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ABSTRACT 

For operating nuclear power plants (NPPs), Beyond Design Basis External Events (BDBEEs) have been 

considered in the past because of the need to consider changes in hazard perception, methods of evaluation,

regulations and, sometimes, due to the occurrence of events exceeding the Design Basis.  A vast majority 

of the re-evaluations of the external hazards and plant upgrades performed since the beginning of the 1980s 

have been related to seismic safety of these existing NPPs and consequently an accepted international 

practice has been developed only for this subject.  For new build programs, an effort was initiated to 

integrate safety margins deemed appropriate for operating NPPs into the new designs, e.g., the USNRC

requires a plant HCLPF of 1.67 for new NPPs.  

Following the Fukushima accident, there is renewed concern regarding the need to consider plant conditions 

and all external hazards of a size greater than those defined at the original design stage.  The new IAEA 

Design Requirements (IAEA, 2012) underline the need for special measures to protect structures, systems 

and components (SSCs) that are required for containing and mitigating accidents (including severe 

accidents) in order to have a logical and consistent defence in depth scheme in place. In practice, this may 

require a new safety approach for the protection of these SSCs against the effects of external hazards.  

This paper proposes a conceptual framework for the consideration of all BDBEEs, consistent with the new 

IAEA Design Requirements, including design extension plant conditions.  

Each BDBEE is considered for its potential to cause a cliff edge effect among other important attributes 

and the eventual required safety margin is assessed using expert judgment regarding the importance of these 

attributes.    

INTRODUCTION 

Among other nuclear safety issues, the accidents at Fukushima also affected the way in which external 

hazards are taken into consideration in safety analysis. However, there does not seem to be a clear consensus 

regarding how all external hazards need to be considered both in the “Design Basis” and “Beyond Design 

Basis” domains. It is also a fact that there is very little post Fukushima practice in the new build to be taken 

as examples. Regarding existing NPPs, programs such as the “stress tests” and U.S. NTTF 2.3 have 

addressed the issue more in the spirit of quick checks and fixes rather than a systematic integration of 

external hazards in to the framework of safety analysis including the concept of defence in depth.  
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This paper proposes a quantitative framework for the consideration of all BDBEEs, consistent with the new 

IAEA Design Requirements, including design extension plant conditions.  

 

Various types of external hazards are considered separately as their individual attributes related to cliff edge 

effects, uncertainties, warning times and potential for combination with other external (or internal) events 

may be different.  

 

First, the pre-Fukushima situation in terms of regulations and practice is described. Then, the post-

Fukushima considerations are introduced both in terms of short term checks and fixes as well as longer 

term conceptual developments at different national regulators as well as the IAEA. Finally, criteria for the 

selected external hazards will be proposed and these criteria will be applied to obtain objective ranking 

values in terms of the protection of SSCs in relation to these external hazards.   

 

BACKGROUND 
 

Prior to March 11, 2011 Fukushima Dai-ichi accident  

 

In general, prior to the Fukushima Dai-ichi accident of March 11, 2011, there was worldwide recognition 

that there is a finite (although very small) probability that external events can occur that exceed the design 

basis, i.e., BDBEEs.   

Recognition that BDBEE can occur is implicitly embedded in the design process, i.e., it is embedded in the 

strategy of the defence in depth as first formulated by the International Nuclear Safety Advisory Group to 

the IAEA.  In INSAG-3 (INSAG, 1988), when the technical safety objectives were defined, attention was 

paid to accidents of very low likelihood, but more severe than those considered explicitly in the design - 

called accidents “beyond the design basis”.  Later, in INSAG-10 (INSAG, 1996), this concept was 

reinforced when it was indicated that irrespective of all efforts to provide engineered safety features to 

protect the integrity of the barriers, there can be no guarantee that conditions that exceed design basis 

accident conditions will not occur.   

The IAEA Fundamental Safety Principles (IAEA, SF-1, 2006) established ten principles on the basis of 

which safety requirements are to be developed and safety measures are to be implemented in order to 

achieve the fundamental safety objective of protecting people and the environment from the harmful effects 

of ionizing radiation.  The concept of beyond design basis accidents was embedded in the principles.  

Principle 8 on prevention of accidents indicates that the primary means of preventing and mitigating the 

consequences of accidents is defence in depth.  Defence in depth is implemented primarily through the 

combination of a number of consecutive and independent levels of protection that would have to fail before 

harmful effects could be caused to people or to the environment.  The term “independent levels of 

protection” is a key element in meeting the objective of ensuring that a single failure, whether equipment 

failure or human failure, at one level of defence, and even combinations of failures at more than one level 

of defence, would not propagate to jeopardize defence in depth at subsequent levels (see INSAG-10, para 

22).   

In spite of such worldwide recognition, a comprehensive treatment of “beyond design basis” accidents or 

events was lacking in guidelines and regulations.  This was particularly true for external events.  BDBEEs 

were considered mainly through the general requirement of assessing with confidence that there is no ”cliff 

edge effect” when an external event occurs, which may slightly exceed the design basis.  If cliff edge effects 

exist at any credible hazard level, one needs to be assured that no adverse consequences occur to the nuclear 

installation.  However, while the plant state “beyond design basis” was defined and practiced with some 

rigor, BDBEEs were treated more or less in an ad hoc manner.  

The concept of “cliff edge effects” appears in the IAEA Safety Standards in the Safety Requirements for 

Nuclear Power Plant Design, in 2000) when it is required that the safety analysis using the probabilistic 
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approach shall provide confidence that small deviations in plant parameters that could give rise to severely 

abnormal plant behaviour will be prevented.   

At the level of design guidelines for specific external events, the IAEA Safety Guide NS-G-1.6 “Seismic 

Design and Qualification for Nuclear Power Plants”, (IAEA, 2003) and NS-G-1.6, the IAEA Safety Guide 

NS-G-1.5 “External Events Excluding Earthquakes in the Design of Nuclear Power Plants”, (IAEA, 2003) 

recommend avoiding cliff edge effects.  

Some countries, including the U.S. and Canada provide specific risk goals, which become one measure of 

risk acceptance.   

· The US NRC staff identified probabilistic performance goals relative to core damage frequency 

and to large release frequencies in its staff requirements memorandum (SRM) dated June 26, 1990, 

in response to SECY-90-016.  The NRC’s goals are less than 10-4 for mean core damage annual 

frequency, and less than 10-6 for mean large release annual frequency.     

· The Canadian Regulatory Document RD-337 specified three probabilistic performance goals: small 

release frequencies less than 10-5 per annum; large release frequencies less than 10-6 per annum; 

and core damage frequencies less than 10-5 per annum. 

To develop the risk metrics identified above for BDBEEs requires the performance of External Event 

Probabilistic Risk Analyses (EE-PRAs).  To execute a full external event PRA, a probabilistic hazard 

analysis (PHA) is essential.  That is, if the end objectives of the EE-PRA include risk metrics of CDF and 

LERF on an annualized basis, then the PHA is essential.   

Considering the full spectrum of external events, generally, probabilistic seismic hazard analysis (PSHA) 

methodology is the most highly developed PHA, including probabilities of exceedance in the 10-5 annual 

frequency range or even less.  Alternatives to EE-PRAs exist in those cases where only hazard scenarios 

can be identified; however, in those cases, the end results do not include frequencies of exceedance (or 

occurrence) of the risk metrics.  Examples of PHA, for external events other than earthquakes, are PHAs 

performed for tornado hazards, volcanic hazards (e.g. tephra fallout and opening of new vents), and aircraft 

crashes of accidental origin.  

Thus, it may be stated that the most mature methodologies for performing BDBEE evaluations are those 

developed and implemented for beyond design basis earthquakes (BDBE). Generally, worldwide, beyond 

design basis evaluations have been performed for seismic events using methodologies of the seismic 

probabilistic risk assessment (SPRA); PRA-based seismic margin assessment (SMA); and Electric Power 

Research Institute (EPRI) deterministic SMA; or, in some rare cases, design basis re-constitution.  

Evaluation methodologies are closely tied to acceptance criteria.  Evaluation methodologies are presented 

in ASME (2012).  Originally, these evaluation methodologies were developed and applied to existing 

operating installations.  In some cases, but not all, a safety review of the installation concluded there was a 

need to consider hazards higher than those originally defined at the design stage.   

For new NPPs, the level of the beyond design basis earthquake ground motion to be considered is 

established through applicant requirements (for instance, the U.S. Utilities Requirements Document (URD), 

and the European Utilities Requirements Document (EUR)), and through regulatory requirements.   

In the USA, new NPPs are being licensed through the “Certified Design” process.  These NPP’s Certified 

Designs are designed to broad-banded ground response spectra anchored to 0.3g peak ground acceleration 

(PGA) (considering three directions of input motion) and a broad range of site conditions.  The design basis 

ground motions are termed the Certified Seismic Design Response Spectra (CSDRS).  These CSDRS are 

compatible with the specifications of the URD.  The Certified Design is performed for a wide range of 

generic site conditions intended to envelope 80% of the U.S. potential sites for new NPPs.     

The USA practice for design certification is to perform a PRA-based SMA to determine a lower bound on 

plant capacity referred to as a plant-level “high confidence of low probability of failure” (HCLPF).  In this 
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process, the PRA methodology utilizing event trees and fault trees is applied, but the resulting plant 

conditional probability of failure is not convolved with a hazard to obtain the CDF.  For the US Certified 

Designs, a plant HCLPF capacity of at least 1.67 times the DBE (CSDRS) is required to be demonstrated.     

The European Utility Requirements document (EUR) has specified similar requirements for standard 

designs in Europe, i.e. DBEs comprised of broad-banded ground response spectra anchored to a PGA of 

0.25g and consideration of beyond design basis earthquake events in the design phase.  The EUR specifies 

that it should be demonstrated that a standard design achieves a plant seismic margin of 1.4 times the DBE.  

Regulatory requirements in France follow the EUR: they require the demonstration of a plant HCLPF 

capacity of 1.4 times the DBE on a site specific basis, preferably using deterministic methods.  Generally, 

worldwide, countries have adopted the BDB earthquake philosophy of demonstrating margin of 1.67 or 1.4 

times the DBE.   

 

Post March 11, 2011 Fukushima Dai-ichi accident  

 

Shortly after the Fukushima accident, the NRC established a “Task Force” of senior NRC staff experts to 

review the events and their causes (both the immediate causes and the underlying causes), and to make 

recommendations to the NRC.  The so-called “NRC Near Term Task Force (NTTF)” gathered information 

in part by meeting with a large number of nuclear industry experts both in the U.S. and internationally; with 

NRC staff experts; with U.S. Government officials in many different agencies and the U.S. Congress; and 

with a large number of private citizens, public interest groups, and state and local agencies.  The NTTF 

published their report (NRC, 2011a) on 12 July 2011, only 4 months after the accident.  Its most important 

section is a set of recommendations for NRC actions in various technical and regulatory areas.  Within a 

very short time, the NRC Commissioners reviewed the NTTF report and issued their own report containing 

the agency’s action plan (NRC, 2011b, 2011c).  The NTTF recommendations were prioritized by the NRC 

Commissioners into Tiers 1, 2, and 3:  Tier 1 to be addressed as soon as feasible; Tiers 2 and 3 on more 

extended schedules following completion of technical efforts.   

 

For external hazards, the NTTF recommendations are numbered:  2.1 re-evaluate seismic and flooding 

hazards at the site (Tier 1); 2.2 review seismic and flooding hazards on a 10 year cycle (Tier 2); and 2.3 

perform seismic and flood protection walkdowns and assess compliance with the design bases (Tier 1).  

The approaches to addressing recommendations 2.1 and 2.3 for seismic were a combined effort of the NRC 

and the U.S. nuclear industry resulting in agreed upon guidelines (EPRI, 2012).  The 2.1 reevaluation of 

seismic hazards was completed as part of Generic Issue (GI-199) and the Licensees submitted revised 

ground motion response spectra (GMRS) for comparison with the DBEs on March 15, 2014.  Of the 63 

U.S. NPP sites, 32 are required to perform additional risk analysis and other activities.  Additional “risk 

analysis” means SPRA or SMA – the majority of NPPs are committed to perform SPRAs.   

 

In Europe, the European Council of 24/25 March 2011 requested that a comprehensive safety and risk 

assessment, taking into account preliminary lessons learned, be performed on all EU NPPs.  One element 

was “stress tests” to be performed at the national level complemented by a European peer review.  This was 

the first time that such a multilateral exercise covering over 140 reactors in all EU countries operating NPPs 

power plants was considered.  The Council invited the European Nuclear Safety Regulators Group 

(ENSREG) and the European Commission to develop the scope for the stress tests with the support of the 

Western European Nuclear Regulators’ Association (WENRA).  One activity was to assess how nuclear 

installations can withstand the consequences of various extreme external events.  The stress tests and peer 

review focus on three topics which are directly derived from the preliminary lessons learned from the 

Fukushima disaster and confirmed by the IAEA missions following the accident and reports from the 

Japanese Government.  The three topics were extreme external events (including earthquake, tsunami and 

extreme weather); the loss of safety systems; and severe accident management.  The 15 European Union 

countries with nuclear power plants as well as Switzerland and Ukraine performed the stress tests and were 
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subjected to the peer review.  The peer review concluded that all countries took significant steps to improve 

the safety of their NPPs (ENSREG, 2012).  The peer review also recommended:  (i) Develop guidance on 

natural hazards assessments and assessments of margins; (ii) Emphasize the importance of periodic safety 

reviews; (iii) Urgent implementation of recognized measures to protect containment integrity; and (iv) 

Strengthen measures to prevent accidents due to extreme natural hazards and, if they occur, limit the 

consequences.  Item (iv) includes strengthening defence-in-depth by considering severe accidents due to 

extreme external events.  This subject is discussed further in the ensuing text.   

 
POST FUKUSHIMA DESIGN REQUIREMENTS  

 

After the publication of the new Design Requirements SSR-2/1 (IAEA, 2012), the IAEA Secretariat 

perceived the need to prepare a Technical Document titled “Considerations on the Application of the IAEA 

Safety requirements for design of NPPs” (IAEA 2015, Draft). This draft document aims to provide 

clarification to some of the more novel points introduced in SSR-2/1.  

 

The external hazards to be considered in the design of a specific plant are defined in the IAEA Safety 

Requirements on Site Evaluation NS-R-3 (IAEA, 2003), as follows: 

 
“The hazards associated with external events that are to be considered in the design of the nuclear 
installation shall be determined. For an external event (or a combination of events) the parameters and the 

values of those parameters that are used to characterize the hazards should be chosen so that they can be 
used easily in the design of the installation.” 

 
Alternatives to evaluate external hazards include probabilistic, deterministic and hybrid methods depending 

on the hazard to be considered and the approaches used in the technical profession associated with the 

subject matter. For example, considerations for extreme meteorological, hydrological and seismic events 

have very different databases and physical constraints in a phenomenological approach. For this reason it 

has been very difficult to consider the hazards due to these events in a consistent framework, such as a 

similar target annual frequency of occurrence for design basis or a beyond design basis evaluation. 

 

In the nuclear safety framework an additional and more important issue is the consistent approach needed 

for considering these external hazards in the context of plant states, specifically design basis and design 

extension conditions. The new IAEA Design Requirements SSR-2/1 has introduced new terminology in 

this respect which will be followed in this paper. Accordingly, plant states include “Operational States” and 

“Accident Conditions”, “Beyond Design Basis Accidents” are considered as “conditions practically 

eliminated”. However, it is postulated that the transition between “Accident Conditions” and “Beyond 

Design Basis Accidents” does not involve cliff edge effects. As part of plant states, “Accident Conditions” 

are further divided into “Design Basis Accidents (DBA)” and “Design Extension Conditions (DEC)”. The 

latter, if core melt is involved, is called “Severe Accident”.  

 

The Draft IAEA TECDOC (2015) provides the following framework for external events. Design extension 

conditions are a specific category of plant states. However, external events exceeding the values specified 

in the design basis and their associated loads are not postulated plant states. For this reason, they are not 

included in the current definition of a Design Extension Condition, which is an accident condition used to 

introduce in the design of the NPP the consideration of postulated sequence of events typically caused by 

multiple safety systems failures. For external events that exceed the design basis, the term “Beyond Design 

Basis External Event (BDBEE)” is proposed.  

 

The new IAEA Design Requirements recommend the independence of the levels of defence in depth. The 

major challenge to this concept comes from common cause events, and in particular major external hazards. 

The way in which some degree of independence can be assured in the levels of defence in depth would be 
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to require different levels of protection (from external hazards) to different sets of SSCs involved in 

“prevention” versus “containment/mitigation” functions. This is clearly stated in Paragraph 5.21a of SSR-

2/1: 

 

The design of the plant shall provide for an adequate margin to protect items ultimately necessary to prevent 
large or early radioactive releases in the event of levels of natural hazards exceeding those to be considered 
for design taking into account the site hazard evaluation”.  

 
This requirement is in sharp contrast with the now superseded version of the same document, i.e. NS-R-1 

(IAEA, 2000). In Paragraph2.10, when describing the fourth level of defence in depth, the corresponding 

requirement was described as follows: 

 

(4) The aim of the fourth level of defence is to address severe accidents in which the design basis may be 
exceeded and to ensure that radioactive releases are kept as low as practicable. The most important 

objective of this level is the protection of the confinement function. This may be achieved by complementary 
measures and procedures to prevent accident progression, and by mitigation of the consequences of 

selected severe accidents, in addition to accident management procedures. The protection provided by the 
confinement may be demonstrated using best estimate methods. 
 

The post-Fukushima approach seems to have shifted the emphasis from “prevention” to 

“containment/mitigation”. While in NS-R-1, best estimate methods are being recommended for the 

confinement function, the post-Fukushima SSR-2/1 requires a higher level of protection for SSCs 

associated with containment and mitigation functions. 

 

The Draft TECDOC (IAEA, 2015) suggests the following SSCs for a higher level of protection from 

external events: 

 

· Containment structure 

· SSCs necessary to maintain the integrity of the containment 

· Systems necessary to contain the molten core and to remove heat from the containment and transfer 

heat to the ultimate heat sink in severe accident conditions 

· Systems to prevent hydrogen detonations 

· Alternative power supply (alternative to Emergency Power Supply) 

· SSCs necessary to maintain the ultimate heat sink under severe conditions 

· Supporting systems to allow the functionality of the systems above 

 

The way in which such protection can be provided to these SSCs will be discussed in the next section of 

this paper. 

 

Unless the new Design Requirements of the IAEA, SSR-2/1 can require assurance that a subsequent level 

of defence in depth has not been already compromised when the initial one has been disabled, the 

independence of the levels of defence in depth cannot be demonstrated. This premise hinges on the 

protection of these levels against common cause events, the most significant of which are external hazards. 

Otherwise the claim for “conditions practically eliminated” regarding “beyond design basis conditions” 

will not be valid.  

 

BDBEE IN THE CONTEXT OF NEW REQUIREMENTS 

 

In this section, five types of natural and also two types of human induced hazards will be considered. These 

are; vibratory ground motion hazard, fault displacement hazard, flood hazard, tornado hazard, volcano 
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hazard, airplane crash and explosions at nearby transport or fixed facilities. In the present context, there are 

some common elements that are associated with these external hazards but there are also significantly 

different aspects in their attributes that would impact the way in which SSCs may be protected against them 

at the level of design basis and also beyond design basis. 

 

The proposed approach will consider maintaining the established practices for each of the above mentioned 

external hazards to the extent possible. Furthermore, as seismic safety practices have been well developed 

over the past several decades, transfer of know-how from this subject area to others may be possible. The 

type and level of protection needed for each of these hazards will depend on several factors: 

 

· Potential for causing cliff edge effects – Both analyses and experience data show that some external 

hazards would cause cliff edge effects and others result in incremental increase of damage. Seismic 

loads are good examples of the latter while flooding would be an example of an external event with 

the potential to cause cliff edge effects. The behaviour of safety related SSCs at the Fukushima 

Daiichi NPP clearly underlined this difference. The IAEA Fukushima Fact Finding Mission Report 

provides the information that in the 45 minutes between the seismic actions being felt at the plant 

and the arrival of the destructive tsunami waves, the fundamental safety functions of the six units 

were very likely in place even though the seismic loads exceeded the calculated hazard values 

significantly. For external hazards that have a high potential for leading to cliff edge effects, it may 

be necessary to use larger safety margins. 

· Possibility of warning – Warning may be in terms of hours or minutes depending on the hazard. 

However, even when the warning lead time is very short, this may be valuable because it takes a 

very short time to scram the reactor. If this is accomplished, then it is only needed to maintain the 

other two fundamental safety functions, i.e. cooling and containment. The automatic seismic scram 

systems may be considered as a kind of warning and they have performed very well at Japanese 

NPPs during several recent events including NCO and the Great Tohoku earthquakes.  For external 

hazards for which warning is not possible or not integrated into the NPPs formal procedures, it may 

be necessary to use larger safety margins.  

· Uncertainties involved in hazard derivation (database issues – completeness and constraints for 

maximum values) – In the range of annual exceedance frequencies applicable for nuclear safety 

(i.e. about 10-4 and lower) uncertainties are very significant in the evaluation of external hazards. 

This is especially true for those where, (i) the database is very short, (ii) the magnitudes of events 

are not well constrained, (iii) variations of predictive models lead to significant epistemic 

uncertainties, (iv) conversion of events to design parameters contain large aleatory uncertainties. 

Where both time and space parameters are used to define the frequencies of exceedance (i.e. where 

an “ergodic assumption” may be applicable) or when combinations of more frequent events 

constitute the composite low frequency hazard, the estimates may be relatively more robust. For 

external hazards having larger uncertainties, it would be necessary to use larger safety margins. 

· Insufficient experience in the application of the methodology - The maturity of the subject matter 

and the collective experience of the nuclear community to deal with the specific hazard is also an 

important factor. For example, dealing with fault displacement or volcano hazard requires the use 

of relatively recent approaches. In cases where the experience of the profession has not developed 

sufficiently in dealing with the particular hazard at the level of frequencies of exceedance, larger 

safety margins may be needed.   

· Potential for combination with other external hazards – In general, the simultaneous occurrence of 

two rare events would be screened out from consideration in NPP design. However, when there is 

a dependency between the two events it is important to understand and consider this dependency. 

High winds and floods, river and coastal floods (for NPPs on estuaries), earthquakes/volcanoes and 

tsunamis have dependencies and these need to be taken into account in the corresponding safety 

margins. 
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· Potential for concomitant internal events (fire/flood) – Some external hazards are especially prone 

to cause internal hazards which may, in combination with the external hazard itself, lead to accident 

conditions. It may not be possible to model all of these sequences in the fault trees that are used in 

PSAs. It may, therefore be necessary to use bigger safety margins in protecting the plant against 

these external hazards. 

· Extent of the common cause – physical separation possibilities. This is one of the most important 

attributes of an external event that may lead to a serious challenge to multiple layers of defence in 

depth (and causing dependencies in the DiD). Particular attention is needed for those external 

hazards that have the potential to challenge onsite and offsite severe accident management 

measures. This leads not only to dependencies between the DiD layers for the same unit but also 

multiple units at the same site and even multiple sites. Safety margins to be used for events that 

may cause plant wide (and even offsite) consequences need be larger.  

 

Table 1 is an example of a way in which the safety margins to be used in relation with various external 

hazards can be determined. If all the criteria were given the same weight, then it seems that coastal flooding 

and volcano hazard would require higher safety margins than the other external hazards. There may be site, 

design and layout dependencies in the evaluation and therefore it would be useful to construct such a table 

on a plant specific basis.  

 
Table 1. Factors to consider in safety margin determination for External hazards for a hypothetical site/plant 

 
Hazard/Criterion Fault 

Disp. 

Seismic 

Ground 

Motion 

Coastal 

flood 

River 

Flood 

Tornadoes ACC Explosions Volcanoes 

Cliff Edge 2 1 5 4 3 3 3 3 

Lack of Warning 2 (*) 1 (*) 2 3 2 3 5 3 

Uncertainties 4 4 4 3 4 2 2 4 

Insufficient 

experience 

4 1 3 2 3 3 3 4 

Combination 3 4 4 3 2 1 1 3 

Concomitant 3 4 4 3 3 4 3 4 

Extent of Common 

Cause 

2 5 5 4 3 2 2 5 

         
TOTAL 20 20 27 22 20 18 19 26 

(*) Assuming an automatic seismic scram system is installed, otherwise these may be 3 – 5.  

 

It should be noted that Table 1 is only an example and caution may be needed to ensure that the entries are 

free of dependencies to the extent possible in order to avoid double counting.  

 

The proposal is to use the “seismic” case as the basis for scaling all the other external hazards. For the 

seismic design of new NPPs, the existing practice is to use a 10-4 per annum mean for the design basis and 

a safety margin of either 1.4 for all seismic Category 1 SSCs (EUR approach) or a 1.67 for the plant HCLPF 

(US approach). In order to comply with the new (post Fukushima) design and beyond design requirements, 

an additional margin is needed for the selected SSCs required for containment/mitigation functions. It is 

proposed that the existing margin is further increased by 50 %. This means that a margin of 1.6 for the 

selected SSCs will be applicable (EUR approach) and a HCLPF of 2.0 will be required for the selected 

SSCs (US approach).  

 

For all other external hazards, a consistent approach would entail the following: 

 

· 10-4  per annum mean (or equivalent) hazard level for the design basis (DB) 
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· For selected SSCs (containment/mitigation functions), a margin of 2 for the BDBEE. The factor 

“2” should be adjusted by applying the risk factor obtained from Table 1 if it is significantly 

different from that for seismic. This may either lower or increase the margin to be used for the 

BDBEE for other external hazards. 

 

The acceptance criteria related to design basis external hazards should be compatible with the Design Basis 

Accident criteria. The evaluation of the design basis external events and the associated design aspects 

should be conservative including adequate safety margins. 

 

Acceptance criteria related to BDBEEs should be compatible with the DEC criteria. Evaluation of the 

BDBEEs and the design features associated with the BDBEEs could be based on best-estimate 

considerations.  
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