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1 Introduction
Worldwide the nuclear power plant fleets are ageing. In general, reactors were designed for a
lifetime of 30 to 40 years. After that, material ageing was assumed to become too grave. In these
early years of the nuclear industry the replacement with advanced reactor types was envisaged.
However, constantly increasing costs and notorious construction times delays prevented this.
Therefore, plant lifetime extensions, in short PLEX, started to boom, operation time of the nuclear
power plants started being prolonged up to 50-60 years. Currently additional 20 years seem to be the
average; however, industry is trying to establish 80 years as the acceptable operation time of NPP.
Mean age of nuclear reactors is 29 years (in 2015) worldwide, meaning that half of the world-wide
fleet is 30 years or above as Figure 1: Number of reactors world-wide in operation by age as of 24
March 2013 (data from IAEA PRIS database) Figure 1 shows.
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Figure 1: Number of reactors world-wide in operation by age as of 24 March 2013 (data from IAEA PRIS
database)

In Europe, the situation is even more pressing (see Figure 2). The European nuclear fleet has a mean
operation age of 30 years. And in the next years, another big part of the fleet will reach the 30 year
milestone.
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Figure 2: Number of reactors in Europe (EU, CH, Ukraine) in operation by age as of 24 March 2013 (data from
IAEA PRIS database, based on a ods-table by Jan Haverkamp from 2014)

Though it is still disputed if PLEX procedures are to be subjected to an environmental impact
assessment according to the ESPOO Convention, EC and national regulations, no nuclear project is
likely to be approved without public participation first. Apart from the EIA regulation, it is the
Aarhus Convention that creates legal possibilities to get access to environmental information.
But what type of information is important when the lifetime of old NPP is up for prolongation? What
are the topics that NGOs, the interested public and authorities of non-nuclear countries or worried
about, which aspects should neighboring countries pay special attention to?
In this brochure, we present the important topics for PLEX which need to be taken into account both
during participation procedures and in information requests. This paper focuses on the safety
aspects which are covered in detail; in addition some other important aspects are also mentioned.
Chapter 2 of this brochure describes the recent legal situation. Chapter 3 discussed in detail the
relevant topics for PLEX procedures, focusing on safety-relevant issues. Recent and future NPP PLEX
procedures in the Joint Project countries are summarized in chapter 4. Conclusions of the most
important aspects are drawn in chapter 5.
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2 2014: EIA Environmental Impact Assessment for NPP
Lifetime Extensions
Until 2014 nuclear power plants were granted life time extensions without having being subject to an
Environmental Impact Assessment. The operator filed an application and after some negotiations on
the extent of upgrade measures, was granted the license by the National Nuclear Regulator.
The procedure of life time extension (PLEX) usually concern the NPP operation beyond 30 years of
the reactor operation.
Until now the public was completely excluded and most likely not even aware of this decision. As in
other decision processes, the Environmental Impact Assessment is the only legal obligation to inform
and engage the public in national law. The ESPOO Convention on transboundary EIA as a UN ECE
Convention extends this right to potentially affected countries and their public outside the state of
origin. However, not for NPP life time extension, where of course the operators with active support
of regulators had myriads of counter arguments: public does not know about nuclear safety, the
plant is already operating anyway, there are no alternatives so why discuss them, there is no need
because the 30 year end of lifetime is not a legal definition, therefore the usual 10 year Periodic
safety review is sufficient, the ESPOO Convention does not mention PLEX and it does not fall under
any of the criteria, because neither technology nor capacity is changed.
Fukushima 2011
In June 2011 after the nuclear disaster in Japan, which took place right after the units had received a
life time prolongation license for 10 more years the MOP ESPOO for the first time invited an NGO
representative to speak on nuclear. So Patricia Lorenz (FOEE) had the opportunity to also raise this
issue, that Annex I of the Convention lists the activities, which could have negative cross-border
impacts, nuclear life time extension was not included, but the key demands I made1:
PLEX Need to be treated as new-built NPP
SEA (Strategic Environmental Impact Assessment): are there other options?
Safety etc. needs to fulfill current standards
Particular risk: Safety margins are reduced
Is there a solution for nuclear waste?
We demand a clear formulation in the ESPOO Convention that PLEX and power uprate is subject to
EIA/ESPOO
And even under this shock of disaster e.g. the head of Slovenian nuclear authority Mr. Stritar and
later head of ENSREG (to oversee the stress tests) said clearly that he is against this and does not see
any need in this, only the nuclear authorities have a right to talk about this issue. The EU Commission
promised to take a lead, but never answered any of requests what is happening – nothing of course,
because it seems to considered a dangerous issue for dozens of nuclear power plants across Europe.
1

http://www.unece.org/fileadmin/DAM/env/eia/documents/mop5/Nuclear_Lorenz.pdf
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The EIA are therefore in many cases the only chance also for the public to receive any information on
the nuclear project and to deliver comments, which the authorities need to take into due account.
For nuclear power plants until now only new built was subject to EIA, no uprates (increase of
installed power) with major technical changes nor the Life time extensions.

ESPOO Convention:
The Espoo (EIA) Convention sets out the obligations of Parties to assess the environmental impact of
certain activities at an early stage of planning. It also lays down the general obligation of States to
notify and consult each other on all major projects under consideration that are likely to have a
significant adverse environmental impact across boundaries
The Convention was adopted in 1991 and entered into force on 10 September 1997
(http://www.unece.org/env/eia/eia.html)
The problem with demanding an EIA was that the design life time for reactors was believed to be
usually 30 years (first generation VVER 440/230 only 25 year) but no real provisions were made what
should happen once this is reached.
Common practice simply consisted of conducting another standard Periodic Safety Assessment which
is done in most or even all EU countries after 10 years of operation as a routine measure.

Breakthrough 2014
In 2010 the Ukrainian Safety Authority gave permission for NPP Rivne 1 and 2. After 30 years the
plant was licensed to operate for another 20 years. Ukrainian NGOs took a complaint against this to
the ESPOO Compliance Committee.
It has investigated this request from the Ukrainian NGO EcoClub Rivne, whether the plant lifetime
extension (PLEX) of the Rivne 1 and 2 nuclear reactors in Ukraine should have been submitted to a
(transboundary) Environmental Impact Assessment under the Espoo Convention. The
Implementation Commission reached the conclusion that this is indeed the case and concluded that
Ukraine will have to do such an EIA at least before the finalisation of the next periodic safety review
of these reactors. The Espoo Implementation Committee concluded that not only the construction of
the reactor needs an EIA, but also PLEX and that an automatic prolongation is not admissible.
“Following the presentation of the views by each of the Committee members, the Committee reached
a consensus that the extension of the life-time of a nuclear power plant, even in absence of any
works, was to be considered as a major change to an activity and consequently subject to the
provisions of the Convention. ”2
But the nuclear superpowers (UK, France and Finland) woke up to this danger and started (first time
ever in history) to lobby against this IC view from becoming a MOP decision at the meeting itself.

2

http://www.unece.org/fileadmin/DAM/env/documents/2012/eia/ic/ece.mp.eia.ic.2012.4.e.pdf
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Key issues concerning the implementation of EIA for PLEX
This decision is clear, however, states remain reluctant in implementing it and requiring their NPP
operators to conduct an EIA. Their main argument consists of claiming, that this decision is targeted
at the Ukrainian Rivne 1 and 2 units only, due to specific circumstances, which are not elaborated. It
is not acceptable and not in line with the application of an international convention to single out one
individual country.

30 years life time
With the exception of Cernavoda (CANDU) all reactors in the JP countries are VVER second
generation reactors, and are facing PLEX.
In Ukraine, the Complex Program (“Complex Program of Works to Extend [the] Operation Lifetime of
Existing Nuclear Unit of Nuclear Power Plants”) refers to 30 years as the designed lifetime of the
nuclear units. The program specifically mentions and addresses three nuclear units: the 1st and 2nd
at Rivne NPP and the 1st at South Ukrainian NPP.
The Czech authorities confirmed that the design life time for Dukovany NPP is 30 years and a special
procedure under administrative law is under way (SUJB letter to SBM, 29th August 2014). The
operator has to apply for this prolongation and fulfill a set of safety upgrades.

More issues for EIA
The focus is very much on safety however, there are also other question an EIA would be able to
inquire: Is the situation of the relevant NPP the same as 30 or 40 years when it was licensed for
operation? Have industrial complexes, living quarters or streets been built in direct neighbourhood of
the NPP? Most likely, as well as an increase in air traffic has taken place. The threat of terror and
sabotage is certainly an utterly different. Are there alternative technologies which did not exist 30 or
40 before? Is nuclear fuel supply available under conditions as 30 years before, or is supply actually
taking place under completely different conditions, e.g. in the midst of military conflict in the case of
Ukraine and its dependency on Russian fresh fuel as well as the taking back of the fuel unloaded from
the spent fuel pools? Is it justifiable to call nuclear a reliable “quasi-domestic” energy source under
those circumstances in other countries with VVER-reactors?
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3 Good practice in PLEX participation procedures
In this chapter, we introduce the essential PLEX topics which have to be taken into account in a
participation procedures and information requests. The focus is on safety aspects which are covered
in detail; in addition also other important aspects are considered.
All European nuclear regulators and utilities are facing problems linked to the ageing of the fleet,
which should be broadly understood as the physical degradation of structures, systems and
components (SSC) as well as the obsolescence of technologies, design, and losses in the transmission
of human know-how. (NTW 2014)
Ageing directly impacts the possibilities of lifetime extension of nuclear facilities, one of the two key
challenges (together with nuclear waste) identified by the European Commission in its Strategic
Energy Technology Plan (NTW 2014). Ageing and its effects have to be taken into account for safety
measures and have to be included in new regulation regimes.
Besides safety aspects and related possible radiological effects, the question of alternatives is a very
important one: Is the extension of the NPPs lifetime really the best option to produce power?
Necessary safety measures will also influence costs. Spent fuel and radioactive waste are another
important topic.

3.1 Project alternatives and the zero option
The EIA procedure needs to suggest and assess alternative solutions. According to the EC EIA
Directive (Directive 2011/92/EU, Annex 4 (2)) it is obligatory to provide the following information
during an EIA procedure: “An outline of the main alternatives studied by the developer and an
indication of the main reasons for this choice, taking into account the environmental effects.”
What can be regarded as main alternative?
In case of PLEX, the zero option means the shutdown of the NPP at the latest after the end of its
original lifetime. This option has to be accompanied by a discussion of alternatives for covering the
losses in electricity production caused by the shutdown. Such alternatives have to include
assessments of energy efficiency measures and other possibilities for electricity production.
Moreover, the decision for long-term operation should include a comprehensive risk assessment by
an interdisciplinary committee. Good practice example: Right after the Fukushima accident, German
NPPs were subjected to a two-month safety review by the Reactor Safety Commission (RSK). During
the safety review, the operators had to shut down the operating NPPs commissioned prior to 1980.
Furthermore an Ethics Commission “Secure Energy Supply” re-assessed the risks associated with the
use of nuclear energy. These projects resulted in an amendment of the Atomic Energy Act (August 6,
2011): The operational licenses for the seven oldest NPP (commissioning before 1980) and the
incident-prone Krümmel NPP were declared expired. The licenses for the operating NPPs will expire
on by one between 2015 and 2022. (BECKER 2013)
This decision was only possible because the power supply in Germany does not depend heavily on
nuclear power plants. Until March 2011 Germany obtained one-quarter of its electricity from nuclear
energy, using 17 reactors. The figure is now about 17%.
10

The power supply of some countries depends heavily on nuclear power plants. This situation can
seem to be forcing a country into prolonging the operation time of old reactors in spite of safety
concerns. This is for example the situation in Belgium: In December 2014, the Belgian government
announced that the reactors in Doel 1 & 2 can operate for another ten years, reversing the earlier
decision that the units must shut down in 2015. Because of the problems with other Belgian NPPs
and because of the fact that the Belgian power supply depends strongly on their NPPs, the
government decided in June 2015 a prolongation of operation time of Doel 1&2 to 2025. This
approach is in particular problematic because many necessary back-fitting measures have not been
completed taken into account the limited operation time. It is not justified to make a political
decision for long term operation (LTO) of an old nuclear power plant to assure power supply.
Good practice would consist in suggesting alternative supply options based on energy scenarios
based on energy efficiency and renewable energy sources.
In the Czech Republic, alternative scenarios for an energy policy without nuclear power in the long
time schedule have already been prepared (studies Chytrá energie and Energetic(r)Evolution).
Unfortunately, there is no political will to take these well founded studies into account3. In Hungary,
no relevant analysis has been published on alternatives; the Hungarian state has never financed a
study in which the shutdown of Paks would have been analyzed4.
Alternatives that could also be discussed are short extensions of operation time without extensive
safety measures, versus extensive safety measures that allow for additional operation times for 20 or
more years. It is common practice that operator and the nuclear authority discuss the duration of
operation time extension versus scope of back-fitting measures behind closed doors. They then
negotiate options until they find an agreement acceptable to the operator´s economics. These deals
– or rather the amount of measures considered a prerequisite for the license extension – need to
discussed in a transparent manner and be part of the EIA procedure. Obviously the main objective
has to be the protection of the people and the environment – not the profit for the operator.
Different technical alternatives of necessary safety measures should be assessed. In particular the
comparison of mobile equipment and installed bunkered safety systems for the cooling of the fuel in
the reactor core and the spent fuel pools during the loss of normal power and cooling supply are of
utmost interest. Presenting a clear description also of technical measures would be one of the main
achievements of an EIA for PLEX. It would give the public a chance to understand that safety is
negotiable and current efforts of industry try to even decrease the level of safety, e.g. by talking
about “best applicable technology rather than the best available technology”.5 Translation:
Operators will invest only as much as in safety as to keep the plant afloat by fitting some measures
into a fixed budget instead of fulfilling certain required safety levels. By this announcements the
operators try nothing less than to officially introduce horse-trading between operators and
regulators and ending the end of determined safety levels.
For each alternative, the effects on the environment likely to be significant have to be assessed.
Moreover, economic aspects have to be presented, including hidden costs of nuclear energy use. The
modus of assessment of the best option has to be clarified.

3

Information provided by South Bohemian Mothers
Information provided Energiaklub/HU
5
Conference presentation on behalf of the FORATOM working group ENISS.
http://www.ensreg.eu/sites/default/files/1.5-Vanhoenacker.pdf
4
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3.2 Safety aspects, safety measures, monitoring
In this chapter, all relevant safety aspects of ageing NPPs are introduced, and good practice is
defined for each topic. For public participation procedures it is of relevance to ensure that these
good practice requirements will be implemented during the whole extended lifetime.

All European nuclear regulators and utilities are facing problems linked to the ageing of the fleet.
Nuclear power plants experience two kinds of time dependent changes:



3.2.1

Physical ageing of structures, system and components (SSCs), which results in degradation,
i.e. gradual deterioration in their physical characteristics;
Obsolescence of technologies and design, i.e. their becoming out of date in comparison with
current knowledge, standards and technology.

Physical Ageing and Ageing Management Program (AMP)

The term “physical ageing” encompasses the time-dependent mechanisms that result in degradation
of component quality. Time-dependent phenomena (corrosion, cracking, wears, neutron
embrittlement, relaxation of concrete pre-stressing…) can result in degradation of materials and
equipment. Unexpected combinations of various adverse effects may result in the failure of technical
equipment, leading to the loss of required safety functions. Life-limiting processes include the
exceeding of the designed maximum number of reactor trips and load cycle exhaustion.
(GREENPEACE 2014)
Even though the fundamental ageing mechanisms are well-known in principle, their potential to lead
to incidents and accidents may not be fully recognized before the actual events take place. In
particular in old NPPs several undetected failures exist, these failures threaten the safety of the
plant. Faults caused by ageing of material have the potential to aggravate an accident situation or
trigger a dangerous incident.
A comprehensive range of physical ageing mechanisms is described in the IAEA safety guide on
ageing management for NPPs, among others, (IAEA 2009):


Degradation of mechanical components can be caused by radiation embrittlement and
different corrosion effects.



Electrical, instrumentation and control components can be affected by insulation
embrittlement and degradation (cables, motor windings, transformers) and partial
discharges (transformers, inductors, medium and high voltage equipment).



Civil structures, especially concrete elements, can suffer damage due to aggressive chemical
attacks and corrosion of the embedded steel, cracks and distortion due to increased stress
levels from settling.

Choice of materials, design and manufacturing process all influence the occurrence and acceleration
of ageing mechanisms. Due to lack of operational experience in the earlier years of construction of
nuclear power plants, the choice of materials and production processes was not always optimal.
Negative ageing effects of the following components are most important in context of long term
operation (LTO).
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Ageing effects on the reactor pressure vessel (RPV)
The RPV and its internals are the most stressed components in a nuclear power plant. At the time
of their construction, knowledge of neutron-induced embrittlement was limited, so sometimes
unsuitable materials were used. Replacement of the RPV is impossible for economic and practical
reasons. Consequently, if ageing mechanisms threaten further safe operation of these components,
the reactor has to be shut down. During power operation the RPV is not accessible for inspections or
intervention measures. As a result defects may remain undetected for longer periods of time.
Unidentified degradation of RPVs, such as cracks and flaws, has the potential to escalate an incident
into an uncontrollable accident. Huge uncertainties are involved in estimating and predicting the
progression of ageing and the long-term behavior of materials, especially under accident conditions.
(GREENPEACE 2014)
Flaws and cracks have been identified in some older reactors, although they have been deemed
acceptable for further operation. In June 2012 thousands of underclad defects were detected in the
cylindrical part of the RPV of the Belgian Doel 3 reactor, after 30 years of operation. After having
analyzed this issue, a nuclear material expert questions the assumption that the flaws originate from
manufacture 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. The real nature of the flaws is still unknown and can hardly be determined since
sampling cannot be performed without destruction of the RPV.
The Belgian nuclear authority FANC allowed the reactors to restart, based on 16 conditions, 11 to be
undertaken before restart and five to be conducted after the restart. With all the pre-restart checks
validated, Electrabel resumed operation at both reactors in June 2013. However, in March 2014,
Electrabel announced that the testing done to assess the mechanical properties of the vessels
revealed unexpected results. Initial test results suggested that under certain emergency conditions,
namely a quick change in water temperature in the event of the need to cool the reactor core, there
was a possibility that the structural integrity of the vessel would not be maintained. The reactors
were then shut down on March 25, 2014 in order to conduct further testing.
Before being allowed to restart the Doel-3 and Tihange-2 reactors, operator Electrabel needs to
submit a safety case in which it “convincingly demonstrates” that the presence of hydrogen flakes in
the walls of the reactor pressure vessels (RPVs) do not compromise structural integrity. It is still
unclear if the defects formed over time or if they originated in the manufacturing process, although
the latter theory is favored by FANC. (BECKER 2015) It is a “good practice” to stop operation until
the safety case will be resolved.
According to a recommendation of the Western European Nuclear Regulators Association (WENRA)
following the RPV flaws discovered at Doel-3 and Tihange-2, it is necessary to check the RPV in all
NPPs. (WENRA 2013) The WENRA recommends a two‐step verification of materials quality and
structural integrity of the RPV:



Step 1: Comprehensive review of manufacturing and inspection records
Step 2: Examination of the base material of the vessels

Good practice is to perform these checks of the RPV promptly.
Furthermore, it is good practice to use the results of the LONGLIFE project “Treatment of Long
Term Irradiation Embrittlement Effects in RPV Safety Assessment”, which was 50 % funded by the
Euratom 7th Framework Program of the European. The specific scientific and technical issues of the
Commission are the following:
13







Surveillance standards and procedures.
Re-use of tested irradiated surveillance specimens.
Transferability of test reactor results to LWR conditions.
Extension of RPV irradiation surveillance programs.
Withdrawal scheme for LTO surveillance programs.

The objective of the surveillance guidelines is to support the utilities, nuclear power plants, research
institutes, etc. in selecting the appropriate strategy and technical approaches for RPV irradiation
surveillance for LTO. (KERNENERGIE 2015)
Ageing of reactor pressure vessel internals
The main function of RPV internals is to keep the nuclear fuel elements in the reactor core in a stable
position. Distortion of internals due to cracks, as well as the release of fragments from internals, may
affect the function of the control rods and thus prevent safe shutdown, and may also compromise
the cooling of fuel elements. Particles or fragments of RPV internal which are released and
transported into the primary circuit can damage other important components such as coolant
pumps, pipes or steam generators tubes. (GREENPEACE 2014) Good practice: Regular checks and
exchange of components with inappropriate materials.
Ageing of reactor pressure vessel head penetrations
A special problem arises from cracks in the RPV head penetrations – nozzles through which the
control rods pass into the core. These nozzles are exposed to the high temperature and pressure of
the RPV, the chemically aggressive primary coolant, and intense radiation combined with changes of
load. RPV head penetration cracks were for example discovered in nozzle wells in the Russian VVER1000 reactor Novovoronezh 5 in 2004. Many European PWR vessel heads have already been
replaced. In Beznau 1 and 2 (Switzerland) cracks were detected several years ago, but they were
repaired. (GREENPEACE 2014) However, in 2010 the Swiss regulator ENSI recommended a number of
retrofitting projects (including the replacement of the RPV heads) for long-term operation of Beznau
1 and 2. In March 2015 the RPV heads have been replaced (ENSI 2015), which could be considered as
a good practice.
Ageing of primary circuit components and of electrical installations
Leaks in the primary circuit components of PWRs due to ageing mechanisms such as stress corrosion
cracking can lead to accidents involving loss of primary coolant. For systems and components in the
primary circuit, especially high quality standards are required to prevent loss of coolant and
consequent loss of function. Testing and documentation of material properties must be carried out
during manufacturing processes and installation. The absence of this approach cannot be fully
compensated subsequently. (GREENPEACE 2014) Good practice is to exchange the parts of the
primary circuit that do not have the required quality.
In the field of instrumentation and control equipment, cables are among the components of most
concern in terms of ageing. During the operational lifetime of reactors, cable insulations are exposed
to environmental influences that cause deterioration. Cables failures can cause short circuits
followed by electrical failures or even cable fires. Ageing cables therefore have the potential for
serious common-cause failures of instrumentation and control equipment, especially under accident
conditions. (GREENPEACE 2014) Good practice consists of exchanging old components on a
comprehensive scale.
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For a better understanding of ageing phenomena affecting nuclear power plant components, cooperation at the international level is necessary. For example the Organization for Economic Cooperation and Development (OECD) launched the SCAP (Stress Corrosion Cracking and Cable Ageing)
project. A total of 17 countries6 participated in the project which started in 2006 and finished in
2010. SCAP has dealt with two specific ageing phenomena in nuclear power plants: environmentallyassisted cracking of mechanical components and the ageing of cables. The different databases and
knowledge bases established within the SCAP are include information on age-related events and
measures for their management. Around 1,600 events are recorded in the SCAP-SCC-event database
that occurred due to stress corrosion cracking (SCC) of mechanical components in nuclear power
plants. The final report of the SCAP project contains recommendations for the management of
ageing phenomena. (GRS 2010) Good practice is to use results of the SCAP project.
Common-cause failure (CCF)
Physical ageing of SSCs may increase the probability of common cause failures, i.e. the simultaneous
degradation of physical barriers and redundant components, which could result in the impairment of
one or more levels of protection provided by the defense in depth concept.7 Therefore, in the
screening of SSCs for ageing management, no account is taken of redundancy or diversity among
SSCs (IAEA 2009). This statement of the IAEA is very important, because the operators always negate
the safety relevancy of ageing related failures claiming the redundancy of the systems.
Common-cause failure (CCF) events can significantly affect the availability of nuclear power plant
safety systems and thus threaten the safety of the NPP. Since April 1998, the NEA has formally
operated the International Common-Cause Failure Data Exchange (ICDE) Project.
The ICDE Project8 aims to include all possible events of interest, comprising complete, partial, and
incipient CCF events, called ICDE events: Impairment of two or more components with respect to
performing a specific function that exists over a relevant time interval and is the direct result of a
shared cause. Reports have been produced for pumps, diesel generators, motor-operated valves,
safety and relief valves, check valves and batteries. The events contained in the ICDE database were
analyzed with respect to failure modes, degree of impairment, failure symptoms, failure causes, and
technical fault aspects. Physical degradation due to ageing mechanism is one of the most important
contributors to CCF events. (OECD NEA 2014)
Good practice is participating in this project and implementing the lessons learned from this data
exchange.
Ageing management program (AMP)
To maintain plant safety it is very important to detect ageing effects of SSCs, to address associated
reductions in safety margins and to take corrective actions before loss of integrity or functional
capability occurs. (IAEA 2009)

6

Argentina, Belgium, Canada, Czech Republic Finland, France, Germany, Japan, Mexico, Norway, Slovakia,
South Korea, Spain, Sweden, Switzerland, Ukraine and the USA.
7
Implementation of defense in depth contains several levels of protection including successive barriers
preventing the release of radioactive materials to the environment. The defense in depth concept consists of a
set of actions, items of equipment or procedures, classified in levels, the prime aim of each of which is to
prevent degradation liable to lead to the next level and to mitigate the consequences of failure of the previous
level.
8
Participating countries: Canada, Czech Republic, Finland, France, Germany, Japan, Republic of Korea, Spain,
Sweden, Switzerland, United Kingdom, United States.
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A wide range of measures is in place for dealing with ageing phenomena that may affect the safety of
a nuclear power plant which altogether are referred to as ageing management. 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 optimizing of operational procedures in
order to reduce loads.
In case of obvious shortcomings, the exchange of the components is the only possibility to prevent a
dangerous failure. 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 often cannot be recognised by nondestructive 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. (AIE 2013)
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. Moreover, due to the economic
situation operators intend to avoid comprehensive checks and maintenance.
Ageing management programs so far implemented have not been sufficient to avoid the
occurrence of serious ageing effects.
Key elements of the ageing management programs are monitoring, inspection and, where needed,
replacement of systems, structures and components (SSCs). While in some countries it is seen as
good practice to replace equipment known to be subject to ageing mechanisms on a regular basis,
other countries require replacement only after ageing effects are actually observed.
In Switzerland, one key element of a periodic safety review (PSR) is the evaluation and assessment of
the accident management program (AMP). According to this program, the ageing mechanisms must
be identified for all safety-relevant components or groups of components, and potential gaps in the
monitoring concept must be recognized and eliminated. Moreover, experience gained from
maintenance and operation must be evaluated and findings from research, technology and industry
must be taken into account. All this information must be recorded in component-specific fact sheets.
(ENSI 2009)
Ageing management is addressed particularly in WENRA safety reference levels Issue I (Ageing
Management) and Issue K (Maintenance, Surveillance, In-Service Inspection and Testing). However,
the WENRA reference levels are defined at a minimum consensus level. During the review of the
2008 WENRA RLs, no or very limited changes were identified in issue I and K. All in all, the above
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mentioned WENRA SRL probably not sufficient to avoid dangerous ageing related effects, but at the
least they should be implemented completely.
On an international level, the IAEA has issued the Safety Guide NS-G-2.12 with recommendations on
ageing management for nuclear power plants. (IAEA 2009) However, the IAEA’s recommendations
are not binding, the definition of an appropriate procedure, as well as specific arrangements to cope
with the required level of safety for extended operation, depends on individual case-by-case
decisions. Thus, it is very important to involve the public in the decision making procedure.
Generic attributes of an effective Ageing Management Program according to IAEA (2009):
1. Scope of the ageing management program based on understanding ageing
• Structures (including structural elements) and components subject to ageing management
• Understanding of ageing phenomena (significant ageing mechanisms, susceptible sites)
2. Preventive actions to minimize and control ageing degradation
• Identification of preventive actions
• Identification of parameters to be monitored or inspected
• Service conditions (i.e. environmental conditions and operating conditions) to be maintained and
operating practices aimed at slowing down potential degradation of the structure or component
3. Detection of ageing effects
• Effective technology (inspection, testing and monitoring methods) for detecting ageing effects
before failure of the structure or component
4. Monitoring and trending of ageing effects
• Condition indicators and parameters monitored
• Data to be collected to facilitate assessment of structure or component ageing
• Assessment methods (including data analysis and trending)
5. Mitigating ageing effects
• Operations, maintenance, repair and replacement actions to mitigate detected ageing effects
and/or degradation of the structure or component
6. Acceptance criteria
• Acceptance criteria against which the need for corrective action is evaluated
7. Corrective actions
• Corrective actions if a component fails to meet the acceptance criteria
8. Operating experience feedback and feedback of research and development results
• Mechanism that ensures timely feedback of operating experience and research and development
results (if applicable), and provides objective evidence that they are taken into account in the ageing
management program
9. Quality management
• Administrative controls that document the implementation of the AMP and actions taken
• Indicators to facilitate evaluation and improvement of the AMP
• Confirmation (verification) process for ensuring that preventive actions are adequate and
appropriate and that all corrective actions have been completed and are effective
• Record keeping practices to be followed
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3.2.2

Obsolescence (Conceptual and Technological Ageing)

Nuclear power plant safety can be impaired if obsolescence of SSCs is not identified in advance and
corrective actions are not taken before associated declines occur in the reliability or availability of
SSCs. According to the IAEA (2009), there are three types of obsolescence, which caused all a
reduced capability for long term operation:
1)

2)

3)

Knowledge of current standards, regulations and technology relevant to SSCs not updated.
Consequences: Opportunities to enhance plant safety missed; reduced capability for long-term
operation.
Management: Continuous updating of knowledge and improvement of its application
Deviations from current regulations and standards, both hardware and software; design
weaknesses (e.g. in equipment qualification, separation, diversity or severe accident
management capabilities)
Consequences: Plant safety level below current standards and regulations (e.g. weaknesses in
defense in depth, or higher core damage frequency).
Management: Systematic reassessment of plant against current standards (e.g. periodic safety
review) and appropriate upgrading, backfitting or modernization
Lack of spare parts and/or technical support; Lack of suppliers and/or industrial capabilities.
Consequences: Declining plant performance and safety owing to increasing failure rates and
decreasing reliability;
Management: Systematic identification of useful service life and anticipated obsolescence of
SSCs; Provision of spare parts for planned service life and timely replacement of parts; Long
term agreements with suppliers; Development of equivalent structures or components

The development of science and technology continuously produces new knowledge about possible
failure modes, properties of materials, and verification, testing and computational methodologies.
This leads to technological ageing of the existing safety concept in nuclear power plants. At the same
time, as a result of lessons learnt in particular by major accidents at Three Mile Island, Chernobyl and
Fukushima Daiichi, earlier safety concepts are becoming obsolete. Furthermore the 9/11 terror
attacks showed the need for increasing the protection against external hazards. Older nuclear power
plants have not been designed to withstand the impact of commercial aircraft or other terror attacks.
Very often, new regulatory requirements are applicable only to new nuclear reactors, while for
existing plants different criteria are applied. This concerns, among others, the protection against fire.
(GREENPEACE 2014)
The safety design of nuclear power plants is very important to prevent as well as to deal with
incidents or accidents. 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 outdated and showing deficiencies. (AIE 2013)
The old reactor types VVER-440/V213, VVER-1000 and the CANDU 6 have several design weaknesses,
which cannot be resolved by performing back-fitting measures. (AIE 2013)
The VVER-440 reactors are designed as twin units, sharing many operating systems and safety
systems, for example the emergency feedwater system, the central pumping station for the essential
service water system, and the diesel generator station. The sharing of safety systems increases the
risk of common-cause failures affecting the safety of both reactors at the same time.
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All VVER-440 type reactors with the exception of Loviisa in Finland have only a basic level of
containment. External hazards such as earthquakes, chemical explosions or aircraft impacts were not
taken into account in the original design of these plants. To overcome major shortcomings of the
design, both Finnish VVER-440/V-213 reactors are equipped with Western-type containment and
control systems.
CANDU 6 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. Because of the positive void
coefficient of reactivity, the CANDU 6 design does not meet the IAEA standard.
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.
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)
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 leaktight resulting in high radioactive releases. The reactor building – including the Main and Emergency
Control Rooms (MCR/ECR) – will have to be abandoned (GREENPEACE 2005).
Currently, the molten core handling for the WWER-1000 reactors is being analyzed as an
international effort. It is envisaged to implement a measure in a couple of years (for example at
Temelín by 2022), until than the specific hazard persist. It is not proven the planned measure will be
appropriate. The implementation of an appropriate measure should be precondition of the operation
time extension of an NPP with this reactor design.
Because of the design weaknesses, which cannot be resolved by performing back-fitting measures,
LTO should not be approved at all for NPPs with the above mentioned reactor types.

3.2.3

External hazards and siting issues

The Fukushima Dai-ichi accident highlighted inter alia the importance of the Defense-in-Depth
principle and the continued need to ensure the design basis adequately addresses external hazards.
(ENSREG 2015)
The perception and consideration of external hazards has changed with time, influencing the criteria
for siting of nuclear power plants. A good practice is that external events should be addressed by
designing to the hazard level consistent with a 10,000 year return period, i.e. a frequency equivalent
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to 10-4 per annum. Many countries adopt this level for new designs, while a large number of
countries adopt it for re-evaluation of older designs. However a small number have not adopted this
level for re-evaluation/back-fitting.
In September 2014, the WENRA published its Safety Reference Levels (SRLs), including a new SRL T
for Natural Hazards introduced as lesson learned from TEPCO Fukushima Dai-Ichi accident. (WENRA
RHWG 2014a). A guidance for this SRL was published on 21 April 2015.
The SRLs within the new issue natural hazards (issue T) address:


how design basis events shall be identified. A target of 10-4/y for event selection, as well as a
0.1g minimum PGA, are set;



the need to develop a protection concept to minimize threats to the plant, relying preferably
on passive features;



the consideration of events that may exceed the design basis, to ensure that the design basis
chosen is sound and that sufficient margins exist before cliff edge effects may occur.

The summary report of the NAcPs highlighted the need for re-assessing the natural hazard
systematically in the periodic safety reviews (PSR) process for the existing safety as a remaining
challenge (ENSREG 2015).
In response to the Fukushima accident and in frame of the European Stress tests a number of
countries presented concepts of bunkered or hardened systems to remedy existing shortcomings.
These systems provide additional DC- and AC-Power, cooling water and crisis management premises
and equipment which are protected against extreme external events.
But only some countries are planning new permanently installed and partly bunkered systems to
ensure the decay heat removal from reactor core and spent fuel pools in case of long-lasting total
loss of AC power or a loss of ultimate heat sink, e.g. France which can be seen as good practice. Some
other countries rely more on mobile equipment (to try) to ensure decay heat removal in case of
extreme situations and loss of the safety systems. The use of specialized mobile equipment is under
further investigation in many countries which have already begun installing connection points for this
equipment. However, the safety requirements for this mobile equipment, which has to be resistance
against extreme situations, are very important.
Exclusion Criteria
Furthermore, it is important to add, that in cases that one single exclusion criteria9 of the IAEA
Document Site Survey and Site Selection for Nuclear Installations (IAEA 2015a) is valid for the NPP
site, no LTO should be approved. Quite the opposite, operation of the NPP should be stopped
immediately.

Earthquake
New insights into earthquake risk require higher protection standards which cannot be fully met by
modification of older nuclear power plants. Older nuclear power plants were often originally
designed to resist a lower magnitude of earthquake than has to be taken into account today. In
several cases, a recalculation of the robustness of existing plants to show consistency with the new
9

The exclusion criteria are used to discard sites that are unacceptable on the basis of attributes relating to
issues, events, phenomena or hazards for which there are no generally practicable engineering solutions
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standards has been accepted instead of the implementation of expensive backfitting programs. This
approach may prove problematic due to the high uncertainty associated with the hazard assessment.
(GREENPEACE 2014)
Flooding
In the past decades the threat posed by flooding has increased at many nuclear power plant sites.
The reason for this is both a change in external factors (e.g. climate change, construction of dams,
reduction of natural flood plains) and a change in assessing the threat. The observation of trends is
essential to ensure an appropriate assessing of the flooding risk.
It has to be assumed that the hazards associated with flooding will increase for many nuclear power
plants. However, it is highly questionable whether operators and regulatory authorities are fully
aware of this problem. Flooding events occurred in nuclear power plants have shown that water has
damaged safety equipment located below the level of the site, because the water resistance of doors
was miscalculated or seals of cable penetration were corroded. (WENISCH et al. 2012)
Extreme weather events
According to the Intergovernmental Panel on Climate Change (IPCC), the type, frequency and
intensity of extreme weather events are expected to change as Earth’s climate changes. These
changes could occur even with relatively small mean climate changes. Changes in some types of
extreme events have already been observed, for example, increases in the frequency and intensity of
heat waves and heavy precipitation.
Many of the design standards of NPP were based on an understanding of a climate system that is
now 40 years out of date. Today, it is known that climate change makes floods, droughts, and
hurricanes stronger and more frequent. This means the safety standards of the NPPs, even if
followed through completely, are likely to turn out as being in-sufficient to prevent disaster. Often
what is being called the “worst case scenario” is not really the worst case. The uncertainty in respect
to the more concrete effects climate and weather will have on reactors is not argument for ignoring
the issue. Quite the opposite; it would be negligent to ignore this uncertainty. (WENISCH et al. 2012)

3.2.4

Other Safety Relevant Issues

There are several issues that influence the risk of a nuclear power plant. Some important issues are
explained in greater detail in the following:
Power uprating
Reactor lifetime extension is often accompanied by power uprating – the increase of the electricity
output by increasing of the reactor power. Both lifetime extension and power uprating decrease the
safety margins and increase the risk of failures. Power uprates can cause unexpected failures in
safety systems that could aggravate accident situations. Power uprates also accelerate the
development of accidents, thereby decreasing intervention time needed to take action to minimize
the accident. Furthermore, in case of a severe accident, the potential radioactive release is
considerably higher. (AIE 2013)
Additionally, the aging processes of all safety-related systems will be accelerated. Modifications
necessitated by power uprating may additionally introduce new potential sources of failure due to
adverse interactions between new and old equipment.
Best practice is to avoid power uprating in context of operation time extension.
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Multi-unit effects
The Fukushima disaster highlighted the risk of an external event compromising multiple reactors at
the same time – a situation hardly any multi-unit site is prepared for. Sources of common-cause
failures include shared cooling inlets, pumping stations, pipelines.
In case of more than one unit is operated at a site good practice is




to separate all shared systems, and
to be prepared for an accident in all units at one site simultaneously (e.g. like the Rapid
Response Force (FARN) in France), and
to perform an exercise of an accident of all units at one site (for example: in 2013 the severe
accident management (SAM) t raining at the Beznau NPP in the Switzerland).

Airplane Crashes
Accidental crashes of airplanes have been considered in the design of reactors for several decades.
However, according to the estimated frequencies of crashes, only crashes of small airplanes and/or
military airplanes were generally taken into account. After the 9/11 terror attack, the consequences
of an intentional crash of a commercial airplane were then considered. The general expectation by
WENRA is that such a crash should not lead to core melt and therefore not cause more than a minor
radiological impact as stated in Safety Objective O2. (WENRA RHWG 2013)
Direct and indirect effects of the airplane crash shall be considered, in particular:




effects of direct and secondary impacts on mechanical resistance of safety structures and
systems required to bring and maintain the plant in a safe state after airplane crash;
effects of vibrations on safety structures and systems required to bring and maintain the
plant in a safe state after airplane crash;
effects of combustion and/or explosion of airplane fuel on the integrity of the necessary
structures and on the systems required to bring and maintain the plant in a safe state after
airplane crash.

Buildings or appropriate part of the buildings containing nuclear fuel and housing key safety
functions should be designed to prevent airplane fuel from entering them. The effect of the event on
the ability of plant personnel and off-site services to fulfil necessary actions shall be taken into
account.
Good practice is to permanently shut down nuclear power plants which are highly vulnerable against
an airplane crash. This was done in Germany in the aftermath of the Fukushima accident.
Containment integrity
According to ENSREG (2015), maintaining containment integrity under severe accident conditions
remains an important issue for accident management.
Filtered containment venting is a well-known approach to prevent containment overpressure failure
in most light water reactor (LWR) and has already been implemented in several 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.
In other LWRs the approach for containment overpressure protection is different. Several countries
are implementing or analyzing different complementary technical measures for long-term heat
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removal from the containment. However, good practice is the installation of an appropriate filtered
venting system.
The installation of passive autocatalytic recombiners (PAR) to manage hydrogen in the containment
is well known as an important safety upgrading measure in PWRs and CANDUs where appropriate. As
a result of the Fukushima Dai-ichi accident many countries are now installing PARs to cope with
beyond design basis accident conditions or are reconsidering their number and position. In most
BWRs hydrogen management is achieved by nitrogen inertization.
The prevention of hydrogen explosion is one of the issues, which the Fukushima accident highlighted.
Some improvements have been done, but in particular the prevention of hydrogen explosion outside
the containment is a remaining issue. Good practice: Implementing counter measures in the
buildings surrounding the containment.
There are different approaches for cooling and stabilizing molten core available. For some of the
smaller reactors in Europe in-vessel retention (IVR) is considered, and in some plants it has already
been implemented. For other reactors this IVR-concept is also under investigation. For other plants
cooling and stabilizing of molten core is dealt with in the framework of severe accident management
guidelines and other concepts for stabilizing molten core are under investigation. However, good
practice is that the implementation of appropriate measure for cooling and stabilization of the
molten core is a precondition for LTO.

Outside contractors
Another aspect of ageing is that in a declining market the number of manufacturers and service
providers working exclusively or predominantly in the nuclear field has diminished over time. Specific
experience has been lost and cannot be maintained on an equivalent level, especially where the
delivery of technology only used in older plants is required. Manufacturers and subcontractors with
insufficient experience in the nuclear field have become a significant factor in the decrease of quality
and the increase in failures. It is recognized that there is an increasing trend for components to be
delivered and installed without adequate quality certification. As a result, retrofitting or
refurbishment of equipment carries a risk of introducing new defects into the plant. (GREENPEACE
2014)
Incidents or accidents can also be caused or aggravated indirectly by ageing: After replacement of old
components, (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 (SSCs) after modernization programs (back-fitting
measures) are in place and without faults (BECKER 2013).
In France, the conditions concerning the use of outside contractors were assessed during the
complementary safety assessment (CSA) outside the scope of the European stress tests. ASN
commented the results by stating that EDF has not adequately demonstrated that the scope of the
activities subcontracted is compatible with the licensee's prime responsibility for safety. (BECKER
2013) This approach can be considered as good practice and should always be done in advance of a
Long-term operation program. Regarding the necessary back-fitting measures in case of PLEX, this is
a very important issue.
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3.2.5

The role of Periodic Safety Reviews (PSR)

If an operating organization decides to pursue long term operation, justification is supported by the
results of periodic safety reviews, including review of management of ageing, and overseen by the
regulatory body. (IAEA 2009)
As European reactors reach the end of their design life, the PSR is seen as part of the process of
determining whether Plant Life Extension (PLEX) is justifiable. However, policy on PSRs varies
widely—as seen in the approach taken in the UK versus France.
In France the PSR process is taken very seriously. The French regulator, Autorité de Sûreté Nucléaire
(ASN), explained that for evaluating life extensions the latest safety standards for Generation III
reactors will be used. The ASN is looking at what upgrades are required to meet today’s standards
while regulator of the UK (ONR) seems happy to follow the US approach of checking whether plants
still meet the standards which were applied for licensing the start-up, in most cases 50 years
ago.(NIW 2015)
Article 8 of the EU Nuclear Safety Directive (2014) requires member states to ensure that license
holders “under the regulatory control of the competent regulatory authority, re-assesses
systematically and regularly, at least every 10 years, the safety of the nuclear installation.” That
reassessment “aims at ensuring compliance with the current design basis and identifies further
safety improvements by taking into account ageing issues, operational experience, most recent
research results and developments in international standards.”
Periodic Safety Reviews are the main tool to reduce the gap between the safety standards of old and
new power plants. The objectives of these reviews are the new standards. (NTW 2014)
The updated WENRA RL strengthened the role of PSR. Some changes have be done for issue P
(Periodic Safety Review) (WENRA RHWG 2014b)




the determination of safety significance of each PSR findings (P3.2);
the timely implementation of reasonably practicable safety improvements (P1.4);
the need to identify safety issues which may limit the future safe operation of the plant and
measures taken by the licensee to address them (P1.5).

In all WENRA countries, licensees are expected to perform regularly “at least every ten years”, a
periodic safety review (PSR) of their plant, which is an opportunity to review not only the conformity
of the plant, but also to identify the possible safety improvements which could be implemented.
There were discussions whether a PSR related to LTO is or is not different from a “usual” PSR. The
overall conclusion was that the methodology and scope are identical but some topics (e.g. ageing)
would be paid a greater attention to and that additional time for the review might be necessary. The
forecast duration of further operation of the plant is a key parameter in the decision making process
in such cases, in particular, when identifying reasonably practicable enhancements. There was a
general concern regarding potential consecutive applications for short periods of further operation in
which some safety enhancements would not be reasonably practicable in one period but may be if
the consecutive periods of time were amalgamated.
Issue P of the WENRA Reference Levels” for existing plants, January 2008 version, states that the
periodic safety review shall “identify and evaluate the safety significance of deviations from
applicable current safety standards and internationally recognized good practices currently
available”. It continues by ruling that “All reasonably practicable improvement measures shall be
taken by the licensee as a result of the review”.
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Safety Objective for new NPPs –Benchmark for LTO
In their position statement on safety objectives for new nuclear power plants, WENRA members
have stated that the safety objectives for new nuclear power plants should be used as a reference for
identifying reasonably practicable safety improvements for […] existing plants during periodic safety
reviews”.

As for the horizontal lines:


The green (lower) line represents WENRA SRLs, and the “X” represent illustrative levels for a
variety of safety issue;



The red (upper) line represents modern standards, including but not restricted to WENRA’s
new safety objectives, and is the bench mark for comparison in a PSR;



The green and red lines may in some cases be at the same level (e.g. safety management);

As for the “x”:


The “X1” below the green line reflects the transition period to implement WENRA SRLs
allowed for in national plans for implementation;



Those “X” below red line are safety issues that have to be compared to modern standards.
In some of these cases it will be reasonably practicable to enhance safety to reach
the targets (redline) as in “X3”;
In some cases, e.g. “X2”, it will be reasonable to enhance safety to a level
represented by the (purple) line, but further enhancement toward the benchmark is
not reasonably practicable;
In other cases there may be no identifiable reasonably practicable options for
enhancement;



The “X4” represents these cases where the existing situation is already meeting the modern
standard.
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The WENRA RHWG concludes about LTO: In periodic safety reviews for existing reactors, WENRA
safety objectives for new nuclear power plants and other relevant modern standards should be
used as a reference with the aim of identifying reasonably practicable safety enhancements.
Regarding safety enhancements that will be required for long term operation, one important
element in the evaluation of what is “reasonable” will be the remaining time for which the
considered plant will be operated before final shutdown.

3.2.6

WENRA Safety Objectives for New Reactors

Safety requirements for new installations are becoming stronger and stronger, increasing the relative
safety differences between old and new installations. It is a challenge to enhance as much as possible
the safety of old installations compared to new ones.
The “Safety Objectives for New Power Reactors” published by the reactor harmonization working
group (RHWG) Western European Nuclear Regulator’s Association (WENRA) can be seen as the state
of the art. These safety objectives, formulated in a qualitative manner to drive design enhancements
for new plants, should be also “used as a reference for identifying reasonably practicable safety
improvements for ‘deferred plants’10 and existing plants in case of periodic safety reviews”.
(WENRA 2010)
In March 2013, the WENRA RHWG published a report, which sets out the common positions on the
selected key safety issues. Producing this paper and most of the work was already were completed
already before the TEPCO Fukushima Dai-ichi accident took place.
Within the WENRA Safety Objectives for New Nuclear Power Plants the words “reasonably
practicable” or “reasonably achievable” are used. The words “reasonably practicable” are used in
terms of reducing risk as low as reasonably practicable or improving safety as far as reasonably
practicable. The concept of reasonable practicability is directly analogous to the ALARA principle
applied in radiological protection, but it is broader in that it applies to all aspects of nuclear safety. In
many cases adopting practices recognized as good practices in the nuclear field will be sufficient to
show achievement of what is “reasonably practicable”.
For some design expectations, “reasonable practicability” should be taken, meaning that in addition
to meeting the normal requirements of good practice in engineering, further safety or risk reduction
measures for the design or operation of the facility should be sought and that these measures should
be implemented unless the utility is able to demonstrate that the efforts to implement the proposed
measures are grossly disproportionate to the safety benefit they would confer.
The WENRA Safety Objectives O1-O7 covers the following areas (WENRA RHWG 2013):
O1. Normal operation, abnormal events and prevention of accidents
O2. Accidents without core melt
O3. Accidents with core melt
O4. Independence between all levels of Defense-in-Depth
O5. Safety and security interfaces

10

NPPs originally based on reactor design similar to currently operating plants, the construction of which
halted at some point in the past, and now being completed with more modern technology.
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O6. Radiation protection and waste management
O7. Leadership and management for safety
The safety objectives 1-4 are discussed in more detail in the following section.
O1: Normal Operation, Abnormal Events and Prevention of Accidents
Obviously it is always better to prevent an accident than to deal with consequences of an accident.
Therefore, the aim of this WENRA objective is to realize the prevention of an accident particularly by
strengthening the defense-in-depth concept. At defense-in-depth level 1 the reduction of
frequencies of abnormal events has to be achieved.
Permanent operational stresses may lead to a deterioration of the specified material properties.
Without appropriate countermeasures ageing and/or material fatigue can affect most plant
components to a significant extent and induce failures. A comprehensive ageing management system
is necessary to counteract the ageing problems.
With in-service inspection in regular intervals occurring material irregularities can be detected
prematurely, and the affected component or the part of the component can be repaired or changed.
It is necessary to prove that all safety relevant equipment is arranged that in-service inspection can
be done.
At defense-in-depth level 2 the reduction of the potential for escalation to accident situations by an
efficient control of abnormal events has to be accomplished. Therefore, the man-machine interface
(e.g. via an ergonomic design of the control room) should be improved regarding information and
diagnostics provided to operators.
O2: Accidents without core melt
This safety objective aims to three targets: Very low off-site radiological impact of accidents without
core melt (no iodine prophylaxis, no sheltering or evacuation), reduce core damage frequency as far
as reasonably achievable and reduce the impact of external hazards and malevolent acts. In the
defense-in-depth concept these tools belong to level 3.
To meet this objective, WENRA calls for consideration of a more systematic analysis of critical events
and situations in all operating states (operation and shutdown) and not only for the reactor, but also
for the spent fuel pool and other facilities of the plant. That means: To check whether all events
(internal and external) and particularly credible combinations of events are considered for the plant
design according to the state-of-art.
The implementation of the different levels of the defense-in-depth concept was initially orientated to
postulated incidents and accidents occurring under full power conditions. Most current PSA show
that the contribution of core damage frequency (CDF) for the shutdown state is in the same order of
magnitude as that for operation. For existing reactors the control of accidents is mainly focused on
the reactor core. However, the scope of the defense-in-depth has to cover all risks induced by the
nuclear fuel, even when the fuel is stored in the spent fuel pool. The accident in Fukushima highlights
this deficit of older reactor types.
Another area for improvement highlighted by WENRA to meet this safety objective is the reduction
of human-induced failures particularly through more automatic or passive safety systems and longer
“grace period” for operators. Human errors bear a potential for jeopardizing defense-in-depth. They
have a considerable potential to trigger common cause failures (meaning they affect all redundancies
of a specific safety system) as has been seen in some safety significant events.
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The reliability of the safety systems is achieved with an adequate combination of redundancy and
diversity. This means the same safety functions are available several times (redundancy) respectively
the safety function is ensured by provisions with different physical or chemical mechanisms
(diversity). Special attention has to be paid to minimizing the possibilities of common cause failures.
Therefore, physical and spatial separation shall be applied as far as possible. For example, the safety
assessment of fire effects has to clearly identify common mode failure possibilities (including internal
flooding risks linked to the use of firefighting systems) which could result from incomplete separation
of redundant equipment.
O3: Accidents with core melt
The most ambitious safety objective is to reduce potential radioactive releases to the environment
from accidents with core melt. Accidents with core melt which would lead to early releases without
enough time to implement off-site emergency measures or large releases which would require
protective measures for the public that could not be limited in area or time have to be practically
eliminated. Occurrence of certain severe accident conditions can be considered as practically
eliminated “if it is physically impossible11 for the conditions to occur or if the conditions can be
considered with a high degree of confidence to be extremely unlikely to arise”.12
Even though the probability of severe accidents with an early and/or large release for existing plants
is estimated to be very small, the damage caused by these accidents is very large. Therefore, the risk
of existing NPP for the public is relative high and has to be reduced urgently. Furthermore, the
frequency of occurrence of severe accidents, calculated on the basis of the failure rates in all
assessed event scenarios, is afflicted with high uncertainties. Technical improvements which are
highlighted by WENRA to meet this safety objective are mainly substantial design improvements of
the containment.
Practical elimination of an accident sequence cannot be claimed solely based on compliance with a
general cut-off probabilistic value. Even if the probability of an accident sequence is very low, any
additional reasonably practicable design features, operational measures or accident management
procedures to lower the risk further should be implemented. (WENRA RHWG 2013)
SO 4: Independence of all Levels of Defense-in-Depth
In addition to the strengthening of each of the levels separately the aim of the fourth objective is an
overall reinforcement of defense-in-depth concept by enhancing the effectiveness of independence
between all levels. It is the general objective of defense-in-depth to ensure that a single failure, at
one level and even a combination of failures, should not propagate to jeopardize defense-in-depth at
subsequent levels. To evaluate the compliance of a plant with this safety objective all safety
functions must be proved whether they have duties at two or more levels of defense-in-depth. In
particular it is important that components of safety systems of level 3 should not fulfill an
operational task.

3.2.7

WENRA Safety Reference Levels (SRLs)

One of the objectives of WENRA, as stated in its terms of reference, is to develop a harmonized
approach to nuclear safety and radiation protection issues and their regulation in Europe. A
11

A very simple example of a physically impossible situation is the case of a 10 m high load drop to ground level
which is not possible from a crane at ground level with a maximum lift height of 5m.
12
This means that the practical elimination of a condition cannot be claimed solely based on a low probability
of occurrence.
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significant contribution to this objective was the publication, in 2006, of a report on harmonization of
reactor safety in WENRA countries. This report addressed the nuclear power plants in operation and
it included “Safety Reference Levels”, which reflected expected practices to be implemented in the
WENRA countries.
The SRLs were updated twice in 2007 and again in 2008. The SRLs have been established for greater
harmonization within WENRA countries raising the level of nuclear safety in Europe by their
implementation in the national regulatory framework and in the nuclear power plants (NPPs).
WENRA members are committed to continuous improvement of nuclear safety in their countries.
Within this spirit WENRA emphasizes identifying the insights from the Fukushima Dai-ichi accident in
March 2011 and operators improving NPP safety accordingly´. For this purpose, WENRA mandated its
Reactor Harmonization Working Group (RHWG) to review and revise the SRLs for existing reactors
with the aim to integrate the lessons learned from the 2011 Fukushima Dai-ichi accident. The
national regulators make a commitment to improve and harmonize their national regulatory
systems, by implementing the new SRLs until 2017 as a target date. (WENRA 2014)
In response to the WENRA request, RHWG performed a thorough review of existing RLs and
proposed a new set of reference levels with an additional issue on natural hazards. Following
WENRA’s agreement, the draft revised WENRA RLs were subject to a 3 month consultation period to
allow stakeholders to comment on the proposals before the RLs were finalized. A final version of the
updated RLs was developed by RHWG to address these comments. This new version – a list of 342
RLs compared to 295 in the 2008 list – has been endorsed by WENRA accompanied by a related
WENRA statement. In addition to the updated RLs, RHWG provides guidance documents on issues
E/F and T. (WENRA RHWG 2014b)
The whole issue F (Design Extension of Existing Reactors) was revisited and its structure was
changed. Interfaces with issue E (Design Basis Envelope for Existing Reactors) and the new issue T
(Natural Hazards) warranted specific attention, as well as the use of the concept of “Design Extension
Conditions” (DEC) as established in IAEA SSR-2/1 safety standard (IAEA 2012).
According to the SRL F1.1 as part of defense in depth concept, analysis of Design Extension
Conditions (DEC) shall be undertaken with the purpose of further improving the safety of the nuclear
power plant by



enhancing the plant’s capability to withstand more challenging events or conditions than
those considered in the design basis,
minimizing radioactive releases harmful to the public and the environment as far as
reasonably practicable, in such events or conditions.

According to the new concept of DEC, the analysis shall identify reasonably practicable provisions
that can be implemented for the prevention of severe accidents. Additional efforts to this end shall
be implemented for spent fuel storage with the goal that a severe accident in such storage becomes
extremely unlikely to occur with a high degree of confidence. In addition to these provisions, severe
accidents shall be postulated for fuel in the core and, if not extremely unlikely to occur with a high
degree of confidence, for spent fuel in storage, and the analysis shall identify reasonably practicable
provisions to mitigate their consequences. (WENRA RHWG 2014a)
To assure this aim the RHWG proposes SRLs which, among other:


address adequate qualification and operability of (mobile) equipment used to manage DEC;
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require independent and diverse heat removal means, one of them being effective for
natural hazards more severe than the one used for design basis (F4.7);
address availability of I&C, electric power and control room to manage a DEC (F4.7, F4.16 to
F4.18).

Another very important update of the SRL is the requirement for continuous improvement.
According to SRL A2.3: The safety policy shall require continuous improvement of nuclear safety by
means of:





Identifying and analyzing any new information with a timeframe commensurate to its safety
significance;
Regular review of the overall safety of the nuclear power plant including the safety
demonstration, taking into account operating experience, safety research, and advances in
science and technology;
Timely implementation of the reasonably practicable safety improvements identified.

Discussion affordable versus achievable
In the opinion of European Nuclear Installations Safety Standards Initiative (ENISS) LTO must remain
affordable (using the best practice). Thus, in a case by case analysis the safety improvements that are
practicable reasonable are to be defined. However, often the operator defined a specific budget for
the LTO and discussed with the authority which measure will be performed with this budget.
But as mentioned above, According to the WENRA RHWG (2013) even if the probability of an
accident sequence is very low, any additional reasonably practicable design features, operational
measures or accident management procedures to lower the risk further should be implemented.

3.2.8

EU Nuclear Safety Directive (NSD)

On the basis of nuclear stress tests carried out in 2011 and 2012, the lessons learned from the
Fukushima nuclear accident and the safety requirements of the Western European Nuclear
Regulators Association (WENRA) and the International Atomic Energy Agency (IAEA), the EU
amended its Nuclear Safety Directive (NSD) in 2014. (EC 2015)
The amended Directive requires EU countries to give highest priority to nuclear safety at all stages of
the lifecycle of a nuclear power plant. This includes ensuring significant safety enhancements for old
reactors. Specifically, the Directive:







strengthens the role of national regulatory authorities by ensuring their independence from
national governments. EU countries must provide the regulators with sufficient legal powers,
staff, and financial resources
creates a system of peer reviews. EU countries choose a common nuclear safety topic every
six years and organize a national safety assessment on it. They then submit their assessment
to other countries for review. The findings of these peer reviews are made public
requires a safety re-evaluation for all nuclear power plants to be conducted at least once
every 10 years
increases transparency by requiring operators of nuclear power plants to release information
to the public, both in times of normal operation and in case of incidents.
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The new approach of peer reviews is implemented, which could have the opportunity to involve
the public and NGOs in the safety or risk assessment of nuclear power plants.
Main outcomes of the new NSD for existing plants is (Art. 8a): (Nuclear safety objective for nuclear
installations):
Member States shall ensure that the national nuclear safety framework requires that nuclear
installations are designed, sited, constructed, commissioned, operated and decommissioned with the
objective of preventing accidents and, should an accident occur, mitigating its consequences and
avoiding:
(a) early radioactive releases that would require off-site emergency measures but with
insufficient time to implement them;
(b) large radioactive releases that would require protective measures that could not be limited
in area or time.
This objective used as a reference for timely implementation of reasonably practicable safety
improvements to existing nuclear installations.

3.2.9

IAEA Peer Reviews

It is good practice when different IAEA Peer Review Missions take place regularly. The resulting
recommendation and suggestions should be remedied in a timely manner. It is very important that
the whole procedure will be performed in a transparent procedure.
The following IAEA Peer Reviews are the most important in regard of LTO:
The purpose of the Safety Aspects of Long Term Operation (SALTO) peer review service is to assist
Member States in ensuring the safe long term operation of nuclear power plants, and to promote the
exchange of experience and information on good practices. The peer review addresses the strategy
and key elements of long term operation (LTO) and ageing management programs. SALTO missions
review the following areas (IAEA 2015b):


A: Organization and functions, current licensing basis, configuration/modification
management



B: Scoping and screening and plant programs relevant to LTO



C, D, E: Ageing management review, review of ageing management programs and
revalidation of time limited ageing analyses for mechanical components, for electrical and
I&C components and for civil structures



F: Human resources, competence and knowledge management for LTO (optional area).

In 1982, the IAEA created the Operational Safety Review Team (OSART). Under this program,
international teams of experts conduct in-depth reviews of operational safety performance at a
nuclear power plant. They review the factors affecting the management of safety and the
performance of personnel. As a result, the OSART program has provided advice and assistance to
Member States to enhance the operational safety of nuclear power plants. OSART missions in
general review performance in the following areas: Management, organization and administration;
Training and qualification; Operations; Maintenance; Technical support; Operational experience
feedback; Radiation protection; Chemistry; Emergency planning and preparedness; Severe Accident
Management. (IAEA 2015b)
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The overall purpose of an Independent Safety Culture Assessment (ISCA) is to provide advice and
assistance to Member States in enhancing the safety culture of a nuclear facility. The IAEA offers ISCA
in the frame of an OSART mission to take benefit from the synergy between technical and behavior
science/safety culture experts. The joint operational safety and safety culture assessment provide
the organization the opportunity to better understand the interactions between technical,
organizational and cultural aspects. This approach helps the organization to take actions that fully
address the root causes of identified issues. The safety culture assessment may be requested by
governments, regulatory authorities and licensees for nuclear facilities. (IAEA 2015b)
The aim of the Peer Review of Operational Safety Performance Experience (PROSPER) is to promote
at individual NPPs the process and practice of learning from operating experience (either individual
NPP experience, that of other NPPs or that of the industry at large) in order to enhance their safety
performance. It is aimed to encourage NPPs worldwide to perform self-assessments of the
effectiveness of their operating safety performance experience review process and to
benchmark/confirm, through an international Peer Review of NPPs' operational safety performance,
that lessons are learned and acted upon and that these are disseminated nationally and
internationally. Operational performance information comprises the following: external operating
experience; internal event reports including internal low-level and near miss event reports; and other
relevant operating performance information, such as performance indicators and non-compliance
reports on quality assurance. (IAEA 2015b)
The objective of DSARS – Design and Safety Assessment Review Service is to provide to the
requesting Member State a tailored, independent peer review and assessment of the plant design
safety and to make recommendations on additional actions/analysis to be performed. DSARS can
assist countries in the following areas (IAEA 2014a): Advising on the development of Safety
Assessment infrastructure for embarking countries; Review of safety analysis in support of licensing;
Safety assessment in support of plant modifications; Assessing actions taken to address emerging
safety issues; Establishing national regulations related to design and safety assessment; Periodic
safety review.
The IAEA Integrated Regulatory Review Service (IRRS) is designed to strengthen and enhance the
effectiveness of the national regulatory infrastructure of States for nuclear, radiation, radioactive
waste and transport safety and security of radioactive sources whilst recognizing the ultimate
responsibility of each State to ensure safety in the above areas. The IAEA offers several review
services to Member States. Thus to avoid any potential overlap of the topics addressed by such
services the IAEA has developed the IRRS to offer an integrated approach to the review of common
aspects of any state’s national, legal and governmental framework and regulatory infrastructure for
safety. The IRRS regulatory review process provides the opportunity for peer review of both
regulatory technical and policy issues in any state. An expert peer review of the current extent of
compliance with IAEA Standards provides a good indicator of the effectiveness of the regulatory
oversight of nuclear, radiation, radioactive waste and transport safety. (IAEA 2014b)

3.3 Risk of major accidents (including transboundary impacts, methodology)
Good practice is to assess possible consequence of severe accidents even if their probability is very
low. As an example of adequate good practice the EIA for the new Finish NPP Hanhikivi (Fennovoima)
can be considered: During the scoping phase, an Austrian expert statement (UMWELTBUNDESAMT
2013) recommended including a conservative worst-case release scenario in the EIA-Report, in
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addition to the limited release scenario according to Finnish regulations, since their effects can be
widespread and long-lasting and even countries not directly bordering Finland, like Austria, can be
effected. This recommendation was fulfilled at a considerable degree. On request of the Finnish
Ministry of Employment and the Economy (MEE), in addition to the postulated accident with a
release of 100 TBq of Cs-137, a severe accident with a release of the five-fold magnitude was
considered in the EIA-Report. However, a release of 500 TBq of Cs-137 represents the lower limit of a
release corresponding to an INES 7 accident. Severe accidents with larger releases cannot be judged
as practically eliminated on the basis of the information provided or available. Thus, the release of
500 TBq of Cs-137 does not represent a true worst-case accident scenario. However, even the INES 7
accident as considered in the EIA-Report indicated consequences for the Austrian territory in case of
a severe accident at the Hanhikivi site (Fennovoima). (UMWELTBUNDESAMT 2014)

On-site emergency preparedness
In response of the Fukushima accident, the WENRA RHWG emphasizes the need for effective
measures for emergency management (WENRA RHWG 2014b). The RHWG proposes changes of the
WENRA SRL issue R (On-site Emergency Preparedness) to improve the consideration of accidents
affecting several reactors at the same site, long lasting accidents or events where regional
infrastructure might be severely disturbed. This covers the need for:


adequate emergency facilities, designed to ensure workers radiation safety and enable
emergency management (R4.3);



appropriate procedures and (mobile) equipment to manage the emergency (R4.4);



sufficient staff (R3.2) who have been appropriately trained (R5.1, R5.3), including through
drills and exercises (R5.4). Where contractors are expected to contribute to emergency
management, training requirements are applicable (R5.3);



measures to accommodate long lasting situations (R2.3, R3.2) as well as the situation where
site or regional infrastructure would be severely disrupted (R3.6, R.3.7, R4.4).

It would be good practice to implement all measures according to WENRA SRL issue R as soon as
possible.

Off-site emergency preparedness and response
In 2015, Nuclear Transparency Watch published a report on emergency preparedness and response
(NTW 2015). Results that are of relevance for PLEX participation procedures are:






Emergency preparedness and response plans are mostly based on INES 5 nuclear accidents
and they generally cannot cope with an INES 7 accident. So conservative accident
assessments for larger source terms should be requested.
NTW observes that many regional and local authorities were not really prepared for a
nuclear accident. Therefore, especially in an EIA procedure for a highly safety relevant PLEX
process, measures for preparation of authorities should be included.
NTW identified poor updating of EP&R plans regarding important recent spatial changes
(new residential neighborhoods, shopping malls, medical centers, schools, roads, etc.) and
recent changes in technology (internet, mobile phones, new social media, availability of basic
radiation measurement equipment among the broader population, etc.). During the
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Fukushima catastrophe, social media networks played an important role in how citizens
gathered on-going information in Japan and beyond. Especially in PLEX procedures this can
be of high relevance, because emergency plans have been introduced years ago when the
NPP started its operation, and perhaps have not received an overall update.
Good practice is to be prepared for a possible severe accident and its consequences despite its very
low probability (e.g. Germany). The following table listed the reasonable Planning Zones in Germany
(GREIPL 2015):
Evacuation within 6 hours:

5 km zone

Evacuation within 24 hours:

20 km zone

Sheltering:

100 km zone

Iodine prophylaxis:

100 km zone

Iodine prophylaxis (children and pregnant women):

Entire Territory

NTW also investigated praxis of distribution of iodine tablets. The heterogeneity of measures in
different countries was identified as a potential source of chaos, loss of credibility and, most
important, can lead to failure to protect the population. (NTW 2015) Especially for NPPs in vicinity of
a border, cross-national emergency measures should be favored, because radionuclides do not
acknowledge borders. Especially for distribution of iodine tablets, all inhabitants should be included
and tablets should be distributed in advance, not only in case of an emergency.

3.4 Radiological effects on humans and environment
In case of Dukovany NPP which is among the oldest NPP in Europe would be very important to
evaluate risks of the long-term operation to the human health during the standard operation.
Dukovany NPP has been in operation for 30 years. There were two epidemiological studies carried
out in the vicinity of Dukovany NPP in the past (the first one after 10 years of operation, the second
one after 16 years of operation). Both of them showed the significant increase of cancer diseases of
the blood forming (hematopoietic) organs. Continuation of above mentioned studies was
recommended but – unfortunately – no additional studies have been done yet. The NGO South
Bohemian Mothers informed the Czech authorities (the Ministry of Health, the Ministry of Trade and
Industry, the State Office of Nuclear Safety) and politicians (previous and present Prime Ministers)
several times about these aspects and are still calling for continuation of epidemiological studies.
Unfortunately there is no will to compile such studies. In the PLEX EIA procedure, health effects of
radiation in standard situations should be assessed in detail, especially when taking into account
that the NPP Dukovany is one of the oldest nuclear power plants in Europe, and it is operated
without containment. On top of this, the stress tests revealed a wide range of safety problems which
should be solved in future according to the Action Plans. Some of them the company CEZ has already
started to solve – building of the new cooling towers for example. But a range of safety measures and
improvements should be done in the future while it is not clear at all if all of them are feasible. The
much demanded PLEX EIA should analyze all these aspects.
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3.5 Non-radiological effects on the environment
In PLEX EIA procedure not only radiological effects should be analyzed and assessed. The long-term
operation can have effects on local climate, on water temperature (and then on the concentration of
phosphorus and consequently on the higher eutrophication) in rivers where the waste water from
the NPP is let out.
Last but not least the long-term NPP operation can negatively affect the development of the whole
region as far as the tourism and farming are concerned. For PLEX EIA to fulfill good practice, all
these aspects must be assessed during the process.

3.6 Transparency and public participation
During ENSREG´s Third Regulatory Conference on Nuclear safety in Europe (Brussels 29-30 June
2015) it became clear that there are different ideas about the meaning of “transparency”. According
to some speakers transparency serves to inform the public with the goal of increasing the confidence
in nuclear facilities. However, Massimo Garribba (Director of the Nuclear Safety and Fuel Cycle of the
European Commission) explained that it was one of the objectives of the revised EU Nuclear Safety
Directive (NSD) to increase the safety of nuclear power by increasing the transparency of the plants
in order to cross-check safety issues. The aim of the increased transparency to give the general public
the possibility to participate in decision making procedure.
Philippe Jamet, (French nuclear safety authority - ASN) explained that upgrading the safety of all
reactors at the same level of new reactors like EPR is not possible. At the end there is a gap. The
question is: is the gap small enough to be authorized or not? He added: “We are now thinking about
the way we are going to involve the stakeholders in the decision making process of allowing EDF to
operate his plant, or not, beyond forty years.” (NTW 2014)
The official public hearings are organized during the standard EIA procedures. Unfortunately, in many
cases these public hearings are very formal and no one pay usually serious attention to the critical
comments from local communities, mayors and general public. In case of PLEX EIA of Dukovany NPP,
definitely more than one official public hearing would be needed. Seminars with various experts
(especially with the critical ones) not only for general public but first of all for local and governmental
politicians would be very useful.

One could hardly point out any element of the Paks EIA process that could be considered as good
practice – apart from the fact that it was conducted. The exclusion of the safety issues from the EIA;
the strict limitation of the affected area, hence limiting the number of the affected population; the
unfriendly atmosphere at the public hearing; the manner how the public was treated – laymen to be
convinced instead of real participation, not ensuring appropriate resources for independent
organizations etc. – all these and other symptoms do justify calling Paks EIA “good practice.”
Nevertheless, the HAEA’s decision and practice since 2013, that in all of its most important licensing
processes, public hearing will be held and giving everyone the possibility to participate and express
his/her opinion, may be considered good practice.
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3.7 Management of additional spent fuel and radioactive waste
Prolonging the operation of nuclear power plants will also increase the amount of highly toxic
radioactive waste. The management of nuclear waste is a serious problem in all countries with
commercial nuclear programmes. The example of the Czech Republic illustrates that the larger the
amount of nuclear waste, the bigger the conflict with the local host communities. In the Czech
Republic seven sites consisting of several communities each were chosen as potential sites for
building the final repositories for spent nuclear fuel from Temelin and Dukovany NPPs. In all these
localities negotiations concerning permission of the preliminary geological surveys were carried out
by the Ministry of Environment. This process has not been finished yet. The reason is mainly the
strong resistance of local communities which participated in these negotiations.
In an EIA procedure it is obligatory to present solutions for management of the spent fuel and
radioactive waste according to Directive 2011/70/Euratom. In a PLEX procedure it should be
demonstrated that spent fuel and radioactive waste from lifetime extension will be managed safely:



Is the capacity of spent fuel and radioactive waste arising from the lifetime extension
considered in the conception for fuel pools, interim storages and final disposals?
What is the solution foreseen if the final repository will not be operating in time?

Spent fuel storage presents a special risk for ageing nuclear power plants due to the build-up of large
amounts of spent fuel that is insufficiently stored in a spent fuel pool in or nearby the reactor
building. Two reasons adding up to this high risk:




Spent fuel pools and their cooling systems are often not specifically protected against
external hazards, especially in the case of older BWRs and VVER-440 reactors. The fuel pool is
sometimes placed outside the containment (BWRs, some older PWRs and VVER-440), thus
making release of radioactivity to the environment possible in the event of fuel damage.
Spent fuel cooling systems have often a poor level of redundancy and they are often not
supported by emergency power supply systems.

Because of the low power density and the large amount of water in a spent fuel pool, considerable
grace time is available in the event of a loss of spent fuel pool cooling, however only as long as the
integrity of the fuel pool remains intact. Furthermore, often the grace time is considerably shorter
(only several hours) in shut-down situations, because the fuel of the reactor core is placed in the
spent fuel pools.
Good practice concerning spent fuel management:





Installation of a bunkered cooling system (sufficient degree of redundancy and diversity) for
the spent fuel pools;
Strengthening the building which houses the spent fuel pool;
Undertaking of all measures to minimize the amount of spent fuel, which is stored in the
reactor pools
Moving the spent fuel to a modern dry storage facility as soon as technical possible.
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3.8 Costs
PLEX EIA procedure is focused on environmental aspects. But – in our opinion – the economic aspect
is very important too, even more so since it became official: Nuclear power is not cheap, even old
plants admit that they are in difficulty covering operating costs under current electricity market
prices. Without various state aid measurements the nuclear power is not competitive. General public
should be informed about this during the PLEX EIA process.
In 2012, Energiaklub asked Paks to release information on the costs of PLEX, rather saying, PLEX
project. A table was released, which shows the planned and actual costs yearly, (possibly) in 2012
HUF. The final figure for the four units is 35,452 billion of HUF, which means some € 118.2 million (1
EUR = 300 HUF, numbers are possibly not adjusted to inflation). Paks stated that they could not
release numbers for the individual units, as they did not have data in this breakdown.
Energiaklub also inquired about a statement made 2004 by István Kocsis, the NPP Paks CEO at that
time, when he said that PLEX will cost HUF 171.9 billion (~ 573 € million). Paks management
explained that this number included costs beyond the PLEX project (which is to be finished in 2017,
when the fourth unit gets its license for the extended service), specifically, at that time estimated
costs for not just the project, but for measures, investments, reconstructions etc. for the entire
operating time, until 2037 (when the fourth is to be shut down for good). However, Paks did not
specify an actually calculated number for this measures and investments in their letter.
The management of Zaporishe NPP in Ukraine (VVER-1000) had a straight answer on how much the
PLEX measures will cost for one unit: € 300 million. Both figures, Hungary and Ukraine are of course
in stark contrast to the costs mentioned for France:
Projections for one reactor with cautious assumptions and applying medium values with uncertainty
ranges and resulting high discrepancy of costs depending on the safety level (per reactor):
Scenario S1 : ~ 350 M€ ± 150 M€
Scenario S2 : ~ 1350 M€ ± 600 M€
Scenario S3 : ~ 4350 M€ ± 1850 M€
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4 Recent and Future NPP PLEX Procedures in Joint
Project countries
4.1 Hungary: Paks I
Paks NPP consists of four, Soviet designed VVER 440/213 units, commissioned between 1982 and
1987. As the originally designed lifetime of the units was 30 years, so the planned closure was
scheduled for the years between 2012 and 2017. In 2000, the planning process of the lifetime
extension was started by NPP Paks management by commissioning an implementation study. It
showed that no safety, technical and economic barriers exist to prevent a lifetime extension of 20
years. In 2001, the PLEX plan was included in the strategy of the NPP, along with the long term plans
of the owner company MVM.
The process started without a clear legal framework concerning PLEX, so the rules were set
underway. As a first step, the Hungarian Parliament gave its approval for the lifetime extension.
However, such step was not required by law at that time; furthermore, there were no relevant
energy strategy in force that would have calculated with the lifetime extension, and MPs voted on
the approval without having received thorough analysis on the matter.
For licensing PLEX, two main licenses were determined as necessary: the environmental and the
nuclear safety license. The first to be obtained was the environmental license. At the time when Paks
was built implementing environmental impact assessments for the construction of the NPP was not
required. But now the decision was taken that in the frame of the environmental licensing of PLEX,
EIA process would be held. The process started in 2003; the EIA process covered the capacity
upgrade of the NPP also. In 2004, the Preliminary Environmental Study and in March 2006 the
Environmental Impact Study was published. In November 2006 the environmental authority issued
the environmental license for Paks lifetime extension.
The final step of the entire licensing process is the safety licensing. The Law on Atomic Energy was
modified in 2007 so licensing PLEX from nuclear safety point of view became possible. According to
the Law, the Hungarian Atomic Energy Authority is in charge to issue the permission for operating
the reactors beyond the design lifetime. Four years before applying for the license, the power plant
had to establish a program, describing how it planned to prepare the units for the lifetime extension.
The program was handed in on time; it was evaluated, and the implementation of the program was
controlled by the authority. Criticism on the program from the HAEA was mainly limited to some
worries about the tight schedule of the measures to be implemented by the program. The stress test
after the Fukushima disaster had no effect on the program; however, 46 measures were determined
to be implemented for the period of 2012-2018 (in December 2012), even though at that time PLEX
was not licensed for any of the units.
According to the Law, the license application has to be sent one year before the original license
expires. The law prescribes that it should be applied for the license of the four units separately.
License application concerning PLEX of the first unit was handed in December 2011; the decision of
the authority was issued on 18th December 2012. The license gave permission for the first unit to be
operated until 31st December 2032, and beyond some limitation prescriptions, it ordered several
analyses, as a condition of the license, to be carried out.
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Only shortly before the license was issued, the Parliament had modified the Atomic Law, in which the
right of the Court to suspend the decision of the HAEA on PLEX was taken away. The reason behind
that is unknown; nevertheless, as the decision of the HAEA was late, should any stakeholder appeal
against the decision, such suspension of the decision could have easily been resulted in a situation in
which the NPP would have shut down the first unit, at least for the duration of the judicial process.
The safety licensing of PLEX of the second unit was started on the 31st October 2013. The process
was about the unit, which was affected in the 2003 incident; nevertheless, this aspect was not, at
least publicly, highlighted during the process. The NPP started the removal process of the casks
containing the fuel assemblies that were damaged in the incident in the beginning of 2013. It could
be necessary, as the casks were in the cooling pond of the second unit, and those had to be removed
as a condition of issuing of the PLEX license.13 Although the interim storage for spent nuclear fuel had
been adjusted for storing the casks, those were transported on train to Russia for reprocessing
during the summer of 2014, through Ukraine.
The license was issued at 24th November 2014. The license gave permission for 20 years of operation
between 1st January 2015 and 31st December 2034. Similarly to the license of the first unit, the
HAEA also prescribed some limitations and ordered the implementation of several analyses to be
carried out.
The PLEX program of the two remaining reactors is ongoing. Safety licensing of these units will take
place between 2016 and 2017.

4.2 Czech Republic: Dukovany 1-4
The PLEX procedure is in the very beginning in the Czech Republic now. The life time extension
procedure will be probably carried out in case of life time extension of Dukovany NPP. This NPP has a
valid license till the end of 2015 for the first unit, till the end of 2016 for the second unit and till the
end of 2017 for blocks three and four. This NPP is one of the oldest nuclear power plants in Europe. It
is operating without containment. On top of this, the stress tests revealed a wide range of safety
problems which should be solved in future according to the Action Plans. Some of them the company
CEZ has already started to solve – building of the new cooling towers for example.
The Czech NGOs contacted the responsible authorities –the Ministry of the Environment (ME), the
Ministry of Trade and Industry (MIT) and the Nuclear Safety Regulator (SONS). They sent letters to
ME in August 2014 and in December 2014 asking whether EIA procedure for PLEX in Dukovany NPP in
accordance with the decision of members of ESPOO convention to assess the PLEX of Rivne NPP will
be started. So far only one answered, that the decision is valid only for the Rivne NPP and cannot be
applied in general for all nuclear power plants.
SONS was asked in November 2014 and December 2014 until when the operational licenses for four
nuclear units at Dukovany NPP are valid, when they gave permission to each unit in Dukovany NPP, if
they already have received application for PLEX for the first nuclear block in Dukovany from CEZ
company, if and how they will physically control fulfilling of Action plans and what is their opinion on
PLEX and EIA for the Dukovany NPP. They answered only concerning the validity of operational
license. The remaining questions have not been answered yet. MIT already answered the requests
concerning the building permissions.

13

Personal communication of Gyula Fichtinger, director of the HAEA to András Perger, November 2013
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4.3 Bulgaria: Kozloduy 5&6
On Oct. 9, 2014, a contract for the realization of the second stage of the project for extending the
operational capacity of Unit 5 of NPP Kozloduy was signed. The commissioner of the contract is the
Bulgarian nuclear power plant; the contractor is a consortium comprising of “Rusatom Services”,
“Rosenergoatom”, and EDF. The goal is to extend the total operation period of Unit 5 to 60 years.
The license of the Unit issued by the Nuclear Regulatory Agency will expire in 2017. Similar steps will
be taken for Unit 6 (license expires in 2019). The life time extension Units 5 and 6 is a national
priority and is included in the programme of the new government.
Za Zemiata has joined the law suit filed against the decision of the Ministry of the Environment and
Water (MOEW) from July 2014 to issue a permission to extend the lifespan of Units 5 and 6 without
having an Environmental Impact Assessment performed. The case is expected to be held in March
2015.
However, it seems the authorities or the operator reacted promptly to the June 2014 ESPOO MOP
decision on PLEX EIA for NPP: On 25 July 2014, the Ministry of Environment declared that no EIA will
be needed for licensing the PLEX for the Kozloduy units. The Bulgarian NGO Zazemiata appealed in
court, but was not admitted. The Ministry of the Environment declared that an EIA was not
necessary, because "there is no probability for severe negative impact".

4.4 Romania: Cernavoda 1&2
Cernavoda NPP Unit 1 was commissioned in December 1996 and the life span is 30 years. After this
period, Unit 1 can enter the life extension programme for another 25 years, after obtaining all
necessary approvals from CNCAN (National Commission for Nuclear Activities Control) and the
MMAP (Ministry of Environment, Water and Forest).
The extension of the life span is estimated somewhere between 2025 and 2026, or sooner,
depending on the preliminary findings of the technical analysis. The extension will be granted
according to the legislation of nuclear activities and, thus, environmental protection. The criteria will
incorporate all safety rules and standards specific to nuclear safety activities developed by the
CNCAN (National Committee for Nuclear Activities Control Agency), recommendations of the
International Atomic Energy Agency in Vienna or the Western European Nuclear Regulators
Association.
The initial licence is considered to be the operating permit issued by CNCAN in December 1996, and
it is renewed periodically.
EIA will be conducted during 2019-2020. Evaluation will be done according to the requirements of
national legislation and the provisions of the Espoo Convention, with the organisation of public
debates within and across the country potentially affected.
Authorities involved in the extension of life span are CNCAN and MMAP. The procedure for assessing
environmental impact, as regulated by the MMAP through its technical committee, involves all the
institutions that have a role in regulating the activity of CNE Cernavoda, as well as the Ministry of
Economy, Trade and Tourism, the Ministry of Energy and SMEs, the Ministry of Internal Affairs
(General Inspectorate for Emergency Situations), the Ministry of Health, the Ministry of Agriculture
and Rural Development, the Ministry of Regional Development and Public Administration, Ministry of
Transport, Romanian Waters National Administration, Ministry of Foreign Affairs.
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5 Conclusions
PLEX is the only option for nuclear power plant operators to keep up their market shares of roughly
one quarter to one third of the European markets, as has been the case already in the past decade, in
combination with uprating the old plants.
This paper points out that PLEX is one of the few activities no EIA has been required until 2014, when
the MOP of 2014 however concluded that an EIA is necessary. Since then industry and pro-nuclear
states are trying to prevent this clear judgement, because at the same time nuclear operators are
gearing up to get life time extension even cheaper with even less safety upgrades. Changing
terminology from PLEX to LTO (LTO – Long Term Operation) is the first step, to be followed up by a
reduction in safety: “LTOs must remain affordable (use the best applicable technology rather than
the best available technology” as was formulated by industry lobbyists14.
As for safety, two most common limiting factors for long term operation are identified in WENRA
countries:


ageing of key systems, structures or components (in particular, those that are not
replaceable),



fulfillment of “modern” safety requirements.

Other limiting factors were mentioned such as personnel competence and skills.
In most of the WENRA countries, there is no reference in the license to the lifetime of the plant.
However, in the safety analysis report, there are generally several design assumptions related to the
lifetime of some key components that cannot be replaced, such as the reactor pressure vessel. When
such values are mentioned, it is generally between 30 and 40 years. The RHWG has agreed on a
definition that “design lifetime of a nuclear power plant is the minimal value of lifetimes of all its
non-replaceable structures, systems and components”.
The WENRA RHWG considers that the first aspect is well addressed in the IAEA publications. As a
consequence, the discussions inside RHWG have been focused on the second aspect: New reactors
will be commissioned which are designed to meet higher level of safety than the existing ones.
Despite the fact that existing reactors undergo periodic safety reviews (PSR) as a result of which
safety enhancements are implemented, it is likely that there will remain a difference between the
safety level of oldest and newest reactors (an example of a difference between existing and new
reactors being the severe accident mitigation provisions – issue F in WENRA SRLs). Whether this
difference is acceptable or not in the long term implies not only technical judgement but also
political, economic and financial considerations. (WENRA RHWG 2011) Therefore the public should
be involved in the decision making procedure.
People need to have the chance to find out about those decisions, who is taking them and what is at
stake: Is it justifiable to allow 20 more years of operation to a NPP design that would never have a
chance of being licensed if it would be built now? This question has to be answered by the people
affected by a possible accident. (NTW 2014). With an EIA procedure providing information on the
possible technical measure, on the effects of severe accidents and possible alternatives people
would receive a fair chance.

14

Conference presentation on behalf of FORATOM/ENISS; http://www.ensreg.eu/sites/default/files/1.5Vanhoenacker.pdf
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7 Annex
7.1.1

Decision of the MoP on Ukraine PLEX / EIA

Decision VI/2, adopted by the Meeting of the Parties to the Convention on Environmental Impact
Assessment in a Transboundary Context at its sixth session
[…]Regarding Ukraine
68. Endorses
the findings of the Implementation Committee that the extension of the lifetime of the nuclear power
plant, subject of the proceedings, after the initial licence had expired, should be considered as a
proposed activity under article 1, paragraph (v), of the Convention, and is consequently subject to the
provisions of the Convention (see also para. 71 below);
69. Also endorses
the findings of the Implementation Committee that Ukraine is in non-compliance with its obligations
under article 2, paragraph 2, with respect to the general legal and administrative framework
applicable in the decision-making for the extension of the lifetime for nuclear reactors;
70. Further endorses
the findings of the Implementation Committee that Ukraine is in non-compliance with its obligations
under article 2, paragraphs 2 and 3, article 4, paragraph 1, and articles 3 and 6 of the Convention
with respect to the extension of the lifetimes of reactors 1 and 2 of the Rivne nuclear power plant;

7.1.2

Decision of the Implementation Committee

Report of the thirtieth session of the Implementation Committee – ECE/MP.EIA/IC/2014/215
[…]
23. In particular, the Committee decided to begin its Committee initiative due to its profound
suspicion of non-compliance by Ukraine with respect to the proposed activity for lifetime extension, as
well as its initial conclusion at its twenty-fifth session that the extension of the lifetime of an NPP,
even in absence of any works, was to be considered as a major change to an activity and
consequently subject to the provisions of the Convention. The Committee agreed that it needed to
further substantiate this conclusion (see below), taking also into account that this was the first time
that it was to consider the application of the Convention to the extension of the lifetime of an NPP
and the impact of its considerations to the general application of the Convention to nuclear activities.
The Committee also agreed that it was important to examine whether the periodic safety reviews
carried out according to international standards on nuclear safety and required within the period of
validity of the licence for an NPP would be sufficient to examine all effects, including environmental
effects, for the purposes of extending such a licence within the framework of the Convention.
24. In this context, the Committee agreed that the extension of the lifetime of an NPP originally
designed to operate for 30 years for a further 20 years represented an activity that would require a
comprehensive EIA of its effects according to the Convention, regardless of whether it was treated as
15

Full Text of Report of the thirtieth session of the Implementation Committee – ECE/MP.EIA/IC/2014/2

http://www.unece.org/fileadmin/DAM/env/documents/2014/EIA/IC/ece.mp.eia.ic.2014.2.as_resubmitted.pdf
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a major change to an existing activity or a new activity, and regardless of whether originally it had
been subject to such an EIA or not
[…]
58. Having considered the above, the Committee adopts the following findings with a view to bringing
them to the attention of the Meeting of the Parties for formal adoption in accordance with paragraph
13 of the appendix to decision III/2.1.The nature of the proposed activity under the Convention (art. 1,
para.(v), in conjunction with appendix I)
59. Recalling its conclusion at its twenty-fifth session, the Committee finds that the extension of the
lifetime of reactors 1 and 2 of the Rivne NPP after the initial licence has expired, even in absence of
any works, is to be considered as a proposed activity under article 1, paragraph (v), and is
consequently subject to the provisions of the Convention.

2.Legal, administrative or other measures (art. 2, para. 2)
60. The Committee finds that Ukraine, by not taking the necessary legal, administrative or other
measures to implement the provisions of this Convention with respect to the extension of the lifetime
of nuclear reactors, which is a proposed activity under article 1, paragraph (v), of the Convention,and
listed in its appendix I, is not in compliance with article 2, paragraph 2, of the Convention.

3.Notification (art. 3)
61. “Nuclear reactors” is an activity listed in appendix I to the Convention. The Committee also recalls
its previous opinion, according to which “even a low likelihood of a [significant adverse
transboundary] impact should trigger the obligation to notify affected Parties”, and that “notification
is necessary unless a significant transboundary impact can be excluded” (decision IV/2, annex I, para.
54). Therefore, the Committee considers that since Ukraine could not exclude a significant adverse
transboundary impact of this activity, it should have notified the possibly affected Parties. The
Committee finds that since Ukraine did not notify the possibly affected Parties with respect to the
proposed extension of the lifetime of the nuclear reactors, Ukraine is not in compliance with article 3
of the Convention.

4.EIA procedures and preparation of EIA documentation (art. 2, paras. 2 and 3, and art. 4, para. 1)
62. The Committee considers that the environmental part of the periodic safety review is not
comparable to EIA documentation including the elements set out in appendix II.
63.The Committee finds that by not ensuring that an EIA was undertaken, in accordance with the
provisions of the Convention, prior to the decision for the extension of the original licence, Ukraine is
not in compliance with article 2, paragraph 3, in conjunction with article 2, paragraph 2, and article 4,
paragraph 1, of the Convention.

5.Final decision (art. 6, para. 1)
64.Considering its findings above, the Committee also finds that Ukraine is not in compliance article 6,
paragraph 1, of the Convention.
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V.Recommendations
65. The Committee recommends that the Meeting of the Parties:
(a) Endorse the findings of the Implementation Committee that the extension of the lifetime of an
NPP after the initial licence has expired is to be considered as a proposed activity under article 1,
paragraph (v), and consequently subject to the provisions of the Convention;
(b) Endorse the findings of the Implementation Committee that Ukraine is in non-compliance with its
obligations under article 2, paragraph 2, with respect to the general legal and administrative
framework applicable in the decision-making for the extension of the lifetime of nuclear reactors.
(c) Endorse the findings of the Implementation Committee that Ukraine is in non-compliance with its
obligations under article 2, paragraphs 2 and 3, article 4, paragraph 1, and articles 3 and 6 of the
Convention with respect to the extension of the lifetimes of reactors 1 and 2 of the Rivne NPP;
(d) Request Ukraine to improve its legislation to provide for the application of the Convention in
similar cases of the lifetime extension of nuclear installations;
(e) Urge Ukraine to carry out an EIA that would permit public participation and preparation of EIA
documentation described in appendix II;
(f) Invite Ukraine to notify potentially affected Parties — taking into account that potential impacts
extend not only to neighbouring countries, but may also be long-range (cf.MP.EIA/WG.1/2003/3,
para. 8)—about the extension of the lifetime of reactors 1 and 2 of the Rivne NPP, as required under
the Convention, in due time, before the next periodic safety review due in 2020, and to undertake all
subsequent steps, as appropriate, in line with the Convention;
(g) Invite Ukraine to report to the Committee on the measures taken to bring about the compliance of
the project with the Convention.
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