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A Study on Reload Core Design for Heterogeneous Thorium Fuel Core
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Abstract

A design optimization of heterogeneous seed and thorium blanket fuel assemblies was
performed for APR-1400 core. Optimization goals are the maximization of both proliferation
resistance and utilization of thorium fertile. KTF design was optimized based on sensitivity
analysis on design parameters such as proliferation resistance and economic indices. Reload
core design was tested for the application to advanced PWR, APR-1400. A three batch
strategy was applied for seed 18 month cycle length and single batch was applied for
blanket, which should be stayed in the core for up to 6 seed cycles(9 years). Feasibility of
initial core design with thorium blanket was examined to check the safety concerns related to
pin peaking and MTC. Reload core calculations were performed during 6 seed cycles. With

flattened reactivity swing in blanket, design of reload core becomes more flexible.
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Parameter Seed Blanket
Fuel Assembly Size [cm] 20.778
Dimensions [cm] 20.778 20.778
(U+Th)O

U/Zr Metal alloy

U enrichment 5 w/o U volume content ~20 v/o

U enrichment < 20 w/o

Fuel Material Composition

Number of Fuel Rods 236 236

Fuel Pellet Radius [cm] 0.325 0.3895
Gas Gap Thickness [cm] No 0.0085
Cladding Thickness [cm] 0.03 0.057
Fuel Rod Radius [cm] 0.355 0.455
Fuel Cell Pitch [cm] 1.285 1.285
Moderator/Fuel Volume Ratio 3.78 2.10

Seed/Blanket Volume Fractions 25 75
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CX_ID Enrichment Gd203 Number
A 1.6 - 20
Bl 3.0/25 8 w/o_127 8
B2 3.0/25 8 w/o_1671 12
C3 5.0/4.5 8 w/o_16 7l 8
C4 5.0/45 8 w/o_20 7H 12
BL 20 w/o, 20 v/o - 64

BL1 20 w/o, 20 v/o 8 w/o_8 7N 117
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