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Abstract 

One of the recent developments in defining safety requirements for the design of 

nuclear power plants, stemming from the lessons learned and recommendations 

from the 2011 earthquake at Fukushima, Japan, is the inclusion of 'Design 

Extension Conditions' or DECs in the design of nuclear power plants. Design 

extension conditions represent one of the categories used to define the different 

plant states on the basis of their frequency of occurrence. One of the main 

objectives for defining a set of design extension conditions is enhancing the plant's 

capabilities to withstand, without unacceptable radiological consequences, 

accidents that are more severe than design basis accidents. The set of DECs are 

derived based on engineering judgement, deterministic assessments and 

probabilistic assessments of the plant and are considered a subset of the Beyond 

Design Basis Accident (BDBA) conditions. 

This paper provides a review of the regulatory requirements as well as a proposed 

design methodology in the major nuclear countries to be followed in addressing the 

demands of seismic design extension conditions for existing nuclear power plants. 

These requirements are necessary for newcomers, countries introducing nuclear 

power for the first time. Nuclear newcomers’ desire for nuclear power has not 

decreased even after the accident at Fukushima Daiichi Nuclear Power Station in 

Japan. Many countries are either considering nuclear power or actively preparing 

their infrastructure for a possible nuclear power programme. Indeed, “newcomers” 

continue to move forward with the introduction of new nuclear power programmes 

while they are currently facing - and will continue to face - new and unique 

challenges. This research is an effort to made several recommendations for 

newcomers in order to enhance the safety of the future nuclear power plants and 

have possibility to overcome difficulties.  
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1. INTROUCTION  

1.1. Background 

Nuclear energy plays an essential role in meeting electricity demand all over the 

world. It is generally clean power in contrast with fossil fuel power interms of 

emitting no carbon dioxide or pollutants. However, nuclear power plants generate 

large quantities of highly radioactive material. This is a result of nuclear fission 

producing diverse radioactive fission products in the reactor fuel. Although the 

actual quantity of spent fuel is some 100,000 times less than a fossil fuel plant, it is 

much more radioactive. 

Human beings are exposed to low level radioactivity constantly from naturally 

occurring radioactive material (NORM) and cosmic rays from outer space. 

However, high dose of radiation has many harmful effects on human beings. 

Therefore, it is necessary for nuclear power plants to create diverse safety 

mechanisms for the safety of public and environment. This includes the workers as 

well as people living around the nuclear power plant. The Three Mile Island 

accident was caused by design flaws and poor operator training. Nevertheless, the 

majority of the radioactivity was contained at the site. The Chernobyl accident was 

caused by numerous inherent design flaws, poor operator training and a total 

disregard for safety. 

After these accidents, the International Atomic Energy Agency (IAEA) strongly 

put safety at the top priority for the construction of new nuclear power plants and 

operating NPPs. The IAEA Safety Requirements (NS-R-1) [1], which were 

published in 2000, with purpose of introducing new safety requirement for design 

of nuclear power plant. This publication established design requirements for 

structures, systems and components as well as procedures and organizational 

processes important to safety that must be reached for safe operation of a nuclear 

power plant, and for preventing or mitigating the consequences of events that could 

jeopardize safety. In this publication, there were explanations and requirements of 

Design Basis Accidents (DBAs) and Beyond Design Basis Accidents (BDBAs).   

These criteria were really useful until the occurrence of Fukushima Accident. 

Following a major earthquake, a 15-metre tsunami disabled the power supply and 

cooling of three Fukushima Daiichi reactors, causing a nuclear accident on 11 

March 2011. All three cores largely melted in the first three days. The accident was 

rated 7 on the INES scale [2], due to high radioactive releases over days 4 to 6, 

eventually reaching a total of some 940 PBq (I-131 eq) [3]. Four reactors were 

written off due to damage in the accident – 2719 MWe net. After two weeks, the 

three reactors (units 1-3) became stable with water addition and by July they were 

being cooled with recycled water from the new treatment plant. Official 'cold 

shutdown condition' was announced in mid-December. 
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A tremendous challenge is arising in the nuclear world in order to deal with severe 

accidents and the pressure of public. In 2012, a new IAEA Specific Safety 

Requirements known as No. SSR-2/1 “Safety of Nuclear Power Plants: Design” 

[4] was published with the objective to reflect the safety experiences accumulated 

in the area of NPP design until that time. Among the most significant changes as 

compared with the previous IAEA Safety Requirements [1] (NS-R-1) published in 

year 2000, are the extension of plant states to consider the design extension 

conditions (DECs) in the plant design, as shown below.  

Table 1. Plant states considered in the design 

Plant states considered in the design 

Operational states Accident conditions 

Normal 

Operation (NO) 

Anticipated 

Operational 

Occurrences 

(AOO) 

Design Basis 

Accidents(DBA) 

Design Extension 

Conditions (DEC) 

without fuel 

damage 

with core 

melt 

 

Design extension conditions have been introduced in the requirements for the 

design of nuclear power plants for the purpose to further improve safety by 

enhancing the plant’s capability to withstand accidents that are more severe than 

design basis accidents. 

The term “Design Extension Condition” (DEC) was first formally introduced in the 

European Utility Requirements (EUR) [5] after the Chernobyl accident, to improve 

the safety of the plant extending the design basis. Since then, many European 

countries, Finland in particular, has adopted the DEC requirements for their new 

plants.  The IAEA has also adopted the term “Design Extension Condition” for the 

first time in SSR-2/1 in 2012. The specific requirements for the DEC are currently 

under development not only in Europe but in the other part of the world. The 

USNRC (Nuclear Regulatory Committee) recently decided to consider the 

requirements for the DEC in the future, in a manner consistent with the Risk 

Management Program [6]. The Korean regulatory body has been developing the 

specific requirements and guidelines to reflect the DEC in the plant designs [7]. 

Now it is important, therefore, to understand the current status of results of the 

various regulatory and design activities related the DEC taking place in the major 

nuclear countries. 
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1.2. Objectives 

The main purpose of this study is to summarize the IAEA design requirements of 

the plant state and defense in depth. This paper is also intended to investigate the 

regulatory approach and status of design implementations in major nuclear 

countries. In addition, the document is intended to propose the design and 

regulatory approaches for the future nuclear power plants introduced into Vietnam. 

1.3. Methodology  

An effort is made in this study to thoroughly review the IAEA standards and 

technical documents, particularly including Specific Safety Requirements No. 

SSR-2/1 “Safety of Nuclear Power Plants: Design” and gather relevant data from 

the specified documents and compiling databases in order to analyze the material 

and arrive at a more complete understanding and requirements of the DEC and also 

review several regulatory requirements and status of design implementation status 

of the major nuclear countries to clarify the concept DEC.  
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2. LITERATURE REVIEW 

2.1. Defence in depth 

The concept of defence-in-depth (DiD) – of multiple levels of protection - has been 

developed and refined by the nuclear safety community over many years. The 

concept is based on the experience and practice of high hazard industry in general 

as well as developments within the nuclear industry. 

2.1.1. Objectives of defence-in-depth 

Implementation of defence-in-depth concept contains several levels of 

protection, including successive barriers preventing the release of radioactive 

material to environment. This concept is intended to pay compensation for 

potential human and component failures. Another objective is to sustain the 

efficiency of the barriers by preventing the damage of the plant and the barriers 

themselves. In addition, it provides a way to protect the public and the 

environment from harm in the event which these barriers are partially effective.  

In the beginning, barriers were generated and utilized to achieve these 

objectives.  

2.1.2. Barriers 

Generally, several successive physical barriers for the confinement of 

radioactive material are put in place. Their specific design may vary depending 

on the activity of the material and on the possible deviations from normal 

operation that could result in the failure of some barriers. For water reactors at 

power operation, the barriers confining the fission products are typically: 

 The fuel matrix; 

 The fuel cladding; 

 The boundary of the reactor coolant system; 

 The containment system. 

  

https://www.iaea.org/ns/tutorials/regcontrol/srch/index.htm?t=defence-in-depth
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Figure 1. Main Pressurized Water Reactor (PWR) barriers (source: 

www.seas.sk/safety-barriers) 

Safety analysis is therefore based on ensuring the validity of each of these 

barriers and their precise operation under normal and accident reactor operating 

conditions. The prominence of this brand of analysis is the progressive nature of 

safety by differentiating three sequent but interrelated stages:  

 Prevention. 

 Monitoring. 

 Mitigating action. 

The public and the environment are protected primarily by means of these 

barriers, which may serve operational and safety purposes or safety purposes 

only. The defence in depth concept applies to the protection of their integrity 

against internal and external events that may jeopardize it. Circumstances in 

which one or more barriers are breached (such as during shutdown) necessitate 

special attention.  

The contribution of the barrier approach played a remarkable role to the 

evolution of safety thinking about the defence in depth concept. This concept in 

fact consists of the barrier method, but allows an analysis of installations to be 

committed which is both more comprehensive and more detailed. Now it has 

become level of defence.  

2.1.3.  Level of defence 

Measures relative to defence in depth are generally ranked in five levels of 

defence. The first four levels are oriented towards the protection of barriers and 

mitigation of releases; the last level relates to off-site emergency measures to 

protect the public in the event of a significant release (see in Table 2). Even 

though implementation of the concept of defence in depth may differ from 

https://www.iaea.org/ns/tutorials/regcontrol/intro/glossarym.htm#M13
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country to country and may to a certain degree depend on plant design, the main 

principles are common (shown in Fig. 2).  

Table 2. INSAG-10 [8]DiD level 

Level of 

defence 

in depth 

Objective Essential means 

Level 1 
Prevention of abnormal 

operation and failures. 

To prevent deviations from normal 

operation, and to prevent failures of 

structures, systems and components 

(SSCs) important to safety.  

Level 2 

Control of abnormal 

operation and detection of 

failures. 

To detect and intercept deviations 

from normal operation, to prevent 

AOOs from escalating to accident 

conditions and to return the plant to a 

state of normal operation.  

Level 3 

Control of accidents within 

the design basis - design 

basis accidents (DBAs). 

To minimize the consequences of 

accidents and prevent escalation to 

beyond design basis accidents  

Level 4 

Control of severe plant 

conditions including 

prevention of accident 

progression and mitigation 

of severe accident 

consequences - beyond 

design basis accidents 

(BDBAs). 

To ensure that radioactive releases 

caused by beyond design basis 

accidents, including severe accidents, 

are kept as low as practicable. 

Level 5 

Mitigation of radiological 

consequences of 

significant off-site releases 

of radioactive materials. 

Emergency support facilities.  

On-site and off-site emergency 

response plans and provisions.  

Plant staff training on emergency 

preparedness and response.  

 

 

https://www.iaea.org/ns/tutorials/regcontrol/intro/glossarya.htm#A1
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossarya.htm#A1
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossaryc.htm#C26
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossarya.htm#A1
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossarya.htm#A1
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossaryc.htm#C26
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossaryd.htm#D6
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossaryo.htm#O2
https://www.iaea.org/ns/tutorials/regcontrol/intro/glossaryq_r.htm#R12
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The effectiveness of the protection is generated utilizing the principles of 

redundancy, diversity, segregation, physical separation and single failure 

protection.  

The use of the DiD concept has been promulgated through the IAEA Safety 

Fundamental Principles and Standards (see IAEA SSR 2/1 [IAEA, 2012]). The 

IAEA safety fundamental principle 8, in particular, states: 

“The primary means of preventing and mitigating the consequences of accidents 

is ‘defence in depth’ ..... The independent effectiveness of the different levels of 

defence is a necessary element of defence in depth.”  

And, the IAEA SSR 2/1 sets a specific requirement for the design:  

“Requirement 7: Application of defence in depth. The design of a nuclear power 

plant shall incorporate defence in depth. The levels of defence in depth shall be 

independent as far as is practicable.”  

Implementation of the original INSAG [8] DiD concept has developed over the 

years, and this has been reinforced after the Fukushima accident. As explained 

below, this has included a modified description of the five levels of defence. 

The specific description of five levels of DiD is described below:   

(1) Level 1: Prevention of abnormal operation and failures. 

Measures at Level 1 include a breadth range of conservative provisions in 

design, from siting through to the end of plant life, which is intended to confine 

radioactive material and minimize deviations from normal operating conditions 

(including transient 8 conditions and plant shutdown states). The safety 

provisions at Level 1 are found through the choice of site, design, 

manufacturing, construction, commissioning, operating and maintenance 

requirements such as:  

 The clear definition of normal and abnormal operating conditions; 

 Adequate margins in the design of systems and plant components, 

including robustness and resistance to accident conditions, in particular 

aimed at minimizing the need to take measures at Level 2 and Level 3; 

 Adequate time for operators to respond to events and appropriate 

human-machine interfaces, including operator aids, to reduce the 

burden on the operators; 

 Careful selection of materials and use of qualified fabrication processes 

and proven technology together with extensive testing; 

 Comprehensive training of appropriately selected operating personnel 

whose behavior is consistent with a sound safety culture;  

 Adequate operating instructions and reliable monitoring of plant status 

and operating conditions;  
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 Recording, evaluation and utilization of operating experience; and 

 Comprehensive preventive maintenance prioritized in accordance with 

the safety significance and reliability requirements of systems.  

Furthermore, Level 1 provides the initial basis for protection against external 

and internal hazards (e.g. earthquakes, aircraft crashes, blast waves, fire, 

flooding), even though some additional protection may be required at higher 

levels of defence. 

(2) Level 2: Control of abnormal operation and detection of failures  

Level 2 incorporates inherent plant features, such as core stability and thermal 

inertia, and systems to control abnormal operation (anticipated operational 

occurrences - AOOs), with account taken of phenomena capable of causing 

further deterioration in the plant status. The systems to mitigate the 

consequences of such operating occurrences are designed according to specific 

criteria (such as redundancy, layout and qualification). The objective is to bring 

the plant back to normal operating conditions as soon as possible.  

Diagnostic tools and equipment such as automatic control systems can be 

provided to actuate corrective actions before reactor protection limits are 

reached; examples are power operated relief valves, automatic limitation 

systems on reactor power and on coolant pressure, temperature or level, and 

process control function systems which record and announce faults in the control 

room. Ongoing surveillance of quality and compliance with the design 

assumptions by means of in-service inspection and periodic testing of systems 

and plant components is also necessary to detect any degradation of equipment 

and systems before it can affect the safety of the plant. 

(3) Level 3: Control of accidents within the design basis  

Despite provisions for prevention, accident conditions may occur. Engineered 

safety features and protection systems are provided to prevent evolution towards 

severe accidents and also to confine radioactive materials within the containment 

system. The purpose of the measures which are taken at this level is preventing 

core damage in particular.  

Engineered safety features are designed on the foundation of postulated 

accidents representing the limiting loads of sets of similar events. Typical 

postulated accidents are those originating in the plant, such as the breach of a 

reactor coolant pipe (a loss of coolant accident - LOCA) or in a main steam line 

or feed water line, or loss of control of criticality, such as in a slow uncontrolled 

boron dilution or a control rod withdrawal.  

Design and operating procedures are initialed to maintain the effectiveness of 

the barriers, especially the containment, in the event of such a postulated 
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accident. Active and passive engineered safety systems are utilized. In the short 

term, safety systems are actuated by the reactor protection system when needed.  

To ensure a high reliability of the engineered safety systems, the following 

design principles are adhered to:  

 Redundancy;  

 Prevention of common mode failure due to internal or external hazards, 

by physical or spatial separation and structural protection;  

 Prevention of common mode failure due to design, manufacturing, 

construction, commissioning, maintenance or other human 

intervention, by diversity or functional redundancy;  

 Automation to reduce vulnerability to human failure, at least in the 

initial phase of an incident or an accident;  

 Testability to provide clear evidence of system availability and 

performance;  

 Qualification of systems, components and structures for specific 

environmental conditions that may result from an accident or an 

external hazard.  

(4) Level 4: Control of severe conditions including prevention of accident 

progression and mitigation of the consequences of a severe accident  

For the concept of DiD when it is applied to currently operating plants, it is 

assumed that the measures considered at the first three levels will ensure 

maintenance of the structural integrity of the core and limit potential radiation 

hazards for members of the public. However, additional efforts are made in order 

to further reduce the risks. The broad goal of the fourth level of defence is to 

create an assurance that the likelihood of an accident entailing severe core 

damage, and the magnitude of radioactive releases in the unlikely event that a 

severe plant condition occur, are both kept as low as reasonably achievable, 

economic and social factors being taken into account. Accident management 

may not be used to excuse design deficiencies at prior levels.  

Consideration is given to severe plant conditions that were not explicitly 

addressed in the original design (Levels 1 to 3) of currently operating plants 

owing to their very low probabilities. Such plant conditions may be caused by 

multiple failures, such as the complete loss of all trains of a safety system, or by 

an extremely unlikely event such as a severe flood. Some of these conditions 

bear a potential that radioactive materials could be released to the environment. 

The thermal inertia of the plant provides time to deal with some of these 

conditions by means of additional measures and procedures. Ancillary and 

support systems are designed, manufactured, constructed, commissioned and 

operated consistent with the required reliability of engineered safety systems.  
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Measures for accident management1 are also aimed at controlling the course of 

severe accidents and mitigating their consequences. In terms of core damage, 

accident management comprises both preventive and mitigatory measures. With 

regard to offsite emergency response, the measures are essentially preventive. 

Important objectives of accident management are:  

 To monitor the main characteristics of plant status;  

 To control subcritical core;  

 To restore heat removal from the core and maintain long term core cooling;  

 To protect the integrity of the containment by ensuring heat removal and 

preventing dangerous loads on the containment in the event of severe core 

damage or further accident progression;  

 Regaining control of the plant if possible and, if degradation cannot be 

stopped, delaying further plant deterioration and implementing on-site and 

off-site emergency response.  

The most important objective for mitigation of the consequences of an accident 

in Level 4 is the protection of the confinement. For most reactor designs there 

exists a containment structure which withstands pressure, with strict design 

limits on permissible leakage under a specified pressure. Functions that protect 

the containment, such as containment cooling and penetration control, are 

typically designed and analyzed to the same conservative standards as 

engineered safety features. Such design provides the possibility of maintaining 

effective functioning of the containment under more severe plant conditions. 

Specific measures for accident management are established on the basis of safety 

studies and research results. These measures fully utilize existing plant 

capabilities, including available non-safety-related equipment. For example, any 

source of fresh water could be used in the event of loss of the ultimate heat sink 

or in order to feed the secondary side of the steam generators. Measures for 

accident management can also include hardware changes. Examples are the 

installation of filtered containment venting systems and the inertness of the 

containment in boiling water reactors in order to prevent hydrogen burning in 

severe accident conditions. For such additional measures specific design rules 

can be applied in a pragmatic way.  

The role of the operators is vital in actuating hardware features for accident 

management and in taking actions beyond the originally intended functions of 

systems or using temporary or ad hoc systems. Adequate staff preparation and 

training for such conditions is a prerequisite for effective accident management. 

Managerial provisions such as an on-site emergency plan are also necessary.  

(5) Level 5: Mitigation of the radiological consequences of significant external 

releases of radioactive materials  
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Even if the efforts described in the foregoing are expected to be effective in 

limiting the consequences of severe accidents, it would be inconsistent with DiD 

to dismiss off-site emergency plans. These plans cover the functions of 

collecting and assessing information about the levels of exposures expected to 

occur in such very unlikely conditions, and the short and long term protective 

actions that constitute intervention. The responsible authorities take the 

corresponding actions on the advice of the operating organization and the 

regulatory body.  

Off-site emergency procedures are prepared in consultation with the operating 

organization and the authorities in charge and must comply with international 

agreements. Both on-site and off-site emergency plans are exercised periodically 

to the extent necessary to ensure the readiness of the organizations involved.  
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2.2. Design extension condition (DEC) 

2.2.1. Regulatory considerations for DiD: Lessons learnt from the 

Fukushima Daiichi accident and Introduction of Design extension 

condition (DEC) 

Lessons learnt from the accident have raised cause for the nuclear industry to 

enhance elements of DiD, and to find out a way to strengthen implementation of 

the DiD concept.  

There has been no significant transformation to the concept but a strong 

emphasis on an assurance that an establishment of an appropriate design basis 

prevents from the release of all relevant hazards (natural and man-made), events 

and combinations. To simplify implementation, some organizations, such as 

WENRA (2013), have found benefit in subdividing level 3; others have 

proposed including beyond design basis accidents, with or without core damage 

in level 4, or using 6 rather than 5 levels of DiD. These proposals all build on 

the original INSAG concept and strengthen its implementation. However, none 

have been universally adopted.  

After the Fukushima accident, the necessity of reinforcement gained assurance 

that there was an adequate, fundamental basis for the design and operation of a 

plant such that it has the capability to safely withstand the full range of external 

and internal events to which it may be exposed. While the Fukushima Daiichi 

site substantially withstood the direct effects of the earthquake, with the 

operating reactors shutting down and cooling established, the earthquake caused 

all six off-site power lines to be lost and the associated tsunami took out all but 

one on-site emergency alternating current (AC) power supply. Additionally, the 

tsunami effectively eliminated access to the heat sink and nearly all of the 

electrical systems, both AC and (in some cases) direct current (DC), and 

eventually caused instrumentation failure. Some of these results were related to 

the layout of the plant. One of the reasons was the absence of reliable defences 

against flooding.  

In effect, the plant lacked an adequate basis for the safe operation and had no 

independent effectiveness of the protective and mitigating systems for the first 

four levels of DiD, both in terms of the original basis utilized for the design of 

the plant and of the outcome of any periodic reviews or other safety reviews. 

Therefore, a clear message for regulators is raised about an enhancement of the 

requirements for close attention to the basis for the design and operation of a 

plant or site, and the requirements to review this basis – especially for external 

hazards and events – to make an assurance about safety functions at the various 

DiD levels have adequate, independent effectiveness.  

All level must have this adequate independence, including the systems, 

structures and components (SSC) that are at the second level of DiD, to control 
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anticipated operational occurrences (AOO), for instance, as utilizing a breadth 

of controllers, limitations and protection systems. The intent of these SSCs is to 

detect and control a deviations from normal operational states in order to prevent 

AOOs at the plant from escalating to accident conditions.  

However, for some AOOs, the sufficiency of these measures for preventing an 

accident condition from occurring sometimes is not reliable, thereby activating 

the safety systems. Safety systems such as the reactor scram system and, 

depending on the plant type, the overpressure protection system of the primary 

and secondary side, the emergency feed water system and diesel generators, are 

required as part of the design basis of the plant to prevent an event from 

escalating to a severe accident.  

Similarly, the necessity of gaining assurance is emphasized among regulators 

after the Fukushima Daiichi accident that the design basis accident and design 

extension requirements utilized by designers and safety assessors covers those 

demanded to ensure the independent effectiveness of the safety provisions for 

INSAG levels 3 and 4. 

The requirements for safety establishments beyond those provided at INSAG 

level 3 for duplicating with DBAs has been improved in an abundance of 

countries and in IAEA safety standards through the use of the concept of design 

extension conditions (DECs).  

The concept of DECs was introduced in a number of countries, including IAEA 

safety standards, prior to the occurrence of the accident. However, over the last 

few years, DECs have been enhanced to reach more comprehensiveness in 

dealing with multiple failures (common cause and common mode failures), 

some complicated sequences, rare internal and external events and severe 

accidents. 

2.2.2. Definition of Design extension condition (DEC) 

According to IAEA Safety Standards Series No. SSR-2/1, ‘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 DECs 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’. 

It is likely that the requirements entailed in this concept mainly concern new 

NPPs, but they can also be applied to existing plants as far as is reasonably 

practical. 
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A comparison between DiD in NS-R-1, 2000 versus SSR-2/1, 2012 is shown 

by the following two figures. 

 

Figure 3. NS-R-1, 2000 [9]. 
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Figure 4. SSR-2/1, 2012 [9] 

Consequently, design extension conditions now include:  

 Postulated initiating events that involve a common cause and common 

mode failure resulting in multiple failures in the safety system designed 

for coping with the event concerned;  

 Combinations of failures selected on the basis of deterministic analysis, 

probabilistic risk assessment or engineering judgement;  

 Internal and external events more severe than those considered in the 

design basis, caused by rare events that are very unlikely to occur but 

nevertheless considered credible events; and  

 Severe reactor accidents (that is, accidents involving core damage/fuel 

melt) and severe spent fuel storage accidents.  
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For such credible multiple failure events, combinations of failures or rare 

internal and external hazards and events, a demonstration needs to be presented 

to  the regulator that it is possible to satisfy the fundamental safety functions of 

reactivity control, core (fuel) cooling, confinement of radioactive material and 

hence minimization of important releases. On the basis of the design and safety 

analysis, the regulator would need to be shown that following an accident to the 

extent practical:  

 The reactor core (fuel) can be brought and maintained subcritical;  

 The deformations in reactor internals and fuel rods do not endanger the 

cooling of the reactor core (only limited fuel damage is acceptable);  

 The pressure in the reactor coolant pressure boundary does not exceed an 

acceptable value, for non-core damage accidents;  

 Containment integrity remains functional (with or without the need for 

venting); and 

 The fuel in the spent fuel pool can be sufficiently cooled, including an 

appropriate margin.  

The analysis carried out shall include identification of the features that are 

designed for use in, or capability of preventing or mitigating, events considered 

in the design extension conditions. These features:  

 Shall be independent, to the extent practicable, of those used in more 

frequent accidents;  

 Shall be capable of performing in the environmental conditions pertaining 

to these design extension conditions, including design extension 

conditions in severe accidents, where appropriate; and 

 Shall have reliability commensurate with the function that they are 

required to fulfil. 

There are two categories of DEC:  

 DEC A for which prevention of severe fuel damage in the core or in the 

spent fuel storage can be achieved;  

 DEC B with postulated severe fuel damage.  

The description, which is shown in Table 3, is a simple example of these two 

categories. More specific information and detail are described in clear 

explanation in the next section.   
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Table 3. Examples of Design Extension Conditions (DECs) 

DECs without core melt DECs with core melt 

Anticipated transient without scram 

(ATWS); 

Station blackout (SBO); 

Loss of core cooling in the residual 

heat removal mode; 

Extended loss of cooling of fuel pool 

and inventory;  

Lost of coolant accident (LOCA) plus 

loss of one emergency core cooling 

system (either the high pressure or the 

low pressure emergency cooling 

system); 

Loss of the component cooling water 

system or the essential service water 

system 

 

Representative group of severe 

accident conditions to be used for 

defining the basis for the design of the 

mitigation in safety features for these 

conditions; 

The features for the mitigation of 

DEC with core melt should be such to 

prevent that those severe accident 

phenomena, such as hydrogen 

detonation, basement melt through 

due to core-concrete interaction and 

steam explosions cause the loss of 

containment integrity; 

Maintaining the integrity of the 

containment is the main objective. 

This also implies that the cooling and 

stabilization of the molten fuel and 

the removal of heat from the 

containment need to be achieved in 

the long term. 

 

 

For a purpose of proposing a relevant regulatory approach to apply the DEC for 

nuclear power plants to be constructed and operated in the future in Vietnam, it 

is a tremendous necessity to investigate the regulatory approach and status of 

design implementations in major nuclear countries. These contents are going to 

appear in the next section.  
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3. CURRENT STATES AND IMPLEMENENTATIONS OF DESIGN 

EXTENSION CONDITION CONCEPT 

To achieve the research objectives, a study was performed to investigate the 

regulatory approach and status of design implementations in major nuclear 

countries. Several countries mentioned in this section are countries in European 

Union, United States of America (USA) and some countries in Asia. Each 

subsection contains specific information, approaches and design 

implementations of DEC for every country or union. This is an effective way to 

gain further understanding and generate a general picture about the development 

or enhancement in safety requirements, especially in DiD concept and DECs 

improvement in the major nuclear countries. 

Generally, design basis fault analysis examines the response of a system to the 

most severe faults reasonably foreseeable in each of the operating systems 

normally required. The analysis routinely makes pessimistic assumptions 

relating to safety system response and assumes that prior to the fault, the plant 

is operating at the most limiting conditions defined in the plant operating rules.  

The concept of Design Basis is used in all countries and broadly they require a 

conservative deterministic analysis for initiating faults with a return frequency 

greater than typically 51 10 /y. 

In the case of more frequent Anticipated Operational Occurrences (AOO), it is 

usual to expect a higher level of unrevealed or consequential failures in systems 

designed to mitigate the fault. However, the scope and definitions of events and 

conditions included in DB varies from country to country. 

Table 4. The scope and definitions of events and conditions included in DB 

varies from country to country. 

 
Normal 

Operation 

AOO/ 

Frequency 

(1/y) 

DBA BDBA 

BDBA 

Classifica

-tion 

Finland DBC 1 DBC 2 

210f   

DBC 3 

2 310 10f  

 

DBC 4 

3 510 10f    

Severe 

accidents 

510f   

Design 

extension 

conditions 

DEC-A 

DEC-B  

France PCC 1 PCC 2 

210f   

PCC 3 

2 410 10f  

 

Severe 

accidents 

Risk 

Reduction 

Category 

RRC-A 
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PCC 4 

4 610 10f  

 

RRC-B 

US  AOO DBA Severe 

accidents 

 

Canada  AOO 

210f   

DBA 

2 510 10f  

 

BDBA 

510f   

 

 

In all countries, it is the applicant who is expected to identify the specific list of 

events/faults to be analyzed for a given facility. Classification of events or faults 

is done on the basis of their probabilities of occurrence with elements of 

engineering judgment and deterministic prescription.  

Independent combinations of faults in a single accident are included in the scope 

of analysis as the design extension conditions (Finland), risk reduction category 

(France), or BDBA/Severe Accidents. A postulated worst single failure is not 

considered as an independent failure combined with the initiating event but is an 

analysis assumption. Special cases exist in some jurisdictions that postulate 

additional failures for certain events (US – station blackout and ATWS). 

Expectations for demonstration of diversity of safety functions appear to be 

different in each country; however the exact nature of differences cannot be 

established from the brief information provided. 
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3.1. European Union 

The term “Design Extension Condition” (DEC) was first formally introduced in 

the European Utility Requirements (EUR) [5] to characterize several selected 

sequences due to multiple failures with the purpose of enhancing the safety of 

the plant which extended the design basis. 

In the EUR [5] the DEC are defined as below: 

A specific set of accident sequences that goes beyond Design Basis Conditions 

(DBC), to be selected on deterministic and probabilistic basis and including; 

o Complex sequences 

o Severe accidents 

Appropriate design rules and criteria are set for DEC, in general different from 

those for DBC. 

Both complex sequences and severe accidents are results of multiple failures of 

safety systems. Complex sequences could lead to some core damage without 

resulting in core melt. Severe accidents refer to sequences leading to core melt. 

A concept similar to the DEC introduced by the EUR was also adopted by 

WENRA [10], although the term design Extension Conditions is not clearly 

used. WENRA also made a proposal to consider some selected multiple failures 

sequences in the design which created a clear distinction between sequences 

with core melt and without core melt. Multiple failure events are treated as part 

of the 3rd level of DiD that is related to the traditional Design Basis Accidents.  
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The table below shows, a simplified comparison of some of the existing 

terminologies including examples of DECs.  

Table 5. Comparison of some of the existing terminologies. 

WENRA EUR IAEA 

 
Design Extension 

Conditions 

Design Extension 

Conditions 

Postulated Multiple 

failure events 
Complex sequences 

DEC without core 

damage 

Small Loss of coolant 

accident  (LOCA) + 

Low head safety 

injection 

Main steam line break + 

consequential Steam 

generator tube rupture 

(SGTR) So far examples are not 

available in the Safety 

Standards. They will be 

included in the revised 

Safety Guides for NPP 

Design and Safety 

Assessment. 

 

Station Blackout (SBO) Station Blackout (SBO) 

Anticipated Transients 

without Scram (ATWS) 

Anticipated Transients 

without Scram (ATWS) 

Loss of the residual heat 

removal (RHR) in 

normal operation 

Containment Bypass 

(multiple SGTRs) 

Loss of cooling of the 

spent fuel pool 
 

Postulated core melt 

accidents 
Severe accidents Severe accidents 

 

In general, despite of a few differences, this table has shown that the DEC 

requirements are almost similar in both WENRA and EUR.   
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Many European countries has adopted the DEC requirements for their new plants. 

The following subsections have developed an overview about how Finland and 

France create several approaches for safety enhancement purpose.  

3.1.1. Finland  

3.1.1.1. Structure of DiD 

In Finland, alternative definitions can be found that define a Design Basis 

Condition (DBC) as a situation (of internal origin) for which the plant is 

designed according to established design criteria and conservative 

methodology. In a similar fashion, YVL B.1 [11] defines a set of Design Basis 

Categories (DBC). Anticipated operational occurrence (DBC 2) is such a 

deviation from normal operation (DBC 1) that can be expected to happen 

once or several times during any period of a hundred operating years. 

Accident includes postulated accidents, design extension conditions and 

severe accidents. In YVL, the DBCs are mapped to the DiD levels as shown 

in Table 6. 

Table 6. DiD levels, event categories and frequencies (source: STUK). 

Level 1 Normal operation (DBC 1)   

Level 2 Anticipated operational occurrences 

(DBC 2)  

210  1/af   

Level 3a Postulated accidents Class 1 (DBC 3) 2 310 10  1/af    

Postulated accidents Class 2 (DBC 4) 3 510 10  1/af    

Level 3b Design extension condition (DEC)  Multiple failures  

DEC A - common cause 

failure (CCF) combined with 

DBC2/DBC3; 

DEC B - complex failure 

combination; 

DEC C - very rare external 

event. 

Level 4  Severe accidents (SA)  Safety goals  

CDF 510  1/a ;  

LRF 75 10  1/a  . 
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To be more specific, DBCs are usually classified into categories “according 

to their expected frequency”. At first sight, this kind of definition doesn’t 

make sense, since a rare but harmless deviation should obviously not be 

considered as an accident. The basic idea is, however, to design the plant so 

that regulatory requirements are fulfilled. 

Design extension condition (DEC) shall refer to: 

 An accident where an anticipated operational occurrence or class 1 

postulated accident involves a common cause failure in a system 

required to execute a safety function (DEC A); 

 An accident caused by a combination of failures identified as 

significant on the basis of a probabilistic risk assessment (DEC B); or 

 An accident caused by a rare external event and which the facility is 

required to withstand without severe fuel failure (DEC C). 

For each DBC, regulations set requirements related to radioactive releases, 

failure criteria (N+1, N+2) and diversity. Some requirements also limit 

acceptable event frequencies. The applicant’s combination of event 

frequencies and consequences should be balanced and reasonable. Otherwise, 

the solution might not be accepted, or it might be economically infeasible due 

to low availability or high investment cost. 

 
Figure 5.Classification of plant states according to YVL B.1 (2013). 

A PIE (Postulated Initiating Event) triggers the transition from normal 

operation to an Anticipated Operational Occurrence (or even directly to an 

accident). The main responsibility of plant systems and personnel is to keep 

the plant within its safe envelope and when disturbances occur, to bring it to 

a controlled state and finally to a safe state. According to YVL B.1 [11], 

controlled state is a state where a reactor has been shut down and the removal 

of its decay heat has been secured. Safe (shutdown) state in turn is a state 

where the reactor has been shut down and is non-pressurized, and removal of 

its decay heat has been secured. According to EUR [5], controlled and safe 
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states are defined only in incident or accident conditions or in certain DECs. 

Obviously, a PIE can occur in any of the plant operational states during 

normal operation. Figure 6 illustrates the relations between DBCs, 

operational states in DBC1 and controlled and safe states.  

 

Figure 6. Relations of initial operational states, resulting design basis 

conditions and controlled/safe states. 

To conclude the discussion above, Figure 7 summarizes the key terms and 

relationships discussed above.  
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Figure 7. Main concepts related to plant-level DiD. 
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3.1.1.2. Specific requirements for systems needed for achieving and 

maintaining a controlled state 

The reactor shall meet the acceptance criteria set for events in design basis 

categories DBC1, DBC2, DBC3, DBC4 and DEC. The acceptance criteria for 

radiological consequences in each event category are specified in Guide YVL 

C.3 [12]. The acceptance criteria concerning fuel failures are specified in 

Guide YVL B.4 [13], and those concerning overpressure protection in 

Guide YVL B.3 [14]. The analysis requirements for demonstrating fulfilment 

of the criteria are given in Guide YVL B.3 [14]. 

The solid neutron absorbers which alone, or combine with the reactivity 

poison provided by the emergency core cooling system are utilized for fast 

shutdown system of the reactor. It is a capability of shutting down the reactor 

into a controlled state and maintaining it subcritical for a prolonged period of 

time after any AOO or postulated accident in a way that the limits initial forth 

for fuel integrity, radiological consequences and primary circuit pressure in 

the respective design basis category DBC2, DBC2 or DBC4 are not in 

exceedance. The neutron absorbers shall be inserted into the reactor core by 

gravity, stored energy of compressed gas, or another driving force which does 

not require external power during insertion. The accomplishment of the 

shutdown shall be done even if there were any failures in the insertion of the 

neutron absorbers. The set of the reactor’s fast shutdown shall satisfy the 

(N+2) failure criterion.   

In addition, the reactor shall have a diverse shutdown system, assisting the 

fast shutdown system based on solid neutron absorbers, which generate a 

capability of shutting down the reactor into a controlled state and maintaining 

it subcritical for a prolonged period of time following an initiating event of 

any AOO or Class 1 postulated accident (with the exception of LOCAs 

included in Class 1 postulated accidents) in a way that the limits set forth for 

fuel integrity, radiological consequences and overpressure protection in 

design basis category DEC are not  in exceedance. The shutdown system 

which is compliant with the diversity principle shall meet the (N+1) failure 

criterion. 

http://www.edilex.fi/stuklex/en/lainsaadanto/saannosto/YVLC-3
http://www.edilex.fi/stuklex/en/lainsaadanto/saannosto/YVLC-3
http://www.edilex.fi/stuklex/en/lainsaadanto/saannosto/YVLB-4
http://www.edilex.fi/stuklex/en/lainsaadanto/saannosto/YVLB-3
http://www.edilex.fi/stuklex/en/lainsaadanto/saannosto/YVLB-3
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In events involving a combination of failures (DEC B) and in rare external 

events (DEC C), the reactor shall be possibly shutdown and kept subcritical 

in a controlled state in a way that the limits set forth for fuel integrity, 

radiological consequences and overpressure protection in design basis 

category DEC are not in exceedance. 

In the event of AOO or postulated accidents, the accomplishment of removing 

decay heat from the reactor and containment shall be carried out by one or 

several systems that jointly satisfy the (N+2) failure criterion and the 72-hour 

self-sufficiency criterion in a way that the limits set forth for fuel integrity, 

radiological consequences and overpressure protection in the respective 

design basis category DBC2, DBC3 or DBC4 are not exceeded. If the decay 

heat removal systems or their auxiliary systems have passive components that 

have a very low probability of failure in connection with the anticipated 

operational occurrence or postulated accident, the (N+1) failure criterion may 

be applied to those components instead of the (N+2) failure criterion. 

In addition to the decay heat removal system(s), the NPP shall have a system 

that fulfills the diversity principle and have a capability of removing the decay 

heat from the reactor and containment following an initiating event of any 

AOO or Class 1 postulated accident in such a way that the limits set forth for 

fuel integrity, radiological consequences and overpressure protection in 

design basis category DEC are not exceeded. The decay heat removal system 

that in a compliance with the diversity principle shall reach the (N+1) failure 

criterion and the 72-hour self-sufficiency criterion. If the system that 

complies with the diversity principle is capable of providing decay heat 

removal in a way that the limits set forth for fuel integrity, radiological 

consequences and overpressure protection in the respective design basis 

categories DBC2, DBC3 or DBC4 are not exceeded, the system can also be 

counted among the systems that jointly satisfy the (N+2) failure criterion.  

In multiple failure events (DEC B) and in rare external events (DEC C), the 

accomplishment of removing decay heat from the reactor to outside the 

containment and controlling reactivity shall be done in a way that the limits 
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set forth for fuel integrity, radiological consequences and overpressure 

protection in design basis category DEC are not exceeded. 

Moreover, the achievement of removing decay heat and controlling reactivity 

in rare external events (DEC C) shall be brought about without depending on 

power supply from transportable sources for at least eight hours without any 

material replenishments or recharging of the DC batteries. In addition, a 

sufficient inventory of water and fuel and capability to recharge the DC 

batteries shall exist at the plant site to enable decay heat removal for a period 

of 72 hours. 

For a loss of the on-site power distribution system, provisions for decay heat 

removal to outside the containment and control of reactivity shall be created 

by ensuring that 

 The systems required for this purpose operate without any external power 

source or operate on an independent power source; and that 

 A sufficient inventory of water and fuel and capability to recharge the DC 

batteries exist at the plant site to maintain these arrangements for a period 

of 72 hours. 

The single failure criterion does not need to be applied to the systems 

necessary for such arrangements, and the related containment isolation valves 

including actuators and cabling and the pipelines between the reactor and 

steam generators may be shared with a system intended for a different use. 

Direct current (DC) systems are deemed to be serviceable when properly 

electrically isolated. 

Such a situation is governed by the design basis category DEC's fuel failure 

criteria and dose limits. No assumption needs to be made in the course of 

design for this type of situation arising concurrently with an independent 

initiating event, rare external event (DEC) or other multiple failure event 

(DEC B). 

The NPP shall have in place arrangements that can make sure sufficient 

cooling for the fuel placed in fuel storage facilities during rare external events. 
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These arrangements shall generate a possibility to supervise the water level 

in the spent fuel pools for a minimum of eight hours without recharging the 

DC batteries. Furthermore, keeping the fuel reliably submerged during the 

loss of the plant's internal electricity distribution system shall be done. A 

sufficient inventory of water and fuel and capability to recharge the DC 

batteries shall exist at the plant site to maintain these arrangements for a 

period of 72 hours. 

In the event that the reactor is not directly brought to a safe state as a result of 

an AOO, a postulated accident or a DEC, maintenance of the reactor in a 

controlled state long enough shall be carried out to make an assurance of 

achievement of a safe state operation. Provisions shall be made to enable the 

repair and service of the systems required for cooling the reactor from a 

controlled state to a safe state.  
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3.1.1.3. Olkiluoto 3 

Olkiluoto 3 is an EPR, or European Pressurized Water Reactor, plant. It is 

projected to have net electrical output of 1,600 megawatts. A nuclear reactor 

under construction in Finland is now estimated to start operations in 2018.  

 

Figure 8. Finland's Olkiluoto 3 nuclear power plant in 2007. 

DBCs and DECs classifications were mentioned in the final safety analysis 

report (FSAR) for Olkiluoto 3 (OL3). This classification pursuant to the 

FSAR can be used when demonstrating that the requirements in Government 

Decrees and regulatory guidelines are met, since it is stricter than the set 

requirements. For example, the DBC3 class includes events with a lower 

frequency than is required, and the criteria for class 1 postulated accidents in 

the YVL Guides are nevertheless followed for all DBC3 events. The accidents 

are analyzed in the OL3 FSAR, and the doses caused by the accidents to a 

representative of the local population and the collective dose at radius of 100 

km from the plant unit are also studied. As regards individual doses, the doses 

for an infant and an adult are analyzed according to the location where the 

dose is received. The source term for the release caused by the accident is 



32 

 

calculated according to the design values and the Technical Specifications 

values. 

Accidents in classes DBC3 and DBC4 are discussed in the FSAR, and the 

discussed accident types have been divided into the same physically similar 

groups as operational occurrences. 

The dose caused to a representative of the local population by postulated 

accidents is also analyzed in the FSAR. The dose limits are not exceeded in 

any of the calculated cases. 

The FSAR include three different events in relation to design extension 

conditions (DEC): 

 Rupture of 10 steam generator tubes inside a single steam 

generator; 

 Main steam line break with one steam generator tube broken; 

 1 steam generator tube broken and the steam generator blow-

off system stuck open. 

Furthermore, the following DEC scenarios have been studied in separate 

reports: 

 Boiling of the fuel pools as a result of the loss of the external; 

electrical grid and pool cooling; 

 Aircraft crash in the waste building. 

In all of the analyzed DEC scenarios, radiation doses to the environment 

remain below the set limiting value of 20 mSv. 

Severe reactor accidents are discussed in the FSAR on the basis of three 

different initiating events: 

 Large loss of coolant accident; 

 Small loss of coolant accident; 

 Total black-out accident. 
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Following the FSAR, OL3 is an evolutionary unit compared with current 

power plant units, meaning that its basis design is based on the proven 

technology of existing power plants. Its development was based on plants 

commissioned in France (N4) and Germany (Konvoi). Safety features in 

particular have been developed further. The unit was originally designed to 

allow for the management of severe accident (cooling core melt) and large 

aircraft crash (double shell of reactor containment building).  

 

Figure 9. Four safeguard building. 
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Figure 10. Reactor complex. 

The buildings in the new complex can be roughly divided into three parts: the 

nuclear island, the turbine island, and auxiliary and support buildings.  
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Figure 12. OL3 in September 2010. 

Figure 11. Lifting of the steel liner dome part. 
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Finnish nuclear company Teollisuuden voima (TVO) announced officially that 

the Olkiluoto 3 EPR is predicted to be in operation in 2018. However, further 

delays are still possible. Another nuclear power plant is planned for the north of 

Finland. Hanhikivi 1 will be the first nuclear power plant from another power 

consortium Fennovoima, and is due to come online in 2024.  

  

http://www.fennovoima.com/en/hanhikivi-1-project
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3.1.2. France 

Structure of DiD 

Safety of French nuclear facilities (NPPs, research reactors, facilities for 

enrichment, etc.) is based primarily on the internationally agreed concepts of 

deterministic design and Defense in Depth (INSAG- 10). However, despite a 

large set of international standards, the practices are in detail dependent on the 

national regulations. For French NPPs, the Plant Conditions Categories are the 

following: 

Table 7. Plant conditions categories in France. 

Plant Conditions Categories 
Frequency (order of 

magnitude/year) 

PCC1:Operational Transient  Permanent or frequent 

PCC2:Anticipated operational 

occurrences  
10-2 to 1 

PCC3:infrequent accidents  10-4 to 10-2 

PCC4: limiting accidents  Less than 10-4 

For the safety case, PCC studies must be performed with conservative rules and 

assumptions (physical assumptions, combination of initiating event with events 

such as loss of offsite power or other aggravating failures …) to define the 

functional requirements considered in the design of main safety systems. The 

main safety systems which contribute to plant safety in PCC events must be 

safety classified. The primary circuit and the containment must also be safety 

classified due to their role as barriers. 

In addition to the reference initiating events, the analysis of plant design reviews 

is performed using both deterministic and probabilistic considerations and leads 

to the identification of additional safety features, which make it possible to 

prevent the occurrence of severe accidents in these complex situations. These 

accident scenarios, often termed Complex Sequences, are grouped into 

Reduction Risk Category (RRC): 

 RRC-A: all combinations of initiating events taking into account the 

probabilistic studies and uses for the design basis; 

 RCC-B: serious accident (core melt) in order to reduce the consequences.  

To be more specific, RRC-A covers some multiple failure conditions not 

considered in the PCCs. Failure combinations and the unavailability of systems 

must be studied in a probabilistic manner to identify the sequences which can 
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affect the overall probabilistic targets. If acceptance criteria are not met, 

additional design features have to be introduced. The analyses are to be 

performed with a realistic approach. RRC-B concerns accident situations likely 

to lead to large early releases. They have to be shown to be physically 

impossible; if this cannot be achieved, design measures must be taken to exclude 

them. The analyses are to be based on realistic calculations of physical 

phenomena. 

After the Fukushima Daiichi accident, French nuclear facilities underwent 

complementary safety assessments (CSAs) which focused on five key points 

regarding power reactors: risks of flooding, earthquakes, loss of power, loss of 

heat sink, and operational management of accident situations. These assessments 

are aimed at determining the robustness of French reactors in response to 

extreme external events and adding to existing safety provisions to enhance this 

robustness. In particular, efforts are under way at IRSN (Institute for 

Radiological Protection and Nuclear Safety – Institut de radioprotection et de 

sûreté nucléaire) to expand the scope of probabilistic safety assessments (PSAs) 

by including recent knowledge from research, handling hazards such as flooding 

and earthquakes and taking into account operational feedback from facility 

operation: the goal of these efforts is improved assessment of power reactor risks 

and measures taken for emergency operation. 

 Regulatory framework and safety requirements for new (gen III) reactors 

French approach for regulations are  

 Preventing accidents, incidents and limitation their effects; 

 The licensee is responsible for nuclear safety and radiation protection;  

 ASN (French Nuclear Safety Authority - Autorité de Sûreté Nucléaire) is 

responsible for the control of nuclear safety and radiation protection. 
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Figure 13. Role and responsibility of ASN. 

 

Figure 14. French regulations. 

Regulations for new (gen III) reactors are from international input including 

IAEA (INSAG-12 [15], IAEA SSR-2/1 [4]) and WENRA (Safety of new NPP 

designs [10], Report on the safety of new NPP designs [16]).  

According to these documents, ASN initialed several safety objectives for new 

NPPs:  
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(O1) Normal operation, abnormal events and prevention of accidents: 

reducing the frequencies by enhancing plant capability to stay within 

normal operation; and reducing the potential for escalation to accident 

situation by enhancing plant capability to control abnormal events.  

(O2) Accidents without core melt: ensuring that accidents without core 

melt no off-site radiological impact or only minor off-site radiological 

impact; reducing, as far as reasonably achievable, the core damage 

frequency taking into account all type of credible hazards and failure and 

credible combinations of event;  reducing, as far as reasonably 

achievable, the radioactive releases from all sources; providing due 

consideration to siting and design to reduce the impact of external hazards 

and malevolent acts; 

(O3) Accidents with core melt: reducing potential radioactive releases to 

the environment from accidents with core melt, also in long term, by 

following the qualitative criteria including accidents lead to large or early 

releases have to be practical eliminated; and for accidents with core melt 

that have not been practically eliminated, design provisions have to be 

taken so that only limited protective measures in area and time are needed 

for the public (no permanent relocation, no need for emergency 

evacuation outside the immediate vicinity of the plant, limited sheltering, 

no long term restrictions in food consumption) and that sufficient time is 

available to implement these measures. 

(O4) Independence between all level of DiD: enhancing the effectiveness 

of the independence between all levels of DiD, in particular through 

diversity provisions (in addition to the strengthening of each of these 

levels separately as addressed in the previous three objectives), to provide 

as far as reasonably achievable an overall reinforcement of DiD. 

(O5) Safety and security interfaces: ensuring that safety measures and 

security measures are designed and implemented in an integrated manner. 

Synergies between safety and security enhancements should be sought. 

(O6) Radiation protection and waste management: reducing as far as 

reasonably achievable by design provisions, for all operating states, 

decommissioning and dismantling activities including individual and 

collective doses, radioactive discharges to the environment, quantity and 

activity of radioactive waste. 

(O7) Leadership and management for safety: ensuring effective 

management for safety from the design stage. This implies that the 

licensee: establishes effective leadership and management for safety over 

the entire new plant project and has sufficient in house technical and 

financial resources to fulfil its prime responsibility in safety; ensures that 

all other organizations involved in siting, design, construction, 

commissioning, operation and decommissioning of new plants 
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demonstrate awareness among the staff of the nuclear safety issues 

associated with their work and their role in ensuring safety. 

Following the safety objectives, ASN sets several principle for new NPPs: 

 Comprehensive deterministic safety assessments and probabilistic safety 

assessments (PSAs); 

 Take into account operating experience feedback, lessons learnt from 

accidents, developments in nuclear technology and improvements in 

safety assessment; 

 Consideration of multiple failures in a more systematic and complete 

way; 

 Improved probabilistic goal of  not more than 10-5 severe core damage 

events per plant operating year (safety targets, no acceptance criteria); 

 Enhanced application of DiD; 

 Balanced design: no accident sequence makes a disproportionately large 

or significantly uncertain contribution to the overall risk. 
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Flamanville 3  

Flamanville 3 is the first Generation III+ plant in the new French reactor fleet 

and the 100th reactor order placed with AREVA worldwide. French authorities 

and utilities launched their nuclear renaissance program in 2020, when the 

country’s original fleet of nuclear power plants will start to enter 

the decommissioning phase. 

 

Figure 15. The location of the new nuclear reactor in Flamanville, France. 

Flamanville 3 is proceeding through a rigorous two-step French licensing 

process. This licensing process is being conducted in parallel with project 

execution under the client’s responsibility, interfacing with the French 

regulatory body ASN. The French government granted the construction license 

for Flamanville 3 on April 11, 2007, on the basis of a comprehensive analysis of 

the EPR design. 

In 2011, ASN’s activities were significantly affected by the disaster that struck 

Fukushima in Japan. On 3 January 2012, ASN issued a report on the 

complementary safety assessments conducted after the Fukushima incident. This 

report presents the complementary safety assessment (CSA) results for all basic 

nuclear installations examined in 2011 (including the Flamanville 3 EPR site), 

and the actions to be taken by ASN based on these results. Specific requirements 

are to be imposed on EDF (Électricité de France - Electricity of France) in order 

to improve the robustness of nuclear facilities (beyond existing safety margins) 
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under extreme conditions. The main topics for evaluation, for reactors and spent 

fuel storage pools, were:  

 External flooding and flood-related effects (hail, wind, lightning, etc.); 

 Earthquake; 

 Loss of supplies of heat sink and electric power at site level; 

 Operational management of accident situations, including serious 

accidents with core meltdown (reactors and spent fuel pools). 

The results of the assessments allow EDF to conclude, as primarily responsible 

for the nuclear safety of its plants, the adequate current safety level of its units. 

The periodic safety reviews conducted since the eighties, which take into 

account the feedback from major events in the French and international reactors 

have indeed already led to re-examination of all safety requirements including 

levels of external hazards (earthquake, flooding, heat waves, severe cold, wind, 

etc.). 

These new analyses, however, have led EDF to suggest additional measures: 

these measures, which take full account of the lessons of Fukushima result from 

the exploration of the above-mentioned new field, beyond current requirements. 

The additional responses proposed are designed to increase the robustness of a 

small number of structures, systems and equipment, a “hard core”, with the aim 

of avoiding massive releases into the environment in case of extreme accident 

situations such as those postulated in the CSAs. 

Some of the main additional measures suggested are the following: 

 Installation of one emergency back-up diesel generator per reactor, 

capable of withstanding beyond design basis earthquakes, flooding and 

tornados; 

 Duplication of auxiliary feedwater storage tanks on 1300MWe AND 

1450 MWe units; 

 Reinforcement of the spent fuel pool make-up system; 

 Installation of a last resort make-up water supply. 

The CSAs have also shown that, in order to enhance plant resistance to beyond 

design basis hazards, the volumetric protection levels must be increased on 

several sites as well as the earthquake resistance of some equipment needed to 

face a station black out. 

As far as severe accidents are concerned, EDF is also examining the possibility 

of upgrading the containment venting and filtration system to reduce releases, 

and of reducing the risk of water table pollution. 

Last but not least, the CSAs have shown that the EDF emergency planning 

organization was not correctly designed to cope with an accident involving more 
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than one reactor on the same site. In response to this finding, EDF has decided 

to: 

 Bolster up its on-site emergency teams by providing them with more 

equipment and more human resources : increased number of shift crew 

members, providing sites with more portable equipment and modifying 

units to facilitate use of plug-and-play equipment; 

 Set up a regionally-based “nuclear rapid response force”, operational 

on-site in less than 24 hours accident strike. This force will comprise 

licensed operators and will have portable equipment at its disposal that 

can be flown in by helicopter; 

 Replacing existing emergency control buildings by larger buildings, 

better protected and better equipped to deal with emergencies over 

extended periods. 

On the basis of the CSA reports and EDF’s proposals, the French Safety 

Authority (ASN) submitted its findings report to the French government on 

January 3, 2012. The ASN considers that the installations have an appropriate 

level of safety for it not to call for immediate shutdown of any of them. At the 

same time the ASN considers that the continued operation of the installations 

should be conditional on introducing increased resilience in dealing with 

extreme situations as soon as possible, over and above existing safety margins.  

Due to several problems in design and construction, Flamanville 3 is due to go 

commercial in 2018 and has exceptionally high safety standards. Its safeguard 

systems comprise four redundant trains, each of which is able to totally fulfil 

one of the two essential safety functions (stopping the nuclear reaction and 

cooling the reactor), required to protect man and the environment in any 

situation.  
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Figure 16. Four separate safety systems of ERP. 
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EPR reactors are being built in France because of the need to invest in new 

generation capacity in order to secure electricity supply. It marks an essential 

step in the process of replenishing EDF's nuclear fleet. 

 

Figure 17. Flamanville 3 site. 
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3.2. United State of America 

The US commercial nuclear operating fleet is very broad and diverse. There are 

multiple nuclear steam supply system vendors and numerous variations of the 

original designs operating at different stages of their licenses by 23 utilities. 

The US Nuclear Regulatory Commission NRC took a number of actions following 

the accident to strengthen the protection of U.S. nuclear plants against events that 

could exceed a plant’s design basis.  These included issuing orders and requiring 

licensees to conduct several evaluations. Now the NRC is moving forward in 

making permanent some of the lessons we've learned from the Fukushima nuclear 

accident through the development of a new regulation.  The Commission has 

directed the staff to seek public comments on a proposed rule for mitigating 

"beyond design basis events", which can be stronger than a plant's current design –

design extension condition.  

Mitigation of Beyond-Design-Basis Events 

 

Figure 18. Enhancement under the proposed Mitigation strategies rule. 

Shortly after the Fukushima event, the NRC appointed what it called a "Near Term 

Task Force" to evaluate what happened at the Fukushima Daiichi site and make 

recommendations for improving safety for both operating and new nuclear reactors. 

The NRC requires U.S. nuclear power plants to be designed and built to safely 

http://www.nrc.gov/docs/ML1504/ML15049A201.html
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withstand a set of unlikely but harmful events such as equipment failure, pipe 

breaks, and severe weather; these are called design-basis requirements. The nuclear 

power plants at Fukushima experienced flooding and seismic events that went 

beyond the design-basis levels set by the Japanese regulator.  The NRC's Near 

Term Task Force, in their examination of the Fukushima event, recognized that the 

NRC's design-basis requirements needed to be enhanced to deal with events that 

are very unlikely but beyond the current design-basis requirements. As a result, the 

task force recommended that the NRC establish a logical, systematic, and coherent 

regulatory framework that appropriately balances multiple layers of protection and 

risk considerations to deal with events beyond the current NRC design basis. The 

task force's final report, "Recommendations for Enhancing Reactor Safety in the 

21st Century," detailed 12 recommendations to be considered by the NRC. The 

recommendations focused on improving the NRC's regulatory framework, and the 

efficiency of NRC programmes, enhancing nuclear plant protection and mitigation 

capabilities, and enhancing nuclear plant emergency preparedness. The 

recommendations made included a combination of plant modifications, re-

evaluations of existing systems and programmes, as well as programme 

enhancements. 

These 12 recommendations were prioritized by the NRC into three tiers in order of 

greatest to least safety benefits. Based on the recommendations the NRC issued 

three orders in 2012 to industry that resulted in: 

 All plants, regardless of design, are installing hardware in spent fuel pools 

to measure the water level from the surface to the top of the fuel stored in 

the pool; 

 All plants with reactor designs similar to the boiling water reactor (BWR) 

designs at Fukushima are installing hardened vents capable of withstanding 

a severe accident; 

 All plants are implementing the Diverse and Flexible (FLEX) Coping 

Strategies developed by industry and accepted by the NRC. 

While all of these modifications improved plant safety, by far the most significant 

safety enhancement in the US following the Fukushima accident is the 

implementation of the FLEX programme. This programme was designed by 

industry and formalized through the Nuclear Energy Institute in response to an 

NRC order requiring all plants to implement mitigating strategies to address 

beyond design basis external events, specifically to establish indefinite coping 

capability for an external event that causes a complete loss of all AC power and a 

loss of normal access to the ultimate heat sink. Indefinite coping is accomplished 

in three phases: 

 Using installed plant equipment that is independent of AC power and would 

survive the external event; 
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 Using portable equipment stored onsite that can provide power and water to 

the plant through various connection points; 

 Using an offsite resource that will be made available within 24 hours of plant 

notification that such resources may be necessary. 

 

Figure 19. Mitigation strategies overview. 

The FLEX programme has been a significant industry undertaking in the US 

requiring many plant modifications, including creating multiple connection points 

for portable pumps and generators, constructing buildings to store the portable 

equipment and other actions to further enhance plant robustness such as installing 

low-leakage reactor coolant pump seals. FLEX has also resulted in other significant 

changes including developing new procedures for the operation of all of the new 

equipment, conducting ongoing maintenance activities for all of the new 

equipment, training plant personnel (both operations personnel and others who may 

be called to use the equipment during an event) and creating and maintaining an 

ongoing programme to manage all aspects of FLEX. 

The typical cost to industry for implementing the FLEX programme was in the 

range of $20 to $40 million per unit. The majority of nuclear plants in the US had 

up to five years to implement FLEX and most will be in compliance by the end of 

2016; however, a few plants require more time due to the significance of the 

modifications necessary at those plants. 
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Beyond these significant investments, US nuclear utilities have also established 

and are maintaining a countrywide overall response capability for beyond design 

basis external events. This capability includes two diverse and redundant 

equipment storage facilities called National Strategic Alliance for FLEX 

Emergency Response (SAFER) Centers (NSRCs) that contain portable equipment 

such as generators, pumps, hoses, and other supporting equipment; two redundant 

SAFER Control Centers (SCCs) in Lynchburg, Virginia (primary) and 

Birmingham, Alabama (alternate), that will be staffed and operated to coordinate 

the SAFER response for any event. An industry organization called SAFER was 

also established to oversee their use and the overall programme's implementation. 

The SAFER organization has established plans that allow response to a request for 

assistance from any plant to be responded to with exactly what that plant needs 

within 24 hours from either of the NSRCs, which are located in Memphis, 

Tennessee, and Tolleson near Phoenix, Arizona. This level of emergency 

preparedness was achieved through well- organized and thorough planning that has 

resulted in a playbook for each plant site. Each plant site's playbook includes a list 

of equipment to be sent for that site's specific needs. To ensure the 24 hour 

response, the SAFER organization established contracts with Federal Express 

Custom Critical and commercial heavy- lift helicopter operators to transport a first 

set of equipment that would be small enough to be transported by helicopter, if 

necessary, to arrive within 24 hours. Additional larger equipment would go to the 

site within 72 hours. 

The safety benefit obtained from FLEX through this redundancy, what the NRC 

calls defence in depth, can be significant. Preliminary risk assessments show up to 

a 30% reduction in core damage frequency – depending on plant design - once 

FLEX is implemented. Even though the NRC indicated that the US nuclear fleet 

was operating safety and could have dealt with a Fukushima-type event, the US 

industry has spent approximately $4 billion to enhance the safety of its fleet to 

incorporate the lessons learned, with a primary focus on enhancing the robustness 

of plants to safely respond to beyond design basis external events to prevent core 

damage. 

The NRC strengthened the venting Order in 2013, requiring the vents to handle the 

pressures, temperatures and radiation levels from a damaged reactor. The revised 

Order also calls for plants to ensure their personnel could operate the vents under 

those conditions. As part of the same action, the staff is using the NRC's rulemaking 

process to consider filtering methods to prevent radioactive material from escaping 

containment in an accident. The staff is looking at new filter systems or a 

combination of existing systems. 

The NRC has also asked all U.S. reactors to re-confirm their flooding and 

earthquake preparedness, as well as re-analyze their earthquake and flooding 

hazards. All U.S. reactors east of the Rocky Mountains submitted their earthquake 

http://www.nrc.gov/docs/ML1412/ML14129A462.pdf
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re-analyses in March 2014. Reactors west of the Rockies will submit their 

earthquake re-analyses in March 2015. Most U.S. plants have submitted their 

flooding re-analyses according to the schedule the NRC set out in May 2012. 

Other NRC activities include creating or revising rules related to maintaining key 

safety functions if a plant loses all alternating-current power, and several aspects 

of emergency preparedness. The NRC in March 2012 made orders for immediate 

post-Fukushima safety enhancements, likely to cost about $100 million across the 

whole US fleet. The first order requires the addition of equipment at all plants to 

help respond to the loss of all electrical power and the loss of the ultimate heat sink 

for cooling, as well as maintaining containment integrity. Another requires 

improved water level and temperature instrumentation on used fuel ponds. The 

third order applies only to the 33 BWRs with early containment designs, and will 

require 'reliable hardened containment vents' which work under any circumstances. 

The industry association, Nuclear Energy Institute (NEI), told the NRC that 

licensees with these Mark I and Mark II containments “should have the capability 

to use various filtration strategies to mitigate radiological releases” during severe 

events, and that filtration “should be founded on scientific and factual analysis and 

should be performance-based to achieve the desired outcome.” All the measures 

are supported by the industry association, which has also proposed setting up about 

six regional emergency response centers under NRC oversight with additional 

portable equipment. 

Furthermore, one of the transformations the Commission directed the staff to make 

in the proposed rule involves the treatment of Severe Accident Management 

Guidelines, or SAMGs, which a plant would use in responding to very unlikely 

accidents that involve damage to the reactor. The Commission directed that the 

SAMGs should continue to be implemented voluntarily.  Based on the 

Commission's direction, the NRC will provide periodic oversight of SAMGs 

through its Reactor Oversight Process.  Another Commission change to the 

proposed rule removes proposed design requirements for new reactor 

applicants.  Instead, the new reactors would be subject to the same performance-

based criteria that applies to the currently-licensed fleet. 

  

http://www.nrc.gov/docs/ML1412/ML14129A462.pdf
http://www.nrc.gov/docs/ML1213/ML12132A330.pdf
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3.3. Other countries 

3.3.1. Japan 

As a next-generation plant, a large-scale Japan sodium-cooled fast reactor (JSFR) 

adopts a number of innovative technologies in order to achieve economic 

competitiveness, enhanced reliability, and safety. This paper describes safety 

requirements for JSFR conformed to the defense-in-depth principle in IAEA. 

Specific design features of JSFR are a passive reactor shutdown system and a 

recriticality-free concept against anticipated transients without scram (ATWS) in 

design extension conditions (DECs). A fully passive decay heat removal system 

with natural circulation is also introduced for design-basis events (DBEs) and 

DECs. In this paper, the safety design accommodation in JSFR was validated by 

safety analyses for representative DBEs: primary pump seizure and long-term loss-

of-offsite power accidents. The safety analysis also showed the effectiveness of the 

passive shutdown system against a typical ATWS. Severe accident analysis 

supported by safety experiments and phenomenological consideration led to the 

feasibility of in-vessel retention without energetic recriticality. Moreover, a 

probabilistic safety assessment indicated to satisfy the risk target. 

In recent LWRs, such as ABWR-II, EPR, and AP1000, some design measures to 

support the containment function are explicitly provided against severe accidents, 

which are recognized as another level category of design condition in addition to 

the design-basis approach. Although this category was formerly described as a 

beyond DBE, it has recently been recognized that some extended function both for 

prevention and mitigation should be considered more explicitly in the design work. 

Such conditions for extended safety design are called design extension conditions 

(DECs). Therefore, we incorporated the DEC concept explicitly in our safety 

design policy. Passive safety features are also introduced into extended safety 

functions against DECs especially to enhance prevention capability. It is believed 

that this safety design policy against DECs allows alleviating undue burden on 

offsite emergency plans. 

For DECs, the basic containment function and post accident core cooling shall be 

maintained. The release level of radioactive materials shall be below the level at 

which offsite response is activated. In the JSFR, the following criteria were 

tentatively defined for the prevention and mitigation categories. 

For the prevention category, the passive shutdown capability is assessed in this 

paper. The safety criterion was set below the boiling point of the coolant for a core 

outlet coolant temperature. The boiling point at the top of the core is 1020°C 

because the cover gas is slightly pressurized in the reactor vessel in the JSFR. The 

failure limit of fuel cladding due to fuel melting is considerably high. The cladding 

failure limit for low smear density fuel is approximately 40% of areal melt fraction. 

Hence, for the fuel pellet, the maximum melt fraction was conservatively limited 



53 

 

to less than 30%. The melting temperature of fuel pellet is ~2740°C in the 

calculated core. 

For the mitigation category, no significant mechanical and thermal impacts on the 

primary boundary are allowed because the JSFR aims at the IVR concept without 

any significant internal challenges on the containment function.  

The DEC evaluations were conducted on a best-estimate basis. The influence of 

various uncertainties will be investigated in a future PSA study. 

3.3.2. Republic of Korea 

Right after the Fukushima Daiichi accident, Korea Hydro and Nuclear Power 

(KHNP) carried out its own safety reviews of all 21 units in operation and received 

a special safety review by a government organized team of experts outside the 

company. The results of the reviews showed that Korean NPPs were safe from 

natural disasters such as earthquakes and tsunamis. Also, the IAEA IRRS 

(Integrated Regulatory Review Service) on Korean regulatory bodies found that 

Korea’s response to the Fukushima Daiichi accident was timely and effective, and 

that Korean NPPs maintained the best possible safety. Nevertheless, KHNP has 

established 56 short- and long-term improvements plans to enhance the safety of 

NPPs currently in operation against serious natural disasters. These plans are being 

broadly implemented not only in the operating plants but also in the plants under 

construction. Over USD 1 billion will be invested by 2015 in post-Fukushima 

upgrades. 

The introduction of design extension conditions is expected to be a means of 

systematically enhancing the safety of nuclear power plants. Yet, there exists great 

differences in terms of the scope of analysis and the acceptance criteria, as no 

uniform practices have yet been established in applying the specific requirements 

for design extension conditions. A careful review is required in terms of the 

technical basis for setting the requirements, including those pertaining to the scope 

of analysis and the acceptance criteria. The introduction of these new requirements 

to Korean nuclear power plants may cause unexpected problems. Therefore, it is 

desirable for the regulatory agency to systematically assess the impact of design 

extension conditions and to discuss the arising issues with the stakeholder, based 

on the plans developed for the implementation of design extension conditions. 

A simulator for training nuclear power reactor operators in responding to severe 

accident situations has been officially opened at the Kori nuclear power plant. 

According to KHNP, the "beyond design basis accident" simulator had been 

developed to "deliver fast, accurate responsiveness to nuclear reactors, including 

enabling the operator to quantify the amounted of melted fuel and the internal 

pressure and humidity in serious accidents." 
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Figure 20 Operators undergo training on the new simulator (Image: KHNP). 

Another approach is that the “advanced thermal-hydraulic test loop for accident 

simulation” (Atlas) is a large integral-effect test facility, with the APR1400 

(Advanced Power Reactor, 1400MWe) – in active use in Korea and overseas – as 

a reference plant. It was designed to simulate various transients and accident 

scenarios at full pressure and temperature conditions, including design-basis and 

beyond design-basis accidents, without the risk of radiation. Most nuclear safety 

researches were switched to the beyond design basis accidents (BDBAs) after the 

Fukushima accident. Re-assessment of accident prevention features and improved 

of defence-in-depth are being revisited worldwide. In this respect, it is expected 

that Atlas would be used to gain better understanding of the actual phenomena and 

to provide the best guidelines for accident management.  
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Figure 21.  R&D history of the Atlas programme. 

In the second phase, from 2012, the Atlas programme was directed towards the 

more severe high-risk multiple failure scenarios – beyond design basis. This was 

welcomed by the industry following the unprecedented nuclear disaster in 

Fukushima in 2011. First, station blackout accidents were investigated – reflecting 

public concerns about the safety margin of Korea’s plants, along with some variants 

associated with the most conservative blackout scenarios. In addition, more 

complex accident cases were investigated, taking into account multiple failures.  
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4. CONCLUSION AND RECOMMENDATIONS  

In 2011, the world was shocked by the devastating consequences of the nuclear 

accident at Fukushima, prompting the international community to adopt more 

stringent global safety standards. One of the major lessons of Fukushima was that 

the current international system and the national regulations which are meant to 

oversee are inadequate to provide for effective nuclear safety. The major nuclear 

countries in the world have suffered in the arena of public opinion, and the future 

of nuclear energy is now in doubt. If the nuclear energy industry is to survive in 

these states, it must prove to the global public that it remains a viable and safe 

energy source for the future, and states must prove that they can effectively and 

reliably provide for this safety. Design extension conditions represent one of the 

categories used to define the different plant states on the basis of their frequency of 

occurrence. One of the main objectives for defining a set of design extension 

conditions is enhancing the plant's capabilities to withstand, without unacceptable 

radiological consequences, accidents that are more severe than design basis 

accidents. The set of DECs are derived based on engineering judgement, 

deterministic assessments and probabilistic assessments of the plant and are 

considered a subset of the Beyond Design Basis Accident (BDBA) conditions.  

Countries introducing nuclear power for the first time, called “newcomers,” face a 

number of key challenges in infrastructure development. Nuclear newcomers’ 

desire for nuclear power has not decreased even after the accident at Fukushima 

Daiichi Nuclear Power Station in Japan. Many countries are either considering 

nuclear power or actively preparing their infrastructure for a possible nuclear power 

programme. It is likely that these DEC requirements put those countries including 

Vietnam into a position of effective approaches for safety enhancements against 

severe accidents.    

In November 2011, Vietnam signed a credit agreement with Russia for two reactors 

(2 x 1200 MW) to be constructed as a turnkey project, coming into operation in 

2020. It also signed an intergovernmental agreement with Japan for construction of 

a second nuclear plant with two reactors to come online in 2021-2022. At the end 

of 2011, the Vietnamese and South Korean Presidents signed a cooperation 

agreement that included the development of a third nuclear plant. Recently, the 

Vietnamese government announced that it cancels the program to construct the 

nuclear power plants in Vietnam for now. Nevertheless, in order to ensure lability 

and safety of the future nuclear power plants in Vietnam, there are several pre-

procedure evaluations need to be done:  

Development of nuclear safety regulation and standard system 

Nuclear safety laws and regulations have very important significance for the 

development of nuclear power, which is the legal basis and guarantee for nuclear 

industry and reflect the country’s basic position towards nuclear power 
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development. Therefore newcomer countries firstly should establish nuclear 

safety laws and regulations system, which showed include the following items.  

 
Figure 22. Regulation and standard system. 

  

(1) Extend regulations to cover severe accidents  
Extension the scope of its regulations to include the prevention and 

mitigation of severe accidents. “Severe” accidents are defined as those 

more serious than the so-called “design-basis” accidents that reactors are 

designed to withstand. While unlikely, severe accidents can occur – as in 

Fukushima – and can cause substantial damage to the reactor core and 

failure of the containment building, leading to large releases of radioactive 

nuclides. Extending DEC requirements, inspections, and enforcement to 

cover a wide range of severe accident conditions would ensure that 

effective plans and the equipment needed to deal with such accidents are 

put in place. 

(2) Strengthen emergency planning requirements 

It is necessary to ensure that everyone at significant risk from a severe 

accident –not just people within the arbitrary 10-mile zone currently used 

for emergency planning – is protected. A severe accident at a reactor could 

similarly require the evacuation of people outside the 10-mile planning 

zone and other protective measures to avoid high radiation exposures. The 

reactor owners should therefore develop emergency plans for a larger area, 

based on a scientific assessment of the populations at risk for each reactor 

site.  

(3) Enforce fire and flood protection regulations  
It is likely to compel the owners of more than three dozen reactors to 

comply with fire protection regulations they currently violate. Because a 

fire can disable both primary and backup emergency systems, it is a leading 

risk factor for reactor core damage.  
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Set schedule goals for safety issues 

The government should apply the same type of timeliness goals to nuclear plant 

safety that it does for business-related requests from reactor owners. By treating 

safety with the same urgency it gives to business dealings, the agency can 

provide the robust, timely oversight that is needed.  

Human and financial resource 

For many of the newcomer countries, the nuclear power plant project is the 

largest industrial project and largest investment undertaken by the country. This 

makes financing a huge challenge. Human resources development is another big 

challenge: How to develop the human resources required for the nuclear power 

plant project without having nuclear power experience? Newcomer countries are 

pursuing several different models on this issues.  

The nuclear safety regulatory body should have a sufficient number of personnel 

with strong technical expertise who are committed to nuclear safety full time. 

Meanwhile, sufficient and independent financial resource is an essential 

condition for upgrading of human resources and scientific research capacity. 

Therefore, it is necessary to optimize personnel location, financial resources 

allocation and capacity and capabilities building. The human and financial 

resources of nuclear safety regulatory should be planned early on to develop 

comprehensive personnel training program and talent selection mechanism as 

well as to establish the cultural acceptance of nuclear safety regulation, etc.  

Information disclosure & public involvement  

 
Figure 23. Public discussion. 

  



59 

 

Strengthening international cooperation 

Cooperation is conduced to work together to identify and share lessons learned 

and good practices that have emerged. Through such cooperation as shown in 

the below table, the long-term sustainability of the safe, secure, and peaceful use 

of nuclear energy can be ensured.  

Table 8. International cooperation. 

Contracting party of international 

conventions 

Fulfilling the obligation and undertaking 

the responsibility;  

Convention on Nuclear Safety, Joint 

Convention. 

Activities under the IAEA framework 

 Integrated Regulatory Review Service 

(IRRS); 

Formulation and review of regulatory 

standards; 

Technical exchange. 

Activities under the OECD/NEA 

framework & Multilateral 

cooperation 

MDEP (Multinational Design Evaluation 

Programme;  

Multilateral cooperation on research 

project. 

Establishing bilateral cooperation 

and regional cooperation 

Regional cooperation mechanism;  

Bilateral cooperation mechanism. 

 

In conclusion, “newcomers” should continue to move forward with the introduction 

of new nuclear power programmes. While they are currently facing - and will 

continue to face - new and unique challenges.  

http://www-ns.iaea.org/reviews/rs-reviews.asp?s=7&l=47
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