Appendix 4.6a

Detailed Calculation of In-Tunnel Air Quality

for the Long Section of the Underpass

Tunnal Parametar
Cing way, One lans

Leragih L = 230 m

Height H = g9 m

Whidth W = g m

Cross-secbonal area Ay = Hx W=

Perimeier P = 34 m
Emissicn Data

Traffic flow = &27T veh'hr

Traffic Breakdown M GCanTaxi

Zh vehicle b Y
My, Emiszion Faciar 046 .8
{EURD 3)

Taotal NG, emission factor
Tatal MO, emission rate

1.707 glkmfeah

& m

Minibus LY HGW Bus
G 11 4 i
1.67 1.35 4.67 a.44 glkm

tedal MOy, emission factor x fraffic flow x tunned length x MO, conversion factor
where conversion facios =

12.5%: (intheding tzilpipe MOy, emission taken as 7.5%

af MOy and 5% of NN, for tunnel air)

0.O0B548 gloes

Vizhicle Data

Moménal dimensions of vehicles are given in Transpant Planning and Design Manual, Vol. 2 as;

Wim H fm
Cara and Taxi 1.7 1.5
Light Bus s 3
LGy 21 1.8
HGEY 2.5 4.6
Bus Pl 4.5

® Mo dimansions Far molor cycle are provided,

L {m
4.6
8.5
6.2
16
12

* Far the purpose of his study, the dimensions of mator cyche are assumad to be the same as private car.

kaminal crosg-sectional area Az = (003#0.67)"1.771.5+0.06"2°340.11°2.1*1 .6+ {0.05+0.08)"2 54 &

= 40085
Tunmel Ajrflow
Far Uni-directional Traffic,

FPush Force by vehiches:

Reslsting Force by lunnel: |
Fim 5

Exiarmal Wind at the Entrance and Exil Porfals:
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Eror-ffzros
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“ealociy of alr flow in tunnal, més
Vehiche drag cosfliciant

Vehicle frontal area

Moo of vehicles In tunnel

Inlat loss coefiicient

Chatled logs coefficient

= Tunndg friclion factor

Length of tunne

Hydraulic dlameter of lunnel =
Crass-sactional area of tunnel
External wind coedficient
Vieledity of wind

4 P

0,545
4.0085 m*

0.5

1.0
0.0155
230m

B.4T05858 m, P is the Perimeter of tunnel

72 m*
0.3
238 mis (Weighted average of 1534 Junk Bay Stafion data)

Angle of the wind velocity compaonent parallel b the roadway

For the worst scenario, only external wind al lhe exit portal is considered and the wind is parzllel 1o the roadway,

Fores balance :
Solving the eguation,

wiherg

unnel air flow velaciy Ve

a=C,AN=-(K_+K_, +’E'}f4_r
be i 20 ANV,

e=C AN - C 24,

Far narmal traffic condition

Fe = Fr=Fy =0

f?l-"':.--l + B, +o=0

frafis o @ = 01FET vehls

Wiehiche spesd Ve

Mumber of vehicles in funnel W = QL
= 25847
Sohing for Vo by equation (1)
B o= 13054
b= -HTED
¢ o= 1316.52

L]

20 kmvh
13.88808 mis

2477581 mizec

{1

ar

-4.36113 misec
(rezjecied)

Inside tunnel concentration = emission rate / (tunnel air flow x underpass cross-sectonal area)
= 47.02112 ugm®

For congested traffic condificn

Vihicle speed Vo = 10 km'h
= 2F7ITTE mis
average length of velicle = (0.03+0.67)4.6+0,06°6.5+0.11°5. 240,05 1640, 0812

5842 m
distance belween vehicle = 1m
head ta head lenglh = G542 m

Mursber of wehicles per lane = 3313166

Mumber of vehicles in funmel M

|
33131es

Mumber of lanes

Sohving for Wy by equalion {1)

a = <5262
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b = 47E03
¢ = 53380
funnel gir flow valocity Ve = 1017429 misec or =10, 06543 mfsec

[resecied)

Inside tunnel concentration = emission rate / (lunnal air fow & underpass cross-seclional area)
11665934 uo'm®™

Background Concantration

Four assessment points (ASR P1-P4) al the boundary of the Long Section of the underpass are chosen (see Figure A3).
Liging CALINEZ maodal, the NO2 concentrations &t the 4 assessment points at different levels are caloulaled,

Sample ouipul file is shown in Apgendix 4.7,

The highest concentration among the four assessment points is assumead to be the background NO2 concentration inside
v Long Seclion of the underpass.

Without proposed noise harrers
WO2 Concenlralions (ug/m3) at Various Levels

ASHS balow Lei Yue Mun Road

0m 4.5m Arn

P1 a2 Jizg 306G

P2 3445 3655 i24

F3 a0 403 401

Pd 383 320 2BG
The highest background concentration is 403 ugim3

With profgeosed noise barriers:
MWOE Concentrations (Ugim3) al Various Levels

ASRs below Lei Yue Mun Road

{am 4.5m m

F1 270 324 393

P2 2548 30 244

P3 250 403 401

=¥} ae3 340 ang
The highest background concentration i 403 ug/m3

Owrall Maximum NO2 concentration ingide

the Underpass under Normal Condition
= 4B+ 403 ugim3
= 431 wefmd

Cwarall Maximum NO2 concentration inside

the: Unclerpass under Worst Condition

197 + 403 ugfm3
20 ugim3
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