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Abstract

This study is to estimate the ventilation volume by the traffic that originated from driving automobiles for
two tunnels(Kugi tunnel and Kumhwa tunnel) that adopted natural ventilation system among tunnels of Seoul,
and on the basis of which, we estimated the ventilation volume at various conditions. With the result of the
estimation, we will present the basic method that can be operated with the optimum condition for the ventilation
system.

Estimating the predicted ventilation volume in the tunnel by the pollutant concentration, we used traffic
volume and CO emission data by the automobile speed and CO concentration in the tunnel. And, when we
estimated the traffic ventilation volume by natural and traffic ventilation force, we used traffic volume,
automobile speed, tunnel area, automobile area data and so on.

As the result of simple regression between predicted ventilation volume and traffic ventilation volume, we
attained the regression coefficient 0.88, and achieved the relation form that predicted ventilation volume equal
0.12 x traffic ventilation volume—-92,000. Using this equation, we estimated the ventilation volume to satisfy the
enviromnental standards of several space, and calculated the required volume for mechanical ventilation.

In case of Kumhwa Tunnel, there is a need of mechanical ventilation all day long to satisfy air quality
standard 9 ppm for 8 hours average and 10 ppm for the indoor air quality standard of public facilities.
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Table 1. Scale of tunnel.
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Table 2. Speed of vehicle in tunnel. (unit: km/hr)

Scale
Tunnel - -
length(m)| width(m) |height(m) | lane
KUGI 610 9.6 7.0 2
KUMHWA| 555 9.0 6.8 2
direction —
for downtown © © © for outside
100m center 100m
~ 150m ~ 150m

Fig. 1. Sampling sites in tunnel.

Tunnel morningFfternoon evening |average
KUGI 60, 85 61,71 60, 00 60,85
KUMHWA/| 36.30 54,00 47.47 44,69
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Fig. 2. Traffic volume for outside.
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Table 3. Concentration of CO in tunnel.

Bd 2% o43% 5Yor wE 584 wz L9EZ Site | Time No. KUGI |KUMHWA
o) 2Eoz Wel7b] MR AOE WU E A worning | 1 5.9 9.2
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AugzE MRy 35F0l 4 wAZY 295kt E | : o e
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R afternoon 1 4.7 9.0
4.3 AHEI|YD DEHIY A | B2 P B
2.19 4 (1) o|83td 8 4FdM ¥zl o) I(\:I 14:00 average 7.3 8.3
dAZoz JNETT B F e WNFE s, g | evening 1 5.2 10.7
4 (2), (3)% o183t FFH7|Y A7 §r|%S o 183’0 3 1?-3 lg-‘;’
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= Ir 2 (o} . .
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3, BAY vige] Eojlew WHOE M Tt 7 E [afternoon 1 5.0 9.3
5 A4el BF FHo) 0.7m/soliem, of wge] N | 1300 2 7.8 | 1.9
. 5 T ~ 3 10.4 8.0
—~ o] Hu B_g_ ;14_ Z o] o] A . .
500~600me] Hd l_“'r AL%EMO"H 7_3T°“ }f E 14:00 | average 7.7 1.7
£43 AgreAd o8 gEHe Re ARdEtd AAF R evening 1 5.5 11.1
HEol Wa $rjygo] REF7 Yo vlsly nidlnz 18:00 2 7.7 19.8
T EA ¢ . Ed & o] 23Fo] B2 AL -~ 3 11.2 10.8
aetstal et Sl E7F0) £ A= 9 19:00 average 8.1 13.9
morning 1 6.9 14.6
2 08:00 2 11,2 27.3
« 5 ~ 3 13.3 11.4
5] é 1.51 09:00 average 10.5 17.8
3o E |afternoon 1 5.1 9.2
§ » 1 X 13:00 2 9.4 24,1
= E I -~ 3 13.4 11.0
§ 2 05 - T 14:00 average 9.3 14,8
> 0 /,,_,—-———r' evening 1 6.2 10.9
0 0.5 1 1.5 2 25 3 3.5 4 18:00 2 7.9 26.7
Traffic ventilation volume(x 10° m¥hr) ~ 3 11.7 13.2
19:00 .6 16.9
Fig. 3. Simple regression between actual ventilation average
volume and traffic ventilation volume. average 8.5 12.9
Table 4. Actual ventilation volume and traffic ventilation volume.
. . Actual Traffic Traffic
Traffic Speed Emission | Concen- ventilation | ventilation ventilati
Tunnel Time | volume (kr?)e/?lr) rate tration volume force evolum:n
3
(veh/hr) (m/ho) | (epm) b | G/t | (mi/hn
09:00 1,445 60.85 0.54 9.2 200, 291 3.69 2,656,631
KUGI 14:00 1,440 61,71 0.54 8.1 232,818 3.73 2,670,706
19:00 2,016 60, 00 0.76 8.3 330,143 5.08 3,115,931
KUM 09:00 1,718 36. 30 0.74 13.3 149,018 2.62 2,036,594
HWA 14:00 2,632 54,00 0.96 11.6 249,024 5.96 3,074,535
19:00 3,562 47,47 1.36 13.7 280,979 7.09 3,353,484
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Table 5. Standard of CO for several space.

Regulation Standard
Ambient air quality standard 9ppm/8hr
Ambient air quality standard 25ppm/lhr
Indoor air quality standard 10ppm
Subway air quality
recommendation 20ppm/8hr
Underground parking lot air
quality recommendation 50ppm/8hr
Work environment threshold
limit value 50ppm/8hr
Tunnel air quality 100ppm,/15min

recommendation
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Table 6. Required mechanical ventilation volume according to standards.

Standard _ .Reguired Correct.ed traffic Requi_red_ mechanical
Tunnel Time ventilation volume ventilation volume ventilation volume
(ppm) (m®/hr) {m?®/hr) (m*/hr)
09:00 216, 315 226, 868 - 10,553
9 14:00 167,338 228,557 - 61,218
19:00 253,110 281,984 - 28,874
09:00 154,510 226,868 - 72,357
10 14:00 127,496 228,557 -~ 101,061
19:00 189, 832 281,984 - 92,151
09:00 40,058 226,868 - 186,809
20 14:00 37,710 228,557 - 190, 847
19:00 54,238 281,984 - 227,746
KUGI 09700 29, 232 226,868 ~197.636
25 14:00 27,890 228,557 - 200,667
19:00 39, 965 281,984 - 242,019
09:00 12,432 226,868 — 214,436
50 14:00 12,115 228,557 - 216,442
19:00 17,257 281,984 - 264,727
09:00 5,784 226, 868 - 221,084
100 14:00 5,655 228,557 - 222,872
19:00 8,078 281,984 - 273,906
09:00 1,057,317 152, 463 904, 854
9 14:00 788,575 277,016 511,559
19:00 13,580,646 310,490 13,270,156
09:00 435, 366 152,463 282,903
10 14:00 430,132 277,016 153,116
19:00 1,234,604 310, 490 924,114
09:00 63,258 152,463 - 89,205
20 14:00 77,565 277,016 - 199,451
KUM 19:00 122, 348 310, 490 — 188,142
HWA 09:00 44,319 152, 463 ~ 108,145
25 14:00 55,017 277,016 - 221,999
19:00 84,352 310, 490 - 226,138
09:00 17,749 152,463 ~ 134,715
50 14:00 22,424 277,016 — 254,592
19:00 33,043 310, 490 - 277,447
09:00 8,071 152,463 — 144,392
100 14:00 10,263 277,016 - 266,753
19:00 14, 907 310, 490 - 295,583
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