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Criticality Safety Evaluation of Spent Fuel Storage Rack
under Accident Condition using Soluble Boron Credit
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Abstract

A boraflex attached on a consolidated storage spent fuel rack as neutron absorber has a
characteristic that silica and horon carbide(B4C) present in the horaflex are dissolved into pent
fuel pool water due to the long term irradiation of boraflex by spent fuels. in this report it is
analyzed how in a case of complete dissolution of boron from the boraflex into the pool water,
the adapted cresit of the dissolved boron affects on the criticality of storage spent fuels to
compensate an excessive reactivity due to postulated accidents. For criticality analyses
PHOENIX-P and SCALE4.4 were used and benchmark calculations were carried out to verify
the bias and uncertainties of the codes. The result of criticality analyses for postulated
accident conditions shows that most of postulated accident such as spent fuel drop did not
cause reactivity to Increase significantly. However, the most severe accident to increase
reactivity was a postulated abnormal loading of spent fuel under checkerboard loading pattern



and the maximum required soluble boron concentration to compensate the increased reactivity
in this case was 698.45ppm. The soluble boron concentration to make up the uncertainty from
the burmup calculation and measurement of the spent duels was 116.65ppm so that the total
required soluble boron concentration for compensation of the increased reactivity due to the
most severe accident could be taken 815.10ppm by arithmetic addition of 698.45 and 116.65
ppm. It can be concluded that 2,300ppm minimum soluble requirement in technology specification
of spent fuel storage pool operation of Ulchin NPP#2 is large enough to maintain sub-critical of
the spent fuel storage pool under all of postulated accidents conditions.
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FA g gt g, Ao ek Adl Hwsk oFd 9] gk RegionZt 7HZ Wl ARE
FASHIA A5 AL AF 95t 2 ARRFAR FAA Ad 5o Ul A AfE v
F Ak o9k e AT R W 32y AA 24 gAb) 75 d SCALE ZEE AL
S35k dar, pAE R Qe Bk E 2aEs AT F Jde e EE a9 488 9 &
4 HES 4L PHOENIX-P ZEE AH&3ste] Abetdin dA &3 94 287 AHESAR A
dxot BEpEd s =AY FRE " 14 AAe A7 2o

AETAR AFxo AR A A A= s ANSI/ANS-8.1-19839] o]% ¢4

N

3o 2]
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26714 FAZHGA A sk %ot oF £12% WR Hutg o) 47FA =AlF 26714 ;A
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A g2 veke] A= At 2oA BAE AMETARE dASA FA A -
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regulation®]| wEt}E].
U.S.NRC Standard Review Plan, NUREG-0800, Section 9.1.3.
U.S.NRC OT Position for Review and Acceptance of Spent Fuel Storage and Handling
Applications, 4/78.
U.S.NRC Branch Technical Position ASB 9-2, "Residual Decay Energy for Light Water
Reactors for Long Term Cooling”, Rev. 2, 7/81.
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Type of Moderator .
Core Isolation Sheets Boron Concentration Measured Calculated le[fzrli]n e
[w/o B/Al] [ppm]

XIIT 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
XVl 0.242 487 1.0000£0.0010 1.02319 -0.02319
XIX 0.100 634 1.0002£0.0010 1.04762 -0.04742




FE 2. A AR Aol ARSE dAEe sdge] AA ds

Parameter Mihama Turkey Point | Calvert Cliffs | H.B. Robinson
Designer WH WH CE WH
Lattice 15X15 15X15 14X14 15X15
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 U0, U0, U0, U0,
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/cm’ 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
£ 3 PPbRA RSEANE 93 8THE FEYRE FE
Postulated Accidents Ak SBCra
[ppm]
1. Az d474A A 0.01053 47.75
2. Ao QA% A g o] FAL 0.00096 4.30
3 AR HuE ALY AR GeAba 0.00115 515
4 AT AR FAd8 ArAba
4-1. Region I & Z& &% -0.00111 4.95
4-2. Region I ¥ 2E& &% 0.00932 42.20
4-3. JA717 0d o] AT ZEuF 0.02646 12350
4-4, Y4717 2049 Ad REdy 0.00466 20.90
4-5. FE1Z 3.8 wt% o] s}
Checkerboard A% 7% - Case 19 4% 0.11833 669.70
4-6. FF% 3.8 wit% ©] 3}
Checkerboard A% 7% - Case 29 4% 0.12289 698.45
4-7. F5= 3.8 wt% o] s}
Checkerboard A% 7% - Case 39 4% 0.09966 540.00
4-8. F51E 3.8 wt% Z7 498 wt% ©l
Checkerboard A% % 0.09851 532.50
5, AAE AAT A4 SANA o= BT 0.00956 116.65
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