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A Preliminary Conceptual Design for a 150 MWth Pebble Bed
Reactor Core using the VSOP94 Code Package
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Abstract

Recently, the hydrogen production using heat source of the high-temperature
gas-cooled reactor (HTGR) has been attracting worldwide attention. Since the
domestic neutronic design codes for the LWR core design were judged not to
be applicable to design of the HTGRs, the VSOP% code system for the core
design of pebble bed type HTGRs was installed in order to be used in the HTGR
design until the domestic code system would be developed. After the VSOP9% was
verified against a benchmark calculation for the PRROTEUS experiment, the
preliminary conceptual design for a hypothetical pebble bed reactor core with 150
MWth was performed using the VSOP94.
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235

U mass per fuel pebble (g) 1.000+0.01
U mass per fuel pebble (g) 4.953+0.05
Total U mass per fuel pebble (g) 5.966+0.06
Carbon mass per fuel pebble (g) 193.1+£0.2
Total mass per fuel pebble (g) 202.22+0.18
Fuel pebble inner (fueled) zone radius (cm) 2.35+0.025
Fuel pebble outer radius (cm) 3.0006+0.002
Radius of fuel particles (UO;) (cm) 0.0251+0.001
Density of fuel particles (g/cm’) 247,721

X1 ASET AMY
Moderator pebble mass (g) 190.54+1.44
Moderator pebble outer radius (cm) 2.9979+0.0015
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SEA2F Ket At/ AE
Experiment 1.0147+0.0006
INET VSOP 1.01299 0.9983
JAERI SRAC-ENDF/B-IV | 1.0384 1.0234
JAERI SRAC-JENDL-3.2 1.0427 1.0276
KAERI VSOP 0.9835 0.9692
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Parameters

Value

Fuel element

Volumetric filling fraction 0.61

Uranium weight in fuel element (g) 7

Enrichment of U-235 (w/o0) 7.8

Diameter of the fuel element (cm)

Diameter of fuel zone in the fuel element (cm)

Density of graphite matrix and outer shell (g/cm’) 1.75
Coated particle

Radius of the fuel kernel (cm) 0.025

Density of UO, (g/cm’) 10.4

Density of low density PyC (g/cm’) 1.05

Thickness of low density PyC (cm) 0.00095

Density of inner high density PyC (g/cm’) 1.9

Thickness of inner high density PyC (cm) 0.004

Density of SiC (g/cm’) 3.18

Thickness of SiC (cm) 0.0035

Density of outer high density PyC (g/cm’) 1.9

Thickness of outer high density PyC (cm) 0.004

E 4 ARTY ALY
Parameters Value

Reactor thermal power (MWt) 150
Number of pass to the core 7
Core equivalant diameter (cm) 300
Core equivalent height (cm) 700
Height of the top cavity in the core (cm) 50
Thickness of the top reflector (cm) 195
Thickness of the bottom reflector (cm) 345
Equivalent thickness of the side reflector (cm) 77.5
Density of the reflector graphite (g/cm”) 1.8
Thickness of the top carbon brick with natural boron (cm) 60
Thickness of the bottom carbon brick with natural boron (cm) 100
Equivalent thickness of the side carbon brick with natural boron (cm) | 225
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Parameters Value
Effective core volume (m’) 45.930
Average discharge burnup (MWd/t) 68,938
Average power density (W/cm’) 3.27
Inlet temperature of Helium (C) 250
Outlet temperature of Helium (C) 1,000
Average residence time of fuel element (day) 797
Number of fuel element in the core 247,721
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