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A Study on the Prediction of HLW Temperature
from Natural Ventilation Quantity using CFD

Jang-hoon Roh*, Yeong-seok Yu, Seung-hyun Jang, Seon-oh Park, Jin Kim

Abstract This study predicted temperature in the disposal tunnels using computational fluid dynamics based on natural
ventilation quantity that comes from high altitude and temperature differences that are the characteristics of high
level waste repository. The result of the previous study that evaluated quantitatively natural ventilation quantity
using a hydrostatic method and CFD shows that significant natural ventilation quantity is generated. From the result,
this study performed the prediction of temperature in disposal tunnels by natural ventilation quantity by the caloric
values of the wastes, at both deep geological repository and surface repository. The result of analysis shows that
deep geological repository is effective for thermal control in the disposal tunnels due to heat transfer to rock and
the generation of sufficient natural ventilation quantity, while surface repository was detrimental to thermal control,
because surface repository was strongly affected by external temperature, and could not generate sufficient natural
ventilation quantity. Moreover, this study found that in the case of deep geological repository with a depth of 200
m, the heatof about 10°C was transferred to the depth of 500 m. Thus, it is considered that if the high level waste
repository scheduled to be built in the country is designed placing an emphasis on thermal control, deep geological
repository rather than surface repository is more appropriate.
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Table 1. Proposed temperature criteria in Yucca Mountain

Site”
Item Temperature
Human access maximum temperature 48C
Human full shift occupation (8 hours) 25C

Instruments, monitoring equipment,

; .. 50C
and remote access equipment limit
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Table 2. Information of HLW repository
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20,000ton A-waste B-waste C-waste D-waste
Repository location 200 m level 500 m level 200 m level 200 m 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 WxH (m) 5.3%5.0 4.0x4.1 7.0%6.0 7.0%6.0
Tunnel length (m) 200 220 130 130
Period of heat (year) X 100 40 40
Shaft Four shaft(diameter 5~6 m) : Air intake, Return, Human path, Waste path
-
AIR AIR
200m
7
200m
v
RS
Shaft
200m
500m
100m
Surface )
[ ~]
v ! 150m 7

450m

Fig. 1. Domain of Deep geological repository for PHOENICS
Simulation

Fig. 2. Domain of Surface repository for PHOENICS Simulation
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Fig. 3. Section number of the Deep Geological Repository for temperature analysis
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Fig. 4. Section number of the Surface Repository for temperature analysis
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Table 3. Heat property of rock in KURT®

Density 2640 kg/m3
Piosson ratio 0.25
Specific heat 1000 J/kgC
Thermal conductivity 2.9 Wm'C
Thermal expansion coefficient 8x10°%/C
Roughness 0.775 m
Heat transfer coefficient 473 W/im*-C

Table 4. Condition of CFD (Phoenics 2010)

Phoenics 2010
20C, latm air
Rock 450%x300x500 (m)
Air 450x300%200 (m)
Grid 108x79x42

Tubulance Model k-eModel
3000/steps
Steel at 27 deg C (C=1%)

Simulation Program

Domain material

Domain size

Iteration

Heat source
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Fig. 5. Comparison of Temperatures in the Deep Geological
Repository
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Fig. 6. Heat transmission of 500 m Rock [1000 KW]
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Fig. 7. Heat transmission of 500 m Rock [2000 KW]
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Fig. 8. Heat transmission of 500 m Rock [3000 KW]
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Fig. 9. Heat transmission of 500 m Rock [4000 KW]
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Fig. 15. Comparison of the Air Temperature in Repository
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