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Study on Environmental Testing and Ventilation Design

Parameters of Extra-Long Tunnel
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Abstract: In order to explore the optimization of air environment and ventilation design parameters in China’s

extra-long tunnels, this study first analyzed the statistical data of pollutant emission from motor vehicles in
China, combined with literature research, and found that the concentration of NO, in China’s tunnels was
relatively high, and gradually became the most concerned pollutants in tunnel ventilation. In this study, a field study
was carried out in the Yanglin extra-long tunnel in Yunnan. The results show that the peak NO, concentration
exceeds the ventilation design limit by 2. 1 times during the test period, and the emission factors of CO, NO, and PM
of gasoline vehicles are 0.79 g/ (km « veh), 0.04 g/(km + veh) and 10. 0 mg/(km + veh), respectively. diesel
vehicles are 2. 18 g/ (km « veh), 1.27 g/(km + veh) and 149 mg/(km + veh), respectively. Compared with the
pollutant emission values of domestic and foreign tunnel ventilation design standards, it is found that the current
standard values in China are too large. According to the measured emission factors, the required air volume is
calculated, and the result is more than 50% lower than the required air volume in Guidelines for Design of Ventilation

of Highway Tunnel, which is similar to the required air volume in Standard for the Design of Road Tunnels,
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and the control item of the required air volume is NO, concentration. The results of this study can provide reference

for the calculation of pollutant emission and air demand in tunnel ventilation design in China.

Keywords: tunnel ventilation; tunnel measurement; pollutant concentration; emission factor; required

air volume
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Tablel Limits of automobile pollutant emission at
different stages in China
Hefe 5 CO/(g - km™)NO/(g - km™ ) PM/ (g - km™)
Brec A mat JERR JEMRL
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E 1 2004 2.2 — 0.2
I 2007 2.3 0.5 0.1
IV 2010 1 0.25 0.06
E vV 2018 1 0.18 0.004 5
[E VI a 2020 0.7 0.06 0.004 5
VI b 2023 0.5 0.035 0. 003
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Table 2 Statistics of partial measured results of air quality in extra-long tunnels in China

15 YL e FE I (L
Wk 36 %4 I s 1) Hi KE/m
CO/ppm NO,/ppm PM, s/ (mg - m™)

1l ) 2011 B 12 900 22.77 2.88 —
Jemh%iE > 2011 il 4 000 7.34 0. 843 0.333
2 IR > 2011 G 5 940 7.56 1.831 0. 687
ST 2011 S 3555 7.89 1.711 1.395
Flb— S hRiE 2016 S 6 120 6.08 0.79 0.78
A% 2017 =1 6 050 22 3.73 1.65
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=3 (EBXAEMN2014 SEMIZITIRE
Table 3 Pollutant design concentration of Guidelines
for Design of Ventilation of Highway Tunnel

b2 IEHATE T O
co 100 ppm
NO, 1 ppm
PM 0.007 m™'~1.49 mg - m™
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Fig.3 Instrument lay out at the sampling site

WA 2 B 6 b 8 N 2 K5 3449 CO  NO F1I
PM, , WREE XU 2giE i | E el A, DA TR 20
TEOLEZE T3 4 rp, DU SR RE A% I B2 1) d5e (LA
e/ IME 2 [ A7 B A R T RS BE RS 43 9 19 B
AN R AT R R R IR R, V5 ek
JEAEREE P LA 1 min B a] [6] 5 2 2 0 | XU 3 o
1 s D3I B P A R £SO &, T A {285 1
HIER K v, R R0 AT, I3 (] O A g 3
PIXUBIL, B DR R A 1) 25 SO 3l H 288 XU R
SR 7= Az, 28 38 St 0 2 0 A G B840 3 ok o 3
Wedss i £ EAT R AR AR o ZE R 0 oy Sl YO
HE(RARVE ) S (EAIR 4 P AT A R
T KRB MRl 4



690 b N R CTIRS R N &

o502 4

R4 WRLEFIFHE

Table 4 Test instrument details
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Fig.4 Changes of traffic flow and wind speed in tunnel
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Table 5 Comparison of emission factor conversion
80 km/h&2% CO/(g-km™ - veh™) NO,/(g - km™ - veh™) PM/(mg + km™ - veh™)
HA s WA e A e P S 4
PIARC 2019 0.51 0.75 0.014 0.40 16. 1 142.4
i B IERRUEY 2017 1.33 0.55 0.032 1.11 50.0 199. 8
ALY 2014 4.95 4.95 — — 296. 8 1113.0
S A 0.79 2.18 0. 040 1.27 10.0 149.0

(BEIE A5 E) 2017 B AH 56 2 50 it 47 75 K 1T
X,
4.1 BEXRER

MR IE T T 2012 48 %I 2 2% iR 38

ASHH IR 6 % 7 iR,
F 6 BHBEBERXTEMIEITRE
Table 6 Design concentration of ventilation pollutants

in Yanglin tunnel

Sbm i A (1) (2 % B 18 XU BT T AL IEHATH: B2 P
LY (JTJ026. 1—1999 ) 5 (2) {2~ I F% & 1% 11 #L Ve YLy WEE/(km - h") W/ (km - h')
) (JTID70—2004) 5 (3) 22 i b% 16 38 KL% i 4 80 60 40 30
W) (JTG/TDXX—2010, £ H K)o MHEE T cojpom 100 100 100 150
80 km/h .60 km/h 40 km/h 30 km/h 174 T F PM/m-! 0.007 0.0075 0.009 0.012
< _ — — NN m . . . .
BB CO M PM TG Wi, s ey it il 5
RT BRBERNZBEMZEAN
Table 7 Predicted traffic volume and traffic composition of Yanglin tunnel
BOAERR i /N SE @ B/ (peu - h7') - /NER BT PR e RERTT O BEERM NE ORE
2023 4F 1 661 13.50% 4.70%  4.70% 12.20% 4.10%  2.70% 52.80% 5.30%

4.2 FREUERSE
% 38 75 29y 5 R T e X T et (4)
Lo (foofusf) s (L XN, - f)

Q:(ImﬁxTX S
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We— R B, A DUREL S, R B AR
So PR R L ORI N, R R R
SGEALf, NEBIFRE G n R B S s
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Table 8 Values of the baseline emissions of each pollutant
HYY) FHEUEAR 80/(km +h™) 60/(km-h"') 40/(km-h™") 30/(km-h")
JED 2000 10.5 8.75 8.75 8.75
CO/g + km™ - veh™ TEQ 2023 0.79 0. 66 0. 66 0. 66
FE® 2010 1.71 1.63 1.79 1.82
JED 2000 — — — —
NO,/g » km™ - veh™ Fk@ 2023 1.27 0.76 0.50 0.38
TE® 2010 1.54 1.56 1.65 1.81
y:3:30) 2000 7.40 4. 40 2.90 2.20
PM/m* + km™" - veh™ L@ 2023 0.70 0.42 0.27 0.21
HEG 2010 0.83 0.51 0.26 0.17

x99 BERMITERE(FEEERT)RE
Table 9 Value of each pollutant reduction rate
( annual correction factor)

154 AR MR B4R (2023)
7D 2000 23 0. 63
coO  HEO@ 2023 0 1.00
FEG 2010 13 0.52
@ 2000 23 -
NO, @ 2023 0 1.00
FE® 2010 13 0.37
7D 2000 23 0. 63
PM Q@ 2023 0 1.00
FHiEGQ 2010 13 0.23
P e 759
o NN}
600 & NO,
— 519.80
%, 500
£ 200
i)
= 300
e
200 X
102.88 &
100 6229 552 42.60
. vl NN AN
FEDO FEQ FEG

E 8 HHBEIE 2023 FEREITHEERITEE
Fig. 8 Comparison of calculation results of required

air volume of Yanglin tunnel in 2023
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