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Annex A
NWIP. Methods for condition monitoring of electrical equipment of safety system for
nuclear power plants. Purpose and justification.

1. Purpose

The purpose of this NWIP is to standardize the most commonly used condition monitoring methods —
mechanical condition indicators (elongation, indenter modulus,..) dielectric condition indicators
(insulation resistance, dielectric loss factor,..), chemical condition indicators (DSC-OIT, OITP, ..). The
aims are to identify and define the parameters of primary importance for the results of condition
measurements and to standardize the format for reporting of condition measurement results. The
requirements on the performance of the condition measurements have to be prescribed in sufficient
detail to ensure a degree of accuracy and reproducibility of the results that makes them acceptable for
management of ageing of electrical equipment in safety systems of nuclear power plants.

2. Justification for a specific standard on condition monitoring

Existing IEC Standards as well as IEEE Standards and other national Standards on qualification of
clectrical equipment in safety systems of nuclear power plants refer to condition monitoring as an
important tool in management of ageing. Measurement of condition indicators are used in
determination of activation energies for calculation of qualified life and in verification after installation
that the equipment maintains a status for which it has been demonstrated that it meets the design
requirements for the specified service conditions. Methods for condition monitoring are described in
various international and national standards. A specific standard satisfying what is needed for
application to the management of ageing of electrical equipment in safety systems of nuclear power
plants is, however, missing.

There are many benefits of a generally accepted Standard for condition measurement designed for
application to the management of ageing of electrical equipment of nuclear power plants:
comparability of measurement results from different origins, facilitation of exchange of experiences,
usefulness of databases on long term environmental effects on degradation of electrical equipment and
components, broad acceptance of qualification results, etc.

3. Relationship to IEEE

It is proposed that the standard is developed within IEC SC45A (WGAT10) in close cooperation with
members of IEEE SC-2.1- responsible for the preparation and revision of IEEE 323 — with the target
that it will ultimately be subjected to a joint logo procedure. The board of IEEE SC-2.1 has expressed
that they support this. A joint logo IEC/IEEE standard would widen the use of identical condition
measurements to the majority of nuclear power applications, which would very significantly increase
the general benefit of the results.

4. Needs for high accuracy and repeatability

In order for the results of the condition measurements to be useful for its purposes the methods must be
characterised by a high degree of reproducibility and repeatability.

In 1996-97, an IAEA expert group initiated round robin measurements of conditions of identical
unaged and aged cable samples. The measurements were made by a number of laboratories in various
countries. The results showed substantial variations between the laboratories. An analysis of the
reasons showed that a number of test parameters of importance for the results were not adequately
specified and the tradition of use of the methods varied between the laboratories. The following
statement was made by the expert group, reported in [IEAE TECDOC 1188: “The main conclusion that
has come out of this series of round-robin tests has been the need for more detailed specification of the
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Annex A
Use of Arrhenius or similar formulas for calculation of acceleration factors in artificial ageing
requires knowledge of activation energies of organic materials. The calculation of acceleration factors
and qualified life is very sensitive to the values of activation energies as illustrated in the example in
Figure 1.

35 — Thermal ageing 42d at +110°C
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Figure 1. Example of
calculated qualified life from
artificial thermal ageing
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As shown in Figure 1, a small deviation in the activation energy results in a large deviation in the - .
qualified life calculated. Determination of relevant activation energies are normally based on tests -
which include use of condition monitoring. The relevance of the activation energy determined is

related to a number of factors. The quality and repeatability of the condition monitoring technique used
is one of the most important factors.

Application of condition monitoring is becoming more common in management of ageing after
installation, e.g. as a method for ascertaining operability after installation and for extension of
qualified life. IEEE-323 (2003) has also included qualified condition as an alternative or compliment
to qualified life. In order to be applicable to management of ageing after installation and use of the
concept of qualified condition, the condition indicator values must be determined within tolerances and
- with a repeatability that makes it possible to compare the condition of the equipment at different
measurement occasions with a high degree of accuracy. The problem that arises with non-accurate or
non-identical measurements is illustrated by Figure 2, reproducing data from the IAEA round robin
measurements. The oxygen induced temperature (OITD) was measured by two different laboratories
on identical samples of new and artificially aged cable insulation. Laboratory A presented values on
the aged cable samples which were higher than the values of the un-aged cable samples presented by
laboratory B. It is obvious that more well defined, accurate and standardised measurements are needed
for application to management of ageing and use of the concept of qualified condition.
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Annex B
4,6

In the example above FE = -0,8617-107™* =0,99¢V

2

The acceleration factor determined by the Arrhenius formula is very sensitive to the value of the
activation energy. The dependency is shown in Figure 2.
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Figure 2. Thermal ageing at temperature 110°C. Acceleration factor as function of service temperature
and activation energy.

35
30 || Thermal ageing 42d at +110°C
Activation energy E = 0,9eV
25 11 Service temperature +50°C
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Qualified life, years
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Activation energy

If the actual service temperature is +50°C and the accelerated thermal ageing is made at 110°C, the
acceleration factor is just above 150 at an activation energy of 0,9 eV. A 10% overestimation of the
activation energy results in an assumption of an acceleration factor above 250 and an overestimation of
qualified life by 67%. The diagram shows that inaccuracy in determination of the activation energy has
a large influence on the acceleration factor and consequently on the qualified life determined from
thermal ageing followed by demonstration that the equipment meets the design requirements for the
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