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A Heterogeneous Core Design with U/Th Fuel for APR-1400
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Abstract

Seed and blanket assembly module design concept, KTF which was optimized for
the proliferation resistance and economics 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 9 seed cycles(145 vyears). A heterogeneous thorium fuel core with the
seed-to-blanket ratio of 1:1 was examined in the aspects of core safety, proliferation
resistances and fuel cycle costs. It was shown that designed core was better than the
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%1 A5 HdTA 2AAY
Parameter Seed Blanket
Fuel Assembly Size [cm] 20.778
Dimensions [cm] 20.778 20.778

(U+Th)O2
U volume content 15 v/o
U enrichment 10 w/o

U/Zr Metal alloy

Fuel Material Composition U enrichment  11/9 w/o

Number of Fuel Rods 236 236

Fuel Pellet Radius [cm] 0.325 0413
Gas Gap Thickness [cm] No 0.0085
Cladding Thickness [cm] 0.03 0.057
Fuel Rod Radius [cm] 0.355 0.485
Fuel Cell Pitch [cm] 1.285 1.285
Moderator/Fuel Volume Ratio 3.78 1.9

Seed/Blanket Volume Fractions 45 55




Lead Time ) )
Loss Factor (%)| Unit Prices($/kg)
(months)
Ore Purchase
) 50
- Uranium
] 24 85
- Thorium
] ] 30
— Zirconium
Conversion 18 05 8
Enrichment 12 0.25 110
Fabrication 6 1.0 275
Discount Rates 5 9%
Spent Fuel
b 600 $/kg
Storage

¥ 3. AAAAE 7 23} [mills/kWe-hr]

U/Th Core (9 cycles)

Component Ref. PWR Blanket
Seed
U Th
Ore 1.14 1.22 0.06 0.03
Conversion 0.18 0.19 0.01 -
Enrichment 1.79 2.30 0.12 -
Fabrication 0.69 0.30 0.02 0.09
Front End 3.78 4.01 0.32
Spent Fuel Storage 1.44 0.57 0.22
Total 5.23 5.12
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0.320 | 0.818 | 0.428
0.453 | 0.931 | 0.599
0.595 | 1.008 | 0.741
0.440
0.602
0.732
BOC
MOC
EOC

. Fresh Fuel

0.697 275
0.767 279
0.812 .336

1.514 .270
1.280 .285
1.148 .354
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Plutonium Production Rate [Kg/GWe-yr]
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