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Abstract

In this project, thermal-hydraulic experiments, critical experiments and
numerical analyses of the experiments were carried out for the purpose to enhance
technical knowledge concerning severe accidents in spent fuel pools (SFPs) where
the water level of SFP abnormally decreases

In the thermal-hydraulic experiments, the following two tests were
performed using BWR mock-up fuel bundles to examine cooling characteristics of
spray which is used as the mitigation system against severe accidents in SFP. In
the spray cooling tests, the exposed and heated mock—up bundle was cooled by spray
injection and changes in surface temperature distributions on fuel rods were
measured. As a result, data were obtained on spray cooling characteristics in the
axial direction including quench front velocity. In the spray flow distribution
tests, the water was sprayed onto the mock-up bundles with upward gas flow (air
or steam) and the amount of water falling into the mock-up bundles was measured
during the tests to obtain the information on the condition of counter—current
flow limit.

Numerical simulations of the thermal-hydraulic experiments were performed
using system analysis codes and computational fluid dynamics codes, which provided
useful information including research subjects for modelling of spray cooling to
improve evaluation methods

Mock—up critical experiments were performed with three different storage
racks simulating a low moderator density postulated under severe accidents in SFP
and, as a result, criticality data were obtained depending on rack materials and
geometries. The experimental data were analyzed by criticality safety assessment

codes and the codes were validated under the low moderator conditions in the SFP.
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NCA
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SUS
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Bottom of Active Fuel
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Counter—Current Flow Limitation
Computational Fluid Dynamics
Emergency Core Cooling System
Toshiba Nuclear Critical Assembly
Spent Fuel Pool

Steel Use Stainless

Top of Active Fuel
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F2.1.1.1 ARBRFBOFEH
Table 2.1.1.1 Detail of the test section
IRTGA—H i

R AR

b—& oy NAME 11mm

= I N I iE 14mm

WEEME A v I FI

b=y NG MgO

E—Zny AR 3708mm

C/B Mg 102mm
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Table 2.1.1.2 The experimental conditions
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Table 2.2.1 Spray injection rate into fuel assembly in CFD analyses

fiRAT S A BAT LA FLEITxt
WIS | AR RRIBE | TOBBESERNA~
[mm)] [kg/s] [C] DIEANEDHE

HAR T —2A 3.0 0.0175 158 40.3%
JEEr— 21 1.0 0.0175 158 46.2%
K i — 2 2 3.0 0.0150 158 41.1%
S — A 3 3.0 0.0200 158 39.9%
SR — X 4 3.0 0.0175 208 40.2%
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Table 2.3.1 Rack types in BWR SFP and criticality control
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Table 2.3.2 Main features of NCA
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Table 2.3.3 Calculation condition for critical experiment analyses
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SCALE-6.1 e T AL — ENDF/B-VII
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/238 FET R /LF
—FE T Iu
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Table 2.3.4 Averaged eigenvalues and standard deviations

HH AL 7 v 7
i R 1 B
MVP-2.0/JENDL-4.0 0.9986 0.1084 %
MVP-2.0/ ENDF/B-VII 1.0007 0.0935%
SCALE-6.1/ ENDF/B-VII(238 ) 0.9988 0.0975 %
SCALE-6.1/ ENDF/B-VII(GEL#i) 1.0001 0.0750%
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