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I - SAFETY IN OPERATION :
THE CHALLENGES AND THE FIELDS OF ACTION

INTRODUCTION
The French standardized pressurized water reactor facilities currently

consist of 51 standardized units, 34 of 900 MW and 17 of 1300 MW.

For EDF, safety and quality in operation constitute a unique challenge :

an economic challenge: the nuclear facilities account for 75% of the
power generated in France and ensure the competitiveness of its
price, both for domestic consumers and on the international
markets,

an environmental challenge: both to limit actual and potential
radioactive releases associated with operation of the nuclear
facilities, and to avoid releases of combustion gases associated with
the use of fossil fuels,

a public relations challenge: to improve the image and the
confidence of the public associated with nuclear generation.

Safety in operation depends primarily on the quality of the design and
construction of the nuclear units.

But it also depends on technical, human and organizational factors
specific to the operation of the units, which play an essential role in maintaining
and increasing operating safety.

After a brief review of the safety results of the facilities and of the main
themes which contribute to safety in operation, a description is given of the
principal fields involved and of the main current orientations.

1 - FRENCH SAFETY RESULTS

The first result of the quality of operation of French nuclear facilities is the
high availability of the units, reaching 77% for the 900 MW units and 70% for the
1300 MW units in 1990.

With an average unit age of more than 10 years for the 900 MW units and 5
years for the 1300 MW units, operating experience feedback now exceeds 400
reactor years, and confirms the soundness of the technical design options and the
maintaining of a high level of operating safety:

no incident with external consequences,



a constant reduction of the amount of liquid radioactive releases and
volume of solid waste produced,

a continous fall in the number of significant incidents, in a context of
increased transparency, from 10.2 per unit in 1986 to 6.9 per unit in
1990,

a 50 % drop in the number of scrams since 1986.

The integration of a range of modifications, based on national and
international experience feedback, particularly after the TMI accident, has made
it possible to improve the safety level of the units: man-machine interface,
continuous monitoring of steam activity, fire protection, control of hypothetical
severe accidents etc..

As regards the behaviour of the main items of equipment, the results of the
first ten-yearly inspections confirm that the units are in good condition.

However, difficulties have been experienced with the steam generators
requiring extensive inspection and the plugging of large numbers of tubes. The
first steam generator replacement has successfully taken place at Dampierre 1.
Others difficulties have arisen on control rod penetration of reactor vessel heads
on the first 900 MW series , due to inconel 600 stress corrosion.

These results are due to permanent vigilance and foresight by the operating
organization to eliminate all possible anomalies and instances of malfunctioning,
however slight, in a context of transparency at all levels, to ensure that they are
detected and dealt with in due time.

Using this approach, all incidents which arise, even if they have no visible
consequences, must draw attention to potential problems :

a) Concerning equipment:
cases of inadequate construction quality of equipment important to
safety, although apparently of minor importance: containment sump
filters and paintings, instrumentation tappings on safeguards
pipings, sand filter diaphragms...

certain generic defects of nuclear steam supply system components:
leaks at pressurizer nozzles, due to inconel 600 stress corrosion, and
deformation of 1300 MW steam generator tubes due to secondary
slugs, all of which are now under control.

b) Concerning operating practices
pitfalls associated with the use of temporary devices, water
movements, alignment of equipment and cleanness of circuits,

interface and communication problems,

problems concerning checking and requalification after
maintenance work.



c) Concerning certain specific hazards
during outages, the risk of loss of cooling and dilution with a low
primary water inventory,

potential common mode defects,

undetected defects, which may persist if not dealt with by checking
or requalification after maintenance work.

Making allowance for these types of incidents, although they have no
consequences due to the redundancy and diversity of the lines of defence,
frequently obliges the operating organization to take short term counter-
measures on units in operation so as to ensure continued compliance with
incident prevention philosophy.

Furthermore, such incidents encourage finding ways of making
improvements and safety studies relating to fields such as management and
organization, maintenance, operating methods, operating safety rules and, when
necessary, design of the units.

2 - THE DIFFERENT ASPECTS OF SAFETY IN OPERATION AND
MAN'S ROLE :

The units are designed to have a number of separate physical lines of
defence, which are as independent of each other as possible. They ensure normal
operation, prevention of incidents, surveillance and detection of abnormal
situations and they enable action to limit any consequences. They essentially
consist of the three physical barriers (fuel cladding, primary circuit boundary and
containment vessel), the protection systems and the safeguard systems,
completed with ultimate means to cope with highly improbable situations.

Design arrangements are justified in the safety analysis report and
associated studies required in the licensing procedure.

The general operating safety rules represent the link between design and
operation. They establish a central core of operating safety and defence-in-depth
provisions:

prevention on the basis of the technical operating specifications :
boundaries of the states authorized in operation, conditions of
accident procedure application,

surveillance of the systems important to safety: test rules in
operation with safety criteria for performance and reliability of the
systems,

mitigation of the consequences of incidents and accidents: accident
operating procedures, which are extended to shutdown states,
intermediate events and severe accident situations.

These three sets of rules, which are closely inter-related, are submitted to
the safety authorities for approval and are detailed in the operating documents.



Safe operation primarily consists of permanently ensuring :

conformity with the safety analysis report and associated studies,
and maintaining the required equipment qualification and reliability
levels, by suitable corrective or preventive maintenance,

compliance with the general operating rules, as well as the operating
instructions derived from them,

compliance with quality principles for activities important to safety,
in accordance with the quality decree of august 10th 1984.

But safety in operation requires a far more thorough approach, involving
the staff, the man-machine interface and organization, and the participation of
many different employees.

The first requirement is to derive the defence-in-depth concept in a more
fundamental manner:

to foster professional behaviour in the staff, bringing together
prevention and rigour, vigilance and the detection of anomalies, and
the capacity to take initiatives when faced with problems, relying on
safety rules and improvement of safety culture,

to prepare activities, analyse risk of incidents, verify the important
points essential to safety and to deal with anomalies on the oasis of
an efficient system of quality organization,

to strive to permanently increase the safety level of the facilities by
feedback of experience: systematic analysis of incidents occurring in
France and in other countries, and fostering of good practices and
exchanges of experience.

It is also necessary to address the multidimensional nature of operating
safety, which greatly depends on organization and human aspects. In particular,
the preparation of measures and decisions to be implemented must cover not
only a technical approach but also an organizational approach, so as to avoid
inducing a risk of error or increased complexity.

This must be accompanied by a long-term approach to clarify and simplify
the rules of safety and quality, establishing the basic principles, and
supplementing them as necessary.

The objective of safety in operation thus requires every individual and every
team, at each level, associated in a safety culture. It requires also transparency
and coordination to increase the safety of the facilities by feedback of experience.

After incidents occurred in 1989 which revealed difficulties in maintenance
practices, an overall review was made covering human factors and organization
to identify any weak points and determine corrective action.

The fields covered by the review featured the organization of maintenance
and training, for which a "safety and maintenance" report was produced.

At the same time, another review was performed concerning the shift crew
organization, on the basis of experience feedback.



Improvement were determined in these three fields : maintenance, training
and shift crew organization.

Concrete measures for short-term improvements were implemented
concerning clearly-identified points, particularly important to safety. They cover
the use of temporary devices, identification of common mode risks, cleanness of
maintenance work, processing of anomalies, re qualification after maintenance
work, alignment of sensors and checking of the availability of safety functions
before restarting a unit..

Action plans were detennined at each site to implement these measures for
the years to come.

3 - THE POLICY OF IMPROVEMENT OF SAFETY IN OPERATION
Following these reviews, the key points of the policy of improvement of

safety in operation have been defined.

a) Improvement of maintenance and operating practices
on sites :
Specific measures have been defined, concerning safety culture and

analysis, management of interfaces and organizations, to enable each employee
to play a real part in fulfilling his tasks, in identifying their safety importance and
in applying safety quality targets to them.

The following items have been developed :

fostering of professional attitudes, motivation and responsibility of
those involved, by an efficient management, associated with the
development of checking and requalification after fieldwork,

control of interfaces, monitoring of contractors and checking at
interfaces,

improved management of outages and general checking of
installations before restarting,

development of analysis and engineering resources, in the fields of
maintenance, operation and safety, for greater overall control of
activities and feedback of experience,

reinforcement of independent inspection loops, by the safety and
quality advisory group on site and by the nuclear inspection team at
national level,

implementation of safety quality plans as part of an overall quality
management plan to establish the necessary links between safety
and quality requirements.

These safety quality plans are based on a prior multidisciplinary
analysis of the potential safety hazards (common modes, temporary
devices, cleanness, realignment, calibration, e t c . ) . They make
allowance for feedback of experience and all the aspects of an
activity: its interfaces and environment, needs for requalification,
processing of anomalies and feedback of experience.



They bring to light and clarify the associated prevention and control
activities, by focusing formal quality guarantees on points essential
for safety.

improvement of safety assessment and operating methods: water
transfer, management of temporary devices, analysis of the impact
of an event on safety, allowance for common mode risks, etc...

b) Improvement of operation shift activities
The objective is to improve operation shift team management and ensure

full allowance fo safety in the preparation, execution and checking of operating
activities, by the creation of specially-trained operation managers.

c) Improvement of training
To foster professionalism, training has been reorganized to fully integrate

safety requirements in eyery-day activities, in organization and in work methods
and to develop preparation, checking, analysis and management tasks.

The objective is a greater penetration of safety culture at all levels, on the
basis of the Nuclear Safety Handbook which illustrates the relationship between
the actions of each agent and plant safety.

The principal vendors and contractors are associated with the
development of this safety and quality training, at both local and national levels.

Joint operations with the Ministry for Education are in hand to develop
such training initiatives.

d) Improvement of anticipation and responsiveness at
national level :
Actions are taken at national level to improve experience feedback, detect

forerunner and near miss incidents at an early stage and identify all the potential
issues liable to have an impact on safety. The aim is also to improve their
multidisciplinary processing and the implementation of preventive and corrective
measures on all the standardized units.

This process is conducted in close relation with the designer and the
constructor.

The adaptation of safety operation rules to integrate experience feedback,
basic safety principles and key points, as well as the development of good
operating methods, are all part of this anticipation and responsiveness process
for standardized units.



I 4 - ALLOWANCE FOR THE FINDINGS OF SAFETY STUDIES
$ a) The implementation of state-oriented procedures :
< The studies carried out have shown the feasibility of post-accident control
| based on the principal state parameters of the nuclear steam supply system and
i safety functions and no longer only on a diagnostic of the type of accident in

progress.

The existing procedures already include this type of approach for safety
injection control, permanent monitoring of safety functions and ultimate
procedures. Their scope has been progressively extended to shutdown states and
intermediate events.

A more broadly-based approach has been defined which, in particular, will
make it possible to deal with combinations of equipment failures and human
error. This necessitates the implementation 01 reactor vessel water level
measuring instrumentation.

A first set of state-oriented procedures have been validated on the Penly
and Golfech power plant units. They are being extended to the other
standardized PWR series after integration of experience feedback.

b) Probabilistic safety assessments:
The overall probabilistic safety assessments performed on the 900 MW and

1300 MW units have confirmed the safety level obtained and the correctness and
consistency of the design and operating provisions of the French units.

These studies have made it possible, with their methodology, to determine
;latiye weights of unit o

manual triggering of certain!
the relative weights of unit outages in the overall risk, particularly as regards the

i safeguard actions and diagnostic problems.
They confirm the importance of the initiatives already taken to increase the

safety of units during outages : extension of the domain of technical operating
specifications and accident procedures, adaptation of instrumentation
(measurement of primary coolant level using ultrasonic means, unit shutdown
panel e t c . ) .

Additional studies are in progress to draw all the possible lessons,
particularly as concerns operation of the units: reliability centered maintenance,
technical operating specifications, periodic tests, accident procedures, incident
analysis, etc...

Already, two types of potential risks identified by these studies have been
the subject of preventive measures on units in service, determined in accordance
with the safety authorities, and detailed in another paper:

the risks associated with states when there is a small primary water
inventory, with the primary loops half-full.

the potential risks of sudden dilution on restarting a reactor coolant
pump, when a dilution sequence is in progress.



This approach clearly shows EDF's willfull to make use of the latest
knowledge to find ways of making progress in the field of safety, by getting to the
bottom of all lessons which can be drawn.

c) The risks associated with low-water inventory
shutdown states :
Recent thermohydraulic studies have shown that water entrainment and

pressurization phenomena may, depending on the primary circuit opening
configuration, reduce the reaction time available in the event ofloss of cooling,
when the unit is in a shutdown state with a low water inventory in the primary
loops.

Allowance for this risk has resulted in a series of complementary measures
relating to prevention of risky configurations, surveillance by measuring the
primary level by ultrasonic means, limitation of consequences by redundant
means of supplying make-up water and maintaining containment.

Study of complementary arrangements which can be implemented is
continuing, using experience feedback.

d) Sudden dilution risks :
This potential hazard may be present when the reactor coolant pumps are

shut down, with low thermosiphon effect, while a dilution sequence is taking
place: on restarting of a coolant pump, unborated and possibly cold water may
be driven towards the core.

Studies are in progress to determine whether this constitutes an actual risk,
by using mock up scale model.

In the absence of proof, and to counter all eventualities, special
instructions have been introduced in all units and a modification has been made
to limit this type of risk: this consists in supplying the charging pumps with
borated water in the event of shutdown of the reactor coolant pumps while
dilution is in progress.

e) Hypothetical severe accidents :
Apart from the reviewing of the studies already made on the allowance for

hypothetical accidents, recent action in the following three fields needs to be
emphasized:

the preparation of emergency action guidelines for severe accidents
in 900 MW and 1300 MW units, which indicate the operations that
can be carried out in such hypothetical cases by the emergency
team,

review of the diagnostic and prognostic approach, on the basis of
the state of the barriers, of the safety functions and the availability of
the systems. The objective is to make estimates of the time available
and the potential final consequences to supply an aid to those in
charge with emergency management,



study of early management. of any containment defects by the
emergency team.

The operational resources of the local and national emergency teams have
been the subject of numerous exercises and improvements have been made for a
rapid mobilization.

f) Early units safety reassessment studies

The process of safety reassessment, associated with lifetime studies of the
main components, is essential both to guarantee the safety level and the service
life of the early units and to anticipate any preventive action which may be
required.

In addition to the continuous process of feedback of experience, the safety
reassessment process covers two separate domains :

providing proof of continued conformance of the units with the
initial safety provisions, particularly by "bills of health", allowance
for aging and monitoring the reliability of the safety functions,

eventually, the assessment of differences relative to possible changes
in safety policy, and the determination of any improvements which
may be necessary.

The modification of the decree of 11th December 1963 in January 1990
explicitly introduces the concept of safety reassessment into the regulations.

This safety reassessment studies have been carried out on the first 900 MW
series units, after bringing them up to standard, and along with the results of the
ten-year inspections. They have confirmed on the whole the soundness of these
units. They have made it possible to identify any differences relative to the policy
applicable for the final status of the most recent 900 MW series and certain
additional modifications are being studied.

For the standardized units of the 900 MW series, an overall approach has
been determined for future years, specifically integrating the lessons of the
probabilistic safety assessments and assessment of the margin balance
concerning core management and accidental studies.

Ten-yearly tests, carried out on the 900 MW standardized series along with
the ten-yearly inspections, have been determined.

At the same time, the studies carried out within the scope of the lifetime
project have made it possible to determine preventive action for the components
most sensitive to aging phenomena.

This reassessment process carried out in France by the operator and the
designer, in relation with the safety authorities, is totally consistent with current
thinking at European Community level.

5 - PREPARATION FOR THE FUTURE

Participation in determining the options of the future REP 2000 reactors
also constitutes a major challenge for the operator.
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Allowance for experience feedback and the human factor specifically
requires considering a more forgiving design less sensitive to operating errors, as
well as increased possibilities in the fields of testing and preventive maintenance.

6 - THE INTERNATIONAL VIEWPOINT
The operating safety of nuclear power plants is an international

preoccupation, which finds its expression in international bodies such as WANO
and the IAEA.

In this process, EDF contributes to international experience feedback and
the French power plants have been the subject of OSART inspections by IAEA
international experts.

These visits have confirmed the level of operating safety and their lessons
are being integrated in the current improvement programmes.

7 - THE CHALLENGE OF THE MEDIA AND THE IMAGE OF SAFETY
Informing the public, both of the excellent operating results of the facilities

and the principal incidents which have occurred are an integral part of the task of
the operator.

The policy applied corresponds to transparency, both at local and at
national level. In this field, a recent development has been the introduction of
the severity scale in France.

In 1990, some 90 incidents were classified as level 1, 4 as level 2 and none
as level 3, on the six-level scale.

Work is being carried out at international level to develop an international
scale to harmonize classification practices.

CONCLUSION
This panorama only offers a brief glimpse of the results in the field of safety

in operation and the breadth of the action taken.

It makes the point that increased operating safety results from a series of
diversified multidisciplinary actions, involving many agents, in the fields of
quality management, experience feedback, design and safety policy.

The objective is to create and strengthen a series of independent lines of
defence, at all levels of action and responsibility, to better integrate prevention,
anticipation and vigilance, as well as the capacity to respond in the event of a
problem.

Beyond this objective remains the image of safety, which must be improved
by reconciling transparency and public confidence, in an increasingly demanding
national and international context.
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After summarizing the general safety
approach to serious accidents, this
document sets out the various aspects
of incident/accident management in
PWR plants in France :

technical management of the
accident condition by applying
incident/accident procedures,

organizational management of the
accident and setting-up crisis teams,

on-site operations under serious
accident conditions.

These various factors constitute a
coherent package for dealing with all
aspects of accident condition
developments over the short and
medium terms. It involves
implementing a nat ion-wide
organization whose efficiency is tested
by exercises.

1 - GENERAL SAFETY PROCEDURES WITH
RESPECTTO SERIOUS ACCIDENTS

Nuclear reactor safety is based on
providing a series of leaktight barriers
between the environment and
dangerous products. These are
constantly monitored and are equipped
with safety systems enabling operating
parameters to be brought back within
authorized limits. Such safety and
safeguard systems must meet stringent
reliability and redundancy criteria.

Secondly, safety is based on
recognizing operating conditions such

as normal, incident or accident
transients. The facility must be
designed to withstand such transients
with wide safety margins, thereby
precluding the possibility of
unacceptable consequences for the
public.

These incidents or accidents are
covered by Incident and Accident
procedures (I and A).

Accidents considered as being the most
serious are used to define and design
safeguard functions such as safety
injection, containment spray systems
and the containment building itself.

Next, the event of highly improbable
accidents (total loss of a redundant
safeguard, for example) was studied to
determine the type of remedial action
at operator's disposal to limit
consequences and maintain safe
conditions.

In France these are known as H
procedures.

If, in spite of everything, a serious
accident occurs, such as core melt-
down, it is essential that the operator
still dispose of ways of limiting the
consequences to the environment. This
is the purpose of U procedures,
intended to restrict release of waste
and if possible regain control of the
situation. The procedure known as US
and the sand bed filter restrict
pressure increase and damage for the
containment after filtering by at least
a factor of 10.



The plant operator is responsible for
applying accident procedures. When
more serious accidents occur, the
assistance of local and national crisis
teams is provided within the Internal
Emergency Plan (PUI) on-site and with
the public authorities. The latter
implement the External Emergency
Plan (PPI) which applies to measures
taken off-site.

A guide to action taken in the event of
a serious accident involving core
meltdown has also been drawn up for
crisis teams. It sets forth the most
appropriate actions both for cooling
the core and maintaining the
containment building.

Finally, two domains are currently
studied :

. A prospective approach to appraise in
an accidental situation the possible
development and estimation of the
situation and relases in the next hours,

. A methodology to cope with early
defect of containment in terms of
detection and means of limitation.

The general aim is to maintain
radioactive release within limits in
terms of both quantity aoi time so that
specific intervention plans can be
correctly implemented to protect both
the public and the environment. Such
release should be kept within a few
thousandths of the core inventory with
respect to iodine for a 24 hour period
after the accident.

2. INCIDENT AND ACCIDENT PROCEDURES
AND DEFENSE IN-DEPTH

2.1 Current procedures

Operating procedures set out the
actions to be taken by the operating
staff under all foreseeable incident or
accident conditions.

..Plant operating staff are given
simulator training each year. The
procedures and equipment in the
control room were designed to avoid
risk of error. In particular, a
computerized "safety panel" helps the
operating staff diagnose problems and
apply procedures. Initially, the only
actions required are to check that the
automatic safety systems are operating
correctly. Moreover, in case of
incident or accident, a specially
trained Radiological Protection and
Safety Engineer monitors the overall
state of the reactor, containment, and
safety systems, using a procedure
which is different from that used by
the operating staff. He can prescribe
additional measures if required. This
process thus provides a dual analytical
level so as to avoid all risks of error.

The post-accident procedures available
to the operator are based on a
sequential analysis of accidents, using
an initial diagnosis of the cause of the
accident. Both the contents and form
of these so-called "event-based"
procedures have been improved since
TMI. These procedures include :

- operating rules presenting diagnosis
and action flow charts, with
corresponding explanations and
justifications.

- the instructions themselves which
actually organize the work, with a
coordinating document for the shift
supervisor and maneuver sheets for
the operator, his assistant and
auxiliary operators.

Current incident and accident
procedures for plants in operation can
be divided into four packages :

a) - I and A procedures

These concern envelope incidents and
accidents respectively used in the
design and dimensioning of
installations. These are LOCAs or



secondary pipe breaks. steam
generator tube breaks and loss of
power, eic. Tbe last improvements
include intermediate events not
covered by envelopes (small breaks,
realistic assumptions and initial
conditions, etc.).

b) - H procedures

H procedures deal with complementary
operation, essentially total loss of a
redundant function such as heat sink,
steam generator water feed, electric
power. back-up Safety Injection
System or Containment Spray system
over the long-term post-accident
pbase.

c) - SPI - SPU - IJ1 procedures

These procedures concern all
conditions not provided for in the
accident scenarios covered by I, A and
H procedures (multiple failures etc.).
They are based on an analysis of NSSS
cooling status and their purpose is the
implementation of all available
resources before damage to fuel occurs,
as well as setting up both human and
methodological redundancy.

The procedure entitled "Permanent
Monitoring following Incident" (SPI),
based on the stats-oriented approach,
permits the physical status of the NSSS
to be updated and diagnosed
continuously. If necessary, the
ultimate procedure Ul is implemented.
It is used as a "safety net" for the
event-based procedures.

It is applied by the Radiological
Protection and Safety Engineer.

Based on accurate status criteria, it
permits :

- monitoring operations or possibly
providing the operator with
confirmation of the main actions
already demanded by the event-based
procedure being applied.

' - ordering the operator to perform
limited complementary actions,
without, however, abandoning the
procedure being applied.

- making the decision to abandon the
procedure being applied when
conditions worsen and applying
procedure Ul with the Safety Engineer
still implementing "Ultimate
Continuous Monitoring".

The Ul procedure is designed to
provide the best possible coolant
conditions for the NSSS and protect the
core and containment building from
radioactivity when the event-based
procedures applied are inappropriate
or ineffective. .

The purpose of the Ul procedure is to
avoid, limit or delay core damage and
radiological repercussions.

The general organization of rules I, A,
H, SPI, SPU and Ul Is given in figure 1.

d) - ULTIMATE PROCEDURES (U)

Since 1981, Electricite de France (EDF)
has been studying ultimate procedures
designed to prevent or minimize the
consequences of serious accidents.

The corresponding measures were
submitted to the Safety Authorities by
EDF and were accepted.

Procedure U2: Isolation defect of
containment building.

This procedure is designed to cope with
early loss of containment integrity. It
contains provisions for detecting and
locating containment defects, as well as
organization of remedial action,
especially by recycling waste into the
containment.
Procedure U4: early release through
foundation rafts.

This procedure contains provisions for
eliminating early release through the



ground of unfiliercd radioactive
products into the atmosphere when
meltdown through the slab is assumed.

Procedure US: Reducing pressure in
the containment If pressure in
containment rises to levels beyond
design pressure, US permits
containment pressure to be partially
reduced, and provides a minimum 10-
fold decrease in waste by filtering (see
Appendix 1).

This is achieved through a penetration
in the containment which is fitted with
a valve system, a letdown system and a
sand bed filter through which waste
passes before discharge through the
stack.

Procedure U3: use of mobile resources
to back-up the Safety Injection and
Containment Spray systems over the
long-term phase.

It provides for p re-fitted accessible
connections for operating mobile
pumps and exchangers IS days after a
LOCA for example.

SUMMARY OF PROCEDURES

The following table provides the
various operating conditions with the
corresponding remedial procedures.

(see Appendix 2)

2.2 - DEVELOPMENT OF THE STATE-
ORIENTED APPROACH

The event-based approach is based on a
diagnosis nnd analysis of a specific
accident event and defines the
remedial action corresponding to the
resulting sequence of events.

This approach has several weak
points :

- danger of poor initial diagnosis due to
human error, probe and recorder
failure, etc.

- failure to take current or subsequent
* failures into consideration.

Multiplying the prior-studied
sequences and the number of
procedures would make diagnosis and
consequent choice of the correct
procedure extremely difficult.

Whereas the number of possible
accident sequences can be high,
reactor coolant and containment
conditions are finite.

The actions demanded of the operator
may be based solely on the status of the
system whatever the combination of
prior causes or events leading to this
state.

In 1979, the TMI-2 accident
highlighted the limitations of the
event-based approach and the need for
a state-oriented approach. With this
latter approach, a direct relationship is
established continuously between NSSS
coolant status and operator actions.
This approach permits the accident
diagnosis to be permanently reviewed
and all possible physical state
situations to be fully taken into
consideration.

Since 1981 improvements based on the
state-oriented approach were
incorporated into the event-based
procedures.

Their purpose was as follows :

- separate operating criteria on main
safeguard systems from the sequence
of events by considering the main
NSSS status parameters. The criteria
concerning safety inject ion
monitoring are based on boiling
conditions margins and on water level
in pressurizer.

- complete event-based procedures by
"safety net" procedures which confirm
or redefine essential operations
irrespective of the initial diagnosis or
expected developments (cross



references between event-based
procedures, continuous monitoring
following incident and the Ul
procedure).

Over the long term, EDF is developing
general implementation of the state-
oriented approach.

This new approach to post-accident
operation requires fitting a probe to
measure the water level in the vessel to
provide accurate data on the status of
the reactor coolant system and a basis
for a measured response.

The following principles were used to
draw up state-oriented procedures :

. identify parameters used for the
various basic systems (reactor coolant
system, secondary cooling system,
containment and safeguard systems).

. Establish plant operating actions
based on safety priorities (core
c o o l i n g , water i n v e n t o r y ,
subcriticality. etc.

Establish priorities for meeting
objectives or taking immediate action
for each condition.

The operational format of these
procedure (grids and logic diagrams)
is based on logical analysis of the
sequence of events and incorporates a
time factor for the normal sequence of
events.

The structure of the documents
includes the following :

• a status diagnosis document which
orientates the Safety Engineer and
then enables him to re-evaluate the
diagnosis,

seven interlocked reactor coolant
procedures with cross-references to
two secondary system operating
procedures. A procedure is chosen
following a diagnosis of the overall
physical status of the NSSS. Through

. .status diagnosis it is possible at any
"given moment to redirect action to a

procedure covering a more serious
condition.

Also a number of logic diagrams enable
systems monitoring to be performed.

These procedures are a more general
application of the state-oriented
approach already used by the event-
based procedures supplemented by
SPI/U1. They introduce the notion of
progressive remedial action made
possible by the reactor core water level
sensor and the interlocking
procedures. The problem of overlap
between the event-based procedures
and Ul has also been resolved.

These general state oriented approach
procedures have been implemented on
the last 1300 MW units and will be
extended on all the French units in the
next years.

2.3 Core meltdown guideline

A general guideline has been
established to cope, as best as possible,
with core meltdown situations an to try
to use all the available means (water
injection in the containment...) to
delay or limit incidental consequences.

This guideline is designed to be applied
beyond the domain of the Ul
procedure, when core temperature or
containment activity reach high level,
characteristic of core meltdown.

This guideline will be applied by the
crisis team.

2.4 Prospective approach under serious
conditions

EDF is currently carrying out studies to
construct diagnostis and prospective
estimation steps under accident
conditions, particularly in terms of
characterizing containment, states of
the barriers and system availability.



The objective of this work is to be able
to estimate the likely time limits before
core meltdown or significant release of
radioactive materials, and thus supply
public authorities with pertinent
information for the implementation of
special intervention plants.

2.5 Management of early by pass of
containment

A general methodology is under
development to cope as early as
possible with leaks of containment:

Detection and ventilation
management by operating team,

. Monotoring and remedial action by
crisis organisation,

. Specific environmental measures at
an early stage of the accident.

This methodology will be applied by
the local crisis team.

3 - NATIONAL CRISIS ORGANIZATION

In the event of a serious accident, an
internal Emergency Plan will be
triggered by the plant. This plan
provides for immediate deployment of
the plant's on-call teams who will assist
the operating team, monitor the
environment outside the plant and
organize action on-site. The purpose is
to control and restrict any
repercussions following the accident.

A national team comprising nuclear
safety experts will also be put on alert
and a link displaying the plant's safety
panel enables them to be aware of the
status of the reactor and allows a
dialogue to be established with the
teams at the plant.

The Internal Emergency Plan also
provides for informing public
authorities at both local and national
levels.

Public authorities advised by these
"specialist organizations, implements an
external emergency plan comprising
provisions for environmental control,
possible measures to take in the event
of contamination risks outside the site
(i.e. restricting the population to their
homes or evacuating them), and how
the public and the news media are to be
informed.

These provisions permit, even under
highly hypothetical accident
conditions, to avoid and restrict
repercussions which could be
damaging to the public and the
environment.

a) - EDFs National Organization

EDF's organization includes a system
whereby the following personnel can
immediately be summoned to meet in
Paris in specially equipped offices :

a management team which liaises
with public authorities through EDF
General Management at national level
and coordinates information given to
the public by the plant operator
nationwide,

- a national crisis team comprising EDF
specialists in the various areas affected
by a nuclear accident. After an initial
appraisal of the situation and accident
reports, the specialists consider the
expected status of the installations and
containment, taking on-site operations
into consideration. They can therefore
estimate the potential risk of waste
release into the atmosphere and the
possible repercussions in proximity
given expected meteorological
conditions.

Specialists may be sent to the site to
assist the work of the local crisis team.

A crisis organization from Framatome
(contractor for the nuclear island)
may also be put into operation. It
comprises specialists in the behavior
of the NSSS under accident conditions.



More than twenty expens from EDF and
Framatotnc are thus on call to meet in
the crisis offices at any time. They can
meet within one or two hours
following the start of the accident.

b - COORDINATION BETWEEN EDF
ORGANIZATION AND PUBLIC
AUTHORITIES

The organization of public authorities
in the event of a nuclear incident or
accident is established by government
orders.

This organization includes authorities
with responsibility for nuclear safety
(SCSIN), radiological protection
(SCPRI) and civil security.

The Nuclear Installation Safety
Headquarters (SCSIN) has set up a
specific organization to master
nuclear accidents.

This comprises the following :

- a management team led by the SCSIN
head or representative.

- A national crisis team comprising
engineers from the CEA's Institute for
Nuclear Safety and Protection.

This team is in constant contact with
EDF specialists. It appraises the
situation and any possible
developments, and keeps the SCSIN
informed.

In terms of public radiological
protection, the Public Authorities make
decisions based on data supplied by the
plant and the related ministerial bodies
(the SCPRI for example).

The Industry Ministry is responsible
for coordinating the national plan for
informing the public and the media.

c - Communication Resources

.-Coordination between the various
teams mentioned above requires they
have the pertinent information at
their disposal simultaneously and that
they can communicate with each other
easily.

Setting off the alert

The EDF crisis team comprising on-call
engineers is alerted by "Eurosignal".
The plant issues an initial description
of the incident which is then analyzed
by the engineers.

The emergency systems established by
Framatome and the Safety Authorities
are similar to those of Electricity de
France.

Information
status

concerning unit

Data pertaining to status of the unit in
which the accident has occurred are
transmitted to the crisis teams
automatically.

During the first stage, engineers and
crisis teams dispose of various data and
displays from the unit's safety panel:
first defect, saturation margin, system
status and safety system operation.

During a second stage, a data
processing link (KIT) is established
with the unit. All images assisting
plant operation or monitoring are
therefore available in the crisis
offices.

Direct exchange of analysis
between crisis and management
teams

Communication networks have been
es t ab l i shed to f a c i l i t a t e
communications between the plant and
the various bodies concerned

4. ON-SITE OPERATIONS UNDER SERIOUS
ACCIDENT CONDITIONS



On-Sitc contamination or radioactivity
have been examined together with
accessing and operating possibilities.
Complementary studies are underway
to accurately appraise the efficiency of
protective systems provided.

In particular, local crisis teams will be
in a protected room and there will be
special vehicles providing access to the
site. Vital functions in the control
room will be provided by a special
ventilation system incorporating air
filters.

Plants are fitted with dosimctric
equipment suitable for measurements
under the radiation conditions
produced by accidents.

Finally, a national fleet of remote-
controlled robots has been constituted
by both EDF and the CEA group to
operate monitoring equipment which
could be required under accident
conditions producing serious
contamination.

5-EXERCISES

Exercises permit appraisal of the
organization's ability to control
accident conditions. The basis of
exercises is appropriate personnel
training.

Given the number of participants and
diversity of organizational tasks, ail
aspects can be tested independently
and full scale mock-ups are employed.
Different types of exercise are
organized both locally and nationally.

Nationally, these exercises aim to test
the efficiency of the organizational
response to accident conditions.

These exercises are based on accident
scenario simulations using the
Training Center simulators.

Simulated conditions are complex and
comprise a combination of cumulated
incidents and accidents.

Each site participates in an exercise of
this type every two years. On a national
level, six or seven exercises are carried
out per year.

The SCSIN organizes two or three
exercises per year. Usually these
exercises include a first phase
involving a simulator and a second
phase involving a scenario
programmed to produce numerous
failures resulting in degraded
conditions. The purpose of this second
phase is to evaluate the ability of crisis
teams to devise remedial action
precluding core meltdown and limiting
waste.

Finally, the General Secretariat of the
Inter-Ministerial Committee for
Nuclear Safety organizes an annual
exercise in which the entire crisis
organization of both EDF and the public
authorities participate. An extremely
degraded scenario is employed to test
the responses of persons responsible
for protection of the environment and
safety of people. Journalists may be
invited to participate in these exercises
to verify the correct operation of
public information procedures.

CONCLUSION:

AH the emergency procedure steps
implemented by EDF demonstrate the
idea of in-depth defense, from the
aplication of incident and accident
operationg procedures to the
utilization of resources designed to
limit the consequences of serious
accidents within the scope of internal
emergency plants, while maintaining
a coherent approach with
environmental measures and crisis
management.

These steps also indicate the care taken
to account for all risks of error and to
provide, in all cases, surveillance an
procedural resources appropriate to
the accident situation in progress.


