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A Study on Natural Ventilation by the Caloric Values of HLW
in the Deep Geological Repository

Jang-hoon Roh, Heui-joo Choi, Yeong-seok Yu, Chan-hoon Yoon, Jin Kim

Abstract In this study, the natural ventilation pressure resulting from the large altitude difference which is a
characteristic of high radioactive waste repository and the caloric value of the heat emitted by wastes was calculated
and based on the results, natural ventilation quantities were calculated. A high radioactive waste repository can
be considered as being operated through closed cycle thermodynamic processes similar to those of thermal engines.
The heat produced by the heating of high radioactive wastes in the underground repository is added to the
surrounding air, and the air goes up through the upcast vertical shaft due to the added heat while working on
its surroundings. Part of the heat added by the work done by the air can be temporarily changed into mechanical
energy to promote the air flow. Therefore, if a sustained and powerful heat source exists in the repository, the
heat source will naturally enable continued cyclic flows of air. Based on this assumption, the quantity of natural
ventilation made during the disposal of high radioactive wastes in a deep geological layer was mathematically
calculated and based on the results, natural ventilation pressure of 73~173Pa made by the stack effect was identified
along with the resultant natural ventilation quantity of 92~143m’/s. The result of an analysis by CFD was 82~143m’/s
which was very similar to the results obtained by the mathematical method.

Key words High radioactive waste repository, Natural ventilation pressure, Natural ventilation quantities, Stack effect,
CFD, Deep geological layer
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Fig. 1. Schematic diagram of underground repository system
with heat source (McPherson, 1993)
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Table 1. Information of HLW repository

AL

Wl ue 4wy AT

20,000ton A-waste B-waste C-waste D-waste
Repository location 200m level 500m level 200m level 200m level
Quantity of heat
(kW/tunnel) x 38 5,174 6,523
Number of tunnel 2 16 2 1
Ventilation system x x O O
Tunnel Area
WH(m) 5.3x5.0 4.0x4.1 7.0x6.0 7.0x6.0
Tunnel length (m) 200 220 130 130
Period of heat(year) X 100 40 40
Shaft Four shaft(diameter 5~6m) : Air intake, Return, Human path, Waste path
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Fig. 2. Design of Calculation for Natural Ventilation
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Fig. 3. The coefficient of friction varies with height of
roughness divided the hydraulic mean diameter, e/d
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Fig. 4. Calculation of Natural Ventilation Quantity using
Iteration Method
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Table 2. Heat property of rock in KURT

Table 3. Condition of CFD (Phoenics 2010)

Simulation Program

Phoenics 2010

Domain material

20C, latm air

- 3
Density 2640kg/m et < Rock 450x300x500(m)
- - omain size
Piosson ratio 0.25 Air 450x300x200(m)
Specific heat 1000J/kgC Grid 108x79x42
Thermal conductivity 2.9W/mC bl Model LVEL
Thermal expansion coefficient 8x10°/C ubuiance Mode (Local Velocity Model)
Roughness 0.775m Iteration 3000/steps

Heat transfer coefficient 4.73W/m*- C Heat source Steel at 27 deg C (C=1%)
Velocity, m/s Velocity, m/s

14.29177 14.30708

k 13.40398 L 13.42129

12.51619 12.53550

11.62840 11.64972

10.74060 H 10.76393

9.852813 b 5 878144

8.965021 H . 992358

J 8.077229 B s 106571

7.189437 H 7. 220785

6.301646 B ¢ 531000

5.413854 H 5 449213

4.526062 H 4 563426

3.638270 5619699

2.750478 2.791853

1.862687 1.906067

0.974895 1.020280

0.087103 0134408

[1000KW, Quantity of Air : 82.27m%/s] [2000KW, Quantity of Air : 102.35m’/s]

Velocity, m/s Velocity, m/s

‘ 14.32068 ‘ 14.32297

13.43683 13.44024

12.55297 12.55752

11.66912 11.67479

10.78526 H 10.79207

9.901409 H 9.909342

9.017554 H 9.026617

l 8.133699 l H 8.143892

7.249845 [| 7-261168

6.365990 H 6.378443

‘ 5.482136 H 5.495718

4.598281 H 4.612994

3.714426 3.730269

2.830572 2.847544

1.946717 1.964820

1.062862 1.082095

| 0.179007 | | 0.199370

[3000KW, Quantity of Air : 130.25m3/s] [1000KW, Quantity of Air : 143.36m3/s]

Fig. 7. Result of CFD(Phoenics 2010)
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