WAL o) 8 3] A
1448 A15 1989

xn

KSC-4 #4548719 #4A = &4

E WY - ﬂg-ﬁé%.igjl
Bty FL
Hd A AMET 5

(@)
I

I AR AR HAR 4NE FEE T AE KSC4 FF 719 A YA

o

£4 2 KENO-

IV 72t 2 =9 AMPX A4 2oAlE e 443 197 S d 3§ HA #3835

HAA R AE 10CFRTINA AAIG 71320 ujpet B

bl

AXE A& £F &7 AHSF Fdg

A ABAgR 7HEstd B 4 20 2 M A 20 A& 35 oh
I A ddAEe BG4 23 2 M A 20490 7242 085289 E 0.94185°] Atk uhEkA
KSC-4 &% &719 #YdAE = 10CFR71901A4 F3 3L e vldA 8.4& w&sta gt

AN E

AR ddE £5 §7E WS R, & dYA s
73 & HA8E 4 &7 FHged, g 2
A #4 2ARD ol 73 Aln 2AFAAE
4 vYgA JeiY e APHozY o]EHO 7 |
Z3}odor g},

B AeF ddE £4 £ nYA JuHe
dYHog YFste ol wiEASAT AAHA
olf & of ML Halrle 44 gtk A yr
29 A4, o230 WY g Hle Aol BEolti],
2],

E =R 7l 442y A% dde A% 4
ME 4% 5+ Y& KSC4 74 £718 gidos
s 1 87 F2A A F47 FRAR BE
C FE AR Y 47 AR FAZ A o) A
o B4 eiste] AAA T Holg TEF Y4 54
24 9 73 A 2Psel e AYAEE By
2 ez ANsla ujFe] wilyg 23 33
F&ol B¢ ¥, =, 10CFR71[3]9] ST vt Eo)
w AIA A 7)1Fo) wa FAY S Helsen
ged 1 B3o) gl

T

56

Albe] ALgF 2HZR uHe AN A=
KENO-IV[4]e] &) ed 3 A8 AMPX[5] 4t

F=AE AN 197 ADAF BTt oju) B
8% A= AL v B&WAF CX-10 94 Z[6]
£ 1 ez $959 1 gi4de AA gl
Ak

AT AH &
1. KSC-4 & &7/ A AN =

KSC4 4 €71 Z2vd AdAz g3 42
AqAZ HAE AR Aoz 7t AFEEY AL
43 ddg hE evE F UEE A Aoy
I 19) EAF GAE9) o] Al el w¥olA gt
ALge AYE 98 v 95 ez ZASAA
HAAE AL -’F—"’Jﬂﬁ}ﬁq. B Ao Agd
KSC4 4% £719) 7158d 592 14 29 18
3o EAIBHLT, |

KSC4 4 #7129 A ¥4& 10CFR719) w

SRS CESEE MRS LR RSP

doz FEd Fgstgom o ¥ zdd B
e Elol 2T, H1o) AN 2L 99



A A 3A TKSCA 458710 AYAE 24 57

Table 1. Normal transport and hypothetical accident conditions for criticality analysis of KSC-4 cask.

Z el 7t s
D AEE 8 1A Aojdeolu 71 S48 R0 2953
%2 PWR 17X17 sl g o] Al g
445 F 2) dAg9 U-2359 FEE 33w/o
Z Fal

3) % &7 A AE Baskete] TAE F A

= "1
4) 3% 57(Lid) 2 Bottom Plate® 3-7]1& 7+5

(%, A% AARE S5 L7104 81w WA E B A

HRIREREas SRR AR
MUMEEsEEE et
R ;

SLETRL!
BRI RTINS
TIRLLTRLIIE0EEs TITIRATRERITIE
RN BUUANIZIS

B Fuel Ass'y Lead 55304
Resin I Boral [ watar

Fig. 2. Geometrical model of KSC-4 cask for
KENO-IV calculation under normal transport

condition (sectional view).
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Fig. 1. Side and cross section of KSC-4 spent fuel
shipping cask.
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Fig. 3. Geometrical model of KSC-4 cask for
KENO-IV calculation under normal transport

condition(side view).
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Table 2. Material description of KSC-4 shipping cask used in criticality analysis under normal transport

and hypothetical accident conditions.

o Normal Accident
Specification .. -
condition condition
Fuel Fuel pellet O.D, cm 0.82 0.82
assembly*  Fuel rod0.D, cm 0.95 0.95
Fuel rod pitch, cm 1.26 145
Clad thickness, cm 0.57 0.57
Clad material Zircaloy-4 Zircaloy-4
Active fuel height, cm 365.0 365.0
Pellet density, % TD 95 95
U-235 fuel enrichment, wt% 33 33
No. of rods per assembly 264 264

to be continued
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Table 2. {continued)
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Neutron Material Boral Boral
absorber Thickness, cm 0.5 0.5
Density, g/cc 2.64 2.64
Cavity Material H,0 HO
Diameter, cm 62.86 62.86
Density, g/cc 1.0 1.0
Gamma Material Pb Pb
shield Diameter, cm 94.86 94.86
Density, g/cc 11.34 11.34
Inner Material 5S-304 5S5-304
shell Diameter, cm 99.94 99.94
Density, g/cc 7.9 7.9
Neutron Material Resin Damaged
shield Diameter, cm 129.94 (No Resin)
Density, g/cc 2.54
Outer Material 55-304 Damaged
shell Diameter, cm 13194 (No Resin)
Density, g/cc 7.9
% Grid material was not included in criticality calculation.
Table 3. Atom number density.
Atom number density, atoms/barn-cm
Nuclide
U0: Zircaloy-4 Boral Water S§-304 Resin Lead
U-235 8.00000E-4 — — - — — —
U-238  224511E-2 — — - - — —
0 4.64541E-2 - - 3.33670E-2 - 2.70639E-2 -
Zr — 4.24492E-2 — — — — —
Cr — 9.87684E-5 — — 1.66155E-2 — —
Fe - 1.76842E-4 3.41607E-4 - 6.03287E-2 — -
Sn — 5.32538E4 — - — — —
H — - — 6.67340E-2 — 6.02218E-2 —
C — - 1.16487E-2 — 2.37651E-4  2.33319E-2 —
Mn — — — — 1.57604E-3 — -
Ni - — — - 6.96301E-3 — —
Si — - — — 9.31641E4 — —
Pb — — — — — — 3.29582E-2
N - — — — - 1.44459E-3 —
Al — — 3.82993E-2 — — 8.06161E-3 —
B-10 — — 7.84224E-3 — — — -
B-11 — - 2.92578E-2 - — — -
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Table 4. Results of KENO-IV calculation for benchmark cores.

Spacing between  Boron concentration Boron Critical
Core  assembly pins in neutron absorber  concentration height Kuit 0
in water
(pitch) (%) (ppm) (cm)

1 - none none 143.88 1.00725+0.00539
2 0 none 1037 144.29 0.99467+0.00409
13 1 0.242 15 150.27 1.00710+0.00621
13a 1 0.242 28 149.69 1.00553 +0.00503
14 1 1.257 92 149.12 1.00024 +0.00530
16 2 0.401 121 149.16 0.99862 +0.00535
18 2 0.242 197 149.02 1.00130+0.00469
21 3 0.100 72 151.69 0.99211+0.00490
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Table 5. Results of criticality calculation for KSC-4 cask under normal condition.

Uncertainty calculation of K

Array condition

Uncertainty of

U.=0x AKs=K/-K'.r  benchmark U K

of cask Condition Error K. calculation
( % ) i 0-1‘ AK Uh
Single cask Normal 0 0.84345
+0.00410

(optimum inter-
Fabrication 4 0.83431
+0.00439

spersed hydro-
geneous modera- error
tion and full

0.00410 0.00914

0.00010 0.00402 0.00945 0.85289

water reflec- Boron content 5 0.84669 0.00324

tion) error +0.00420

Infinite

array Normal 0 0.84345

(optimum inter- +0.00410

spersed hydro- Fabrication 4 083431 0.00410 0.00914 0.00010 0.00402 0.00945 0.85289

geneous modera- error +0.00439
tion and full

water reflec- Boron content 5 0.84669

tion) error +0.00420

0.00324
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Table 6. Results of criticality calculation for KSC-4 cask under hypothetical accident condition.

Uncertainty calculation of K

Uncertainty of

Array U.=0x AK;=K\«-K*; benchmark U K
condition Condition Error K. calculation
of cask (%) +0i _—
AK U,
Single cask
Normal 0 0.93203
+0.00404
(optimum inter-
spersed hydro-  Fabrication 4 093412 0.00404 0.00209 0.00010 0.00402 0.00911 0.94104

geneous modera- error
tion and full

+0.0042

water reflec- Boron content 5 092657 -0.00546

tion) error +0.00393

Infinite

array Normal 0 093322

(optimum inter- +0.00383

spersed hydro-  Fabrication 4 093518 0.00383 0.00196 0.00010 0.00402 0.00873 0.94185
geneous modera- error +0.00422

tion and full »

water reflec- Boron content 5 0.93255 —0.00067

tion) error +0.00419
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Criticality Analysis of KSC-4 Spent Fuel Shipping Cask

B.I.Choi, H.S.Shin, C.M.Park and S.G.Ro

Korea Advanced Energy Research Institute, Daejun, Korea

Abstract -

The nuclear criticality of the KSC-4 shipping cask which can load four assemblies of PWR spent fuel
was analyzed using KENO-IV computer code and 19-group nuclear cross section set generated from 218-
group neutron cross section library(DLC-43/CSRL) using AMPX system. In accordance with 10CFR71,
the analysis was performed for fresh fuel assemblies, instead of the spent fuels, under both norml transpo-
rtation and hypothetical accident conditions.

The calculated maximum multiplication factors(Keff) of the KSC-4 cask were 0.85289 and 0.94185 for
the normal transportation and hypothetical accident conditions, respectively. The highest Keff of the KSC-
4 cask is within the subcritical limit prescribed in 10CFR71 and accordingly the KSC-4 cask is safely desig-

ned in terms of nulear criticality.



