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Introduction

An aging generation of nuclear power plants is going to be in operation in the coming
30 years in Europe. During the last 10 years some NPPs got unlimited or renewed
operational licenses. It started with the oldest British reactors in Calder Hall (life time
extension to 50 years) followed by Mihleberg and Beznau in Switzerland, which got an
operational license until 2012 (40 vyears) and an unlimited operational license,
respectively.

In comparison to the German “Atomkonsens”, which is based on an operational time of
32 years of the German NPPs, operation through 40 and more years seems very long.

The NPP Dukovany in the Czech Republic has passed an extensive modernization
program. In 2005 CEZ has announced that the NPP Dukovany will continue to operate
until 2035 which will result in a life time of more than 50 years!

For Paks NPP in Hungary a licensing process (including an EIA procedure) is going on.
Paks applies for a license to generate electricity another 30 years.

Other countries - e.g. Russia - allow their NPPs to succeed with operation without
specific legal procedures.

The Nuclear Regulatory Commission in the USA has created a simplified generic licensing
procedure for life extension of the aging US nuclear plants.

Regarding this development, this information package supports NGOs and administrative
personal with technical expertise, case studies and also legal information concerning
participation according to the ESPOO Convention and other possibilities for legal
objection due to the law of nations.

Since this is the first part of the information package, it provides general information on
the subject and the major points of criticism.

What is PLEX?

Plant Lifetime Extension (PLEX), Plant Life Management (PLIM) and Long-Term Operation
(LTO) are different names for the same activity - extending the operation of old nuclear
power plants beyond the time, it was assumed that NPPs could be used without major
problems.

For existing nuclear power plants generally a commercial lifetime of 30 to 40 years was
assumed, because of the weakening impact by neutron irradiation, high temperature and
pressure to the components which have to contain the reactor core and the core cooling
system. Of all these influences only neutron irradiation is specific to nuclear power
plants, all other effects of material aging are well known at the chemical industry, gas,
coal and other power plants as well as in the transport sector: broken wheels and axis
endanger travellers in trains and cars; Pressure vessels are also a hazard in chemical
plants.

Neutron irradiation is the specific contribution to hazard of using nuclear fission. Neutron
irradiation leads to embrittlement of the pressure vessel steel and its welds. Because of
increasing danger with operational time and energy produced, this effect has to be
monitored carefully.

Many reactors have reached the age of 30 years and more will follow in the next years.
The reality of operating NPPs proofed that after 30 years and in some cases even before
this time serious problems with material degradation occurred:
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e at the 900 MW series PWR in France all plants developed leakages at vessel head
penetrations

e the first CANDU series reactors developed degradation of the pressure tubes,

e steam generators in many PWRs leaked because of corrosion, and most of them
had to be changed

¢ RPVs in first generation VVER 440 reactors had to be thermally annealed because of
excessive embrittlement

Number of Reactors by age (as of 8th of march 2005)
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picture 2-1: operating time of NPP worldwide (IAEA PRIS 2005)

Ageing Effects:

Ageing already occurs during the lifetime of a NPP as originally planned, over the years
ageing mechanisms become increasingly important. Particularly with plant lifetime
extension, ageing effects become a more and more important contribution to the overall
plant risk.

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

» Irradiation
» thermal and mechanical loads
= corrosive, abrasive and erosive processes;

In many cases, non-destructive examinations permit to monitor crack development,
changes of surfaces and wall thinning. But changes of mechanical properties frequently
cannot be recognised by non-destructive examinations. Therefore it is difficult to get a
reliable, conservative assessment of the actual state of materials. However, because of
limited accessibility due to the layout of components and/or high radiation levels not all
components can be examined one hundred percent. Therefore, it is necessary to rely on
model calculations in order to determine the loads and their effects on materials
(GREENPEACE, 2005).

The consequences of ageing are on the one hand the increasing number of incidents (e.
g. small leakage, cracks, short-circuits due to cable failure etc.) and on the other hand,
the effects leading to gradual weakening of materials which could lead to catastrophic
failures of components with subsequent severe radioactive releases.
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Most notable among those is the embrittlement of the reactor pressure vessel, increasing
the hazard of vessel bursting. Failure of the pressure vessel constitutes an accident
beyond the design basis. Safety systems are not designed to cope with this emergency.
Hence there is no chance that it can be controlled. Furthermore, pressure vessel failure
can lead to immediate containment failure as well, for example through the pressure
peak after vessel bursting, or by fragments of the ruptured vessel break through walls.
Catastrophic radioactive releases might be the consequence. (GREENPEACE, 2005).
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picture 2-2: Brunsbuettel ruptured tube (HIRSCH 2005)

In probabilistic risk assessment studies (PRAs), which are increasingly used as a tool by
nuclear regulators, ageing is usually not taken into account. PRAs assume that
equipment failure rates are taken from the low centre portion of the “bathtube curve”.
This leads to underestimation of the risk (LOCHBAUM, 2000). The "bathtube curve"
shows that a high rate of incidents occur at the start-up of the NPP and after the planned

lifetime.

Typical bathtube-curve of typical failure rates at an NPP

failure rate

< theoretical lifetime > operating time

picture 2-3: Typical bathtube-curve of typical failure rates at an NPP (HIRSCH 2005)
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Since some ageing mechanisms are still not completely understood, a complete and
satisfactory treatment of ageing effects in the framework of a PRA is not possible today
and would require extensive further research.

Why PLEX?

Why are operators and energy enterprises interested in PLEX?

» One of the major trends in the global energy and electricity sector is the privatisation of
electric utilities and deregulation of electricity markets. The increasingly competitive
environment has significant impact on nuclear power. .... Competition from fossil fuels
has increased. New and more efficient coal and gas technologies with comparatively low
initial capital costs and substantially faster construction time schedules are being
introduced. Joint studies by the International Energy Agency (IEA) and the Nuclear
Energy Agency (NEA) have shown that new nuclear plants in OECD countries can only be
competitive with other base load electricity generation alternatives under certain
conditions. ....It is difficult for new nuclear generation to compete with gas, combined
cycle, or even with coal, in regions where coal is abundant and economical." (IAEA-
TECDOC-1309)

As it is stated in the IAEA document for a profit oriented enterprise there is not much
incentive to build a new NPP. It takes high capital investment, a long licensing process
and a long construction period to realize it (e.g. 7 years planned for the EPR in Finland or
up to 20 years in Japan). In addition to it there are several options to provide cheaper
capacities for electricity generation in less time (gas, gas-combined-cycle, wind power,
biomass...).

However, to generate electricity in an old NPP as long as possible, is profitable, because
the investment has been recouped long ago. Therefore utilities prefer life extension to
construction of a new NPP.

Frequently PLEX programs are carried out together with measures to increase the
efficiency of electricity generation, known as 'power uprating'. Various measures
contribute to this target: some concern only the turbine, others require changes in the
reactor core and the operating cycle, leading to a higher burn up of the fuel.

Both processes, plant life extension and power uprating contribute to a
decrease of safety margins of NPPs. As a worldwide tendency this will result in
higher risk for all of us.

Actual Projects

The regulation of plant lifetimes varies from country to country. Some have operating
licenses with a fixed plant lifetime (e. g. US: 40 years, Hungary: 30 years) and others
have open licenses with regular safety reviews (e. g. Czech Republic, France, Spain).
However, a commercial lifetime of 30 to 40 years is generally assumed.

Life extensions are planned in many countries operating NPP for many of the existing
NPP:

e In the United States, licensing for life extension from 40 to 60 years is now well
under way. The first extensions were granted in spring 2000 (for Calvert Cliff and
Oconee) and license renewal appears to be speeding up in the USA.

e In France, there are definite plans to extend the lifetime of the whole PWR fleet
from 30 to 40 years. Lifetime extension will begin at the earliest, 900 MWe-series
PWRs for which the 30th year-outage could become the springboard to life
extension.
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Coming up: Climate change and NPP
PLEX case studies
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