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A Conceptual Design for a 300MWe High Burnup
Ultra Long Life Fast Reactor Core
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Abstract

A preliminary study was performed on the design parameters of a ultra long life core(ULLC)
using a metallic fuel for a 300MWe liquid metal fast reactor. Once this core is initially loaded, it
does not need the external feed of fuel materials over the reactor life time. The core has a
radially homogeneous configuration with three different enrichment zones. From the examination
of the core performance parameters by varying the core fissile enrichment and fuel volume
fraction for each zone, a reference ULLC core has been established. The burnup reactivity swing
of the ULLC core has been found to be 3.2%/k/k during 36 year core life. The core average
discharge burnup has been increased up to 200MWD/kg with an enhanced core average power
density. Other nuclear performance parameters except the cladding fast neutron fluence satisfy

the design goals and the cladding needs to be replaced every 5-7 years.
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Power 300MWe/825MWt
Power Density (W/cm”) 87
Core Configuration Radially Homogeneous
Axial Fuel Length (cm) 120
Axial Blanket Length (cm) 35
Assembly Duct Pitch (cm) 21.2
Fuel Type Metal
Driver Fuel 1, 2 U-TRU-Zr Alloy
Internal Blanket U-Zr Alloy
Smeared Fuel Density (2%6TD) 75
Coolant Material Sodium
Core Structural Material HT9
Core Average TRU Enrichment (%) 15
Core TRU Enrichment (%)
Internal Blanket 0.2
Driver Fuel 1 145
Driver Fuel 2 155
Volume Fraction
Fuel 0.55
Structure 0.22
Coolant 0.23
® 2 F8 =4 g5 AR
Cycle Length (yr) 36
Burnup Reactivity Swing (% Ak/k) 3.25
Breeding Ratio(BOL/MOL/EOL) 1.19/1.17/0.99
Max. Power Density (BOL/EOL, W/cm’) 292/228
Average Burnup (MWD/kg)
Core Average 193.4
Internal Blanket 195.0
Driver Fuel 1 224.7
Driver Fuel 2 156.4
Peak Burnup (MWD/kg)
Assembly Peak Burnup 2415
Peak Discharge Burnup 404.3
Max. Fast Fluence (n/cm’) 1.5767E+24




36

Internal Blanket 5
Driver Fuel 1 48
Driver Fuel 2 42 Fission Gas Plenum 2
Control Rod 13
ot
Radial Reflector 102 Sodium Bond '
I | st
SHIELD 60 Axial Blanket iﬁ
Total 301 =K s
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Radial Configulation Axial Configuration
= SEF 1l = 5
a9 1 FE =4 AW 3 S Layout
1.10 . . . 1.10 . . .
Fuel Volume Fraction Fuel Volume Fraction
<Base Condition> 0.45 <Base Condition> 0.5
TRU Enrichment:16% ——055 TRU Enrichment:15% ——053
Axial Fuel Lenght:120cm —~—05 Axial Fuel Lenght:120cm 054
1.056 4 Axial Blanket Lenght:35cm ——0.53 - 1.05 o Axial Blanket Lenght:35cm ——0.55 4
[ o
2 2
g g
%5 1.004 %5 1.00
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0.954 0.95
T
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40
Operation Years Operation Years
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Internal Blanket 36
Driver Fuel 1 48
Driver Fuel 2 30
Control Rod 13
Radial Reflector 90
SHIELD 54

Total 271
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Internal Blanket
Driver Fuel 1
Driver Fuel 2
Control Rod
Radial Reflector

SHIELD

2d)
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<Base Condition> Fuel Enrichment Volume Fraction
Axial Fuel Lenght:120cm
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T T T
Fuel Enrichment Volume Fraction
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<Base Condition>
Axial Fuel Lenght:120cm
Axial Blanket Lenght:35cm

® Fuel Enrichment
>
E=3 15%
§ ——14.60%
2 14.50%
1.004 ——14.40% 4
——14.30%
——14.20%
——14%
——13.50%
T T T T T T T
0 5 10 15 20 25 30 35 40
Operation Years
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<Base Condition>

364 Volume Fraction 7
—_ Fuel :0.55
3 Structure:0.22
= Coolant :0.23
& 354 Axial Fuel Lenght:120cm 4
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=
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Core TRU Enrichment
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1 T o

1.060 T T T T T T T
1.055 -| ]
1.050 -| ]
1.045 //\\\ ]
1.040 ]
1.035 4 4
o 10304 ]
=2
g 1.025 4 b
o 1020 refabrication b
< 1,015 initial core b
1.0104 —— refabrication-1 4
1.005] \,--—// re;akt;rication-g ]
—— refabrication-.
1.000 reatl ]
refabrication-4
09957 —— refabrication-5
0.990 T T T T T T T
0 5 10 15 20 25 30 35

Operation Years

719 13. Direct Refabrication A4 3}




	분과별 논제 및 발표자

