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A new collaborative project is currently being started with the University of Cambridge, to 
address ND targeted experiments dedicated to advanced molten salt AGR designs. 
 
2.2 Neutron codes experimental validation needs 
 
The needs for new SCO (Scientific Computing Tools) was also investigated, as part of next 
functionalities. Within this analysis, uncommon use of ZPR was proposed. The ability to perform 
reference (ie full 3D) transient calculations in Monte Carlo (coupled a minima with thermal 
hydraulics) would be a significant improvement for the understanding and analysis of these 
situations: The aim is to provide designers and operators with calculation models offering a 
comparable degree of confidence (margins and uncertainties) than the current static calculations. 
Innovative hybrid MC-based approaches (transient fission matrices and multipoint kinetics) are 
currently studied, using challenging dominant ratio / flux harmonics approaches, to design 
dedicated weakly to strongly coupled configurations in ZEPHYR, and conduct first-of-a-kind 
dynamics measurements.  
 
Some examples of new core physics problems and their investigation in the ZEPHYR facility are 
given below. 
 
 
2.2.1 Severe accident reactivity modelling 
Genetic algorithms have been used to design representative configurations of severe core 
degradation sequences, from local fuel melting, to larger melted zones. The challenge was to take 
into account temperature effect arising n the actual core (> 3000°) and translate it into a mock-up 
condition (20°C°. This was done using a two-step sensitivity based algorithms: assembly level 
using particle swarm approach as a first picture of the target, followed by a steepest descent 
algorithm to converge to the highest core representativity. This first-of-a-kind design 
methodology [5] was tested on the ASTRID heterogeneous core (Figure 6), and extended to the 
ELSY lead cooled fast reactor [6], as a demonstration of ZEPHYR versatility. 
 

 
Figure 6 Astrid degradation sequence 

 
 

 
This sensitivity approach on reactivity effect also demonstrated that the initial fast/thermal 
coupled core design was inappropriate for large reactivity effects, since the sensitivity from the 







Regarding the explicit modeling of nuclear instrumentation, reference spectrum locations for 
testing and calibration will be provided, both in-core and ex-core (reflector). 
  








