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France France 

ABSTRACT 

The lessons drawn from experience led EdF to define in 1980 a national 
specification standard, to be applied to the first standardized series of 
900 MWe units and to be adapted to the later 1300 MWe units. This document is 
periodically revised, every two years or so, to take into account new trends 
in safety thinking and lessons learnt from operating experience. In this 
paper we present the main developments in the field of technical 
specifications, particularly : 

. the definition of rules applicable in the event of unavaibility of 
safety-related équipement 
. the integration of plant unit operating feedback for specifications 
optimization. 

RESUME 

Les premiers enseignements tirés du retour d'expérience ont abouti en 1980 à 
l'élaboration par EdF d'une maquette nationale des spécifications techniques 
mise en application sur les premières tranches 900 MWe et adaptée aux 
tranches 1300 MWe. Cette maquette fait l'objet d'une révision régulière, tous 
les 2 ans environ, pour prendre en compte les évolutions de la sûreté et les 
enseignements tirés du retour d'expérience. Dans cette communication, nous 
présentons le3 principales évolutions des spécifications, en particulier : 

. la définition des règles applicables en cas d'indisponibilité de matériels 
importants pour la sûreté, 

. les améliorations apportées à partir du retour d'expérience. 
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USE OF EXPERIENCE FOR THE IMPROVEMENT OF TECHNICAL SPECIFICATIONS FOR 
OPERATION 

INTRODUCTION 

The first version of the FESSENHEIM and BUGEY PWR technical specifications 
for operation which derived from the Westinghouse specifications, was modi
fied during the startup and early operating period of these units. The 
lessons drawn from experience led EdF to define in 1980 a national specifica
tion standard, to be applied to the first standardized series of 900 WMe 
units and to be adapted to the later 1300 MWe units. This document iz perio
dically revised, every two years or so, to take into account new trends in 
safety thinking and lessons learnt from operating experience by analysis of 
incidents. In this paper, we present main modifications to the specifications 
derived from operating feedback, disregarding however, cold shutdown opera
tional mode specifications, which are the subject of another communication. 

The main developments in the field of technical specifications concern : 

- the definition of rules applicable in the event of unavailability of 
safety-related equipment- (limiting conditions of operations LC0). 

- integration of plant unit operating feedback for specifications 
optimization. 

.../... 
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DEFINITION OF RULES APPLICABLE IN THE EVENT OF UNAVAILABILITY OF 
SAFETY-RELATED EQUIPMENT (LCO) 

The rules to be applied in the event of unavailability of safety-related 
equipment have teen the subject of concerted reflection in France, organized 
in the framework of the post-TMI actions. This work was carried out on both 
the theoretical aspect of safety analysis and on the more practical aspect of 
utilization of operating feedback to improve provisions to be applied. Two 
particular aspects were studied : 

- a better definition of the notion of "safer mode", 

- an arftumented approach to the notion of "safer mode transit time". 

These two points will be successively discussed, with emphasis on the opera
ting side of the question. 

1.1. REDEFINITION OF THE SAFER MODES 

Under power operation conditions, all unit safety-related systems and 
equipment are assumed to be available. 

The unavailability of any one of them can compromise safety in the long term. 
To simplify our analysis, we shall assume that only one item is unavailable 
at a time. 

In such circumstances, the analysis to identify the safer mode consisted in 
answering the following questions : 

What safety function is affected by the failure ? 

The answer to this question enabled : 

- from the operating standpoint, the classification of single unavailability 
cases, using simple, precise terms, conveying immediately to the operators 
the type of failure to be dealt with (i.e auxiliary systems are associated 
to the related main system). 

- from the safety analysis standpoint, to prepare the second stage in the 
analysis. 

Does a safer mode exist ? 

A safer mode is an operating mode where the safety function affected : 

- has become useless (deterministic conclusion in the light of safety 
analysis report studies), 

- has become "less important" (deterministic analysis to begin with, but 
which can subsequently be corrected by Probability Risk Assessment-type 
approaches). 

.../... 
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Is there an operating mode enabling the reactor to be placed in a safer 
configuration, without rising safety problems ? 

The latter aspect is by no means the least important ; there are certain 
cases, fortunately very few, where a system single failure is no longer 
within the scope of the technical specifications but rather within that of 
the application of emergency operating. 

In fact, the safer modes selected are, depending on the function affected, 
' hot shutdown, intermediate shutdown pending RHR (residual heat removal), cold 
shutdown. 

1.2. SAFER MODE TRANSIT TIME 

After the three questions discussed aLove, we have to ask : 

Can transit to a safer mode be possible the last minute (i.e. in the event of 
complete failure of the sytem affected) ? 

If the answer is NO an immediate switch to a safer mode is prescribed. (Simi
larly, if the safety function is no longer insured, the safer mode transit 
time must be very short). 

If the answer is YES, maintaining the unit temporarily under power operation 
can be accepted, whilst remedial action is sought. For such cases, safer mode 
transit times have been assessed by probabilistic calculations. 

We shall not presently discuss determination of these transit times, which 
will be the subject of another communication. 

This reasoned approach to the notions of safer mode and safer mode transit 
time has resulted in integration in the technical specifications of general 
prescriptions, which may be summarized in logic diagram form (see 
Appendix 1). 

Tables have also been appended to the specifications, summarizing the actions 
to be taken when equipment unavailability is detected. 

"1.3. ELABORATION OF SPECIFICATIONS FOR CASES OF CUMULAIZD UNAVAILABILITY 

In the summary tables, the prescriptions are classified by safety system 
concerned. The unavailability cases (see 1.1.) are grouped under the heading 
"event" and can include instances of cumulated unavailability : 

- on the same system (a single unavailability has not significant safety 
repercussions if the degree of redundancy in the system is sufficiently 
high). 

- between various systems assuring the same safety function (e.g. : electri
cal power sources). 
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In order to cover all operating situations, cumulated unavailability rules 
were determined, based on the events thus defined. An extremely pragmatic 
approach was adopted, grounded on the principle that the rules imposing a 
switch to a safer mode, within a time depending on the safety implicatic .s, 
made the occurrence of multiple cumulated cases improbable. 

Since the safer mode transit times have been coherently determined, they 
should be sufficient alone to indicate the seriousness of the safety implica
tions of the unavailability considered. 

Single unavailability events have consequently been classified in two main 
categories, according to the safer mode transit time assigned to each case. 

In group I (transit time < 15 days), we find practically all the cases of 
safeguard system unavailability and in group 2, those of safety related 
systems of less importance (i.e. ventilation systems). 

For group 1, cumulation of more than two unavailabilities requires an imme
diate switch to a safer mode, this safer mode being defined by extremely 
simple rules. 

For situations involving group 1 and 2 cumulations, the number of unavailabi
lities to be tolerated under power operation conditions has been arbitrarily 
limited to four. 

There remains the case of cumulation of two group 1 unavailabilities. A 
simple rule, based on comparison of the transit time involved, specified : 

- a transit time less than (or equal to) the shortest of the times specified 
in the two cases considered, 

- a transit time of less than 3 days and, in most cases, less than 24 hours. 

1.4. EXTENSION OF THE LIST OF SYSTEMS SUBJECT TO LIMITING CONDITIONS OF 
OPERATIONS 

In addition of those previo: s aspects, a self subistent action was taken in 
1982 : accidental unavailability of all systems classified as "safety 
related" was chec<ed to ascertain that each system was subject to technical 
specifications or covered by specifications for other systems. This resulted 
in the inclusion in the specifications of new cases of system LCO. These 
include mainly ventilation systems (control room, peripheral rooms, reactor 
building), compressed air production system and fire detection and protection 
systems. Depending on the safety consequences of the unavailability 
considered, the specifications indicate either simply a repair delay, 
possibly with certain additional measures (as, for instance, patrol inspjc-
tions in an area where the fire detection system is partly unavailable) or a 
safer mode and the corresponding transit time. 

• • • / • • • 
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Apart from this, discussions are presently proceeding with a view to inclu
ding in the technical specifications the unavailability of equipment 
necessary to the implementation of H (out of design) and U (emergency) proce
dures, elaborated to attenuate the consequences of serious accidents which 
are not design basis, such as, for instance, a total power loss. 

1.5. PREVENTIVE MAINTENANCE 

Adopting a probabilistic approach to the notion of safer mode transit time 
naturally involves dissociating cases of accidental unavailability (the 
equipment fails and needs repair) from cases where unavailability is decided, 
in the framework of a preventive maintenance program. 

In the rules applied in the case of accidental unavailability, no account is 
taken of the frequency of application. They will simply be applied each time 
an unavailability is detected. 

This is acceptable : 

- because the reliability data used to determine the transit times also indi
cate that the probability of having to resort to such procedures is low, 

- because the conditions of application are such that the specified transit 
time will generally not be entirely used (the safer mode transit time must 
be considered as a "tolerance" rather than a "risk allocation"). 

The application of such rules for unavailabilities due to preventive mainte
nance is obviousy unacceptable. 

For these cases of unavailability, the aim is to define an optimum mainte
nance program, to estimate what should be done outside servicing periods 
during refuelling shudowns, either because the servicing period is too short 
or because situating a given maintenance operation outside the refuelling 
period facilitates servicing scheduling. 

A look at the safety analysis enables us to short list a number of operations 
which can be performed with the reactor in power operation. The unavailabi
lities involved are limited in frequency and duration, in 3uch a way that the 
risk incurred by performing such actions remains acceptable (marginal). 

A first list defining system by system : 

- the operations tolerated under power" operation conditions, 

- the accepted unavailability frequencies and durations, 

was drawn up and appended to the technical specifications. 

.../... 



7 

All other maintenance operations are to be performed with the plant unit shut 
down. 

This list was drawn up in 1982, at a time when policy was to minimize servi
cing operations between refuelling periods. A more comprehensive approach to 
the problems of maintenance has since been elaborated at EdF and should 
result in the revision of the corresponding technical specifications. 

II. OPTIMIZATION OF SPECIFICATIONS IN THE LIGHT OF OPERATING FEEDBACK 

We shall now give a few examples of specification improvement following 
practical difficulties encountered by operators in the application of certain 
prescriptions under operating conditions. 

11.1. IMPROVEMENT OF TECHNICAL SPECIFICATIONS CONCERNING PRIMARY CIRCUIT 
LEAKTIGHTNESS 

These specifications were drawn up on the basis of principles contained in 
Regulary Guide 1.45 with particular attention being given to : 

- "identified" leaks which are collected, by type and channeled to a tank, 
while measuring flow to the tank, 

- "non-identified" leaks, which include primary leaks in the containment 
other than those mentioned above. 

In the first version of the technical specifications, only "non-identified" 
leaks were subject to limits' prescribed as follows : 

. a leak rate exceeding 230 1/h leads to unit shutdown if the leaks are not 
localized, 

. continued power operation is allowed if the leaks are localized providing 
they do not exceed 2 300 1/h and do not compromise safety. 

The notion of "leak compromizing safety" was not clearly defined and this 
subjective criterion could raise problems in the application of the specifi
cations. After discussions between EdF and the safety autorities, clearer and 
more restrictive specifications were drawn, up r.nd have been in force since 
1982. They lay down the following provisions : 

. if the "non-identified" leak rate exceeds 230 1/h, hot shutdown is required 
within 4 hours and cold shutdown within 24 hours, 

. if the overall primary leak rate exceeds 2 300 1/h, cold shutdown is 
requir2d within 10 hours and the power coastdown procedures shall be 
initiated immediately. 

.../... 
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These new specifications remove any interpretative ambiguity and implicitly 
recognize that any "non-identified" leak greater than 230 1 /h and any 
"overall" leak greater than 2 300 1/h are potential safety hazards. 

Operating experience shows that plan operators, in a certain number of cases, 
even initiated shutdown before the leak had reached the maximum acceptable 
level. Between 1981 and 1983, of the 36 primary leak incidents which 
occurred during power operation, 20 involved leak rates exceeding the 
autorized limits and 32 led to unit shutdown. It should be noted that the 
number of primary leak incidents significantly decreased during 1984 and 1985 
(3ee table below), following, in particular, improvements made to valves and 
fittings. 

; 
! YEAR 1981 

j 
; 1982 

1 
! 1983 1984 

; ; 
! 1985 ! 

! Number of 
î incidents 
! recorded 

20 

j 
i 
; 
; 
; 

26 

; 
j 
! 2H 
I 
; 

13 
; ; 
1 1 

! 9 ! 
Î ; 
1 1 

II.2. IMPROVEMENT OF TECHNICAL SPECIFICATIONS CONCERNING PRIMARY COOLANT 
ACTIVITY 

In the specifications initially applicable to the first French nuclear power 
plant units, primary coolant activity limits authorized operation with up to 
one Ci/t in I equivalent. 

During the first plant unit shutdowns, it proved necessary to define a 
defective fuel management policy and, after discussions between EdF and the 
safety authorities, it was decided that the plant operator should be left 
free to make his decisions regarding the reloading of defective fuel, but 
within a less permissive framework than that constituée! - by the initial 
technical specifications. More restrictive specifications were defined and 
have been applied on French reactors since 1980. They require reactor 
shutdown : 

- within 2 months, if the mean activity value in I 
calculated from the beginning of the duty cycle, exceeds O.hVd/t, 

equivalent, 

- within 15 days, if this mean activity value exceeds 0.08 Ci/t, 

- within 48 hours, if the instantaneous activity value exceeds 0.5 Ci/t in I 
1-. equivalent or 40 Ci/t in ncblegases. 

.../... 
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These new specifications avoid continuing reactor operation if the fuel 
proves to be notably defective in order to limit radioactive discharge, as 
well as the integrated doses to staff. With a view to respecting these 
limits, a defective fuel management policy has been defined providing for the 
reloading of fuel assemblies with minor defects and the removal, as a preven
tive measure, of fuel featuring major defects. According to operating 
feedback, this policy is proving satisfactory ; no minor cladding defects in 
fuel reloaded for one or two duty cycles have been observed to evolve signi
ficantly and, as a general rule, the primary coolant activity level remains 
well below the authorized limits. 

In this connection, operating feedback (baffle jetting) showed the necessity 
to include in the specifications provisions to limit uranium release in the 
primary circuit. For a plant unit, the O.06 Ci/t limit in I.,, equiva
lent was already exceeded at the beginning of a duty cycle despite observance 
of the technical specifications during the previous cycle. It owed to 
excessive residual contamination, due to significant deterioration of outer 
sings of fuel rods by "baffle jetting" during the previous cycle. In order to 
prevent recurrence of such a situation, the specifications were completed in 
1984 and now provide for increased monitoring of primary circuit activity, 
with anticipated shutdown if necessary, in all cases where the 0.15 Ci/t 
deadline is exceeded in I _. which has proved to be the most reliable 
uranium release detector. 

II.3- REACTOR CONTAINMENT LEAKTIGHTNESS AND STAFF SECURITY DURING REFUELLING 

The containments in the French 900 MWe standardized plant units are provided 
with three access-ways (2 personnel air locks and a large diameter equipment 
hatch). They also have two ventilation systems : a high capacity sweep system 
and a low flow system, where the input and exhaust fans can be switched on 
individually. 

At the outset, the accident survey on the dropping of a fuel element provided 
for the static leaktightness of the containment, implying that all 
access-ways should be closed during refuelling. 

This arrangement rapidly proved unacceptable as regards the security of the 
personnel working in the containment and was even contrary to French regula
tions in this respect. 

A solution had to be found reconciling safety and security, such as to 
preclude operating practices tending to give preference to one of these 
aspects at the expense of the other. 

A step-by-step approach was used to deal with this problem, each step being 
checked by full scale trials on a plan unit and discussions with the safety 
authorities. 
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We shall not presently enter into the technical details but it suffices to 
know that the solution consists in adapting existing installations so that 
dynamic containment conditions are assured during the evacuation of the 
personnel. 

This is obtained by means of imposing the position of the access doors and 
ensuring the availability of the ventilation system startup and shutdown 
automatic control circuits (all these provisions are to be found in the 
technical specifications). 

These regulatory provisions are completed by procedures whereby, in particu
lar, decisions can be made regarding the evacuation of personnel. 

II. 1» ADAPTATION OF THE SPECIFICATIONS TO NEW OPERATING MODES 

With the ever growing contribution of nuclear plant units to energy 
generation, it has become necessary to use these units on a load-follow basis 
(frequency control, with or without daily load follow operation). The safety 
studies associated with this operating mode have led to the definition of new 
operating rules to respect design criteria. These rules are implemented by 
inclusion in the technical specifications of additional limits for operating 
parameters and a new charted operating field, defining the authorized power 
level versus the axial offset. 

In addition, specifications require shutdown of these operating modes in the 
event of unavailability of certain functions indispensable for the control of 
either power unbalance in the core (Full Leng. Rod Control System and 
Nuclear Instrumentation System) or increased waste production (Reactor Boron 
and Water Makeup System, Boron Recycle System and Plant Radiation Monitoring 
System). 

II.5- CONCLUSION 

Operating experience and, in particular, the analysis of incidents which have 
occurred in nuclear plants are an invaluable source of knowhow, against which 
the efficiency of the operating technical specifications can be judiciously 
examined. Abnormal conditions observed or difficulties of application encoun
tered can then be integrated in the periodical revisions of the specifica
tions which thus form a living document well adapted to reactor operating 
conditions. 

.../... 
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APPENDIX 1 

PROCEDURE IN THE EVENT 
OF ACCIDENTAL UNAVAILABILITY 

Detection of 
the unavailability 

Redundant system : 
Ascertain that the redundant 

system is available 

The redundant system 
is available 

Transit time 

Begin first 
investigations 

The fault can be repaired 
- unit operational 

The fault can be repaired 
within the transit time "T" 

Start repairs 
without delay 

© 

>-®—i 

No: 

Seek safer mode 
without delay 
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PROCEDURE IN THE EVENT 
OF ACCIDENTAL UNAVAILABILITY 

Repair underway 

Short term availability of redundant 
components is ascertained 

(no common failure source) 

® 
Repair and requalification 

will be finished 
within transit time 

Requalification completed 

Seek safer mode 
without delay 
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