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A study of fast reactor fuel transmutation in a candidate dispersion fuel design 

Abstract 
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Introduction 

Analysis 

Fuel composition 



Table 1: TRU metal composition 

Nuclide Fraction (wt.%) 
237Np 6.79 
238Pu 2.90 
239Pu 49.43 
240Pu 22.97 
241Pu 8.79 
242Pu 4.90 
241Am 2.80 

242mAm 0.02 
243Am 1.40 

Pin cell calculations 
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Figure 1: ABTR pin cell dimensions [2] 
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Table 2: Fuel rod compositions for dispersed and homogenised models 

Nuclide 
Doubly-heterogeneous 

model 
Homogenised model 

Zirconium matrix (50% volume) 
90Zr 2.2044E-02 1.1022E-02 
91Zr 4.8072E-03 2.4036E-03 
92Zr 7.3479E-03 3.6739E-03 
94Zr 7.4464E-03 3.7232E-03 
96Zr 1.1997E-03 5.9983E-04 

ZrC grain coating (13.55% volume) 

C 3.9435E-02 5.3434E-03 
90Zr 2.0289E-02 2.7492E-03 
91Zr 4.4246E-03 5.9953E-04 
92Zr 6.7631E-03 9.1640E-04 
94Zr 6.8538E-03 9.2869E-04 
96Zr 1.1042E-03 1.4962E-04 

TRUC (36.45% volume) 

C 2.1043E-02 7.6700E-03 
237Np 9.5253E-04 3.4720E-04 
238Pu 4.0682E-04 1.4829E-04 
239Pu 6.9342E-03 2.5275E-03 
240Pu 3.2223E-03 1.1745E-03 
241Pu 1.2331E-03 4.4946E-04 
242Pu 6.8739E-04 2.5055E-04 
241Am 3.9280E-04 1.4317E-04 

242mAm 2.8057E-06 1.0227E-06 
243Am 1.9640E-04 7.1587E-05 

Table 3: Comparison of explicit particle vs. homogenised treatments 

TRUC (36.45% volume) 

Case kinf Error () 

Explicit DH fuel 1.43466 0.00034 

Homogenised fuel 1.43606 0.00033 

Figure 2: kinf as a function of fuel particle volume fraction for infinite lattice of pin cells 
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Reactor design 

Figure 3: Core loading face map for ABTR design [2] 
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Figure 4: KENO-VI core face map at axial mid-plane,  
with secondary control assemblies fully withdrawn 

Results 

Design calculations 


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Figure 11: keff as a function of fuel particle volume  
fraction for full core design under limiting conditions 

Table 4: Reactivity properties of fresh core with dispersed TRU fuel 

Case State keff 
Uncertainty  

() 

Reactivity 

 (k-1/k) 

Limiting (most reactive control assembly withdrawn) Cold 0.97742 0.00062 -0.0115 

All rods in Cold 0.94191 0.00057 -0.0617 

All rods in Hot 0.94096 0.00069 -0.0627 

All secondary system control assemblies withdrawn Hot 1.03229 0.00069 0.0313 

All control assemblies withdrawn Hot 1.18844 0.00073 0.1586 

Figure 12: Fresh core keff as a function of percentage of control system withdrawn 
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Core depletion calculations 



Figure 13: Average fuel burn-up and keff approximation used as a function of time 
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Table 5: Results of depletion calculations for fast TRU-based system 

Nuclide 
Fuel actinide inventory (kg)*   

Charge 950 d burn 5 y cooled % change Absolute change (kg) 
234U 0 0.658 2.158 – 2.158 
235U 0 0.054 0.102 – 0.102 
236U 0 0.066 0.187 – 0.187 

237Np 67.2 48.3 48.6 -30.1% -18.57 
238Pu 28.8 38.0 38.0 29.5% 9.23 
239Pu 493.0 341.0 341.0 -34.0% -152.1 
240Pu 230.0 233.0 233.0 1.3% 3.1 
241Pu 88.4 62.5 49.1 -49.5% -39.34 
242Pu 49.5 50.4 50.4 1.8% 0.88 
241Am 28.2 27.8 40.9 44.2% 12.75 

242mAm 0.2 1.19 1.16 187.4% 0.957 
243Am 14.2 13.9 13.9 -2.1% -0.3 
242Cm 0 1.55 0.004 – 0.004 
243Cm 0 0.059 0.052 – 0.052 
244Cm 0 3.14 2.59 – 2.59 
245Cm 0 0.175 0.175 – 0.175 
246Cm 0 0.005 0.005 – 0.005 

Destroyed 0 178.0 178.0   

* Actinides with masses < 1g have been omitted. 

Figure 14: Illustration of isotopic composition of initial TRU fuel 
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Figure 15: Illustration of isotopic composition of irradiated fuel 5 y after discharge 

Table 6: Relative destruction and production of actinides in fast and thermal spectra 

Nuclide 

Proposed fast design Gas-cooled deep burn design 

Kg destroyed 
Kg destroyed per 

total mass destroyed 
Kg destroyed (calculated 

from Ref. [5]) 
Kg destroyed per total 

mass destroyed 
234U 2.16 -1.2% 0.4 -0.2% 
235U 0.10 -0.06% 0.05 -0.03% 
236U 0.19 -0.1% 0.02 -0.01% 

237Np -18.6 10.4% -12.7 6.81% 
238Pu 9.2 -5.2% 9.8 -5.3% 
239Pu -152.1 85.4% -147.2 78.9% 
240Pu 3.1 -1.7% -52.7 28.3% 
241Pu -39.3 22.1% -11.1 5.9% 
242Pu 0.9 -0.5% 19.3 -10.4% 
241Am 12.8 -7.2% -6.9 3.7% 

242mAm 0.96 -0.5% 0.01 -0.01% 
243Am -0.3 0.2% 6.2 -3.3% 
242Cm 0.004 -0.0% 0.7 -0.4% 
243Cm 0.05 -0.03% 0.04 -0.02% 
244Cm 2.6 -1.5% 7.1 -3.8% 
245Cm 0.18 -0.1% 0.4 -0.2% 
246Cm 0.005 -0.0% 0.1 -0.05% 

Total -178.0 -100% -186.4 -100.0% 
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Alternate fuel design 

Figure 16: kinf as a function of fuel particle volume fraction for fuel design with no sodium bonding 

Conclusions 
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