Appendix 3.15

In-tunnel Air Quality Assessment



Calculations of NO, Concentration inside the Two Sections of Road D2

KTD - Road D2  (normal case)

Tunnel Parameter

Tunnel length {m), L = 214
Tunnet height (m), H =7
Tunnel width (m), W = 48
Tunnel size (M2}, At = H'W
336
Equivalent diameter (m), dt = {4*AVm)*0.6
20.68354
Eftective length of the tunne! (m), Le = L+2°3'dt
338.1012
Emlssion Data
Traffic flow = 1200 veh/hr
Non- Non- Non-
franchised franchised franchised
Motor  Petrol PC Buses Buses Buses
Cycles 8LGV Taxi <6.41 6.4-15 >15¢
% vehicle 0.08 0.37 0.37 0.00 0.05 0.00
NOx Emission Factor (g/mile-veh} 1.16 0.16 0.27 0.00 3.98 0.00

Total NO, emission rate

0.467
3.12E-08

Weighted NOX E.F. {g/km/veh) =
Total NO, emission factor {g/m/s) =

Vehicle Data

Nominal dimensions of vehicles are given in Transport Planning and Design Manual, Vol. 2 as:

= total NOy emission factor x traffic flow x NO, conversion factor

W/m H/m L/m
Motor Cycles 7 1.5 4.6 0.08
Petrol PC &LGV 1.7 1.5 4.6 0.37
Taxi 1.7 1.5 4.6 0.37
Non-franchised Buses <6.4t 25 35 12 0.00
Non-franchised Buses 6.4-15t 2.5 35 12 0.05
Non-franchised Buses >15t 2.5 358 12 0.00
Private Light Buses <3.5t 2 3 6.5 0.00
Private Light Buses 3.5t 2 3 85 0.
Diesel PCALGYV <2.5t 2.1 1.6 5.2 0.00
Digse! LGV 2.5-3.5t 21 16 5.2 0.03
Diesel LGV >3.5t 21 18 5.2 0.04
HGV<15t 25 4.6 16 0.04
HGV>15L 25 46 16 0.00
Singie Deck Franchised Buses 25 35 12 0.00
Double Deck Franchised Buses 2.5 4.6 i2 0.0t
Public Light Buses 2 3 8.5 0.1

Nominat cross-sectional area Ag =

* No dimensions for motor cycles and non-franchised buses are provided.

Private
Light
Buses
<3.5¢
0.00
0.00

% vehicle WxHx%veh

0.204
0.941
0.941
0.000
0.438
0.000
0.000
0.060
0.000
0.116
6.120
0.408
0.000
0.000
0.128
0.034
3.389

Traffic Breakdown

Private Single Double
Light Diesel Dieset Deck Deck
Buses PC&LGV LGV 25- Diesel Franchise Franchise
>3.5t <2.5t 8.5t LGV >3.5t HGV<15t HGV>15t dBuses d Buses
0.01 0.00 0.03 0.04 0.04 0.00 0.00 0.01
0.35 0.43 0.29 2.37 4.78 6.01 3.16 3.04

* For the purpost

e of this study, the di
of i I

imensions of motor cycles and taxi are assumed to be the same as private car

and the di i buses are to be the same as single deck franchised buses.
Number of lanes per direction, nl =2
Equivalent cross-sectional area for each direction {m2), Av = 8.77775
Equivalent diameter of vehicle {m), dv = (4*Avim)r0.5
= 2937636
Traftic density (traffic flow /s}, N = 0.333333
Average vehicle speed (m/s), v 50 km/hr
13.88889
Head to head distance on a lane {m), { = 2'nl*v/N
= 166.6667
Diftuslon Parameters
Reynolds number, Re = {v'dv)fo where ¢ = 15.6"10%-6
= 2615417
According to Figure 16 (Ohashi and Koso)
Since = B8.057937
D/{N* dt*2 * Re*0.13) = 0.33
Longitudinal

diffusion coefficient (m2/s) , D

321.31

Maximum Concentration of NO2
Cmax (pug/m3)
{without background)

[
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0.33 * (N * dt*2 * Re0.13)

w'ler2/(8 DAY
4.1

Public
Light

Buses
0.01
0.31



Calculations of NO, Concentration inside the Two Sections of Road D2

KTD - Road D2 (worse case)

Tunnel Parameter

Tunnel length {m), L 214
Tunnel height {m), H 7
Tunne! width (m}, W 48
Tunnel size (M2}, At = H'W
336
Equivalent diameter (m), di = (4'AUN*0.5
20.68354
Effective length of the tunnel (m), Le = L+ 2'3'dt
338.1012
Emission Data
Traffic flow = 1200 veh/br
Traffic Breakdown
Non- Non- Non- Private Private Single Double
franchised franchised franchised  Light Light Diesei Diesel Deck Deck Public
Motor  Petrol PC Buses Buses 6.4- Buses Buses Buses PC&LGV LGV25- Diesel Franchise Franchise  Light
Cycles &LGV Taxi <6.4t 15t >15t <3.5 >3.5 <2.5t 3.5t LGV >3.5! HGV<15t HGV>15t dBuses d Buses Buses
% vehicle 0.08 0.37 0.37 0.00 0.05 0.00 0.00 0.0t 0.00 0.03 0.04 0.04 0.00 0.00 0.01 0.01
NOx Emission Factor (g/mile-veh) 1.02 0.21 0.38 0.00 5.87 0.00 0.00 0.53 0.60 0.42 3.42 7.04 8.68 5.84 5.53 0.47
Total NO, emission rate = lotal NOy emission factor x traffic flow x NO, conversion factor
Weighted NOX E.F. (g/kmiveh) = 0.656
Total NO, emission factor (g/m/s) = 4.37E-05
Vehicle Data
Nominal dimensions of vehicles are given in Transport Planning and Design Manual, Vol. 2 as:
W /m H/m L /m % vehicle WxHx%vef Lx % vehicule
Motor Cycies 1.7 15 4.6 0.08 0.204 0.368
Petrol PC LGV 1.7 15 4.6 0.37 0.941 1.697
Taxi 1.7 15 4.6 0.37 0.941 1.697
Non-franchised Buses <6.4 2.5 35 12 0.00 0.000 0.000
Nan-franchised Buses 6.4-15t 2.8 3.5 12 0.05 0.438 0.600
Non-franchised Buses >15t 2.5 a5 12 0.00 0.000 0.000
Private Light Buses <3.5t 2 3 6.5 0.00 0.000 0.000
Private Light Buses >3.5t 2 3 6.5 0.01 0.060 0.085
Diesel PC&LGV <2.5¢ 2.1 16 5.2 0.00 0.000 0.000
Diesel LGV 2.5-3.5t 2.1 16 52 0.03 0.116 0.178
Diesel LGV »3.5t 2.1 1.6 52 0.04 0.120 0.185
HGV<15 25 4.8 16 0.04 0.409 0.569
HGV> 151 25 4.8 16 0.00 0.000 0.000
Single Deck Franchised Buses 25 35 12 0.00 0.000 0.000
Double Deck Franchised Buses 25 4.8 12 0.01 0.128 0.134
Public Light Buses 2 3 6.5 0.01 0.034 0.036
Nominal cross-sectional area Ag = 3.389 m?

Equivalent iength of each vehicie =

* No dimensions for motor cycles and non-franchised buses are provided.

5530 m

* For the purpase of this study, the dimensions of motor cycles and laxi are assumed to be the same as private car

and the dimension of non-franchised buses are assumed to be the same as singte deck franchised buses.

Number of lanes per direction, nl = 2
Equivaient cross-sectional area for each direction (m2), Av = 6.77775
Equivatent diameter of vehicle (m), dv = (4'AV/n)*0.5
= 2937636
Distance between vehicie {m} =1 (worst case)
Head to head distance on a lane (m), | = 6.530
Traftic density (traffic flow /s), N = 0.333333
Average vehicle speed (m/s), v = I'N/(2*nl)
= 0.544158
Ditfusion Parameters
Reynolds number, Re = {vidv)fo where o = 15.6"10%-6
= 102470.3
According to Figure 16 (Ohashi and Koso}
Since 17t = 0315705
D/{(N*dt’2* Re*0.13) = 015
Longitudinal

0.15 " (N * dt*2 * Re*0.13)
95.85

diffusion coelficient (m2/s} , D

[

Maximum Concentration of NO2
Cmax {pg/m3)
{without background)

w'Lle"2/(8° D" AY
19.4

o

f 1\ y\Appendix 3-15 in-t I.xls



Calculations of NO, Concentration inside the Two Sections of Road D2

KTD - Road D2 (Overall concentrations)

Nine assessment points (ASRs AlT1-9) at the boundary of the full enclosure are chosen.

Using CALINE4 and ISCST3 model, the NO2 concentrations at the 9 assessment points at different levels are calculated.

The highest concentration among the four assessment points is assumed to be the background
NO2 concentration inside the full enclosure section.

Elevation NO2 Concentrations (ug/m3) at Various Levels

(mAG)
AlT1
AIT3
AlT4
AlTe
AlT7
AIT9

0.0
50
50
61

60
49
68

3.5 7.5
47 44
47 45
57 48
57 52
48 41

63 57

Therefore, the background concentration inside the full enclosure section is

Overall Maximum NO2 concentration inside
the full enclosure section (Normal Speed)

Overall Maximum NO2 concentration inside
the full enclosure section (Worse Case)

f\data\modetunnehtwo-way\Appendix 3-15 In-tunnel.xls

4.1 + 68

72 ug/m3
19.4 + 68

87 ug/m3

68

ug/m3.



Calcutations of NO, Concentration inside the Two Sections of Road L1

KTD-Road L1 (normai case)

Tunnet Parameter

Tunnel length {m), L
Tunnel height {m), H
Tunnel width (m), W
Tunnel size (m2), At
Equivalent diameter (m), di

Effective length of the tunnet (m), Le

Emigsion Data

% vehicle
NOx Emission Factor (g/mite-veh}

Totat NO, emission rate

Weighted NOX E.F. (g/kmiveh)
Totat NO, emission factor (g/m/s)

Vehicle Data

Nominal dimensions of vehicles are given in Transper! Planning and Design Manual, Vol. 2 as:

Motor Cycles
Petrol PC &LGV
Taxi

il

{4*AUR)*0.5
8.956236
L+ 23%dt
206.7374

Traflic flow =

Petrol PC
LGV
0.34
0.16

Motor
Cycles
0.07
116

1020 veh/hr

Tax
0.34
0.27

Non- Non- Non-
franchised franchised franchised
Buses Buses 6.4- Buses
<6.4t 15t >16t
0.00 0.05 0.00
0.00 3.98 0.00

= tolat NOy emission factor x traffic flow x NO, conversion factor

0.531
3.01E-05

Non-franchised Buses <6.4
Non-franchised Buses 6.4-15
Non-franchised Buses >15t

Private Light Buses <3.5t
Private Light Buses >3.5t
Diesel PC&LGY <2.5t
Diesel LGV 2.5-3.5t

Diesel LGV >3.5t
HGV<15t
HGV> 15

Singie Deck Franchised Buses
Double Deck Franchised Buses

Public Light Buses

Wim
1.7
1.7
17
25
25
25

Him L /m

15 4.8

15 4.6 0.34
15 4.6 0.34
35 12 0.00
35 12 0.05
35 12 0.00
3 6.5 0.00
3 6.5 0.0%
1.8 52 0.01
1.6 52 0.07
1.6 52 0.05
4.6 16 0.06
4.6 16 0.00
3.5 12 0.00
4.6 12 0.00
3 6.5 0.00

Nominal cross-sectional area A =

* No dimensions for motor cycles and non-franchised buses are provided.
* For the purpose of this study, the dimensions of motor cycles and taxi are assumed {0 be the same as private car

and the dimension of non-franchised buses are assumed to be the same as single deck franchised buses.

Number of Janes per direction, ni

1

Equivalent cross-sectional area for each direction (m2), Av

Equivalent diameter of vehicle {m), dv

Traffic density (traffic flow /s), N
Average vehicle speed (m/s), v
Head to head distance on a lane (m), |

Diffusion Parameters
Reynolds number, Re

According to Figure 16 (Ohashi and Koso)

Since l/at
D/ (N*dt*2 * Re*0.13)
Longitudinal

diffusion coefficient (m2/s) , D

Maximum Concentration ot NO2
Cmax (pg/m3}
(without background)

uo

won

{4*Avin)"0.5
2120138

= 0.283333

50 km/hr
13.88889
2*ni*'vIN

98.03922

(v'dv)o
1887586

10.94648
0.33

3.530344

where o = 15.6'10"-6

0.33 * {N * dt*2 * Re"0.13)

49.08

w'le*2/(8*D"AY
1071

fidata\modehtunneliitwo-way\Appendix 3-15 In-tunnel.xls

Private
Light

Buses
<3.5t
0.00
0.00

% vehicle WxHx%veh

0.179
0.869
0.869
0.000
0.438
0.000
0.000
0.060
0.033
0.233
0.166
0.683
0.000
0.000
0.000
0.000
3.530

Traffic Breakdown

Private Singte Double
Light Diesel Diesel Deck Deck
Buses PC&LGY LGV25- Diesel Franchise Franchise
>3.51 <2.5t 3.5 LGV >3.5t HGV<15t HGV>15t dBuses d Buses
0.01 0.01 0.07 0.05 0.06 0.00 0.00 0.00
0.35 0.43 0.28 2.37 4.78 6.01 3.16 3.04

Public
Light
Buses
0.00
0.3%



Caiculations of NO, Concentration inside the Two Sections of Road L1
KTD - Road L1

(worse case)

Tunnel Parameter

Tunnel fength {(m}, L = 243
Tunnel height (m), H =7
Tunnel width (m), W = 9
Tunnel size {m2), At = H'W
63
Equivalent diameter (m), dt = {4*Atn)"0.5
8.956236
Effective length of the tunne! (m}, Le = L+2°3%at
296.7374
Emission Data
Traftic flow = 1020 veh/hr
Non- Non- Non-
franchised franchised franchised
Motor  Petrol PC Buses Buses Buses
Cycles &LGV Taxi <6.4t 6.4-15¢ >15t
% vehicle 0.07 0.34 0.34 0.00 0.05 0.00
NOx Emission Factor (g/mile-veh) 1.02 021 0.38 0.00 597 0.00

Total NO; emission rate

= total NOy emission factor x traffic flow x NO, conversion factor

Private
Light

Buses
<3.5t
0.00
0.00

Traffic Breakdown

Private Singte Double
Light Diesel Diesel Deck Deck Public
Buses PC&LGV LGV2.5- Diesel Franchise Franchise  Light
>3.5t <2.5t 35t LGV >356 HGV<15t HGV>15t dBuses dBuses Buses
0.01 0.01 0.07 0.05 0.06 0.00 0.00 0.00 0.00
0.53 0.80 0.42 3.42 7.04 8.68 5.84 553 0.47

Weighted NOX E.F. {g/km/veh) = 0.746
Total NO, emission factor (g/m/s) = 4.23E-05
Vehicle Data
Nominal dimensions of vehicles are given in Transport Planning and Design Manual, Vol. 2 as:
W/m H/m L /m % vehicle WxHx%vetLx % vehicule
Motor Cycles 1.7 15 46 0.07 0.179 0.323
Petrol PC &LGV 1.7 1.5 4.6 0.34 0.869 1.668
Taxi 1.7 15 4.8 0.34 0.869 1.568
Non-franchised Buses <6.41 25 35 12 0.00 0.000 0.000
Non-franchised Buses 6.4- 15t 25 35 12 0.05 0.438 0.600
Non-tranchised Buses >15t 25 35 12 0.00 0.000 0.000
Private Light Buses <3.5t 2 3 8.5 0.00 0.000 0.000
Private Light Buses >3.51 2 3 6.5 0.0 0.060 0.085
Dieset PCALGY <2.5t 2.1 1.6 5.2 0.01 0.033 0.050
Diesel LGV 2.5-3.5t 21 1.8 5.2 0.07 0.233 0.361
Diesel LGV >3.5t 241 16 5.2 0.0 0.166 0.257
HGV<15t 25 4.6 16 0.06 0.683 0.951
HGV>15t 2.5 4.6 18 0.00 0.000 0.000
Single Deck Franchised Buses 25 35 12 0.00 0.000 0.000
Double Deck Franchised Buses 25 4.8 12 0.00 0.000 0.000
Public Light Buses 2 3 6.5 0.00 0.000 0.000
Nominal cross-sectional area Ag = 3530 m?
Equivatent length of each vehicle = 5743 m
* No dimensions for motor cycles and non-franchised buses are provided.
* For the purpose of this study, the dimensions of motor cycles and taxi are assumed to be the same as private car
and the dil ion of f ised buses are to be the same as single deck franchised buses.
Number of lanes per direction, al =1
Equivalent cross-sectionat area for each direction {m2), Av = 3.530344
Equivalent diameter of vehicle (m), av = (4*Av/m)*0.5
= 2.120136
Distance between vehicle {m) =1 (worst case}
Head to head distance on a lane (m}, { 6.743
Traffic density {traffic flow /s), N 0.283333
Average vehicle speed {m/s), v = PN/(2*ni)
= 0.955317
Diffuslon Parameters
Reynotds number, Re = {(v'dv)io wherg ¢ = 15.6'10%-6
= 129833.4
According to Figure 16 {Ohashi and Kosa)
Since = 0.752929
D /(N * di*2 * Re*0.13) = 015
Longitudinal

0.15* (N * di*2 * Re0.13)
16.75

diffusion coefficient (m2/s) , D

Maximum Concentration of NO2
Cmax {ug/m3)
{without background)

wrter2/(8* DAY
468.8

f\data\modehtunneltwo-way\Appendix 3-15 In-tunnel.xls



Calculations of NO, Concentration inside the Two Sections of Road L1

KTD - Road L1  (Overall concentrations)

Six assessment points (AIT10-15) at the boundary of the Road L1 are chosen.
Using CALINE4 and ISCST3 model, the NO2 concentrations at the 6 assessment points at different levels are calculated.
The highest concentration among the four assessment points is assumed to be the background

NO2 concentration inside the full enclosure section.

Elevation NO2 Concentrations (ug/m3) at Various Levels

(MAG) 0.0
AIT10 59
AIT12 58
AIT13 64
AIT15 74

3.5 7.5
51 45
56 53
54 48
62 53

Therefore, the background concentration inside the full enclosure section is

Overall Maximum NO2 concentration inside
the full enclosure section (Normal Speed)

Overall Maximum NO2 concentration inside
the full enclosure section (Worse Case) =

f\data\modehtunneltwo-way\Appendix 3-15 In-tunnel.xls

107.1 + 74
181 ug/m3
468.8 + 74
543 ug/m3

74 ug/m3.
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