2000 FATE LRI =y

SERRELE

WZhAlol @& 150MWed TRU 94 =9 =4 A5A v &4
A Comparative Neutronic Analysis of 150MWe TRU Burner According
to the Coolant Alteration
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Abstract

A comparative neutronic analysis has been conducted for the small TRU burner according
to their coolant material. The use of Pb-Bi coolant gave a low burnup reactivity swing and
negative or less positive coolant void coefficient with harder neutron spectrum. By a lower
burnup reactivity swing and higher conversion ratio of Pb—Bi cooled core, the total amount of
TRU consumption was found to be small compared with Na cooled core despite of the higher
MA comsumption ratio of Pb-Bi cooled core. However, Pb-Bi cooled reactor have a lager
margin in the coolant void coefficient, so that a variable MA composition can be loaded in the
core. Accordingly, even though the Pb-Bi cooled TRU burner has not effectiveness on TRU
burning in the same geometry and material condition, a flexible MA loading is envisaged to

result in 10 times larger MA burning amount, still preserving a low coolant void worth.
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¥ 1 TRU Reference Burner?

2 AA A=A

Operating Condition

Thermal Power (MWt)

Core Electric Power(MWe)
Number of Batch

Core Configuration

Number of Core Enrichment Zones
Feed Fuel Composition

392.2
150

3
Radially Homogeneous
2(Inner/Outer)

LWR Recycled

Refueling Interval (months) 12
Effective Full Power Day (EFPD) 379
Core and Assembly Design Parameters
Core Diameter (cm) 344.73
Core Structural Materal HT9
Fuel Material U-Pu-10Zr
Smeared Density (%) 77
Duct Pitch (cm) 16.12
Duct Gap (cm) 0.4
Duct Wall Thickness (cm) 0.37
Pins per Fuel Assembly 271
Pin Outer Diameter (cm) 0.767
Upper Fission Gas Plenum Length (cm) 100
F 2 FEx=A wol B WA nE diaze =4 54 v
Performance Parameters Na Burnerl Na Burner2 Na Burner3  Pb-Bi Burner
Active Core Height (cm) 70 50 50 50
TRU Enrichment (Inner/Outer) (vol%) 18.70/18.70  24.86/24.86  22.23/29.64 19.2/25.6
Burnup Reactivity Swing (pcm) 1101.7 2484.3 1962.6 1806.9
Conversion Ratio over Cycle 0.89180 0.74398 0.71719 0.76979
Maximum Power Density over Cycle (W/cm®) 344.7 449.6 362.8 364.6
Peak Linear Power Density (W/cm) 286.2 373.3 301.2 302.7
Power Peaking Factor
BOEC 1.968 1.841 1.486 1.490
EOEC 1.924 1.763 1.452 1.452
Average Discharge Burnup (MWD/Kg) 36.71 51.41 51.46 51.52
Peak Discharge Burnup 69.38 90.33 70.89 71.11
Peak Discharge Fast Fluence (x10n/cm®) 2.16 2.47 1.82 2.19
TRU External Feed (kg) 19.86 44.44 48.84 39.84
MA External Feed (kg) 2.19 4.90 5.38 4.39
TRU Consumption Rate (kg/cycle) 19.51 44.04 48.38 39.50
MA Consumption Rate (kg/cycle) 3.11 5.70 6.27 5.10
Percent TRU Consumption (%/cycle) 1.10 2.65 2.71 2.56
Percent MA Consumption (%/cycle) 2.26 3.17 3.08 3.29
Coolant VVoid Reactivity (Inner + Outer) (pcm)
BOEC 21293 1583.4 1653.1 -4.7
EOEC 2200.3 1705.2 1747.2 45.2




# 3 MA w55 Wt e w4 954 vl
Performance Parameters 15MA Burner 20MA Burner 55MA Burner  100MA Burner
Minor Actinide Fraction (%) 15 20 55 100
TRU Enrichment (Inner/Outer) (vol%) 19.35/25.8 19.5/26 21.6/28.8 25.2/33.6
Burnup Reactivity Swing (pcm) 1750.4 1681.2 1118.2 248.1
Conversion Ratio over Cycle 0.77494 0.78145 0.84509 1.00160
Maximum Power Density over Cycle (W/cm®) 364.6 364.7 365.1 375.8
Peak Linear Power Density (W/cm) 302.8 302.8 303.2 312.0
Power Peaking Factor
BOEC 1.490 1.491 1491 1.519
EOEC 1.452 1.453 1.458 1.534
Average Discharge Burnup (MWD/kg) 51.53 51.53 51.59 51.67
Peak Discharge Burnup 71.06 70.99 70.39 76.43
Peak Discharge Fast Fluence (x10°°n/cm’) 2.20 221 2.30 2.47
TRU External Feed (kg) 40.35 40.99 46.24 54.93
MA External Feed (kg) 6.07 8.14 25.58 54.93
TRU Consumption Rate (kg/cycle) 39.97 40.56 45.40 53.39
MA Consumption Rate (kg/cycle) 6.63 8.51 24.36 51.01
Percent TRU Consumption (%/cycle) 2.57 2.57 261 2.62
Percent MA Consumption (%/cycle) 3.75 4.19 5.63 6.05
Coolant Void Reactivity (Inner + Outer) (pcm)
BOEC 22.9 56.8 340.4 805.6
EOEC 69.2 98.7 344.2 743.2
UsSs 1
Inner Core 54
Control Rod 6
Outer Core 84
GEM 6
: § Reflector 48
2 B4C Shield 54
e,
VS 60
1 Radial Shield 66
Total 379

a9 1 150MWesw

TRU Burner %%
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