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Nuclear Design for the Ultra-Long Cycle SBFO Core

of Small-Sized Power Reactor
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Abstract

A feasibility of nuclear design for the ultra-long cycle core with soluble boron free
operation was investigated for a small-sized power reactor for submarine application.
U-10Zr metal fuel were tested for the higher discharge burnup fuels. In order to
compensate the large excess reactivity, 12w/o enriched Gd20s; and 80w/o enriched Pyrex
glass were used as burnable poison rods. For the enhanced shutdown reactivity, B-10 in
B4C shutdown rod was also highly enriched. Ag-In-Cd with standard isotope
composition was used for the reactivity control throughout the cycle. Critical control rod
positions were found throughout single batch cycle(12.5EFPyr). Fq were found to be
kept within the safety limits and MTC showed negative value at HFP and HZP

conditions. Shutdown margin was also preserved at the refueling cold standby condition.
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Power(MWth) 100
Efficiency (%) 20
Reactor type Integral type PWR
Bp(GWD/MTU) 50
q’' (kW/m) 7.4815
Cycle Length(yr) 20
No. of Fuel assys. 37
Assy. Pitch(cm) 21.0432
No. of rods/assy/array 204/15x15
Rod Pitch(cm) 1.6641
Eff. Core H(cm)/D(cm) 170/171.89
Fuel U-10%Zr alloy
Enrichment of U-235 15w/0/5w/0
Density(g/cm’)/% 15.14475/95.25%
Pellet D(cm) 0.9
Gap Material/thick.(cm) Air/0.0093
Cladding  Material/thick.(cm) Zry-4/0.0641
CRDM type In-vessel type
No. of Control Rod assys. 21
BP Gd20s, Pyrex glass
Avg. Fuel Temp.(C) 3785
Avg. Moderator Temp.(C) 290
Pressure(MPa) 155
[3% 3] Shutdown Margin
BOC MOC EOC
(0 GWD/MTU) (22GWD/MTU) (50 GWD/MTU)
(N-1) RCCA Worth 8.38% 9.69% 12.01%
with 10% uncertainty 7.54% 8.72% 10.81%
from rodded position
Power Defect(HFP-HZP) 0.49% 0.48% 0.57%
Shutdown Margin 7.05% 8.24% 10.24%
Temp. Defect(HZP-CZP) 2.16% 2.16% 1.65%
Subcriticality at Refueling
. 0.91617 0.90311 0.87994
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Reactivity[%]
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[Z2¥ 7] Max. Peaking Factor(Fq)

VX 1 2 3 4
1.4935 | 1.3749 | 1.4684 | 0.5413
1 1.0943 | 1.5334 | 1.4614 | 0.5209
0.5446 | 09622 | 1.2385 | 0.8315
1.3749 | 177225 | 0.9472 | 0.5688
2 | 15334 | 16707 | 1.0383 | 0.5093
0.9622 | 1.1018 | 1.1587 | 0.8409
1.4684 | 09472 | 0.7371
3 | 14614 | 1.0383 | 0.6943
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