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The LFR has been included among the promising 
technologies identified both by the GIF and the EU SNETP 
mainly because of 

• the fast-neutron spectrum 
allowing the possibility for a closed fuel cycle for 
efficient conversion of fertile uranium and 
management of actinides, and 

• the favourable characteristics of the inert coolant 
allowing for a design with increased safety margins, 
even under the most severe accidental conditions. 

LFR promising features 

ELFR core design           G. Grasso et al.          Mar. 4-7, 2013, Paris, FR13 Int. Conf. 



The core design of a LFR must contribute at giving body to 
these promises, mainly through the achievement of two 
goals: 
 

• an inherently safe reactor design, as robust and 
effective as possible thanks to the intimate embedding 
of safety features directly at design level 
(e.g.: improved natural circulation, enhanced negative reactivity coefficients, 
protection from large reactivity insertions, …); 

 

• a design compliant with the closure of the fuel cycle, 
actually managing the evolution of the core from the 
initial fuel to the equilibrium one 
(e.g.: in the so called “adiabatic” reactor concept). 

Gen-IV compliant LFR design 
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Some lessons from Fukushima 

Among the evidences retrieved from the analysis of the 
Fukushima events, two aspects emerged clearly: 
 
• an accident sequence may be more complex, or lasting-

in-time than foreseen; 
 

• the impossibility of actuating countermeasures properly, 
or in due time, must be accounted. Even assuming a 
“perfect” implementation of the nuclear safety culture at 
large (education, training and preparedness of the 
operators). 
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The twofold strategy of Prevention relies on: 

• conceiving a system able to passively/intrinsically 
react to every initiating cause, withstanding all 
conceived initiators (including unprotected transients) 
accommodating the initial peak before the reaching of 
the self-regulated asymptotic condition; 

• designing the system to withstand – preserving the 
integrity of the structures – during the self-regulated 
stationary condition providing thus sufficient grace 
times for a manual operators’ intervention (at least, 
also to shutdown the reactor, in case of unprotected 
accidents). 

Prevention strategy 
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Impact on core design - I 
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• Countermeasures for recovering initiating events: 

 enhanced negative reactivity coefficients, for 
cutting power excursions and accelerating the 
spontaneous shutdown of the reactor; 

 sufficient margins from limiting temperatures, for 
accommodating the peaks of transient excursions; 

• Provisions for long-term stable cooling: 

 enhanced negative reactivity coefficients, for 
setting the spontaneous shutdown of the reactor 
at a low power; 

 enhancement of natural circulation capabilities, 
for protecting the structures against the regime 
temperatures. 



Closure of the fuel cycle 

The closure of the fuel cycle implies the multi-recycling of 
the spent fuel, replacing the Fission Products (and some 
losses) with fresh Uranium (natural or depleted). 
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Closure of the fuel cycle 

The closure of the fuel cycle implies the multi-recycling of 
the spent fuel, replacing the Fission Products (and some 
losses) with fresh Uranium (natural or depleted). 
 

To actually close the fuel cycle, it is required a reactor able 
to operate continuously with its spent fuel, managing the 
changes in the core reactivity during its evolution from the 
initial fuel composition to the final (equilibrium) one. 
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The Adiabatic reactor concept 

Reference: 
C. Artioli, G. Grasso & C. Petrovich 
A new paradigm for core design 
aimed at the sustainability of 
nuclear energy: The solution of the 
extended equilibrium state. 
Ann. Nucl. En. 37:915-922 (2010) 

The idea behind the adiabatic reactor concept is the s.c. 
extended equilibrium state, that is: the maintaining of a 
constant isotopic composition of the fuel through in pile 
irradiation, cooling, reprocessing and fabrication (except 
for feed Uranium). 

𝑁 𝑡𝑖𝑟𝑟 = 𝐼 ∙ 𝑁 0  

𝑁 𝑡𝑖𝑟𝑟 + 𝑡𝑐𝑜𝑜𝑙 = 𝐶 ∙ 𝑁 𝑡𝑖𝑟𝑟  

𝑁 𝑡𝑖𝑟𝑟 + 𝑡𝑐𝑜𝑜𝑙 + 𝑡𝑓𝑎𝑏𝑟 = 𝐶 ∙ 𝑅 ∙ 𝑁 𝑡𝑖𝑟𝑟 + 𝑡𝑐𝑜𝑜𝑙  

𝑁 𝑡𝑖𝑟𝑟 + 𝑡𝑐𝑜𝑜𝑙 + 𝑡𝑓𝑎𝑏𝑟 + 𝐹 = 𝑁 0  
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The Adiabatic reactor concept 
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To manage the evolution of the fuel, 
it is necessary to revert a little bit 
the core design route, submitting 
the size of the core to the constraint 
on the fuel compositions. 
It is possible indeed to analytically 
compute a priori the equilibrium 
fuel as a function of the spectrum. 
Accordingly, the aimed power is 
achieved by tuning the neutron 
spectrum, through the adjustment 
of the elementary cell. 



Impact on core design - II 

Adiabaticity 

• Closure of the fuel cycle: 

 optimization of the neutron spectrum for 
supporting the multi-recycling of the fuel. 
 

Core feasibility 

• Criticality: 

 arrangement of a critical mass with the given 
enrichment; 

• Power flattening: 

 foresee alternative strategies to flatten the 
power/FA distribution. 
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The core design of LFR systems investigated within 
the ELSY and LEADER projects, is performed 
according to a “comprehensive” approach: 
 

the project aims and the technological constraints 
are considered together, so as to define a 

configuration which embeds all the design goals 
while respecting the safety limits. 

 

 Since the different nature of the constraints assumed in the 
design phase (thermal/hydraulic, safety-related, neutronic, 
thermo-mechanic, …) and the strong interdependence among 
the core parameters, it is necessary to weigh up the pros and 
cons of every possible choice, resulting in the simultaneous 
assumption of several trade-off solutions. 

Core design approach 
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Given the main role of ALFRED within the LEADER 
project, the design of the ELFR has been limited to a 
demonstration of the possibility to integrate 
sustainability and safety considerations at design 
level, hence the effectiveness of the comprehensive 
design approach adopted. 
 

According to this, no optimization has been done on 
the ELFR core design, which has been left to a 
successive stage. On the other hand, an example of 
application of the design approach along with 
economics considerations, can be found in the 
design of the ALFRED core (presented on a poster in 
the dedicated session). 

The ELFR core 
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The ELFR elementary cell 
The limiting temperatures to 
respect the design constraints 
have been set together with 
sufficient margins to accommodate 
the temperature excursions, for 
the radial design of the fuel pin. 
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The ELFR elementary cell 

Inner fuel 

Outer fuel 

The limiting temperatures to 
respect the design constraints 
have been set together with 
sufficient margins to accommodate 
the temperature excursions, for 
the radial design of the fuel pin. 

To flatten the power/FA distribution 
different hollow diameters in the 
fuel pellets (for tuning the fuel 
volume fraction throughout the 
core map) have been used as an 
alternative strategy. 
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The ELFR fuel 

Element Fraction [%] 

Uranium 80.56 

Plutonium 18.15 

Neptunium  0.11 

Americium  1.02 

Curium  0.16 

The dimensioning of the lattice pitch has been set, taking into account 
the need for promoting the natural circulation, and the volume fractions 
for tuning the neutron spectrum ( the equilibrium fuel composition). 
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The ELFR core 
In this preliminary design phase, 
the active height has been used as 
free parameter for achieving the 
criticality of the core, while zoning 
the core map properly to flatten 
the power/FA distribution. 

More sophisticated techniques for 
adjusting the criticality of the core, 
and/or for flattening the power/FA 
distribution will be investigated in 
a more advanced design phase, in 
which also optimization goals will 
be taken into account. 
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The ELFR core 
Two different systems have been adopted for control and safety rods, 
inheriting the concept developed within the CDT project for MYRRHA. 

12 motor-driven CRs, withdrawn 
below the core to enter passively 
by buoyancy, are used to: 

•compensate 
the reactivity 
swing; 

•shutdown the 
core in case 
of SCRAM; 

•contribute at 
achieving the 
required anti- 
reactivity 
during 
refueling. 

12 SRs, withdrawn atop the core 
to be inserted by gravity (thanks 

to a ballast) and pneumatically 
boosted by a passive 
system are used to: 

•shutdown the 
core in case 
of SCRAM; 

•contribute at 
achieving the 
required anti-
reactivity 
during 
refueling. 
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The ELFR performance 

Δk ≈ 200 pcm = 0.63 $ 
along a 2.5 y cycle 

power/FA distribution factor:  

BoC = 1.36 
EoC = 1.38 

The performances of the core, and the compliance with the design goals, 
have been evaluated by detailed neutronic computations. 
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The ELFR performance 

1511 

524 

The respect of the temperature constraints has been checked for the 
hottest fuel pin. Margins are found for pursuing optimization in the 
successive design phase. 

ELFR core design           G. Grasso et al.          Mar. 4-7, 2013, Paris, FR13 Int. Conf. 



Conclusions 

The comprehensive approach adopted for the core 
design of all LFRs investigated within the LEADER 
project, proved to effectively drive the design to 
the fulfillment of the aimed sustainability 
performances, and the respect of the design 
constraints for the robust implementation of the 
inherent safety principle: 
 

• the ELFR core is able to operate adiabatically, 
with a very narrow reactivity swing along a 2.5 y 
cycle; 

• wide margins are provided for protecting the fuel 
and the structures even in case of unprotected 
transients, allowing for very long grace times. 


