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A Study on the Nuclear Design Optimization
for Heterogeneous Thorium Core
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Abstract

Design optimization for KTF is sought for multiple objectives; high conversion for fuel cycle
economics, high proliferation resistance, low production of high-level radioactive waste. A
parameter study was repeated to cover all possible choices in PWR. Design parameters are
fuel type, pin radius, enrichment and volume content of fuel in seed and blanket. As a first
stage, characteristics of fuel material choices were evaluated. Among four options, choice of
U/Zr alloy fuel for seed and UQO2+ThO: ceramic fuel for blanket is the best consistently. The
second parametric study for Vm/Vf and enrichment showed many findings, most of them are
consistent with physics. It is found that tendencies to each fuel cycle performance indices are
contradict among themselves. In order to have an overall index to sort design options. Global
index(G-Value,GPI) are calculated for cases in parametric studies.
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3% 1 Fuel Assembly Parameters
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Parameter SBU-Galperin Design | WASB-MIT Design KTF-KHU Design
Seed | Blanket Seed | Blanket Seed | Blanket
Fuel
Assembly 21.4 214 21.522
Size, cm
Dmc‘j;mo“’ 13.83 21.4 214 21.4 21.522 21.522
(U+Th)O2 (U+Th)O2 (U+Th)Oq
U/Zr U volume U volume U/Zr U volume
) UO: . .
. . |metal alloy| fraction fraction |metal alloy| fraction
Fuel Material U
. ... U ~0.1 . ~0.1 U ~0.2
Composition . enrichment .
enrichment U ~ 0% U enrichment U
< 20% |enrichment ® |enrichment < 6% enrichment
< 20% < 12% < 10%
Number of
Fuel Rods 108 156 264 289 264 264
0.0 - 0.20 0.0 - 0.28
(Zr filler) (Erz03)
IF{ngl zelient] 0.20 - 04095 | 028 - 0.4095 0.33 0.4025
adius, 0.385 0.377
(Fuel) (Fuel)
Gas Gap, cm No 0.0085 0.0082 0.0085 No 0.0085
Cladding 0.03 0.057 0.03 0.057 0.006 0.0649
Thickness, cm
Fuel Rod 0415 0475 0.415 0.475 0.336 0.4759
Radius, cm
Fuel Cell 1.26 126 1.26 1.26 1.266 1.266
Pitch, cm
Moderator/Fue
1 3.32 1.67 5.46 1.24 3.81 1.86
Volume Ratio
Core Volume 41 59 50 50 25 75
Fraction
71 EFIAR AAIAES QoFste] AHEW X 29 ZAr X 29 JdT AAANAE whE
o7 A Mo Hed Wage x9S e £ Q) 23S wE=d o] dEZHC EF ¥
Aol AARSTES X348 40 8% e FiEE Hubskarh. & 204 KTF A= I
29] Cladding Thickness”7} 0.006 cm¢ld] o]AL2 dAg 715 7t do] olES AAEA 3
o A 71 KTF AAQES WAstaA sk}, =gk KTFe 37 FueldlAl Cladding
Thickness”7F 0.0649 cm¢ld] -2 dAF 9 0057 cmoll Bla] F74L Aotk &3 9 Cladding
Thickness®2A1 0.057 cm7F A 4% o A4S FAT = Aok 00649 cm=z 327 & 9]
71 elck el A WS Mol = KTF2 @37 Cladding ThicknessE 0.057 cm® &}93t}



3 2 Thorium Fuel Design Parameters

Seed Blanket
— Fuel
Seed vs| Seed | Seed | D¢ Blanket | Blanket | 0 0Ket | Blanket Cell
Blanket | pyel | Enri. Fugl Vm/Vf| Fuel Enri. | . U Fufel vm/vi | Pitch
Type | [w/o] Radius Type [w/o] Content | Radius [em]
[cm] [v/o] [cm]
a b a b
11" | UOosS 6" 8‘2?20 ggé (U+Th) }8 10™ | 0.4759" ié‘; 12600
.na ab be . . abc a be . a
1:3 U/Zr 20 0335" | 546 Oo 20" 20 0.4075 175 1.2660
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2. KTF ¥53a4 24 dF 4
gy 1ol 29 5% 7] KTFY ®HFad ALdssE Aest Aoty AFA WMas|s 3t
71 Ao oln FalE ANE MAHEOoRA A W] WS Fa Ay B4 ZAdoA T
g pRel JeAE 4vRg
a9 12 A= F557F 10 w/oola E#e ey o] 10 vod we XNE=e 47
17 ¥sle mE ‘?:‘r% AFA EEe FIRE YEA oz A= 9k ®35H0.3300cmel A
0.3717cmz)q] w& FIRS W3aF(0.8623°14 0.88192)3 EFF 9 ‘%}75‘ W 3}0.4130cmell A
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Seed Fuel Enrichment 10 w/o and Blanket Fuel Content 10 v/o
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1% 1 FIR of Unit Module with
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Seed Fuel Enrichment 10 w/o and Blanket Fuel Content 20 v/o
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1% 2 FIR of Unit Module with
Seed 10 w/o and Blanket 20 v/o
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Enrichment of Seed [w/o]
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2% 4 FIR of Unit Module vs Uranium Enrichment
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18] 5 FIR of Unit Module vs Uranium Content
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¥ 4 APR1400 Mechanical Design Parameters

Core Arrangement

Number of fuel assemblies in core, total® 241
Spacing between ft}el assembhaes, fuel rod 0208 (0528)
surface to surface inches (cm)

Fuel Assemblies
Fuel Rod Pitch, inches (cm)® 0.506 (1.285)

Fuel Rod Array”

square, 16 x 16
Outside dimensions®

Fuel rod to fuel rod, inches(cm)” 7972 x 7972 (20.25 x 20.25)
Guide 1D (cm)® 1.143
Guide O.D (cm)? 1.2446
# KNGR SSAR

3% 5 APR1400 Thermal and Hydraulic Parameters

Core Average Characteristics at Full Power
Total core heat output, MWt" 3,983
Reactor inlet coolant temperature, F(°C)* 555(291)
Reactor outlet coolant temperature, F(°C)* 615(324)
Core exit average coolant temperature, F(°C)* 617(325)
Power density, kW/liter" 100.5
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Property Index Unit Range of variability
Overall fissile inventory ratio FIR - 05~15

Critical mass of Pu from spent BCM ke 10.0~20.0

fuel

Spontaneous neutron source

rate of Pu from spent fuel SNS Mba/ke 10~20

Thermal heat generation of Pu TG W/ke 90~100.0

from spent fuel

Short-term integral

radio-toxicity of Actinide from | Is tera(Activity/ALI) | 12.0~14.0

spent fuel

Long-term integral
radio-toxicity of Actinide from | I tera(Activity/ALI) | 13.0~15.0
spent fuel
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