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Optimized Core Design of
High Converting Pressure—Tube type LWR
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Abstract

An optimization of conceptual nuclear design was done for a high-converting pressure-tube
type light water cooled reactor (HCPLWR) with an once-through thorium cycle. Thorium
blanket fuel bundle are designed to stay about 10 years within a light water cooled pressure
tube, whereas uranium driver fuel bundles are to be refueled by on-power refueling mode
with about 780 EFPD discharge burnup rate. Fuel rod bundles are configured in hexagonal
lattice array in a similar size of those of CANDU. Fuel pin size is the same with conventional
PWR rod, however but the radius of blanket rod is a little lager than that of conventional
PWR. Sixteen core design options were tested and the optimum design option was sought for.

The optimized core design has 1 to 3 volume ratio of driver channel and blanket channel,
which shows a higher conversion ratio than conventional LWR. Driver channels are loaded
with U-10%Zr alloy fuels (enriched with 15 w/o U-235) and blanket channels are loaded with
new fuels, which consist of pyrocarbon-coated UCO particles (enriched with 5 w/o U-235)
and pyrocarbon-coated ThO: particles in a graphite matrix.
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HCPLWR CANDU PWR
Effective Operation Year (year) 11.2435" 11.2435" 9.7773"
Consumption of Thorium (Ton) 14.017 0 0
Consumption of Uranium (Ton) 149.216 1071.567 588.773
Consumption of U- 235 (Ton) 22.007 7.619 13.718

“: Availability Factor 0.95 ™ : Availability Factor 0.8
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Parameters
CASE Name| Moderator Fuel Enrich. of Enrich. of |Blanket Fuel| Structure of
Type Type Driver Fuel |Blanket Fuel Radius Channels
AC0505S11 5 w/o
AC0705S11 7 w/o 5 w/o 0.4025 cm 1:1
AC1005S11 10 w/o
AC0510S11 10 w/o
AC0515S11 5 w/o 15 w/o 0.4025 cm 1:1
AC0520S11 20 w/o
uo,;
ACO0505L11 5 w/o
. 5 w/o 0.4425 cm 1:1
ACO0705L11 Air 7 w/o
AC1005S13 10 w/o
AC1205S13 12 w/o 5 w/o 0.4025 cm 1:3
AC1405S13 14 w/o
AC0505S31 5 w/o 5 w/o 0.4025 cm 3:1
AMO0505S11 5 w/o
AMO0705S11 U-10%Zr 7 wlo 5 w/o 0.4025 cm 1:1
AM1005S11 10 w/o
DCO0505S11 D,0 uo, 5 w/o 5 w/o 0.4025 cm 1:1
Optimized Air U-10%Zr 15 w/o 5 w/o 0.4425 cm 1:3
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Cycles

CASE Name Average
1 3 5 7 10
AC0505S11 | 0.6986 | 0.7063 | 0.7041 | 0.6999 | 0.6917 || 0.7001
ACO0705S11 | 0.7357 | 0.7423 | 0.7410| 0.7383 | 0.7328| 0.7380
AC1005S11 | 0.7803 | 0.7850| 0.7842 | 0.7825] 0.7791 || 0.7822
AC0510S11 | 0.6860 | 0.7048 | 0.7039 | 0.6998 | 0.6914 || 0.6972
AC0515S11 | 0.6809 | 0.7027 | 0.7036 | 0.6997 | 0.6912 || 0.6956
AC0520S11 | 0.6810 | 0.7001 | 0.7031 | 0.6995 | 0.6909 || 0.6949
ACO0505L11 | 0.7159( 0.7219] 0.7204 ]| 0.7167 | 0.7090 ([ 0.7168
ACO0705L11 | 0.7432]10.7492 | 0.7484 1 0.7461 | 0.7410| 0.7456
AC1005S13 | 0.7857 | 0.7894 | 0.7859| 0.7815| 0.7733 || 0.7832
AC1205S13 | 0.8012 | 0.8047 | 0.8018 | 0.7980 | 0.7913 | 0.7994
AC1405S13 | 0.8150| 0.8182 | 0.8156 | 0.8124 | 0.8067 || 0.8136
AC0505S31 | 0.6881 | 0.6927 | 0.6920 | 0.6903 | 0.6867 || 0.6900
AMO0505S11 | 0.7338 | 0.7359 | 0.7328 | 0.7280| 0.7192 | 0.7299
AMO705S11 | 0.7645 | 0.7668 | 0.7648 | 0.7616 | 0.7558 || 0.7627
AM1005S11 | 0.8026 | 0.8044 | 0.8031 | 0.8012 | 0.7975| 0.8018
DC0505S11 [ 0.5414 ] 0.5494 | 0.5444 | 0.5389 | 0.5305 || 0.5409
Optimized 0.7428 ] 0.7938 | 0.8366 | 0.8646 | 0.8941 || 0.8264
3 4. Blanket Channel @&ellAe] z} A7tz A whE FIRgke] #3)
CASE Name Cycles Average
1 3 5 7 10

ACO0505511 | 1.4548| 1.0350 | 0.9982 ] 0.9841 | 0.9749 (| 1.0894
ACO0705S11 | 1.4663 | 1.0409 | 1.0029 | 0.9886 | 0.9788 || 1.0955
AC1005S11 | 1.4775]1.0472( 1.0077] 0.9931] 0.9828( 1.1017
AC0510S11 | 0.8647 | 0.9998 | 0.9959 ] 0.9840 | 0.9745( 0.9638
AC0515S11 | 0.7071| 0.9498 | 0.9911] 0.9837 ] 0.9740( 0.9211
AC0520S11 | 0.6538] 0.8910 [ 0.9831 ]| 0.9830 | 0.9737 0.8969
ACO0505L11 | 1.5216| 1.0492| 1.0068 | 0.9905 | 0.9791| 1.1095
ACO705L11 [ 1.5325]1.0559] 1.0118] 0.9952 [ 0.9833| 1.1157
AC1005S13 | 1.3830] 1.0418 1.0042 | 0.9897 | 0.9794 | 1.0796
AC1205513 | 1.3857 | 1.0438 | 1.0058 | 0.9913] 0.9809 (| 1.0815
AC1405S513 | 1.3877]1.0455( 1.0072] 0.9927 | 0.9822 | 1.0830
ACO0505S31 | 1.5440] 1.0341 [ 0.9975] 0.9839] 0.9752( 1.1069
AMO0505S11 | 1.5597| 1.0268 | 0.9887 | 0.9744 | 0.9653 || 1.1030
AMO705S11 | 1.5725] 1.0333 | 0.9945| 0.9796 | 0.9698 || 1.1099
AM1005S11 | 1.5846] 1.0404 | 1.0004 | 0.9850 | 0.9746] 1.1170
DCO0505511 | 1.0143] 1.0044 | 0.9858 [ 0.9798 | 0.9759 || 0.9921
Optimized 1.7162] 1.0315] 0.9978] 0.9902 | 0.9883 ] 1.1448
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