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Criticality Safety Evaluation of Spent Fuel Storage Rack
under Normal Condition using PHOENIX-P Code
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Abstract

The high density spent fuel storage rack Boraflex was known to experience changes of its
physical property and to dissolve under exposure to radiation in an aqueous environment for
long period of time. In this study, the criticality evaluation for spent fuel storage rack of
Ulchin Unit 2 under normal condition was performed assuming complete loss of B-10 from
the Boraflex and applying burnup credit. Benchmark calculations for PHOENIX-P and
KENO-V.a. code was performed obtaining the calculation bias and bias uncertainties. The
manufacturing tolerances of nuclear fuel and storage rack and their reactivity uncertainties
were derived, as well. Considering those bias and uncertainties of calculation, the criticality of
spent fuel storage under normal condition was conservatively evaluated. The spent fuel with
initial enrichment of 5.0 w/o was evaluated to meet the subcritical safety if its burnup is over
43,787 MWD/MTU. The criticality evaluation result also showed that spent fuels with the
initial enrichment less than 1.56 w/o were able to be stored in the storage pool regardless of
their burnup. Conclusively, in the Region II of the spent fuel storage pool, the maximum Kes,

considering all uncertainties, was calculated as 0.94834.
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Fuel Type F-STD KOFA V-5H
Fuel Assembly Design Criteria
Fuel Rod Array 17Xx17 17X17 17X17
Number of Fuel Rods 264 264 264
Number of Thimbles 24+1 24+1 24+1
Enrichment, w/o U-235 5.0010.05 5.00+0.05 5.00+0.05
Stack Density, g/cc-UO» 10.412+0.200 10.412+0.200 10.412+0.200
Fuel Rod Pitch, in. 1.2598 1.2598 1.2598
Pellet Diameter, cm 0.950 0.950 0.950
Cladding O.D., cm 0.836 0.822 0.836
Cladding LD., cm 0.819 0.805 0.819
Cladding Material Zry-4 Zry—4 Zry-4
Thimble O.D., cm 1.224 1.224 1.204
Thimble 1.D., cm 1.143 1.140 1.123
Active Fuel Length, cm 365.8 365.8 365.8
Amount of Spent Fuel Assemblies (2000.9)
Number of Spent FAs 154 283 -
Reactivity (keff)
0 0.97458 0.97790 0.97798
5 0.93932 0.94235 0.94242
Burnup 7 0.92626 0.92912 0.92920
[GWD/MTU] 10 0.90746 0.91024 0.91031
13 0.88909 0.89200 0.89207
15 0.87707 0.88003 0.88010
20 0.84856 0.85174 0.85180
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Type of Moderator .
) . Difference
Core Isolation Sheets Boron Concentration Measured Calculated [ 4K
[w/o B/Al] [ppml
XII 1.614 15 1.0000£0.0010 1.01005 -0.01005
XIV 1.257 92 1.0001£0.0010 1.00870 -0.00860
XV 0.401 395 0.9998+0.0016 1.01238 -0.01258
XVII 0.242 487 1.0000£0.0010 1.02319 -0.02319
XIX 0.100 634 1.0002%0.0010 1.04762 -0.04742
£ 3 da AN A% AHSE A4 gene] 44 W
Parameter Mihama Turkey Point | Calvert Cliffs |H.B. Robinson
Designer WH WH CE WH
Lattice 15X 15 15X15 14%14 15X 15
Number of Fuel Rods 204 204 176 204
Number of Guide Tubes 20 20 4 8
Number of Instrument Tubes 1 1 1 1
Soluble Boron, Cycle Average, ppm 450 450 450 450
Type Fuel Pellet UO: UO2 [S[6)) UO:
Initial Enrichment (U-235) 3.208 2.556 3.038 2.561
3.203 2.720
3.210 2.453
Stack Density with Gap, g/cm3 9.996 10.235 10.045 9.944
10.036
Rod Pitch, cm 1.430 1.4300 1.4732 1.4300
Rod OD, cm 1.072 1.0719 1.1176 1.0719
Rod ID, cm 0.948 0.9484 0.9855 0.9484
Pellet OD, cm 0.929 0.9296 0.9563 0.9294
0.9639
Clad Material Zry-4 Zry—4 Zry-4 Zry-4
Guide & Instrument Tube Data
ID, cm 1.300 1.3004 2.628 1.3004
OD, cm 1.387 1.3868 2.832 1.3868
Tube Material Zry-4 Zry-4 Zry-4 Zry-4
Cooling Time, day 1825 927 1870 927
2374 3936
2447 3631




Case Result
Maximum Storable Initial Enrichment 5.0 w/o U-235
Minimum Required Limiting Burnup 43,787 MWD/MTU
Reference Reactivity, K, 0.92700
Calculational Bias, 4K pae 0.00248
Axial Burnup Reactivity Bias, 4K aya 0.00000
Temperature Bias, dKemp 0.00930
Statistical Summation of Uncertainties, 4K yncert +0.00956

Absorber Width (£0.063 in.)

Box Inner Diameter (#0.031in.) £0.00022
. . +0.00097

Water Gap Spacing (£0.041n.) +0.00561
$/S Box Thickness (+0.075in.) +0.00378
Fuel Enrichment (#0.02 %) +0.00081
Fuel Density (+0.20 g/cm?) +£0.00118
. ' - +0.01460
Asymmetric(Eccentric) Position of Fuel Assembly +0.00390

With Uncertainties in the Bias

Total Reactivity 0.93878 £0.00956
Maximum Reactivity, kag- 0.94834
Minimum Soluble Boron Concentration 116.65 ppm
Regulatory Limit 0.95000
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BORAFLEX

7.500 % 0.063"
IN 0.085" GAP

€Y FUELOD  0.3225 IN.
O, DENSITY  10.29 G/CC
OOQ\ NUMBER 264 (17x17) Vi
0901 SOO! CLAD 0D 0.374 IN.
ANGLE] «00235" 5§
CLAD 1D 0.329 IN. A
OOOOC PITCH 0.496
THIMBLES 1
i
i
WATER GAP

1.033 £ 0.040" N-S
1.233 % 0.040" E-W

" SS BOX

10.200 + 0.040" N-S DIRECTION
10.400 + 0.040" E-W DIRECTION

Fresh Fuel
Initial Enrichment

Spent Fuel

Analysis of Burnup

Uncertainty Analysis

Manufacturing Tolerances
Depletion Calculation

Accident Analysis

Boron Dilution Analysis

PHOENIX-P
\ Analysis of Nuclear Criticality Burnup Credit
’—> PHOENIX-P Cooling-time Credit
/ SCALE System (CSAS Module) Soluble Boron Credit

I

Determination of Criticality Safety

Infinite Multiplication Factor ( K-inf <0.95) No
Effective Multiplication Factor ( K -eff <0.95)

For Other Enrichment

\
Yes
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Loading Curve for Spent Fuel Storage Pool ‘
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Burnup(MWD/MTU)
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