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Th/233U multi-recycle in pressurised water reactors:  
Feasibility study of multiple homogeneous/heterogeneous assembly designs 

Abstract 


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Introduction 

 

 

Calculation methods 



Investigations of homogeneous assembly designs 
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Investigations of heterogeneous assembly designs and the 17  17 heterogeneous assembly 
design 







Table 1: Design parameters for 17  17 heterogeneous Th/
233

U fuel cycle analysis 

Parameter Value 

Assembly geometry 17  17 

Core power, MWt 1 000 

Number of assemblies 193 

Capacity factor, % 90 

Number of batches 3 

Active core height, cm 366 

Number of seed fuel rods per assembly 88 

Number of blanket fuel rods per assembly 176 

Assembly gap, cm 0.04 

Fuel pitch, cm 1.26 

Assembly pitch, cm (including water gap) 21.5 

Seed fuel composition (Th/233U)O2 (7.8 wt.% 233U) 

Blanket fuel composition ThO2 

Seed fuel pellet density, g/cm3 9.6 

Blanket fuel pellet density, g/cm3 9.5 

Cladding material Zr-4 

Cladding density, g/cm3 6.5 

Moderator to fuel volume ratio (MR) 0.7 (seed region) 0.3 (blanket region) 

Fuel pellet radius, cm 0.51 (seed region) 0.57 (blanket region) 

Heavy metal per assembly, kg 
770.33  

(221.46 kg in seed and 548.86 kg in blanket) 

Specific power density, W/g 6.73 
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Figure 1(a): Schematic drawing of 17  17 heterogeneous  
assembly design and (b) k-inf and FIR versus burn-up 
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Table 2: Mass flow data for 17  17 heterogeneous Th/
233

U Fuel (kg/assembly) 

Nuclide Charge 
Discharge 

(18 GWd/t discharge burn-up) 
232Th 753.16 737.02 
233Pa 0 0.22 
233U 17.17 16.70 
234U 0 1.64 
235U 0 0.25 
236U 0 1.53E-02 
237U 0 1.30E-05 
238U 0 1.83E-06 

237Np 0 8.67E-04 
239Np 0 4.68E-10 
238Pu 0 1.17E-04 
239Pu 0 5.77E-06 
240Pu 0 5.16E-07 
241Pu 0 2.60E-07 
242Pu 0 1.65E-08 
241Am 0 9.60E-09 

242mAm 0 1.07E-10 
243Am 0 1.34E-09 
242Cm 0 7.00E-10 
243Cm 0 7.41E-12 
244Cm 0 1.27E-10 
245Cm 0 5.02E-12 

Total 770.33 755.86 

* Fission product mass at discharge is 14.4 kg/assembly. 
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Figure 2: Normalised radiotoxicity for (a) standard UOX fuel cycle (50 GWd/t discharge burn-up)  

and (b) 17  17 heterogeneous assembly design (18 GWd/t discharge burn-up) 
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Figure 3: Comparison of normalised radiotoxicity values 
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Figure 4: Decay heat curves for (a) standard UOX fuel cycle (50 GWd/t discharge burn-up)  

and (b) 17  17 heterogeneous assembly design (18 GWd/t discharge burn-up) 
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Figure 5: Comparison of decay heat values 
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Conclusions 

 

 

– 

– 

– 

– 

– 
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