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1 . Safety rules for operating reactors 

At present there are intentions to build fast breeder reactors in 
the near future only in France and Germany. This 1s why e.g. the PFR reactor 
is not discussed in this paper though the experience gained also from this 
reactor certainly Influences the safety rules for future LMFBRs. 

The fast breeder reactors which are in operation from several 
years in France and Germany are Phénix (590 Mwth) and KNK I I (58 Mwth). The 
elaboration of these projects, about fifteen years ago, was done on the -
basis of rather simple safety cri teria. The experience from reactors was 
then rather low. Attention was f i rst given to the three main safety 
functions: shutdown, decay heat removal and containment. 

But the ways to reach a high rel iabil i ty were not systematically 
studied, and the single failure criteria was the rule. Some effort in 
diversity, for shut-down mechanisms for exemple, was applied, but physical 
separation was not generally used. 

Being aware of the weak safety experience, especially on the 
pecularities of metal-cooled reactors, rough hypothesis were considered, as 
Bethe and Tait whole core accidents and complete failure of secondary sodium 
circuits. The practical implications were the reinforcement of the inner 
containment, main vessel and Its cover, 1n order to resist to the mechanical 
energy developped from melted fuel, on one side. On the other side, an 
indépendant and different system for decay heat removal was supplied. 

A number of other safety rules were applied, including external 
events consideration, the paper being too short to detail th is . 

Nevertheless an interesting point to quote is the possible 
application of new safety criteria to plant already 1n operation. In France, 
this is not generally foreseen. But when a specific emergency plan 1s 
analysed, the elements which were considered for safety criteria of new 
plants are also reviewed. 

In the case of KNK I I a major updating of the safety rules was 
made in 1977 when the plant was changed from a thermal to a fast core. Since 
then, the basic safety rules remained unchanged. There is however a 
permanent contact with the licensing bodies which guarantees that the safety 
standard which is established by the todays LWR's is met also by KNK I I . 
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2. Safety experience from operating reactors 

After ten years of operation. Phénix and KNK II have confirmed a 
high safety level. The satisfactory behaviour of the fuel resulted in a low 
radiological exposure to operating teams and public, about a few percent of 
the level accepted for other plants (1). 

Concerning the shut-down system, the Phénix reactor showed 
interesting events, from which changes were deduced in order to Increase 
then the reliability of the system. As only one rod amongst the six was 
adversely affected each time, the overall function had a sufficient 
availability. Added to minor changes on components, overall measures and 
tests contribute to an early notice of possible defects. 

Fortunately, the experience on the secondary sodium circuits never 
showed failures which could be dangerous for decay heat removal, but a 
number of minor sodium leaks or sodium water reactions 1n the steam 
generators demonstrated a measurable failure rate. During all cases, early 
and sensible detection of the leak was available. For Phenlx reactions In 
the steam generators, 1n the reheater side more precisely, the experience 
emphasized the urgency of products dumping, as the propagation to 
neighbouring parts is a question of minutes. Nevertheless, bursting discs 
did not act. So, an automatic device is now Installed to start the dumping. 
Fatigue stresses were the origin of the cracks, near shape transitions. This 
confirms the importance of a decay heat removal system able to work after a 
defect on main scdium loops and not submitted to important fatigue cycles. 

An interesting item to be mentioned for KNK II is that the decay 
heat removal after every shutdown is achieved by natural convection only. 
Decay heat removal by natural convection 1s considered as an extremely 
important safety issue for future breeder reactors. Therefore the experience 
gained with KNK II is of high importance, despite the fact that a direct 
application to large breeders is not possible because of differences in size 
and design. 

3. Safety rules for built reactors 

On Creys-Malvllle and Kalkar sites, power LMFBRs are built, 
30U0 MWth and 73U MWth respectively. Of course, safety rules existing during 
the design stage were used, these rules taking benefit from the R and 0 work 
on safety, experience from operating LMFBRs, and the tendencies for thermal 
reactors safety. Possibility of common mode failure In systems which are 
Important for safety was one of the main preocupations for designers. 

The protection and shut-down systems of Super-Phenix reactor, in 
France, were particularly studied considering all possible means for 
increasing the reliability : redundancy, diversity, geographical separation, 
intrinsic actuation, in service tests. 
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As a detailed probability assessment was not available for these 

systems at the time of the building authorization, a whole core accident was 
nevertheless adopted to fix the containment characteristics. This was not a 
pure Bethe and Tait situation, out rather a physically describable scenario 
starting from an unprotected loss of flow. Calculations, for which test 
qualification is made in the experimental reactors Cabrl and Scarabée, gave 
a mechanical energy to contain bounded to 800 MWs and melted fuel to retain 
in a core catcher. 

In the meantime of construction, reliability analysis showed that 
the failure of the scram systems was sufficiently low, even taking account 
of common mode failures, demonstrating the highly hypothetical nature of 
this situation. 

The concept of SNR 300 was based on the general safety criteria 
for nuclear power plants, while details of the design and construction were 
subjected to the requirements of nuclear technical rules and other standards 
as far as applicable to LMFBKs, supported by results of accompanying R & D 
work. This meant that the safety systems were subjected to the usual 
requirements of redundancy and diversity and designed so as to fulfill the 
single failure criterion. Particular emphasis was laid on increasing the 
overall reliability of reactor shutdown by means of a diversified secondary 
shutdown system acting entirely indépendant of the first one and consisting 
of chain-type absorber elements dragged into the core by spring forces. 

In accordance with the requirements for light water reactors 1n 
the Federal Republic of Germany the reactor building forming the outer 
containment had to be designed in such a way, that safe shutdown, 
unrestricted decay heat removal and enclosure of the radioactive material is 
guaranteed within this building under seismic loads as well as for external 
events like direct aircraft impact and explosion of gaseous chemicals. 

Beyond the design against accidents due to internal and external 
events according to general accident guidelines, protective measures were 
taken to cope with the consequences of in uncontrolled power excursion based 
on the assumption of loss of flow combined with the postulated total failure 
of reactor shutdown, for which kind of hypothetical accident 370 MWs were 
found to be the upper limit of mechanical energy released. The protective 
measures consisted of : 

- the proof that the reactor vessel and the primary system will 
withstand the direct impact of the pressure pulse in the dynamic 

phase of such an excursion or during recriticalities without 
loss of integrity, 

- the installation of an external core catcher to take up the 
molten core material in case the core cannot be sufficiently 
cooled after disintegration, and 

- a strong outer containment consisting of the reactor building 
and a surrounding steel containment shell, allowing a longer 
zero-leakage phase by reventing even under these hypothetical 
accident conditions. 
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As no safety rules existed for such a case, the proof for the 
reactor vessel design against 370 MWs of mechanical energy released was 
based on strain criteria devp^pped for this purpose and based on the 
experimentally determined materwl oehaviour (e.g. wide plate probes) taking 
into account the influence of cracks in the test zone as well as other 
strength reducing effects after long term operation of the reactor. 

Decay heat removal was also designed with a high degree of 
availabil ity, considering redundancy, diversity, geographical separation,in 
service actuation, intrinsic "capabilities. This last Item concerns the 
ultimate possibility to have a full natural circulation of fluids, thus 
rejecting heat without electrical power on site. For Creys-Malville, the 
remaining concern corresponds to the number of different configurations, and 
a computer to train operators 1s now available. 

Whith respect to decay heat removal, the SNR 300 comprises three 
redundant and spatially separated main lines capable of removing the total 
decay heat to heat exchangers in the steam-water-circuit after an internal 
accident or a design basis earthquake even under the postulated condition of 
an additional single failure. The components of the primary and secondary 
sodium circuits are arranged in such a way as to maintain natural convection 
in case of total unavailability of active components in the main Na 
circuits. Though this feature Is not required for damage prevention the 
capability of QHR by natural convection adds nevertheless to the 
minimization of overall risk. An outstanding feature 1s the implication of 
the 2 x 10U1 emergency cooling circuits entirely separated from the main 
cooling circuits and working independent of the coolant circulation In the 
main sodium circuits. Due to arranging the heat sinks of both the main and 
the emergency cooling circuits outside the reactor building but separated 
from each other on opposite sides, the decay heat removal is guaranteed by 
one or the other of these two systems, even 1n case of an aircraft impact. 

The natural circulation capability of the main sodium circuits as well as 
the heat transport from the core to the emergency coolers by natural 
convection within the reactor vessel are required to be demonstrated in the 
course of the start-up tests. 

4. Safety rules for future reactors 

In both France and Germany, the basic safety principles for future 
fast breeder reactors, SPX.Z and SNR 2 respectively, have been presented to 
the national authorities. In both cases, a positive advice to continue the 
project definition on these principles has been granted, provided some 
complementary studies will be done (2) , (3). 

The general incentive is to request the same level of safety for 
IMFBRs as i t has been reached 1n plants which are used cornmercialy. As 1t 
implies risk considerations, probabilistic arguments will be used, 
especially to confirm that unacceptable situations belong to the residual 
risk ; this Is possible if prevention measures are judged sufficient. For 
this case, the evaluation of consequences is not mandatory. Some examples 
are given below of features which can be compared between SPX.Z and SNR 2. 
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They generally contribute to the acceptance of the 
classification of core melting in the residual risk, which 1s by far the 
most important safety rule evolution from present LMFBRs. 

4.1 - Shutdown systems 

The rel iabi l i ty which have been reached in built reactors, 
Creys-Malville is in example, is juged sufficient for future reactors, and 
the progress on some detailed device is of course favourable but not 
mandatory. So the safety rules have not been reinforced for shutdown 
systems, provided that i t can be demonstrated that the Rapide 1500 project 
has an equivalent shutdown system with respect to a l l possible situations. 

Also in the case of SNR 2 the safety rules for shutdown system 
were not reinforced. The designer however, intends to introduce a so called 
"3rd shutdown level" in order to improve even more the reliabil ity and to 
reduce the residual risk. 

4.2 - Core support integrity 

A catastrophic failure of the core support, allowing the core to 
faull off the control rods could cause a TOP-sftuation which cannot be 
covered by the shutdown systems. This point has been emphasized by licensing 
authorities, rising the condition to have ways to evaluate the state of the 
core supporting structures. 

Of course, the highest quality standards will be applieo, like : 

- careful fabrication and control 
- calculations of the evolution of possible undetected defects, 
below method sensitivity, during operation and transients 
- design such that critical cracks or geometrical defects will not 

cause a catastrophic failure. 

A particular attention is given here to seismic loads and to in 
service inspection possibilities. 

4.3 - Decay heat removal 

After reactor shutdown, decay heat removal is an essential safety 
function. The main advantage of POOL type LMFBRs is the important thermal 
inertia of the primary sodium, allowing long delays for heat rejection, and 
oven some repairs of failed components could be envisaged. This could be 
considered in reliability analysis. The applicants are now evaluating the 
reliability of the related systems, using the main heat transport Systems 
and four additionnai safety graded sodium loops rejecting heat to the 
atmosphere. 
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To reach this high reliability level, different conditions are 

envisaged for french and gentian projects, concerning these sodium loops : 

- For the french project, naturel circulation on primary sodium 
and air sides is the dimensioning case, whereas forced convection through an 
electromagnetic pump is provided for the Intermediate sodium. Redundancy for 
electrical sources is foreseen, and a continous sodium flow tllows a uniform 
hot temperature for these intermediate circuits, the only starting action 
being the paddles opening on the air side. Nevertheless, as a beyond-deslgn 
condition, the general arrangement of these circuits promote natural 
circulation in case of a complete failure of power sources. The questions of 
diversification of emergency loops and of the utilisation of the steam 
generators are under discussion. 

- For the SNR 2 Project 1t 1s intented to use a safety graded 
decay heat removal system which totally 1s based on natural convection, 
while DHR under normal operating conditions 1s achieved by the (nonsafety 
graded) main heat transfer systems. 

The feasibility of such a completely passive DHR system presently 
is being investigated. If the feasibility can be proven with an appropriate 
quality the expected advantages with respect to the reliability are obvious. 
In addition, there are less stringent requirements for the emergency power 
supply. 

It is worthwhile to note t\ere that research and development for 
natural circulation is interesting not only for the german project but also 
for the french project because credit of this capability is taken in Beyond 
Design Considerations, the difference Is the assumed number of transients. 

4.4 - Subassembly accident 

As the whole core accident has to be classed in the residual risk, 
1t is fundamental to prove that a local cooling fault In the core could not 
propagate until the whole core. 

Dispositions to avoid local cooling defects, operation of the fuel 
without clad ruptures, detection of flow anomalies by thermocouples, are 
preventive measures to avoid blockage and fuel melting. 

It is moreover generally agreed that any pin failure could not 
propagate sufficiently fast to endanger neighbouring subassemblies. A slow 
propagation can be detected reliably by a redundant delayed neutron 
detection. 

For SPX.2, a complementary work 1s done based on successive 
steps ; 

- Firstly, a design "maximum credible blockage" will be defined 
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following studies on possible init iators. The proof is requested 
tnat tris blockage does not lead to clad melting. 

- Secondly, a beyond-design demonstration that a total 
instantaneous blockage cannot propagate further than six 
subassemblies is requested. As this situation leads to the 
fastest progression of any local fault sequence, i t is clear 
that it is the envelope of al l possible kinds of subassembly 
accidents. 

- Thirdly, an in-wessel core catcher is requested, having an 
important capacity. 

- The experimental corresponding programme is mainly based on 
tests done in the SCARABEE and CA0RI reactors. 

In the case of SNR 2 a final concept to handle subassembly 
accidents has not been adopted yet. As a working hypothesis the following 
requirement has been formulated : 

For all credible events i t has to be demonstrated with a quality 
which is requested for design basis accidents and taking into account the 
single failure criterion that the fuel remains in a coclable configuration 
within the concerned subassembly. 

goal 
Three types of protection lines are used to demonstrate this 

- design, operational and administrative measures 
- detection systems 
• self limitation of the faults. 

The results of the in-pi le program Mol 7 C will play a key role in 
the demonstration that all credible faults remain below this l imit. This 
deterministic approach 1s complemented by a probabilistic analysis. 

The goal of this probabilistic analysis 1s to show that events 
exceeding the tolerable damage have annual frequencies which are acceptably 
low. 

4.5 - Containment 

As the design conditions do not include a core-melt accident, a 
pressure sustaining containment 1s not needed. So, the prescriptions for the 
containment are only dependant of other conditions, like ; 

- primary sodium containment, in case of the main vessel failure, 
- secondary sodium fires, which consequences are requested to not 

impair the safety, 
- external events,' like aircraft crashes, earthquakes loads... 
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Differences exist between the values used for the designs, but the 
objectives are not different from the requested alras for other commercial 
reactors. 

As a beyond-deslgn SPX.2 requirement, the loss under realistically 
defined conditions of main and safety vessels leaktightness must be 
considered. As the last one is directly attached to the concrete p i t , the 
limited sodium-concrete interaction resulting from these failures is 
currently under study. On the same line, additionnai features are included 
in the primary containment, although without any explicit consideration of 
core melt accident, but which are coherent with the core catcher requi
rement : 

- the capacity of main vessel and Us closure to withstand a 
static internal overpressure of three atmospheres, 

- possible improvements, without major modification, in the 
closure head in order to resist to dynamic loadings. 

I t has been recommended to perform risk considerations for SNR 2 
in order to demonstrate that the safety level of a modern PWR can be 
reached. Feedback on the design cannot be excluded i f this goal could not be 
achieved. The reinforcement of preventive measures would be the preferred 
solution in case this unexpected situation should occur. 

5. Conclusion 

I t is generally agreed that future LMF3RS will have to show the 
same safety level as other commercial nuclear power plants. The 
demonstration is to be partly based on deterministic cr i ter ia, or "safety 
rules", and partly on risk considerations, for rare events. In that respect, 
a high effort on preventive measures, especially to reinforce the 
rel iabi l i ty of essential safety functions (shutdown, decay heat removal) 
could be sufficient, 1f al l conditions are considered. So the containment of 
a hypothetical core disruptive accident Is no longer required. Nevertheless, 
low probability events gave some feedback on the SPX.2 design. 

All this extensive safety demonstration 1s based on an important 
research programme, for «nich the European cooperation will give a paramount 
contribution. 
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