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ABSTRACT

In view of the unreliability of spent fuel pool (SFP) during the accident of
Fukushima nuclear event, many countries pay more attention to the development and
application of dry storage (DS) technology due to the passive cooling mechanism can
provide a safety and reliable cooling ability for the spent fuel storage. In this project,
the data related to the DS system, natural disasters (e.g., landslides, debris flow and
tsunamis) and their combinations have been collected and applied to construct the
scenarios and analysis cases. Furthermore, a high accuracy Computational Fluid
Dynamics (CFD) methodology has also been developed and validated for the
thermal-hydraulic evaluation of fully covered case. The results show that the
temperature of fuel in the INER-HPS and KSDSS system will exceed the limit (570"
C) at 78 and 36 days, respectively. Since the serious scenarios have been
investigated by the CFD simulation, all findings and experiences have be concluded

for the field of fuel integrity and the structure of TSC evaluation.

Keywords: Fukushima, SFP, DS, CFD
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23 HRER

AmAFi- R A FCRT AN BRETEY AR T AP LR
[1, 2] o= sz & A ehf @M oW § 8 m L e B4 a & 0 © A Y
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231 AR B

AR PR o RPBL T L REk R IR 2
G F R GE BT EEARY P UL P S oA AT E T2 R 4T £[1,2]
ST

403 kB EpE

& & (K)

300 320 340 350 360 373.15

DENSITY | 997 009 | 989.120 | 979.4319 | 973.710 | 967.118 | 957.854
(Kg/m3)

Cp

(IKg-K) 4179 4180 4188 4195 4203 4217

VISCOSItY | g eee 4 | 5.77e-4 | 42004 | 3.65e-4 | 3.24e-4 | 2.79-4
(N-s/ m2)

Thermal
Conductivity 0.613 0.640 0.660 0.668 0.674 0.680

(W/m-K)

Thermal
Expansion 3.365e-4
Coefficient
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L4 FFRaRy

& 1 (K)

300

400

500

600

700

800

DENSITY
(Kg/m?®)

0.1625

0.1219

0.09754

0.0834

0.06969

0.0611

Cp
(I/Kg-K)

5193

Viscosity
(N-s/ m?)

1.99e-5

2.43e-5

2.83e-5

3.20e-5

3.50e-5

3.82e-5

Thermal
Conductivity
(W/m-K)

0.152

0.187

0.220

0.252

0.278

0.304

Thermal
Expansion
Coefficient

3.33e-3

N

% 5 7

FARBEY

& & (K)

300

400

500

600

700

800

DENSITY
(Kg/m’®)

1.1614

0.8711

0.6964

0.5804

0.4975

0.4354

Cp
(J/Kg-K)

1007

1014

1030

1051

1075

1099

Viscosity
((N-s/ m%)

1.846e-5

2.301e-5

2.701e-5

3.058e-5

3.388e-5

3.698e-5

Thermal
Conductivity
(W/m-K)

0.0263

0.0338

0.0407

0.0469

0.0524

0.0573

Thermal
Expansion
Coefficient

3.33e-3

232 FHH QLY

RS TIEIR ¢ ded & BATRLA 3 MMk Ao F AR ML 4

FEEE U ST RED AL E o AR P2 A AT

P

%06 ¢ 3 BFE(NS-A)# @1

FoB BB NS-4-FR NS-3
Conductivity (W/m-K) 0.65 0.85

Density (Kg/m®) 1630.40 1718.98
Specific Heat (J/Kg-K) 1335.55 623.82
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207 7 448304 2 304L)% B 4 1

25

i & (K)
OB oF M
296.72 352.27 463.38 546.72 657.83
Conductivity (W/m-K) 15.05 16.09 18.00 19.21 20.76
Density (Kg/m®) 8016.37 | 7994.22 | 7949.93 | 7908.41 | 7858.59
Specific Heat (J/Kg-K) 483.98 503.24 533.38 550.13 567.30
Emissivity 0.36
% 8 m4m (A-36 ~ A-533 2 SA-588)4 i 454
i & (K)
B o M
296.72|352.27|463.38|518.94|630.05| 685.60
Conductivity (W/m-K)[41.36 |41.59 |41.88 |41.01 |38.77 |37.54
Density (Kg/m®) 7861.36
Specific Heat (J/Kg-K) 473.10
Emissivity 0.8
2 94 B ek Bt
® E (K
T T = o
371.45 | 477.55 | 578.15 | 605.35
Conductivity (W/m-K)|33.87 [31.69 |25.12 [20.93
Density (Kg/m®) 11380
Specific Heat (J/Kg-K) 125.60
Emissivity 0.28




% 10 48 & 4 (6061-T65L)%: (@ 444+

e B (K)
OB B OB
352.27 | 407.83 | 463.38 | 518.94 | 574.49 | 657.83
Conductivity (W/m-K) 171.30 [174.00 |176.28 |176.28 |176.28 |176.28
Specific Heat (J/Kg-K) 962.94
Emissivity 0.22
2 114 & £ B30
B B (K
Bo® B P = 9
392 572 752 932
Conductivity (W/m-K) 14.33 15.16 16.61 18.06
Density (Kg/m®) 6560.36
Specific Heat (J/Kg-K) 301.44 309.82 318.19 330.75
Emissivity 0.75
Fo 12 7l (UOp) 4 i 43 1
i & (K)
#FoB B B
296.72 |383.94 |508.94 |633.94 758.94
Conductivity (W/m-K) 789 |7.20 575 4.90 4.40
Density(Kg/m®) 1578 |1716  |1855  [1965  |2021
Specific Heat (J/Kg-K) 1658
Emissivity 0.85
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% 13 RES G P

i i (K)
E = S
296.72 352.27 407.83
Conductivity (W/m-K) 1.89 1.85 1.79
Density (Kg/m®) 2243
Specific Heat (J/Kg-K) 837.4
Emissivity 0.9
Absorptivity 0.6
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