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1. Introduction 
 
A study was performed in the BNL1 to investigate LWR thorium-based equilibrium-TRU (TRU-
sustainable) fuel cycle. In such a self-sustainable fuel cycle, only TRU lost by the fuel separation 
activities passes to the repository. The equilibrium transuranics inventory is recycled into each 
subsequent reload. Results of the study demonstrate the neutronic feasibility of a fuel cycle with 
“zero-TRU” discharge. A limitation of this study is the fact that a 2D fuel lattice model was used, 
specifically, the linear reactivity model, applied to the results of assembly calculations, assumes a 
single fuel type for all three batches. Thus, the end result of this work is a confirmation of the 
possibility of establishing equilibrium TRU fuel cycle via the full 3D core level calculational 
model. 
 

2. Calculation Methodology 
 

1. Calculations were carried out by the ELCOS2 code system.  
2. The lattice parameters of the core are identical to a standard PWR core (the same as for 

assembly model). 
3. The thorium, uranium, and TRU components were mixed homogeneously (the same as 

for assembly model). 
4. The fuel management scheme is based on three batches, with one-third of the fuel 

assemblies replaced every cycle. 
5. The “first-generation” TRU vector is based on the TRU-uranium vector from Advanced 

LWR. For the initial core, three fuel enrichments were selected to simulate three burnup 
levels: fresh, once-burned and twice-burned. The current 3D study started with the same 
fresh fuel as was used in the assembly (2D) study. The initial amount of the TRU and the 
initial U and Th volume fractions for the pseudo-once and pseudo-twice fuels were the 
same as in the assembly model. Following two transition cycles, a “quasi-equilibrium” 
reload pattern with a typical low-leakage configuration was established: once-burned 
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fuels were placed in the core peripheral positions, while fresh and twice-burned fuels 
were arranged in a checkerboard pattern. 

6. The resulting composition of twice-burned fuel of cycle “i”, at time EOL+7 years, was 
separated into three components: 1) the residual TRU, 2) all U isotopes (remaining from 
original + newly generated), and 3) the remaining Th. These components plus the make-
up enriched U form the next generation re-cycled fuel composition of the cycle “i+8”. 

7. For the “i+8” load the U volume fraction was increased by the addition of the make-up U, 
while the remaining fuel volume was filled with Th. The enrichment of the make-up U 
was kept constant for all transition re-cycles (the same as for assembly model). The 
amount of additional U was adjusted to keep the total amount and the enrichment 
(U233+U235) of U as close as possible to assembly model. 

8. Steps 5, 6, and 7 were repeated for 3 generations until the discharged TRU amount were 
similar to those of the charged TRU. 

9. Starting from the 4th generation the make-up fissile material required to compensate for 
the fissile material depleted in the previous cycle was added by re-enrichment of the 
residual U and adding the required amount of “fresh” enriched U. The fissile properties of 
U233 are better than fissile properties of U235. Therefore, the enrichment level of the “new” 
make-up U was defined as:  
 
 Enrichment of make-up U(%)= 
                       =1.17· (% of U233 in re-enriched U) + % of U233 in re-enriched U 
 
 In assembly model, re-enrichment was performed after the 4th generation. 

 

3. Results and Conclusions 
 

1. After the 4th generation, an equilibrium fuel cycle with “zero-TRU” discharge is obtained 
in the 3D model as predicted by assembly model. The fissile Pu inventory BOC/EOC 
ratio of the equilibrium cycle is very close to unity (See Fig.1).  

2. Starting with generation 3, the total U weight is kept constant (See Fig. 2), which means 
that make up of the fissile material is achieved by the re-enriching of the discharged U 
mixture with an addition of enriched U. 

3. Correspondingly, the total amount of Th reaches equilibrium (See Fig. 2) after the 4th 
generation. The specific U and Th load at BOL of each cycle generates a “new” TRU at 
EOL, which is identical in its amount and composition to the “old” TRU, and therefore 
indicates an approach the equilibrium state. 

4. The differences in weights of fuel components predicted by assembly and 3D models are 
caused by inaccuracy of the linear reactivity model employed in assembly calculations. 
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Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Gen 6

Total TRU(2D)
Total TRU(3D)
Fissile Pu(2D)
Fissile Pu(3D)

Maximum weight of 
each component 
(kg/assembly)

Total TRU(2D) 30.0 
Total TRU(3D) 30.0 
Fissile Pu(2D) 16.7 
Fissile Pu(3D) 16.7  

 
Figure 1: Assembly (2D) model vs. 3D model material flow in BOC for total TRU and fissile 

Pu in BOC (normalized to maximum per kg/assembly) 
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Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Gen 6

Th-232(2D)
Th-232(3D)
Total U(2D)
Total U(3D)

Maximum weight 
of each component 
(kg/assembly)

Th-232(2D)  303.1 
Th-232(3D)  302.9 
Total U(2D)  300.2 
Total U(3D)  265.7 

 
Figure 2: Assembly (2D) model vs. 3D model material flow for Th-232 and Total U in BOC 

(normalized to maximum per kg/assembly) 
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