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ABSTRACT - Several definitions can be given to
the design life of a nuclear power plant just as they
can be attributed to the design life of an industrial
installation : the book-keeping life which is the
duration of the provision for depreciation of the
plant, the licensed life which corresponds to the
duration for which the plant license has been
granted and beyond which a new license should be
granted by the safety authorities, the design life
which corresponds to the duration specified for
ageing and fatigue calculations in the design of some
selected components during the plant design phase,
the technical life which is the duration of effective
technical operation and finally the economic life
corresponding to the duration of profitable operation
of the plant compared with other means of
electricity production.

Plant life management refers to the measures taken
to cope with the combination of licensed, design,
technical and economical life.

They can include repairs and replacements of
components which have arrived to the end of their
life due to known degradation processes such as
fatigue, embrittlement, corrosion, wear, erosion,
thermal ageing, ... In all cases however, it is of great
importance to plan the intervention so as to
minimise the economic impact. Predictive
maintenance is used together with in-service
inspection programs to fulfil this goal. The paper
will go over the methodologies adopted in Belgium
in all aspects of electrical, mechanical and civil
equipment for managing plant life.

1. INTRODUCTION

In Belgium, their is no predetermined licensed life
for a nuclear power plant, rather the safety
behaviour is assessed on a continuous basis by the
safety authorities and an overall safety review is
performed every ten years. Main replacements or
modifications are usually executed at this time to
minimise title economic impact.

Design life which is merely used in the design
specification of some components subjected to known
degradation processes includes values such as 20, 30
and 40 years.

The first value was taken into account in the first
Belgian-French commercial nuclear power plant of
Chooz A for the design of some components. In the
more recent plants design life is 40 years.

Like in several other European countries, the
licensing process in Belgium calls for a periodic ten
years examination of the safety of the plant. There
is thus no question of renewing the operating license
after 20, 30 or 40 years of operation, but rather assess
the safety of the plant after every decade. The old
plants have gone through this process twice while
the last four units only once.

In this paper we will go over the general process
followed in Belgium to determine under which
conditions a power plant can continue operating .
Methodology followed to manage a plant life
implies periodic safety assessments, periodic
testing, predictive maintenance and in-service
inspection. All resulting modifications, repairs or
replacements of components have to account for the
economic impact on tine price of the kWh.

2. LICENSING ASPECTS

Every ten years of operation, a complete safety re-
assessment of each nuclear power plant is performed.
Topics considered essentially concern :

• Operation problems occurred during the 10-year
period after the start-up;

• Safety problems identified during the same
period but for which no immediate action was
required;

• Safety concerns discussed during the licensing of
the four last Belgian NPP's;

• Feedback from foreign nuclear plants operation;

• Safety topics identified within the safety re-
evaluation programs of other NPP's.

Such investigations have resulted in the change of
the process computer at Doel 1/2 to answer to the
most modern requirements on the aspects of
information to the operator.
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Another example is the seismic re-evaluation of
Tihange 1 : originally, the plant was designed for a
safe shutdown earthquake (SSE) with a horizontal
acceleration of 0.1 g. During the licensing process of
Tihange 2 and 3, experts appointed by the
Commission of the European Communities
recommended to consider a horizontal acceleration
of 0.17 g. For Tihange 1, all structures and
components required to operate during and after SSE
were reviewed. Advanced calculation methods were
used for the electrical auxiliary building and for the
piping network. Active components and cable trays
were re-qualified by the SQUG method based on the
comparison of the Tihange 1 equipment with similar
equipment which had been exposed to real
earthquakes.

Other safety topics have been re-assessed like the
verification of today's adequacy of some basic
criteria considered in the plant design such as the
examination of the environmental site conditions
and extreme climatological conditions during the
last Tihange 1 safety assessment.

The evaluation of the containment insulation and
sump filtration equipment, severe accidents,
probabilistic safety assessments are examples of
feedback from foreign nuclear plants operation.

Experience feedback in qualification testing
resulted in the modification of instrumentation and
control penetrations at Tihange 1 and Doel 1/2.

The evolution of the technology for in-service
inspection will also be accounted for.

The above examples show the importance of such
ten-year safety assessment. The amount of work
involved requires a continuous follow-up of the
above topics by the utility, the Engineer (Tractebel
Energy Engineering) and the Safety Authorities.

3. IN-SERVICE INSPECTION PROGRAMS
AND ANALYSES

3.1. Mechanical components

Design specifications contain requirements related to
performance and structural resistance. Performance
is usually verified during testing either on new
components or in the course of plant operation during
periodic testing. Preventive maintenance is then
applied to compensate for possible non-conformities.

Structural resistance cannot be verified through the
same process. This resistance can possibly degrade
due to several processes such as corrosion, fatigue,
embrittlement, erosion, wear, thermal ageing.

ASME class 1 and some class 2 components must be
verified against three degradation processes :
fatigue, thermal racheting and neutron
embrittlement. Justification of the first two modes
are based on a catalogue of transient conditions
established by the NSSS supplier and which are
envelopes of the actual transients. A simple count of
the occurrences is of course conservative but it does
not reflect the percentage of life consumed by the
real transient and in the case of load cases which
were not accounted for at the design stage,
specifically thermal stratification on some piping
components, mathematical models have been
developed to evaluate the possible degradation of
the component through recording of the fluid
temperature. In addition, temperature measurements
have been recorded on selected pipe sections to
qualify the models which now allow to evaluate
the corresponding fatigue damage.

Embrittlement degradation is verified on the reactor
vessels (RV) through representative material
samples distributed around the core. Periodic
Charpy-testing of these samples allow to verify
the calculations established during the plant design
phase. So far evolution is such that the
embrittlement of all Belgian RV remains well
beyond its original design life.

The other mechanisms of justification are followed
through in-service inspection, to control the absence
of indications from any origin, and, if necessary, to
insure the stability of known fabrication flaws.

It is important to note that there are both
mandatory and non mandatory in-service inspection
programs : the ASME code section XI describes the
mandatory requirements while non mandatory
programs have been set up essentially on the basis of
world experience of plant operation. In this category
we can include mechanical components such as
reactor internals guide tubes split pins or RV head
penetrations.

Feedback of foreign experiences or voluntary
inspection can also lead to the follow-up of
unexpected phenomena . It is the case for instance for
the degradation of baffle-former stainless-steel
bolting on the reactor internals of Tihange 1. These
bolts are subjected to intense irradiation, both
gamma and neutron. After a major inspection
performed in 1995,91 bolts either cracked or dubious
were replaced.

The erosion-corrosion inspection program is a typical
example of voluntary inspection [1] : general
corrosion accelerated by erosion (erosion/corrosion)
has been observed in low alloy and carbon steel
pipes. Susceptible areas are those where high
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velocity flow impacts the pipe inside surface . These
areas are regularly monitored and pieces of pipes
and fittings exhibiting excessive wall thinning are
replaced.

Periodic inspection of steam generator tubes has
supplied the basis for development of analyses
methods which allowed to predict defects
evolution, life duration of affected tubes, the need
for technological developments in the field of non-
destructive testing and approximate the remaining
plugging margins. Eventually, combined technical
and economical approach lead to the determination
of the best time for steam generator replacements.
In this case economics was a very important factor,
since the decision and the year of replacement could
be strongly influenced by the possibility of plant
power up-rate.

3.2. Civil structures

Follow-up of some civil structures is the object of
recommendations described in regulatory guides of
the US NRC.

At the design stage of civil structures except for pre-
stressed concrete containment, it was accepted as a
fact that there was no factor that could influence
the operation of the plants for life duration
commonly taken into account, i.e. for a minimum of
thirty years; it being understood that possible
protection against specific degrading factors and
common maintenance rules would be applied.

For primary containment, regulatory guide 1.90
which has been used as a design guide requires
periodic follow-up through stress or strain
measurements on the concrete, and through stress
measurements in selected cables. In addition, a
visual inspection of the outside surface of the
containment to detect possible cracks or degradation
is performed with specific attention paid to the
areas of discontinuities such as main penetrations or
anchorage heads. Also periodic pressure test is
performed.

Practical results of these measurements will be the
basis for supporting the justification for extending
the design life beyond the one taken into account at
the design stage.

Periodic surveillance of other civil structures
defined as seismic category 1 is also performed.
Typical characteristics examined are not only the
absolute settling of structures and their foundations
but also settling or differential movements of
adjacent structures to highlight possible dysfunction
of seals and consequently avoid problems of air or
watertightness. Visual examination is also

performed to detect possible signs of abnormal
cracking, pulverulence, .... Inspections can lead to
repairs of significant magnitude.

All the above inspections or measurements are
complementary from the traditional maintenance
and prevention measures against material ageing
mostly due to meteorological phenomena : for
instance all protection systems against corrosion or
outside watertightness like roofs or other walls
coverings. Examples have been the degradation of
some auxiliary cooling towers after 25 years at Doel
1/2 and also the elaborated follow-up program of
the main cooling towers of all the Belgian nuclear
power plants. This program which has been
established in collaboration between Electricite de
France and Tractebel Energy Engineering has
already lead to repairs and protection interventions
on two cooling towers to guarantee the stability of
the construction.

Possible effects of erosion on concrete will soon
require special techniques (divers, robots,...) to
inspect some hydraulic works common to several
plants of Doel.

In 1994 a significant amount of backfill materials
has been laid in the bottom of the Schelde river in
Doel to avoid erosion of the water intake piles.

Close collaboration between maintenance personnel
and the engineering group in charge of the in-service
inspections is required to assure that remedial
measures will be efficient.

4. ELECTRICAL EQUIPMENT

The approach followed for electrical and I&C
equipment has been in terms of qualified life rather
than design life [2-3].

More than mechanical or civil components,
electrical and I&C equipment is faced with
problems of thermal ageing and obsolescence.

The approach has therefore been to qualify an
equipment or a component for a given application
under normal and accident conditions through
qualification tests performed either at the plant
design stage or at the time of replacement by an
equipment or a component of a new design required by
the problem of material obsolescence. This approach
allows to plan years ahead of time the required
replacements and spread more uniformly the
financial impacts.

Qualified life of electrical and I&C equipment is
thus defined during qualification tests. This
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qualified life depends upon the equipment and the
level of qualification (between 5 and 40 years).

Together with the level of qualification, two types
of qualified life were defined :

• Projected Qualified Life (PQL);

• Recommended Qualified Life (RQL).

4.1. Projected Qualified Life

The projected qualified life of a class IE equipment
is the period during which it is installed and
capable of functioning correctly even in the case of an
accident (Design Basis Accident, earthquake,
external accident like airplane crash or gas
explosion). It has to be borne in mind that the
accident may arise on the last day of the PQL.

It is imperative to replace the equipment or their
components before their PQL expires. This is the
case on the pressurizer spring loaded safety valves
where the limit switches are replaced after five
years. However it is economically interesting to
check whether there is a possibility of extending
the life of an equipment by renewing some of its
components (I/P converters, actuators, electrovalves;
if the components have a qualified life of five
years, the equipment is re-qualified for five years)
or by reassessing its life in the light of the severity
of the environment the equipment was exposed to in
reality (transmitters, temperature sensors, primary
pumps speed sensors; in many cases, the qualified
life has been extended from 15 to 25 years). The
latter approach makes it possible to have to replace
only the components exposed to the severest
conditions. Preventive maintenance also takes this
selection method into account.

4.2. Recommended Qualified Life

The recommended qualified life of a class IE
equipment or component is the period during which
it is installed and capable of functioning correctly
even after an earthquake or an external accident,
and at the expiry of which it is recommended that it
be replaced.

The ageing tests or operating experience allow to
estimate the RQL of qualified equipment or
components for harsh environment but outside
containment (e.g. pressure switches) and of some
qualified components located in mild environment
(e.g. capacitors).

It must be borne in mind that the RQL may be
weighted lower or higher to a certain extent, based
on the operator's experience feedback about the
behaviour of an equipment or component.

For example, a qualified transmitter located outside
containment "looking in great shape" and of which
the records establish as a fact that it didn't require
any repair or re-calibration, may be granted an
extended life duration. Conversely its life may be
decided shorter if in the past its behaviour gave
reason for concern.

Like for the PQL, it is economically interesting to
check whether there is a possibility of extending
the life of an equipment by taking into account the
conditions it was really exposed to or by renewing
some of its more sensitive components (e.g. level
switches).

Preventive maintenance also takes this life aspect
into account.

4.3. Obsolescence

Since the qualified life of certain components of
equipment is relatively short, the utility has been
faced early with material obsolescence when
purchasing spare parts. This situation has been
encountered on transmitters for instance.
Obsolescence has also lead to the replacement of the
nuclear instrumentation system cabinets at Doel 1/2.
The same work will be performed at Tihange 1.

The installed qualified equipment is often of the
nineteen seventies technology. Therefore it is
necessary to be proactive so as to avoid obsolescence
when the necessity of replacing an equipment arises.

To address this potential problem, the suppliers are
requested to inform if they continue manufacturing
the relevant products, and of the evolution, if any,
of these products since last purchased and installed.
All this information is recorded in a data base.

It should be noted that obsolescence is not specific to
qualified equipment; non qualified equipment can
also be replaced for this reason, like complete
electrical cabinets (including turbine cabinets), or
the rod position indication system.

5. PREDICTIVE MAINTENANCE

In-service inspection programs, periodic testing,
specific measurements, overall experience of similar
components and qualification programs allow to
create data bases which will support predictive
maintenance programs allowing to plan repairs or
replacements at the time best suited to minimise the
economic impact. These interventions are generally
performed during major overhauls associated with
the ten years safety re-assessments.
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Examples are the replacement of the steam
generators at Doel 3, Doel 4, Tihange 1 and next year
at Tihange 3, the up-flow conversion on the reactor
internals of Tihange 1, the replacements of
condensers and the replacement of the low pressure
rotors at Doel 3 and Tihange 1 and 2.

There may of course be some repairs which have to
be performed at the earliest like the reactor
internals split pin replacement at Doel 3 in 1987; a
postponement of the intervention would have
resulted in a pin rupture during the following cycle
and most certainly an unplanned outage.

6. CONCLUSIONS

Degradation phenomena can affect the "design life"
of a component. Combination of in-service inspection,
analyses, specific measurements, qualification tests
will support predictive maintenance programs and
allow the right repairs or replacements on the right
time.

These programs are part of the continuous safety
assessments which are performed not only in
Belgium but in all countries.

Managing nuclear power plant life encompasses not
only the technical aspects required to insure that
the plants are operated safely and reliably, but also
the economic aspects necessary to guarantee the
supply of electricity at a competitive cost.

This approach applied to the whole Belgian NPP's
has shown profitable : it results in high
availability, competitive cost and reasonable
perspective for the long term.
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