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Abstract

The maximum permissible enrichment for the fuel assemblies of Kori unit 1 spent fuel
storage facility is 3.8w/0. Adopting the fuel with axial blanket like Kori unit 3&4 to improve
availability, the criticality safety analysis for the spent fuel storage facility was evaluated. The
methodology used in this paper is the SCALE4.4 code system and the 44 group cross
section library based on ENDF/B-V. To evaluate the validation of computational method,
four kinds of experiments are selected. The bias and uncertainty analysis of the code system
is performed for these experiments. The results of evaluation showed that the enrichment of
5.0w/o for fuel assembly is permissible to the spent fuel storage facility without considering
burnup credit.
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7}. LEU-COMP-THERM-009, “Water—-Moderated Rectangular Clusters of U(4.31)0O:
Fuel Rods (2.54cm Pitch) Separated by Steel, Boral, Copper, Cadmium, Aluminium, or
Zircaloy-4 Plates” : 3 7N AAztd Fejo] AsHFA7E vAA] 22 Sl JE ol
JeAArtolel = el F5A7F A=l Ak o] FF4Ae AAEL Stainless Steel, Boral,
Copper, Cadmium Aluminum, Zircaloy °o|t}. 28]3 F5Ao A4 2 71e-d [JEgA e wpgz
o2 RE FA A AYE WIAIZIHA 297F Ag-oll s AP e] o] Fo] Ak A
2 o]& @a{:}zﬂg} FrAlE 1.8%x3.0x21me F77F 9.52mm<l Carbon Steel B tel] Eo]9l
oo ARl A RSy 13 Zow A Aue 1 19 2k

Borated steel plates

3277 em—u 7ﬁ 298 i thick
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Case B [/ ¥ 91.5em long

Outer cluster (15x 8) Center cluster (15x 8) Quter cluster (15x 8)
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1. LEU-COMP-THERM-010 “Water—Moderated (U4.31)O2 Fuel Rods Reflected by
Two Lead, Uranium, or Steel Walls” : 2 A7 0952cm F74 2] Carbon Steel Bl= <l
qdFuE IEA ArFoR /e HAAE TSt APo] FAHAY. duEsS ALE 4
A FEEHE wdEo] Jdon, dg gt A= 254em B 1.892cme] il AR FA S A7
13%8, 12x8, 12X16 o2 Aol we} 254 v=2m o FA7E 1x3282 wjdEo] gt}
wdE A5 e %Hrskol] Stainless Steel, Lead, Depleted Uranium %9 ¥HAMA| 7} =of 9]

o ARkl Adud B dASY ARe E 29 2k

t}. LEU-COMP-THERM-016 “Water—Moderated Rectangular Clusters of U(2.35)02
Fuel Rods (2.032cm Pitch) Separated by Steel, Boral, Copper, Cadmium, Aluminium, or
Zircaloy-4 Plates” : ©] %A= LEU-COMP-THERM-009 FA ¢ fAFsHAl 37019 A7 &
2 A7 Carbon Steel ®=L <bell A3l F 74 Fvto] JFA Atelo = FEH oY AdR%
< AWy A% xR wdEo o, A5 1He] 3X = 2.032cmeolvh. A5 HFA ] A
712 20416, 20x17, 22x16 o= Ay meh =34 v2r o] HFA7E 1x3e=2 nujdH o
Uk v AR FA S Atold FAAA FE¥e] Folvd AHEHE FAA FFAY AAS
Stainless Steel, %23 Stainless Steel, Boral, Copper, Cadmium, Aluminium, Zircaloy-4 % ©]
oo Al A s 2 dAEA A= K 34,5 6,7, 8% #rh

Z}. LEU-COMP-THERM-017 “Water-Moderated (U2.35)0O2 Fuel Rods Reflected by
Two Lead, Uranium, or Steel Walls” : ©] A& LEU-COMP-THERM-0103} A}3lH &
2 AP 0952cm FA S Carbon Steel ®= Qo] &FnlH I EA S AmFo= 3709 A
& TAStY Aol FAEHAY duES AWE AA FxFHE vdEe] o, A
32 2.032cm 2 1.684cmelil Az FA L] A7 19X16, 25X18, 20X18 To2 Ao w
g 2 vEn o] JFAIL 1x308 wjdEo] vk widE A=5F{FA Y] FHEFel Stainless
Steel, Lead, Depleted Uranium 52| RWHAFAIZ}F Fo] Qo) Akl Agujd 2 AA MY A5+

E 99

(£ 1) LEU-COMP-THERM-009 4123 a4 2

Case Plate Distance from | Separation
Type of Plate | Thickness | Plate to Center | of Clusters Keff Deviation
No.
(cm) Cluster (cm) (cm)
1 Steel(no B) 0.485 0.245 8.58 0.99199 0.00184
2 Steel(no B) 0.485 3.277 9.65 0.99761 0.00195
3 Steel(no B) 0.302 0.428 9.22 0.99464 0.00184
4 Steel(no B) 0.302 3.277 9.76 0.99647 0.00268
5 Steel, 1.1%B 0.298 0.432 6.10 0.99009 0.00199
6 Steel, 1.1%B 0.298 3.277 8.08 0.99561 0.00195
7 Steel, 1.6%B 0.298 0.432 5.76 0.99827 0.00211
8 Steel, 1.6%B 0.298 3.277 7.90 0.99588 0.00177
9 Boral 0.713 3.277 6.72 0.99835 0.00199
10 Copper(no Cd) 0.646 0.084 8.15 0.99468 0.00173
11 Copper(no Cd) 0.646 3.277 9.42 1.00208 0.00200
12 Copper(no Cd) 0.337 -0.0575 8.48 0.99656 0.00189
13 Copper(no Cd) 0.337 4.241 9.64 0.99591 0.00238
14 Copper, 1%Cd 0.357 -0.0575 6.66 0.99569 0.00183
15 Copper, 1%Cd 0.357 4.241 8.35 0.99396 0.00242




(3 1) LEU-COMP-THERM-009 o AA& 4 A3 (A<)

Case Plate Distance from | Separation
Type of Plate | Thickness | Plate to Center | of Clusters Keff Deviation
No.
(cm) Cluster (cm) (cm)
16 Cadmium 0.0291 0.7009 5.93 0.99816 0.00193
17 Cadmium 0.0291 3.277 7.42 0.99779 0.00181
18 Cadmium 0.061 0.669 5.96 0.99378 0.00181
19 Cadmium 0.061 3.277 7.42 0.99439 0.00195
20 Cadmium 0.0901 0.64 5.87 0.99357 0.00187
21 Cadmium 0.0901 3.277 7.38 0.99718 0.00193
22 Cadmium 0.2006 0.529 5.68 0.99786 0.00215
23 Cadmium 0.2006 3.277 7.28 1.00015 0.00170
24 Aluminum 0.625 0.105 10.72 0.99778 0.00183
25 Aluminum 0.625 3.277 10.77 0.99593 0.00201
26 Zircaloy -4 0.652 0.078 10.92 0.99551 0.00201
27 Zircaloy-4 0.652 3.277 10.86 0.99904 0.00197
¥ 2) LEU-COMP-THERM-010 4 A3 a4 23}
) Separation | Distance between
Case | Pitch | Cluster Between Walls and Cluster Wal? Keff Deviation
No. | (cm) | Array material
Clusters (cm) (cm)

1 2.540 13x8 19.495 0.0 lead 1.00827 0.00199
2 2.540 13x8 19.655 0.660 lead 1.00733 0.00184
3 2.540 13x8 17.915 1.321 lead 1.00785 0.00158
4 2.540 13x8 9.175 5.405 lead 0.99309 0.00176
5 2.540 13x8 14.255 0.0 uranium | 0.99778 0.00177
6 2.540 12x8 14.195 1.956 uranium | 1.00161 0.00163
7 2.540 13x8 16.925 3.912 uranium | 1.00159 0.00198
8 2.540 13x8 12.365 5.405 uranium | 1.00120 0.00195
9 2.540 13x8 11.765 0.0 steel 1.00193 0.00194
10 2.540 13x8 13.125 0.660 steel 1.00429 0.00201
11 2.540 13x8 12.995 1.321 steel 1.00410 0.00178
12 2.540 13x8 11.315 2.616 steel 1.00222 0.00204
13 2.540 13x8 8.675 5.405 steel 0.99359 0.00181
14 1.892 | 12x16 14.393 0.0 steel 1.00102 0.00162
15 1.892 | 12x16 15.263 0.660 steel 1.00433 0.00227
16 1.892 | 12x16 15.393 1.321 steel 1.00591 0.00209
17 1.892 | 12x16 15.363 1.956 steel 0.99966 0.00210
18 1.892 | 12x16 14.973 2.616 steel 1.00046 0.00177
19 1.892 | 12x16 13.343 5.405 steel 0.99759 0.00219
20 1.892 | 12x16 17.263 0.0 lead 1.00319 0.00196
21 1.892 | 12x16 17.703 0.660 lead 1.00310 0.00164
22 1.892 | 12x16 16.953 1.956 lead 1.00243 0.00196
23 1.892 | 12x16 13.873 5.001 lead 1.00061 0.00183
24 1.892 | 12x16 14.853 0.0 uranium | 0.99962 0.00154
25 1.892 | 12x16 16.233 0.660 uranium | 1.00093 0.00176
26 1.892 | 12x16 17.793 1.321 uranium | 0.99761 0.00162
27 1.892 | 12x16 18.763 1.956 uranium | 1.00066 0.00159
28 1.892 | 12x16 18.893 2.616 uranium | 1.00357 0.00178
29 1.892 | 12x16 18.303 3.276 uranium | 1.00024 0.00208
30 1.892 | 12x16 15.923 5.405 uranium | 0.99843 0.00185




(3% 3) LEU-COMP-THERM-016 (with Steel Plates) QA3 3|4 23}

Steel plates Separation of
Case | Cluster Boron Thickness Distance to Fuel Clusters Keff | Deviation
No. | Array Content Center Fuel
(%) (mm) Cluster (mm) (mm)
1 20x16 0 4.85 6.45 68.8 0.99404 | 0.00169
2 20x16 0 4.85 27.32 76.4 0.99658 | 0.00160
3 20x16 0 4.85 40.42 75.1 0.99605 | 0.00203
4 20x16 0 3.02 6.45 74.2 0.99148 | 0.00151
5 20x16 0 3.02 40.42 776 0.99345 | 0.00162
6 20x17 0 3.02 6.45 104.4 0.99582 | 0.00193
7 20x17 0 3.02 40.42 114.7 0.99405 | 0.00184
8 20x17 1.05 2.98 6.45 75.6 0.99335 | 0.00165
9 20x17 1.05 2.98 40.42 96.2 0.99436 | 0.00164
10 20x17 1.62 2.98 6.45 73.6 0.99441 | 0.00187
11 20x17 1.62 2.98 40.42 95.2 0.99549 | 0.00172
(% 4) LEU-COMP-THERM-016 (with Boral Plates) 9414 3& sj4 A}
Boral Plates .
Case Distance to Separation of
Cluster Array Thickness Fuel Clusters Keff |Deviation
No. Center Fuel
(mm) (mm)
Cluster (mm)
12 20x17 7.13 6.45 63.3 0.99590 | 0.00154
13 20x17 7.13 44.42 90.3 0.99563 | 0.00179
14 Zziqﬁggggngﬁ{ér) 7.13 6.45 505 0.99616 | 0.00159

(3 5) LEU-COMP-THERM-016 (with Copper Plates) QA2 & 3j4 Az

Copper Plates Separation
Case Cd . Distance to of Fuel e
No. Cluster Array Content Th(lr(;kmn?ss Center Fuel Clusters Keff | Deviation
(%) Cluster (mm) (mm)
15 20x16 0.0 6.46 6.45 66.2 0.99682 | 0.00163
16 20x16 0.0 6.46 27.32 77.2 0.99094 | 0.00171
17 20x16 0.0 6.46 4442 75.1 0.99221 | 0.00171
20x15(center),
18 24x15(two outer) 0.0 3.37 6.45 68.8 0.99912 | 0.00172
20x15(center),
19 24x15(two outer) 0.0 3.37 40.42 70.0 1.00045 | 0.00172
20x15(center),
20 24x15(two outer) 0.989 3.57 6.45 51.5 0.99504 | 0.00178
(% 6) LEU-COMP-THERM-016 (with Cadmium Plates) 4A2¥ a4 2z}
Case | Cluster Cadmium Plates Separation of
No Arra Thickness Distance to Center | Fuel Clusters Keff |Deviation
) vy (mm) Fuel Cluster (mm) (mm)
21 20x17 0.610 6.45 67.4 0.99714 | 0.00179
22 20x17 0.610 14.82 76.0 0.99453 | 0.00155
23 20x17 0.610 40.42 93.7 0.99408 | 0.00171
24 20x17 0.291 14.82 77.8 0.99685 | 0.00161
25 20x17 0.291 40.42 94.0 0.99303 | 0.00167
26 20x17 0.901 14.82 75.4 0.99359 | 0.00153
27 20x17 0.901 40.42 93.9 0.99300 | 0.00168




(3 7) LEU-COMP-THERM-016 (with Aluminum Plates) 9 A23 3j4 Az

C a1 Aluminium Plates S . ¢ Fuel
ase uster Thickness | Distance to Center eparation of Fue Keff Deviation
No. | Array Clusters (mm)
(mm) Fuel Cluster (mm)
28 20x16 6.25 6.45 86.7 0.99781 0.00204
29 20x16 6.25 40.42 7.8 0.99306 | 0.00163
30 20x16 6.25 44.42 38.3 0.99507 0.00163
(3% 8) LEU-COMP-THERM-016 (with Zircaloy Plates) 97123 &4 2z}
Zircaloy Plates .
Case | Cluster Thickness | Distance to Center Separation of Fuel Keff Deviation
No. | Array Clusters (mm)
(mm) Fuel Cluster (mm)

31 20x16 6.52 6.45 87.9 0.99386 0.00168
32 20x16 6.52 40.42 7.8 0.99545 0.00173
(¥ 9) LEU-COMP-THERM-017 ¢AA2 3 &4 23}

Separation |Distance between Reflecting
Case | Pitch Cluster Array between | Reflecting Wall Wall Koff Deviation
No. | (cm) Clusters and Fuel .
Material
(cm) (cm)
1 2.032 19x16 13.1 0.0 lead 1.00205 0.00149
2 2.032 19x16 12.98 0.66 lead 0.99878 0.00149
3 2.032 19x16 10.51 2.616 lead 0.99696 0.00181
4 2.032 19x16 11.09 0.0 uranium | 0.99861 0.00170
5 2.032 19x16 13.19 1.321 uranium | 1.00081 0.00176
6 2.032 19x16 13.37 1.956 uranium | 0.99759 0.00151
7 2.032 19x16 12.96 2.616 uranium | 0.99752 0.00167
8 2.032 19x16 9.95 5.405 uranium | 0.99577 0.00161
9 2.032 19x16 7.82 10.676 uranium | 0.99350 0.00146
10 2.032 19x16 9.888 0.0 steel 0.99590 0.00161
11 2.032 19x16 10.438 0.66 steel 0.99862 0.00156
12 2.032 19x16 10.438 1.321 steel 0.99620 0.00172
13 2.032 19x16 9.598 2.616 steel 0.99698 0.00151
14 2.032 19x16 8.748 3.912 steel 0.99700 0.00174
25x18(center),
15 1.684 20x18(outer) 8.566 0.0 steel 0.99810 0.00165
25x18(center),
16 1.684 20x18(outer) 9.166 0.66 steel 0.99762 0.00165
25x18(center),
17 1.684 20x18(outer) 9.096 1.321 steel 0.99619 0.00163
25x18(center),
18 1.684 20x18(outer) 9.246 1.684 steel 0.99466 0.00196
25x18(center),
19 1.684 20x18(outer) 8.866 2.344 steel 0.99789 0.00174
25x18(center),
20 1.684 20x18(outer) 8.646 3.005 steel 0.99729 0.00207
25x18(center),
21 1.684 20x18(outer) 8.126 3.912 steal 0.99290 0.00167
25x18(center),
22 1.684 20x18(outer) 7.256 6.726 steal 0.99201 0.00195
23x18(center),
23 1.684 20x18(outer) 9.646 0.0 lead 1.00014 0.00149
23x18(center),
24 1.684 20x18(outer) 9.696 0.66 lead 0.99869 0.00175




(3 9) LEU-COMP-THERM-017 I AAE 4 A3 (A<)

Separation |Distance between Reflecting
Case | Pitch Cluster Array between | Reflecting Wall Wall Keff Deviation
No. | (cm) Clusters and Fuel .
Material
(cm) (cm)
23x18(center),
25 1.684 20x18(outer) 8.086 3.276 lead 0.99838 0.00182
23x18(center), )
26 1.684 20x18(outer) 7.646 0.0 uranium | 0.99396 0.00163
23x18(center), .
27 1.684 20x18(outer) 9.086 1.321 uranium | 0.99794 0.00172
23x18(center), .
28 1.684 20x18(outer) 9.416 2.616 uranium | 0.99639 0.00171
23x18(center), )
29 1.684 20x18(outer) 8.776 3.912 uranium | 0.99318 0.00149
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