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A study on simulation modeling of the underground space environment- focused
on storage space for radioactive wastes

Changwoo Lee

ABSTRACT In underground spaces including nuclear waste repository, prediction of air quantity, temperature/humidity
and pollutant concentration is utmost important for space construction and management during the normal state as well as
for determining the measures in emergency cases such as underground fires. This study aims at developing a model for
underground space environment which has capabilities to take into account the effects of autocompression for the natural
ventilation head calculation, to find the optimal location and size of fans and regulators, to predict the temperature and
humidity by calculating the convective heat transfer coefficient and the sensible and latent heat transfer rates, and to estimate
the pollutant levels throughout the network. The temperature/humidity prediction model was applied to a military storage
underground space and the relative differences of dry and wet temperatures were 1.5 ~2.9% and 0.6 ~ 6.1%, respectively.
The convection-based polilutant transport model was applied to two different vehicle tunnels. Coefficients of turbulent
diffusion due to the atmospheric turbulence were found to be 9.78 and 17.35m’/s, but measurements of smoke and CO
concentrations in a tunnel with high traffic density and under operation of ventilation equipment showed relative differences
of 5.88 and 6.62% compared with estimates from the convection-based model. These findings indicate convection is the
governing mechanism for pollutant diffusion in most of the tunnel-type spaces.

Key words : simulation modeling, underground storage space, radioactive waste, natural ventilation, temperature
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Fig. 1. Flowchart for calculation of the natural ventilation
pressure
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Table 1. Simulation results of temperature and humidity
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Measuring Measured data Estimated data Relative error(%)
Location t (:iry) t (Owet) humidity =~ wetfraction t ((firy) t (:vet) humidity t (flry) t (Xvet)
(C) (0) (%) (%) (0 (C) (%) (C) (C)
outside 28.0 24.8 77.4
T1 17.5 16.8 93.4 20 172 16.9 97.1 1.7 -0.6
T2 17.3 16.5 92.5 25~30 17.0 16.1 94.2 1.7 24
T3 16.8 16.0 92.4 30 16.7 15.5 88.6 1.5 3.1
T4 16.8 16.1 93.3 80 16.4 15.1 87.6 2.4 6.1
TS 17.0 16.3 933 35 17.5 16.9 94.4 29 -3.7
T6 22.5 21.0 87.8 40 23.1 220 91.1 2.7 -4.8
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Table 2. Results of diffusion experiments at Baekyang
tunnel

Case 1 Case 2
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Dispersion duration(sec) 90 90
Dispersion distance(m) 1000 1000
Max concentration(ppm) 62.4 35.8
Mean air velocity(m/s) 2.55 2.86

Peak arrival time(sec) 392.8 349.8
Diffusion coefficient (m’/s) 9.78 17.35
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