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The concrete cask storage system stores spent fuel by first sealing it within canisters and then containing such canistersinside a
concrete cask.  This report describes the results of a full-size model test performed to examine the heat dissipation characteristics
of the concrete cask and to ascertain its ability to deal with elevated temperature.

The specification to which a full-size concrete cask model was fabricated assumed an interim storage of 17x 17UQ, fuel that
was burned in PWR, estimating the heating value of spent fuel containing canister to be approximately 20kW apiece. The test,
which actually covered canister heating values ranging from 10kW to 30kW per unit to allow for temperature variations likely to be
experienced in actual operation, verified that the concrete cask member did not exceed temperature limits. Test condition
anticipated highest air temperature inside the spent fuel storage facility to be 30 and, with reference to existing standard, set
temperature limitsof 65  or less for the main body of concreteand 90  or less for thelocal part as criteria.

Preliminary 3-D thermo hydrodynamic analysis done prior to the test indicated that the temperature of the local part of the
concrete cask member would be below 90 . It aso confirmed that steel material used as the structural member of the canisters or
concrete cask would remain around 200  even in an area where it was highest, validating that the integrity of such material would
pose no problem from the analytical point of view.

Heat dissipation performance test conducted in steady state verified that the concrete cask was able to have a sufficient cooling
capacity against per-canister heating values in the 10kW to 30kW range which had been chosen in anticipation of temperature
variation thought to be encountered in actua service. Also, to examine the consequence of the concrete cask having lost its
cooling ability, another heat dissipation test was carried out under condition simulating the closure of half of the cask’s air supply
ports. The test showed that the concrete cask would increase just 10 to 15  in temperature throughout on the side where such
closure occurred and the surface temperature of the canisters would rise to no more than 90 , indicating that there would be no
such temperature rise that affects the soundness of the members of these components.
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Tablel Temperature criterion of concrete member

Concrete temperature

Domestic Regulation

ACI-349 Appendix A

Normal
operation or
any other long
term period

65

Normal operation or any
other long term period

Local area

0

Accident or any
other short term
period

175

Accident or any other short
term period

Local area

350

Tablel

Table Fig.
PWR

24

20kW

Table2 The main specification of concrete cask

17x 17U0,

17x17 UO2 fuel (PWR)
Burnup :55G  d/t
Storage fuel
2lassembly /canister
25k [canister
Canister Double lid welded construction
] 4.5m (overal height)
Size
1.7m (outside diameter)
Weight 15ton (not charge the fuel)
Concrete cask Steel plate (concrete) structure
] 6.0m (overall height)
Size o
3.5m (outside diameter)
Weight 120ton
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Fig.1 Concept of concrete cask and canister
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Fig.2 Cooling examination system
Table3 Aging of canister heat generation
Unit: kW
Burnup fi ac,[lor:g 0 year Storage 20 year Storage 40 year Storage
Burnup 1.0 19.1 12.1 8.7
:50GWd/t 1.15 234 14.4 10.2
Burnup 10 21.7 13.6 9.7
:55GWd/t 1.15 26.7 16.4 115
(condition)  Fuel type :17x 17 UO, 55GWd/t
Cooling term :Ten yearsin power plant
Number of spent fuel :21/canister
Peaking factor ‘midrange 1.15  upper and lower edge 1.0
Decay Heat :based on ORIGEN2 code.
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s e TK :Skin temperature of canister
. . TW :Skin temperature of steel plate
a0 ] TC :Concrete temperature

Lo, o TCO . TG :Temperature of air

RN = W« | Q\ATK ! TQ :Temperature of}surﬂaae air

< N QH :Heat flow velocity

PD :Differential pressure

Fig.3 Temperature distribution measurement point
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Fig.4 Three dimension ther mal hydraulics analysis model
3
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Tabled
Tabled Result of Cooling performance analysis with normal condition
Canister heat generation condition
Note
10kwW 20kwW 30kW
Air Outlet Temperature | Inhalation+25 Inhalation +44 Inhalation +54
Temperature
and velocity Flow rate 0.331kg/s 0.426kg/s 0.485kg/s
Canister body 88 (108 ) 138 (158 ) 172 (192 ) 0)
Canister/Cask L .
Temperature Cask steel lining 31 (51 ) 44 (64 ) 52 (72 ) grcl)halat;icr)n of
Concrete body 30 (50 ) 43 (63 ) 47 (67 )
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Fig.5 result of thermohydrodynamic calculation
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Fig.6
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45Pa(0.45mmAaq)

15.4kwW 20 kw
7

20 kw

Temperature rise of the cooling air( AT) [°C]
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Table 5. Result of Cooling performance test result with normal condition

Canister heat generation Not
ote
10kwW 20kW 30kW
Outlet
Temperature 23 +38 51
Air Temperature and Flow rate 0.33kgls 0.40kg/s 0.44kgls
velocity Velocity incaskl  0.50m/s 0.64m/s 0.73m/m
Fluidic
resistance 0.28mmAq| 0.46 mmAq | 0.53 mmAq
For Air 7.5 kW 15.4 kw 23.1 kW
(77%) (77%) (77%)
Hest Flux For cask lid 0.8 KW 1.6 kW 2.4 KW
For cask body 1.7 kW 3.0kW 45kwW
Canister body 11 167 207
Cak — steel | g5 75 9% .
. lining Inhalation
Canister/Cask temperature .
Concrete 47 63 79 of 30 air.
body
Outlet
Temperature 30 30 30
3
3.33kw 50
11.8kwW 5.1kwW
0.2kw
4.6kw
75 Fig. 5
30 90
20kW
90
167 10 30kw
167
Table5
4.5m 3.3m 2
40 75
Fig. 5
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30 12 13
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Ea X ///‘//W
4 77 73
Fig.7 Examination system —half of air inlet in blockage-
10
20kW
20kW
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Table6 Influence of char ge blockage on cooling performance
20kW of canister heat generation
Measurement item Note
Normal condition Plug half air-inlet
Inhalation Inhalation
Outlet Temperature +38 +51
Air Flow rate 0.40kg/s 0.29kg/s
Temperature and
Velocity Velocity in Cask 0.64m/s 0.46m/s
L . 4.6Pa 7.7Pa
Fluidic resistance (0.46mmAq) (0.77mmAq)
For Air 15.4kw (77%) 14.6kw (73%)
Heat Flux For cask lid 1.6kw 1.7kW
For cask body 3.0kwW 3.7kW
Canister body 167 178
Canister/Cask . . .
temperature Cask steel lining 75 94 Inhalation of 30  air.
Concrete body 63 79
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Table7 Airflow velocity and thermometry result - half of air inlet in blockage -
o Airinlet Air outlet
Direction Temperature Flow velocity
Temperature
0° 275 1.6 m/is 0° 275
90° Blockage 7 90°
180° Blockage 77 180°
270° 275 1.7m/s 270° 275
o
Blockage situation of air inlet !
. /.Q -

With the stopping board
Air inlet is stopped

15
180
Fig.8
Table7
15
90
10
20kwW

N
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| 180°

20kW
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