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ABSTRACT 

Are to be taken into account situations resul t ing from loss of redundant 
safety systems ? 

Two ways of approach were to be probed : evaluation of the fa i lu re proba
b i l i ty and analysis of the consequences of those si tuat ions. The f i r s t way leads 
to improve rel iabi l i ty of concarned systems, the second way to set up mit igat ing 
means. 

Before TMI-2 occured, safety advices had already been issued about three 
kinds of situations : anticipated transients wi thout scram, loss of ult imate heat 
s ink, simultaneous loss of out-and inside power supplies. 

That , in some cases, something had to be dore to improve safety showed 
the Tightness of the concern. 

Next step is the study of the loss of both normal and emergency feedwater : 
The regulatory request has been issued on September 1979. 

INTRODUCTION : 
WHY TO CONSIDER THE LCSS OF REDUNDANT SYSTEMS ? 

Defence in depth , determination of status parameters are absolutely neces
sary tools in order to ident i fy and analyse events liable to jeopardize the p lant . 

Nevertheless, j uch tools t u rn out tc be insuff ic ient to solve two ques
tions : 

- to establish the completeness of a l is t of situations to take into account 
in order to achieve a given safety degree. 

- dnd mainly to warrant the application of the fundametal safety pr incip le 
world wide admitted by each nuclear safety body : that is to say that for a 
given si tuat ion, the more serious the consequences are, the lower the probabi 
l i ty should be. 



I t is in such a mind that f rench safety authorit ies asked for studies about 
some situations l ike the loss of funct ions assumed by redundant systems, in 
order to ver i fy that : 

- either the i r consequences were acceptable 
- or thei r probabi l i ty was low enough. 
The f i r s t regulatory request is dated October 1976 and has been followed 

by fu l le r requests dated July 1977 and May 1973, (see below). 

HOW TO GRAPPLE WITH THE PREVIOUS STUDIES ? 

Once the previous target had been clearly set t led, three main points had 
to be cleared : 

- What cr i ter ion has to be retained : conservative or realist ic approach ? 
- What has to be done i f the previous checks t u r n out to be negative ? 
- What funct ions had to form the subject of such studies ? 

As concerns the f i r s t poi. i t , agreement quick ly occured to s tar t the studies 
using realistic methods and assumptions. 

Once cr i ter ia have been set u p , the second question is qui te easy to 
solve : If the studies t u rn out to be negative, that means either tha t 
consequences are unacceptable, or that the probabi l i ty is too high : Consequen
t l y , improvements have to be implemented in order to reduce the consequences 
of the situation or i ts probabi l i ty : the case has occured (see below). 

With regard to the fonctions, the loss of which had to be analyzed, the 
choice has been tu rned towards three of them : scram, cooling and power 
suppl ies. 

The f i r s t choice set the well known problem of ATWS (anticipated transients 
without scram). An important potential of studies did ex is t , const i tuted by the 
reports elaborated in several countr ies, not ingly in USA (Nureg 460). 

The second choice pointed out the question of the total loss of the ultimate 
heat sink : the question of the total loss of feedwater (normal and aux i l ia ry) 
has f u r t he r l y been scheduled. 

The last choice aimed at a better knowledge of the question of the total 
loss of i n - and outside electrical power suppl ies. According to what has been 
done, i t can be said tha t , for that problem, France is ahead of the other 
nuclear countr ies. 

Obviously, the design situations l is t could not be considered as completed 
as far as previous studies had not led to suf f ic ient resu l ts . 
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THE PERFORMED STUDIES AND THEIR CONSEQUENCES 

Let us remember that two ways of approach were defined for such studies : 
a) to estimate the failure probability, and, eventually, to improve the reliability 
of thoses systems (way a ) . 
b) To analyse the consequences in order to determine the possibilities of means 
that could be set up on plants for parrying such failures (way b ) . 
Each studied fonction has to be checked by itself. 

Scram Failure During a Transient Needing Scram (ATWS) 

The question is well known in the States and the french safety advice 
partly relies upon the content of the NUREG 460. 

Up to now, the problem has been treated only for 3-loop plants because 
the design of the protection system of 4-loop plants was still underway. 

The studies have been performed merely following the previous "way a" 
because of the difficulty to assess the probability. In fact two separated types 
of analysis have been achieved : 

- evaluation of ATWS "onsequences to determine the most severe transients 
towards core and primary circuit ; 

- reliability assessment of the protection system in order to determine tha 
predominant common mode failures. 

First type analysis allowed to work out that "Loss of Feedwater Without 
Scram" was the most severe transient as regard to primary overpressures and 
that "Loss of Outside Power Supplies Without Scram" was the predominant 
transient towards core integrity. Addingly, studies showed a less important 
pressure pike than Westinghouse computed (cf WCAP 8330), due to a higher 
capacity of the pressurizer relief valves. On the other hand, the minimum of 
DNBR is lower, as a result of a lower primary operating pressure. 

Studies also showed that there exists a margin towards overpressurization 
admitted bounds. So is granted mechanical integrity of the primary circuit 
components. 

Finally, the conclusion may be drawn that ATWS do not constitute a 
fundamental safety problem, insofar as emergency feedwater and, in a less 
important way, tr ip turbine are operational. 

Second type studies allowed to conclude that there were two main common 
mode failures : 

- If failure occurs in both scram breakers, there is neither scram nor tur
bine trip : primary mechanical components integrity is however granted, despite 
of a high pressure pike (220 bars, 3200 psi) . 

- A common mode failure in relay circuitry cannot be excluded, although 
logic circuits are slightly contributing to scram failure : So, to diverse 
actuating signals of emergency feedwater would solve the question. 

Safety impact of the previous studies : 
French safety authorities required diversification and separation of 

actuation signals and of their logic treatment to prevent loss of feedwater 



without scram and, in a minor way, turb ine t r i p wi thout scram 
(February 1979). 

The operating company, Electricité de France, has already started a prac
t icabi l i ty study of such improvements a'lowing to get r i d of the consequences of 
the previous scram common mode fai lures : such a study is s t i l l underway. As 
concerns 4-loop p lants, the previous safety requirements wil l be already 
integrated in the protect ion system design. 

Loss of The Ultimate Heat Sink 

The studies have been performed following the above "way b" and beared 
on the assessment of the consequences : 

- either of the loss of one of the systems which are necessary to t ransfer 
residual heat to the heat s ink , 

- or of the loss of the heat sink itself wi thout any mind of the or ig ine of 
the fa i lure. 

The encompassing study of the cotal loss of the heat s ink postulates the 
unavailabi l i ty of all of the redundant offtakes c* water on a s i te. 

I t has been agreed tha t , in such a case, accidental si tuat ions have not to 
be considered : The init ial situations are those which are normally met in 
operating conditions : Full power, hot standby, intermediate s tandby, cold 
shutdown wi th a closed primary c i rcu i t , cold shutdown wi th an open pr imary 
c i rcu i t and empty fuel p i t or f i l led up fuel p i t . 

Two main conclusions can be drawn : f i r s t l y , the safer withdrawal position 
is "intermediate standby" because the major d i f f icu l ty is set by the resistance 
to temperature of the f i r s t seals of the primary pumps, and the maximum 
allowable increase of temperature ; secondly, the situations which needs the 
quickest intervening delay is at cold shutdown, on residual heat removal system 
without the secure of the fuel p i t . 

According to industr ia l water supplies which exist on f rench sites and to 
the arrangments that are taken, the loss of ultimate heat s ink may be stood for 
a time long enough to restore a suff ic ient cooling water f low. 

Safety impact of the previous studies : 
French safety authori t ies required the inventory of each site water 

supplies, the disposal of an operat ing procedure and the results of the 
experiments presently intended to ver i fy the adequacy of the assumptions 
concerning the temperature resistance of the pump seals 
(December 14-1978 & February 15-1979). The procedure, which main features 
have been checked by tes ts , is underway. 

Simultaneous Loss of Outside and InsiJe a.c. Power Supplies 

The studies have been performed following the above "way b' 1 and beared 
on the consequences of the simultaneous fai lure of the auxi l iary systems power 
supplies. But a probabi l i ty assessment has also been performed and has shown 
an interest ing conclusion : the probabi l i ty of such an accident has been 



assessed to "a few 10 ? l . This value is due for one half to busbars common 
mode fai lure and fo r the other half to supplies fai lures ( g r i d and both diesel 
generators). 

The encompassing s tudy assumes the total loss of outside supplies (main 
and auxi l iary g r i ds ) and the fa i lure of inside supplies (diesel generators) . But 
no additionnai abnormal condition is postulated. This study has lead to analyze 
the behavior of a plant according to several init ial status ( fu l l power, hot 
standby, intermediate standby or cold ..hut down). 

Two main conclusions can be drawn : 
- Whatever the ini t ia l si tuation is from fu l l power to intermediate standby 

(pr imary temperature > 140°C), pr imary pressure and temperature control 
remains possible for a time which length depends on the resistance of the 
primary pumps seals. 

If the accident occurs at intermediate standby (pr imary 
temperature > 140°C) or cold shut down, the development of the situation 
depends on the water level above the core. 

That means t h a t , above 140°C, the safer withdrawal position is interme
diate standby and tha t the case for which the intervening time is the shortest 
is when the minimum level above the core (shutdown and SG tubes inspect ion) . 

Because the injection to the primary pumps seals is secured oy a tu rb ine 
dr iven pump fed wi th secondary steam, f rench 4-loop plants may stand the 
situation in a bet ter way than 3-loop plants : Control remains possible for 
almost 20 hours in the f i r s t case (then the pressurizer gets f i l led up) against 
around 1 hour in the second case ( then p»-essurizer is empty and pr imary 
coolant is bo i l i ng ) . 

Safety impact of the previous studies : 
French safety authori t ies stated that 20 hours are enough time to allow to 

recover the plant con t ro l , that is to say to recover at least one power supp ly , 
inside ou outside (December 14-1978). 

They also stated that 1 hour is too short time and that specific disposals 
have to be taken to extend the respite to a length of the same range than 
previously (February 15-1578). 

Elsewhere operat ing procedures are underway in both cases and studies of 
disposals are already under taken. 

FROM A REGULATORY POINT OF VIEW 

The question of the study of the loss of redundant systems has been 
clearly set by Nuclear Safety Department on October 1976, taking the 
opportuni ty of the def in i t ion of f u tu re 4-loop plants safety options [ 1 ] . Groupe 
Permênent ( f rench safety advisory group) stated the advisement on 
December 1976. 



Service Central de Sûreté des Installations Nucléaires (Nuclear Facilities Safety 
Centra! Service) presented the regulatory requirement on July 1977, settling 
the global level of risk and probability thresholds [1 ] . 

The requirement elsewhere specifies that "Simoultaneous loss of major 
safety redundant systems has to be checked case by case in order to determine 
wether it had to be taken into account in the design". 
The double way of approach (a ard b) was clearly set and the first field of 
study was specified (the three previous cases). 

Groupe Permanent stated twice on the results of these studies f irst time 
(December 1978) on 4-loop plants studies ; second time (February 1979) 
on 3-loop plants studies. 

From a regulatory point of view, does it mean that loss of redundant sys
tems is to take into account in the design ? 

The answer is given by a rectnt letter, issued from French Ministry of 
Industry on September 1979, that draws up the general lines following which 
future 4-loop plants will be designed : at the end of section i - l . B . it can be 
read that : 

"In addition, are underway the studies of the following situations with 
regard to which, if necessary, specific arrangements will be implemented to 
lower their probability or to mitigate their consequences at a level in connection 
with that probability : 

. ( . . . ) 

. Failure of emergency feedwater system under frequent transients needing 
i t . 

. Failure of scram system under transients needing scram. 

. Complete loss of a.c; power supply. 

. Complete failure of the ultimate heat sink or of systems assuming heat 
transfer towards it". 

CONCLUSION 

Is the loss of redundant systems to be taken into account ? The question 
has been set. Studies have been worked up in order to assess probabilities and 
consequences. Disposals have been considered in order to cope with such failures 
or to mitigate their consequences. 

In fact the actual target was more complex. Besides the previous purpose 
the objective was dual : 

- f irstly, to make sure that not to take a certain type of accident into ac
count at the design level was cogent, and to provide eventual easy measures of 
ultimate help, 

- secondly, to improve our knowledge about the behaviour of pressurized 
power plants under unusual conditions and simultaneously to prepare operators 
to react with adequacy to similar situations. 



The present conclusion that can be drawn from the studies already perfor
med is r that the care of safety authorities to make sure they were not leaving a 
weak safety area in the background was a right care, insofar as it allowed to 
point out that in some cases something had to be done to improve safety. 

In other respects, it can be stated that those safety improvements do not 
settle a prohibitive increase in costs especially when they are provided at the 
design level. 

TMI-2 accident constitutes obviously the most important feature, since the 
end of the "Basic Safety Options" [1] exercise : the analysis of the accident 
reinforced safety authorities in the conviction they were on the right path and 
they had to carry on. 

So did the regulatory safety authorities. 
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