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INTRODUCTION

At the end of 1999, according to data reported to the International Atomic
Energy Agency, there were 433 nuclear power plants in operation and 37 under
construction worldwide. The largest contribution to the world installed nuclear
capacity was the USA with 28 % of world capacity, followed by France with 18 %,
and Japan, with 12,5 %.

In terms of nuclear power contribution to national electricity production, the list
is headed by France, where in 1999 some 75 % of electricity was produced by
nuclear. In a total of 17 countries, more than 25 % of the electricity was produced by
nuclear power in 1999.

At the end of 2000, the total operating experience is about 10000 reactor-
years. About 60 % of this total operating experience comes from 4 countries : USA,
UK, France and Japan.

The 58 PWR nuclear units operated in France by Electricité de France (EDF)
account for 55 % of France total installed generating capacity. The first unit came on
line in 1977. This is a rather unique case in the world : EDF, as one of the largest
electricity producer, developed standardised series of large nuclear units (34 x 900
MW, 20 x 1300 MW, 4 x 1450 MW).

Looking back to the worldwide operating experience feedback, which
performance trends and conclusions could be drawn up ? What is the specific
situation of the French nuclear units, in comparison with the average worldwide
performance ?

The performance of a unit or group of facilities is measured not only in
technical terms (safety, availability, load control capability), but also from an
economic and financial standpoint (operating and maintenance costs, fuel costs, etc).
Performance in terms of radiological protection and orvthe-job safety, as well as
environmental protection, is also monitored in order to give the broadest possible
overview of nuclear power plant performance.

The main technical results are presented on the basis of selected performance
indicators. The results obtained by French units are benchmarked against those of
other PWR facilities in operation around the world, in accordance with comparisons
made by the World Association of Nuclear Operators (WANO).
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INTERNATIONAL BENCHMARKING

On the basis of the results and trends, a performance indicator gives a partial,
simplified picture of performance in a spedific area. When combined, these basic
syntheses, like the pieces of a puzzle, provide a more qualitative overview of the
"global" performance of a unit or a comparable série of units.

The ten indicators selected by WANO for international comparisons are :

- Unit capability factor
- Unplanned capability loss factor
- Industrial safety : lost-time accident rate
- Thermal performance
- Safety system performance
- Unplanned automatic scrams per 7000 hours critical
- Fuel reliability
- Chemistry index
- Collective radiation exposure
- Volume of low-level solid radioactive waste.

For all these indicators, there has been a very favorable and very positive
move towards application of the definitions throughout the world and collection of
relevant data. This global, international strategy should lead operator to take a
similar, decentralized approach to apply indicators that are more targeted, or precise.
These indicators are useful when shortcomings are perceived, and for generating
effective and measurable experience feedback. This policy of monitoring trend tables
has already been implemented in several countries. EDF, for example, publishes a
brochure each year enabling each plant manager to "position" his plant's
performance in a certain number of specific areas, compared with the statistical
record achieved by similar facilities. In addition, an approach based on annual "goals"
and management contracts enables plants to target the necessary objectives, make
the necessary investments and deploy the required resources. Fortunately, this type
pf approach is now being implemented more broadly around the world, generating
reliable benchmarks for analysis.

PERFORMANCE TRENDS. WORLDWIDE

We will refer to the WANO performance indicator programme to focus on the
overall trends, as this programme has a worldwide coverage. It started in 1990, and
one major expectation is that the use of the WANO performance indicators will
encourage emulation of the best industry performance. It should also further motivate
the identification and exchange of good practices in nuclear plant operations.

For several years, WANO members have agreed to share performance
indicator data for individual nuclear power plants amongst members, in keeping with
WANO's Confidentiality Policy. The overall performance indicator results were made
public, on an annual basis. The following are the overall WANO results through year
end 1999.
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UNIT CAPABILITY FACTOR

Unit capability factor is the percentage of maximum energy generation that a
plant is capable of supplying to the electrical grid, limited only by factors within control
of plant management. A high unit capability factor indicates effective plant
programmes and practices to minimise unplanned energy losses and to optimise
planned outages.

The worldwide median for all reactor types moved from 77 % in 1990, to 84 %
in 1999. For France, the improvement was also significant, from 74 % to 80 %.

UNPLANNED CAPABILITY LOSS FACTOR

The unplanned capability loss factor is the percentage of maximum energy
generation that a plant is not capable of supplying to the electrical grid because of
unplanned energy losses, such as unplanned shutdowns or outage extensions. A low
value indicates important plant equipment is well maintained and reliably operated
and there are few outage extensions.

The worldwide median value 4 % in 1990, 2 % in 1999.
In France, with regard to forced capability loss, intensive experience feedback

- and the implementation of appropriate monitoring and maintenance policies - has
made it possible to reduce the median forced loss factor (during the operating cycle)
to less than 2 % in 1999.

TOTAL UNAVAILABILITY

Althought this is not a WANO performance indicator (it refers directly to the
Unit Capability Factor) it is worth to mention that it corresponds to the sum of both
forced capability loss ans unplanned capability loss due to planned outage
extensions, and planned capability loss due to maintenance and refueling outages.

Substantial improvements have been made in the control of the length of
planned outages. The actual lenght of planned outages in France has been reduced
from around 80 days in the early 1990s to approximately 50 days today (excluding
major anomalies and special inspections). The same trend over the last ten years is
also observed in the US and in Japan : a division by 2, from 100 days in the US, 150
days in Japan, to respectively 50 and 80 days.

UNPLANNED AUTOMATIC SCRAMS PER 7000 HOURS CRITICAL

The unplanned automatic scrams per 7000 hours critical indicator tracks the
mean scram (automatic shutdown) rate for approximately one year (7000 hours) of
operation. Unplanned automatic scrams result in thermal and hydraulic transients
that affect plant systems.

The mean result in 1990 was 2.0, to be compared to 0.7 in 1999. The French
value in 1999 was 0.9, and 2.9 in 1990.
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COLLECTIVE RADIA TION EXPOSURE

The collective radiation exposure indicator monitors the effectiveness of
personnel radiation exposure controls. Low exposure indicates strong management
attention to radiological protection.

The worldwide average for PWR moved from 1.74 Man-Sievert per unit in
1990 to 0.94 in 1999.

Average collective radiation exposure per French PWR unit in 1999 was 1.17
Man-Sievert, down 50 % on 1990 thanks largely to actions undertaken within the
scope of the ALARA project. The ALARA method consists in reducing radiation
exposure through better organization and planning of maintenance work by
optimizing exprience feedback from previous projects.

INDUSTRIAL SAFETY ACCIDENT RATE

The industrial safety accident rate tracks the number of accidents that result in
lost work time, restricted work, or fatalities per 1 000 000 work-hours.

The results for about 200 reporting stations are very encouraging, moving from
5.20 in 1990 to 3.15 in 1999. The mean value for 17 stations in France was 7.

SAFETY SYSTEM PERFORMANCE

The safety system performance indicator monitors the availability of three
important standby safety systems at each plant. Safety systems that are maintained
in a high state of readiness have a high probability of being capable of mitigating off-
normal events.

In fact, there is no single, fundamental indicator to express the level of safety
of a nuclear power plant. However, by cross-referencing and integrating a number of
different elements (such as safety system performance, significant incident rate,
overall plant availability, etc.), it is possible to assess the safety "level" of a facility by
comparing it with other plants and general trends.

For example, in France, althrought this is not a WANO performance indicator,
the significant incident rate (i.e. with an impact on safety) previously stood at 11
events per unit, per year. Today, this rate is approximately 7 per unit / year. However,
it is difficult to draw international comparisons, since each country uses a different
definition, and the notion of "severity" differs according to the operating rules in force.
The same is true if the AlEA's international Nuclear Event Scale (INES) is applied :
1.1. incident recorded per French unit, per year (2 in 1992).
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OTHERS INDICATORS

WANO monitors also additional performance indicators : fuel reliability,
chemistry performance, thermal performance, volume of solid radioactive waste.
These last two indicators will not be used in the next period starting 2001, as they are
not useful for international comparisons.

The fuel reliability indicator monitors progress in preventing defects in the
metal cladding that surrounds fuel. Maintenance of fuel cladding integrity reduces
radiological impact on plant operations and maintenance activities.

The chemistry performance indicator provides an indication of progress in
controlling chemical parameters to retard deterioration of key plant materials and
components. These parameters are already being maintained within strict guidance
developed by the industry.

Progress in these two areas have been significant, since the beginning of the
WANO programme.

CONCLUSION

The overall technical performance of worldwide nuclear power plants improved
over the last ten years, starting in 1990 with the launch of the WANO Performance
Indicator Programme. It provided Members with a means to support communication,
comparison, and emulation of industry best practices.

Although these indicators recently underwent an extensive review for potential
changes, the majority have withstood the test of time and continue to be a valid
means of comparison.


