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THE JOINT PROJECT GROUP 

ABOUT US 

The Joint Project is an ongoing co-operation of NGOs and research institutions on safe and sustainable 

energy issues with a focus on antinuclear activities in Central and Eastern Europe supported by the Austrian 

Federal Ministry of Agriculture, Forestry, Environment and Water Management. 

Each year a main topic of particular relevance for the anti-nuclear/sustainable energy work in Europe and 

some additional anti-nuclear topics are identified. The members work on these topics within: 

 one transnational Joint Project 

which is co-ordinated by the Austrian Institute of Ecology, an Austrian independent research 

organization 

 national projects 

which are coordinated by the Hungarian Environmental Partnership Foundation (HEPF). HEPF is a 

not-for-profit, politically independent organization promoting environmental improvement and 

awareness among civil society and the general public. 

More information about our activities can be found under: http://www.joint-project.org/ 

MEMBERS OF THE WORKING GROUP 

The joint working group consists of members from Austria, Bulgaria, Czech Republic, Hungary and Romania. 

Current members of the working group are:  

 Calla (CZ) http://www.calla.cz 

 South Bohemian Mothers (CZ) http://www.jihoceskematky.cz 

 Energiaklub (HU) http://www.energiaklub.hu 

 Za Zemiata (BG) http://www.zazemiata.org 

 Foundation for Environment and Agriculture – agroecofund (BG)  

 Terra Mileniul III (RO) http://www.terraiii.ngo.ro 

 HEPF (HU) http://okotars.hu/en 

 Austrian Institute of Ecology (AT) http://www.ecology.at/ 
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1 INTRODUCTION – THE JOINT PROJECT 2012/2013 ON STRESS TESTS AND 

PLANT LIFETIME EXTENSION 

After the accident in Fukushima, nuclear safety as theme in anti-nuclear work has gained importance within 

the Joint Project countries and worldwide. Therefore, nuclear safety was chosen as main topic of the Joint 

Project 2012/2013 as well as a common subject of the national projects. The Joint Project group focused its 

activities on two aspects of nuclear safety:  The European stress tests and plant lifetime extension  

A) Plant Lifetime Extension (PLEX) 

As many of the European reactor fleet´s reactors have already reached or are about to reach their originally 

planned design lifetime of mostly 30 years, PLEX is often considered as cheap alternative to nuclear new 

build. There are, however, safety issues relating to PLEX. In this context, chapter 2 of the brochure at hand 

covers the following general topics concerning PLEX: 

 Economic aspects of PLEX 

 Safety problems of PLEX 

o Hazards of old nuclear power plants and ageing 

o limits of ageing management programmes 

o negative effects of power uprates 

 Design weaknesses of the Joint Project countries´ reactors 

Design weaknesses of the reactors in the Joint Project countries are described, particularly those 

which cannot be resolved by performing back-fitting measures. There are three reactor types 

operating in the five country which this study looks into: 

o CANDU 6 reactors (Cernavoda 5/6, Romania) 

o WWER-440/V213 reactors (Dukovany 1-4, Czech Republic; Paks 1-4, Hungary and Rovno-

1/2, Ukraine) 

o WWER-1000 reactors (Kozloduy 5/6, Bulgaria; Khmelnitsky 1/2, Rovno 1/2, South Ukraine 

1-3; Zaporizka 1-6, Ukraine) 

 

B) The European Stress Tests 

In reaction to the devastating nuclear disaster in Japan the European Council concluded in March 2011, that 

the safety of all EU nuclear plants should be reviewed on the basis of a “comprehensive risk and safety 

assessment” ("stress tests"). Within the last Joint Project, a critical review of the EU Nuclear Stress Tests in 

Bulgaria, Hungary, Romania and Ukraine was presented1. This year´s content directly connects to this work, 

focussing on the results of the Stress Tests´ National Action Plans. Chapter 3 provides a general introduction 

concerning stress tests.  

  

                                                           

1 The brochure „ Stress Tests & Vulnerability Assessment – Recommendations and Experience of the Joint Project Group“ 

is available on the Joint Project webpage (www.joint-project.org) 
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C) Country specific Review of Stress Tests and PLEX 

In the country specific part, after an introduction to the country-specific situation concerning nuclear power, 

a critical review of the country´s National Action Plan and PLEX project is given. 

The report investigates whether the actions/activities set out in the individual country National Action Plans 

are the foundation to remedy the main weaknesses the stress tests revealed. These evaluations do neither 

claim nor aim to be an exhaustive safety evaluation, but the findings contribute to a more comprehensive 

understanding of safety and risk of nuclear power plants in Europe.  

Acknowledgements 

We’d like to thank the Austrian Federal Ministry of Agriculture, Forestry, Environment and Water 

Management for supporting the Joint Project. We´d also like to thank the grassroots foundation for their 

financial contribution which made the time-consuming work on this study possible.  
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2 PLANT LIFETIME EXTENSION (PLEX) 

Plant Lifetime Extension (PLEX), Plant Life Management (PLIM) and Long-Term Operation (LTO) are different 

names for the same activity – extending the operation of old nuclear power plants beyond the time it was 

assumed that NPPs could be used without major problems [WENISCH 2006].  

The second generation reactors that represent most of the worldwide fleet of reactors were generally 

designed for 30 – 40 years of lifetime. Many reactors worldwide have already reached the age of 30 years of 

operation and more will follow, especially in the next four years (see figure 1).  

Figure 1: Age of reactor is determined by its first grid connection. Status 2013-06-22 [PRIS 2013] 

The ageing of the nuclear fleet leaves two alternatives for the operators: Decommissioning with the option 

of nuclear new build or plant lifetime extension – which in most cases is the preferred version as it is much 

cheaper than the construction of new nuclear power plants. 

The limited lifetime of 30-40 years was assumed because of the weakening impact by neutron irradiation, 

high temperature and pressure to the components. (Of all these influences only neutron irradiation is specific 

to nuclear power plants, all other effects of material ageing are also well known at the chemical industry, gas, 

coal and other power plants as well as in the transport sector: broken wheels and axis endanger travellers in 

trains and cars.) 

Reactor vendors, operators and nuclear authorities argue that the originally planned safety margins 

regarding ageing effects were calculated with very high conservatism. In combination with the appropriate 

operational and maintenance methods that contribute to the conservation of the margins, this results in a 

situation in which the reactors could be operated for 10-20 years beyond the designed lifetime. 

However, the reality of operating NPPs showed that after 30 years and in some cases even before this age 

serious problems with material degradation had occurred. 

Therefore industry´s expectations and hopes regarding the period of time their reactors can be safely 

operated beyond the designed lifetime are most likely overoptimistic [WENISCH 2006].  
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2.1 PLEX IN THE JOINT PROJECT COUNTRIES 

PLEX is a topic of high importance within the Joint Project countries: In this context, the following table gives 

an overview on lifetime and status of PLEX 

Reactor unit Reactor Type 

Net 

capacity 

[MWe] 

First grid 

connection 
Design lifetime 

PLEX Project 

ongoing 

(considered) 

Bulgaria 

Kozloduy 5 WWER-1000/V-320 953 1987 2017 2037 

Kozloduy 6 WWER-1000/V-320 953 1991 2019 2039 

Czech Republic 

Dukovany 1 WWER-440/V-213 468 1985 2015 2025 (2045) 

Dukovany 2 WWER-440/V-213 471 1986 2016 2026 (2046) 

Dukovany 3 WWER-440/V-213 468 1986 2016 2026 (2046) 

Dukovany 4 WWER-440/V-213 471 1987 2017 2027 (2047) 

Hungary 

Paks 1 WWER-440/V-213 470 1982 2012  2032 approved 

Paks 2 WWER-440/V-213 473 1984 2014 2034 

Paks 3 WWER-440/V-213 473 1986 2016 2036 

Paks 4 WWER-440/V-213 473 1987 2017 2037 

Romania 

Cernavoda 1 CANDU 6 650 1996 2026 (2046) 

Cernavoda 2 CANDU 6 650 2007 2037 (2057) 

Ukraine 

Khmelnitsky 1 WWER-1000/V-320 950 1987 2018 2038 

Khmelnitsky 2 WWER-1000/V-320 950 2004 2035 Not announced yet 

Rivne 1  WWER-440/V-213 381 1980 2010 2030 approved 

Rivne 2 WWER-440/V-213 376 1981 2011  2031 approved 

Rivne 3 WWER-1000/V-320 950 1986 2017 2037 

Rivne 4 WWER-1000/V-320 950 2004 2035 Not announced yet 

South Ukrainian 1 WWER-1000/V-302 950 1982 2012 2032 

South Ukrainian 2 WWER-1000/V-338 950 1985 2015 2035 

South Ukrainian 3 WWER-1000/V-320 950 1989 2019 2039 

Zaporizka 1 WWER-1000/V-320 950 1984 2015 2035 

Zaporizka 2 WWER-1000/V-320 950 1985 2016 2036 

Zaporizka 3 WWER-1000/V-320 950 1986 2017 2037 

Zaporizka 4 WWER-1000/V-320 950 1987 2018 2038 

Zaporizka 5 WWER-1000/V-320 950 1989 2019 2039 

Zaporizka 6 WWER-1000/V-320 950 1995 2026 2046 
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2.2 ECONOMIC ASPECTS OF PLEX 

One of the major trends in the global energy and electricity sector is the privatisation of electric utilities and 

deregulation of electricity markets. The increasingly competitive environment has significant impacts on 

nuclear power. For a profit oriented utility there is not much incentive to build a new NPP. It takes high 

capital investment, a long licensing process and a long construction period to realise it. The construction 

costs of the designs that are available on the market are enormous, and investments on liberalised markets 

are too risky in comparison with other energy production solutions. As a result, private investors tend to 

choose alternatives. There are several options to provide cheaper capacities for electricity generation in less 

time (gas, gas-combined-cycle, wind power, biomass...) [IAEA 2002].  

Another option is to extend the operation of the ageing reactors, beyond the originally designed 

lifetime. However, to generate electricity in an old NPP as long as possible, is profitable, because the 

investment has been recouped long ago [WENISCH 2006].  

According to an OECD-Study2 , LTO programmes currently cost in the range of USD 500-1100/kWe, as 

reported by the licensees, depending on the extent of prior refurbishments and additional regulatory 

requirements or other plant performance improvement (like power uprates). The preliminary estimates of 

the economic impact of post-Fukushima modifications are about 10-17% of the initially projected LTO 

investment [OECD 2012]. 

Despite the economic attractiveness of LTO, there are several risks and uncertainties that can influence the 

utilities’ decision to extend the operational lifetime of NPPs such as public acceptance, changes in national 

policies or security concerns. Also, in the US, the LTO decision could be economically challenged if the price 

of natural gas remains extremely low for a long period of time [OECD 2012]. 

The nuclear power plants around the world produced a total of 2346 TWh in 2012 – around 7% less than in 

2011. Annual nuclear electricity generation in 2012 was the lowest since 1999. Compared to the year before 

the Fukushima accident, 2010, the nuclear industry produced 11% less electricity in 2012. These figures 

illustrate the effects of a full year of mostly-suspended operation in Japan, the shut-down of eight units in 

Germany as well as other issues nuclear dealt with all over the world3. However, lifetime extension does 

not solve the main problem of the nuclear industry in the long run [WNN 2013c]. Due to the hazards 

of ageing effects, quite the opposite could be the case. 

                                                           

2 The following countries have participated in the OECD study: Belgium, Finland, France, Hungary, Republic of Korea, 

Switzerland, the United Kingdom and the United States. 

3 Problems for Crystal River, Fort Calhoun and the two San Onofre units in the USA meant they produced no power, while 

in Belgium units Doel 3 and Tihange 2 were out of operation for half of the year. 



10 

2.3 PARAMOUNT HAZARDS OF OLD NUCLEAR POWER PLANTS 

An ageing generation of nuclear power plants (NPP) is going to be in operation in the coming decades in 

Europe.  

Ageing of nuclear power plants (NPPs) leads to two kinds of dangerous changes:  

 Physical degradation, i.e. gradual deterioration in the physical characteristics (negative effects of 

ageing), 

 Obsolescence, i.e. becoming out of date in comparison with current standards and technology 

(design weaknesses). 

Furthermore, not only the material and the design but also the safety analyses of nuclear power plant 

suffer of ageing. Sometimes the safety relies on the safety cases, which in many cases were issued several 

decades ago. Meanwhile many parameters of the plants have been changed, former assumptions have been 

revised, former calculations methods may be outdated, the knowledge about materials and systems has 

developed and years of experience with formerly unforeseen scenarios was made during operation.  
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2.4 NEGATIVE EFFECTS OF AGEING 

Ageing already occurs during the originally planned lifetime of a NPP - with the number of operational years 

the ageing mechanisms become increasingly important. Particularly after plant lifetime extension, ageing 

effects become a more and more important contribution to the overall plant risk. 

The most important influences leading to ageing processes in a nuclear power plant are:  

 neutron irradiation;  

 thermal and mechanical loads 

 corrosive, abrasive and erosive processes; 

The consequences of ageing are on the one hand the increasing number of incidents (e. g. small leakage, 

cracks, short-circuits due to cable failure etc.) and on the other hand, the effects leading to gradual 

weakening of materials which could lead to catastrophic failures of components (particularly of the reactor 

pressure vessel) with subsequent severe radioactive releases [WENISCH 2006]. 

In probabilistic safety analyses (PSAs), which are increasingly used as a tool by nuclear regulators, ageing 

is usually not taken into account. PSAs assume that equipment failure rates are taken from the low centre 

part of the “bathtub curve” (see figure 2). This leads to underestimation of the risk [LOCHBAUM 2000]. Since 

some ageing mechanisms are still not completely understood, a complete and satisfactory treatment of 

ageing effects in the framework of a PSA is not possible. 

Figure 2: Typical bathtub-curve of typical failure rates at an NPP (HIRSCH 2005) 

The "bathtub curve" shows that a high rate of incidents occurs at the start-up of the NPP (due to 

manufacturing and montage failures) and after the planned lifetime (due to ageing effects). 



12 

2.5 RISKS AND PROBLEMS RELATED TO AGEING CONCERNING EQUIPMENT 

In any industrial plant, material properties are deteriorating during operation due to the loads the 

components are subjected to. According to WENRA, ageing is: the general process in which characteristics 

of a system, structure, or component (SSC) gradually change with time or use. This process may proceed by 

a single ageing mechanism or by a combination of several ageing mechanisms. [WENRA 2006] 

Ageing of materials is a major safety issue in nuclear power plants. It has to be expected, that the frequency 

of ageing related incidents will increase with the age of the NPP (see figure 2). These incidents have the 

potential to trigger, but particularly to aggravate accidents sequences. In old plants unexpected multiple 

failures of structures or components cannot be excluded for example in case of an earthquake; in particular 

common cause failures of safety relevant systems cause concern. Furthermore, a combination of a design 

basis accident and ageing induced failure of an essential component can result in a severe accident scenario. 

The main bottleneck is the condition of the safety relevant equipment which due to technical or economic 

reasons cannot be replaced or renewed. Of particular importance, and potential safety significance, is the 

ageing of the reactor pressure vessel (RPV), and the containment. Also the steam generators (SGs) were and 

partly are such a bottleneck, although now methods of replacing steam generators do exist. 

Reactor pressure vessel (RPV) 

The RPV is a thick-walled cylindrical steel vessel enclosing the reactor core in a nuclear power plant. The 

vessel is made of special fine-grained low alloy ferritic steel, well suited for welding and with a high toughness 

while showing low porosity under neutron irradiation. The inside is lined with austenitic steel cladding to 

protect against corrosion. The most important ageing effect on the RPV is embrittlement. 4  Neutron 

irradiation, the specific contribution to hazard of using nuclear fission, leads to embrittlement of the reactor 

pressure vessel steel and its welds. Embrittlement leads to the reduction of toughness of the materials and 

thus to a higher risk of vessel failure – particularly in case of the injection of emergency core cooling water 

during an incident, which leads to cooling of the vessel wall (so-called thermo-shock)5 [WENISCH 2006]. 

The rupture of the pressure vessel constitutes a beyond design base accident for all light water reactors. RPV 

failure can lead to immediate containment failure as well, for example through the pressure peak after vessel 

bursting. Catastrophic radioactive releases might be the consequence [GREENPEACE 2005]. 

The RPVs and welding material of older reactors (typically fabricated before 1972) sometimes had relatively 

high quantities of copper and phosphor that strongly affect the fracture toughness of the vessels. Newer 

RPVs are made from steel that is much more resistant to irradiation damage than vessels of the first 

generations [OECD 2012].  

In the following two examples of ageing related effects concerning the reactor pressure vessel are described: 

In summer 2012, thousands of flaws have been discovered in the reactor pressure vessels (RPV) of the 

Belgian reactors Doel-3 and Tihange-2. A new ultrasound measuring technique was used for the first time 

                                                           

4 To reduce neutron irradiation and hence the progress of embrittlement, neutron fluency in the vessel wall can be reduced 

by putting dummy elements or highly burnt-up fuel elements in outer core positions.  

5 To avoid thermal shock emergency cooling water can be preheated.  
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in June 2012 over the whole surface of the Doel 3 RPV, rather than just around the weld zones [WNN 2013d]. 

These flaws are thought to having originated from the casting and forging process when the vessels were 

manufactured. Both RPVs were produced by the same manufacturer in the late 1970s. The real nature of the 

flaws is still unknown and can hardly be determined since sampling cannot be performed without destruction 

of the RPV. 

After having analysed this issue, a nuclear material expert questioned the assumption that the flaws originate 

from manufacturing since no defects were found during the final tests after manufacturing while the flaws 

found 30 years later have extensions up to 24 mm wide and up to 100 mm deep and exist in remarkable 

density [TWEER 2013].  

Another example for a safety relevant ageing fault is the occurrence of micro cracks in a bottom-mounted 

instrumentation penetration nozzle on the reactor pressure vessel of Gravelines-1, one of the oldest French 

NPPs (900 MW class). The cracks were detected using non-destructive examinations conducted during the 

reactor’s 30th-year outage in summer 2011 [NW 22/12/11].  

Steam generator (SG) 

The function of the steam generator (SG) is to transfer the heat from the reactor cooling system to a separate 

cooling system: the secondary cooling (or feed water) system. 

The SG is a big vessel where water from the secondary circuit is heated by several thousand small tubes. 

Water from the reactor core is being pumped through these tubes. The water in the core cooling system is 

under high pressure to keep it from boiling. Only in the secondary cooling system steam is building up, which 

is needed to drive the turbine. The water supplied to the steam generators must be very clean - free from 

particles and chemicals. In the boiling environment existing in the steam generator these chemicals can 

concentrate and cause undesired corrosion. 

Corrosive and erosive damage in SGs has occurred repeatedly worldwide, as well as wall thinning. SG ageing 

is particularly hazardous since it weakens the separating border between primary and secondary circuit. A 

leakage between the two circuits implies a loss of coolant which is bypassing the containment. Hence, the 

cooling water lost is not available for the emergency core cooling system. Furthermore, there is a direct 

pathway for releases into the atmosphere, potentially leading to large source terms. These problems have 

led to comprehensive ageing management activities. Increasingly, they include exchanges of the whole 

components [WENISCH 2006].  

Containment 

The primary containment is the key safety-related concrete structure in NPPs. It is the third (and final) barrier 

to radioactive release in case of a severe accident (the first is the fuel cladding; the second is the RPV and 

the primary circuit). The concrete parts of the containment are subjected to thermo mechanical loads, but 

also to effects of the weather, chemical attacks and partly also to high radiation doses. Corrosive damage of 

steel reinforcements is difficult to inspect. Hence reductions in strength may occur unnoticed. With respect 

to PLEX, the containment structure and containment liner are subject to ageing management review to 

identify age-related degradations [WENISCH 2006].  

Electrical devices and cables 

A further important issue is the ageing of the electrical devices and cables isolation materials. The negative 

effects can cause simultaneously both a dangerous fire and the impossibility to activate and/or control safety 

systems.  
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Cables are the link between a nuclear power plant’s control and safety systems through the signals they send 

to plant operators, control equipment, and safety systems. Accident situations expose cables to heat, 

humidity, thermal and mechanical shock, and radiation, which can cause them to lose their desired 

characteristics earlier than expected and endanger plant safety. As more nuclear plants outlive their original 

life spans, awareness of the importance of cable ageing management has grown. 

In some countries (for example, Hungary and its Paks NPP), ageing management strategies have taken the 

form of replacing some of its critical cables. However, replacing cables, except in short sections, is expensive, 

radiation-intensive, and typically impractical. As a result, utilities operating nuclear power plants are not 

adopting wholesale replacement of cables as a strategy [NEI 2012c].  
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2.6 LIMITS OF AGEING MANAGEMENT PROGRAMMES 

To limit ageing related failure at least to a certain degree, a comprehensive ageing management program 

(AMP) is necessary. AMPs include programmes with accelerated samples, in-service inspections, monitoring 

of thermal and mechanical loads, safety reviews and also the precautionary maintenance or even exchange 

of components, if feasible. Furthermore, it includes optimising of operational procedures in order to reduce 

loads. 

In case of obvious shortcomings, leakages developing and other problems that directly influence the power 

plant operation, the exchange of the components is the only possibility. Even large components like steam 

generators and reactor pressure vessel heads can be exchanged. All components crucial for safety in PWRs 

or BWRs can be replaced – with the exception of two: the reactor pressure vessel (RPV), and the containment 

structure.  

In many cases, non-destructive examinations permit to monitor crack development, changes of surfaces and 

wall thinning. But changes of mechanical properties frequently cannot be recognised by non-destructive 

examinations. Therefore, it is difficult to get a reliable, conservative assessment of the actual state of 

materials. Furthermore, due to limited accessibility due to the layout of components and/or high radiation 

levels not all components can be examined sufficiently. Therefore, it is necessary to rely on model calculations 

in order to determine the loads and their effects on materials [GREENPEACE 2005]. 

The measures of the intensification of plant monitoring and/or more frequent examinations, coupled with 

appropriate maintenance both rely on the optimistic assumption that cracks and other damage and 

degradation will be detected before they lead to catastrophic failure. However, this is not realistic. NPP are 

complex systems, so tracking the condition of all the equipment is a complicated task. This means that once 

the reactors have passed the design lifetime, the number of failures could start to grow. Taking seriously the 

fact that experience with operating nuclear reactors beyond the design lifetime is limited, the claim made by 

the industry that the safety related equipment is sufficiently monitored to prevent failure, cannot be fully 

believed. 

There is another issue regarding ageing effects, which has occurred very often. Incidents or accidents can 

also be caused or aggravated indirectly by ageing: When original or old components are replaced, (new) 

faults because of defective mounting or of forgotten scrap etc. are possible. These faults have the potential 

to aggravate an accident situation. It cannot be taken for granted that all the structures, systems and 

components (SSC) after modernisations programmes (back-fitting measures) are in place and without faults 

[BECKER 2013].  
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2.7 NEGATIVE EFFECTS OF POWER UPRATES 

Almost all PLEX programs are carried out together with measures to increase the efficiency of electricity 

generation, known as 'power uprating'. To uprate the electrical power of NPP, there are two different 

possibilities, which are often combined: 

 The thermal efficiency of the plant is increased (mostly achieved by optimising the turbines). The 

safety level of the plant remains nearly unaffected.  

 The thermal power of the reactor is increased, usually by raising the coolant temperature. Thus, 

more steam is produced and the reactor can produce more electricity via the turbines. An increase 

of thermal power implies more nuclear fissions (and so more fission products). Also, higher loads 

to the reactor materials are unavoidable. An increase of reactor power reduces safety margins and 

at the same time accelerates ageing processes.  

Changing the thermal power affects a very high number of systems and analyses, thus, there are numerous 

negative safety effects of power uprates. Experiences have shown that an increased flow will have an impact 

on flow-induced vibration in the steam/feedwater lines; non-linear effects might occur. Higher 

excitation/vibration of steam lines leads to accelerated wear of supporting structures and studs. Higher 

steam flows can also result in valves not performing as they did before the power uprate was undertaken. 

Effects on electrical components may sometimes be overlooked because of lack of knowledge or incorrect 

assumptions [IAEA 2011].  

All in all, power uprates cause several different unexpected failures in safety systems. The US nuclear power 

industry, for example, has experienced over 60 events related to power uprates between 1997 and 2010 

[IAEA 2011]. Unexpected failures related to power uprates initiating an accident cannot be completely 

excluded that and such a failure could complicate the prevention of a severe accident.  

However, power uprates would certainly aggravate an accident situation: Power uprates accelerate the 

development of accidents thereby decreasing intervention time needed to take action to prevent a severe 

accident or to mitigate the consequences of an accident. Furthermore, in case of a severe accident, the 

potential radioactive release is higher.  
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2.8 DESIGN WEAKNESSES 

As mentioned above, ageing of nuclear power plants leads to two kinds of dangerous changes:  

 Physical degradation, i.e. gradual deterioration in the physical characteristics, 

 Obsolescence, i.e. becoming out of date in comparison with current standards and technology 

(design weaknesses). 

This chapter deals with the obsolescence of design, resulting in design weaknesses compared to the current 

status quo. 

The safety design of nuclear power plants is very important to prevent as well as to deal with incidents or 

accidents, but is not part of the EU stress test.  

Therefore a risk assessment of a nuclear power plant has to consider the design base including the 

operational experience of all other comparable plants. The concerns are growing due to the Fukushima 

accident, as it revealed that there could be basic safety problems with the old units, whose design was 

prepared back in the sixties or seventies. The safety design of all operating plants is out-dated and showing 

deficiencies. 

The following chapter describes design weaknesses, particularly those which cannot be resolved by 

performing back-fitting measures. There are three reactor types operating in the five country which this study 

looks into: CANDU 6 reactor, (Cernavoda 5/6, Romania), the WWER-440/V213 reactor (Dukovany 1-4, Czech 

Republic; Paks 1-4, Hungary and Rovno-1/2, Ukraine) and the WWER-1000 reactors (Kozloduy 5/6, Bulgaria; 

Khmelnitsky 1/2, Rovno 1/2, South Ukraine 1-3; Zaporizka 1-6, Ukraine). 

2.8.1 DESIGN WEAKNESSES OF CANDU 6 REACTORS 

Operation of any nuclear power plant creates risks. CANDU 6 reactors pose additional risks that arise from 

basic features of the design, especially the use of natural uranium (fuel) and heavy water (moderator). As a 

result, a CANDU reactor has a positive void coefficient of reactivity. Thus, if the flow of cooling water is 

interrupted and shutdown systems were ineffective, the reactor would experience a violent power excursion, 

challenging the integrity of the containment structure. Such an event occurred at Chernobyl-4 in 1986, with 

a large release of radioactive material to the atmosphere. Chernobyl-4 was another reactor type (RBMK), but 

it also had a positive void coefficient [THOMPSON 2008]. 

In 2000, the IAEA established international standards for the design of new nuclear power plants. Those 

standards are, in many respects, the “lowest common denominator” of standards set by national regulators. 

Nevertheless, the IAEA recommends that plants have “inherently safe” behaviour. The CANDU 6 design does 

not meet that standard, because it has a positive void coefficient of reactivity.6 

                                                           

6 AECL is currently offering a new version of the CANDU design concept. As a result of design changes (including the use 

of light water as primary coolant, and low-enriched uranium fuel), AECL expects that the void coefficient of reactivity for 

the ACR-1000 would be slightly negative. 
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Analyses done by the nuclear industry have found low probabilities for reactivity excursions at CANDUs. For 

example, AECL has estimated that the probability of this event at the Point Lepreau (CANDU 6) is 6 per 10 

billion years. That estimate lacks credibility. It does not account for external initiating events such as 

earthquakes or malevolent acts. Even within the limited sphere of scenarios initiated by internal events, that 

estimate does not account for gross errors or unexpected common-mode failures. 

The core of CANDU 6 reactor consists of many pressure tubes instead of being confined in a pressure vessel, 

this design precludes the possibility of massive pressure vessel failure, but the accompanying greater length, 

surface area and complexity of the primary system piping results in a greater risk of loss-of-coolant accidents 

(LOCAs). Additionally the possibility for on-load refuelling introduces means by which loss-of-coolant can 

be initiated. The refuelling machine is also the major pathway for releases of radioactive particles that have 

broken off the fuel. 

Also another design issue of the CANDU 6 design exist in the context of the use of natural-uranium fuel and 

on-line refuelling. Thus, spent fuel discharged from a CANDU 6 plant could be diverted and used to produce 

plutonium for nuclear weapons [THOMPSON 2008]. 

Also the design of the buildings cannot be changed: The CANDU 6 reactor has a containment consisting of 

a concrete dome (diameter 41.46 m with a cylindrical perimeter wall of only 1.07 m thickness), which is not 

designed to withstand worst case accidents, for example hydrogen detonations. 7  The containment is 

seismically qualified, but external threats as airplane crash and other human impacts as terrorism and 

sabotage are not considered in the design. Furthermore the Spent Fuel Pool (SFP) is located outside the 

containment, which could result in a major release of radioactive substances in case of an accident [JPG 

2012].  

2.8.2 DESIGN WEAKNESSES OF WWER-440 REACTORS 

The WWER-440/V213 is a second-generation WWER of Russian design with six primary cooling loops. This 

reactor type is not equipped with full-pressure containment. The confinement system consists of a system 

of rooms, containing the primary circuit, as well as the bubble condenser tower with large trays filled with 

water and air traps and an active spray system. The behaviour of the confinement system is of crucial 

importance for all severe accidents. 

However, the confinement itself does not guarantee to hold back the radioactive steam from large leaks, but 

needs to condense the steam in the special pressure relief system (Bubbler Condenser). A failure of the relief 

system can cause the confinement to burst and result in a major emission of radioactive material. In recent 

years studies on the behaviour during severe accidents were commenced. Safety analyses showed that the 

confinement and in particular the Bubbler Condenser have very low or even no safety margins under certain 

conditions [WENISCH 2012a]. 

One of the most important modifications concerning the prevention of major radioactive releases during 

accidents is envisaged to implement the external cooling of the reactor pressure vessel (RPV). This so-

called in-vessel retention (IVR) concept aims to ensure the integrity of the RPV during a severe accident. 

                                                           

7 The large zirconium inventory of the CANDU could react exothermically with steam during a severe accident. This reaction 

produces hydrogen, which is a threat for the containment stability, because it reacts explosively with air in the containment. 
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Proof that this concept fulfils all the functions intended was until now delivered only with limited 

experimental analyses [UBA 2012].  

The vulnerability against external hazards is relatively high: The reactor building does not provide sufficient 

protection against external impacts like airplane crashes or explosions. The buildings are vulnerable against 

an aircraft crash (accidental or intentional) that can seriously damage the external concrete structure, with 

the possibility of projectiles penetrating into the containment. The highly probable failure of the cooling 

system would result in a severe accident of the most hazardous category: core melt with an open 

containment. The radioactive releases would be very high and occur particularly early. Furthermore, the Spent 

Fuel Pool (SFP) is located outside the containment in the reactor building. In case of a severe accident, there 

is no barrier to the environment. In case of a damage of its structures and the loss of cooling water, a severe 

accident with a major radioactive release would occur. Taking into account the existing risk of terrorism, it is 

irresponsible to operate a nuclear power plant with such a high vulnerability to external attacks. 

2.8.3 DESIGN WEAKNESSES OF WWER-1000 REACTORS 

The WWER-1000/V320 is fitted with a full-pressure single containment; however, it has a basic shortcoming 

not encountered in western PWRs. The lower containment boundary (containment basement) is not in 

contact with the ground, but is located at a higher level inside the reactor building. In case of a severe 

accident, melt-through can occur within approx. 48 hours. The containment atmosphere will then blow down 

into parts of the reactor building that are not leak-tight resulting in high radioactive releases. The reactor 

building – including the Main and Emergency Control Rooms (MCR/ECR) – will have to be abandoned 

[GREENPEACE 2005].  

Since there is no possibility for cooling the reactor pressure vessel (RPV) from outside in severe accident 

conditions, the retention of the molten core in the RPV is not assured.  

An analysis performed as part of a European Union pre-accession instrument (PHARE project) Kozloduy 5 

and 6 discovered a vulnerability of the design consisting of very early (one-hour) containment melt-through 

via ionization chamber channels situated around the reactor pit [NEI 2012b]. To remedy this dangerous 

weakness plugging of the channels is planned in the next five years. 

In case of a severe accident with core melt, the retention of the molten core inside the vessel is not 

possible. The design of the WWER-1000/V320 containment and the reactor cavity are such that any water 

supplied to the containment through the spray system or other means would not reach the reactor cavity. 

Thus, there is no possibility to directly flood the melt pool in the cavity. The NAcP peer review team stated: 

In general, the core melt cool ability, stabilisation and termination of severe accidents is still an open issue 

for this reactor type [BECKER 2013]. 

Currently, the molten core handling for the WWER-1000 reactors is being analysed as an international effort 

and the solution for the problem can only be decided after the completion of these analyses [ENSREG 2013]. 

If appropriate measures will be developed it will take all in all at least ten years to implement the provisions, 

in this time span the specific hazard persist.  
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3 NATIONAL ACTIONS PLANS OF THE EU STRESS TESTS 

The March 2011 core melt accidents at the Fukushima Dai-ichi nuclear power plant proved that it was not 

justified to exclude highly unlikely accidents from happening and confirmed the mistrust towards nuclear 

power among the Japanese but also European citizens.  

In a prompt reaction to this catastrophic accident, the European Council concluded in March 2011 that the 

safety of all EU nuclear plants should be reviewed on the basis of a comprehensive and transparent risk and 

safety assessment ("stress tests"). The EU Nuclear Safety Regulators Group ENSREG took over this task. 

However, two months later the scope of the EU stress tests was reduced with ENSREG defining the 

comprehensive risk and safety assessment “for now” as “targeted reassessment of the safety margins of 

nuclear power plants” [ENSREG 2011], thus examining whether the safety margins which were used in the 

licensing of NPPs are sufficient to cover unexpected events and not promising to deliver a comprehensive 

risk and safety assessment. The EU stress tests comprise three topics: (1) External Hazards, (2) Loss of Safety 

Systems and (3) Management of Severe Accidents. 

All EU Member States operating nuclear power plants – plus Lithuania – and the neighbouring countries 

Switzerland and Ukraine, took part in the stress tests process. 

The first phase of the EU stress tests started in June 2011 – the operators of the NPPs prepared a self-

evaluation of their plants. Licensees had to provide a final report by 31 October, 2011.  

In the second phase, the national regulator reviewed final reports submitted by the operators. All final 

national stress tests reports were handed over to the EU Commission by 31 December 31, 2011.  

Then the third phase started: the peer review, which was conducted by experts nominated by the national 

states to review the national reports. The peer review was completed with a main report that includes final 

conclusions and recommendations at European level regarding the three topical parts and 17 country reports 

including country-specific conclusions and recommendations. The report was endorsed and published by 

ENSREG on April 26, 2012.  

In spring 2012, the EU Commission did not see the Council mandate for the stress tests fulfilled and 

demanded further testing.   

To implement the stress tests findings, an ENSREG action plan (published 1 August 2012) was developed 

to track implementation of the recommendations. Part of this action plan were six additional so-called follow-

up fact-finding site visits. In October 2012, ENSREG published a compilation of recommendations to assist 

the preparation as well as the review of national action plans (NAcP).  

In line with this action plan, each national regulator had set up a National Action Plan (NAcP) to remedy 

the identified shortcomings during the EU stress tests and published it by the end of 2012. In January 2013, 

the NAcPs were published at the ENSREG website. Despite the fact all participating countries are strongly 

committed to the issue of transparency, only about half of them posted the NAcP in their national language 

on a dedicated website.  

The ENSREG action plan specified the need to peer review these NAcP via a common discussion at a 

dedicated ENSREG-workshop to share lessons learned on the implementation of post-Fukushima safety 

improvements. This ENSREG-workshop to discuss the NAcPs took place in Brussels on 22 – 26 April 2013.  
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Ahead of the workshop, each NAcP was reviewed by other participating countries which raised questions 

and comments. Stakeholders had the opportunity to submit questions and file comments regarding the peer 

review of national action plans from 25 February to 20 March 2013 via the ENSREG website. All questions 

and comments were sent to the relevant country and rapporteurs to be taken into account in the national 

presentation and rapporteurs’ report. 

The presentations and discussions of NAcPs were followed by rapporteurs, who collated the outputs and 

drafted country specific reports. There were in total 12 rapporteurs: 2 rapporteurs jointly covered 3 NAcPs. 

The rapporteurs were provided from both the nuclear and nonnuclear countries participating in the 

workshop.  

The scope of the NAcP peer review workshop comprised the three topics of the EU stress tests, which are 

the same as the topics 1-3 of the 2nd Extraordinary CNS Meeting8: (1) External Hazards, (2) Loss of Safety 

Systems / Design Issues, (3) Management of Severe Accidents. 

One of the key objectives of ENSREG is to improve the overall transparency on issues relating to the safety 

of nuclear installations. Therefore possibilities for public interaction had been provided during the EU stress 

tests follow-up process. 

It was the intention to present the outcomes of the workshop to the public in the following ENSREG 

conference on the 11 and 12 June 2013. However, the presentation was very general, no specific country 

specific shortcomings were explained.  

The April 2013 NAcP peer review workshop concluded that a follow-up peer review with appropriate 

mandate and terms of reference based on WENRA reference levels and safety objectives would be valuable 

by providing an opportunity for exchange of information among participants. Such a follow-up peer review 

could be conducted in 2015 or later when the results of important studies and assessments are available. 

A key issue which is still open is how comprehensively these follow-up peer reviews of the NAcPs will be 

conducted. This might be seen as the last opportunity to force the nuclear regulators to formulate mandatory 

requirements which need to be fulfilled in a rather stringent time schedule; in contrast to the years or even 

decades currently planned in many countries. This could make operators decide to shut down old and unsafe 

nuclear power plants NPP instead of investing into extensive modernisation measures. From today´s point 

of view it cannot be assumed that ENSREG would chose to act this way.  

One reason is that the (NAcP) peer review teams consist of the experts of the involved member countries; to 

criticise colleagues within an official process when the results are to be made available to the public is hard 

to imagine. That this would not be possible was mentioned already when the stress tests were set up and 

now proved to have been a correct assumption.  

Representatives of civil society and independent experts were pointing out that the stress tests were mainly 

set up to improve the confidence in the safety of the European NPPs. Despite the fact that the stress tests 

revealed a number of shortcomings regarding the plants´ capability to withstand several external hazards 

                                                           

8 In addition to the EU stress tests, the participating countries took into consideration the 2nd Extraordinary Meeting of 

the Contracting Parties to the Convention of Nuclear Safety (CNS), which was held in August 2012 and discussed the 

lessons learned from the Fukushima Dai-ichi NPP accident in six topical areas: (1) external events, (2) design issues, (3) 

severe accident management, (4) national organisations, (5) emergency preparedness and response and post-accident 

management (off-site), and (6) international co-operation. However, topics 4- 6 are not discussed in the report at hand. 
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and the lack of possibilities to cope with the consequences, the outcomes of the peer review consist only of 

recommendations for “further improvements”. 

It is important to underline that the EU stress tests cannot be understood as a comprehensive safety check 

of the NPP in Europe. The scope of the EU stress tests did not include the consideration of all key safety 

issues such as the capability to prevent accidents – the scope of these tests was not designed to deliver a 

comprehensive risk and safety assessment. Too many factors were not taken into account – most 

importantly ageing, safety culture and design. Also not included are events like airplane crashes, fires and 

human failures or the quality of the safety management and of staff training. 

This report presents a review of the nuclear power plants in Bulgaria, Hungary, Romania and the Ukraine. It 

evaluates the results of the stress test exercise and filters out the real action under all the safety talk and 

kilometres of reports produced since May 2011. It was not the aim to make a systematic review of all points 

which are to be addressed; this report rather investigated whether the actions/activities set out in the 

individual country NAcP are the foundation to remedy the main weaknesses the stress tests revealed.  
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3.1 COMMENTS ON THE ENSREG SUMMARY REPORT OF THE NACPS WORKSHOP 

The ENSREG summary of the current status of the NAcPs only describes the plan´s weaknesses. An 

assessment of the sufficiency to remedy the dangerous situation is not provided. ENSREG avoids mentioning 

whether the National Action Plans are sufficient to amend the dangerous situation if completely 

implemented.  

All countries identified the need for analysis, hardware improvements, procedural modifications and 

regulatory actions, and corresponding implementation schedules in their NAcPs. In a number of countries 

significant safety improvement programmes had been completed or were on-going prior to the Fukushima 

accident. On-going programmes were updated to reflect the ENSREG recommendations and new plans were 

prepared. Further national review is still pending, on the basis of on-going investigations and analyses, and 

may lead to additional measures [ENSREG 2013]. 

In all countries a variety of additional mobile equipment like pumps, diesel generators, air compressors and 

other equipment has already been procured.  

Some countries are planning new permanently installed and partly bunkered systems to ensure the decay 

heat removal from reactor core and spent fuel pools. While the most countries rely more on mobile 

equipment to ensure decay heat removal from reactor core and spent fuel pools in case of extreme situations 

and loss of the safety systems. 

As part of the continuing improvement process many regulators have to update their regulatory 

requirements taking into account the lessons learned from the Fukushima Dai-ichi accident. This is a pre-

condition of necessary improvement and only after the implementation of new requirements additional 

measures could be required by the regulators. 

One of the main issues is the definition of robustness, i.e. the scope of the safety margins beyond design 

basis. The question is, how robust the equipment necessary to cope with beyond design situations has to 

be, this being in particular an economic issue. According to ENSREG, these design requirements were 

discussed during the workshop. But no facts were stated about this issue and how ENSREG will handle this. 

Maintaining containment integrity under severe accident conditions remains an important unresolved issue 

for the accident management. 

Filtered containment venting to prevent containment overpressure has already been implemented in certain 

countries. Some other countries are now implementing the filtered venting system while others are 

considering improving the existing ones, for example the filtering efficiency or seismic qualification. Several 

countries are implementing or analysing different complementary technical measures for long-term heat 

removal from the containment. 

As a reaction to the Fukushima Dai-ichi accident many countries are now installing passive autocatalytic re-

combiners (PAR) to manage hydrogen in the containment to cope with beyond design basis accident 

conditions or are reconsidering their number and position.  

There are different approaches for cooling and stabilising molten core. For some of the smaller reactors in-

vessel retention (IVR) is considered, and in some plants the decision for implementation has been taken, or 

the implementation is already performed. For other reactors this IVR-concept is also under investigation. For 

other plants cooling and stabilizing of molten core is dealt with in the frame of severe accident management 

guidelines and other concepts for stabilising molten core are under investigation. 
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The timing of some improvement measures is in some cases limited by the manufacturing and contracting 

capability for equipment needed [ENSREG 2013]. However this cannot be accepted as a valid reason for 

prolonging a plant´s operational period without insisting on the necessary measures having already been 

completed. Another issue is keeping the schedule for the implementation of hardware measures. 

Further generic or plant specific analyses are on-going or will be performed to review the robustness of the 

NPP and to identify appropriate back-fitting and improvement measures. The scope, the number and the 

time schedule of such analyses differ between the countries. 

Studies necessary to re-evaluate the severe accident management strategy taking into account the 

Fukushima lessons have to be performed. This will take several years and a lot of money, because conducting 

experiments in the field of severe accidents is very complex. Enhancing international exchanges on research 

and solutions on molten core cooling and stabilisation (in/ex-vessel) are necessary.  

A necessary pre-condition is a complete understanding of the Fukushima Dai-ichi accident, but this is most 

likely impossible as the Chernobyl accident has shown. Uncertainties will remain – and thus the hazard of a 

severe accident with a major radioactive release. 

One of the major problems of the Stress Tests remains the lack of definition what level of safety (robustness) 

should be achieved or in which cases the plants should be back-fitted or shutdown. 

In particular an economical issue is the providing of the necessary resources and arrangements to cope with 

simultaneous severe accidents on several installations of the same site in the context of regional devastation 

resulting from a natural disaster. 

The qualification of instrumentations used during severe accident conditions especially in the long term is 

an economic as well as a technical issue.  

Also the dealing with large volumes of contaminated water remains an unsolved issue with technical and 

economic implications. 



25 

3.2 CONCLUSIONS 

The Fukushima catastrophe was the horrible result of decades of mistaken safety philosophy, a very lax safety 

regulation under strong industry influence on the regulators – not only in Japan. The first shock led to the 

honest attempt to change this, to also involve events which are definitely possible but were kept out of the 

safety cases by using probabilities. When it was possible to “prove” an event had a too low probability, it 

could be ignored [BECKER 2013]. 

On 12 October 2012, Tokyo Electric Power Co (TEPCO) admitted that the company had failed to prevent the 

Fukushima accident, reversing its earlier statement that the accident could not have been foreseen. A TEPCO 

task force has identified several factors that had led to the accident in March 2011: TEPCO did not learn a 

lesson from the flooding event at the French NPP (Blayais) on December 27, 1999. Furthermore, no safety 

measures aimed at preventing and mitigating a severe accident had been adopted since 2002. The task force 

attributed those facts to multiple root causes: First, the management assumed a severe accident was 

extremely unlikely in Japan, and feared that retrofitting safety systems would increase anxiety among the 

public, especially among the residents near the plant and would require a costly shutdown period [NW 

18/10/12]. 

The risk of natural hazard exists to a different extent for all European NPPs and also the operators insist on 

the low probabilities to avoid high investments and anti-nuclear activities of the public.  

The EU tried to respond to this “new experience” of Fukushima by conducting the stress tests and hoping 

that the results would lead to higher safety.  

It is evident that some countries treated this task rather as a formality or paperwork than a plant safety 

upgrade program. In general, there are different possibilities for operator and nuclear authority to deal with 

the shortcomings the stress tests revealed: 

 A quick response, but without any guarantee that the measures are sufficient (e.g. Cernavoda NPP, 

Romania). 

 A comprehensive evaluation of possible hazards and protections measures, which will take more 

than ten years (e.g. France). 

 Business-as-usual (e.g. Dukovany, Czech Republic). The idea of the stress tests is more or less 

ignored. Instead the already on-going measures are listed, major hardware improvement avoided. 

However, none of those options increase the nuclear safety to an acceptable level. The very obvious solution 

– permanent shut down – needs to be considered and is in several cases the only safe option. This applies in 

particular to those plants where significant improvements cannot be achieved by the planned deployment 

of mobile equipment only or by having plants on the grid in the current status for many more years while 

evaluations and assessment are under preparation and again later back-fittings would start.  

Especially problematic is the fact that mobile equipment is presented as the solution to compensate 

deficiencies of the reactors and the spent fuel pools. The EC/ENSREG highlighted as good practice the use 

of an additional layer of safety systems fully independent from the normal safety systems, located in areas 

well protected against external events, e.g. bunkered systems or hardened core of safety systems. 

However, the operators are heavily relying on the new magic solution to severe deficiencies at the plants 

due to design or the site: mobile equipment, which is easy to plan and store in the plant and therefore a 

cheaper solution than the implementation of comprehensive measures. But under severe accident 

conditions, it is very unlikely that the proposed mobile equipment can be put to work as quickly as necessary; 
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to rely to such a large extent on manual actions is irresponsible in regard of the consequences of a severe 

accident [BECKER 2013].  

Furthermore, the new mobile equipment is useless if the staff training and response during the accident is 

not perfectly according to plan. However not only the “know-how” but also the “know-why” is very important. 

This is also one important lesson learned from the Fukushima accident, which should result in the 

implementation of passive safety systems designed to withstand beyond design accidents with appropriate 

safety margins. 

Limited back-fitting measures do not significantly improve the safety level because they cannot compensate 

the increasing threat of hazards (e.g. by climate change) and of ageing effects. Furthermore, the experiences 

show that back-fitting measures could cause new faults (e.g. because of defective mounting, forgotten scrap 

etc.). 

Comprehensive plant modifications which would actually improve the safety level are technically impossible 

due to design weaknesses or would be done only in exchange for prolonged operation times, at the same 

time carrying the risks of aging plants as mentioned above. 

Thus, the conclusion was: Up-to now, no lessons learned from the accident at Fukushima: At all European 

nuclear power plants severe accidents can occur – any time [BECKER 2013].  

 

 



27 

4 COUNTRY-SPECIFIC REVIEW 

4.1 KOZLODUY NPP, BULGARIA 

Kozloduy NPP is located in the north-west of Bulgaria on the Danube River, 5 km to the east of the town of 

Kozloduy and 200 km to the north of Sofia. 

Originally, six reactors were in operation at the Kozloduy NPP site. Under commitments made by Bulgaria as 

part of its accession to the European Union, units 1 and 2 were shut down in 2002; units 3 and 4 in 2006 

(Kozloduy 1 – 4 are WWER-440/230 reactors). 

Kozloduy 5 and 6 (WWER-1000/V-320 reactors with a net capacity of 953 MW each), put into operation in 

1988 and 1993, respectively are the only reactors still operating in Bulgaria. Kozloduy NPP-Plc.is the operator 

of these units.  

In February 2013, Bulgaria's parliament confirmed an earlier decision abandoning plans for a new NPP at 

Belene. However, since most of the votes at the referendum 9  were positive, the parliament called for 

speeding up procedures to extend the lifespan of two operational Kozloduy units, and backed 

preliminary plans to add a new unit there. 

In April 2012, the Council of Ministers approved in principle the construction of new capacity at the Kozloduy 

NPP site. The Minister for Finance announced that it will be built on market principles, that is, without 

government money or state guarantees. In August 2012, the project company KNPP-New Build plc awarded 

a contract to Westinghouse Spain to assess the feasibility of two options: a WWER design utilizing equipment 

already purchased by the customer (for the abandoned Belene project) or a construction of a 1000 –

1200 MW PWR design, essentially Westinghouse's AP1000 [NEI 2012a].  

In 2012, Kozloduy NPP provided 14.9 TWh or 31.7 percent of the Bulgaria’s electricity [PRIS 2013]. But the 

situation is changing. In spring 2013, the decision was taken to reduce electric energy production of Kozloduy 

NPP. Because many of the country's dams were filled to the top and more water is expected, prompting the 

need to use it for electric power production in order to prevent overflowing. At the same time, the weather 

conditions are changing significantly, making the production of wind power and solar most effective – the 

sun is sufficiently strong and the surrounding temperature is sufficiently low for them to generate a high 

amount of electricity. On the other hand, the Bulgarian economy is shrinking and so does the electricity 

consumption. This is the case also for the neighbours; the Greek economy is especially depressed [FOCUS 

2013].  

  

                                                           

9 The results of the referendum about the question “Should we develop the nuclear energy sector in the Republic of 

Bulgaria by the construction of a new nuclear power plant?” on January 27 were hard to interpret: 61% said “yes” and 38% 

“no”. Solely about 1,500,000 went to vote (20.2% of the last parliamentary elections’ turnout), which is way below the 

required 4,350,000 to make the vote valid; see http://www.joint-

project.org/upload/file/Bulgaria_Referendum_article_final.pdf. 

http://www.joint-project.org/upload/file/Bulgaria_Referendum_article_final.pdf
http://www.joint-project.org/upload/file/Bulgaria_Referendum_article_final.pdf
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4.1.1 CRITICAL REVIEW OF THE BULGARIAN NACP 

Concerning topics 1 – 3, the Bulgarian Nation Action Plan (NAcP) lists 32 activities. Some of the actions 

referred in the NAcP are quite complex, actually covering several elementary actions [BNRA 2012]. 

The implementation of all actions is planned before the end of 2017. Only a few actions are already 

completed, the majority of actions are “in progress”, and some have not started yet. However some actions 

consist of studies only, consequently the implementation of necessary back-fitting measure will take place 

several years after 2017. 

To cope with Beyond Design Basis Earthquakes (DBE) 10  or other external events, two mobile diesel 

generators (DGs) (including provision of recharging of one of the accumulator batteries of the safety systems) 

are to be delivered by December 2013. The measure includes the provision of adequate storage conditions, 

construction of connection points to reliable electrical supply and development of operation manuals, 

process tests and maintenance. 

The site is located in the first non-flooded terrace of the Danube. The average height of the site elevation is 

about two meter above the calculated water level of the Design Basis Flood (DBF). However, in case of 

external flood corresponding to DBF the Bank Pumping Station (BPS) would be flooded. Thus, possibilities 

for protecting the equipment of the BPS were investigated by October 2012. Back-fitting measures (including 

time schedule) are not described.  

The scenarios for Beyond Design Basis Flood showed that some locations could be flooded due to the limited 

sewage and drain system capacity, the peer review team highlighted the relevance of back-fitting measures.  

 The modernisation of the sewage network and drain pump system are to be performed by October 

2013. Back-fitting measures (including time schedule) are not described. 

 Measures to prevent the water intake in the plant sewage network in case of Kozloduy valley11 

flooding are to be developed by October 2013. 

The stress tests revealed that a review of extreme weather hazards is necessary. Thus, an analysis of extreme 

weather conditions on the KNPP site, using probabilistic methods according to the IAEA methodology, and 

considering combinations of extreme weather conditions are to be performed by 2015. 

The condition, efficiency and availability of the water supply system from the Shishamnov Val dam was to be 

assessed (May 2012). The NAcP does not include the results of this assessment. However, the installation of 

an alternate ultimate heat sink is obviously not planned.  

The peer review team pointed out that in Station Black-out (SBO) situations, when the heat removal from 

the reactor fails shortly after shut down, core melt will start soon - after 7.5 hours.  

 The availability of at least one tank of the steam generator (SG) Emergency Feedwater System as 

an alternative for heat removal in shutdown mode is ensured since March 2012. However, this 

measure probably does not provide enough time for an effective intervention. 

                                                           

10 The calculated seismic margin is 0.13 g or 65% as compared against the DBE (PGA =0.2g). 

11 In December 2012, activities to improve the condition and the protective functions of the state dike in the region of the 

Kozloduy valley have been initiated. Scope and time schedule of these activities are not given. 
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 Possible alternatives for residual heat removal in case of earthquake-induced loss of heat sink, using 

the Additional Emergency Feed Water System of units 3 and 4 were only to be investigated by 

March 2013. No information is given whether these measures will be implemented and if, when.  

 Power supply through the two new mobile DG for the spent fuel pool (SFP) cooling systems, or for 

feeding the SFP has to be ensured by December 2013. 

The stress tests revealed also the need for significant improvements of the Severe Accident Management 

(SAM). The “Program for Implementation of Recommendations Following the Stress Tests Carried Out on 

Nuclear Facilities at Kozloduy NPP plc” covers the following measures: 

 Technical means to provide direct injection of water to the reactor core, the steam generators (SG) 

and the containment by mobile fire protection equipment in extreme conditions are to be 

developed by December 2014. 

 The installation of additional hydrogen recombiners in the containment12 is to be performed by 

December 2013 (unit 6), respectively by June 2014 (unit 5).  

 The ionization chamber channels located in the walls of the reactor vessel cavity are the most 

vulnerable ways for the spreading of melted core outside the containment; plugging of these 

channels is to be conducted by December 2014.  

 The molten core stabilisation is one of the major issues of the reactor design (WWER-1000/V320). 

A study of the possibilities to localize (contain) the melt-through in case of severe accidents is to 

be finalized by December 2017.  

 The accident management in shut down states was identified as a major weakness by the peer 

review team: The need and possibilities to power the motors of the valves at the hydro-accumulator 

connecting pipelines to the primary circuit from the batteries, to provide a possibility to make up 

the primary circuit in reactor cold shutdown state and failure of the emergency DGs are to be 

analysed by December 2013.  

 Symptom-based emergency operating procedures (EOP) for a shut-down reactor mode with closed 

and open primary circuit were to be implemented (February 2012/13). 

 The severe accident management guidelines (SAMGs) were to be implemented (October 2012). 

However the scope of the SAMGs is not sufficient. The peer review team asked for the development 

of SAMGs that fully cover shutdown states, including those with open reactor, and accidents in 

spent fuel pools. These SAMGs are to be developed by December 2014. 

 A system for direct monitoring of water steam and oxygen in the containment is to be installed by 

June 2014. Detectors for monitoring the temperature of the reactor vessel were to be installed 

(October 2012).  

 The possible deterioration of working parameters due to a high contamination level and equipment 

failure on-site (incl. the impact on accessibility and functional availability of the main control room 

(MCR) and the auxiliary control panels) are to be analysed by December 2014.  

 The design characteristics of the SFP exclude modes related to occurrence of criticality and drainage 

of the pools. Technical means to provide direct injection of water to the spent fuel pools (SFP) are 

to be developed by December 2013.  

 The volume of the generated liquid radioactive waste in the containment in case of a severe 

accident and the adequacy of the available measures to prevent the release into the environment 

are to be assessed by December 2015.  

                                                           

12 The installed PARs were designed for design basis accidents (DBAs), but there is no prove they can mitigate hydrogen 

explosion risks in severe accidents. 
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 Organizational measures and technical means for management of simultaneous accidents with core 

melt / fuel damage on the various facilities on-site are to be assessed by December 2015.  

 Possible damage on the regional road infrastructure surrounding the plant under the impact of 

extreme weather conditions (such as flooded or damaged roads, collapsing of bridges, or 

demolition of other critical facilities) are to be assessed; and the reliability of routes ensuring 

accessibility (including possible adverse effects of earthquakes) to the plant site for machinery, 

supplies and personnel are to be evaluated by December 2014.  

 The on-site and off-site emergency plans (EPs), taking into account that the Emergency Control 

Rooms (ECR) might be inaccessible and providing alternative routes for evacuation, transport and 

access of staff are to be updated by December 2014.  

 An off-site Emergency Response Centre (ERC) is to be constructed by December 2016. 

4.1.2 CRITICAL REVIEW OF THE BULGARIAN PLEX PROJECT 

The units 5 and 6 of Kozloduy NPP are currently licensed to operate until 2017 and 2019 (30 years design 

life time). There are plans to extend the operating lifetimes by 20 to a total of 50 years (until 2037 and 2039, 

respectively).  

In April 2012, the Kozloduy plant’s management signed a contract with a consortium consisting of 

Rosenergoatom and EDF to prepare the extension of the operation of units 5 and 6. Under that contract – 

worth 31.2 million Levs ($21.3 million), the Russian and French state-owned companies will carry out 

modernisation work on the two reactors between 2014 and 2018. Equipment deliveries and upgrade work, 

which will take place in 2014, are necessary to extend the operating time and increase their thermal output 

[NW 21/02/13]. 

In January 2012, Kozloduy NPP-Plc has notified the Bulgarian Nuclear Regulatory Agency (BNRA) about the 

intended power uprate of units 5 and 6. According to BNRA, the new license could be given to the plant by 

the end of 2013, provided that all the necessary documents would be supplied in time [WNN 2012a]. Early 

in 2013 a contract was signed with Rusatom Services to upgrade the turbine generator of unit 6, taking it to 

1,100 MWe starting in 2014 [WNA 2013b].  

A serious incident in 2006 caused by the control rods of unit 5 proved that back-fitting measures can result 

in new safety problems [JPG 2012]. Furthermore, this incident proved that the safety culture at Kozloduy NPP 

was not strong enough. Both factors are important issues regarding the need of comprehensive back-fitting 

measures and upgrade work.  

In December 2012, the two-week IAEA safety review at Kozloduy (OSART Mission) pointed to further the 

negative effect of the lacking safety culture. It summarized that "Analyses of the cause of events are not 

always performed in a thorough and timely manner to prevent the recurrence of events related to human 

performance” [IAEA 2012b]. 

  



31 

4.1.3 DISCUSSION AND CONCLUSIONS 

To cope with Beyond Design Basis Earthquakes (DBE) or other external events, two mobile diesel 

generators (DGs) are to be delivered by December 2013. The measure includes the provision of adequate 

storage conditions. The stress tests revealed that Emergency Diesel Generators (EDGs) necessary to prevent 

a core melt accident after an earthquake were stored in a not earthquake resistant shelter – a dangerous 

sloppiness. 

The Bulgarian Nuclear Regulatory Authority (BNRA) seems not to be aware of seismic hazards. The peer 

review team asked for further analysis in regard to the adequacy of paleoseismological studies throughout 

the periodic updates of the seismic PSA to evaluate the need of re-assessment of the seismic hazard on site, 

this is not mentioned in the NAcP. 

In case of extreme flood some locations could be flooded due to the limited sewage and drain system 

capacity, back-fitting is planned in relative short time frame (October 2013). 

An analysis of extreme weather conditions is to be performed by 2015. Thus, it is not known yet, which 

weaknesses exist; and it will take years until the implementation of necessary measures will start. 

The stress tests revealed that during Station Black-out (SBO), core melt will start already after a few hours. 

Thus, the urgent implementation of sufficient measures for alternative heat removal for SBO situations is 

necessary. However, only the time schedule for development of technical means to provide direct injection 

of water to the reactor core, the steam generators (SG) and the containment by mobile fire protection 

equipment is mentioned (December 2014). It is not clarified to which date the implementation is to be 

finished. 

Currently, appropriate Severe Accident Management (SAM) provisions do not exist. As a result of the stress 

tests, a lot of necessary measures are envisaged.  

Implementation of all actions is planned until the end of 2017. However some actions are only studies, thus 

the implementation of necessary back-fitting measure will take place several years later than 2017. 

The molten core stabilisation is one of the major issues of the reactor design (WWER-1000/V320). On this 

regard, a study is to be performed by December 2017. Thus, it is not clear whether and if measures will be 

performed. However, the most vulnerable paths the melted core can spread outside the containment will be 

plugged until December 2014.  

The accident management in shut down states was identified as a major weakness by the peer review team. 

However, possible improvements are only analysed by December 2013.  

Severe accident management guidelines (SAMGs) that fully cover shutdown states and accidents in spent 

fuel pools have to be developed by December 2014. The target date for implementation is not mentioned. 

The impact on accessibility and functional availability of the main control room (MCR) are only analysed by 

December 2014. The time scheduled for back-fitting is not mentioned. 

The peer review team pointed out that it is an open issue under which conditions implementation of the 

different SAM measures is feasible. If the measures will be feasible after implementation in 2017 could not 

be assessed on the basis of the provided information. 
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Simultaneous core melt accidents in both units and accidents in Spent Fuel Pools (SFP) should be analysed 

in detail, warned the peer review team. However, the assessment of organisational measures and technical 

means for management of simultaneous accidents of both units are finished not earlier as by December 

2015. The timescale for necessary improvements is not mentioned. 

Moreover, the operator is planning to uprate power and to extend the life time of the units. These measures 

will lead to a further increase of the risk those units pose. The recent OSART Mission pointed to the negative 

effect of the lacking safety culture. 

Kozloduy 5 and 6 have been operating for over 20 years; therefore ageing of materials becomes a safety 

issue. It has to be expected that ageing induced effects will increase in the next years. This could be a danger 

for the units, in particular because of the lack of appropriate safety culture. 

Operation of Kozloduy 5 and 6 should be halted – at least until the necessary protection against earthquakes 

and Severe Accident Management provisions will have been implemented. Neither power uprate nor lifetime 

extension can be performed without causing an unacceptably high nuclear risk. On the contrary: we 

recommend reducing power output and shutting down the reactors soon.  
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4.2 DUKOVANY NPP, CZECH REPUBLIC 

The nuclear power plant Dukovany (EDU) is situated southwest of the city of Brno. Four WWER-440/V213 

reactors are operating at the Dukovany NPP. The reactors were put into operation between 1985 and 1987. 

The permit holder (ČEZ, a.s.) has valid permits for operation for Unit 1 until 2015, for Unit 2 and 3 until 

2016 and for Unit 4 until 2017 (30 years). 

In 2012, the both nuclear power plants in the Czech Republic, Dukovany and Temelin, provided 28.6 TWh or 

35.2 percent of the electricity [PRIS 2013]. 

4.2.1 CRITICAL REVIEW OF THE CZECH NACP 

Concerning the topics 1 – 3, the NAcP of the Czech Republic defines 76 actions/activities for Dukovany and 

Temelin NPPs [SUJB 2012]. The timeframe to implement the improvement measures is until end of 2016. 

However this is not the final date of implementation of necessary back-fitting. Those measures which consist 

of performing a study or analysis may result in the need to identify new measures.  

The NAcP explains that: “(…) many of listed measures are already in an advanced stage of implementation 

since they were proposed before the Fukushima events on the basis of Periodic Safety Report results. This 

could be the reason why in some cases the context between ENSREG recommendation and the 

implementation activities is not easily understood.” 

In regard to the Czech NAcP, ENSREG pointed out in its summary about the National Action Plans: In some 

cases it was not clear to which extent the NAcP is covering the ENSREG recommendations and findings. 

The NAcP is accessible on the regulator’s website, though in English only.  

The original level of the design basis earthquake (DBE) for Dukovany NPP is given as a peak ground 

acceleration PGAH = 0.06g based on a Seismic Hazard Assessment (SHA) performed in 1985. In order to meet 

the minimum seismic design, the level has been set to 0.10g PGAH in 1995. The decision followed an IAEA 

mission to the site [CR CZ 2012] 

The project of seismic upgrading (to the current DBE with PGA = 0.1 g) is scheduled to be completed in 2015. 

The peer review team highlighted the importance of the on-going earthquake resistance qualifications and 

reinforcements to ensure that all the safety related structures, systems and components (SSCs) of the plant 

are resistant for at least 0.1 g PGA; and the need for increasing the plant’s capabilities to cope with the 

indirect effects of an earthquake and other external events. Not all necessary measures are mentioned in the 

NAcP. The following measures regarding earthquake are listed: 

 An assessment of the consequences of the seismic hazard for the site (e.g. damaged of the 

infrastructure) was to be performed in 2012 (status: in progress).  

 The necessary reinforcement of Fire Brigade Building is to be performed by 2015. 

 The risk resulting from the seismic induced floods or fires are to be evaluated by 2014.  

 A seismic PSA including analysis of secondary effects with proposals for remedial measures is to be 

performed not early as by 2015. This analysis will probably identify additional necessary back-fitting 

measures. 

 A seismic monitoring system is to be implemented by 2014. 
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Due to location of the plant several tens of meters above the closest rivers the plant sites are not endangered 

by external flooding caused by rivers, nevertheless flooding caused by extreme rainfall could result in a 

dangerous situation.  

 Thus, sealing of entrances to the cable ducts against flooding and to the diesel generator station 

due to extreme rainfall is to be performed by 2013. 

 Flood protection of the Emergency Control Centre was implemented in 2012. 

The stress tests identified that the procedures for special handling of weather related threats need to be 

elaborated and some specific additions might be necessary to the emergency management procedures. Also, 

the considerations for extreme low temperatures may be too simple, not taking into account the realistic 

related effects, e.g. Station Blackout. Some refined further analyses and verification of current analyses are 

necessary. Currently, safety margins of external hazards are not sufficiently evaluated.  

 Procedures for managing extreme conditions on the site (wind, temperature, snow and earthquake) 

are to be completed by 2013.  

 Structures reinforcement against extreme climatic phenomena is to be implemented by 2014.  

 The availability of regional weather forecasts and predictions for the shift engineer decision are to 

be ensured by 2013. 

 In cooperation with the other operators and regulators, a methodology for evaluation of design 

resistance to natural hazards, including acceptance criteria is to be created by 2013. It has to be 

expected that several reinforcement measures will be necessary. 

Dukovany NPP has four wet cooling towers for the twin units, which serve as the heat sink for service water 

and also for essential service water systems. Furthermore, these cooling towers have a limited capability in 

respect of strong wind. The periodic safety review (PSR) as well as the stress tests identified the need of 

diverse ultimate heat sink possibilities. 

 New ventilator towers for ensuring independent ultimate heat sink are to be implemented by 2016. 

An alternative / diverse ultimate heat sink has not been implemented at Dukovany NPP, which could operate 

as back-up for the ultimate heat sink. Instead, the operator proposed pumping water from fire trucks into 

the steam generator (SG) as alternative heat sink. This water will evaporate in the secondary side of the SG 

and the steam will be released into the atmosphere (secondary feed&bleed). Connections to inject water 

from fire brigade equipment are already available. Three fire trucks are available; purchase of one more fire 

truck was initiated after Fukushima to have at least one fire truck ready for each unit. 

The fire trucks constitute the Czech response to the following ENSREG recommendation calling for 

“provisions for the bunkered of ´hardened´ systems to provide an additional level of protection ... designed 

to cope with a wide variety of extreme events including those beyond the design basis.” 

The time available to recover the lost heat sink before fuel damage in the worst case is 10 hours (this time 

period can be prolonged by up to 20 hours using feeding the SGs from feed-water tanks by gravity). In 

shutdown conditions, the natural circulation would be lost and fuel damage starts if the SGs feeding is not 

initiated within 4 hours. 

The calculated time until the water starts to boil in the spent fuel pools (SFPs) is 2 hours, while the time 

available until the fuel un-coverage is 20 – 30 hours. 

The NAcP lists the following measures (provisions) that are envisaged to remedy the dangerous situation 

and to prevent core melt accidents:  
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 Provision of back-up coolant supply into depressurised reactor and spent fuel pools with additional 

and sufficient sources of coolant is to be implemented by 2014. 

 Another ultimate emergency feed-water pump to SG is to be implemented by 2015. 

 To prevent SBO, off-site power connections are to be reinforced by 2013 and if necessary 

subsequent reinforcements are to be done by 2015. 

 A new diesel generator (SBO-DG) is to be provided by 2014. 

 Alternative measures to ensure recharging batteries in case SBO and measures to extend batteries 

discharging time are to be implemented by 2016. 

 Provision of alternative fuel filling for long-term operation of DG including providing of fuel sources 

are to be implemented by 2013. 

 Provision of heat removal from the key safety component and from the I&C system for long-term 

monitoring of key parameters during SBO is to be implemented by 2015. 

 Alternative supply of selected valves from mobile power supply sources is to be implemented by 

2015. 

 Provision of alternative mobile devices for alternative fluids pump and power supply are to be 

implemented by 2014. 

 Guidelines for the use of alternative technical means (EDMG) are to be developed by 2015. 

 Periodic verification of the functionality and periodic practicing of using the alternative mobile 

devices is to be performed by 2015. 

 The availability of personnel for long-term support of solving difficult technological extraordinary 

events is to be ensured by 2013. 

 Sufficient capacity and expertise of personnel for multi-unit accident and for the whole site affected 

is to be ensured by 2014. 

 The stress test revealed that the severe accident management (SAM) measures are not sufficient. 

An upgraded probabilistic safety analysis (PSA) Level 2 for the identification of plant vulnerabilities, 

quantification of potential releases related to extreme external conditions is in progress. A deadline 

is not mentioned; however this type of upgraded PSA should have been the basis of the 

development of the severe accident management which is currently applied at the NPP Dukovany. 

For some circumstances the severe accident management (SAM) include the strategies allowing injection of 

non-borated water into the reactor as a last possibility to cool the fuel or debris at in-vessel phase of severe 

accident progression. The Peer Review Team emphasised the need for additional investigations of the 

potential for re-criticality of the molten core. The issue of re-criticality is not explicitly mentioned in the NAcP. 

The current severe accident management includes instructions for unfiltered release, which would lead to 

the emission of large amounts of radioactive products into the environment. Until now it is not decided if 

additional filtered venting system will be implemented to prevent overpressure of the containment in case 

of severe accidents; further analysis is needed.  

The following improvements of the severe accident management (SAM) to cope with core melt accident and 

to prevent major radioactive release are foreseen: 

 To prevent hydrogen explosions re-combiners to reduce hydrogen concentration in case of severe 

accidents in the containment are to be installed by 2015. 

 In-vessel-retention of the molten core has been planned pre-Fukushima and is at present in the 

stage of implementation. An external reactor pressure vessel (RPV) cooling and thereby retention 

of the molten core inside RPV are to be implemented by 2015. 

 Important measurements (e.g. spent fuel pool (SFP) condition) into post-accident monitoring 

system (PAMS) are to be included by 2015. 
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 The habitability of main and emergency control rooms (MCR/ECR) during severe accidents are to 

be analysed by 2013. 

 Severe accident management guidelines (SAMGs) for accidents during shutdown conditions and in 

the spent fuel pools (SFP) are to be developed and implemented by 2014.  

 System setup of training, exercises and training for severe accident management according to 

SAMGs, including possible multi-unit severe accident are to be done by 2014. 

 Providing of alternative means of abnormal occurrence management during loss of primary control 

centres (Emergency Control Centre, Physical Protection Control Centre, Fire Protection Control 

Centre) is to be analysed by 2014. 

 Necessary technical means, protection of personnel and equipment during the period outside the 

implementation of interventions (24 hours / 7 days) are to be provided by 2013. 

 Alternative means for internal and external communication, notification and warning of staff and 

population during loss of existing infrastructure are to be provided by 2013. 

 Provision of back-up power supply telephone exchanges, communications, and lighting is to be 

implemented by 2014.  

 Potential accident scenarios resulting in large volumes of contaminated water including 

definition of remedial measures are to be analysed by 2015. 

4.2.2 CRITICAL REVIEW OF THE CZECH PLEX PROJECT 

Currently, operation times of 30 years are approved for Unit 1 until 2015, for Unit 2 and 3 until 2016 and 

for Unit 4 until 2017. 

In 2008, based on the invitation of the State Office for Nuclear Safety of the Czech Republic (SÚJB), an IAEA 

mission focused on Safe Long Term Operation (SALTO) was performed to review the programs/activities 

concerning LTO and the control of ageing of systems, structures and components (SSCs) important for safety 

[CNS 2010].  

In 2009, ČEZ commenced its Long-Term-Operation (LTO) project to extend the planned operating lifetime 

of the Dukovany reactors by 10 years to 2025. The LTO project consists of about 230 sub-projects costing 

over CZK 14 billion (€ 560 million) between 2009 and 2015 [WNA 2013d].  

Further lifetime extension to 60 years is under consideration. According to SÚJB, safety improvement and 

equipment modernisation make it possible to consider operation of Dukovany NPP until the year 2045 [CNS 

2010].  

Nuclear safety re-assessment of the units that was performed within various international activities from 

1992 – 1997 resulted in the Equipment Renovation Program (MORAVA13), established in 1998 [CNS 2010].  

Since 2009, the remaining modernisation measures from the Equipment Renovation Program MORAVA were 

relocated to the LTO Program, except of I&C Refurbishment and Power Up-rate Projects which were realised 

simultaneously [CNS 2010]. 

                                                           

13 MORAVA = Modernisation - Reconstruction - Analyses – Validation 
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The replacement of the Instrumentation and Control (I&C) system of safety-important parts of the plant was 

performed gradually during refuelling outages from 2002 to 2009 for digital systems. The replacement of 

plant control systems started in 2009 and should be finished in 2016 [CEZ 2013]. 

Despite the efforts undertaken in the framework of the MORAVA program, not all IAEA safety findings 

identified in 1996 by the IAEA have been solved in 2010. Three safety issue of the category III, which are of 

high safety concern14, and therefore – according to the IAEA – makes immediate corrective actions necessary, 

were not resolved. These safety issues are the qualification of equipment, internal hazards due to high energy 

pipe breaks and seismic design. Also solving six safety findings of category II has not been completed15 [CNS 

2010]. 

The power of all four Dukovany units was increased between 2005 – 2008 by replacing the low-pressure 

turbines. This was the first part of a program to boost the gross output by 240 MWe by 2012. The 38 MWe 

uprates of units 3 and 4 were completed in May 2009 and December 2010 respectively – bringing their gross 

capacity to 500 MWe – from improved fuel, replacing the high-pressure turbine, refurbishing the generator, 

and I&C changes. A similar uprate of unit 1 was performed in November 2011 and for unit 2 in 2012 

[WNA2013d].The originally designed reactor power of 1375 MWth (440 MWe) was increased to 1444 MWth 

(500 MWe), which corresponds to a power uprate of 105%.A further power-uprate (108%) that aims to 

increase the reactor power to 1485 MWth (517 MWe)) is planned for 2016/2017 [CEZ 2013]. 

In June 2007 WANO’s peer review mission to review the safety of the nuclear power plant recognized 12 

areas where improvement was necessary. The follow-up peer review mission in January 2009 found that 

nine of these 12 issues were not fully completed. It was highlighted that for one area additional efforts should 

be done to ensure that this area will not much trouble the plant [CNS 2010]. 

 Shortcomings in working practices result in degradation of equipment reliability following 

maintenance. These include inadequate Foreign Material Exclusion (FME) practices and 

inappropriate use of standard maintenance tools and techniques. 

The following issues are of high importance regarding negative effects of ageing: 

 The Essential Service Water Systems (ESWS) are affected by continuous appearance of leaks. 

However, there is no overall assessment of condition of these systems. 

 Corrective actions identified and implemented in some cases do not correspond to the root causes 

of the events and were not always sufficient to prevent recurrence of the events. 

4.2.3 DISCUSSION AND CONCLUSIONS 

The stress test revealed that Dukovany NPP is not prepared to withstand an accident caused by a natural 

hazard like an earthquake which obviously could affect all four units at the site.  

                                                           

14 are the highest priority given for the WWER440/V213 

15 1) Primary pipe whip restraints, 2) Steam generator safety and relief valves performance at low pressure, 3) Mitigation 

of fire effects; 4) I&C reliability; 5) Main control room ventilation system; 6) Human engineering of control rooms 
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According to the NAcP many of listed measures were proposed before the Fukushima events on the basis 

of the results of the Periodic Safety Review (PSR). This could be the reason why in some cases the context 

between ENSREG recommendation and the implementation activities is not easily understood. 

However, it is not clear to which extent the NAcP is covering the ENSREG recommendations and findings. 

The target date to implement the improvement measures is end of 2016. However, this is not the final date 

of implementation of necessary back-fitting. Those measures which consist of performing an analysis may 

result in further measures.  

The peer review team highlighted the importance of the on-going earthquake reinforcements, which is 

scheduled to be completed in 2015. But also after finishing the back-fitting measures, the protection will not 

be adequate. Further back-fitting will be probably prove necessary after the seismic PSA systematically 

analysed the threat including seismic induced flooding and fire, which is to be completed by 2015. 

The threat of flooding caused by extreme rainfall will persist until the end of this year, until sealing of 

entrances to the cable ducts is to be performed. Currently, safety margins of external hazards are not 

sufficiently evaluated. In cooperation with other operators and regulators, a methodology for evaluation of 

design resistance to natural hazards is to be created by 2013. It has to be expected that several reinforcement 

measures will be necessary. 

The stress tests has identified that the considerations for extreme low temperatures may be too simple, 

not taking into account the realistic related effects, e.g. Station Blackout. This example show that CEZ without 

SUJB intervening did not take the lessons from Fukushima and the idea of the EU stress tests seriously. 

Another example is the assessment of the plant´s ability to cope with a station blackout (SBO) by excluding 

external and internal hazards.  

The fact that SUJB did not take very idea of stress tests seriously led the peer review team to formulate a 

number of recommendations; however these are not all followed adequately by the regulator: The 

investigation of the potential for re-criticality of the molten core as recommended by the peer review team 

is not mentioned in the NAcP.  

One major weakness persist at least for the next four years: The only heat sinks at Dukovany NPP are 

cooling towers with their capabilities being endangered by strong wind. New ventilator towers for ensuring 

independent ultimate heat sink are to be implemented not before 2016. This is important because the time 

available to recover the lost heat sink before fuel damage occur in the core and sent fuel pools is only several 

hours. 

The NAcP lists measures (provisions) that are envisaged to remedy the dangerous situation and to prevent 

core melt accidents: These measures (e.g. providing of a new diesel generator) are to be implemented 

between 2013 and 2015. However the scope of these measures is limited.  

The fire trucks constitute the Czech response to the following ENSREG recommendation calling for 

“provisions for the bunkered of ´hardened´ systems to provide an additional level of protection ... designed 

to cope with a wide variety of extreme events including those beyond the design basis.” To present the water 

supply with fire trucks as idea reveals a dangerous approach to safety culture. 

The stress test revealed that the severe accident management (SAM) measures are not sufficient. 

Dukovany NPP has no means to cope with a core melt accident, thus a severe accident with a major 

radioactive release could result. An upgraded probabilistic safety analysis (PSA) Level 2 for the 

identification of plant vulnerabilities, quantification of potential releases related to extreme external 
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conditions is in progress. A deadline is not mentioned; however the PSA should have been the basis of the 

development of the severe accident management. 

An external reactor pressure vessel (RPV) cooling and thereby retention of the molten core inside the RPV 

are to be implemented by 2015. However, doubts about the reliability of the concept exist. Currently, the 

unfiltered release of large amounts of radioactive products into the environment is foreseen. Until now it is 

not decided if additional filtered venting system will be implemented to prevent overpressure of the 

containment in case of severe accidents as recommended by ENSREG. 

Measures to prevent hydrogen explosions in case of severe accidents in the containment are not installed 

before 2015. 

Sufficient capacity of personnel for multi-unit accident is not available yet, and will not been available earlier 

than 2014. 

Currently the approved operation time (30 years) of units 1 – 4 ends between2015 and 2017. It seems that 

NPP Dukovany intends to extend the operating time without any public debate. In 2009, ČEZ commenced its 

Long-Term-Operation (LTO) project to extend the planned operating lifetime of the Dukovany reactors by 

10 years to 2025. Further lifetime extension to 2045, which means an operation time of 60 years, is under 

consideration.  

Material degradation and design weaknesses of the very old units can significantly aggravate the 

development of an accident caused by an earthquake or other external or internal events.  

Life time extension for the old dangerous plants means ageing becomes an increasing safety issue, 

faults cause by ageing could trigger accidents. Furthermore there are design weaknesses that cannot 

be remedied, e.g. the low protection against terror attacks. 

Despite the modernisation programs, not all IAEA safety issue identified in 1996 have been solved in 2010. 

Another prove that both regulator and operator do not take sufficient care of the nuclear power plant: The 

follow-up WANO’s peer review mission peer review mission in January 2009 noticed that nine of 12 issues 

of the WANO’s peer review (June 2007) were not fully completed. Amongst other issues there are three 

issues of high importance regarding negative effects of ageing: 

 Shortcomings in working practices result in degradation of equipment reliability following 

maintenance.  

 The Essential Service Water Systems (ESWS) are affected by continuous appearance of leaks. 

However, an overall assessment of the condition of these systems is lacking.  

 Corrective actions were not always sufficient to prevent recurrence of the events. 

Moreover, the modernisation program includes significant power uprates which will lead to a reduction of 

safety margins and accelerate the ageing. The reactor power was increased during the last years. A further 

power-uprate that aims to increase the reactor power to 108% of the designed rector power is planned for 

2016/2017. 

All in all, we recommended to shut down Dukovany NPP immediately, at least to refuse granting a permit 

for life time extension.  
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4.3 CERNAVODA NPP, ROMANIA 

Romania´s two reactors at the country´s only nuclear power plant, Cernavoda NPP, are located in Constanta 

county, about 2 km southeast of the Cernavoda town boundary, at 4 km southeast of Danube River. 

Cernavoda NPP comprises two pressurised heavy water reactors (PHWR) of CANDU 6 design, which are the 

only units in Europe based on the CANDU (CANadian Deuterium Uranium) technology.  

Cernavoda NPP is owned and operated by the National Company Nuclearelectrica (Societatea Nationala 

Nuclearelectrica, SNN) [RNR 2011]. In 2012, unit 1 and 2 (650 MWe net capacity each) generated 11.5 TWh 

or 19.4 percent of Romania’s electricity [PRIS 2013]. 

In 1980, the construction of five units at the Cernavoda site began. But the project was scaled back in the 

early 1990s to focus on unit 1, which was completed in 1996. The second unit was connected to the grid in 

August 2007.  

Also in 2007, the Romanian Government announced plans to complete Cernavoda units 3 and 4. Twelve 

potential investors were selected from 15 initial bidders, and in November 2007 binding offers from six 

companies were accepted. But in 2010/2011 four of six involved companies withdrew from the project. The 

project was halted, as the government could not find other partners for the project. In October 2012 the 

government asked the four major utilities – GdF Suez, Iberdrola, RWE and CEZ – which had withdrawn to 

reconsider involvement in the Cernavoda- 3/4 project. Meanwhile China General Nuclear Power Group (CGN) 

expressed interest in investing in the project [WNA 2013c]. 

4.3.1CRITICAL REVIEW OF THE ROMANIAN NACP 

Regarding topic 1 – 3, the NAcP listed 33 measures, 13 of these measures were already implemented [RNR 

2012]. The implementation of improvement measures is clearly scheduled, and the end date of the process 

is 12/2015. According to the peer review, the schedule is ambitious and commendable.  

The NAcP – along with all EU stress test documents – is accessible on the regulator’s website in English 

language. 

Romania is one of the most active earthquake regions in Europe. Nevertheless, the stress tests revealed 

that this hazard was not adequately evaluated:  

 The value for the exceedance probability (return period) associated to the Design Basis Earthquake 

(DBE) is considerably lower than the current European practices. Margins to cliff edge effects, weak 

points and plant behavior under beyond design basis earthquake were not evaluated. The peer 

review team criticized that seismic upgrading has not been considered. However, the Romanian 

regulator CNCAN stated that the seismic margin assessment showed that in comparison with the 

original DBE (PGA = 0.2g), systems structures and components (SSCs) which are part of the safe 

shutdown path after an earthquake are able to perform their safety function up to 0.4g, which has 

a frequency of 5E-5 events/year. This margin is considered adequate, thus additional margins have 

not been quantified. 

 The seismic walk-downs and subsequent seismic robustness analyses done as part of the seismic 

margin assessment have identified the need for several actions. These have been included in the 

regular plant seismic housekeeping program and are to be done by 2014. 
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 Taking into account the fact that the probability of large earthquakes is extremely high, the peer 

review criticised the absence of seismic level comparable to the SL-1 of IAEA leading to plant 

shutdown and inspection.16 In this regard, CNCNA will establish adequate regulations by 2013. 

The Cernavoda site elevation is about two meters higher than the calculated Design Basis Flood (DBF). During 

the stress tests process the regulator assessed the existing margins as being adequate and no additional 

measures were required to protect the plant against external flooding. However, the peer review team 

criticised that the margins for flooding have been only assessed with limited identification of cliff edge effects 

and weak points; and pointed out that for a number of safety significant equipment located underground 

the protection against flooding needs to be improved. 

 According to the NAcP, potential measures to improve protection against flooding have been 

identified. Design modifications to replace selected doors with flood resistant doors and 

penetrations sealing in buildings containing safety related equipment in rooms below the plant 

platform level are to be performed by 2014. 

 In addition, sand bags have been made available on site to be used as temporary flood barriers, if 

required. 

 It is not clarified, whether the sand bags are additional protection devices or the only measure to 

protect specific weaknesses.  

 The peer review team criticised the lack of routine inspections of the flood protection design 

features, such requirements are to be established by 2013. 

The peer review team pointed out, that there is only limited information about extreme weather conditions, 

information regarding the plant capability beyond the design basis and the identification of cliff-edge effects 

and weak points are lacking. According to the NAcP, only the specific procedure which is in place for extreme 

weather conditions in order to include the appropriate proactive actions for plant shutdown was reviewed. 

More detailed regulatory requirements on the protection of NPPs against extreme external events, taking 

account of the results of the "stress tests" peer reviews are to be elaborated by the end of 2014.  

The peer review highlighted the need of further work for assessing margins to cliff-edge effects due to 

external events. It was recommended that CNCAN obtains good quality programmes from the operator SNA 

and ensures that the work is appropriately followed up. CNCAN stated that this work is depending on the 

development of a common methodology, at EU-level. Thus, no target date for implementation is set. 

Because Station Black-out (SBO) situations were not considered in the design basis of the units, there is no 

adequate protection against this threat.  

In case SBO were to occur at certain points during the refueling process, two spent fuel bundles would not 

be adequately cooled. Fuel damage would occur in about 1.4 hours and the fuel starts melting after approx. 

1.9 hours. Fission products are supposedly being retained either within the pressure boundaries of the 

refuelling machine or in the spent fuel discharge room which is part of the containment extension. 

However, in case SBO will be induced by an earthquake, fuel damage could occur after only 4 hours as a 

consequence of not being able to depressurize the steam generators (SGs). To avoid this scenario operator 

                                                           

16 According to the IAEA, two levels of ground motion hazard should be evaluated for each plant sited, seismic level 1 (SL-

1) and seismic level 2 (SL-2). SL-2 is associated with the most stringent safety requirements, while SL-1 corresponds to a 

less severe, more probable earthquake level [IAEA 2003]. 
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action in less than 2 hours is necessary (manual opening of the Main Steam Safety Valves (MSSV)) and in 

addition, in about 2.5 hours, the mobile DGs have to be available. Efforts to prevent the hazard are made: 

 The seismic robustness of the existing Class I and II batteries were improved. 

 A provision of a facility to open the MSSVs after a station black-out (SBO) was implemented. 

 Procurement and testing of mobile equipment (e.g. mobile diesel generators, mobile pumps, 

connections, etc.) were done.  

A provision of connection facilities required for refilling water by using fire fighters trucks and flexible 

conduits to supply the primary side of the heat exchangers and steam generators (SGs) under emergency 

conditions were implemented.  

However, a location to store the important intervention equipment (mobile DGs, mobile diesel engine 

pumps, fire-fighter engines, radiological emergency vehicles, heavy equipment to unblock roads, etc.) that 

is protected against all external hazards is lacking. A new seismically qualified location for the on-site 

emergency control centre and the fire fighters are to be established by 2015. 

Accident management provisions for events in the spent fuel pools (natural ventilation for vapours and steam 

evacuation, seismically qualified fire-water pipe for water make-up) were implemented. However, it is not 

proven that intervention could be done during severe accident conditions, because improvement of the 

existing provisions to facilitate operator actions to prevent a severe accident in the spent fuel pool (water 

level and temperature monitoring from outside the building) are necessary. These are to be performed by 

2014. 

The stress tests revealed that regulatory requirements regarding Severe Accident Management (SAM) are 

not incorporated in the regulations. According to the NAcP, severe accident management (SAM) 

requirements will be included in a regulation by 2013, which the regulatory is currently preparing. 

Because of the lack of regulatory requirements, measures to cope with severe accidents were not 

implemented. The implementation is ongoing: 

 A containment filtered venting system is to be installed by 2013 (Unit1), respectively by 2014 (Unit 

2).  

 The passive autocatalytic re-combiners (PAR) to prevent hydrogen explosions are to be 

implemented by 2013 at unit 2; implementation at unit 1 was completed in 2012.  

 Additional instrumentation for SA management, e.g. hydrogen concentration monitoring in 

different areas of the reactor building, is to be implemented by 2013. 

 Improvements to the reliability of existing instrumentation by qualification to SA conditions and 

extension of the measurement domain are to be performed by 2014 (Unit 1), respectively by 2015 

(Unit 2) 

 Design modification for water make-up to the calandria vessel and vault are to be implemented by 

2013. 

 Training for severe accident scenarios was implemented. Refreshment training will be performed 

periodically.  

 The completeness of event-based and symptom-based Emergency Operating Procedures (EOPs) 

for all accident situations is to be verified by 2013. 

 Severe Accident Management Guidelines (SAMGs) taking account of plant modifications and 

upgrades performed after Fukushima are to be reviewed by 2014.  

 SAMGs specific for shutdown states are to be developed by 2015. 
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 The option of charging the batteries or the installation of a supplementary uninterruptible power 

supply for the Secondary Control Area (SCA) is to be evaluated by 2015.  

 Necessary measures to improve the reliability of the communication system are to be implemented 

by 2013. (Improvements of the on-site emergency control centre were already implemented.) 

 The habitability of the main control room (MCR) in the case of a total core melt accident associated 

to a containment failure (or voluntary venting) is to be analysed by 2014. 

 Review of the Level 1 PSA and completion of the Level 2 PSA (to include spent fuel pool accidents) 

are to be performed by 2013. 

Concerning the conceptual preparations of solutions for post-accident contamination and the 

treatment of potentially large volumes of contaminated water, no schedule is set. CNCAN stated 

this issue is to be considered, taking account of developments in international guidelines on this 

matter.  

4.3.2 CRITICAL REVIEW OF THE ROMANIAN PLEX PROJECT 

Currently, the operating time of Cernavoda 1 and 2 is 30 years, ending in 2026 and 2037, respectively. Thus, 

PLEX is no urgent issue. Nevertheless, the director of the operator (SNN) stated in Feb. 2012 that they 

considered a PLEX procedure for an extension of 20 years for unit 1 in 2023 and for unit 2 in 2030 

[WALLSTREET 2012].  

This announcement causes concerns, because even today the design of CANDU 6 reactors 17  is very 

outdated (see chapter 2.8.1) and also ageing of the pressure tubes is an issue. 

Material degradation of the pressure tubes is a persisting problem of existing CANDU plants. The pressure 

tubes are exposed to the neutron flux, with consequent weakening effects. Problems occurred with delayed 

hydride cracking as a result of deuterium-zirconium alloy reactions. Also, pressure tube fretting corrosion 

appears to be a generic flaw of the CANDU design. This degradation mechanism has been traced back to 

vibrations of the pressure tubes and could lead to a loss-of-coolant accident. Both ageing effects of the 

pressure tubes have already occurred at the Cernavoda-1 [JPG 202]. 

CANDU reactors are designed to undergo refurbishment after approximately 25 years of operation, requiring 

a major outage to extend the operation time. However, refurbishment projects seem to be significantly 

more complicated than expected: 

 The single-unit Point Lepreau (Canada), which began commercial operation in 1983, is the first 

CANDU 6 to undergo full refurbishment. Work began in March 2008 and involved the replacement 

of all 380 fuel channels, calandria tubes and feeder tubes. This work was originally expected to be 

completed in 16 months; however the program was set back when problems with seal tightness 

necessitated the removal and replacement of all the calandria tubes for a second time. At the end 

of 2012, the reactor received the permission to operate at full power again [WNN 2012b]. 

 At Unit 1 of the Wolsong NPP (South Korea) the refurbishment was completed in July 2011. AECL, 

which supplied the reactor, was contracted by Korea Hydro and Nuclear Power (KHNP) in 2006 

to re-tube the unit and the work began in 2009. All 380 calandria tubes have been removed and 

                                                           

17 Atomic Energy of Canada Limited (AECL) has built two CANDU 6 reactors in Canada (Gentilly-2 and Point Lepreau). In 

addition, only nine CANDU 6 reactors supplied by AECL are operating in Argentina, China, Romania and South Korea. 
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replaced. The entire re-tubing outage took 28 month to complete, thus considerable longer as the 

above mentioned 16 month [WNN 2011a]. 

Because major problems were encountered in the refurbishment projects at CANDU 6 reactors at Wolsong 

and Pont Lepreau the owner of the Canadian CANDU 6 reactor Gentilly-2 recently decided to close its reactor 

after the planned operation time of 30 years. Hydro-Quebec explained that the decision was made for 

financial reasons, additionally the Fukushima accident in March 2011 contributed to concerns about lifetime 

extension [NW 11/10/2012]. 

4.3.3 DISCUSSION AND CONCLUSIONS 

The main findings of the stress tests showed that seismic risk, flooding and extreme weather events were 

not sufficiently addressed by the operator and the Romanian Regulator (National Commission for Nuclear 

Activities Control, CNCAN) seems not to insist on adequate responses.  

Romania is one of the most active earthquake regions in Europe. The peer review team criticized that seismic 

upgrading has been not been considered and margins have not been quantified adequately. However 

according to the NAcP, the regulator CNCAN sticks to the opinion that the seismic margins are sufficient and 

further measures are not necessary. Thus, the regulator missed the idea of the stress tests. Although the 

probability of an earthquake exceeding the plant’s design limit is low, the possibility of a severe earthquake 

persists, which could trigger a severe accident. 

The stress tests revealed that flood protection is in sufficient. A number of safety significant equipment is 

located underground, making the implementation of flood resistant doors and sealing of penetrations 

necessary; this will be realised during 2014. In addition sand bags have been made available. It is not clarified, 

whether the sand bags are additional protection devices or the only measure to protect specific parts of the 

plant which are prone of flooding.  

Further work for assessing margins to cliff-edge effects due to external events (flooding, earthquake and 

extreme weather events) is necessary. The peer review highlighted that the operator SNA should provide 

programmes and CNCAN should ensure that the work is appropriately followed up. But CNCAN revised its 

responsibility and stated that this work is depending on the development of a common methodology, at EU-

level.  

Mobile equipment is presented as the solution to compensate deficiencies of the reactors and the spent fuel 

pools. Procurement and testing of mobile equipment were done. However, a location to store the mobile 

equipment protected against all external hazards is lacking until 2015.  

Cernavoda NPP is situated in an area highly inadequate for an NPP, because it is prone to earthquakes. 

Nevertheless, currently the means of the severe accident management are not sufficient to prevent severe 

accidents or even to mitigate their consequences.  

The stress tests revealed that regulatory requirements regarding Severe Accident Management (SAM) are 

not incorporated in the regulations, moreover qualitative or quantitative safety objectives related to the 

protection for the population in the regulatory requirements are lacking. SAM requirements will be included 

in a regulation by 2013, the implementing of safety objectives are not mentioned in the NAcP.  
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Because of the lack of regulatory requirements, measures to cope with severe accidents were not 

implemented. The implementation is ongoing: A containment filtered venting system18is to be installed by 

2013/14.The prompt implementation of relevant containment protection measures have been identified as 

good practice by the peer review. 

The deadline for the implementation of necessary improvement measures is the end of 2015. According to 

the peer review, the schedule is ambitious and commendable. But this means on the other hand only limited 

measures are envisaged.  

Accident management provisions for events in the spent fuel pools were implemented. However, it is not 

proven yet that intervention could be done during severe accident conditions; an analysis on this regard is 

to be performed by 2014. 

Units 1 and 2 of the Cernavoda NPP have been operating for only relatively short periods (since 1996 and 

2007 respectively), but the reactors were designed in the 1970ies and thus the design is very outdated. 

Several design weaknesses of the reactor cannot be remedied – in particular the possibility of violent power 

excursion in case of loss of safety systems and the vulnerability against external hazards.  

Besides earthquake, also terror attacks could cause a severe accident. A large amount of radioactivity can be 

released not only from the reactor core but also from the spent fuel pool that is located outside the 

containment.  

Moreover, material degradation due to ageing effects of the pressure tubes a persisting problem of existing 

CANDU plants have already occurred at the Cernavoda-1. 

The operating time of Cernavoda 1 and 2 is 30 years, which will last until 2026 and 2037, respectively. The 

operator (SNN) stated in February 2012 that an extension of 20 years for unit 1 in 2023 and for unit 2 in 2030 

is planned.  

CANDU reactors are designed to undergo refurbishment after approximately 25 years of operation, requiring 

a major outage to extend the operation time. A refurbishment project at two units of this type (CANDU 6) 

that was performed during the last years ran out of time and money. The operator had to react be stopping 

operation of the third unit once the designed operation time had been reached. 

Overall conclusion shows the risk of a severe accident with major release to the environment being 

unjustifiably high: Cernavoda units 1 and 2 need to stop operation immediately – in particular because the 

regulator does not intend to require comprehensive back-fitting measures.  

                                                           

18 The Canadian engineering company SNC-Lavalin won a contract to install reactor containment filtration systems. The 

equipment is to be supplied by Areva of France [WNN 2021c]. 
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4.4 PAKS NPP, HUNGARY 

In Hungary currently four WWER-440/V-213 reactors are operating at the Paks NPP, which is located 5 km 

south of the city centre of Paks, 114 km south of Budapest. The four units are placed in two building 

structures in a twin arrangement. The first grid connection of unit 1 was in 1982, unit 2, 3 and 4 followed in 

1984 and 1986 and 1987, respectively. The original design lifetime was 30 years.  

The units are currently undergoing a 20-year lifetime extension program that would keep them operating 

into the 2030s. Paks is planning to have added two new units of 1,000-1,600 MW each by then.19 

Paks NPP is owned and operated by Paks Nuclear Power Plant Ltd, which is a subsidiary company of state-

owned Hungarian Power Companies Ltd (Magyar Villamos Művek, MVM) [HAEA 2011]. In 2012, Paks NPP 

provided 14.9 TWh or 45.9 per-cent of the Hungary´s electricity [PRIS 2013]. 

4.4.1 CRITICAL REVIEW OF THE HUNGARIAN NACP 

Concerning the topics 1 – 3, in the Hungarian National Action Plan (NAcP) 49 detailed actions are listed. The 

implementation of improvement measures is clearly scheduled with the specified timeframe to implement 

all the measures until the end of 2018 [HAEA 2012]. 

The NAcPs as well as previous reports are accessible on the regulator’s website [ENSREG 2013]. 

The plant has not been originally designed to withstand earthquake loads, but due to the implementation 

of reinforcement and qualification measures the plant complies with the current seismic safety requirements. 

However during the stress tests, some weaknesses were identified, thus upgrading or fixing of Structures, 

Systems and Components (SSCs) is necessary: 

 A damage to the service building could lead to failure of the nearby common demineralised water 

storage tanks. The walls of the building need to be seismically qualified and, if necessary, reinforced 

or appropriate protection of the tanks by other means is to be provided by December 15, 2015.  

 The building for the plant fire brigade is not qualified against earthquake loads, thus intervention 

to protect the personnel and equipment in the fire brigade headquarters is to be performed by 

December 15, 2015. 

 To avoid the flooding of the turbine hall or the cable tunnels, an automatic shutdown of the main 

condenser coolant pumps is to be provided by December 15, 2015. 

 The consequences from the rupture of large diameter pipelines (main condenser cooling water 

system) which is not seismic qualified are to be investigated and the protection against a possible 

internal flooding is to be improved, if necessary (e.g. due to the construction of protective dam) by 

December 15, 2015. 

 The filter structures of the Essential Service Water System (ESWS) are not seismically qualified, so it 

is possible that heat removal fails in case of an earthquake. Thus analyses are to be conducted to 

understand whether this lack jeopardises the ultimate heat sink function and, if necessary, the 

adequate exclusion measures are to be implemented by December 15, 2015. 

                                                           

19 Five possible reactor models are considered: Korea Electric Power Co.’s APR1400, Westinghouse’s AP1000, Atmea’s 

Atmea1, Areva’s EPR, and Atomstroyexport’s AES-2006 [NW 29/11/12]. 
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 The protection of the not seismically reinforced 400 kV and 120 kV substations and the automatisms 

switching are to be evaluated and increased, if necessary, by December 15, 2014. 

 Fixing of the non-process equipment and maintenance tools that could adversely impact process 

equipment during outages are to be provided by December 15, 2014.  

 To cope with the simultaneous occurrence of an earthquake and rupture of the primary coolant 

circuit the existing symptom-based emergency operating procedures (EOPs) are to be re-assessed 

by December 15, 2013. 

A quantitative assessment revealed only narrow seismic safety margins - particularly soil liquefaction is a 

hazard. Soil liquefaction might occur in the acceleration ranges slightly exceeding the design basis, which 

can cause an uneven settlement of the buildings. The peer review team highlighted the importance of the 

planned measures and recommended the regulator to monitor the implementation. 

 The underground lines and connections (pipelines, cables) at risk due to potential settlement of the 

main building caused by liquefaction are to be re-qualified and, if necessary, modified by December 

15, 2017.  

 Additionally, a state-of-the-art analysis for the assessment of the existing margins of earthquake-

initiated building settlement and soil liquefaction phenomenon are to be performed by December 

15, 2018. 

The level of the machine room, which houses the safety important Essential Service Water (ESW) pumps, is 

below the water level of the Danube in case of the calculated Design Basis Flood (DBF)20. Thus, it is necessary 

to seal the penetrations of the machine room wall. The modification is to be performed by December 15, 

2015.  

Regarding extreme weather events, the peer review team highlighted the need for strengthening the 

protection (e.g. against extreme precipitation and snowmelt or lightning). During stress tests process 

numerical values of the safety margins of the extreme weather conditions were not available, because the 

evaluation of loads caused by weather impacts in frame of the Periodic Safety Review (2008) is not in 

compliance with modern expectations. A new assessment was to be conducted by 2012. The Authority´s 

review is on-going.  

 A list of such system components important to safety which are endangered by lightning are to be 

compiled by December 15, 2015. Based on the list, reinforcement will be specified. 

 The inspection and maintenance procedures to be applied in the situation of extreme low level of 

the Danube were not satisfactory. The missing instruction is to be developed by December 15, 2013. 

At Paks NPP a station black-out (SBO) is always connected with the loss of Ultimate Heat Sink (UHS). If the 

UHS is unavailable, the heat removal via steam generator (SG) may be initiated (secondary feed & bleed). 

But without any countermeasures the SG would dry-up within 4.5 hours, and core damage may occur in 

about 10 hours after the loss of power.21 

                                                           

20 In emergency situations, the ESWS supplies Emergency Diesel Generators (EDG), Emergency Core Cooling System (ECCS) 

and cooling of the Spent Fuel Pool (SFP) with cooling water; when the ESWS fails, only the fire water system could provide 

cooling water. 

21 In case of SBO occurring during operation at normal power 
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Without electrical power supply the circulation of the cooling water stops in the Spent Fuel Pool (SPF). Boiling 

could start after 4 hours already; damage to the cladding of the fuel assemblies may start after about 19 

hours. 

Several means providing alternate cooling and heat sink are necessary: 

 The available inventory of the stored demineralised water in all operation states is to be maximized 

(deadline March 15, 2014). 

 Access to the connection point of the auxiliary emergency feed-water system in accident conditions 

is to be improved, new connection points are to be established on the demineralised water tanks 

by December 15, 2015. 

 The supply mode of borated water inventories to the containment, including setting of boron 

concentration and storage, is to be regulated by December 15, 2018. 

 Power-operated filters of the ESWS are to be established by December 15, 2015. 

 A provision of appropriate electrical power supply is to be established that enables the bank filtered 

well plant to supply water to the ESWS via the existing connections in accident situations (deadline 

December 15, 2015). 

 The water supply from the fire water system to the ESWS through the technology cooling water 

system is to be solved by December 15, 2015. 

 The equipment necessary for the cooling water supply to at least one Emergency Diesel Generator 

(EDG) of each unit from the fire water system (so as the EDG can be started and operated in case 

of loss of the ESWS) is to be provided by December 15, 2015. 

 The accessibility of the water reserve available in the closed segment of the discharge water canal 

for the earthquake resistant fire water pump station is to be solved by December 15, 2018. 

 The fuel storage capacity of the diesel generators (DG) is to be increased by March 15, 2014. 

 The black-start capability (start-up from own diesel generator) for the Litér gas turbine is to be 

created by December 15, 2014. 

The program on development and implementation of hardware measures for Severe Accident 

Management and of SAMGs started before the Fukushima accident. In 2011, it was completed at unit 1, 

units 2 – 4 will be completed by 2014. HAEA requires the modifications necessary for the management of 

severe accidents to be completed prior to the expiry of the original design lifetime (30 years) for each unit. 

For Paks the goal now is to stabilize the molten core within the reactor pressure vessel by flooding the reactor 

cavity and external cooling of the vessel. The respective modification for units 3 and 4 are to be implemented 

by December 13, 2014 (modifications for units 1 and 2 are already completed). 

The Paks units are not equipped with a filtered containment venting system, and it is not intended to install 

such a system. HAEA requires the implementation of suitable measures to prevent over-pressurisation of the 

containment to avoid the release of radioactive material to the environment; this should be realised with 

filtered venting or additional measures for internal containment cooling and is be implemented by December 

15, 2018. 

Instead of a filtered venting system, the operator is preparing the installation of an active containment 

cooling system.  

After the first review of the NAcP, ENSREG pointed out that is a challenge for the authority to verify whether 

the external containment cooling solution is suitable to cope with the containment over-pressurisation 

phenomena and that the modifications will not impair any existing safety functions and satisfy the nuclear 

safety principles. 
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As a result of the EU Stress Tests, the severe accident management hardware provisions are to be improved:  

 Appropriately protected independent severe accident diesel generators (DGs) are to be installed by 

December 15, 2018. 

 For the construction of an external water supply route to the auxiliary emergency feed-water 

system, the necessary equipment is to be purchased by December 15, 2016. 

 A new water supply route to the spent fuel pools designed against external hazards and connected 

in the courtyard by flexible means is to be constructed by December 15, 2018.  

The on-site organisation and management of events, especially of multi-unit accidents, including severe 

damage to the infrastructure has to be improved. The following measures are necessary:  

 A SAMG to manage severe accident situation simultaneously taking place in reactor and the spent 

fuel pool is to be developed by December 15, 2018. 

 A Hydrogen monitoring system as part of the severe accident instrumentation for units 3 and 4 is 

to be installed by December 15, 2013 (installation for units 1 and 2 is already completed). 

 The hydrogen concentration in the reactor hall during severe accidents that simultaneously affect 

both units in the common reactor building was analysed in 2012. The need for further action to 

avoid hydrogen explosion will be defined according to the result of the analysis.  

 Because the plant is not fully prepared to manage liquid radioactive wastes generated in large 

quantities during a severe accident, procedures for management of such large volume of 

contaminated water are to be developed by December 15, 2015. 

 Air-conditioning of the Protected Command Centre (PCC) is to be improved by December 15, 2015. 

 For simultaneous management of severe accidents occurring on more than one (or even all) unit, 

the physical arrangement and instrumentation at the PCC are to be extended by December 15, 

2018. 

 A Backup Command Centre equivalent with the PCC is to be established by December 15, 2017. 

 Informatics mirror storage computers are to be installed both at the PCC and the Backup Command 

Centre by December 15, 2016. 

 A nuclear emergency response centre resistant to earthquakes of a peak ground acceleration (PGA) 

higher than DBE is to be established by December 15, 2016. 

 A software-based severe accident simulator is to be established by December 15, 2017; the training 

and exercise of multi-unit emergencies can take place after the implementation of that action.  

 The number of staff is to be determined; procedures for personnel and equipment provisions are 

to be developed by December 15, 2017. 

 The radio communication is to be assessed in the case of permanent loss of electric power and 

earthquakes and the necessary actions are to be performed by December 15, 2018. 

 A transportation vehicle providing adequate radiation protection under severe radiation conditions 

is to be purchased by December 15, 2018.  

4.4.2 CRITICAL REVIEW OF THE HUNGARIAN PLEX PROJECT 

A feasibility study on extending the operational lifetimes of the units by 20 years was carried out in 2000 

(and updated in 2005). Hungary was the first case where an environmental impact assessment (EIA) was 

required for a plant lifetime extension. In this context, in 2004, the Preliminary Environmental Study and in 

March 2006 the Environmental Impact Study was published. In November 2006 Hungary issued the 

environmental license for Paks lifetime extension.  



50 

The Hungarian Atomic Energy Authority (HAEA) is in charge of issuing the permission for operating the 

reactors beyond the design lifetime. Four years before applying for the license, the power plant had to create 

a program on how the units will be prepared for the lifetime extension. The program was evaluated, and the 

program implementation oversight was in the hands of the nuclear regulator. 

According to the study UBA [2012], despite the comprehensive lifetime extension program, several issues 

remain open. This concerns all important topics: Seismic hazards and design, ageing management program, 

reactor pressure vessel integrity, negative effects of power uprate, confinement integrity and severe accident 

management [UBA 2012]. 

In Hungary several regulatory guidelines for ageing management and in-service inspection have been 

implemented. These requirements define the basic scope of the ageing management programme at Paks 

NPP. A comprehensive and systematic approach for ageing management has been implemented in Paks 

NPP – at least this applies to mechanical components, as no further information concerning ageing 

management of structures and I&C components has been presented [UBA 2012].  

The Hungarian law prescribes that it should be applied for the license of the four units separately. The 

licensing process of the first unit started by the end of 2011, the decision of the authority was issued on 

18th December 2012. The operating licence was prolonged until 31th December 2032. The PLEX program 

of Paks 2 – 4 is on-going.  

Additionally, between 2002 and 2009, the thermal capacity of the units were up-rated to reach 108% (1485 

MWth), compared to the original value (1375 MWth), resulting in increased electric gross capacity to 500 

MWe each unit. A contract signed in May 2007 with Atomstroyexport relates to this work, in particular: new 

design fuel assemblies, modernisation of the in-core monitoring system, the reconstruction of the primary 

pressure control system, and the modification of the turbine and the turbine control system [WNA 2012b].  
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4.4.3 CONCLUSION NPP PAKS 

Originally, Paks NPP was not designed against seismic loads. A large effort was undertaken to upgrade the 

plant to the level of the design basis earthquake defined in the course of an updated seismic hazard 

assessment. While it remains a fact, that Paks NPP underwent comprehensive reinforcement and qualification 

programs, further upgrading of Structures, Systems and Components (SSCs) is necessary. It will be completed 

by 2015. 

However, the quantitative assessment revealed only narrow seismic safety margins. The biggest unsolved 

seismic issue is the potential for soil liquefaction, as it could act as an important initiator for the 

simultaneous a failure of several safety systems.  

Soil liquefaction might occur in the acceleration ranges slightly exceeding the design basis, which can cause 

an uneven settlement of the buildings. It is to assume that underground pipelines and cables could fail in 

this case. However, modifications are performed no earlier than 2017. Moreover, a state-of-the-art analysis 

for the assessment of the existing margins of earthquake-initiated building settlement and soil liquefaction 

phenomenon are not finished before2018. 

According to Austrian experts it is unclear whether active faults in the site vicinity are adequately considered 

in the seismic hazard assessment which is of utmost importance for the reliability of the assessments. It could 

turn out that the current protection against earthquakes is utterly insufficient. 

However, to assess the hazard, the current situation needs to be considered: regardless of its low probability, 

an earthquake can occur any day from now on over the next ten years. 

Without countermeasures, loss of electrical power supply and heat removal triggered by an external hazard 

result in core damage after approx. 10 hours; damage of the fuel in the Spent Fuel Pools starts after about 

19 hours. 

The implementation of hardware measures for Severe Accident Management (SAM) and Severe Accident 

Management Guidelines (SAMGs) had started before the Fukushima accident happened. The original 

program was completed for unit 1 in 2011, and will be completed for units 2 – 4 by 2014. The regulator HAEA 

required that these modifications are to be implemented prior to the lifetime extension.  

The most important SAM issue is the external cooling of the reactor pressure vessel (RPV) by flooding the 

reactor cavity to prevent RPV failure. The calculations of this in-vessel retention (IVR) concept were only 

justified in the frame of limited experimental analyses. The peer review team recommended considering a 

failure of RPV, despite the fact the Hungarian regulator claims a failure of this utterly new measure as being 

highly unlikely. However, consequences of RPV failure are not evaluated in the NAcP. 

During the (slow) increase of pressure caused by steam produced during the external cooling of RPV, the 

unfiltered release through the stack could be necessary to avoid containment failure. However, the 

installation of a filtered venting system is not planned. Instead an active containment cooling system should 

be introduced, but no earlier than 2018. Moreover the envisaged specific containment cooling is only 

adequate if reliable in-vessel retention can be guaranteed, but this is not completely proven yet as mentioned 

above.  

As a reaction of the stress tests, further studies and measures are necessary to remedy deficiencies that the 

stress tests revealed. The topics to be resolved concern e.g. water supply to the spent fuel pools, multi-unit 

accidents, prevention of hydrogen explosion etc. Despite the fact this are of high safety importance this 

measures are not pre-conditions for the approval of lifetime extension. 
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All four units are supposed to be in operation for additional 20 years. Unit 1 has received its operation licence 

last year.  

Ageing is an issue at all units of Paks NPP, because they are near the end of their design operation time. In 

addition, the power uprates which were performed during the last years accelerated the ageing process. 

Degradation effects of safety-related systems and components could significantly aggravate the 

development of an accident or even trigger a severe accident. 

To remedy all design weaknesses (in particular wall thickness of the reactor building and location of the 

Spent Fuel Pool) of the outdated WWER 440/V213 reactor type is not possible. Taking into account the 

existing risk of terrorism, it is irresponsible to operate a nuclear power plant with such a high vulnerability to 

external attacks. 

The combination of design weaknesses, ageing impacts and the seismic hazards revealed by the stress tests 

show that the Paks NPP life-time extension would pose an irresponsibly high nuclear risk. The four units at 

Paks should be shut-down immediately. 
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4.5 KHMELNITSKY, ROVNO, SOUTH UKRAINIAN AND ZAPORIZKA NPP, UKRAINE 

Ukraine's 15 operating reactors – six units at Zaporozhe NPP, three at South Ukraine NPP, four at Rovno NPP 

and two at Khmelnitsky NPP– are all WWERs, most of which entered service in the 1980s. All NPPs are 

operated by the state company “Energoatom” (National Nuclear Energy Generating Company – NNEGC). In 

2012, these reactors provided 84.8 TWh or 46.2 per-cent of the Ukrainian’s electricity [PRIS 2013]. 

The Khmelnitsky NPP (KhNPP) with two WWER-1000/V320 reactors is located in Slavuta area, near a tributary 

to the Pripyat River. The first unit started operation in 1987, the second in 2004.22 On 26 July, 2012 Ukraine’s 

cabinet of ministers approved a feasibility study for the completion of units 3 and 4, which were 75% and 

28% complete, respectively. The units are expected to be commissioned in 2017 and 2019 [NW 02/08/12].  

The Rovno NPP (RNPP) comprises two WWER-440/V213 reactors (RNPP1/2) and two WWER-1000 reactors 

(RNPP-3/4). In December 2010, the operating licenses of RNPP-1/2, Ukraine’s oldest operating reactors (30 

years) were extended for 20 years.  

The South Ukraine NPP(SUNPP), located in the south of Ukraine about 350 kilometres south of Kiev, 

comprises three WWER-1000 units. Unit 1 and 2 are of type V302 and V338, respectively, that are both earlier 

models of the V320 reactors [WENISCH 2012b]. 

The Zaporizka NPP (ZNPP), with six operating WWER-1000 units, is the largest NPP in Europe. ZNPP 1-5 were 

successively brought online between 1985 and 1989, and ZNPP-6 was added in 1995 [SCHNEIDER 2012].  

4.5.1 CRITICAL REVIEW OF THE UKRAINIAN NACP 

Concerning the topics 1 – 3, the Ukrainian NAcP listed 32 measures. The envisaged end of implementation 

is December 2017. The NAcP has been discussed and agreed at the open Board meeting of the national 

regulator, stakeholders including non-governmental organisations and media. The NAcP was not published 

in December 2012 like the other NAcPs, but in March 2013 [SNRIU 2013]. 

A number of safety improving measures were defined before the Fukushima event and are subject to the 

on-going “Comprehensive (Integrated) Safety Improvement Program for Ukrainian NPPs” (C(I)SIP). Measures 

identified from the lessons of the Fukushima accident and of the ENSREG stress tests review have been 

incorporated into the C(I)SIP. 

A measure is first implemented in a pilot power plant unit with reactors of each design and afterwards in 

other units taking into account the experience gained from the pilot NPP. The pilot units are RNPP-1 (WWER 

440/V213), ZNPP-1 (WWER 1000/V320) and SNPP-1 (WWER-1000 small series). 

Re-assessment of the seismic hazard has been carried out between 1999 and 2010. The recently accepted 

design basis of 0.1g (0.12g SUNPP) is in compliance with the IAEA recommendation for the minimum PGA. 

However, the seismic evaluations for some parts of the equipment, piping, buildings and structures important 

to safety are not yet completed; furthermore not all envisaged seismic safety upgrading measures are 

implemented. Also secondary effects that may be induced by seismic impacts (floods and fires) are not 

                                                           

22 Construction of units 2 – 4 was halted as part of a moratorium on new plant construction in 1990. 
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analysed yet. Detailed analyses of seismic impacts are envisaged within PSA for external hazards as well as 

additional seismic investigations of NPP sites are necessary. Furthermore, the stress test revealed that seismic 

monitoring systems were not installed. 

 Equipment qualification (harsh environments and seismic impacts) is to be performed by 2015 

(exception: ZNPP-1 2013, SUNPP-1/2 2013/14). 

 Seismic resistance of structures, systems and components (SSCs) important to safety are to be 

evaluated by 2017 (exception: RNPP-1/2 2015; ZNPP-1 2014; SUNPP-1/2 2013/14). 

 Seismic monitoring systems are to be implemented by 2016 (exception: ZNPP 2015; SUNPP 

completed in 2012).  

 A full range of initiating events for all reactor states and Spent Fuel Pools (SFP) within the PSA 

(including seismic induced fire and flooding) are to be considered by 2016 (exception: RNPP-1/2 

2017; ZNPP-1 2013; SUNPP-1/2 2013/14). 

Regarding external flooding hazards, the safety margins evaluation revealed weaknesses for the ZNPP, which 

is most likely to be affected by impacts of the combination of upstream dam (Kakhovka Hydroelectric Plant) 

breaking caused by an earthquake and followed by a flood. Measures against possible flooding of the reactor 

building have been implemented; however, according to the Ukrainian stress tests report additional detailed 

analyses of possible loss of Ultimate Heat Sink (UHS) still need to be performed [UCR 2011]. These analyses 

are not mentioned in NAcP. 

Regarding extreme weather events, the peer review team pointed out that special attention should be paid 

for defining vulnerability in case of beyond design basis tornado. Furthermore safety margins with respect 

to extreme wind and extreme snow are not evaluated yet, thus the possible threat of these extreme events 

is not known. According to the NAcP, the impact of severe weather conditions is to be considered in more 

detail within periodic safety reviews (PSRs) of the NPPs. However, these will take place not early as in the 

next decade. 

The stress tests revealed that in case of Station Blackout (SBO) reliable measures to prevent core damage do 

not exist.23 The minimum time available to prevent core damage after and loss of heat removal occurred 

without operator actions are (assuming power operation before the initiating event started): only 3.5 – 4 

hours for WWER-1000 units and 10 hours for WWER-440/V-213 units.24 

The time available until the fuel stored at the Spent Fuel Pool (SFP) heats up and reaches temperatures above 

the design limits are 6.5 hours for WWER-1000/V302 or V338 units, 7.5 hours for WWER-1000/V320 units 

and 16 hours for WWER-440/V-213 units. 

Based on the stress test results, approaches were developed for alternative cooling and heat removal. 

Measures have been developed to use mobile diesel generators and pumping units (MDGPUs) for alternative 

emergency power supply, makeup of steam generator (SGs) and spent fuel pools (SFPs) and emergency 

                                                           

23 It is planned that fire trucks provide make-up water to the steam generators (SG). According to the Peer Review team 

the time needed to install this mobile equipment could be several hours, especially taking into account degraded 

conditions. 

24 The modernisation of Instrumentation and Control (I&C) and DCpower supply was planned within the C(I)SP, which 

increases the discharge time of batteries (1 hour to 8 hours) and thus prolongs the coping times. 
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water supply to safety relevant critical equipment. However, the deployment of the MDGPUs requires more 

detailed analyses. 

 For SUNPP-1/2, the reliability of emergency power supply is to be improved by 2013/2014.  

 For KhNPP, RNPP and ZNPP, emergency power supply in long-term loss of power is to be 

implemented by 2017 (exception: RNPP-1/2, ZNPP-1 2014).  

 Measures to ensure SG makeup from mobile pumping units (MDGPUs) in case of Station Blackout 

(SBO) are to be implemented by 2017 (exception: RNPP-1/2, ZNPP-1 2014and SUNPP-1/2 2013/14). 

 Measures to ensure SFP makeup from mobile pumping units (MDGPUs) in case of SBO are to be 

implemented by 2017 (exception: RNPP-1/2, ZNPP-1 2014 and SUNPP-1/2 2013/14). 

 Detailed analyses of primary system makeup in case of loss of power and/or ultimate heat sink are 

to be performed by 2015. 

 The functionality of safety relevant equipment is to be ensured by 2017 (exception: RNPP-1/2, 

ZNPP-1 2014 and SUNPP-1/2 2013/14).  

 Symptom-oriented emergency operating procedures (EOPs) for management of design-basis and 

beyond design-basis accidents in low power and shutdown states are to be developed and 

implemented by 2014 (exception: RNPP-1, ZNPP-1, SUNPP-1 2013). 

The stress tests revealed neither Severe Accident Management Guidelines (SAMGs) nor hardware provisions 

for SAM had been implemented (e.g. for prevention of hydrogen explosions). The implementation program 

is on-going: 

 Containment hydrogen control systems for beyond design-basis accidents are to be implemented 

by 2017 (exception: RNPP-1/2 completed; ZNPP-1 2014; SUNPP-1/2 2013/14). 

 Hydrogen mitigation measures for beyond design-basis accidents (BDBA) are to be developed and 

implemented by 2017 (exception: RNPP-1/2 2015; ZNPP-1 2014; SUNPP-1/2 2013/14). 

 For WWER-1000 reactors, containment filtered venting systems are to be implemented by 2017 

(exception: ZNPP-1 2014; SUNPP-1/2 2013/14).  

 For WWER-440 reactors (RNPP-1/2), the need to implement containment filtered venting system is 

being assessed by 2014. Probably this system will not been implemented.  

 Additional instrumentation (reactor coolant level, hydrogen concentration in the containment, etc.) 

is to be installed and existing instrumentation is to be improved by 2017 (exception: RNPP-1/2, 

ZNPP-1 2014; SUNPP-1/2 2013/2014). 

Taking measures for molten corium stabilisation is foreseen. For WWER-440 reactors, the strategies are 

aimed at keeping the molten corium in the reactor pressure vessel; decisions on external RPV cooling are 

under consideration. For WWER-1000, the measures are aimed at keeping the molten corium within the 

containment; but currently only the urgent issue is mentioned: 

 To prevent an early containment in WWER-1000 reactors bypassing in case of spread of molten 

corium to the containment, the channels of ionisation chambers are to be plugged by 2017 

(exception:ZNPP-1 2014; SUNPP-1/2 2013/14). 

The impact of an accident on the Main and Emergency Control Rooms (MCR and ECR) has not been analysed 

and may be a relevant cause of a cliff edge effect in the case of evacuation.25.  

                                                           

25 Meanwhile, necessary iodine filters were installed to ensure the habitability of MCR and ECR during accidents at RNPP 
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 To improve the operability and habitability of the MCR and ECR the self-contained air conditioners 

by those qualified for harsh environments and seismic impacts are to be replaced by 2017 

(exception: RNPP-1/2 2013, ZNPP-1 2014; SUNPP-1/2 2013/14).  

Severe accident management guidelines (SAMGs) for full power were developed for all reactor designs in 

2012. The new SAMGs development takes into account mutual impacts of the core and SFPs and accidents 

occurring simultaneously on more than one unit at the site.  

 New SAMGs (including low power and shutdown states, and accidents in the spent fuel pools) are 

to be developed by 2015 (exception RNPP-1, ZNPP-1 2014; SUNPP-1/2 2013/14).  

SAMG implementation envisages training of NPP personnel on severe accident management strategies, 

structure and actions. There are training centres at NPPs that are provided with technical training means 

including full-scope simulators (FSS). The FSS upgrading program (2011–2015) is on-going.  

The sufficiency of engineering machines (e.g. to clear blocked access roads and to enable access of mobile 

units to connection points) in case of extensive infrastructure damage and routes is to be analysed in SAMG 

development/revision.  

The following analysis are planned, the time schedules for necessary back-fitting are not mentioned: 

 The strategy for possible corium confinement within the reactor pressure vessel is to be analysed 

by 2015. 

 Seismic resistance of buildings and systems of the on-site emergency centres and their robustness 

in severe accident conditions are to be evaluated by 2015.  

 Analysis of severe accident phenomena based on available experimental data and improvement of 

computer models are to be conducted by 2017.  

 The need and possibility to qualify power unit components that may be involved in severe accident 

management for harsh environments are to be analysed by 2015. 

 Detailed analysis and development of conceptual decisions on management with large volumes of 

contaminated water are to be performed by 2016. 

The SNRIU participates in WENRA activities as an observer since 2009. An annual plenary WENRA session is 

to take place in autumn 2013 in Ukraine. The SNRIU intends to perform self-assessment and develop an 

action plan to harmonize national documents with the WENRA reference levels by 2014.  

4.5.2 CRITICAL REVIEW OF THE UKRAINIAN PLEX PROJECT 

The first units in Ukraine that have reached their original 30-year operation time were unit 1 and 2 of the 

Rovno NPP (RNPP-1/2), which are WWER 440/V213 units. Although safety relevant issues, identified in 1999, 

are not completely solved, the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) granted 20-year 

lifetime extensions in December 2010. The plant operator noted that more than USD 300 million has been 

invested in the modernisation of RNPP-1/2 since 2004 [OECD 2012]. 

In mid-2011 (after the Fukushima accident), the updated Ukraine Energy Strategy to 2030 emphasised the 

role of nuclear power while improving safety. In mid-2012, Energoatom announced that the eleven oldest 

WWER-1000 reactors are to receive 20-year life extensions by 2030 [WNA 2013e]. On 26 April 2012, the 

Prime Minister of Ukraine stated that the modernisation of one unit requires about UAH 4 billion (about USD 

500/kWe) [OECD 2012].  
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The original operational lifetime of unit 1 of South Ukraine (SUNPP-1) ended on the 31th December 2012. At 

the SNRIU Board meetings on 27 April and 20 December 2012, the status of the C(I)SIP26 measures at SUNPP-

1 in the context of long-term operation was addressed. In February 2013 the SNRIU said that SUNPP-1 could 

receive life time extension after a major upgrade during 2013. 

The stress tests revealed that Ukrainian NPPs are compliant only with 172 of the 194 requirements according 

to the IAEA Design Safety Standards published in 2000.27 Meanwhile, even this IAEA document is outdated; 

in January 2012 new safety requirements was published by IAEA [AEA 2012]. Implementation of necessary 

improvements is on-going under the recently adopted Upgrade Package (e.g. (C(I)SIP). Scheduled 

completion of the main improvements is 2017. 

The lack of compliance with the IAEA Safety Standards is remarkable, because during the last decade, the 

European Commission, the EBRD, EURATOM and the IAEA supported the safety analysis of WWER reactors 

and provided significant funds to enhance the safety of these plants:  

During the first safety upgrade program (2002 – 2005), only 35% of the envisaged 89 measures were 

implemented. The second program (2006 – 2010) was supposed to complete the safety measures from the 

former program and to adopt the new requirements formulated by international organisations (IAEA and 

WENRA). But only 80% of 253 pilot measures28 and 37% of 472 adopted measures were implemented by 

2010 [WENISCH 2009b].  

Taking into account the results of implementation of former safety upgrade programs, outcomes from joint 

IAEA-EU-Ukraine project and strengthening national regulatory requirements, the United Safety Upgrade 

Program (2010 – 2017) has been developed [BOZKOA 2009].  

In March 2013 the European Bank for Reconstruction & Development (EBRD) announced a EUR 300 million 

loan for comprehensive reactor safety upgrading to the end of 2017, matching EUR 300 million from 

EURATOM29 [EBRD 2013].The total cost for the program to bring all of Ukraine's 15 operating nuclear 

reactors into line with both international standards and local regulations is estimated at €1.45 billion (about 

$140/kWe) [OECD 2012].  

The project will include up to 87 safety measures addressing design safety issues comprising the replacement 

of equipment in safety relevant systems, improvements of instrumentation and control for safety relevant 

systems and the introduction of organisational improvements for accident management [EBRD 2013]. 

According to EBRD, the project will also allow, as part of the loan requirements, to engage with the authorities 

to ensure that the results of the stress tests are implemented. EBRD pointed out that the project is a key 

                                                           

26 Measures identified from the lessons of the Fukushima accident and of the ENSREG stress tests review have been 

incorporated into the “Comprehensive (Integrated) Safety Improvement Program for Ukrainian NPPs” (C(I)SIP). 

27 Under the framework of joint IAEA-EC-Ukraine projects a design evaluation was carried out to conduct an overall 

evaluation of the compliance of the design of the Ukrainian NPPs with the IAEA Safety Standards “Safety of Nuclear Power 

Plants: Design” (NS-R-1) published in 2000. 

28 KNPP-2 (WWER-1000/V320), RNPP-1 (WWER-440/V213), SUNPP-1 (WWER-1000 small series) were selected as pilot 

units, because these units represent the three types of reactors operating in Ukraine. 

29 This EURTOM loan however was not granted yet (status as per August 12 2013) 
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milestone to the further integration of Ukraine into the EU and is a requirement for the energy cooperation 

between EU and Ukraine [EBRD 2012].  

The scheme is the EBRD's largest loan-funded nuclear safety project to date. While Energoatom claims that 

the safety upgrade program will address only safety measures and are not a precondition for the lifetime 

extension of reactors, according to report published in 2012 this claim is misleading: SUP measures will be 

used to provide a sufficient safety level to extend operations. The report criticised also that EBRD and 

EURATOM intend to finance this high-risk project without the public in EU member states being informed 

[WENISCH 2012b].  

4.5.3 DISCUSSION AND CONCLUSIONS 

The evaluation of the Ukrainian NPPs in the light of the Fukushima accident and in accordance with the 

ENSREG stress tests specification has revealed a number of serious shortcomings.  

In the Ukraine the method used for safety improvements is specific: A measure is first implemented in a pilot 

of each design and afterwards in the other units. The pilot units are RNPP-1 (WWER 440/V213), ZNPP-1 

(WWER 1000/V320) and SNPP-1 (WWER-1000 small series). The idea is to take into account the experience 

gained from the pilot unit, but this will prolong the dangerous situation currently existing at most Ukrainian 

NPPs. The necessary comprehensive back-fitting programme will take at least until 2017. But the envisaged 

modification will not remedy all known shortcomings.  

Seismicity at the NPP sites is one of the issues the Ukrainian operator and regulator do not devote the 

necessary attention to. Seismic safety upgrading is on-going (deadline 2015).But also after implementing the 

envisaged back-fitting measures the protection against earthquake probably is not sufficient. Further back-

fitting will be prove necessary after the PSA systematically will have analysed the threat of external hazards 

including floods and fires that may be induced by seismic impacts (deadline 2016) and the seismic 

evaluations for safety relevant equipment are performed (deadline 2017). Therefore the protection against 

external hazards is not secured for several years to come. 

Regarding external flooding, the safety margins evaluation revealed weaknesses for the ZNPP with its six 

units. Detailed analyses of possible loss of Ultimate Heat Sink (UHS) that need to be performed are not 

mentioned in the NAcP. 

Regarding extreme weather events, vulnerability in case of beyond design basis tornado exists. Safety 

margins with respect to extreme wind and snow are not evaluated yet. According to the NAcP, the impact of 

severe weather conditions is to be considered in more detail within periodic safety reviews (PSRs) of the 

NPPs. However, these will take place not early as in the next decade and out of the scope of the stress tests 

process.. 

In case of loss of all power supply (SBO) the time span for operator actions to prevent core damage and/or 

fuel damage at the Spent Fuel Pool (SFP) after Station Black-out (SBO) and loss of heat removal are only 

several hours. However, currently reliable measures to prevent core melt accident do not exist. This very 

serious situation highlights one more time that both operator and regulator do not adequately respond to 

the danger of a severe accident. 

Upon the stress test results, the use of mobile diesel generators and pumping units (MDGPUs) for alternative 

cooling and heat removal is foreseen. These measures are to be incorporated by 2017.  
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The stress tests revealed neither Severe Accident Management Guidelines (SAMGs)nor hardware provisions 

for SAM had been implemented (e.g. for prevention of hydrogen explosions). The issue of severe accidents 

is currently being addressed, but it is not clear whether the Ukrainian NAcP requires sufficient measures. The 

peer review team insisted that the SAM provisions planned by Ukraine are far from being sufficient. 

For WWER-1000 reactors, the implementation of containment filtered venting systems is foreseen. The 

urgent measure (plugging of the channels of ionisation chambers) to prevent an early containment bypass 

(about one hour) is also only performed by 2017.This approach cannot be called “urgent implementation”. 

The ENSREG asked the national regulators to consider urgent implementation of the recognized measures 

to protect containment integrity. 

For RNPP-1/2 (WWER-440 reactors), probably a containment filtered venting system will not be 

implemented. An external reactor pressure vessel (RPV) cooling to contain the molten corium in the RPV, 

which was pre-condition for lifetime extension at Paks NPP is only under consideration. 

Necessary analysis e.g. for the strategy for possible corium confinement within the reactor pressure vessel 

are planned by 2015, the deadline for the implementation of resulting back-fitting measures is not 

mentioned.  

The operability of severe accident management measures after an earthquake and under severe accident 

conditions has to be reviewed by 2015. The time schedule for resulting improvements and the scope of 

taking external hazards into account are not defined yet.  

The next several years will be the prolongation of the status quo: An external event would affect all units at 

the site simultaneously, but at the same time staff at the NPP will not be able to cope with a severe accident. 

This might result in very serious consequences: Large radioactive releases from the reactor cores and the 

spent fuel pools. 

Ageing is an increasingly serious issue at the Ukrainian NPPs (with the exception of KNPP-2 and RNPP-4). 

This is only one issue contributing to the irresponsibly high operational risk.  

The stress tests showed that after decades of safety programs, Ukrainian reactors remain to be plants posing 

exceptionally high risk. The continuous upgrading programs did not deliver the promised results. The peer 

review team pointed to one of the main problems, which are characteristic of nuclear safety in the Ukraine: 

the constant severe delay of the implementation of upgrading measures. It cannot be expected that the 

Ukrainian NPP will ever reach the safety level recommended by the stress tests, not even the safety level of 

comparable NPPs in the EU. 

While the operator Energoatom claims that the safety upgrade program (SUP) will address only safety 

measures and are not a precondition for the lifetime extension of reactors, according to report published in 

2012 this claim is misleading: SUP measures will be used to provide a sufficient safety level to extend 

operation time of all units.  

However, in spite of lack of safety culture and reliable management of safety programs, the operator 

Energoatom with the support of the government of Ukraine is preparing 20-year life time extensions for all 

its reactors.  

In December 2010, although safety relevant issues are not completely solved, the State Nuclear Regulatory 

Inspectorate of Ukraine (SNRIU) granted 20-year lifetime extensions for RNPP-1/2. These are WWER 

440/V213 units with several design weaknesses: the reactor building and the spent fuel pool building are 

relatively vulnerable against external events.  
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The operational lifetime of SUNPP-1 ended in 2012. In February 2013 the SNRIU said that SUNPP-1 could 

receive life time extension after a major upgrade during 2013. Most of the measures of the NAcP are intended 

to be implemented for SUNPP-1 in 2013; and for SUNPP-2 in 2014. 

The on-going safety upgrade program is the EBRD's largest loan-funded nuclear safety project to date. 

According to EBRD, the reason for the support is the important role that nuclear power still plays in the 

energy mix of Ukraine. Obviously, the dependence of dangerous nuclear power plants have to result in other 

way of support by EBRD. 

Ukraine needs to receive support for implementing nuclear safety programs with strict deadlines for 

operation time. A shut-down program has to be established and the most dangerous NPP will be shut-down 

one by one as quick as possible. 

Obviously the Nuclear Authority and the operator plan to have nuclear power plants operating for several 

more years with the known shortcomings. In view of the existing risk and insufficient safety culture, the units 

have to stop operation soon -design lifetimes need to be shut-down dates. 
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USEFUL LINKS 

Links about the Joint Project 

Joint Project Webpage – 

http://www.joint-project.org 

Links to Joint Project members 

Hnuti Duha (CZ) - http://www.hnutiduha.cz/  

Calla (CZ) - http://www.calla.cz  

South Bohemian Mothers (CZ) - http://www.jihoceskematky.cz/en/  

Za Zemiata (BG) - http://www.zazemiata.org  

Terra Mileniul III (RO)- http://www.terraiii.ngo.ro/  

Energy Club (HU) - http://www.energiaklub.hu/en/  

Hungarian Environmental Partnership Foundation (HEPF) - http://okotars.hu/en 

Austrian Institute of Ecology (AT) - http://www.ecology.at  

 

Links about Stress Tests 

http://www.ensreg.eu/eu-stress-tests 
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