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Determination of Maximum Permissible Enrichment for Fuel
Storage Facilities of Kort Unit 1 & 2
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Abstract

The criticality safety analysis of spent fuel storage rack and new fuel storage rack was
performed to determine the maximum permissible enrichment of Kori unit 1&2 using
SCALE4.4 and MCNP4B code system. In addition, the uncertainty of the code systems and
cross—section data was evaluated by verifying the four types of criticality experiments. As a
calculational result, the fuel assemblies enriched with 5.0w/o uranium can be stored in the
spent fuel storage rack of Kori unit 1&2 without any credit. For the new fuel storage rack, it
is proved that Kori unit 1 & 2 can afford to keep the fresh fuel assemblies enriched with 4.3
and 5.0w/o0 U™ respectively under the optimum moderated condition.
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1) LEU-COMP-THERM-009
: Water-Moderated Rectangular Clusters of U(4.31)Os Fuel Rods (2.54cm Pitch) Separated by
Steel, Boral, Copper, Cadmium, Aluminum or Zircaloy—4 Plates
2) LEU-COMP-THERM-010
: Water Moderated U(4.31)O. Fuel Rods Reflected by Two Lead, Uranium or Steel Walls
3) LEU-COMP-THERM-016
© Water-Moderated Rectangular Clusters of U(2.35)0; Fuel Rods (2.032cm Pitch) Separated
by Steel, Boral, Copper, Cadmium, Aluminium or Zircaloy-4 Plates
4) LEU-COMP-THERM-017
: Water-Moderated U(2.35)02 Fuel Rods Reflected by Two Lead, Uranium or Steel Walls
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I : Homogenized Fuel Assembly
11 : Low Density Water
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¥ 2.1 LEU-COMP-THERM-009/010 9 AIA& 314 23}

LEU-COMP-THERM-009

LEU-COMP-THERM-010

Case No. SCALE4.4 MCNP4B SCALE44 MCNP4B

1 0.9920+0.0018 0.9971+0.0019 1.0083+0.0020 1.0080+0.0018
2 0.9976+0.0020 0.9966+0.0020 1.0073+0.0018 1.0085+0.0021
3 0.9946+0.0018 0.9968+0.0019 1.0079+0.0016 1.0082+0.0018
4 0.9965+0.0027 0.9976+0.0019 0.9931+0.0018 0.9966+0.0017
5 0.9901+0.0020 0.9984+0.0019 0.9978+0.0018 0.9968+0.0015
6 0.9956+0.0020 0.9969+0.0018 1.0016+0.0017 1.0003+0.0016
7 0.9983+0.0021 1.0002+0.0019 1.0016+0.0020 0.9989+0.0019
8 0.9959+0.0018 0.9975£0.0018 1.0012+0.0020 0.9968+0.0018
9 0.9984+0.0020 0.9965+0.0017 1.0019+0.0019 0.9980+0.0018
10 0.9947+0.0017 0.9975+0.0021 1.0043+0.0020 0.9989+0.0017
11 1.0021+0.0020 0.9944+0.0018 1.0041+0.0018 1.0017+0.0019
12 0.9966+0.0019 0.9963=0.0019 1.0022+0.0020 1.0001+0.0018
13 0.9959+0.0024 0.9963+0.0017 0.9936+0.0018 0.9956+0.0018
14 0.9957+0.0018 0.9943+0.0019 1.0010+0.0016 0.9992+0.0020
15 0.9940+0.0024 1.0024+0.0019 1.0043+0.0023 0.9972+0.0019
16 0.9982+0.0019 0.9984+0.0017 1.0059+0.0021 0.9997+0.0017
17 0.9978+0.0018 0.9981£0.0017 0.9997+0.0021 0.9945+0.0020
18 0.9938+0.0018 1.0009+0.0016 1.0005+0.0018 0.9959+0.0020
19 0.9944+0.0020 0.9982+0.0019 0.9976+0.0022 0.9983+0.0018
20 0.9936+0.0019 0.9973£0.0018 1.0032+0.0020 1.0013+0.0019
21 0.9972+0.0019 0.9981+0.0017 1.0031+0.0016 1.0032+0.0020
22 0.9979+0.0022 0.9972+0.0018 1.0024+0.0020 1.0003+0.0018
23 1.0002+0.0017 0.9993+0.0018 1.0006+0.0018 1.0000+0.0018
24 0.9978+0.0018 0.9948+0.0019 0.9996+0.0015 0.9952+0.0016
25 0.9959+0.0020 1.0017+0.0019 1.0009+0.0018 0.9914+0.0020
26 0.9955+0.0020 1.0003+£0.0018 0.9976+0.0016 0.9977+0.0020
27 0.9990+0.0020 0.9984+0.0017 1.0007+0.0016 0.0086+0.0018
28 1.0036+0.0018 0.9960+0.0018
29 1.0002+0.0021 0.9993+0.0016
30 0.9984+0.0019 0.9970+0.0020




¥ 2.2 LEU-COMP-THERM-016/017 A2 3 314 23}

LEU-COMP-THERM-016

LEU-COMP-THERM-017

Case No. SCALE44 MCNP4B SCALE4.4 MCNP4B

1 0.9940+0.0017 0.9963+0.0016 1.0021+0.0015 1.0028+0.0017
2 0.9966+0.0016 0.9971+0.0016 0.9988+0.0015 1.0005+0.0016
3 0.9961=0.0020 0.9952+0.0016 0.9970+0.0018 0.9999+0.0016
4 0.991520.0015 0.9978+0.0017 0.9986+0.0017 0.9961+0.0015
5 0.9935=0.0016 0.9914+0.0015 1.0008+0.0018 0.9949+0.0015
6 0.9958+0.0019 0.9953+0.0016 0.9976+0.0015 0.9983+0.0016
7 0.9941+0.0018 0.9961+0.0016 0.9975+0.0017 0.9993+0.0016
8 0.9934+0.0017 0.9954+0.0014 0.9958+0.0016 0.9940+0.0016
9 0.9944+0.0016 1.0014+0.0015 0.9935+0.0015 0.9974+0.0016
10 0.9944+0.0019 0.9957+0.0016 0.9959+0.0016 0.9923+0.0015
11 0.9955+0.0017 0.9967+0.0014 0.9986+0.0016 0.9964+0.0016
12 0.9959+0.0015 0.9938+0.0015 0.9962+0.0017 0.9974+0.0016
13 0.9956+0.0018 0.9956+0.0016 0.9970+0.0015 0.9989+0.0018
14 0.9962+0.0016 0.9946+0.0016 0.9970+0.0017 0.9919+0.0018
15 0.9968=0.0016 0.9947+0.0015 0.9981+0.0017 0.9976+0.0017
16 0.9909+0.0017 0.9910+0.0017 0.9976+0.0017 0.9877+0.0017
17 0.9922+0.0017 0.9962+0.0016 0.9962+0.0016 0.9983+0.0019
18 0.9991+0.0017 0.9961+0.0017 0.9947+0.0020 0.9923+0.0018
19 1.0005+0.0017 0.9978+0.0018 0.9979+0.0017 0.9997+0.0016
20 0.9950£0.0018 0.9952+0.0018 0.9973+0.0021 0.9947+0.0016
21 0.9971+0.0018 0.9999+0.0017 0.9929+0.0017 0.9970+0.0016
22 0.9945+0.0016 0.9956+0.0017 0.9920+0.0020 0.9933£0.0015
23 0.9941+0.0017 0.9941+0.0017 1.0001+0.0015 0.9967+0.0016
24 0.9969+0.0016 0.9982+0.0017 0.9987+0.0018 0.9955+0.0017
25 0.9930+0.0017 0.9994+0.0016 0.9984+0.0018 0.9961+0.0015
26 0.9936+0.0015 0.9970+0.0015 0.9940+0.0016 0.9911+0.0017
27 0.9930+0.0017 1.0012+0.0016 0.9979+0.0017 0.9911+0.0014
28 0.9978+0.0020 0.9962+0.0016 0.9964+0.0017 0.9928+0.0016
29 0.9931+0.0016 0.9925+0.0017 0.9932+0.0015 0.9919+0.0016
30 0.9951+0.0016 0.9934+0.0015
31 0.9939+0.0017 0.9948+0.0017
32 0.9955+0.0017 0.9927+0.0018




3 2.3 SCALE4.49} MCNP4B9] A4 4z

Code avg. k—effective bias 0 Akye(20)
SCALE44 0.99741 0.00259 0.003640 0.007280
MCNP4B 0.99711 0.00289 0.003339 0.006678

¥ 24 31812357 AHEFAZAZZ Ot JdAEZ ALt 2 (5.0 wt.%)

E157] 3122571
Case No. SCALE44 MCNP4B SCALEA4.4B MCNP4B

37 el T=270 C 0.92039+0.00076 | 0.92051+0.00112 | 0.92204+0.00089 | 0.92029+0.00108
Coring 0.92433+0.00090 | 0.92302+0.00116 | 0.92941+0.00095 | 0.92578+0.00111
Malposition | 0.92229+0.00088 | 0.91898+0.00103 | 0.92095+0.00081 | 0.91863+0.00104
CA 77 24k | 0.92354+0.00032 | 0.92125+0.00112 | 0.92419+0.00084 | 0.92070+0.00105
RD 7H4 22k | 0.92205+0.00034 | 0.92095+0.00109 | 0.92092+0.00081 | 0.91839+0.00099
T=360 C 0.92377+0.00092 | 0.91925+0.00101 | 0.92361+0.00085 | 0.91656+0.00107
o]/ el T=489 C 0.92243+0.00088 | 0.91890+0.00114 | 0.92537+0.00087 | 0.91758+0.00116
T=550 C 0.92553+0.00095 | 0.91935+0.00111 | 0.92670+0.00078 | 0.91665+0.00110
T=650 C 0.92596+0.00091 | 0.91827+0.00121 | 0.92781+0.00087 | 0.91495+0.00109
T=750 C 0.92348+0.00094 | 0.91693+0.00117 | 0.92904+0.00077 | 0.91312+0.00111
T=50 C 0.92523+0.00089 | 0.91374+0.00107 | 0.92998+0.00078 | 0.91407+0.00105
T=100. C 0.92621+0.00090 | 0.90992+0.00106 | 0.93245+0.00083 | 0.91151+0.00104

325 91257 AREFARAGE Ug dAE At A3 (5.0 wt2%)

a1zl 257
SCALE44 MCNP4B SCALE44 MCNP4B
k—eff. 0.93387 0.93059 0.93947 0.93183
final k-eff. 0.93509 0.93238 0.94090 0.93356




¥ 26 & 4% WH3lo) e 1812357 AAd8AAF1Y JdAE A A
38137 - 43w/o U™ 1823 7] - 50w/o U™

case rtho SCALE4.4 MCNP4B SCALE4.4 MCNP4B

1 1.00 | 086408 + 0.00086] 0.86805 =+ 0.00109] 0.84320 + 0.00083] 0.84528 + 0.00110
2 099 [ 085911 = 0.00099] 0.86283 =+ 0.00117| 0.83917 + 0.00087| 0.84216 = 0.00123
3 098 | 085627 + 0.00090| 0.85739 + 0.00110| 0.83627 + 0.00092| 0.83915 + 0.00120
4 097 | 085102 + 0.00082] 0.85309 = 0.00116] 0.83245 =+ 0.00083| 0.83580 = 0.00107
5 096 | 084709 + 0.00090| 0.85206 + 0.00106| 0.82789 + 0.00088| 0.83161 =+ 0.00107
6 095 | 084310 + 0.00087| 0.84470 = 0.00114| 0.82176 = 0.00090| 0.82459 =+ 0.00117
7 090 | 082258 + 0.00077| 0.82490 = 0.00111] 0.80168 =+ 0.00100| 0.80473 = 0.00112
8  0.80 | 077687 + 0.00091| 0.78142 + 0.00103| 0.75217 + 0.00084| 0.75212 + 0.00107
9 070 | 072558 + 0.00074] 0.73094 =+ 0.00103| 0.70104 + 0.00076| 0.70181 = 0.00115
10 060 | 066982 + 0.00074] 0.67228 + 0.00110] 0.64540 + 0.00081| 0.64557 + 0.00093
11 050 | 061213 + 0.00074| 0.61335 + 0.00095| 058722 + 0.00070 | 0.58757 + 0.00102
12 040 | 055972 + 0.00073] 0.56052 + 0.00096| 0.53339 + 0.00071| 0.53213 + 0.00091
13 030 | 053171 + 0.00082] 053055 + 0.00098] 0.49638 + 0.00065| 0.49318 + 0.00081
14 020 | 058465 + 0.00075] 0.58123 + 0.00096| 0.50759 + 0.00059| 0.50689 + 0.00085
15 010 | 0.83305 + 0.00070] 0.83032 + 0.00088| 0.69611 + 0.00087| 0.69313 + 0.00085
16 0.09 | 086931 + 0.00073| 0.86478 + 0.00087| 0.73021 + 0.00068| 0.72774 + 0.00087
17 008 | 090118 + 0.00078] 0.90067 + 0.00093| 0.76652 + 0.00071| 0.76443 + 0.00092
18 007 | 093185 + 0.00070] 0.92969 + 0.00098| 0.80150 + 0.00064 | 0.79846 + 0.00096
19 006 | 095420 + 0.00074] 0.95196 + 0.00090| 0.83288 + 0.00070| 0.83091 + 0.00083
20 005 | 096392 + 0.00073| 0.96491 + 0.00094| 0.85480 + 0.00069| 0.85477 + 0.00098
21 004 | 095454 = 0.00076] 0.95408 =+ 0.00096| 0.86158 =+ 0.00071] 0.86211 =+ 0.00097
22 0.03 ] 091223 =+ 0.00082] 0.91518 + 0.00099| 0.83979 + 0.00065] 0.84402 + 0.00095
23 0.02 | 082402 = 0.00079] 0.82748 = 0.00103| 0.77920 = 0.00069| 0.78042 = 0.00087
24 0.01 ] 067535 + 0.00065] 0.68003 =+ 0.00085] 0.65490 + 0.00074] 0.66010 + 0.00087

327 28125719 tHE SCALE4.4¢F MCNP4B®] %%

Al

o
Y

1Y1s7] 31E237)

BT SCALE4.4 MCNP4B SCALE4.4 MCNP4B

Abkyins 0.00259 0.00289 0.00259 0.00289

\/ sum 0.010894 0.007186 0.014843 0.008655

total 0.013484 0.010076 0.017433 0.011545

¥ 28 181257 HAREZAAAMY HF dAE #*
aE157] 2122357

SCALE4.4 MCNP4B SCALE4.4 MCNP4B
U™ w/o Kes. final —Keft Kefr. final —Kerr Keir final ke Keft. final ke
5.0 0.99120 | 1.00468 | 0.99025 | 1.00033 | 0.86158 | 087901 | 0.86211 | 0.87366
45 0.97205 | 098553 | 0.97264 | 0.98272 | 0.84122 | 0.85865 | 0.84461 | 0.85616
4.3 0.96392 | 097740 | 0.96491 | 097499 | 0.83452 | 0.85195 | 0.83884 | 0.85039
4.2 0.95949 | 0.97297 | 0.95977 | 0.96985 | 0.83120 | 0.84863 | 0.83191 | 0.84346
4.0 0.95058 | 0.96406 | 0.95217 | 0.96225 | 0.82253 | 0.83996 | 0.82309 | 0.83464
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