to cover. Validation ofmodel, in the code is associated 

with specific applications for which it is to be used. 

5.2728. The scope of the validation performed by the code user should be consistent with the intended 

purposeuse of the code. The scope of validation should also be in accordance with the complexity of 

the code and the complexity of the physical processes that it represents. 

5.2829. For complex applications, a validation matrix should be developed for code validation, 

because a code maycode might predict one set of test data with a high degree of accuracy but may be 

inaccurate for other data sets. TheFor such cases, a validation matrix should be adjusteddeveloped for 

code validation, tailored to the application(s) for which the code is to be validated. 

5.2930. The validation matrix should include test data from different experimental facilities and from 

different sets of conditions in the same facility, and it should ideally include basic tests, separate 

effect tests, integral effect tests and nuclear power plant level tests. The models and associated 

assumptions chosen at each level of validation (from basic, separate to integral and nuclear power 

plant) should be consistent andwith one another and should not adapted depending on the typebe 

different for different types of teststest. If sufficient data from full scale experiments are not available, 

data from reduced scale experiments should be used, with appropriate consideration of scaling effects. 

The number and the selection of tests in the testvalidation matrix should be justified as being 

sufficient for the intended application(s) of the code. 

5.3031. To ensure that the code is validated for conditions that are as close as possible to those in a 

nuclear power plant, it should be ensured that the boundary conditions and initial conditions of thefor 

each test are appropriate. ConsiderationIf data relating to other conditions are used, consideration 

should be given to scaling effects. A scaled experimental facility cannot be used to represent all of the 

phenomena that are relevant for a full size facility. Thus, for each scaled facility that is used in the 

assessmentvalidation process, the phenomena that are correctly represented and those that are not 

correctly represented should be identified. The effects of phenomena that are not properly represented 

should be addressed in other ways, taking into account the applicable level of conservatism. 

5.3132. When performing a validation against experimental data, allowance for uncertainties in the 

measurementsmeasured data should be included in the determination of the uncertainty ofin the 

computer code.code’s predictions. In addition, the evaluation of uncertainties based on scaled 

experimental results has toshould be transposed and justified to the uncertainty relative to to the real 

power plant application and this transposition should be evaluated and justified in assessing the 

overall uncertainty in the results. 

5.3233. The range of validity and the limitations of a computer code, which are established as a result 

offrom its validation, should be documented in a validation report. 
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5.33.5.34. The results of a validation should be used to determine the uncertainty ofin the results 

obtainedprovided by a code calculationcalculations. Different methods are available for assessing the 

uncertainty ofin the results. 

5.35.5.34. For point data, the difference between values calculated using the code and experimental 

results may be determined directly or, in the case of a set of experimental results, by using descriptive 

statistics. For time dependent data, as a minimum a qualitative evaluation of the uncertainty should be 

performed. 

5.3536. As a result of the validation process, the uncertainty ofin the code calculations and the code’s 

range of validation should be known and should be considered in interpreting any results of safety 

analysis calculations. 

5.3637. For a code intended to be conservative regarding certaina particular acceptance criterion, it 

should be demonstrated that the code prediction for that criterion is conservative when compared 

againstwith the experimental data. (i.e. that predictions of negative consequences are worse than the 

likely actual consequences).  

5.3738. Results produced by computer codes are sensitive to decisions that are made by the user, such 

as the models chosen and the number and structure of nodes that are used. Such user effects could be 

particularly large for a specific analysis whosein cases where results cannot be compared with plant 

data or experimental data. The procedures, code documentation and user guidelines should be 

carefully elaborated and followed to limitminimize such user effects. ProceduresFor example, user’s 

procedures should include guidance on issues such as the wayhow to compile the input data set and 

the means ofsets, selecting the appropriate models in the code, and general rules for preparing the 

nodalization. 

5.3839. The nodalization should be sufficiently detailed so that all the important phenomena of the 

scenario and all the important design characteristics of the nuclear power plant analysed are 

represented. A qualified nodalization that has successfully achievedprovided code outputs in 

agreement with experimental results for a given scenario should be used as far as possible for the 

same scenario when performing an analysis for a nuclear power plant. When scaled tests are used to 

assess a computer code, a consistent nodalization philosophy should be used for the test and for the 

full scale analysis of the plant. Sufficient sensitivity analyses should be performed on the nodalization 

to ensure that the calculated results are free from erratic variations. 

QUALIFICATION OF INPUT DATA 

5.3940. The input data for a computer code include some form of model that represents all or part of 

the nuclear power plant. There is usually a degree of flexibility in how the plant is modelled orand 

nodalized. The input data that are used to perform deterministic calculations should conform to the 
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best practice guidelines for using the computer code (as in the user manual) and should be 

independently checked. The input data should be a compilation of information found in valid 

technical drawings, operating manuals, procedures, set point lists, pump performance charts, process 

diagrams and instrumentation diagrams, control diagrams, etc and other plant documentation. 

DOCUMENTATION OF COMPUTER CODES 

5.4041. Each computer code needs toshould be adequately documented to facilitate review of the 

models and correlations employed and to ensure that the models for important phenomena are 

appropriate and are not applied outside their range of validity. The documentation wouldshould also 

provide a description of the uncertainties ofin important models and in the overall code for typical 

applications. The code documentation wouldshould also include user guidelines and input 

descriptions to ensure that the user can use the code properly. DescriptionA description of the 

experimentexperimental data or theother key data used, a description of the computer options 

usedconsidered in the validation and a description of the validation results should also be included. 

The documentation should be available to all users. 

5.4142. Although the guidance may vary depending on the complexity of the codes and the modelling 

parameters available to the user, the user guidelines or validation documentation should give the user 

some guidance on the influence of important modelling parameters, recommendations for typical 

applications of the code, the type of nodalization to be used and the important trends to be expected. 

Typically, a complete set of documentation would include an abstract of the programme, a theory 

manual, a user’s manual and a description of the inputs, a programmer’s manual and a validation 

report. 

5.4243. The tracking of errors and reporting of their correction status should be a continuous process 

and should be a part of code maintenance. The impacts of such errors on the results of analyses that 

have been completed and used as part of the safety assessment for a plant should be assessed. 

 

6. GENERAL APPROACHES FOR ENSURING SAFETY MARGINS IN DETERMINISTIC 

SAFETY ANALYSIS 

GENERAL CONSIDERATIONS 

6.1. The deterministic safety analysis should demonstrate that the associated safety requirements are 

met and that adequate margins (depending on the plant state) exist between the real values of 

important parameters that could actually be reached and the threshold values at which the barriers 

against release of radioactivityradioactive material would fail. Conservatisms might be introduced in 
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many ways, such as in acceptance criteria or through conservative assumptions in physical models, 

and or in initial and boundary conditions. 

6.2. Uncertainties in computational the predictions of computer codes should be taken into account 

either implicitly by applicable approaches (see Table 1), or explicitly using a best estimate approach 

with quantification of uncertainties. (see Table 1). This is in particularparticularly important for the 

most limiting conditions (those with the smallest margins to acceptance criteria). 

6.3. To demonstrate compliance with acceptance criteria for anticipated operational occurrences 

acceptance criteria, two complementary approaches should be considered,: the realistic approach, 

using plant control and limitation systems (paras 7.17 to –7.26)); and a more conservative approach, 

using only safety systems (paras 7.27 to –7.44). 

6.4. In accordance with Paragraph 5.26 of SSR-2/1 (Rev.1), para. 5.26 ) [1], the deterministic safety 

analysis of] states that “The design basis accidents shouldshall be performed usinganalysed in a 

conservative analysis (see para. 2.14), including consideration ofmanner. This approach involves 

postulating certain failures in safety systems, specifying design criteria and using other conservative 

assumptions, models and input parameters in the analysis..” (See para. 2.14 of this Safety Guide.) 

6.5. In accordance with Paragraph 5.27 of SSR-2/1 (Rev.1), para. 5.27 ) [1],] states, in relation to the 

deterministic safety analysis of design extension conditions, and in particular analysis demonstrating 

thethat: “The effectiveness of safety provisions to ensure the functionality of the containment, could 

be performed with aanalysed on the basis of the best estimate approach” (although more stringent 

approaches may be used according to in accordance with specific regulatory requirements). 

6.6. When best estimate analysis is used, adequate margins to the loss of integrity of barriers should 

still be ensured. It should be demonstrated by sensitivity analysis that cliff edge effects
13

 potentially 

leading to an early radioactive release or a large radioactive release can be reliably avoided. This 

demonstration is particularly important in the case of best estimate analysis used for design extension 

conditions and particularly for severe accidents, which have higher potential for degradation of the 

barriers leading to an early radioactive release or a large radioactive release. 

6.7. Parameters to which the analysis results are most sensitive should be identified. A sensitivity 

analysis should be performed with systematic variation of the key input variables to determine their 

influence on the results. These analyses should be used for the determination of the most penalizing 

                                                 

13 Definition of a A ‘cliff edge effect’ is provideddefined in the Safety Glossary as “An instance of severely abnormal 

conditions caused by an abrupt transition from one status of a facility to another following a small deviation in a parameter 

or a small variation in an input value” [3]. The term ‘plant parameter‘parameter’ in thethis definition shouldcan be 

interpreted in a broad sense, i.e. as any plant physical variable, design aspect, equipment condition, magnitude of a hazard, 

etc. that can influence equipment or plant performance. 
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values of the parameters that represent the greatest challenges to safety, and for demonstration that a 

realistic change of the realistically foreseeable changes in parameters doesdo not lead to cliff edge 

effects. However, itIt should be taken into account that when sensitivity analyses are carried out 

withby changing one-at-a-time parameter changesat a time, misleading informationresults may be 

obtained due tobecause the possible compensatingcompensatory or cumulatingcumulative effects 

when several parameters change simultaneously are not necessarily reflected. 

6.8. For practical reasons, only a limited number of parameters — those identified as having the more 

significant effect on results — can be involvedconsidered in sensitivity analysis. Variation in the 

values of these parameters inwithin a given range is also aimedaims to identify the values that lead to 

the smallest margins to a selected acceptance criterion, and therefore such values are criterion 

dependent. Moreover, the importance of any parameter may change during the transient. 

Attentiontransients. Care should be paidtaken to the fact that, if the avoid situations in which arbitrary 

variations in selected parameters that are not independent, their arbitrary variation may cause 

problems due to inconsistency of data (e.g. violation of mass balance laws). 

6.9. Deterministic safety analysis should incorporate a degree of conservatism which is commensurate 

with the objectives of the safety analysis objectives and is dependent on the plant state. For 

conservative analysis of anticipated operational occurrences and design basis accidents (see para. 

2.14), instead of the fully conservative approach,2.14), one of the two following options, or a 

combination of both, should be considered; either instead of the fully conservative approach;  

(a) useUse of the best estimate computer code in combination with conservative input data 

for the analysis,; or  

(b) useUse of a best estimate computer code in combination with best estimate input data, 

however irrespective of how it is associated with the quantification of uncertainties 

considering both uncertainties ofin the code models as well as uncertainties of and in input 

data for the analysis.  

While inIn the firstformer case, the results are expressed in terms of a set of calculated conservative 

values of parameters that are limited by the acceptance criteria,; in the secondlatter case the results are 

expressed in terms of percentiles or probability distributions of the calculated parameters.  

6.10. The procedures, code documentation and user guidelines should be followed carefully to limit 

the influence of the user in performing deterministic safety analysis.  

6.11. The selection of initial and boundary conditions should take account of geometric changes, fuel 

burnup and age-related changes to the nuclear power plant, such as boilerfouling of boilers or steam 

generator foulinggenerators. 
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CONSERVATIVE APPROACH AND COMBINED APPROACHESAPPROACH TO 

DETERMINISTIC SAFETY ANALYSIS FOR ANTICIPATED OPERATIONAL OCCURRENCES 

AND DESIGN BASIS ACCIDENTS  

6.12. In the conservative approach or combined approachesapproach, conservative selection of initial 

and boundary conditions used as input for the analysis should be madeselected from the ranges of 

parameters specified in the plantplant’s operational limits and conditions (see Table 1). Examples of 

initial conditions are reactor power level, power distribution, pressure, temperature and flow in the 

primary circuit. Examples of boundary conditions are actuation set-point points and performance 

characteristics of the plant systems such as pumps and power supplies, external sources and sinks for 

mass and energy, and other parameters changingthat change during the course of the transient. 

Selection of conservative assumptions with regard to the availability of systems and operator actions 

is discussed separately for individual plant states in Section 7 of this Safety Guide. 

6.13. Selection of inputInput data and certain modelling assumptions appliesshould be selected not 

only tofor neutronic and thermal-hydraulicthermohydraulic aspects of anticipated operational 

occurrences and design basis accidents, but equally also tofor radiological aspects. In particular, for 

analysis of the source term for releases to the environment, the following factors should be addressed: 

(a) Fission productInventory of fission products and other radionuclide 

inventoryradionuclides in the fuel (in the core or in the spent fuel pool);  

(b) Activity in the reactor coolant system, including release of volatile fission products prior 

to or during the event (spiking); 

(c) Time progression and scope of fuel damage (clad leakage); 

(d) Fractions of radionuclides released from the fuel; 

(e) Retention of radionuclides in the primary cooling system and in containment leakage 

pathways; 

(f) Partitioning of fission products between steam and liquid phasephases of the coolant; 

(g) Performance of containment systems (sprays, ventilation, filtering, deposition and 

resuspension); 

(h) Containment leakLeak rate and position of leaks from the containment; 

(i) Timing and duration of releases; 

(j) Chemical and physical forms of radioactive material released, in particular iodine;  

(k) Effective elevationheight of release to the environment taking into account the energy of 

the releases. 
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6.14. In the case whenWhen a best estimate code is used in combination with conservative inputs and 

assumptions is used, it should be ensured that the uncertainties associated with the best estimate code 

are sufficiently compensated for by conservative inputs. To take into account uncertainties related to 

code models, the completeThe analysis should considerinclude a combination of validation of the 

code, use of conservatisms and use of sensitivity studies. to evaluate and take into account the 

uncertainties relating to code models. These studies may be different depending on the type of 

transient;, and therefore this study should be carried out for each deterministic safety analysis. 

6.15. For the purpose of conservative or combined approaches, the initial and boundary conditions 

should be set to values that will lead to conservative results for thosethe safety related parameters that 

are to be compared with the given acceptance criteria. A single set of conservative values for initial 

and boundary conditions does not necessarily lead to conservative results for each safety related 

parameter or acceptance criterion. Therefore, the appropriate conservatism inconservative initial and 

boundary conditions should be selected individually, depending on the specific transient and 

acceptance criteria. Combinations of initial conditions that cannot occur at the same time do not need 

to be considered. 

6.16. In determination ofselecting conservative input parameters for the analysis, the following should 

be taken into account: 

(a) Intentional conservatisms maymight not always lead to conservative the intended 

conservatism in the results, for example due to mutually contradictory effects ofif 

different assumptions leadinglead to compensatory effects and ‘cancel out’ 

conservatisms; 

(b) The degree of conservatism can change during athe course of the event, and an assumption 

maymight not beremain conservative throughout the whole transient; 

(c) Due to implemented conservatisms The use of some conservative assumptions might lead 

to misleading or unrealistic predicted sequences of events and unrealistic time-scales may 

be predicted;timescales;  

(d) If conservative values are selected based on engineering judgment, there is a high risk that 

such selection is not properly implemented by the user is not appropriate and that it does 

not lead to conservative results. 

Sensitivity calculations should therefore be performed to support conservative selection of inputs for 

each acceptance criterion. It is also advisable, at least for selected scenarios with results of 

highparticular importance, to perform confirmatory best estimate analysis with quantification of 

uncertainties. 

6.17. Since the use of conservative computer codes can maskconceal the effects of certain phenomena 

or significantly change their chronological order, the analysis of such phenomena should be supported 
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by adequate sensitivity analysis to demonstrate that important safety issues are not being concealed by 

the conservative code. 

6.18. In conservative safety analysis, the most limiting initial conditions that are expected over the 

lifetime of the plant should be used, based on sensitivity analyses. The initiating event should be 

considered to occur at an unfavourable time as regardswith respect to initial reactor conditions 

includingsuch as plant mode (power or shutdown), power level, residual heat level, fission product 

inventory, reactivity conditions, and reactor coolant system temperature, pressure and inventory.  

6.19. Initial conditions that cannot occur at the same time in combination do not need to be 

considered. For example, the limiting decay heat and the limiting peaking factors cannot physically 

occur at the same time of the fuel campaign. However the initial conditions considered should 

coverinclude the most unfavourable combinations that are possible combination. 

6.20. Operating conditions taking place during very limited time period and occurring with 

negligiblenegligibly low frequency of occurrence mayand having a very limited duration might not 

need to be considered in the selection of conservative initial conditions. 

BEST ESTIMATE DETERMINISTIC SAFETY ANALYSIS WITH QUANTIFICATION OF 

UNCERTAINTIES FOR ANTICIPATED OPERATIONAL OCCURRENCES AND DESIGN 

BASIS ACCIDENTS  

6.21. Uncertainties in deterministic safety analysis, in particular for anticipated operational 

occurrences and design basis accidents, may be addressed in deterministic safety analysis by the use 

of a best estimate computer code taking into account uncertainties in models, initial and boundary 

conditions and other input parameters. To obtain conservative results of safety analysis, the effects of 

such uncertainties on the results should be identified and assessed to confirm that the actual plant 

parameters will be bounded by the upper and lower limits of the results of calculation with an 

adequate level of confidence. 

6.22. Prior to theBefore quantification of uncertainties, it should be ensured that: (a) the best estimate 

computer code used for the analysis is adequately validated; (b) the user effects (e.g. possible 

improper selection of values) are properly accounted for; (c) the influence of the computational 

platform (hardware and software) on the results is minimized; and (d) the methodology to assess the 

uncertainties is qualified. 

6.23. A reliable assessment of the uncertainties is needednecessary to carry out acceptable robust ‘best 

estimate analyses with quantification of uncertaintiesuncertainties’ analyses, especially for the 
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identification and separation of aleatory and epistemic sources of uncertainties
14

. These two different 

sources of uncertainty should be treated differently when performing the uncertainty analysis. Code-

to-data comparisons are the preferred means to quantify the epistemic uncertainties. However, a 

combination of sensitivity studies, code -to -code comparisons and expert judgements may also be 

used as an input for the assessment (GSR Part 4 (Rev. 1), Requirement 17)para. 4.59 [2]. For]). The 

preferred means for assessing aleatory uncertainties, the preferred means  is the collection of data 

from nuclear power plant data ofplants on initial and boundary conditions that are relevant to the 

events being considered. 

6.24. Quantification of uncertainties should be based on statistically combinedstatistical combination 

of uncertainties in plant conditions and in code models (see para. 2.7) to ensure that, with a specified 

probability, that a sufficiently large number of calculated results meet the acceptance criteria. For 

analysis of anticipated operational occurrences and design basis accidents it is typically required that 

assurance be provided at a 95% confidence level or greater probability that at least 95% of the results 

comply with applicable acceptance criteria for a plant. However, national regulations may require a 

different levellevels of probability. 

6.25. Within the uncertainty methods considered, uncertainties should be evaluated using either (a) 

propagation of input uncertainties or (b) extrapolation of output uncertainties. ForIn the ‘propagation 

of input uncertainties’,former approach, overall uncertainty in outputs is obtainedevaluated by 

performing a sufficient number of calculations, varying these input uncertain input parameters. ForIn 

the ‘extrapolation of output uncertainty’latter approach, overall uncertainty in outputs is obtained 

from the output uncertaintyevaluated based on comparison between the outputs (calculation results) 

and experimental data. 

6.26. For the ‘propagation of input uncertainties’ approach, the uncertain input parameters that are 

varied should include at least the most significant ones. The Ranges should be assigned to the values 

of selected input parameters should be ranged and theirthe probability distributiondistributions within 

those ranges specified usingbased on data from relevant experiments, measurements of parameters, 

records of plant operational parameters, etc.or other appropriate sources. If this is not feasible, 

conservative values from the given range should be used. SelectedEither the selected input parameters 

have toshould be independent of each other, or dependencies between uncertain input parameters 

should be identified and quantified and a; specific processing of these results should be applied. 

6.27. It should be taken into account that the The selection of uncertain input parameters, their to be 

varied, and the ranges and probability distributions isused, are crucial for the reliability of results, 

                                                 
14 Aleatory uncertainty is uncertainty inherent in a phenomenon, and is of relevance for events or phenomena that occur in a 

random manner, such as random failures of items of equipment. Epistemic uncertainty is uncertainty attributable to 

incomplete knowledge about a phenomenon, which affects the ability to model it [3]. 
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since itthey strongly affectsaffect the width of the uncertainty bands of the results that is essential for 

engineering applications.  

6.28. Uncertainty methods with ‘propagation of input uncertainties’ by using regression or correlation 

techniques from the sets of input parameters and from the corresponding output values also allow also 

ranking of the uncertain input parameters in relation toaccordance with their contribution to output 

uncertainty; the ranking of parameters is therefore a result of the analysis.. Such ranking indicates 

which of the parameters should be given the highestgreatest attention. However, attentionit should be 

given to the facttaken into account that the regression or correlation techniques might also have 

drawbacksgive unclear or misleading results, especially when the response is not linear or when the 

cross-correlation effects are important. 

6.29. The uncertainty in parameters associated with the results of a computer code may be also 

determined be estimated based on expert judgment with the assistance of “phenomena identification 

and ranking table (PIRT) based on expert judgment tables” for each event that is analysed. This 

PIRTEach such table should identify the most important phenomena for which the suitability of the 

code has to be assured and should be, based to the extent possible on available data. The important 

parameters should be varied randomly in accordance with their respective probability distributions to 

determineestimate the overall uncertainty. The same process can be applied to evaluate the 

applicability of a computer code or a computational tool to simulate a selected event. 

7. DETERMINISTIC SAFETY ANALYSIS FOR DIFFERENT PLANT STATES 

GENERAL CONSIDERATIONS 

7.1. Deterministic safety analysis should address postulated initiating events and accident sequences 

corresponding to different plant states and should follow general rules for the selection of acceptance 

criteria, use of computer codes and, suggested approaches for treatment of uncertainties and ensuring 

safety margins, as described in the three previous sections of this Safety GuideSections 4, 5 and 6. 

7.2. In addition, deterministicDeterministic safety analysis should followalso be conducted following 

more specific guidance regarding the objectives of the analysis, selection of acceptance criteria, 

consideration of availability of various plant systems, operator actions, treatment of uncertainties and 

any other assumptions of the analysis for individual plant states specified further on, as described in 

this section. DeterministicIn deterministic safety analysis, credit should be only creditgiven to those 

structures, systems and components that meet the requirements associated with relevant plant states, 

with due consideration of their safety classification (see SSG-30) [20].]). 

7.3. Decisions on the level of conservatism in performing deterministic safety analysis should include 

the following setsconsideration of the input data or assumptions on the following: 
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(a) 1) Code models; 

(b) 2) Plant operating parameters; 

(c) 3) Control and limitation systems; 

(d) 4) Active safety systems; 

(e) 5) Passive safety systems; 

(f) 6) Safety features for design extension conditions;  

(g) 7) Operator actions. 

7.4. Separate analyses of the source term should be carried out for each type of failuresfailure for 

which the phenomena that would affect the source term would be different. Typical kindstypes of 

accidentsaccident include: loss of coolant accidentaccidents with release of reactor coolant and fission 

products from the core to the containment,; accidents by-passingbypassing the containment or 

accidents taking place outside the containment, such as accidents in the spent fuel pool,; accidents 

during manipulations with themanipulation of irradiated fuel, or; and accidental releases from the 

systems for treatment and storage of gaseous and liquid radioactive waste.  

7.5. For many types of postulated accidentsaccident, the important release of radionuclides would be 

from the reactor core into the reactor coolant system and afterwardssubsequently into the 

containment. Evaluation of the source term should thus involve determiningtherefore include 

predicting the behaviour of the radioactive material alongradionuclides through this route up to, until 

their release to the environment. 

DETERMINISTIC SAFETY ANALYSIS FOR NORMAL OPERATION  

Specific objectives of the analysis 

7.6. Deterministic safety analyses of normal operation should use an iterative process to support the 

development of operational limits and conditions and confirm their adequacy. These reflectrepresent 

the limiting conditions of operation, expressed in terms of values of process variables, system 

requirements, or surveillance andor testing requirements.  

7.7. The limits and conditions used in deterministic safety analyses of normal operation, such as those 

of reactor power and coolant inventory, should coverinclude all important initial and boundary 

conditions that will be subsequently used in the analysis of anticipated operational occurrences, 

design basis accidents and design extension conditions.  

7.8. All modes of normal operation and relevant plant configurationconfigurations covered by 

operational limits and conditions should be analysed, with particular attention paid to transient 

operational regimesassociated transients such as changes in reactor power, reactor shutdown from 
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power operation, reactor start upstartup, reactor cooling down, mid-loop operation, and handling of 

fresh and irradiated fuel and off-loading, including offloading of irradiated fuel from the reactor to the 

spent fuel pool and loading of fuel into the core. 

7.9. The deterministic safety analysis for normal operation should also include an analysis of the 

radiological situation in the plant and an estimate of the plant’s releases of radioactive material to the 

environment. These are necessary inputs for determining radiation doses to workers at the plant staff,, 

and to members of the public and to non-human biota around the nuclear power plant. DueOwing to 

the complexity of the issueradiological analysis, and in particular its strong dependence on the overall 

organization of the plant operation, the corresponding guidance is not provided in this Safety Guide. 

(see for example GSG-10 [5]). 

Acceptance criteria 

7.10. The deterministic safety analysis should assessprovide an assessment of whether normal 

operation of the plant can be carried out in such a way that plant parameter values do not exceed 

operational limits and conditions. The assessment of design in normal operation should verify that a 

reactor trip or initiation of the limiting and safety systems would be avoided in all the transients, as 

defined by the operational limits and conditions, and consideringtaking account of all the operating 

modes. Transitions from one operational state to another, as anticipated according toin operational 

guidelines, should be also be taken into account. 

7.11. The safety analysis for normal operation should include an analysis of the overall design and 

operation of the plant to: (a) predict the radiation doses likely to be received by workers and members 

of the public; (b) assess that these doses are below acceptabledose limits (see Requirement 5 fromof 

SSR-2/1 (Rev. 1) [1]; (c)]); and ensure that the principle stating that these doses should be ‘as low as 

reasonably achievable’achievable has been satisfied. However, compliance with the radiological 

acceptance criteria (see [4] and [5]) is not covered by this Safety Guide. 

Availability of systems 

7.12. Systems credited in deterministic analysis of normal operation should be limited to normal 

operation systems, including plant control systems. No other plant systems should be actuated during 

transienttransients associated to normal operational modes. 

Operator actions 

7.13. Planned operator actions performed in accordance with normal operating procedures should be 

consideredcredited in the analysis. 
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Analysis assumptions and treatment of uncertainties 

7.14. Analysis of normal operation should provide a realistic representation of the plant behaviour. 

However, uncertainties regarding systemssystem performance, including that of instrumentation and 

control and mechanical systems, should be considered in order to assess the adequacy of the available 

provisions. 

7.15. The initial conditions considered should be representative of all expected plantand authorized 

plant modes, according toin accordance with the operational limits and conditions. Bounding values 

of parameters used should be considered withintake into account the whole acceptable range of the 

parameters. 

7.16. When there are uncertainties in making the dose predictions of doses, conservative assumptions 

should be made; however, the. However, detailed guidance in this area is beyond the scope of this 

Safety Guide. 

REALISTIC DETERMINISTIC SAFETY ANALYSIS FOR ANTICIPATED OPERATIONAL 

OCCURRENCES 

Specific objectives of the analysis 

7.17. The main objective of the realistic analysis of anticipated operational occurrences is to 

checkverify that the plantplant’s operational systems (in particular control and limitation systems) can 

prevent a wide range of anticipated operational occurrences from evolving into accident conditions 

and that the plant can return to normal operation following an anticipated operational occurrence. The 

realistic analyses should aim at providing a realistic response of the plant to the initiating event that is 

realistic.  

7.18.7.18. The anticipated operational occurrences category of postulated initiating events considered 

in the analysis should include all those that might be expected to occur during the lifetime of the plant. 

For many postulated initiating events the control and limitation systems, in combination with inherent 

plant characteristics and operator actions, will compensate for the effects of the event without a 

reactor trip or other demands being placed on the safety systems. OperationIn such cases, operation 

can resume after rectification of the fault. The anticipated operational occurrences category should 

include all the postulated initiating events which might be expected to occur during the lifetime of the 

plant. 

7.19. Typically, anticipated operational occurrences should not lead to any unnecessary challenge to 

safety equipment primarily designed for protection in the event of design basis accidents. It is 

therefore advisable to demonstrate by the analysis that, in case ofif the operation of plant control and 

limitation systems operate as intended, these systemsthey will be capable of preventing the 
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initiationneed for actuation of the safety systems. However, it is recognized that some anticipated 

operational occurrences themselves require the actuation of safety systems. 

Acceptance criteria 

7.20. The realistic analyses of anticipated operational occurrences should aim at provingto 

demonstrate that no induced damage is caused to any of the physical barriers (fuel matrix, fuel 

cladding, reactor coolant pressure boundary or containment) or the systems important to safety. In 

addition, they should aim at checkingto verify, as far as possible, that reactor trip and safety systems 

are not actuated. 

7.21. The realistic analyses of anticipated operational occurrences may also aim at provingto 

demonstrate that specific design criteria, more stringent than acceptance criteria for conservative 

analysis of anticipated operational occurrences acceptance criteria, are fulfilled when control and 

limitation systems are available (e.g. no actuation of safety valves). 

7.22. Failures of physical barriers are typically prevented by the requirementproviding assurance (for 

light water reactors) that there should be no boiling crisis or dry out , with 95 % probability at 95 % 

confidence level , there will be no boiling crisis or dry out anywhere in the core, there should be no 

fuel melting anywhere in the core, and pressure in the reactor coolant system and main steam system 

shouldwill not significantly (i.e. by more than 10–15 %) exceed the design value. 

7.23. There should be negligible radiological impact beyond the immediate vicinity of the plant. from 

any anticipated operational occurrence. The radiological acceptance criteria for doses and 

correspondingly for releases for each anticipated operational occurrence should be comparable with 

annual limits for normal operation and more restrictive than for design basis accidents. Acceptable 

effective dose limits are similar to those for normal operation.  

Availability of systems  

7.24. For realistic analysis of anticipated operational occurrences analysis, any system not affected by 

the postulated initiating event should be consideredassumed to be available. The analysis should 

mostly rely on control and limitation systems in addition to inherent plant characteristics. 

Operator actions 

7.25. Planned operator actions performed in accordance with normal and abnormal operating 

procedures for normal and abnormal operation should be consideredcredited in the analysis. 

Typically, when correct operation of the control and limitation systems is assumed, there is no need 

for any operator action during the associated transient; otherwise realistic estimates for operator action 

times should be used. 
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Analysis assumptions and treatment of uncertainties 

7.26. Realistic analysis of anticipated operational occurrences should be performed with a best 

estimate methodology covering the anticipated plant initial conditions of the plant that are considered 

in the determination of the postulated initiating events. Normally, uncertainties are not considered in 

realistic analysis of anticipated operational occurrences. For operational considerations (such as 

analysis of plant reliability), treatment of uncertainties may be applied to the control and limitation 

systems. 

CONSERVATIVE DETERMINISTIC SAFETY ANALYSIS FOR ANTICIPATED 

OPERATIONAL OCCURRENCES AND DESIGN BASIS ACCIDENTS 

Specific objectives of the analysis 

7.27. Realistic analysis for Paragraph 5.26 of SSR-2/1 (Rev.1) [1] requires that “design basis 

accidents is not permitted; oneshall be analysed in a conservative manner.” One of the conservative 

methods
15

 (OptionsOption 1, 2 or 3 from Table 1) should therefore be used.; realistic analysis should 

not be applied for design basis accidents. The conservative analysis of anticipated operational 

occurrences and design basis accidents (see SSR-2/1 (Rev.1), para. 5.26) [1], should demonstrate that 

the safety systems alone in the short term, andalong with operator actions in the long term, are capable 

of achieving a safe state by fulfilling the following safety requirementsconditions: 

(a) — Shut down the reactor and achieve subcritical condition during and after anticipated 

operational occurrences or design basis accident conditions; 

(b) Remove residual heat from the core after reactor shutdown from all anticipated operational 

occurrences or design basis accident conditions;  

(c) — Reduce the potential for the release of radioactive material and ensure that any releases 

are below acceptable limits during anticipated operational occurrences or design basis 

accident conditions;. 

7.28. The safety analysis should demonstrate that the acceptance criteria relevant to the 

eventapplicable events are met. In particular, it should be demonstrated that some or all of the barriers 

to the release of radioactive material from the plant will maintain their integrity to the extent required. 

7.29. The safety analysis should establish the performance characteristics and set points of the safety 

systems, and operating procedures to ensure that the fundamental safety functions are always 

maintained. The analysis provides the basis for the design of the reactivity control systems, the reactor 

                                                 

15 The terms ‘conservative methods’ and ‘conservative analysis’ are to be understood according to optionsrefer to any of 

Options 1, 2 and 3 from Table 1 and para. 2.14. 
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coolant system and the engineered safety features (for example, the emergency core cooling systems 

and the containment heat removal systems). 

Acceptance criteria  

7.30. For conservative analysis of anticipated operational occurrences the technical acceptance criteria 

relatedrelating to fuel integrity and radiological acceptance criteria should, in principle, be the same as 

presented above for realistic analysis of anticipated operational occurrences.  

7.31. There should be no, or only minor, radiological impact beyond the immediate vicinity of the 

plant as a result of anticipated operational occurrences or design basis accidents, without the need for 

any off-site protective actions. The definition of minor radiological impact should be set by the 

regulatory body, but acceptable limits of effective dose limitsfor members of the public beyond the 

immediate vicinity of the plant are typically in the order of few mSv per event.  

7.32. Specific technical acceptance criteria should be defined in order to provesuch that their 

fulfilment allow demonstration that the three fundamental safety functions can be ensured in any 

condition and that, in anticipated operational occurrences or design basis accidents, some or all of the 

barriers are able to limit the releases of radioactive material to the environment.  

7.33. The detailedtechnical acceptance criteria should typically include the following: 

(a) — An event should not generate a subsequent more serious plant condition without the 

occurrence of a further independent failure (in addition to any single failure assumed to 

meet the single failure criterion). Thus, an anticipated operational occurrence by itself 

should not generate a design basis accident, and a design basis accident should not 

generate a design extension condition; 

(b) There should be no consequential loss of the overall function of the safety systems 

needednecessary to mitigate the consequences of an accident, although a safety system 

may be partially affected by the postulated initiating event; 

(c) Systems used for accident mitigation should be designed to withstand the maximum loads, 

stresses and environmental conditions for the accidents analysed. This should be 

assesseddemonstrated by separate analyses covering environmental conditions and ageing 

(i.e.g. temperature, humidity, radiation or chemical environment) and thermal and 

mechanical loads on plant structures and components. The margins considered in the 

design for given loads should be commensurate with the probability of the loads to be 

considered; 

(d) The pressure in the reactor and main steam systems should not exceed the relevant design 

limits for the existing plant conditions, according toin accordance with the overpressure 
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protection rules. Additional overpressure analysis may be needednecessary to study the 

influence of the plant conditions on safety and relief valves; 

(e) The number of fuel cladding failures which could occur should be limited for each type of 

postulated initiating event to allow the global radiological criteria to be met and also to 

limit the level of radiation to below that used for equipment qualification; 

(f) In design basis accidents with fuel uncovering and heating up, a coolable geometry and the 

structural integrity of the fuel assemblies (light water reactors) should be maintained; 

(g) No event should cause the temperature, pressure or pressure differences between 

containment compartments to exceed values which have been used as the containment 

design basis for the containment; 

(h) Subcriticality of nuclear fuel in the reactor after shutdown, in fresh fuel storage and in the 

spent fuel pool should be maintained. Temporary recriticalityreturns to criticality (e.g. 

steam line break in pressurized water reactor) may be acceptable for certain events and 

plant operating modes, however without exceedingprovided that  criteria associated 

withfor sufficient cooling of the fuel continue to be met; 

(i) There should be no initiation of a brittle fracture or ductile failure from a postulated defect 

of the reactor pressure vessel (RPV) during the plant design life for the whole set ofany 

postulated design basis accidents;accident;  

(j) — Internal reactor components should withstand dynamic loads during design basis 

accidents so that safe shutdown of the reactor, reactor sub-criticalitysubcriticality and 

sufficient reactor core cooling are maintained. 

7.34. For postulated initiating events occurring with missing or degraded when the integrity of any of 

the barriers is missing or degraded (such as situations with an open reactor, open containment or an 

event initiated in the spent fuel pool)), more restrictive acceptance criteria (e.g. avoiding coolant 

boiling or fuel uncovering) should be used. 

Availability of systems 

7.35. The conservative considerationsassumptions to be made in the analysis regarding the availability 

of plant systems should typically include the following: 

(a) Normal operation systems that are in operation at the beginning of the postulated 

initiating event, and that are not affected by the initiating event itself and by its 

consequences can be assumed to, continue to operate; 
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(b) Any control or limitation systems should be assumed to start operating only if their 

functioning would aggravate the effects of the initiating event. No credit should be taken 

for the operation of the control systems in mitigating the effects of the initiating event;  

(c) Safety systems designed and maintained as safety grade (in accordance with the rules for 

quality assurance, periodic testing, use of accepted design codes and equipment 

qualification) should be assumed to operate with conservative performance; (see para. 

7.42); 

(d) In accordance with the single failure criterion, a single component failure should be 

assumed to occur in the operation of the safety groups required for the initiating event, in 

addition to the initiating failure and any consequential failures. Depending on the selected 

acceptance criterion, the single failure should be put topostulated in a system/ or 

component leadingthat leads to the largestgreatest challenge forto the safety systems;  

(e) Safety features specifically designed for design extension conditions should not be 

credited in the analysis. 

7.36. If maintenance is allowed, the unavailability of the concerned train of the safety system should 

be taken into account. 

Operator actions 

7.37. For conservative safety analysis, credit should not be taken for operator diagnosis of the event 

and for initiating the necessary actions until after a conservativeconservatively specified time. The 

corresponding timing claimedassumed in analysis should be justified and validated for the specific 

reactor design; for example the minimalminimum specified time may be 30 minutes for control room 

actions, or 60 minutes for field actions. 

7.38. The actions of the plant staff to prevent an accident or mitigate the accident its consequences by 

taking correct actions should only be consideredtaken into account in the analysis if it can be shown 

that the event sequence and the plant specific boundary conditions allow for carrying out the 

requestedassumed actions. The conditions to be considered include the overall context in which the 

event sequence,  takes place, the working environment in the control places, ample information, 

written procedures, and the relevant staff’s training status and access to necessary information. 

7.39. In accordance with the practice in some States, an additional operator error during 

executionperformance of recovery actions may be considered as a single failure.  

Analysis assumptions and treatment of uncertainties  

7.40. The conservative assumptions used for the analysis of anticipated operational occurrences and 

design basis accidents should take account of uncertainties in the initial conditions and boundary 
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conditions, in the availability of the plant systems and in the operator actions. The general rules 

specified in Section 6 should be applied in full for these categories of plant statesstate. The aim is to 

ensuredemonstrate with a high level of confidence that there are significant margins to the safety 

limits. 

7.41. Conservative analysis of anticipated operational occurrences should also include the same 

conservative assumptions as used for the deterministic analysis of design basis accident 

analysisaccidents, especially those assumptions whichthat relate to the systems for maintaining safety 

functions during these postulated initiating events. 

7.42. If a conservative or combined methodology is applied, the safety systems should be assumed to 

operate at their minimum or maximum performance levels, whateverwhichever is conservative for a 

given acceptance criterion. For reactor trip and safety system actuation systems, thisit should 

assumebe assumed that the initiating action occurs at the worst edgeend of the possible range of 

conditions. If a best estimate plus uncertainty methodology is applied, uncertainties on safety systems 

performances are included in the overall uncertainty analysis. 

7.43. In addition to the postulated initiating event itself, a loss of off-site power (LOOP) may be 

considered as additional conservative assumption. If LOOPsuch a loss is considered as an additional 

failure, it may be assumed to occur at a time whichthat has the most negative effect regardingfor the 

barrier integrity. Some; in this case some acceptance criteria should be adapted, taking into account 

the probability of this combination.  

7.44. In line with the general rules for deterministic safety analysis, the source term evaluation offor 

anticipated operational occurrences and design basis accidents would consist in takingshould take into 

account all significant physical processes occurring during an accident and  using conservatively 

determined numericaluse conservative values of initial data and coefficients  on a plant specific basis.  

DETERMINISTIC SAFETY ANALYSIS FOR DESIGN EXTENSION CONDITIONS WITHOUT 

SIGNIFICANT FUEL DEGRADATION 

Specific objectives of the analysis  

7.45. The objective of the safety analysis of design extension conditions without significant fuel 

degradation is to demonstrate that core melt can be prevented with an adequate level of confidence 

and that there is adequate margin to avoid any cliff edge effects.  

Acceptance criteria 

7.46. Acceptance criteria for design extension conditions should meet the Requirement 30 of SSR-2/1 

(Rev. 1), para. 5.31A [1].requirement established in para. 5.31A of SSR-2/1 (Rev. 1) [1], namely: 

“The design shall be such that for design extension conditions, protective actions that are limited in 
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terms of lengths of time and areas of application shall be sufficient for the protection of the public, 

and sufficient time shall be available to take such measures.” The same or similar technical and 

radiological criteria as those for design basis accidents may be considered for these conditions to the 

extent practicable. Radioactive releases should be minimized as far as reasonably 

practicableachievable. 

Availability of systems 

7.47. In general, only systems shown to be operable for this category of design extension conditions 

should be credited in the analysis. 

7.48. Safety systems that are not affected by the failures assumed in the design extension conditions 

without significant fuel degradation sequence may be credited in the analysis. Special attention should 

be paid to other factors affecting safety systems (e.g. sump screen blockage) and support systems 

(electrical, ventilation, and cooling) when assessing the independence of safety systems regarding the 

postulated failures (e.g. internal flooding). 

7.49. For design extension conditions without significant fuel degradation, the single failure criterion 

does not need to be applied. Furthermore, unavailability of safety features for this category of design 

extension conditions due to maintenance maydoes not need to be considered. 

7.50. According to theTo ensure independence principle between the levels of defence in depth the 

normal operation systems including control and limitation systems, should not be credited in analysis 

of design extension conditions without significant fuel degradation. This is because: 

(a) - oneOne given sequence is potentially aims at coveringintended to cover several kinds of 

postulated initiating event, and it may be difficult to provedemonstrate that the 

operational system is always available considering both the origin of the postulated 

initiating event and the multiple failures;  

(b) - theThe sequences often create degraded ambient conditions and the systems credited in 

the analysis should be adequately qualified for such conditions. 

However, if normal operation systems have a negative impact on the course of the accident, they 

should be considered. 

7.51. Non-permanent equipment should not be considered for demonstration ofin demonstrating the 

adequacy of the nuclear power plant design. Such equipment is typically considered to operate for 

long-term sequencesequences and is consideredassumed to be available in accordance with the 
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emergency operating procedures or accident management guidelines. The time claimed for 

availability of non-permanent equipment should be justified
16

. 

Operator actions 

7.52. Best estimate assumptions mightmay be used regarding operator actions for the analysis of 

design extension conditions. However, some conservative assumptions, as described for design basis 

accidents, may be used to the extent practicable. 

Analysis assumptions and treatment of uncertainties  

7.53. The requirements on the selection, validation and use of computer codes specified for design 

basis accidents should also apply in principle for analysis of design extension conditions without 

significant fuel degradation.  

7.54. For design extension conditions without significant fuel degradation, in principle the same 

combined approach or eventhe best estimate approach with quantification of uncertainties (best 

estimate plus uncertainty), as applicable for design basis accidents can, may be used. However, in line 

with the general rules for analysis of design extension conditions, best estimate analysis without 

requiring a quantification of uncertainties canmay also be used, but seesubject to consideration of the 

caveats and conditions indicated in paras 7.55 and –7.67.  

7.55. When best estimate analysis is performed, margins to avoid the ‘cliff edge effect’effects should 

be showndemonstrated to be adequate This may be done, for example by means of sensitivity analysis 

demonstrating, to the extent practicable, that, when more conservative assumptions are 

consideredmade for dominant parameters, there are still margins to the loss of integrity of physical 

barriers. 

DETERMINISTIC SAFETY ANALYSIS FOR DESIGN EXTENSION CONDITIONS WITH CORE 

MELTING 

Specific objectives of the analysis  

7.56. The analysis of severe accidents should identify the bounding plant parameters resulting from 

the postulated core melting sequences, and demonstrate that: 

(a) - The plant can be brought into a state where the containment functions can be maintained 

in the long term;  

                                                 

16 Current practice in some States is that credit is given in the safety analysis tofor the availability of non-permanent 

equipment after, for example, 8 hours for equipment stored on- the site or 72 hours for equipment stored off the site. 
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(b) - The plant structures, systems, and components (e.g. the containment design) and 

procedures are capable of preventing a large radioactive release or an early radioactive 

release, including containment by-passbypass; 

(c) - Control locations remain habitable to allow performance of required staff actions;  

(d) - Planned severe accident management measures are effective. 

7.57. The safety analysis of severe accidents should demonstrate that compliance with the acceptance 

criteria is achieved by features implemented in the design, combined with implementation of 

procedures or guidelines for accident management. 

Acceptance criteria  

7.58. Radiological acceptance criteria in terms of doses forto members of the public (or releases to the 

environment) used for analysis of severe accidents should ensurerepresent levels such that only off-

site protective actions that are limited in terms of area andlengths of time and areas of application are 

necessary, and that there is sufficient time for their implementation early enough for them to be 

effective.  

7.59. Technical acceptance criteria should ensurerepresent conditions such that containment integrity 

is maintained. Examples of acceptance criteria for analysis of design extension conditions analysis 

would include limitation of the containment pressure, containment water level, temperature and 

flammable gases concentrationgas concentrations and stabilization of molten corium.  

7.60. On -site radiological acceptance criteria should ensure habitability of the control locations (i.e. 

control room, supplementary control room and other emergency response facilities and locations) and 

in the areas used to move between control locations.them. In particular, the radiation levellevels (e.g. 

ambient equivalent dose rates and activity concentrations in the air) in the control locations of the site 

should allow for adequate protection of their occupants, such as emergency workers, according to 

requirementsconsistent with Requirements 11 and 24 fromof GSR Part 7 [8]. 

Availability of systems  

7.61. Safety systems should not be credited in the analysis of severe accidents unless it is shown with 

reasonable confidence that: 

(a) theirTheir failure is not part of any scenario that the severe accident sequence is meant to 

cover;  

(b) thisThis equipment will survive realistic severe accident conditions for the period that is 

needednecessary to perform its intended function.  

7.62. Consideration of the availability of equipment creditedassumed to operate under severe accident 

conditions should include:  
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(a) - CircumstancesThe circumstances of the applicable initiating event, including those 

resulting from external hazards (e.g. station blackout, earthquakes); and  

(b) - EnvironmentThe environment (e.g. pressure, temperature, radiation) and time period for 

which the equipment is needed.  

7.63. For design extension conditions with core melting, the single failure criterion does not need to 

be applied. Furthermore, unavailability of a system or component due to maintenance does not need to 

be considered in the deterministic safety analysis. Appropriate rules should be defined for testing and 

maintenance of systems or components needednecessary for design extension conditions should be 

defined to ensure their availability. 

7.64. Non-permanent equipment should not be considered for demonstration ofin demonstrating the 

adequacy of the nuclear power plant design. For some design extension conditions such equipment is 

typically considered to operate for long-term sequencesequences and is consideredassumed to be 

available in accordance with the emergency operating procedures or accident management guidelines. 

The time claimed for availability of non-permanent equipment should be justified
17

.
16

. 

Operator actions 

7.65. The same assumptions regarding operator actions should be considered as for design extension 

conditions with core melting as for those without significant fuel degradation (see para. 7.52).  

Analysis assumptions and treatment of uncertainties 

7.66. The severe accident analysis should model (in addition to neutronic and thermal-

hydraulicthermohydraulic phenomena occurring in conditions without core melting) the wide range of 

physical processes that could occur following core damage and that could lead to a release of 

radioactive material to the environment. These should include, where appropriate: 

(a) Core degradation processes and fuel melting; 

(b) Fuel–coolant interactions (including steam explosions); 

(c) In-vessel melt retention; 

(d) Vessel melt-through; 

(e) Direct containment heating; 

(f) Distribution of heat insidewithin the primary circuit; 

(g) Generation, control, and combustion of hydrogen; 

                                                 
17

 Current practice in some States is that credit is given in the safety analysis to the availability of non-

permanent equipment after, for example, 8 hours for equipment stored on-site or 72 hours for equipment stored 

off the site. 
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(h) Failure or bypass of the containment; 

(i) Corium–concrete interaction; 

(j) Release and transport of fission products, including venting to prevent overpressure in the 

containment;  

(k) Ability to cool in-vessel core melt and ex-vessel core melt. 

7.67. Analysis of severe accidents should be performed using a realistic approach (Option 4 in Table 

1) to the extent practicable. Since explicit quantification of uncertainties may be impractical due to the 

complexity of the phenomena and insufficient experimental data, sensitivity analyses should be 

performed to demonstrate the robustness of the results and the conclusions of the severe accident 

analyses.  

DETERMINISTIC SAFETY ANALYSIS IN SUPPORT OF ‘PRACTICAL ELIMINATION’ OF 

THE POSSIBILITY OF CERTAIN CONDITIONS ARISING THAT COULD LEAD AN EARLY 

RADIOACTIVE RELEASE OR A LARGE RADIOACTIVE RELEASE 

7.68. Requirements to be met include Requirement 20 from Paragraph 5.31 of SSR-2/1 (Rev. 1), para. 

5.31 [1]. It 1) [1] states that: “The design shall be such that the possibility of conditions arising that 

could lead to an early radioactive release or a large radioactive release is a decision of the‘practically 

eliminated’.” The regulatory body tomay establish more specific rules describing acceptable ways for 

the demonstration ofto demonstrate ‘practical elimination’. 

7.69. According to para. 2.1, theThe demonstration of ‘practical elimination’ of the possibility of 

certain conditions arising that could lead to an early radioactive release or a large radioactive release 

or an early radioactive release include deterministic considerations together with, and engineering 

aspects such as design, fabrication, testing, and inspection of structures, systems and components and 

evaluation of the operating experience and, supplemented by probabilistic considerations, taking into 

account the uncertainties due to the limited knowledge of some physical phenomena. 

7.70. Demonstration of ‘practical elimination’ of the possibility of certain conditions arising that 

could lead to an early radioactive release or a large radioactive release should include, where 

appropriate, the following steps:  

(a) Identification of undesired conditions (challenges)that potentially endangeringendanger 

the integrity of the containment integrity or by-passingallow bypassing of the 

containment, resulting in an early radioactive release or a large radioactive release; 

(b) Implementation of design and operational provisions in order to ‘practically eliminate’ the 

possibility of those conditions arising; the. The design of thosethese provisions should 

include sufficient margins to cope with uncertainties;  
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(c) Final confirmation of the adequacy of the provisions by deterministic safety analysis, 

complemented by probabilistic safety assessment and engineering judgmentjudgement. 

7.71. Although probabilistic targets can be set, demonstration of the ‘practical elimination’ of certain 

event sequencesconditions arising that could lead to an early radioactive release or a large radioactive 

release should not be based solely on low probability numbersvalues. Such event sequences should 

rather be deterministically defined and their ‘practical elimination’ should be demonstrated based on 

the performance of safety features making the eventsevent sequences extremely unlikely to arise. 

7.72. Where a claim is made that the conditions potentially resulting in an early radioactive release or 

a large radioactive release are ‘physically impossible’impossible, it is necessary to examine the 

inherent safety characteristics of the system to demonstrate that the conditions cannot, by the laws of 

nature, occur and that the fundamental safety functions (see Requirement 4 of SSR-2/1 (Rev. 1)) [1]— 

control of reactivity control, heat , removal andof heat and confinement of radioactive material, 

including limitation of accidental radioactive releases (see Requirement 4 of SSR-2/1 (Rev. 1) [1]) — 

will be achieved. In practice this conceptapproach is limited to very specific cases. An example of its 

use couldmay be for uncontrolled reactivity accidents, where for which the main protection is 

provided by ensuring a negative reactivity coefficient with all possible combinations of the reactor 

power and coolant pressure and temperature, thus suppressing reactor power increase during any 

disturbances and eliminating the reactivity hazards with help of laws of nature (consideration of 

‘practical elimination’ in terms of the physical impossibility for the conditions to arise).. 

8. DOCUMENTATION, REVIEW AND UPDATEUPDATING OF DETERMINISTIC 

SAFETY ANALYSIS 

DOCUMENTATION 

8.1. Paragraph 4.62 of GSR Part 4 (Rev. 1) [2] states that the: “The results and findings of the safety 

assessment shall be documented, as appropriate, in the form of a safety report that reflects the 

complexity of the facility or activity and the radiation risks associated with it. In accordance with.” 

Paragraph 4.64 of GSR Part 4 (Rev. 1), para. 4.64 ) [2],] states that: “The safety report shall document 

the safety assessment in sufficient scope and detail to support the conclusions reached and to provide 

an adequate input into independent verification and regulatory review.” 

8.2. It is understood that in addition to the While the safety report itself should be sufficiently 

comprehensive form of the safety report for these purposes, typically there are other documents, 

which may include description and results of the deterministic safety analysis, whichthat are used as 

supporting information to independent verification or regulatory review. The sameSimilar rules as 

statedto those for the safety report should be used forapply to all documentation of deterministic 

safety analysis intended for other submissionssubmission to the regulatory body. 
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8.3. The safety report should provide a list of all plant states considered in the deterministic safety 

analysis, appropriately grouped according toin accordance with their frequencies and the specific 

challenges to the integrity of physical barriers against releases of radioactive material. Selection that 

are addressed. The selection of the bounding scenarios in each group should be justified. ‘Practical 

elimination’ of the possibility of certain conditions potentially leadingarising that could lead to an 

early radioactive release or a large radioactive release should be demonstrated. 

8.4. A set of the most important plant data (‘data base for deterministic safety analysis’) used for the 

development of plant models (effectively the ‘database for deterministic safety analysis’), and 

considered necessary for making an independent verification or for evaluatingevaluation of the 

deterministic safety analysis performed, should be provided, conveniently compiled in a separate part 

of the safety report or in a separate document. Such data should include information on geometry, 

thermal and hydraulic parameters, material properties, characteristics of the control system and set 

points, and the range of uncertainties in plant instrumentation devices, includingand should include 

relevant drawings and other graphical documents.documentation. If these data are not sufficiently 

documented and justified in different parts of the safety report itself, other reliable data sources used 

for the preparation of the plant models should be clearly identified and referenced in the safety report.  

8.5. BriefA brief description of the computer codes used in the deterministic safety analysis should be 

provided. In addition to thea reference to the specific code documentation, the description should 

contain convincinginclude justification that the code is adequate for the given purpose and has been 

verified and validated by the user (see paras 5.14 to –5.3839). 

8.6. Depending on the phenomena taking placemodelled and other characteristics of each analysed 

scenario, a relevant acceptance criterion or a set of criteria should be selected for each scenario and 

presented together with the safety analysis of that scenario, with clear specification of conditions for 

applicability of the criteria (see Section 4). 

8.7. The simulation models and the main assumptions used in the analysis for demonstrating 

compliance with each specific acceptance criterion should be described in detail, including the scope 

of validation of the model. This description should include potentially differentDifferent approaches 

that may have been used for each plant state. should be described (see Section 6). 

8.8. If the deterministic analysis involves severalusing different computer codes in sequence, the 

transfer of data between variousthe different stages of accident analysis and/or computer codes used 

in the sequence should be clearly described in order to provide for traceability of calculations as a 

necessary condition for independent verification, understanding and acceptance of the results. 

8.9. The time span ofcovered by any scenario analysed and presented should extend up to the moment 

when the plant reaches a safe and stable end state (typicallyalthough not all sensitivity calculations 

need tonecessarily be presented over the full time scale). What is meant by a safe and stable end state 
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should be defined. Typically it is assumed that a safe and stable end state is achieved when the core is 

covered and long term heat removal from both the core and the containment is achieved, and the core 

is and will remain subcritical by a given margin.  

8.10. The documentation of the results of the deterministic safety analysis should be structured and 

presented in an appropriate format in such a way as to provide a good understandingclear description 

and interpretation of the course of the accident. A standardized format is suggestedmay be adopted for 

similar analyses to facilitate interpretation and inter comparisonintercomparison of the results. 

8.11. The documentation of the results of the deterministic safety analysis results should typically 

containinclude the following information: 

(a) (a) A chronology (timing)chronological description of the main events as they have been 

calculated; 

(b) (b) A description and evaluation of the accident on the basis of the parameters selected; 

(c) (c) Figures showing plots of the main parameters calculated; 

(d) (d) Conclusions on the acceptability of the level of safety achieved and a statement on 

compliance with all relevant acceptance criteria, including adequatethe adequacy of 

margins;  

(e) (e) Results of sensitivity analysisanalyses, as appropriate. 

8.12. Documentation of deterministic safety analysis should be subject to relevant quality assurance 

procedures and quality control [12-–14]. 

8.13. More detailed information about documentation of deterministic safety analysis to be included 

in different stagesparts of the safety analysis reportsreport can be found in GS-G-4.1 (Rev. 1)DS449 

[21] (Format and Content of Safety Analysis Report for Nuclear Power Plants; in preparation).].  

Sensitive information in documentation 

8.14. Sensitive information included in the reports regardingdescribing deterministic safety analysis 

the unauthorized disclosure of which affectscould compromise nuclear security should be identified 

and appropriately protected. This may include but is not limited to information about identification 

and categorization of postulated initiating events and results from deterministic safety analysis 

conducted. ThisSuch information should be protected as perin accordance with guidance on 

information security guidelines (Confidentiality, Integrity and Availability); see NSS-23-G [6]. 

REVIEW AND UPDATEUPDATING OF DETERMINISTIC SAFETY ANALYSIS  

8.15. In accordance with the requirement established in para. 5.10 of GSR Part 4 (Rev. 1), para. 5.10 ) 

[2], thedeterministic safety analysis used in the licensing process should be periodically updated to 
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take into account for changes in nuclear power plant configuration, characteristics of plant systems 

and components, operating parameters, plant procedures, research findings, and advances in 

knowledge and understanding of physical phenomena, including changes in computer codes, with 

potentialpotentially significant effects on the results of safetythe analysis.  

8.16. In addition to periodic updates, the safety analysis should also be updated following theany 

discovery of information that may reveal a hazard that is different in nature, greater in probability, or 

greater in magnitude than was previously documentedassumed.  

8.17. In case of needsuch cases, the safety analysis should be reassessed to ensure that it remains valid 

and meets the objectives set for the analysis. The results should be assessed against the current 

requirements relevant for deterministic safety analysis, applicable experimental data, expert 

judgmentjudgement, and comparison with similar analyses.  

8.18. The outcomes of the reassessment, including new deterministic safety analyses, if necessary, 

should be reflected in the updated safety analysis report with an appropriate level of 

comprehensivenessdocumentation commensurate with the extent of changes and the associated 

impacts.  

9. INDEPENDENT VERIFICATION OF DETERMINISTIC SAFETY ANALYSIS BY THE 

LICENSEE 

9.1. Requirements to be met include Requirement 21 of GSR Part 4 (Rev. 1) [2].] states that: “The 

operating organization shall carry out an independent verification of the safety assessment before it is 

used by the operating organization or submitted to the regulatory body.” The objective and scope of 

thesuch independent verification are further detaileddescribed in paras 4.66 to –4.71 of that 

Requirement.GSR Part 4 (Rev. 1) [2]. 

9.2. The main purpose of the independent verification of safety analysis by the licensee (the operating 

organization) is to reconfirmconfirm that the safety analysis, and particularly parts developed by other 

entitiesgroups or organizations such as designers, manufacturers and constructors, has been carried 

out in an acceptable way and satisfies the applicable safety requirements. As a minimum, it should be 

verified by the licensee that the design will comply with the relevant regulatory requirements and 

acceptance criteria are compliedmet, in accordance with as an essential factor of the licensee’s prime 

responsibility for safety. 

9.3. According to SF-1,Among the responsibilities set out in para. 3.6 of the Fundamental Safety 

Principles [22], among other duties the operating organizationthe licensee is responsible for 

verifying“Verifying appropriate design and the adequate quality of facilities and activities and of their 

associated equipment. Adequacy”. The adequacy of the design should be demonstrated by means of 

safety assessment.  
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9.4. As described in Paragraph 4.13 of GSR Part 4 (Rev. 1), para. 4.13 ) [2],] makes clear that safety 

analysis is an essential component of safety assessment. The relevant requirements of the GSR Part 4 

(Rev. 1) should therefore apply fully apply to deterministic safety analysis performed as an essential 

part of the safety assessment.  

9.5. Throughout the design process, the safety analysis and independent verification are carried out by 

different groups or organizations. They are integral parts of an iterative design process with the 

objective of ensuring that the plant meets the safety requirements. However, the independent 

verification should be also carried out by or on behalf of the operating organization and should only 

relate to the design as submitted to the regulatory body for approval. 

9.6. In accordance with para. 4.67 of GSR Part 4 (Rev. 1), para. 4.67) [2], the operating organization 

should ensure that an independent verification of the deterministic safety analysis is performed by 

suitably qualified and experienced individuals or groups who area group different from those 

carryingwho carried out the original safety analysis, before it is submitted to the regulatory body. The 

operating organization is fully responsible for the independent verification even if parts of itthe work 

are entrusteddelegated to separate organizations. 

9.7. Personnel performing independent verification are considered independent if they have not 

participated in the original safety analysis. Special attention should be paid to independence of the 

verification team if it is established in the same design organization or other closely associated 

organization. Use of a fully independent organization should be athe preferred solution. 

9.8. The group performing the independent verification may take into account any quality assurance 

(QA) reviews which have previously been conducted in determining the extent and scope of its 

verification. 

9.9. Special attention should be paid to independent verification of the safety analysis for nuclear 

power plants of older designs constructed to less rigorous standards, and of evolutionary or innovative 

designs with use ofusing novel design solutions. 

9.10. The conduct of the independent verification may follow the methods of the original safety 

analysis. However, the scope of the independent verification could be narrower since it would focus, 

focusing on the most significant safety issues and requirements, rather than all of them. “The 

decisions made on the scope and level of detail of the independent verification shouldshall be 

reviewed in the independent verification itself in accordance with ” (GSR Part 4 (Rev. 1), para. 4.68 

[2].]). 

9.11. While the verification may be conveniently subdivided ininto phases that are performed at 

variousdifferent significant stages of the design, a final independent verification of the safety 

assessment should always be performed by the operating organization when the design has been 

finalized. 
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9.12. Independent verification usually addresses the stages before the beginning of plant construction 

and focuses on the safety analysis originally performed by the design organization. ItThe same 

approach should be, however, be applied by analogy to other subsequent verification activities. 

9.13. Any findings or conclusion from the independent verification should be justified using one of 

the following methods, as appropriate: 

(a) Comparison with requirements of the law, regulationregulations or other legal 

requirements; 

(b) Comparison with guidance documents offrom the regulatory body; 

(c) Comparison with IAEA safety standards or guidance documents; 

(d) Comparison with similar projects; 

(e) Use of general experience from previous projects;  

(f) Independent verification calculations. 

9.14. AllThe reliability of all numerical models used in safety analysis should show their reliabilitybe 

shown through comparisons, independent analyses and qualification, with the aim of demonstrating 

that their intrinsic uncertainty level complies with the reliability required for the whole design project. 

9.15. In accordance with para. 4.69 of GSR Part 4 (Rev.1), para. 4.69) [2], the independent 

verification should consist of two main parts: an overall (qualitative) review focused on the quality 

and comprehensiveness of the safety analysis, and specific review thatdetailed reviews of important 

aspects of the analysis, which may containinclude comparison of results of submitted analyses with 

the results of new, independent calculations. The components of verification should include, as 

appropriate, the following: 

(a) Compliance with the requirements of reference documents; (see para. 9.13); 

(b) Completeness of the documentation; 

(c) Correctness of input data;  

(d) Selection of initiating events or accident scenarios; 

(e) Selection of acceptance criteria; 

(f) Selection of the safety analysis method; 

(g) Selection of safety analysis computer codes and adequacy of code validation; 

(h) Selection of assumptions for ensuring safety margins;  

(i) Adequacy of description/ and evaluation of the analysis results. 
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9.16. An independent check of selected computer calculations should be conducted to ensureverify 

that the analysis isthey are correct. If sufficient verification and validation of the original code have 

not been performed, then an alternative a different code should be used to verify itsthe accuracy. of 

the computer calculations. Use of different computer codes for independent verification is 

preferablepreferred, but use of the same codes canmay meet the objectives of the review if the plant 

models (including nodalization, initial and boundary conditions) wereare developed independently. 

9.17. If independent calculations are performed, it may be appropriate to select at least one case from 

each group of initiating events, usuallytypically the case with lowestsmallest margin to the acceptance 

criterion. AttentionHowever, it should be paid to the facttaken into account that independent 

calculation is a time and resourcesresource demanding task. 

9.18. Typically, the independent safety verification of deterministic safety analysis should confirm 

that the: 

(a) SafetyThe safety analysis was performed in accordance with relevant regulations, safety 

standards and other relevant guidance documents; 

(b) SelectedThe selected postulated initiating events or accident scenarios reflect 

specificsspecific features of the given design and they bound the other cases; 

(c) CombinationThe combination of individual events and identification of consequential 

failures was done adequately; 

(d) ComputerThe computer codes used in safety analysis have been adequately verified and 

validated for the given application; 

(e) ComputationalThe computational models reflect experience and applicable guidance for 

their development and are appropriate for reliable prediction of operational states and 

accident conditions; 

(f) AssumptionsThe assumptions and data used in each analysis have been specified in an 

adequate way to ensuredemonstrate that the relevant acceptance criteria have been 

fulfilledmet and there are sufficient margins to prevent cliff edge effects;  

(g) Adequate sensitivity calculations or uncertainty evaluations are available in order to assure 

that the demonstration of safety by safety analysis is sufficiently robust enough; 

(h) Consideration of the operability of plant systems in different plant states was done in 

accordance with established rules for deterministic safety analysis and 

consistentlyconsistent with industrial standards; 

(i) Compliance with the relevant acceptance criteria was achieved either by means of 

automatic systems, or personnel actions were consideredassumed only in case of 
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availability ofcases where contextual boundary conditions for diagnosis, decision and 

performing the required action were available; 

(j) Independent calculations are in reasonable qualitative and quantitative agreement with the 

original analysis, and they both demonstrate fulfilment of thethat relevant acceptance 

criteria; are met;  

(k) AllAny discrepancies found in the safety analysis are clearly understood and explained 

and they do not call into question conclusions regarding acceptability of the design. 

9.19. The independent verification and its results should preferably be documented in a separate 

verification report which describes the scope, level of detail and methodology of the verification, and 

the findings and conclusions from the qualitative and quantitative evaluation, including detailed 

comments on individual parts of the safety assessment and results of independent calculations. 

9.20. The plant design models and data essential for the safety analysis should be kept up to date 

during the design phase and throughout the lifetime of the plant. This should be the responsibility of 

the designer during the design phase and of the operating organization over the life of the plant. It is 

advisable to maintain relevant documents or data basesdatabases centrally to ensure that the same 

information is used by all assessors, authors as well as byand reviewers. 

9.21. In connection withrelation to the sharing of plant data and , information on models, proprietary 

rights associated with sharing  and other know-how between theassessors, authors and reviewers may 

be a sensitive issue and , proprietary rights should be reflected inaddressed through appropriate 

confidentiality undertakings. 
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ANNEX I. APPLICATION OF DETERMINISTIC SAFETY ANALYSIS 

AREAS OF APPLICATION 

I-–1. Deterministic safety analysis may be carried out for a number of applications, including: 

(a) Design of nuclear power plants by the designer or verification of the design by the operating 

organization; 

(b) Safety analysis for licensing purposes (for authorizations), including authorizations for different 

stages for a new plant;  

(c) Independent verification of the safety analysis by the regulatory body; 

(d) Updating of safety analyses in the context of a periodic safety review to provide assurance that 

the original assessments and conclusions are still valid; 

(e) Safety analysis of plant modifications;  

(f) Analysis of actual operational events, or of combinations of such events with other hypothetical 

faults exceeding the limits of normal operation (analysis of near misses);  

(g) Development and validation of emergency operating procedures;  

(h) Development of severe accident management guidelines;  

(i) Demonstration of success criteria and development of accident sequences in Level 1 PSA 

(probabilistic safety assessment) and Level 2 PSA. 

I-–2. Deterministic safety analysis associated with the design and authorization (licensing) of a nuclear 

power plant (items (a) to (e)))–(e) in the above list) may be performed to demonstrate compliance with 

established acceptance criteria with adequate safety margins (ensured in different ways for design basis 

accidents and design extension conditions). Deterministic safety analysis associated with analysis of 

operational events, development of procedures or guidelines and support of the probabilistic safety analysis 

(items (f) to ()–(i)) are typically not aimed at demonstration of compliance with acceptance criteria and are 

performed in a realistic way to the extent practicable. 

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO THE DESIGN OF NUCLEAR POWER 

PLANTS 

I-–3. Safety requirements to performfor safety analysis of the plant design are established in SSR-2/1 

(Rev.1), Requirement 42, and paras 5.71 to –5.74 [I-–1]. More specific requirements on the scope and 

objectives of deterministic safety analysis are specified in para. 5.75 of SSR-2/1 (Rev.1), para. 5.75. 

) [I-–1]. 

I–4. Main components of the design requirements determined by deterministic safety analysis typically 
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include nuclear power plant: equipment sizing,; capacity,; set point values for parameters regarding 

initiation, termination and control of the systems; and working (environmental) conditions, which ensures . 

These ensure effective operation of the systems in all relevant plant states and providesprovide for adequate 

operating margins. The analysis also includes assessment of radiological effects for all plant states to ensure 

that there is confidence in the future plant authorization of the plant. 

I-–5. The designer typically uses the safety analysis as an integral part of the design process, which typically 

consists of several iterations whichthat may continue through the manufacture and construction of the plant. 

The safety analysis used in the design is performed according toin accordance with a quality assurance (QA) 

programme.  

I-–6. The operating organization usually performs or verifies the safety analysis to the extent necessary to 

ensure that the as-built design will perform as expected in operation, and to demonstrate that the design 

meets the safety requirements at any point in the plant’s design life. This independent verification is 

considered as a separate additional check to ensure a safe and proper design. 

I-–7. Although the deterministic safety analysis for design does not represent direct input for authorization 

of the nuclear power plant, its results are expected to provide for sufficient margins facilitatingto facilitate 

future authorization. It is therefore performed with the same scope and following the same or even more 

stringent rules as applicable for the authorization itself, which are described in the main body of this Safety 

Guidetext.  

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO THE LICENSING OF NUCLEAR 

POWER PLANTS  

I-–8. Compliance with all applicable regulations and standards and other relevant safety requirements is 

essential for the safe and reliable operation of a nuclear power plant. This may be demonstrated by means of 

an initial or an updated safety analysis, typically included in safety analysis reports for different stages of the 

plant lifetime and other supporting safety analysis associated with various submissions to the regulatory 

body. 

I-–9. On the basis of this analysis for licensing analysis, the robustness of the design in performing safety 

functions during all operating regimesoperational modes and all plant states may be demonstrated. In 

particular, the effectiveness of the safety systems in combination with prescribed operator actions for 

anticipated operational occurrences and design basis accident conditions, and of safety features in 

combination with expected operator actions for design extension conditions, may be demonstrated. 

I-–10. The analysis for licensing is typically performed in accordance with established conservative or 

realistic rules, and includes comparison of the results of the analysis with relevant acceptance criteria. 

Demonstration of compliance with the acceptance criteria is performed to take into consideration 

uncertainties in the analysis. The rules for performing deterministic safety analysis are described in detail in 
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the main body of this Safety Guidetext. 

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO INDEPENDENT VERIFICATION BY 

THE REGULATORY BODY 

I-–11. A separate independent review is typically carried out by the regulatory body to check the 

completeness and the consistency of the deterministic safety analyses submitted for licensing purposes and 

to verify that the design meets their requirements. As stated in GSR Part 4 (Rev. 1), para. 4.71 [I-–2], “The 

verification by the regulatory body is not part of the operating organization’s process and it is not to be used 

or claimed by the operating organization as part of its independent verification.” 

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO PERIODIC SAFETY REVIEWS 

I-–12. New deterministic safety analyses may be requirednecessary to refine or update the previous safety 

analyses in the context of a periodic safety review, to provide assurance that the original assessments and 

conclusions are still valid. In such analyses, account is typically taken of any margins that may be reduced 

owingdue to ageing over the period under consideration.  

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO PLANT MODIFICATIONS 

I-–13. A nuclear power plant is typically upgraded on the basis of feedback from operating experience, 

findings of periodic safety reviews (when performed), changes in regulatory requirements, advances in 

knowledge or developments in technology. Plant modifications include changes in systems, structures, 

systems or components, changes in plant parameters, changes in plant configuration or changes in operating 

procedures. 

I-–14. Plant modifications are often aimed at the more economical utilization of the reactor and the nuclear 

fuel. Such modifications encompass uprating of the reactor power, the use of improved types of fuel and the 

use of innovative methods for core reloads. Such modifications often implymean that the safety margins to 

operating limits are reduced and special care is taken to ensure that the limits are not exceeded.  

I-–15. Deterministic safety analyses are typically performed for supportingto support plant modifications. 

The scope of such deterministic safety analysis typically corresponds to the safety significance of the 

modification. The safety analysis is usually performed in accordance with the rules established for 

deterministic analysis for design and for licensing. 

I-–16. Changes that require significant plant modifications such as power uprating and achieving a higher 

burn upburnup, longer fuel cycles and life extensions are typically addressed by comprehensive 

deterministic safety analysis to demonstrate compliance with acceptance criteria. Special care is taken when 

a combination of manyseveral changes isare implemented at the same time.  
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APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO THE ANALYSIS OF EVENTS 

EXCEEDING NORMAL OPERATION LIMITS 

I-–17. Deterministic safety analyses are used as a tool for obtaining a comprehensive understanding of 

events that occur during the operation of nuclear power plants and form an integral part of the feedback from 

operating experience. The events are analysed with the following objectives: 

(a) (a) To check the comprehensiveness of the earlier selection of postulated initiating events; 

(b) (b) To determine whether the transients that have been analysed in the safety analysis report 

bound the event; 

(c) (c) To provide additional information on the time dependence of the values of parameters that are 

not directly observable using the plant instrumentation; 

(d) (d) To check whether the operators and plant systems performed as intended; 

(e) (e) To check and review emergency operating procedures; 

(f) (f) To identify any new safety issues and questions arising from the analyses; 

(g) (g) To support the resolution of potential safety issues identified in the analysis of an event; 

(h) (h) To analyse the severity of possible consequences in the event of additional failures (such as 

severe accident precursors);  

(i) (i) To validate and adjust the models in the computer codes used for analyses and in training 

simulators. 

I-–18. The analysis of events is typically performed using a realistic (best estimate) approach. Actual plant 

data are used where possible. If there is a lack of detailed information on the plant operating parameters, 

sensitivity studies, with the variation of certainselected parameters, may be performed. 

I-–19. The evaluation of safety significant events is an important aspect of the feedback from operating 

experience. Modern best estimate computer codes make it possible to investigate and to gain a detailed 

understanding of plant behaviour. Conclusions from such analyses are incorporated into the plant 

modifications or plant procedures that address the feedback from operating experience. 

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO THE DEVELOPMENT AND 

VALIDATION OF EMERGENCY OPERATING PROCEDURES 

I-–20. Best estimate deterministic safety analyses are typically performed to confirm the recovery strategies 

that have been developed to restore normal operational conditions at the plant following transients due to 

anticipated operational occurrences and design basis accidents and design extension conditions without 

significant fuel degradation. These strategies are reflected in the emergency operating procedures that define 

the actions to be taken to recover from such events. Deterministic safety analyses provide the input that is 
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necessary to specify the operator actions to be taken, and the analysest play an important role in the review 

of accident management strategies. In the development of the recovery strategies for determining the 

available time period for the operator to take effective action, sensitivity calculations are carried out on the 

timing of the necessary operator actions, and these calculations may be used to optimize the procedures. 

I-–21. After the emergency operating procedures have been developed, a verification analysis is performed 

to confirm that the final emergency operating procedure is consistent with the simulated plant behaviour. In 

addition, validationValidation of emergency operating procedures is also performed. This validation is 

usually performed by using plant simulators. The validation is made to confirm that a trained operator can 

perform the specified actions within the time period available and that the plant will reach a safe end state. 

Possible failures of plant systems and possible errors by the operator are considered in the sensitivity 

analyses. 

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO THE DEVELOPMENT OF SEVERE 

ACCIDENT MANAGEMENT GUIDELINES  

I-–22. Deterministic safety analyses are also typically performed to assist the development of the strategy 

that an operator should follow if the emergency operating procedures fail to prevent progression of a design 

basis accident into design extension conditions with core melting. The analyses are carried out by using one 

or more of the specialized computer codes that are available to model relevant physical phenomena. 

I-–23. The analyses are used to identify whatthe challenges to the integrity of the barriers or alternative 

pathways for their by-passbypass that can be expected during the progression of accidents and whichthe 

phenomena that will occur. They are used to provide the basis for developing a set of guidelines for 

managing accidents and mitigating their consequences. 

I-–24. The analysis typically starts with the selection of the accident sequences that, without intervention by 

the operator, would lead to core damage. A grouping of accident sequences with similar characteristics is 

used to limit the number of sequences that need to be analysed. Such a categorization may be based on 

several indicators of the state of the plant: the postulated initiating event,; the shutdown status,; or the status 

of the emergency core cooling systems, the coolant pressure boundary, the secondary heat sink, the system 

for the removal of containment heat and the containment boundary. 

I-–25. The accident management measures can be broadly divided into preventive and mitigatory measures. 

The analyses supporting the development of severe accident management guidelines typically focus on 

mitigatory measures, which are strategies for managing severe accidents to mitigate the consequences of 

core meltmelting. For water cooled reactors, such strategies may include: coolant injection into the degraded 

core; depressurization of the primary circuit; activation of the containment spray system; ex-vessel cooling 

of molten corium; recombinersrecombination of combustible gassesgases; and filtered containment venting 

[I-–3]. Possible adverse effects that may occur as a consequence of taking mitigatory measures are taken into 
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account, such as pressure spikes, hydrogen generation, return to criticality, steam explosions, thermal shock 

or hydrogen deflagration or detonation. Similar to water cooled reactors,For reactors of alternateother 

designs consider, consideration is given to the mitigatory measures applicable to the design. 

I-–26. Transition from the emergency operating procedures to the severe accident management guidelines, if 

they are separate, isneeds to be carefully defined and analysed, so that the operator always has guidance on 

the necessary actions and the monitoring of accident progression, regardless of the sequence of faults.  

APPLICATION OF DETERMINISTIC SAFETY ANALYSIS TO DEMONSTRATION OF SUCCESS 

CRITERIA AND DEVELOPMENT OF ACCIDENT SEQUENCES IN LEVEL 1 PSA (PROBABILISTIC 

SAFETY ASSESSMENT) AND LEVEL 2 PSA  

I-–27. Deterministic analysis and probabilistic assessment are complementary means to provide a 

comprehensive view of the overall safety of the plant for the entire range of the frequency–consequence 

spectrum. However, it is acknowledged that some residual risks will remain. 

I-–28. Deterministic safety analysis has an important role in support of the probabilistic safety assessment by 

determining so called ‘success criteriacriteria’. Deterministic safety analysis is typically used to identify 

challenges to the integrity of the physical barriers, to determine the failure mode of a barrier when 

challenged and to determine whether an accident scenario may challenge several barriers. By meansThe aim 

of the analysis itsuch studies supporting probabilistic safety assessment is to be determined whether an event 

sequenceidentify, for various combinations of equipment failures and human errors, a minimum set of safety 

features that can prevent nuclear fuel degradation. The deterministic analysis is to be performed in a realistic 

way although uncertainties are quantified where it is necessary. 

I-–29. More specifically, the deterministic analysis is performed to specify the order of actions for both 

automatic systems as well as operator actions. This determines the time available for operator actions in 

specific scenarios, and supports the specification of success criteria for required systems for prevention and 

mitigation measures. 
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ANNEX II. FREQUENCY RANGES OF ANTICIPATED OPERATIONAL OCCURRENCES AND 

DESIGN BASIS ACCIDENT CATEGORIES 

II-–1. Possible anticipated operational occurrences and design basis accident categories used in some States 

for new reactors are indicated in Table II-–1. 

TABLE II-–1. EXAMPLE OF ANTICIPATED OPERATIONAL OCCURRENCES AND DESIGN 

BASIS ACCIDENT CATEGORIES USED IN SOME STATES 

Plant state Alternative names used in some States
1
 Indicative frequency (f) range 

(year
-1

)
 2
 

Anticipated 

operational 

occurrences 

Faults of moderate frequency, DBC
3
-2, PC-2 f >1E 10

-2
   

Design basis 

accidents 

Infrequent faults, DBC-3, PC-3 1E10
-2

 > f > 1E10
-4

 

 

Limiting faults, DBC-4, PC-4 1E10
-4

 > f > 1E10
-64

 

 

 

 

                                                 
1 DBC stands for ‘design basis condition’; PC stands for ‘plant condition’. The designations DBC-1 and PC-1 are used for normal 

operation. 

2 Some other accidents for which the frequency is lower than 10-6 need to be considered because they are representative of a type of 

risk the reactor has to be protected from. 

3 DBC: Design Basis Condition; PC: Plant Condition; (DBC-1 and PC-1 are used for ‘normal operation’) 

4 Some other accidents which frequency is lower than 1E-6 should be considered because they are representative of a 

kind of risk the reactor has to be protected from 
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