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It has been shown (see other posters) that, contrary to previously published analyses, nuclear 

fuel assemblies comprising tubes of similar materials and dimensions as conventional reactor 

fuel assemblies can be used with a nuclear fuel of molten actinide chloride salts, instead of 

the uranium oxide or metal pellets used in conventional reactors. This makes it possible to 

achieve the considerable intrinsic safety, fuel flexibility, high burnup and ease of 

reprocessing of molten salt fuels without needing the complex pumped heat exchanger, 

emergency fuel salt drain systems and fission gas management systems required in other 

molten salt reactor designs.  

 

This breakthrough can be the basis of many reactor designs. This poster describes a design 

for a fast/epithermal spectrum actinide burning reactor which has been developed to a 

sufficiently advanced stage as to allow a preliminary safety evaluation and capital cost 

estimate to be carried out. The “most likely” cost estimate for the nuclear island was £718 per 

kWe with an uncertainty range reflecting the early stage of the design of £359-£1436 per 

kWe. The concept thus appears substantially cheaper than current reactor designs. 

 

 

The reactor is an integral design with the core comprised of assemblies of fuel tubes 

immersed in a coolant salt tank which also contains the steam generating boiler tubes. Details 

are provided below. 

 

 



Fuel salt: 60% NaCl/40% actinide trichloride. M.Pt. 457°C. Chlorine is not enriched in 
37

Cl 

Fissile isotope concentration: ~12mole% of total fuel salt 

Coolant salt: 42% ZrF4/10% NaF/48% KF melting point 385°C. Zr is not hafnium free. 

Core dimensions: 3.5m diameter 1.5m height 

Power output: 2500MWth 

Shut down assemblies: Steel clad boron carbide rods. Used only for shut down, reactor has 

significant load following capability.  

Fuel salt temperature coefficient of reactivity: -12.4 pcm/K 

Coolant salt temperature coefficient of reactivity: +3.1pcm/K 

Coolant salt voiding coefficient of reactivity: -0.59 

Coolant salt flow: 2-4m/sec between the fuel tubes 

Fuel tube material: Nimonic PE16 stainless steel 

 

Design advantages 

 

 Continuous refuelling by 

shuffling of fuel assemblies 

 High burnup due to venting of 

fission gasses and axially uniform 

burn due to salt mixing 

 Intrinsic safety due to trapping of 

dangerous volatile fission 

products as salts 

 Intrinsic safety due to operation 

at atmospheric pressure 

 No pressure build up in fuel tubes 

 All welds and joints in boiler 

tubes are outside the coolant salt 

avoiding chance of steam leaks 

into coolant 

 Elimination of need for control 

rods - reactor shut down rods use 

industry standard systems 

 All molten salts contained in 

single tank avoiding risk of 

accidental freezing 

 

Thorium Breeding 

 

Replacement of the ZrF4 based coolant 

with a ThF4 based coolant converts the 

reactor to a thorium breeder. Bred 
233

Pa 

and 
233

U in the coolant salt can be 

continually removed by contact with a 

molten bismuth/thorium alloy thereby 

removing them from the neutron field 

before neutron capture by 
233

Pa or fission 

of 
233

U can occur. 

 

Such a reactor can be operated either in the fast spectrum (like that described above) or in the 

thermal spectrum by incorporating moderator elements (stainless steel clad zirconium 

hydride) into the fuel assemblies. 


