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ABSTRACT 

The technical specifications set the requirements related to the availa
bility of equipment. In order to limit the risk when an unavailability is noti
ced during power operation, an allowed outage time is determined based on a 
fixed limit imposed on the increase of calculated core melt probability when the 
equipment is considered as unavailable. An example related to the main electric 
equipment is presented. In case of cold shutdown condition, the operations car
ried out lead to numerous programmed unavailabilities of equipment. For the 
examination of a project of technical specifications defining the necessary 
equipment in the different phases encountered, evaluation of the increase of the 
core melt probability due to the unavaibilities has been made. 

RESUME 

Les specifications techniques fixent les exigences relatives à la 
disponibilité des équipements. Pour limiter le risque lorsque l'on constate une 
indisponibilité fortuite lors du fonctionnement en puissance, un délai de repli 
est déterminé, basé sur une limite fixée imposée â l'accroissement de proba
bilité de fusion du coeur calculé lorsque l'équipement est considéré comme 
Indisponible. Un exemple relatif aux principaux équipements électriques est pré
senté. Dans le cas des états d'arrêt à froid, les opérations effectuées con
duisent à de nombreuses indisponibilités programmées. Pour examiner un projet de 
spécifications techniques définissant les équipements nécessaires dans les dif
férentes phases rencontrées, on a procédé à l'évaluation de l'augmentation de la 
probabilité de fusion du coeur due aux indisponibilités. 
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1. INTRODUCTION 

The french regulatory process requires that each application for an 
operating license includes proposed "General Rules for Operation" called Règles 
Générales d'Exploitation (RGE) in French. RGE define the rules at which a . 
bound all operator's actions regarding operation and maintenance of equipr 
important for safety. These RGE become a part of the operating license and :...= 
technical rules can be changed only with safety authorities approval. "Technical 
Specifications" are one item of the RGE. They define the technical rules which 
are to be observed during normal operation in order to assure operation of the 
plant in a safe manner. The aim is to keep the design safety level during the 
whole life of the plant. 

The Technical Specifications set in particular the "Limiting Condi
tions for Operation" which are the lowest functional capability or performance 
levels of equipment required for safe operation of the facility. This includes 
the list of equipment whose availability is required in the various operating 
conditions of the reactor and the behaviour to adopt in case of unavailability 
of one or several components important for safety. The operator is required to 
shut down the reactor or follow any remedial action permitted, such as an 
"Allowed Outage Time" for equipment repair. 

It is clear that any unavailability, whether programmed or unexpected, 
of a component important for safety involves an increase of risk which must lead 
to limit the unavailabilities and/or their duration. This is true for an ope
rating unit as well as for a cold shutdown reactor. 

Historically, technical specifications have been determined based on 
engineering judgments with little documented technical basis. They were not 
directly risk-based and their efficacy in enhancing public safety was difficult 
to establish. For example, allowed outage times based on engineering judgement 
may not be optimized from a safety standpoint. Allowed outage times that are too 
short can result in unnecessary trips, transients, fatigue cycling, or less tho
rough repair and postrepair testing before the equipment is returned to service. 
Allowed outage times that are too long result In an unnecessary Increase In risk 
to the public. Also, there has been growing interest in the nuclear community In 
reexamining the technical specifications from a risk perspective [1]. 

Since 1975, Probabilistic Risk Assessments (PRAs) have been the pri
mary tool for estimating the frequency of occurrence of nuclear power plant 
risks. PRAs derive these frequencies by estimating the probabilities of safety 
system failures in response to abnormal operating conditions known as initiating 
events. The progression of specific accidents is described by event sequences ; 
the accident endstates and the risks are often expressed in terms of core melt. 

Technical Specifications, and In particular Limiting Conditions of 
Operation, can impact the probability of system failure, thereby impacting ac
cident frequencies and plant risk. Consequently, it is possible to measure their 
effects on risk using the failure models developed in existing PRAs. This measu
rement will provide the insights necessary to make judgments about tightening or 
relaxing technical specification requirements to solve utility availability pro
blems without adversely impacting the technical specifications role in pro
tecting public safety. Two examples will be presented for the French PWRs : one 
related to technical specification relaxation during power operation reactor 
conditions and one related to technical spécification tightening during cold 
shutdown reactor conditions. 
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2. POWER OPERATION REACTOR CONDITIONS 

In order tc limit the risk, when an unavailability is noticed during 
power operation, Electricité de France has proposed to attach to each equipment 
important for safety an unavailability duration (allowed outage time) and a safe 
shutdown reactor condition. If the foreseeable repair time exceeds this dura
tion, the unit is led as soon as possible to the safe shutdown reactor condi
tion. It Is important to note that the allowed outage times are not time al
locations to systematically use out. 

2.1. First determinations of allowed outage times 

As in USA, technical specifications for the first French PWRs have 
been determined based on engineering judgments. 

In 1978, the safety authorities requested that a probabilistic eva
luation be undertaken to justify allowed outage times for the equipment impor
tant for safety of the Fessenheim plants. This request took place after that, in 
1977, safety objectives iii terms of probability and consequences were defined in 
the following way : "as a general objective, PWR design should aim at a proba
bility of unacceptable conseouences less than 10~ b per reactor and per year" 
[21-

In 1979, the advisory expert group for nuclear reactors, the Groupe 
Permanent Réacteurs (GPR), recommended that studies be continued concerning 
unavailabilities, particularly multiple unavailabilities and safe shutdown reac
tor conditions. 

As a part of the French post-TMI action plan, a working group discus
sed the rules proposed by the utility, EDF, to cope with equipment unavaila
bilities. The recommendations of the group were that Che supplementary risk due 
to allowed outage times be consistent with the safety objectives previously de
fined for the plant design. 

With reference to this request, EDF proposed, in 1980, allowed outage 
times based on a risk increase of 10" 1 per unexpected event of unavailability of 
a safety component. The time limit is determined in this way. The probability of 
core melt is calculated when the unit is operating during a given time with the 
equipment considered as unavailable. The allowed outage is the duration for 
which the increase of calculaced core melc probabilicy (wich regard co the case 
when all equipment Is available) reaches the fixed limit. 

At the time of this proposal, the necessary probabilistic evaluations 
of accident sequences were based on the Rasmussen's Reactor Safety Scudy and on 
the system reliability studies made for the Fessenheim plants. These evaluations 
carried ">ut have led to some improvement of the technical specifications. 

For other equipment than safety components, allowed outage times were 
also fixed. They were always based on engineering judgments and chey were set in 
order to incice the operator not to leave for a too long time the unavailable 
equipment without repair. 
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2.2. New evaluations of allowed outage times 

Since this period, consideration of complementary situations, not 
taken Into account for the conventional dimensioning of the units, such as the 
loss of redundant safety systems, lead to the use of additional equipment and 
procedures (named "H"), allowing to reduce the probability of core melt. The 
probabilistic analyses carried out to justify the dispositions proposed allow to 
appreciate in a better way the importance of the equipment for safety and the 
acceptable allowed outage times. The availability of the units can thereby be 
improved. 4n example will be presented related to the main electric power equip
ment, the first study devoted to this subject having concerned the total loss of 
electric power supply. 

We can add that other improvemt.ats will be made after the completion 
of the PRAs now In progress, performed by EDF for the 1300 MWe PWRs and by IPSN, 
the technical support of the French safety authorities, for the 900 MWe reac
tors. 

Particularly, tne rules to apply in case of multiple unavailabilities 
will have to be reviewed. 

2.3. Example related to main electric equipment 

Some years ago, Electricité de France proposed a set of new measures 
(named procedure B3) to cope with a total loss of electrical power. These mea
sures covered the procedures and the means needed : 

- to resupply the systems with electrical power in less than 3 hours 
via an ultimate source (site gas turbine or power from a diesel 
generator of another plant), 

- to repower the control and monitoring systems needed to handle the 
situation and to light the control room (installation of a turbo-
alternator) , 

- to automatically ensure primary pump seal cooling backup (using the 
test pump powered by the turbo-alternator), 

- to ensure a water supply to the primary circuit when it Is open, 

- to be able to reach a safe shutdown condition that can be main
tained. 

IPSN performed a probabilistic risk study in order to be able to judge 
the measures proposed by EDF for the 900 MWe PWRs. The reliability data used and 
the results of risk improvement brought by the new raeasurea were presented du
ring a previous meeting [3]. 

From this study, it is possible to derive the annual risk increase due 
the unavailability of a given component and therefore, using the fixed limit of 
10 _ /, the maximum calculated allowed outage time for the considered component. 
Some results are given in table I. 
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TABLE I. 

Unavailable component Maximum calculated 
allowed outage time 

6,6 kV busbar 
emergency 
supplied 1 hour 6,6 kV busbar 

other 1 day 

Turbo-alternator 3 days 

Test pump 7 days 

Diesel generator 24 days 

{ultimate sources 90 days 

The results showed that the new treasures proposed by EDF led to an 
important risk reduction. For example, for a diesel generator, the maximum 
calculated allowed outage time was 8 hours, without the procedure H3. Also, 
there is a possibility of relaxing technical specification requirements in order 
to improve availability of the plants. 

EDF is now proposing a new set of technical specifications. Safety 
authorities and their technical support are going to examine this project. The 
probabilistic study provides the insights necessary to make judgements, but it 
is necessary to keep in mind that in the present state of development, the study 
is not exhaustive. Some common mode Initiating events (like fire and internal 
flooding) are not taken into account. And, as it was already said, it ls also 
necessary to incite the operator to undertake as soon as possible the necessary 
repair. The allowed outage time values to retain for the technical specifi
cations will have to take into account this fact. 

2.4. Programmed unavailabilities 

Another case to examine is related to the programmed unavailabilities 
for maintenance during power operation. The same method can be used in order to 
make judgments on the list of components of which maintenance Ls permitted and 
on the allowed outage times. The only difference to take into account is the 
fact that it is sure that the unavailability will happen. There is a very limi
ted number of maintenance operations authorized during power operation in 
France. SDF is now asking to add one item to the list, in order to be able to 
maintain the auxiliary transformer. This is also possible due to the new mea
sures taken to cope with station blackout. 
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3. GOLD SHUTDOWN REACTOR CONDITIONS [4] 

During annual shutdown, preventive maintenance and modifications which 
are made on PWRs cause scheduled unavailabilities of equipment or systems which 
might harm the safety of the installation, in spite of the low level of decay 
heat during this period. The pumps in the auxiliary feedwater system (AFWS), 
component cooling water system (CCWS), essential service water system (ESWS), 
the water injection trains (Low Head Injection System LHIS, High Head Injection 
System HHIS, Chemical and Volumetric Control System CVCS), and the containment 
spray system (CSS) may have scheduled unavailability, as well as the distri
bution switchboards. 

The French utility is aware of the risks related to these situations 
for which accident procedures have been set up and hence has proposed limiting 
downtime for this equipment during the shutdown period, through technical speci
fications. The project defines the equipment required to ensure during the va
rious shutdown phases the functions important for safety : subcriticality, water 
inventory, decay heat removal, confinement. 

In order to be .able to judge the acceptability of these specifi
cations, IPSN has used probabilistic methodology to analyze the impact of these 
specifications on the core melt probability, for a 900 MWe PWR. 

3.1 Analysis method 

While the reactor is operating under cold shutdown condition, decay 
heat is removed by the Residual Heat Removal System (RHRS). This system is in
side containment and enables the flow of primary fluid via two pumps. The heat 
is transferred by the RHRS exchangers to the CCWS then to the ESWS. The RHR sys
tem also protects the main cooling system from overpressure via two safety val
ves. 

Probabilistic analysis of the risks involved while operating under 
RHRS conditions was run considering two broad categories of situations : primary 
system closed and primary system open. The first category is subdivided into 
three phases, with respect to the primary thermohydraulic conditions and the 
systems availability for decay heat removal. The second category corresponds to 
the operation phases with the water level at the hot leg median plane, reactor 
vessel opening and closure, and the refueling phase. So, the operating period on 
RHRS was divided into six phases according to primary circuit configuration, 
thermohydraulic conditions and decay heat removal systems availability (table 
II.) 

For each phase of reactor shutdown, an assessment of the probability 
of core melt was made, assuming first that all the equipment is available and 
then assuming that only the equipment required by the technical specifications 
is available. In this way, the core melt probability was overestimated in the 
second case ; however the possibility of being able to put the non required 
equipment back into service after a recovery period was considered. 

This double quantification allowed determination of the Increase of 
the core melt probability obtained from combinations of the various items of 
equipment available as provided for by the technical specifications. Analysis of 
the increase In core melt probability allowed to judge the acceptability of the 
specifications and the list of equipment which are to be available during the 
various shutdown phases. 



TABLE II. 

PHASE 1 

Definition 
Intermediate 
shutdown 

RCS closed 
RHRS only 

RC3 closed 
RHRS + SFPCCS 

Median plane 
piping 

Reactor vessel 
opening and 
closure 

Refueling 

Time after reactor 
shutdown (h) 

4 + 2 0 20 + 68 68 * 548 68 > 308 68 + 128 128 •» Ad8 

Pressure (bars) 24 - 28 < 28 1 - 2 8 RCS opened RCS opened RCS opened 

Temperature (°C) 177 - 90 90 - 60 90 - 10 70 - 10 60 - 10 60 - 10 

Required steam generators 

Normal cold shutdown 4 7 solid 20 
i_-i » 

Refueling cold shutdown 

Halntenance cold shutdown 
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3.2 Probabilistic analysis description 

3-2.1 Dê ini_tion.__of the initia t̂ ing_eve£ts_ œnsjLdered 

The initiating events used for the probabilistic risk, analysis were 
grouped into two families : 

- failure of decay heat removal systems, 
- loss of primary coolant accidents. 

a) Failure £f decay_he_at̂  r_emoval̂  jy^tems_ 

The following systems are used to evacuate decay heat : 
- residual heat removal system (two trains), 
- spent fuel pool cooling system (SFPCCS), used in certain RHRS backup 

phases, 
- component cooling water and essential service water systems (two 

trains), 
- water intake, 
- emergency power busbars (two trains). 

For each operating phase, we determined the failure combinations cau
sing loss of decay heat removal capability taking into account : 

- systems failures, 
- cross-over failures of one train in a system and one train in ano

ther system powered by a different power line. 

b) Loss_of_ JPĴifflari. _cpolant accident^ 

Loss of coolant accidents under RHRS conditions are narked by the ab
sence of the automatic devices used to maintain a sufficient water supply to 
prevent the core from being uncovered, except for a containment high pressure 
signal which may intervene specially during the first phase of RHRS use. 

For the probabilistic analysis, loss of coolant from a pipe break was 
assumed to happen at hourly occurrence rates equivalent to those for full power, 
whatever the phase considered. This assumption has been taken into account as 
reasonable given particularly the results published in reference [5]. When the 
primary system is open, only small pipe breaks were assumed possible in the pri
mary system. 

3.2.2 £u£nti_fi£a£i onjnethods 

The processing of each initiating event was run based on event trees 
integrating accident procedures and what actions to take in the event of their 
failure. Regarding system losses in a closed primary system, the applicable ac
cident procedures recommend trying to put the steam generators into operation 
when a function is lost ; in the case of an open primary system, water additions 
must be made to compensate for the vaporized flow rate. Regarding losses of pri
mary coolant, the procedure which only applies to pressurized conditions has 
been used as a guide for the operator. 

The quantification of core melt probability related to coolant losses 
led to the examination of several long term strategies for equipment use and 
taking into account the various levels of contamination [6]- The events in the 
accident sequences were quantified using fault trees. 



- 9 -

Quantification was supported by a data base resulting mainly from 
French experience, except for the human factor for which the Swain methods were 
used. 

3.3. Results 

The study showed up the following. 

3.3.1. Jji_thj2_a^l_e£u^pment^ay_a^l^b^e__s^tua^i2n 

The risk, value is essentially tied to the following initiating events: 
RHRS safety valve jammed open or breaks. This result is associated with the 
short time that the operator has for taking adequate safeguards in the absence 
of automatic devices, and with losses of recirculation systems in the long term 
phase. 

3.3.2. Jj\_sit^ations_ where J±e_ j>ropos&i_te_chnical_s£eclfications_ ap£ly_ 

Regarding coolant losses, a significant increase in core melt proba
bility occurs, when only the equipment required by the technical specifications 
is available, during the time when the primary system is open. These increases 
are due to the fact that the existence of breaks were assumed using hourly rates 
equivalent to those at power. 

Regarding the losses of systems, the study showed situations where the 
number of required equipment items seemed to be inadequate ; this led to the 
proposal of adding items to the required equipment list to decrease the core 
melt probability. The main requirements are : 

- in the cold shutdown reactor condition, the number of equipment 
items necessary to evacuate the residual heat has to be increased to 
cope especially with the failure of an emergency busbar and a train 
of a system (RHRS) ; 

- it is necessary to maintain for all the phases, including refueling, 
one train of Che containment spray system and one train of the low 
pressure Injection system to ensure primary fluid recirculation. 

These requested availabilities of systems permit to reduce the proba
bility per year of core melt from 4 10~ b to a value below 10" b for the cold 
shutdown phases of the reactor. 

The study also points out the fact that the risk is expected to be 
reduced by the change of the RHRS safety valves model. 

3.3.3. Ip. conclusion^ 

The analysis of the main sequences contributing to the core melt 
probability increase due to the scheduled unavailability of equipment showed : 

- the necessity, for certain phases, to have additional items avai
lable in addition to those proposed by the utility ; 

- the necessity of reviewing the scope of application of certain pro
cedures and the creation of new ones. 
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After putting into place shutdown technical specifications, completed 
following the analysis, it is possible to conclude that the scheduled equipment 
unavailabilities do not significatively increase the core melt probability du
ring the cold shutdown reactor conditions. 

4. CONCLUSION 

This paper illustrates the French approach to the solution of problems 
of risk, associated with plant operation using methods developed for PRAs. In 
particular, the risk evaluations provide the insights necessary to make jud
gements about tightening or relaxing technical specifications. This includes the 
list of equipment whose availability is required in the various operating condi
tions of the reactor (including cold shutdown) and the determination of the 
maximum calculated allowed outage time values. 

The values obtained from the risk evaluations are only one element of 
the judgment. It is for example necessary to take into account that it is never 
good, from the safety point of view, to have an equipment unavailable for a long 
time. The allowed outage times put in the technical specifications have conse
quently to incite the operator to undertake the repair as soon as possible. But 
the operator must have enough time in order to prevent unnecessary transients or 
less thorough repair. 
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