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ABSTRACT

In France, 80S of the electricity production
will be nuclear in 1990. More than to-day, PWR
units will be operated by ELECTRICITE DE FRANCE
on a load-follow basis. Every effort is made to
reduce planned and forced outages. Maintenance is
shared between EOF and FRAMATOME, the latter
being in charge of high technology operations.
All these actions are eased by the standardi-
zation of units, within each power class, the
resulting build-up of experience being available
to all PWR operators in the world, more parti-
cularly to those of FRAHATOME-built units.

OPERATION

The part played by nuclear power in the
French electricity system

In France, the installed nuclear capacity at
the end of 1986 was epprox. 45.000 MWe, 42,000
MWe of which corresponds to PWRs, comprising
thirty three 900 MWe and nine 1300 MWe units.
Fig.l shows how 70S of the total national elec-
tricity production today comes from nuclear
plants.

FIG.1 EDF POWER GENERATION
(PERFORMANCE AND OUTLOOK)
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France is the only country in the world to
have given such a marked preference to nuclear
energy, and recourse to this type of energy will
become even more prevalent in coming years. Ir.
1990, nuclear power plants will comprise 54 PWR
units (34x900, 19x1300 and 1x1400) and will gene-
rate more than 80Si of France's electricity.

A consequence of the preponderance of nuclear
energy in the French grid is the increasing
participation of PWR units in adaptation to grid
requirements. Load-follow operation of these
units was extensively used in 1986, for more than
3»000 hours. This represented n production loss
of approx.15 TWh, with reference to the total
available production which would have been 241
TWh on a 100S base-loed scheme.

This very characteristic situation hud, of
course, been envisaged when the program was ela-
borated. To contend with it, the designer, EDF,
and the contractor, FRAMATOME, developed an enti-
rely original maneuverability system, comprising
special control rods, known as gray rods, which
is operational on all 900 MWe PWR units and will
gradually equip the 1300 MWe PWR units from 1987.

With this system, nuclear power plants will
adjust to grid demand variations with the same
flexibility and efficiency as fossil-fired
plants, complying with load-follow and frequency
control requirements in accordance with European
standards in this respect. The load modulation
range is comprised between the minimum power
level (200 MWe) and full power, with load change
variations of 5% of rated power per minute. Fig.2
shows the participation of the 900 MWe PWR units
to grid load-follow requirements in 1986.
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FIG.2
PARTICIPATION OF 900 MW PWR UNITS

IN LOAD FOLLOWING
NUMBER OF CYCLINGS IN 1986 : 1768

35C-

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

PWR operating results

By the end of 1986, French PWRs had totalized
188 reactor years, with an average 900 MWe unit-
age of 5.3 years (1.2 year for the 1300 MWe
units). These plants ceme on line at an average
rate of 4 units per year, with an 8 unit peak in
1981. In 1986, a further 5 units were commis-
sioned (1x900 and 4x1300).

Operating results recorded to date are most
satisfactory and are mainly to be credited to the
standardization policy, which enabled the excep-
tional rate of plant unit construction and
commissioning to be successfully coped with and
appropriate operating procedures and structures
to be set up, adapted to the size of the PWR
population.

The average energy availability8 for the
thirty-three 900 MWe PWR units in 1986 was 835i,
for the second year of operation. With these
performance levels, France ranks first in the
world. Fig.3 is a comparison of energy
availability between the U.S., Japan and France.

FIG.3 ENERGY AVAILABILITY FACTOR
(PWR UNITS IN COMMERCIAL OPERATION)
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The increased availability of 900MWe standar-
dized PWR units is due to the reduction in for-
tuitous events causing unavailability (4S in
1986) and to considerable efforts made to limit
the duration of scheduled shutdowns by stringent
scheduling and the implementation of efficient
servicing methods, with appropriate equipement.
Fig.4 shows the overall decrease of planned and
forced outages vs. time for 900 MWe units.

FIG.4 UNAVAILABILITY STRUCTURE (%)
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— The energy availabil ity factor Kd is the only
way of measuring the intrinsic performance of
units operating on a load-follow basis:

Kd =
Net available energy x 100%

Nominal power x H

" The capacity factor = £nerqy produced x 100%
Nominal power x H

is only applicable to base-load units.

Emergency shutdown frequency is a key factor
in nuclear power plant performance assessment. In
1986, the number of emergency shutdowns on 900MWe
units was 3.16 per unit per year. It should be
noted that during the same period, there were no
scram incidents on four units, two of which
having had no emergency shutdown since September
1984. The average number of emergency shutdowns
has decreased significantly in recent years, as
is shown in Fig.5. EDF aims at reducing it to 2
by 1990.
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Standardization end operating feedback

Standardization, which has'such obvious bene-
ficial effects, from the economic standpoint, on
plant design, construction and commissioning, may
give rise to generic operating- problems. However,
in a case where there is a 10-year interval bet-
ween the first end last units, remedies can be
found by careful analysis of all precursory
events and appropriate action gradually taken on
all units. In this context, the operating expe-
rience approach is the only velid solution to the
generic defect problem and the only effective way
of improving operating results and nuclear plant
safety.

EDF has developed an extensive operating
experience feedback network, designed to inte-
grate data on all precursor incidents at home and
abroad. These incidents are analyzed and the
results are communicated to designers and cons-
tructors, who must implement the lessons learned.

Operating experience affects all aspects of
plant operation. Even at this early stage, nume-
rous actions have been undertaken regarding:

. seector control with the upgrading of existing
procedures and the elaboration of accident and
post-accident procedures, improvements relating
to the man-machine interface, the organization of
shift personnel, periodical tests, etc.,

. training, including the development of tools
such as the full-scope simulator, gradually
adapted to all accident situations, engineering
simulators, computer aided teaching, etc.,

. maintenance based on a preventive policy, NDT
resoi' ces and methods, special tooling designed
to r • iuce servicing times and staff exposure,
development with FRAMATOIC of a test center for
the validation of maintenance tools and methods,
etc.,

. and finally, nuclear safety, which benefits
directly from all progress made in the areas men-
tioned above, but also from the creation of an
emergency organization, in conjunction with
French Authorities and with FRAMATOME. In the
event of a nuclear incident or accident, this
organization would immediately provide the plant
concerned with technical assistance.

In order to improve even further the effi-
cient utilization of operating experience feed-
back, characterized by the wealth of data it pro-
duces, EDF is organizing extensive data proces-
sing facilities, based on a data bank integrating
the technical and economic aspects of nuclear
plant operation.

With all these developments, undertaken in
the wake of the standardization policy introduced
by EDF, very high servicing standards can be
anticipated for the 900 and 1300 MWe plants in
the future. It is, however, probable that the
resulting availability achieved for 900 MWe plant
units will be difficult to surpass. EDF's next
goal will be to preserve the standard reached and
improve the operating balance sheet for these
units, especially as regards increasing the dura-
tion their service lives.

MAINTENANCE

To reach these objectives, an efficient main-
tenance organization has been set up between EDF
and FRAMATOME for the maintenance of the nuclear
part of PWR units.

For domestic units, EDF does the routine
maintenance of the whole plant, FRAMATOME having
the responsibility of high technology maintenance
for the NSSS, these services extending £° the
complete nuclear island for export projects.

FRAMATOICs nuclear maintenance services are
provided by its Maintenance Division, headquar-
tered in Lyon, and which uses specielized service
centers:

. Chalon-sur-Saöne is a joint EDF/FRAMATOME main-
tenance rehearsal end training center, called
CETIC, also used for the development and valida-
tion of PWR Nuclear Steam Supply System mainte-
nance techniques,

. Villeurbanne is the maintenance resource deve-
lopment and qualification center,

. Pierrelatte is a contaminated tool maintenance
find storage center,

. Courbevoie provides comprehensive incore ins-
trumentation maintenance & backfitting services.

All the relevant maintenance services have
been developed to maximize nuclear island availa-
bility, improve safety and reliability of plant
components, reduce plant downtime and minimize
exposure of plant personnel.
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Standard Maintenance Special Maintenance and Repair

During scheduled outages, a complete mainte-
nance program is provided to cover reactor coo-
lent*system components, auxiliary systems, valves
and plant instrumentation and controls. Scheduled
maintenance services are provided by skilled
personnel who receive regular classroom instruc-
tion and hands-on experience at dedicated main-
tenance training facilities. Training typically
covers handling, inspection, testing, cleaning
and maintenance operations that are used for
preventive maintenance.

Examples include removing and replacing the
ractor vessel closure head, fuel handling, ins-
pection of reactor internals and guide tube
support pins, loose parts detection, cleaning and
inspection of seal grooves, inspection of valves,
pumps and piping, valve maintenance, gasket
replacement, etc.

FIG.6 MAINTENANCE SPIDER

Repair operations applied during either sche-
duled or unscheduled outages rely on FRAMATOME's
competence as a NSSS designer, manufacturer and
constructor and require a significant amount of
analysis, process qualification, development of
special maintenance facilities and personnel
training prior to maintenance. Repair essentially
covers reactor coolant system components but can
also include auxiliary system components.

Steam generator repair is effected princi-
pally on tubesheets and tube bundles. Some of the
more common repair tasks are tube sleeving, tube
removal and shot peening, most of these opera-
tions being carried with a tool carrier called
maintenance spider, which can travel step by step
under the tube sheet, in the steam generator
channel head (see Tigs.6 & 7).

FIG.7 SPIDER SET-UP

JLJJI
spider

carrier

In order to have access to the channel heeds
while the.." is water in the reactor pit and in
the primary circuit, except in steam generator
channel heads, folding nozzle dams are installed
as shown on Fig.8.
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FIG.8 FOLDING NOZZLE DAM INSTALLATION

I - TRANSFER OF LATERAL PORTION
OF THE FOLDING COVER

II - OPENING OUT OF COVER
AND INSTALLATION ON NOZZLE

III - TRANSFER OF CENTER SECTION IV - FIT-UP OF CENTER SECTION

V - TRANSFER OF BOLT
TORQUING MACHINE

VI - BOLT TORQUING MACHINE
IN POSITION
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Reactor vessel repair is effected principally
on closure flange seal grooves, closure stud
holes, seized studs, reactor internals, and guide
tube pins. Fig.9 shows the guide tube pin chan-
ging device assembly, while Fig.10 is-the actual
machine operating on the Ginna nuclear power
plent in the U.S., for Rochester Gas 4 Electric,
in March 1986.

Plant upgrading

FRAMATOME provides plant upgrading services,
from design to component or system requalifica-
tion and effect plant upgrading work and super-
vision, including for new applications or new
equipment. For example, the integrated plant up-
grading program includes: improving plant maneu-
verability, increasing NSSS performance, impro-
ving safety, improving post-accident operation.

Some of the recent references in this field
include the Reactor Advanced Maneuverability
Package (RAMP) to operate plants on a load-follow
basis, es already mentioned above and improvement
of pressurizer relief valve design to improve
plant safety.

For these advanced designs, an extensive use
is made of the SAF, a multipurpose engineering
simulator, on which design changes can be . simu-
lated and investigated in detail, before deciding
the actual implementation of the corresponding
modifications.

Technical assistance

Maintenance services are performed by mainte-
nance crews on limited assignment to the plant.
The maintenance teams benefit from technical and
operational support from all FRAMATOME divisions.
They work closely with plant operating personnel
and, when necessary, supervise all assigned main-
tenance operations.

Outage Services

Technical assistance personnel are qualified
to perform all scheduling and control tasks and
coordinate the many varied tasks performed during
outages, such as preparation and submittal of do-
cuments, inspection reports, maintenance reports
and other documentation. When required, FRAMATOME
can also assist utilities in administrative and
licensing reviews and audits.

Requalification

These requalification services concern those
nuclear island components or systems which have
been modified or repaired during outages. Assis-
tance can include full testing services as well
as preparation of documentation for technical and
licensing reviews.

FIG.9 GUIDE TUBE PEN
CHANGING DEVICE
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the first category includes those intended to
reduce outage duration, such as steam generator
nozzle dams and automatic nozzle dam bolt
drivers. "Ihi; second includes tools intended for
conventional maintenance and inspection, such as
ivcji tor vessel closure stud hole inspection and
denning facilities. The third covers tools which
perform repairs by remote control, such as the
automatic SG tube plugging fixture.

A set of robot too) carriers her. also been
developed for inspection and repair inside the
steam generator channel heads. These include a
variety of maintenance spiders and support masts,
each oi' them adapted to a specific use.

There are also a number of tools designed
specially for piping and auxiliary system compo-
nents (safety valves, control valves, "tc.) such
us test benches ("or safety-rej ief valves.

Replacement Components and Parts

Procurement services are provided for compo-
nents and replacement parts, even for reactors
from other vendors. The close relations existing
with its equipment suppliers allow FRAMATUMC to
procure state-of-the-art components and replace-
ment parts with minimum delay.

CIJNCtUSlUN

having successfully built together the French
PWR program, O T and FRAMA1ÜTC are now developing
in their respective fields an important capabi-
lity for PWR maintenance.

Taking advantage of this development in
Friiiice, FRAMATOIC is now succeeding in the field
of services. Typical contracts obtained world-
wide in 1906 are:

. shot peening of 6Ü steam generators, 27 of them
abroad,

. 10-year in-service inspection of the Tihonge
plant in Belgium,

. maintenance jobs have been carried out on 44
PWR units, 10 of them abroad.

This experience can be made available to any
PWR operator in the world.

Tools, Replacement Components and Parts

Tools

RiAKATGMn has developed a wide rnnge of
sophisticated tools to automate u variety of
i.Hinteiiance operations and thus reduce exposure
U inainlonani. e personnel. They can be divided
into thi'ci;. ca.egoriea.
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