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¥ 1. Characteristics of Fuel Assembly, Structural Material and Aluminium Cladding
of B & W Company for Criticality Experiment

Fuel Rod Outer diameter (cm) 1.206
Clad inner diameter (cm) 1.044
Clad material 6061-T6-aluminium
Pellet diameter (cm) 1.030
Total length (cm) 156.44
Active length (cm) 153.34
U® enrichment (w/o) 2459
Rod pitch (cm) 1.636
Pellet density (g/cm®) 10.29

SUS304 Density (g/cm®) 79
Thickness (cm) 0.462

Aluminium Density (g/cm®) 2.692
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¥ 2. Comparison of k-effective between the KENO-Va Calculation and the

Experiment value

Core Neutron poison Experimental k-effective | Calculation k-effective
No. material value value
4 B«C 84 rods 0.9999 + 0.0006 1.03723 £ 0.000402
5 B.C 64 rods 1.0000 + 0.0007 1.03548 + 0.000412
6 B.C 64 rods 1.0097 + 0.0012 1.04438 + 0.000379
7 B.C 34 rods 0.9998 + 0.0009 1.03271 + 0.000386
8 B.C 34 rods 1.0083 £ 0.0012 1.03974 + 0.000377
9 none 1.0030 + 0.0009 1.03561 £ 0.000345
10 none 1.0001 + 0.0009 1.04367 + 0.000334
11 SS 1.0000 + 0.0006 1.04970 + 0.000380
12 SS 1.0000 + 0.0007 1.01197 + 0.000351
14 Boral 1.0001 + 0.0010 1.04962 + 0.000428
16 Boral 1.0001 + 0.0019 1.00456 + 0.000408
18 Boral 1.0002 + 0.0010 1.01699 + 0.000405
20 Boral 1.0003 + 0.0015 1.00986 + 0.000357
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¥ 3. Design Basis of Fuel Assembly and Charateristics of KSC-7 Cask

Contents Unit Specification
Fuel Assembly Weight kg 639.44
kg-Uranium/assembly kg 462.45
U-235 Enrichment w/o 42
Assembly Cross section cm?® 21,402X 21,402
Fuel Rod/assembly ea 264
Active Fuel length cm 365.76
Rod Array/assembly 17X17
Rod diameter cm 0.95
Rod pitch cm 126
Clad thickness cm 0.057
Cask Capacity 7PWR Assy
Weight Empty ton 62
Loaded ton 70
Gamma-ray Shielding Lead
Neutron Shielding ' Silicone Mixture
Cooling type Wet & Dry
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8 ¢ B Fuel Thickness
g9
9 % Lead Water Gap Ki + o
. : Thickness =
00 cm 145218 + 0.00322
0.1 cm 1.44861 + 0.00345
0.2 cm 144772 + 0.00388
T 04 cm 144352 + 0.00337
0.6 cm 1.44437 + 0.00329
0.8 cm 143303 + 0.00294
0 ¢ 1.42 + 0.00
22l 7. Geometrical Model of KSC-7 Cask for L0 cm 580 £ 342
. 1.2 cm 141521 + 0.00371
KENO-5a Calculation under Normal 16 cm 137734 + 0.00332
H hetical Acci iti i ’ ’ - -
v:::;))t etical Accident Condition(Side 90 cm 133056 + 0.00414

H 4. Atom Number Density of Fuel and Other Materials

Atom Number Density, atoms/barn-cm
Nucl.
U2 Zircaloy-4 Water SS-304 Silicone Lead Boral B4C rod |Borated SS
H 33367 E2 44190 E-2
B 12500 E-3 37100 E-2 | 55498 E-2 | 7.7913 E-3
C 23765 E4 | 15270 E-3 11649 E-2 | 13350 E-2
0O |46459 E2 6.6734 E2 21530 E-2 33218 E5
Al 18900 E-3 38223 E-2
Si 80490 E3 6689 E4
Cr 42449 E-2 16616 E-2 17616 E-2
Mn 15760 E-3 88499 E4
Fe 17684 E4 6.0329 E-2 57361 E2
Ni 42449 E-2 6.9630 E-3 78433 E-3
Ir 42449 E-2
Pb 32958 E-2
U-235 | 98143 E4
U-238 | 22127 E-2
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H 6. Results of Criticality Calculation for KSC-7 Cask under Normal Transport

Case Neutron Absorber
No. Material Kt o K
1 BSS(Borated SUS) ot 1.00799 + 0.00383 101182
Basket only
2 BSS 9t + Boral Plate 9t 0.99383 + 0.00400 0.99783
3 BSS 9t + B.C 99 Rod 36 0.95871 + 0.00460 0.96331
ea + boral
4 BSS 9t + B.C ¢9 Rod 68 0.94028 + 0.00441 0.94439
ea+ boral

E 7. Results of Criticality for KSC-7 Cask under Hypothetical Condition

Condition K £ o K,
1) Damaged Single Cask 097774 + 0.00407 0.98181
2) Infinite Array of Damaged Casks 0.98143 + 0.00418 0.98561

o2 32i3e CASE 39 &
KSC7 448719 4aAMA 7z2 A4sxn
of Fzol N AR AL 59

st QA A AgHE 2AH 52 £
_?__

2. 7ML D=A sy

KSC-7 %8719 7MdAtnzA g I
AT AL AAFE2A58Le £33 249
T&R CASE 3¢ thate] Fq3gich 7bdata

AE dAz2JPAT Hkex wge 7
7] 913t £ T wstel wE ﬂwﬂiga
A3 At

@9 ® 50 VERd ups} o] FH87) )
Fo AARIFA ) AAAET 7 BA G
HEe AAZJT{AT FAAEFFA 22H o
A TZE 71 woln olo) th ¥ 7FAt R A
A8E TR T3o] WM E B9 I
EE dsiA b & W EE el wo)
29 9EE M nRAY Frhete AR Eo

oz U3E

KSC-7 48719 7MIAIREA0 M9 YUAE

E 2A%A M REAA dasld At
kg emdas Ade F&A 4xg M4
e HAALE E 790 JenAQA} Eo A
A2 KSC-7 #5479 R ddA @=x F
ZE CASE 39 A% o] 2AZAE Ao
ddHoz dojd ¥ glv AWE sl
M= A =28t gGeda & £ Aok

2 £

& droide #4879 ddd=g 494
F 87 HEd F%8
AZERH o AT HASANE FPT F o8
o] &3] AYAE YL T8 KSC-7 &%
719 APARE AN Fagen o
ge 48e 4 F A%k

D ndax d989 FHd gngd 1
gAge] H¢ KSC7 58719 HYAx 1A

=N

)
4
Py
*



58 At RE BB

g AANE Basndagtozt BHAQ
YARAZ ojEflen oo tg AY nP
AE gl AA HAE ¥ & AN

2) e A9 44871 WRFZ)
552D ANE B 4587 WH T2
FRse 4AAEE 2e & At

3 HMpAnzRAE Bl $48717 7
wﬂzaowz YA RN FAThE

1% QEHE QA AAE AVIRG,

ok

oz

1. 2899, “KSC4 #5879 AL 4R

H18%E 257 19934

A", KAERI/TR-137/89(1989).
“Design and Analysis Report-IF-300 Shipping
Cask”, NEDO-10084-2(1979).

. S. R. Bierman and E. D. Clayton, “Criticality

Experiments with Subcritical Clusters of 2.35
and 4.31 w/o U*® Enriched UO: Rods in Water
with Steel Reflecting Walls, Nuc. Tec. 54, 131
(1980).

. Sanders, Westfall, Wilmot, “Burnup Credit in

the Design of Spent Fuel Shipping Casks”,
SAND-87-137C(1987).

. Allen, “Overview of Effects of Burnup Credit

on Cask Design”, SAND-88-2760C(1988).



KSC-7 Al&-Fqdg 587 gAY

Analysis of the criticality of the shipping cask(KSC-7)

Jung-Hyun Yoon, Jong-Rak Choi, Eun-Ho Kwak,

Heung-Young Lee, Sung-Whan Chung

Korea Atomic Energy Research Institute

ABSTRACT

The criticality of the shipping cask(KSC-7) for transportion of 7 PWR spent fuel assem-
blies has been calculated and analysised on the basis of neutron transport theory. For
criticality analysis, effects of the rod pitches, the fixed neutron absorbers(borated sus+ bo-
ral) were considered. The effective multiplication factor has been calculated by
KENO-Va, Mote Carlo method computer code, with the HANSEN-ROACH 16 group cross
section set, which was made for personal computer system. The criticality for the
KSC-7 cask was calculated in terms of the fresh fuel which was conservative for the
aspects of nuclear critility. From the results of criticality analysis, the calculated Keff
is proved to be lower than subcritical limit during normal transportation and under hypo-
thetical accident condition. The maximum calculated criticalities of the KSC-7 were lower
the safety criticality limit 1.0 recommended by US 10CFR71 both under normal and
hypothetical accident condition. Also, to verify the KSC-7 criticality calculation results
by using KENO-Va, it was carried out benchmark calculation with experimental data
of B & W(Bobcock and Wilcox) company. From the as series of calculation of the

KSC-7 cask and benchmark calculation, the cask was safely designed in nuclear criticality,

respectively.

Key words: Shipping cask, Criticality, KSC-7, Spent fuel, Boral
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