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1. AGEING AND SAFETY

The safety of a nuclear power plant depends on the capacity of the systems
to perform their functions throughout the life of the instaliation under all
operating conditions [1].

Among the phenomena liable to cause degradation of the functional
capabilities of the systems, ageing must be given due consideration as
being a potential cause of common mode.

Ageing is defined as a change in the properties or characteristics of
materials, equipments and structures with time. In the normally accepted
sense, ageing is synonymous with degradation [2].

The effect of time is of course combined with other parameters such as
temperature, irradiation, the nature of the ambient environment, and
mechanical loading. Synergy may considerably increase the rate of
degradation.

As a general rule, the effect of ageing is allowed for at design level on the
basis of design codes, tests, qualification and experience feedback.

Furthermore, surveillance and maintenance programmes should make it
possible to ensure that ageing conforms to the design predictions. Should
this not be the case, suitable measures need to be taken in due time to keep
the installation in a safe state.

In France, although the average age of the PWR nuclear units is low, the
safety organizations and are attentive to all premonitory signs of ageing
liable to occur during incidents or maintenance operations, and are
conducting a research and development work on the items important to
safety which are a priori sensitive to this phenomenon.
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2. ALLOWANCE FOR AGEING IN DESIGN AND ITS
IMPORTANCE FOR SAFETY

During operation of a plant, an increase in the number of component
failures may make it difficult to maintain the required safety level.
Nevertheless, such failures, provided they are net simultaneous, are
normally detected and corrected before the drop in the safety level becomes
unacceptable.

Ageing adds a new dimension to the problem of detection and correction of
faults. Indeed, the possibility of a common failure mode due to ageing must
be addressed when the age of a range of components approaches its
service life limit. This can generally be assessed by monitoring change in
the corresponding failure rate. Aggravation with time of degradation
observed in steam generator tubes and the associated risk of simultaneous
ruptures illustrate the importance of ageing in relation to potential common
mode failure of components.

In France, the life time allowed for in the general design of PWR units is set
at 40 years. This value is also used for the design of components which
would be costly, difficult or if not impossible to replace.

On the other hand, for some components, the life time may be shorter and
partial or total replacement is provided for at design level.

As a general rule, the design codes, which are partially based upon
experience feedback, implicitly or explicitly supply means of protection
against a limited number of cases of ageing-related damage. These are
essentially rules concerning design, choice of materials, manufacturing
processes and checking criteria.

However, for the modes of degradation which are not covered by the codes,
it is necessary to resort to specific tests. For example, component
qualification programmes impose simulation of ageing before testing under
accident conditions.

As shown by experience, the evaluation of degradations due to ageing is a
difficult matter and may show the design predictions tc be inadequate.

There are two main reasons why design predictions may prove to be wrong:
faulty assessment of degradations, frequently due to i-adequate experience
feedback, and tests being difficult to interpret or unrep*9sentative.

Faulty assessment of degradations frequently resjlts from erroneous
evaluation of thermal and mechanical loading resJting in rupture and
cracking (rupture by vibratory fatigue, thermal fatigue etc.) or the use of
unsuitable materials resulting for example in corrosion. But it can also be
due to incidents affecting either conventional corroonents used under
slightly different conditions specific to the nuc sar environment or
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components which have been the subject of slight modfications without the
operating consequences being fully understood. Naturally, in many cases,
it is wrong to ascribe such incidents to ageing, which only serves to conceal
inadequacies in design and shortcomings in quality assurance.

Interpretation of ageing tests is an extremely delicate matter. If tests are
carried out under the actual conditions or similar ones — which is not
always possible — extrapolations must be made from them which may
involve substantial error. Another method is to use "accelerated" tests
(time/temperature equivalence for example) and here again the conclusions
may be unreliable. Finally, in certain cases, means may be prohibitively
expensive or simply unavailable. Here, the risk of degradation depends on
the engineer's judgement.

Finally, it must be emphasized that in the nuclear field the irradiation
parameter is important and may have synergy effects with other phenomena
such as corrosion (IASCC: Irradiation Assisted Stresses Corrosion
Cracking).

Incidents which fall into this category include, for example, rupture of
internals, particularly high-strength alloy parts, certain corrosion problems
affecting steam generators, degradation resulting from erosion/corrosion or
pitting and gradual loss of the insulation of electrical cables.

These difficulties clearly show the need to conduct research and
development programmes to precisely identify the pa-ameters liable to be
involved and possible cases of synergy. Certain such programmes have
already supplied answers to the questions raised.

For example, tests recently conducted by IPSN have showed that, for
electrical cable insulators, low dose rates have more effect than the
accelerated simulations carried out in the qualification programmes.

3. SENSITIVE COMPONENTS

The choice of components considered to be "sensitive", within the scope of
an analysis of the effect of ageing on the safety of units, depends on a
single requirement: at all times in the life of a compcnent, its actual state
must be such that its properties cannot limit the functional capabilities of
systems important to safety when the latter are triggered.

Consequently, if degradation of the characteristics of a component reduces
its functional capability, it must be considered as a sensitive component.

From the safety viewpoint, any component, at any time in its life, may be of
the sensitive component category. Such categorization is necessary when
the functional capability of the component in question cops to a minimum.
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The components important to safety of a plant can be divided into three
categories:
• components which are difficult to replace (the reactor vessel for

example),
• components which are costly to replace (steam generators for example),

• components which are periodically replaced (electrically operated valves
for example).

Nevertheless, the number of components important to safety is far too great
for it be possible to study the effects of ageing on the functional aptitude of
each.

It is therefore necessary to select the components which are to be studied.
This is done using a selection process which identifies, for each main
system, the identical components (same design and same manufacturer)
placed under similar environmental conditions (containment vessel,
contaminable area or not) and operating conditions (stresses).

Standardization of the French nuclear units facilitates this process and limits
the number of representative components of the groups identified which
need to be selected.

At the present time, this approach is being implemented by IPSN, for
preparation of a list.

4. UNDERSTANDING OF PHENOMENA RELATING TO AGEING

This is based on the development of study programmes in the following
fields:
• parameters contributing to ageing,

• modes of action of the parameters.

4.1 Parameters contributing to ageing

Identification of the parameters which contribute to ageing depends on the
technical solutions adopted in design of the installation and the nature of
the operating conditions.

These parameters can be divided into two categories:

• Ambient conditions which are determined by physical variables
characteristic of the external atmosphere or the areas in which the
components are located; these variables are related to pressures,
temperatures and humidity, as well as to the chemical composition and
radioactivity of the atmosphere of certain areas. Three types of areas are
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considered: the containment vessel, the contaminable areas and those
which are not.

• Operating conditions associated with:
- the properties of the fluids carried (water, effluents etc.) and the utilities

of the active devices (compressed air, electrical power etc.).
- the mechanical and thermal loading; these result from normal

operation of the system during startup or shutdown of active devices,
as well as interaction phenomena between components of a given
system and between the systems and structures of the building.

It is the combined effects of the parameters resulting these different
conditions which will modify the initial properties of the components, and
hence age them.

4.2 Modes of action of parameters

Specific studies of the different parameters make it possible to determine
their most probable modes of action on components and, in particular,
possible case of synergy between different parameter.

Programmes of this type have already been initiated by IPSN, for example
to determine the combined effects of certain parameters of polymers,
electronic components, as well as structural materials and concrete.

In the light of the results already available [4], it would appear that the
oxygen consumption of polymerized materials such as Hypalon or EPOM
(ethylene propylene diene monomer) subjected to irradiation and
temperature is twice great, for a given dose absorbed, as that cumulated
during testing of the same materials subjectec to each parameter
separately. The degradation of mechanical properties (elongation for
example) is a function of oxygen consumption, the efect on the resistance
of such materials is therefore strongly affected.

Similarly, the energization of electronic components subjected to low level
irradiation has shown greater sensitivity to failure than was found when
tested unenergized. One of the conferences of this symposium [5] will be
concerned with the salient points of this study.

The first results show that cases of synergy identifiée are complex and that
additional studies are necessary to obtain greater understanding in mis
field.

As concerns structural materials, the effects of reutron irradiation on
embrittlement of pressure vessel steel have beer the subject of major
programmes, particularly within the framework of inrratives coordinated by
the IAEA. Nevertheless, uncertainty remains corcerning the effects of
neutron flux and chemical composition [6].
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Furthermore, ad hoc investigation of high nickel content alloys has shown
that ageing can change the structure of the material due to the appearance
of a new phase, without this having for the time being, being linked to the
preponderant influence of thermal effects or irradiation [J].

As concerns concrete, permeability and uniaxial compression tests on
specimens taken from reactor containments after 20 years of operation
show no signs of significant change under the combined effects of
irradiation and temperature [8].

4.3 The advantages of allowing for ageing at design level

The development of a database on parameters action modes involved in
ageing makes it possible to associate with a given component:
• a series of parameters affecting its functional capability,

• a model or rules for the acceleration of degradation of its properties of
precisely determined validity.

The most pertinent indicators of ageing of components can then be selected
for analyzing behaviour in qualification tests and for monitoring changes in
functional capability during operation of the installation.

5. SURVEILLANCE OF COMPONENTS

The need to permanently demonstrate the safety of installations has led the
operating organization to adopt, from the start of the French nuclear power
programme, a policy of prevention. This is essentialy orientated towards
maintaining the quality of the components, defined as their capacity to
operate correctly in service.

Maintenance was chosen as the main method to be used in France to attain
this objective. It is essentially of two types, curative and preventive,
integrating the data derived from periodical tests, the analysis of incidents
and preventive replacement actions.

During the construction and operating phases, tests are made to
demonstrate the functional capacity of systems under conditions of use
close to those encountered in operation. Although the results thus obtained
allow for certain synergy effects, there are certain restrictions on their use.
Indeed, functional capacity is observed globally, at the level of the system or
sub-system, which means that it is not possible to idenjfy the weakest link of
links it. Furthermore, on-site testing conditions do not always bracket the
situations encountered in operation of a unit or during an accident, if the
system is required to operate under such conditions.
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These limits have led to the development of the surveillance of sensitive
components for optimal maintenance management.

The pertinent surveillance of components, representing the groups
considered most important to safety, is based on on-line or percentage
methods capable of showing variation of their properties. In this field, IPSN
is for example studying the possibilities of surveillance for early detection of
degradation of cables exposed to low-level irradiation [3].

These methods, certain of which remain to be developed, should give
results in which precision will play a fundamental role. Indeed, the
frequency of replacement of components and the scheduling of the
corresponding work will closely depend on the correctness of the results of
surveillance.

The latter is a fundamental part of the action carried out in the field of
ageing. It supplements the understanding of the phenomena involved and
validates it by experience.

6. CONCLUSIONS

The effective ageing on the components of nuclear power plants is still not
fully understood. The hypotheses used in establishing the design codes
and the qualification of components by testing must be validated by
experience feedback. This necessitates the development of means of in-
service surveillance associated with better understanding of the problems
relating to ageing.

The importance of the research and development work required is not due
to the age of the nuclear power generating facilities. In France, although the
facilities are relatively new and the present availability of the plants is
satisfactory, it is necessary to validate the proof that the systems important to
safety are capable of performing their functions. Determining which parts or
precursor events need to be studied is essential in preventing ageing
related degradations liable to result in common mode failures.
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