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A - INTRODUCTION

Ins ta l l ed power in standardized pressurized Water Reactors exceeds 55,000 MW in
France.
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STANDARDIZED NUCLEAR POWER UNITS CONNECTED TO THE GRID IN FRANCE

Like each one of us, PWR plants inexorably age and the day will come when they
will no longer be able to competitively provide the service we expect from
them: they will then have to be replaced.

of course, they are still comparatively young: 12 years on average for the
thirty four 900 MW units, 6 years on average for the twenty 1300 MW units.

Hence, their renewal probably does not call for immediate decisions to be
taken. However, when the time comes, the range of possible solutions may be
restricted by choices which bave been taken (or not taken) to date. It is
therefore important to focus right now on the possible lifetime of NPP's, on
the way in which this lifetime is managed and on the potential impact on it of
the decisions taken today.

As they get older, NPP's tend to individualize. Minor differences in
manufacturing or operating modes lead to behavior patterns which become
increasingly varied with the passing of time. It soon became obvious that,
despite the high initial standardization, it will not be possible for lifetimes
to be identical for all the units of the same plant series. French
legislation, which does not determine a service life in advance (unlike the



American license) vill probably enable some units to be operated longer than
others. This dispersion will have beneficial effects : it will allow our PWR
55,000 HW generating capacity, commissioned in about fifteen years, to be
decommissioned over a much longer period (20, 30, perhaps 40 years); the
technical and financial effort corresponding to the replacement program will be
easier for the company to sustain when stretched out in this way.
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THE REPLACEMENT PROGRAM

A systematic design study program was set up at EDF seven years ago under the
name of LIFETIME PROJECT. This transverse organizational set-up, mobilizing all
the corporate Branches concerned, guarantees the coherence and thoroughness of
such a "think tank", which calls upon many areas of expertise.
Although all the issues are closely interlinked, they will be presented one
afcer the other for the sake of clarity.

The first step (chapter B) will be to look at the question of the technical end
of life of the equipment items, which different degradation modes may bring to
a state in which they no longer fulfil the required functions. The aging of the
components naturally depends on the conditions in which they are operated and
maintained, and its impact on NPP lifetime depends on the difficulties raised
by their replacement. It is clear that the technical problems alone require the
taking into consideration of design, manufacturing, operation, maintenance,
industrial policy and research and development issues !

Next, NPP's must provide competitive production (chapter C), while there is a
rise in the maintenance expenditure needed to combat the effects of aging and
in the expenditure arising from changes in safety requirements. This means that
it is necessary to estimate the probable groi/th in routine and exceptional
(revamping-replacements) maintenance expenditure.

Moreover, the equipment must fulfil its function in a safe manner. Now, the
available margins from the originally-set limits may be "nibbled away" by aging
or "used up" to change the operating conditions. As for these limits, they may
themselves change under the effect, for example, of a tightening of the safety
requirements. Although the "periodic safety reassessment" approach is a
favorable context for controlling these changes, these can only increase
(chapter D).



B - EQUIPMENT TECHNICAL LIFETIME

This part of the "think tank" was the main investigative area of the Lifetime
Project. It involved, on the one hand, cm assessment of the lifetime potential
of the main NPP components and, on the other, the set-up of a large-scale
expert evaluation program on equipment items decommissioned after a long
service life.

1 - COMPONENT STATUS AND OUTLOOK

Within the Lifetime Project scope, some components were identified as
"critical", in view of the difficulty or cost of their replacement, or of the
excent of the repair actions which could prove necessary.

They are:
- the reactor vessel
- the main primary system large-diameter pipes
- the other main primary system pipes
- the steam generators
- the primary pump casings
- the pressuriser
- the auxiliary pipes
- the control rod drive mechanisms
- the vessel internals
- the containment
- the reactor pit
- the anchorings
- the turbine
- the generator
- the instrumentation/control
- the electrical cables
- the cooling tower
- the polar crane.

For each of these eighteen "critical" items, a circumstantial examination was
made, allowing for all available elements (design rules, manufacturing and
operating experience feedback, results of research and development actions), in
order to assess their lifetime potential. For this purpose, a further design
study and investigation program had to be implemented (cost in excess of 50
M$).

Overall, it appears that, subject to appropriate equipment operating,
surveillance and maintenance conditions, the French 900 and 1300 MW NPP's
should be able to ensure the expected service for a period probably exceeding
4 0 years, providing the following reservations are made good.

* Reactor vessel

The main reservation concerns the irradiation embrittlement of the steels in
the core zone. This problem is monitored through the surveillance program,
based on removable specimens located to confirm and anticipate actual trends in
the vessel material brittle/ductile transition temperature.
Extrapolation of the current results of this surveillance program leads, for
all the French reactor vessels, to sufficient margins relative to the fast
fracture risk for a 40-year period. Also, the vessels exhibit a fairly wide
spread in the residual element content of the steels, therefore in the effects
of embrittlement and in their lifetime (the 1300 MW units are furthermore



advantaged by a smaller neutron fluence). Expert assessments on the CHOOZ A
vessel (see below) will provide confirmation of these forecasts and in 1996 the
first surveillance specimens representative of the vessel "end of life"
situation will be available.

Confirmation nevertheless needs to be furnished on two points:
- details on the effect of ghost lines in the shells produced from solid

ingots, which may be a critical phenomenon, are still necessary,
- to achieve a proper assessment of the margins, there is a need to clarify

the evaluation methodology and to agree upon the acceptability limits
(either directly in terms of erabrittlement, or indirectly in terms of
probability).

If the aim is to operate the vessels beyond the 40-year mark, it is advisable
for some of them to take appropriate fu«l management measures without delay, in
order to save their "fluence capital". Loading patterns more favorable from
this standpoint have already been developed.

The vessel also contains a number of alloy 600 (Inconel) parts which are now
known to be susceptible to primary water stress corrosion cracking . This
susceptibility was first evidenced in the steam generator tubes, in zones
highly stressed due to their manufacturing conditions. The same phenomenon then
occurred in the instrumentation nozzles of the 1300 MW NPP pressurizers - these
nozzles were replaced by austenitic stainless steel ones.

In the vessel, it was the closure head adaptor sleeves which were affected.
Although the number of cracking cases is still small, it is impossible to
guarantee that the risk will be limited to some penetrations or units. As a
result, this problem will call for treatment of all French NPP's (vessel head
repair or replacement).

These operations, expensive and limiting in terms of dosimetry, do not however
compromise the lifetime of the vessels, and even less that of the NPP's.

* Main primary system pipes

The steels of "cast austeno-ferritic" grade, particularly used for the primary
system elbows, have proved to age at service temperature. The phenomenon, which
results in a decrease in material toughness (risk of fast fracture) is
sensitive to the chemical composition of the product. Moreover, these items
feature foundry defects, like all castings. They are considered acceptable at
plant startup, but justification of their in-service strength may become
problematic following the decrease in operating toughness of the material,
underestimated at the design stage.

Replacements are easy at lower cost for the elbows joined to the SG's, during
replacement of the latter. They will obviously be carried out if justification
of the relevant elbows cannot be obtained for a period of at least 40 years.

The justification concerning the strength (over at least a 40-year period) of a
number of elbows not connected to the SG's or located in units without SG
replacement has not been generated to date. A large-scale work program is
underway to determine the replacement criteria applicable to castings. This
program comprises the removal of some affected elbows for expert assessment in
laboratory. But at thie time it is impossible to rule out the risk of having
to replace some elbows outside SG replacement campaigns, or even some
instrument nozzles or valves fabricated from the sume material.



The second major difficulty encountered in primary system pipes concerns the
dissimilar metal welds (or "junctions") between the main components (made of
clad ferritic steel) on the one hand/ and the pipes themselves (made of
austenitic steel), on the other. Metallic dilution anomalies are liable to
cause a local decrease in toughness, reducing the margins from the fast
fracture risk. An extensive research program has been undertaken to thoroughly
investigate this issue and to evaluate the potential consequences. In parallel,
studies are underway to ensure that appropriate means of repair are available,
if necessary.

* steam generators

Some of them will have to be replaced following the various degradation
phenomena affecting the alloy 600 tubes. The tubes of the replacement SO's will
be made from Inconel 690. Everything is being done to ensure that a second SG
replacement is not necessary in a unit operated for 40-50 years. The technical
and industrial aspects are fully controlled and the problem is only economic.
The replacement program now underway concerns at least one 900 MW unit per year
as of 1993 and applies to most of the oldest units.

For the least-affected SG's, a probabilistic maintenance study was started,
relying particularly upon the results of an exhaustive investigation into
primary water stress corrosion cracking of high nickel content austenitic
alloys. The extension of this study to other types of defect (corrosion
originating on the secondary side in particular) is under development.

So it can be seen that the SG maintenance strategies are based on probabilistic
studies.

* Vessel internals

The vessel internals take the form of a complex mechanical structure, whose in-
service behavior is difficult to accurately model and predict.
The most delicate problem follows the discovery, in some 900 MW units, of a
number of baffle bolts cracked in service in high-flux zones. Their replacement
is possible, but the operation would be difficult. The loss of ductility due
to irradiation plays a major role in the development of this phenomenon.
Moreover, it cannot be ruled out that the degradation will spread to other
internals components (baffles, etc...). This issue is being investigated. The
safety studies underway and a materials irradiation program will be developed
to gain insight into the in-service materials properties and to validate any
substitute materials.

Should justification difficulties be confirmed, we could be led to consider
replacements of all or some of the lower internals. The feasibility of this
replacement has already been proved.

* Containment

Of all the "critical" components, the containment is the only one it ia out of
the question to replace. Its aging must therefore be closely followed.

It is well-known that natural concrete creep phenomena generally stabilize over
a period of about ten to fifteen years, depending on the type of structure.
This phenomenon leads to loss of the concrete prestressing value, which must
not compromise, even at end of life, the performance of the containment under
design basis accident conditions. A special-purpose study is in progress to



gain closer insight into the influence of creep on thick concretes (deadlines
1995) .

A surveillance program has been set up for all KpP's. Generally, the oldest
containments (including the whole 900 MW series) are now stabilized at a
broadly satisfactory level. For the younger containments, the follow-up is
continuing.

* Instrumentation/control

Instrumentation/control is being analyzed in two different ways. Firstly,
discussions have been started with the major suppliers to ensure the long
lifetime of the current components: procedures are now being established. Also,
an I/C replacement methodology is under review. Various replacement scenarios
have been evaluated; partial replacements could be made at the time of the
various ten year outage programs (as of the second one). This would cover the
Systems or hardware for which there is a strong uncertainty about keeping them
in proper service until the next ten year outage.

To date, the policy in the 900 MW series is to retain the electromagnetic relay
circuitry and cables and to keep the analog type control room.

* Conclusions on the aging of critical components

The analysis of the technical issues has led to a status report on the
condition of the equipment items, their lifetime outlook and the work now
underway to firm up these estimations.

The reservations identified hereabove may have expensive consequences for the
maintenance programs. But, on the strength of the current knowledge, it is
possible to assert that no equipment problem should prevent NPP's from reaching
and passing the 40-year mark; however, some vessels and containments will merit
special attention. For the PWR units as a whole, a 40-50 year timespan is a
reasonable target.

2 - EXPERT ASSESSMENT PROGRAMS

When NPP's are permanently retired, their expert assessment may help provide
greater understanding of the aging-related degradation mechanisms and the
actual damage level (confirmation of hypotheses arising from R and D,
validation of Non Destructive Tests by destructive examinations, . . . ) . These
assessments are useful, since the accelerated aging tests run elsewhere are not
always fully representative.

Two large-scale programs have been started in France (cost for EDP: 20 M$ for
samplings and expert assessments):

. on a steam generator removed from Dampierre 1 in 1990. Samples have been
taken and expert assessments are in progress.

. At the Chooz A power plant (300 MW PWR), shut down on Oct>oer 30th 1991,
after 24 years of service, expert assessments were scheduled when they
were of the kind to expand the knowledge base on aging mechanisms of our
PWR's. The program was defined in June 1992 (it covers the vessel, primary
system, secondary system, Z/C, the electric cables and the civil works).
Sampling is in progress and expert assessments will go ahead until end
1994.



G - ECONOMIC ASPECT

The consequences of keeping an old unit on the power grid are twofold:

1. the routine maintenance expenditure r i s e s , exceptional maintenance
expenditure (heavy repairs and replacements) are necessary, the unit may
lose operational poss ib i l i t i es and f l ex ib i l i ty ,

2. on the other hand, the u t i l i t y may postpone the investment of the
replacement generating unit.

The decision to decommission a plant must be taken when the expenditure arising
from continued operation (restoration to good working order and running costs)
becomes greater than the value of the services i t renders. These services are
evaluated from the cost of the substitute f a c i l i t i e s i t would be necessary to
operate to mitigate the decommissioning of the plant. In the case of the
French standardized NPP's i t i s considered, to cater for power demand, that
the decommissioning of a unit would be followed by the commissioning of a new
PWR unit , whose operating characterist ics and fuel cost would not be
perceptibly different.

Thus, the value attached to a one-year extension of the lifetime of a PWR unit
can be evaluated by the formulât

[Annual instalment corresponding to the investment
of the replacement generating facility]

m i n u s

[reconditioning expenses plus extra cost
of former unit operating charges].

If this formula is durably negative, the unit must be shut down for economic
reasons.

A numerical approach was implemented on the basis of realistic hypotheses
corresponding to the forecast French economic situation. The total gain
yielded in economic terms by continuing the operation of a 900 MW unit for 5
years around the year 2010 is on the order of a <juarter of the investment cost
of a similar new unit. This sum may therefore represent the economic cost of
the heavy reconditioning expenditure which could be committed for this purpose,
without cancelling out the benefits of continuing operation.

In practise, given the uncertainty on future expenditure, the operation would
have to show a clear profit to justify keeping the unit in service. But the
total sums involved seem high enough to justify very extensive work.

Thus, it is likely that decommissioning of French standardized PWR units will
not be economically justified for a long time.



D - SAFETY ASPECT

1 - STATEMENT OP THE SAFETY PROBLEM

NPP lifetime can be affected in three ways:

a) the aging of the components or materials can be such that the performance
of the syatema important for safety has deteriorated and the safety criteria
are no longer met (for example, insufficient pressure bead of pump) or the
materials properties have been modified in such a way that the margins with
respect to accident events have become insufficient (for example, vessel
embrittlament). Through its surveillance, routine maintenance and
exceptional maintenance (heavy-duty operations) policy, the utility manages
the available margins in the light of the applicable criteria and ensures
that they always remain positive. The problem is then mainly economic
(maintenance and/or replacement cost overruns)

b) changes in the plant environment can be such that the design assumptions
are no longer valid, which may lead to reappraisal of the initial design.
For example, regarding the environment related to human activity, a rise in
air traffic may lead to a larger plane crash risk than originally predicted.

c) the reference frame of the safety requirements and the regulations may
vary with time, for different reasons:
- experience feedback from events occurring in French or foreign units

bringing to light certain specific potential risks.
- new knowledge avising from studies performed in France or abroad

(identification through Probabilistic Safety Studies of the risks arising
from shutdown states, for example),

- recent or projected plant design bases different fom those of older
plants, a situation which may lead to a safety level discrepancy whose
acceptabilty will have to be assessed (for some options, public opinion
may play a role).

In France, all these problems are regulated by the "periodic safety
reassessment" approach, which was developed with the Safety Authorities. This
roassessment takes place about once in 10 years. Based on the "Safety
Reference"concept applicable to a unit, it is in two stages:

- demonstration of unit conformity with its applicable "Safety Reference".
This covers points a) and b) above.

- assessment of the "Safety Reference" level and i"-.s trend. This covers
point c) above.

2 - "PERIODIC SAFETY REASSESSMENT" APPROACH

The NPP periodic safety reassessment approach must enable EDF to control the
whole plant justification process on a long-term basis, by centering the latter
on the conformity warranty, the overall results and the risk evaluation,
together with the safety benefit of further measures to match the growth in
knowledge. This approach must enable the assessment to be based on reasonable
risk control, and not on a direct comparison with means provided for in the
technical options retained for the new projects.

2.1 - Review of NPP conformity with ita applicable "Safety Reference"

During the Periodic Safety Reassessment, a status report on conformity with the
Safety Reference and a safety status report, including follow-up of the NPP



environment and its radiological situation, must be generated. An opinion must
also be expressed on the results of the tests and inspections run. Thus, an
account is kept of the safety margins which have been used up or recovered.

2.2 - ABBBBBment of the "Safety Reference"level and of the need to raise It

Concurrently with the first step, a reviewing process of all the insights
important for safety is set up jointly between EDF and the Safety Authorities.
New developments (margin studies, probabilistic safety studies, ), whether they
are the result of national and international experience feedback or specific
studies, are evaluated from the point of view of their impact on the safety
level of the different plant series. Whenever their safety benefit shows the
need for it or justifies the cost they incur, corrections will be made to the
reference frame of the safety requirements and the corresponding modifications
of the plants will have to be made.

As a general rule, the reference frame of the safety requirements will only be
revised as a whole within the scope of the ten-year safety reassessments. In
practise, this revision is made for a whole plant series.

This change in the safety reference clearly appears to be the factor which,
from the safety standpoint, may have the most significant impact on service
life. But it is also the roost difficult to control since it is more or less
directly related to issues outside the company, such as:

- the context of relations between the Safety Authorities and EDF,

- the international context (positions/changes adopted in other countries,
particularly the United States),

- the safety requirements applicable to the future reactors (in France and
abroad), particularly with respect to severe accident risks.

2.3 - Estimation of changes reasonably foreseeable in the future

It is likely that the commissioning of new units will be accompanied by an
increase in safety requirements in three main areas:

- general probabilistic and radiological targets
protection against severe accidents
allowance for more severe externally-generated hazards.

Although it is obvious that today's units will not always be in line with the
requirements for the future units, it is likely that they will have to move
slightly towards them. Nevertheless, this risk of "Safety Reference" change may
be mitigated by several factors:

1/ A proven product like our current 900 MW units, with a high design safety
level relative to present international standards, will have to its safety
credit the strong (and let us hope, positive) endorsement of extensive
experience feedback. This will make it possible to stabilize and drastically
improve the guarantee of its real safety level, provided there is tight
control of the specific aging effects (vessel, containment, reliability of
systems...). The comparison with the advantages expected from a new plant
series will have to allow for this factor, beyond a still-theoretical
Probabilistic Safety Study.

2/ It will only be possible to make this comparison when the future plant
series have had their first experience feedback endorsement. This



corresponds to the international trend: the"new standards" used on a
prospective basis for the "safety reassessments" do not refer to a drawing-
board but to the latest reactor types proven in service.

3/ As stated hereabove, some tightening of the safety level in today's units
is economically acceptable.

4/ The "Periodic Safety Reassessment" approach will provide optimum control,
on a long-term basis, of the whole change process, by avoiding unjustified
modifications.

E - CONCLUSIONS

We have seen that, both from the technical (aging of materials) and economic
standpoints, today's French units have a large lifetime potential; a lifetime
target varying with plants between 40 and 50 years appears, in the light of
present knowledge, a reasonable goal but one which will need to be periodically
updated.

On the safety front, given the probable increase in requirements due to the
upcoming commissioning of more modern units, forecasting is more difficult.

Nevertheless, the risk of early shutdown may be mitigated by the "Periodic
Safety Reassessment But pressure will grow with time. Although it can
reasonably be expected that the comparison with the new units which will be
started in the next decade will be spread over a long period, this will be much
more difficult when the new units benefit from significant experience feedback,
i.e beyond the year 2015.

Lastly, other decision inputs not discussed here will have to be taken into
consideration. These include:

- constraints arising from the renewal of generating capacity

- the industrial environment

- action taken by foreign countries, concerning both the lifetime of their
current units (generally older than the French ones) and changes in safety
requirements.

In the light of all the above considerations, the following conclusions can be
drawn:

- a lifetime in excess of 35 years is very likely; for the sake of
conservatism, this value will be adopted for the time being in France for
the maintenance optimization technical/economic studies

- a 40 to 50-year timespan is a reasonable target from the technical and
economic standpoints; it will have to be periodically updated (about once
every 5 years). This timespan should ultimately make it possible to spread
the replacement program over a sufficiently long time

- there is a strong risk that the increase in the safety requirements
will be the main parameter pulling this timespan downwards.


