Appendix 4.6b Detailed Calculation of In-Tunnel Air Guality
for the Short Section of the Underpass

Tunnel Parameatar
e wany, e lans

Lengih L = 48 m
Height H = 8 m
Wiidlih W = Em
Cross-zeclional area dp = H x W= Toom’
Ferimeter P = 3m
Emission Data
Traffic: flow = G27 weh'hr
Traffic: Breakdown MG CanTaxi  Minibus LW HIGY Bus
2% wehicle 3 ar g i1 5 i
M, Emission Factor 046 0.6 1.67 1.35 4.67 B.4d glkm
(ELIRCY 3)

Tatal MO, emission factor
Tedal MO, amission rate

1.707 gikmivah
total MOy, emission facior x traffic flow x bunnel length < MOy conversion factor
where conversion facior = 12.5% (including failpipe O, emission faken as 7.5%
of MOy and 5% of NOJMNO, for funnel i)
2001784 gizec

Wahicle Data

Mominal dimensions of vehicles are given in Transport Flanning and Design Manual, Vel. 2 a5

Wim H/m L /m
Cars and Taxi AT 15 4.5
Lighl Bus 2 3 4.5
LG 2.1 1.6 5.2
HEY 25 4.6 16
Bus 25 2.0 i2

* Mo dimensions or motor evcle are provided,
* For the purpose of this study, e dimensions of moter cycle are assumed to be the same as private car.

Neminal cross-sectional area Az = (0.03+0.67)1.71 540,062 34+0.11°2.1*1 6+(0.054 DOEP2.5%4 6
= 40006 m°
Tunmal Airflow
For Unisdirectional Traffic,

Push Force by vehicles: I e :
F, Sl ”ft =¥ C AN

Resisting Force by tunnel: ]

. - r L

External Wind al the Entrance and Exit Porals:

—

l 2
Fy = q 2 CplVy cosg) A,

wherg o 1.2 ugim?

Vi

Ar densiy
Vielociy of vehicle, mi's
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Wroo= Melocily of air flow in tunnet, m's

Ty = Vehicle drag coeflicien = 0.645

A- = \ehicle fronlal area = 4, (dE m*

Moo= Mool vehicles in tunnel

K = Inlet boss coelficient = 0.5
Fee = Culle loss coefficient = 1.0

i = Tunnel frickon factor = 00155

L = Lenglh of funnd = 45 m

0 = Hydraulic diameter of tunnel = 48:/P = B.470385 m, P is the Perimeter of unnel
Ay = Cross-sectional area of tunnel = 72 me

G = External wind coefficient = 0.3

Vi = Welocity of wind = 238 mis (Weighted average of 1984 Junk Bay Station data)
& = Angle of the wind velocity component paralled to the roadway

Faor the worst scenario, only éxtemal wind al the exit portal is considerad and the wind is parallel to the roadway,
Force balance F.-F.-F,=0 (1)

Iwi i E
Solving the equation, aV. bW te=0
wiere

s ML
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h= = 2, A NV,

e=CA NV —CF 24,

For normal traffic comdificon

frafficflow & = 0174157 vehs
Wehicle speed Ve = 50 Koo
= 13.50883 mis
Murnber of vehicles infunnel Wl = QLM
= DENS2
Solving for Wp by eqguation (1)
8 = 11277
b = -43.24
¢ = 17743
tunnet air flow velocily Wy = 1,075862 misac or -1 46242 misac

(rejected)

Inside tunnel concenlration = emission rate [ (lunnel air low x underpass crose-sectional area)
= 2286477 ug'm’

For congested traffic condition

10 kmih
2TITFFTE mis
[0.03+0UGT )", 640066, 540,116, 2+0.05* 1 6+0.08"12

Wiehicle spesd Vo

averaqge length af wehicle

= 842 m
distancs: belwean wvehicle = im
mead 10 head length = G942 m
Mumbssr of vehicles per lane = 5914434
Murmber of lanes = i
Humber of vehicles in tunnel W = 8514434
Solving for Wy by equation (1)
a = 9544
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b o= 5034
c = 1563
Turnel aie ow velooity Vy = 001385847 misec or -1 18675 mfsec

(rejectad)

Inside tunned concentration = emission rate | Bunnel sic fow x underpass cross-sectional area)
178.7135 ugim®

Background Concentration

Four assessment points (ASR P5-PE8) al the boundary of the Long Section of the underpass are chosen (see Figure A3).
Using CALINE4 model, the NO2 concentrations at the 4 asssasment poinls at different levels ane caleulated.

Zample output file is shown in Appendix 4.7,

The highest concentration amang e four assesament points is assumed to be the background NO2 concentration inside
the Shor Seclion of the underpass,

Without proposed noise barriers:
MOZ Concentrations {ug/m3) af Varous Levels

ASRs below Loi Yue Mun Road

0m 4.5m G

5 73 365 353

PE& a0 416 397

P 34z AE3 403

i 452 514 a1G
The highest background concentration is 516 ugim3

With proposed noise barriers:
M2 Concentrations {ugim3) al Various Levels

AERs below Ll Yue Mun Road

(5] 4.5m g

PS5 T3 365 383

P RE ] 416 357

P g2 423 4048

Fa 452 214 516
The highesl background concentration is 516 ugim3

Drverall Maximum NOZ2 concentration inside

the Underpass under Normal Condition
= 23+5186 ugima3
a 539 ugfm3

Cwerall Maximum NOZ2 cancentration inside

the Underpass under Worst Condition
= 175+ 516 ugima
= G45 ugim3
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