324000 326000 328000 330000 332000 334000

/
/

el o
0&.; L \

6240000 6241000 6242000 6243000 6244000 6245000 6246000 6247000 6248000 6249000 6250000 6251000 6252000 6253000

/

€ Ventilation outlet — Surface road m Paci fiC

PM.; | omme——— | ENvironment
| \ | | o 1000 2000

12 -9 -6 -3 0 1.5 3 Metres © quyright_reserved
(micrograms per cubic metre) WGS 1984 UTM Zone 56S w.pacific-envifanment.cofm

Figure K-116 Contour plot of change in maximum 24-hour mean PM2s concentration in 2033 Do
Something scenario (all sources, 2033-DS minus 2033-DM)
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Figure K-117  Contour plot of maximum 24-hour mean PM2s concentration in 2033 cumulative scenario
(all sources, 2033-DSC)

WestConnex — M4-M5 Link K142
Roads and Maritime Services
Technical working paper - Air quality



324000 326000 328000 330000 332000 334000

Y4

/
/

ael o
v‘r.; LY \

6240000 6241000 6242000 6243000 6244000 6245000 6246000 6247000 6248000 6249000 6250000 6251000 6252000 6253000

/

€ Ventilation outlet — Surface road m Paci fiC

PM.; | omme——— | ENvironment
| \ | | o 1000 2000

12 -9 -6 -3 0 1.5 3 Metres © quyright_reserved
(micrograms per cubic metre) WGS 1984 UTM Zone 56S w.pacific-envifanment.cofm

Figure K-118 Contour plot of change in maximum 24-hour mean PM2s concentration in 2033
cumulative scenario (all sources, 2033-DSC minus 2033-DM)
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Figure K-119 Contour plot of maximum 24-hour mean PMzs concentrations (ventilation outlets only,
2023-DS)
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Figure K-120 Contour plot of maximum 24-hour mean PMzs concentrations (ventilation outlets only,
2023-DSC)
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Figure K-121 Contour plot of maximum 24-hour mean PMzs concentrations (ventilation outlets only,
2033-DS)
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Figure K-122 Contour plot of maximum 24-hour mean PMzs concentrations (ventilation outlets only,
2033-DSC)
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K.9  Air toxics: benzene (maximum 1-hour mean)
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Table K-57

Maximum 1-hour mean benzene concentration (excluding background) at community receptors

Maximum 1-hour benzene concentration (ug/m®)

Change relative to Do Minimum (ug/m?)

Receptor
2015-BY 2023-DM 2023-DS 2023-DSC 2033-DM 2033-DS 2033-DSC 2023-DS 2023-DSC 2033-DS 2033-DSC
CR0O2 - 4.6 3.6 4.7 1.9 2.1 2.3 -0.9 0.1 0.2 0.4
CRO3 - 8.4 7.6 7.6 5.4 4.0 4.8 -0.8 -0.8 -1.4 -0.6
CR04 - 6.3 4.8 5.5 2.5 2.6 2.8 -1.5 -0.8 0.0 0.3
CRO5 - 4.4 3.4 3.3 2.6 2.0 1.9 -1.0 -1.1 -0.6 -0.7
CRO6 - 6.0 5.1 4.8 3.2 2.9 2.9 -1.0 -1.2 -0.3 -0.3
CRO7 - 6.8 6.7 10.6 3.8 5.0 4.2 -0.2 3.8 1.1 0.4
CRO8 - 7.0 6.7 4.9 4.9 3.4 3.8 -0.3 -2.1 -1.5 -1.0
CR0O9 - 4.4 4.2 4.6 2.0 2.2 2.9 -0.1 0.2 0.1 0.9
CR10 - 11.2 12.4 11.0 7.2 6.9 9.4 1.2 -0.3 -0.3 2.2
CR11 - 5.6 5.1 4.3 3.9 2.6 3.8 -0.5 -1.3 -1.3 -0.1
CR12 - 8.6 8.2 8.4 5.2 5.4 5.6 -0.4 -0.2 0.2 0.4
CR13 - 3.2 3.7 4.5 4.5 2.0 2.2 0.5 1.3 -2.6 -2.3
CR14 - 4.9 3.6 5.5 3.4 2.7 2.4 -1.3 0.6 -0.7 -0.9
CR15 - 5.0 4.5 6.3 2.8 2.5 2.0 -0.5 1.3 -0.3 -0.8
CR16 - 4.7 4.0 4.0 1.6 3.1 1.8 -0.7 -0.7 1.4 0.2
CR17 - 4.4 3.5 2.6 2.1 2.4 1.6 -1.0 -1.8 0.3 -0.5
CR18 - 3.2 4.5 3.3 2.7 2.5 1.8 1.4 0.1 -0.2 -0.9
CR19 - 2.7 3.8 3.4 2.4 3.1 1.9 1.1 0.7 0.7 -0.5
CR20 - 5.2 4.0 4.7 2.8 3.7 2.7 -1.1 -0.5 0.9 -0.1
CR21 - 6.0 4.1 5.3 1.9 1.9 2.3 -2.0 -0.8 0.0 0.4
CR22 - 6.0 5.2 5.1 3.4 2.8 2.9 -0.8 -0.9 -0.6 -0.5
CR23 - 8.0 6.4 5.2 3.0 4.6 3.2 -1.6 -2.7 1.5 0.1
CR24 - 6.2 7.6 8.9 4.2 4.2 4.0 1.4 2.7 -0.1 -0.3
CR25 - 5.1 4.0 4.7 4.6 2.5 2.8 -1.1 -0.4 -2.1 -1.8
CR26 - 4.2 4.2 5.1 2.4 3.1 2.1 0.0 0.9 0.7 -0.3
CR27 - 4.7 5.1 5.5 2.9 2.0 2.6 0.3 0.7 -0.8 -0.2
CR28 - 5.7 6.6 5.5 3.7 2.9 2.9 0.9 -0.2 -0.8 -0.8
CR29 - 6.2 6.5 6.6 3.8 3.8 3.1 0.3 0.4 0.0 -0.7
CR30 - 5.0 5.4 5.3 2.6 3.1 2.7 0.4 0.3 0.5 0.2
CR31 - 5.5 3.3 3.5 2.6 2.2 1.7 -2.2 -1.9 -0.4 -0.9
CR32 - 5.0 3.9 2.7 2.5 2.0 2.4 -1.1 -2.3 -0.5 -0.2
CR33 - 6.7 4.3 4.6 2.7 3.2 4.1 -2.5 -2.1 0.5 14
CR34 - 6.9 7.1 4.4 2.8 3.3 2.4 0.3 -2.4 0.5 -0.4
CR35 - 3.7 3.7 5.4 2.3 2.1 2.6 0.0 1.7 -0.2 0.2
CR36 - 5.4 4.8 4.8 4.4 2.4 2.5 -0.6 -0.7 -2.1 -1.9
CR37 - 4.7 5.5 4.6 2.8 2.3 3.0 0.8 -0.1 -0.5 0.2
CR38 - 6.4 6.3 6.3 3.1 2.6 3.3 0.0 0.0 -0.5 0.2
CR39 - 5.4 6.3 4.4 3.1 2.8 2.6 0.9 -1.0 -0.3 -0.5
CR40 - 5.1 7.3 8.2 3.3 4.8 3.0 2.3 3.2 15 -0.3
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Table K-58 Maximum 1-hour mean benzene concentration (excluding background) at community
receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 11.2 12.4 11.0 7.2 6.9 9.4
2 - 8.6 8.2 10.6 5.4 5.4 5.6
3 - 8.4 7.6 8.9 5.2 5.0 4.8
4 - 8.0 7.6 8.4 4.9 4.8 4.2
5 - 7.0 7.3 8.2 4.6 4.6 4.1
6 - 6.9 7.1 7.6 4.5 4.2 4.0
7 - 6.8 6.7 6.6 4.4 4.0 3.8
8 - 6.7 6.7 6.3 4.2 3.8 3.8
9 - 6.4 6.6 6.3 3.9 3.7 3.3
10 - 6.3 6.5 5.5 3.8 3.4 3.2
Table K-59 Maximum 1-hour mean benzene concentration (excluding background) at community

receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do Ranking by decrease in concentration relative to
Minimum (ng/m?) Do Minimum (ug/m®)
2023-DS 2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC 2033-DS 2033-DSC
1 2.28 3.76 1.54 2.20 -2.47 -2.75 -2.55 -2.28
2 1.36 3.15 1.47 1.36 -2.16 -2.44 -2.10 -1.93
3 1.36 2.72 1.44 0.87 -1.99 -2.31 -2.06 -1.84
4 1.18 1.70 1.13 0.42 -1.91 -2.10 -1.47 -1.04
5 1.12 1.30 0.91 0.42 -1.62 -2.10 -1.41 -0.95
6 0.93 1.27 0.91 0.40 -1.46 -1.93 -1.27 -0.94
7 0.90 0.86 0.68 0.38 -1.28 -1.77 -0.84 -0.92
8 0.77 0.74 0.68 0.26 -1.14 -1.34 -0.82 -0.82
9 0.47 0.69 0.55 0.24 -1.14 -1.18 -0.67 -0.81
10 0.43 0.61 0.53 0.22 -1.10 -1.12 -0.60 -0.71
Table K-60 Maximum 1-hour mean benzene concentration (excluding background) at RWR

receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS 2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 17.3 21.3 16.5 9.7 9.4 8.3
2 - 16.7 17.4 16.2 9.3 8.9 8.3
3 - 16.7 16.7 15.7 9.3 8.8 8.1
4 - 16.3 154 15.7 9.2 8.8 7.9
5 - 16.2 15.4 15.4 8.9 8.7 7.8
6 - 15.8 15.3 14.9 8.9 8.6 7.5
7 - 15.7 15.3 14.7 8.6 8.5 7.4
8 - 15.6 15.1 14.4 8.5 8.5 7.4
9 - 15.4 15.0 14.0 8.4 8.4 7.3
10 - 15.3 14.6 13.9 8.4 8.2 7.3
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Table K-61

Ranking by increase in concentration relative to Do
Minimum (ug/m?)

Maximum 1-hour mean benzene concentration (excluding background) at RWR
receptors, ranked by increase and by decrease in concentration

Do Minimum (ug/m?)

Ranking by decrease in concentration relative to

2023-DS 2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC 2033-DS 2033-DSC
1 5.9 5.7 4.0 3.08 -7.2 -6.1 -4.2 -3.5
2 5.7 5.2 3.3 3.1 -6.2 -6.1 -3.7 -3.5
3 5.6 4.9 3.1 2.8 -6.1 -5.8 -3.5 -3.4
4 5.2 4.6 3.1 2.8 -6.0 -5.6 -3.2 -3.4
5 5.1 4.4 3.0 2.7 -5.9 -5.5 -3.2 -3.3
6 51 4.4 2.8 2.6 -5.9 -5.5 -3.1 -3.2
7 5.0 4.3 2.8 2.6 -5.8 -5.4 -3.1 -3.2
8 4.9 4.3 2.7 2.6 5.7 -5.4 -3.1 -3.1
9 4.9 4.3 2.6 2.5 -5.3 -5.4 -3.1 -3.1
10 4.8 4.2 2.6 2.5 -5.3 -5.4 -3.1 -3.1
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Figure K-123 Change in maximum 1-hour mean benzene concentration at community receptors
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K.10 Air toxics: benzo(a)pyrene (maximum 1-hour mean)
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Table K-62

Maximum 1-hour b(a)p concentration (ug/m?®)

Maximum 1-hour mean benzo(a)pyrene concentration (excluding background) at community receptors

Change relative to Do Minimum (ug/m?)

Receptor
2015-BY 2023-DM 2023-DS 2023-DSC 2033-DM 2033-DS 2033-DSC 2023-DS 2023-DSC 2033-DS 2033-DSC
CR0O2 - 0.037 0.029 0.037 0.022 0.024 0.027 -0.007 0.001 0.002 0.005
CRO3 - 0.067 0.061 0.061 0.062 0.045 0.055 -0.007 -0.006 -0.016 -0.007
CR04 - 0.051 0.039 0.044 0.029 0.029 0.032 -0.012 -0.007 0.000 0.003
CRO5 - 0.035 0.028 0.026 0.030 0.023 0.022 -0.008 -0.009 -0.007 -0.008
CRO6 - 0.048 0.041 0.039 0.037 0.033 0.033 -0.008 -0.009 -0.004 -0.004
CRO7 - 0.055 0.054 0.085 0.044 0.057 0.049 -0.001 0.030 0.013 0.005
CRO8 - 0.056 0.054 0.039 0.056 0.039 0.044 -0.003 -0.017 -0.017 -0.012
CR0O9 - 0.035 0.034 0.037 0.023 0.025 0.033 -0.001 0.002 0.002 0.010
CR10 - 0.090 0.100 0.088 0.083 0.080 0.108 0.009 -0.002 -0.003 0.025
CR11 - 0.045 0.041 0.035 0.044 0.030 0.043 -0.004 -0.011 -0.015 -0.001
CR12 - 0.069 0.066 0.067 0.059 0.062 0.064 -0.003 -0.002 0.002 0.005
CR13 - 0.026 0.030 0.036 0.052 0.023 0.026 0.004 0.010 -0.029 -0.026
CR14 - 0.039 0.029 0.044 0.039 0.031 0.028 -0.010 0.005 -0.008 -0.011
CR15 - 0.040 0.036 0.050 0.032 0.029 0.023 -0.004 0.010 -0.003 -0.009
CR16 - 0.038 0.032 0.032 0.019 0.035 0.021 -0.006 -0.006 0.017 0.002
CR17 - 0.035 0.028 0.021 0.024 0.027 0.018 -0.008 -0.014 0.003 -0.006
CR18 - 0.025 0.036 0.026 0.031 0.029 0.020 0.011 0.001 -0.002 -0.011
CR19 - 0.022 0.031 0.027 0.028 0.035 0.022 0.009 0.006 0.008 -0.006
CR20 - 0.042 0.032 0.038 0.033 0.043 0.031 -0.009 -0.004 0.010 -0.002
CR21 - 0.049 0.033 0.042 0.022 0.022 0.026 -0.016 -0.006 0.000 0.004
CR22 - 0.048 0.042 0.041 0.039 0.033 0.034 -0.006 -0.007 -0.007 -0.006
CR23 - 0.064 0.051 0.042 0.035 0.053 0.036 -0.013 -0.022 0.018 0.002
CR24 - 0.050 0.061 0.072 0.049 0.048 0.046 0.011 0.022 -0.001 -0.003
CR25 - 0.041 0.032 0.038 0.053 0.029 0.032 -0.009 -0.003 -0.024 -0.021
CR26 - 0.034 0.034 0.041 0.027 0.035 0.024 0.000 0.007 0.008 -0.003
CR27 - 0.038 0.041 0.044 0.033 0.023 0.030 0.003 0.006 -0.010 -0.003
CR28 - 0.046 0.053 0.044 0.043 0.033 0.033 0.008 -0.001 -0.009 -0.009
CR29 - 0.050 0.052 0.053 0.043 0.044 0.035 0.002 0.003 0.000 -0.008
CR30 - 0.040 0.043 0.043 0.029 0.036 0.031 0.003 0.003 0.006 0.002
CR31 - 0.044 0.027 0.028 0.030 0.025 0.019 -0.017 -0.016 -0.005 -0.011
CR32 - 0.041 0.032 0.022 0.029 0.023 0.027 -0.009 -0.019 -0.006 -0.002
CR33 - 0.054 0.034 0.037 0.031 0.037 0.047 -0.020 -0.017 0.006 0.016
CR34 - 0.055 0.057 0.036 0.032 0.038 0.028 0.002 -0.020 0.006 -0.004
CR35 - 0.030 0.030 0.044 0.027 0.024 0.029 0.000 0.014 -0.003 0.003
CR36 - 0.044 0.039 0.038 0.051 0.027 0.029 -0.005 -0.005 -0.024 -0.022
CR37 - 0.038 0.044 0.037 0.032 0.027 0.034 0.006 -0.001 -0.005 0.002
CR38 - 0.051 0.051 0.051 0.036 0.030 0.038 0.000 0.000 -0.005 0.003
CR39 - 0.043 0.051 0.036 0.036 0.032 0.030 0.007 -0.008 -0.003 -0.006
CR40 - 0.041 0.059 0.066 0.038 0.055 0.035 0.018 0.025 0.017 -0.003
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Table K-63 Maximum 1-hour mean benzo(a)pyrene concentration (excluding background) at
community receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 0.090 0.100 0.088 0.083 0.080 0.108
2 - 0.069 0.066 0.085 0.062 0.062 0.064
3 - 0.067 0.061 0.072 0.059 0.057 0.055
4 - 0.064 0.061 0.067 0.056 0.055 0.049
5 - 0.056 0.059 0.066 0.053 0.053 0.047
6 - 0.055 0.057 0.061 0.052 0.048 0.046
7 - 0.055 0.054 0.053 0.051 0.045 0.044
8 - 0.054 0.054 0.051 0.049 0.044 0.043
9 - 0.051 0.053 0.050 0.044 0.043 0.038
10 - 0.051 0.052 0.044 0.044 0.039 0.036
Table K-64 Maximum 1-hour mean benzo(a)pyrene concentration (excluding background) at

community receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do Ranking by decrease in concentration relative to
Minimum (ug/m?) Do Minimum (ug/m?)
2023-DS  2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC  2033-DS  2033-DSC
1 0.018 0.030 0.018 0.025 -0.020 -0.022 -0.029 -0.026
2 0.011 0.025 0.017 0.016 -0.017 -0.020 -0.024 -0.022
3 0.011 0.022 0.017 0.010 -0.016 -0.019 -0.024 -0.021
4 0.009 0.014 0.013 0.005 -0.015 -0.017 -0.017 -0.012
5 0.009 0.010 0.010 0.005 -0.013 -0.017 -0.016 -0.011
6 0.008 0.010 0.010 0.005 -0.012 -0.016 -0.015 -0.011
7 0.007 0.007 0.008 0.004 -0.010 -0.014 -0.010 -0.011
8 0.006 0.006 0.008 0.003 -0.009 -0.011 -0.009 -0.009
9 0.004 0.006 0.006 0.003 -0.009 -0.009 -0.008 -0.009
10 0.003 0.005 0.006 0.003 -0.009 -0.009 -0.007 -0.008
Table K-65 Maximum 1-hour mean benzo(a)pyrene concentration (excluding background) at RWR

receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 0.139 0.171 0.132 0.112 0.108 0.095
2 - 0.134 0.140 0.131 0.107 0.102 0.095
3 - 0.134 0.134 0.127 0.106 0.101 0.093
4 - 0.131 0.124 0.126 0.105 0.101 0.090
5 - 0.130 0.124 0.124 0.102 0.100 0.089
6 - 0.127 0.123 0.120 0.102 0.098 0.086
7 - 0.127 0.123 0.118 0.099 0.098 0.085
8 - 0.125 0.121 0.116 0.098 0.098 0.085
9 - 0.124 0.120 0.113 0.096 0.097 0.084
10 - 0.123 0.117 0.112 0.096 0.094 0.083
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Table K-66

receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do
Minimum (ug/m?)

Do Minimum (ug/m?)

Maximum 1-hour mean benzo(a)pyrene concentration (excluding background) at RWR

Ranking by decrease in concentration relative to

2023-DS 2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC PARKE DR 2033-DSC

1 0.047 0.046 0.046 0.035 -0.058 -0.049 -0.048 -0.041
2 0.046 0.042 0.037 0.035 -0.050 -0.049 -0.043 -0.040
3 0.045 0.039 0.036 0.032 -0.049 -0.046 -0.041 -0.039
4 0.042 0.037 0.036 0.032 -0.048 -0.045 -0.037 -0.039
5 0.041 0.035 0.034 0.031 -0.047 -0.045 -0.037 -0.038
6 0.041 0.035 0.032 0.030 -0.047 -0.044 -0.036 -0.036
7 0.040 0.035 0.032 0.030 -0.047 -0.044 -0.036 -0.036
8 0.040 0.034 0.031 0.030 -0.046 -0.044 -0.036 -0.036
9 0.039 0.034 0.030 0.028 -0.043 -0.044 -0.035 -0.036
10 0.039 0.034 0.030 0.028 -0.042 -0.043 -0.035 -0.036

0.5
z
3 04
% 0.3 B2023-DSC
e §2033-DS
i 0.2 02033-DSC
< 01
3
£
£
S
g
5 0.1

rcNm<rmcor\oocug:&12:ﬂg:Bgoﬁmmvmwr\wmoﬁmm#mwr\comg
T EEffCEEEERERERERERERRaaRrraacrRRCR R R @88 &
O 0O 0O 0O 0000 O0LO0OO0OLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOL L OO
Community receptor
Figure K-124 Change in maximum 1-hour mean b(a)p concentration at community receptors
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K.11 Air toxics: formaldehyde (maximum 1-hour mean)
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Table K-67

Maximum 1-hour mean formaldehyde concentration (excluding background) at community receptors

Maximum 1-hour formaldehyde concentration (pg/m?®)

Change relative to Do Minimum (ug/m?)

Receptor
2015-BY 2023-DM 2023-DS 2023-DSC 2033-DM 2033-DS 2033-DSC 2023-DS 2023-DSC 2033-DS 2033-DSC
CR0O2 - 3.2 2.6 3.3 2.2 2.5 2.7 -0.6 0.1 0.2 0.5
CRO3 - 5.9 5.3 5.4 6.3 4.6 5.6 -0.6 -0.5 -1.6 -0.7
CR04 - 4.4 3.4 3.8 2.9 3.0 3.2 -1.0 -0.6 0.0 0.3
CRO5 - 3.1 2.4 2.3 3.0 2.3 2.2 -0.7 -0.8 -0.7 -0.8
CRO6 - 4.2 3.5 3.4 3.7 3.4 3.4 -0.7 -0.8 -0.4 -0.4
CRO7 - 4.8 4.7 7.5 4.5 5.8 4.9 -0.1 2.6 1.3 0.5
CRO8 - 4.9 4.7 3.4 5.7 4.0 4.5 -0.2 -1.5 -1.7 -1.2
CR0O9 - 3.1 3.0 3.2 2.3 2.5 3.4 -0.1 0.1 0.2 1.0
CR10 - 7.9 8.7 7.7 8.4 8.1 11.0 0.8 -0.2 -0.3 2.6
CR11 - 4.0 3.6 3.0 4.5 3.0 4.4 -0.4 -0.9 -1.5 -0.1
CR12 - 6.0 5.8 5.9 6.0 6.3 6.5 -0.3 -0.2 0.2 0.5
CR13 - 2.3 2.6 3.2 5.3 2.3 2.6 0.3 0.9 -3.0 -2.7
CR14 - 3.4 2.5 3.9 3.9 3.2 2.8 -0.9 0.4 -0.8 -1.1
CR15 - 3.5 3.2 4.4 3.2 2.9 2.3 -0.3 0.9 -0.4 -0.9
CR16 - 3.3 2.8 2.8 1.9 3.6 2.2 -0.5 -0.5 1.7 0.2
CR17 - 3.1 2.4 1.9 2.4 2.8 1.8 -0.7 -1.2 0.3 -0.6
CR18 - 2.2 3.2 2.3 3.1 2.9 2.1 1.0 0.1 -0.2 -1.1
CR19 - 1.9 2.7 2.4 2.8 3.6 2.2 0.8 0.5 0.8 -0.6
CR20 - 3.6 2.8 3.3 3.3 4.4 3.1 -0.8 -0.3 1.1 -0.2
CR21 - 4.2 2.9 3.7 2.2 2.2 2.7 -1.4 -0.5 0.0 0.4
CR22 - 4.2 3.7 3.6 4.0 3.3 3.4 -0.5 -0.6 -0.7 -0.6
CR23 - 5.6 4.5 3.7 3.5 5.3 3.7 -1.1 -1.9 1.8 0.2
CR24 - 4.4 5.3 6.3 5.0 4.9 4.6 1.0 1.9 -0.1 -0.3
CR25 - 3.6 2.8 3.3 5.4 3.0 3.3 -0.8 -0.3 -2.5 -2.1
CR26 - 3.0 3.0 3.6 2.8 3.6 2.5 0.0 0.6 0.8 -0.3
CR27 - 3.3 3.6 3.8 3.3 2.4 3.1 0.2 0.5 -1.0 -0.3
CR28 - 4.0 4.6 3.9 4.4 3.4 3.4 0.7 -0.1 -1.0 -1.0
CR29 - 4.4 4.6 4.6 4.4 4.5 3.6 0.2 0.3 0.1 -0.8
CR30 - 3.5 3.8 3.7 3.0 3.6 3.2 0.3 0.2 0.6 0.2
CR31 - 3.8 2.3 2.5 3.1 2.6 2.0 -1.5 -1.4 -0.5 -1.1
CR32 - 3.5 2.8 1.9 2.9 2.3 2.8 -0.8 -1.6 -0.6 -0.2
CR33 - 4.7 3.0 3.3 3.2 3.8 4.8 -1.7 -1.5 0.6 1.6
CR34 - 4.8 5.0 3.1 3.3 3.9 2.8 0.2 -1.7 0.6 -0.4
CR35 - 2.6 2.6 3.8 2.7 2.4 3.0 0.0 1.2 -0.3 0.3
CR36 - 3.8 3.4 3.3 5.2 2.8 2.9 -0.4 -0.5 -2.4 -2.3
CR37 - 3.3 3.9 3.3 3.2 2.7 3.5 0.5 -0.1 -0.5 0.2
CR38 - 4.5 4.5 4.4 3.6 3.1 3.9 0.0 0.0 -0.5 0.3
CR39 - 3.8 4.4 3.1 3.6 3.3 3.0 0.6 -0.7 -0.3 -0.6
CR40 - 3.6 5.2 5.8 3.9 5.6 3.5 1.6 2.2 1.7 -0.4
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Table K-68 Maximum 1-hour mean formaldehyde concentration (excluding background) at
community receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 7.9 8.7 7.7 8.4 8.1 11.0
2 - 6.0 5.8 7.5 6.3 6.3 6.5
3 - 5.9 5.3 6.3 6.0 5.8 5.6
4 - 5.6 5.3 5.9 5.7 5.6 4.9
5 - 4.a9 5.2 5.8 5.4 5.3 4.8
6 - 4.8 5.0 5.4 5.3 4.9 4.6
7 - 4.8 4.7 4.6 5.2 4.6 4.5
8 - 4.7 4.7 4.4 5.0 4.5 4.4
9 - 4.5 4.6 4.4 4.5 4.4 3.9
10 - 4.4 4.6 3.9 4.5 4.0 3.7
Table K-69 Maximum 1-hour mean formaldehyde concentration (excluding background) at

community receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do Ranking by decrease in concentration relative to
Minimum (ng/m?) Do Minimum (ug/m®)

2023-DS  2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC  2033-DS 2033-DSC
1 1.60 2.64 1.80 2.57 -1.73 -1.93 -2.98 -2.66
2 0.96 2.22 1.72 1.58 -1.52 -1.72 -2.46 -2.25
3 0.96 1.91 1.68 1.01 -1.40 -1.63 -2.40 -2.15
4 0.83 1.20 1.32 0.49 -1.34 -1.48 -1.72 -1.22
5 0.79 0.91 1.06 0.49 -1.14 -1.47 -1.64 -1.10
6 0.66 0.89 1.06 0.47 -1.03 -1.35 -1.48 -1.10
7 0.64 0.60 0.80 0.44 -0.90 -1.25 -0.98 -1.07
8 0.54 0.52 0.79 0.30 -0.80 -0.94 -0.96 -0.96
9 0.33 0.49 0.64 0.28 -0.80 -0.83 -0.78 -0.95
10 0.30 0.43 0.62 0.26 -0.77 -0.79 -0.70 -0.83

Table K-70 Maximum 1-hour mean formaldehyde concentration (excluding background) at RWR

receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS 2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 12.1 15.0 11.6 114 11.0 9.7
2 - 11.7 12.2 11.4 10.9 10.4 9.6
3 - 11.7 11.7 11.1 10.8 10.3 9.5
4 - 115 10.8 11.0 10.7 10.2 9.2
5 - 11.4 10.8 10.8 104 10.1 9.1
6 - 11.1 10.7 10.5 10.3 10.0 8.8
7 - 11.1 10.7 10.3 10.1 10.0 8.6
8 - 11.0 10.6 10.1 10.0 9.9 8.6
9 - 10.8 10.5 9.9 9.8 9.8 8.5
10 - 10.8 10.2 9.7 9.8 9.6 8.5
WestConnex — M4-M5 Link K158

Roads and Maritime Services
Technical working paper - Air quality



Table K-71 Maximum 1-hour mean formaldehyde concentration (excluding background) at RWR
receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do Ranking by decrease in concentration relative to
Minimum (ug/m?) Do Minimum (ug/m?)
2023-DS 2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC 2033-DS 2033-DSC
1 4.1 4.0 4.6 3.59 -5.0 -4.3 -4.8 -4.1
2 4.0 3.6 3.8 3.6 -4.4 -4.3 -4.4 -4.1
3 4.0 34 3.7 3.3 -4.3 4.1 -4.1 -4.0
4 3.6 3.2 3.7 3.2 -4.2 -3.9 -3.7 -3.9
5 3.6 3.1 3.5 3.1 4.1 -3.9 -3.7 -3.8
6 3.6 3.1 3.3 3.0 -4.1 -3.8 -3.7 -3.7
7 3.5 3.0 3.2 3.0 4.1 -3.8 -3.7 -3.7
8 35 3.0 3.1 3.0 -4.0 -3.8 -3.6 -3.6
9 34 3.0 3.1 2.9 -3.8 -3.8 -3.6 -3.6
10 3.4 3.0 3.1 29 -3.7 -3.8 -3.6 -3.6
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Figure K-125 Change in maximum 1-hour mean formaldehyde concentration at community receptors
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K.12 Air toxics: 1,3-butadiene (maximum 1-hour mean)
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Table K-72

Maximum 1-hour mean 1,3-butadiene concentration (excluding background) at community receptors

Maximum 1-hour 1,3-butadiene concentration (ug/m®)

Change relative to Do Minimum (ug/m?)

Receptor
2015-BY 2023-DM 2023-DS 2023-DSC 2033-DM 2033-DS 2033-DSC 2023-DS 2023-DSC 2033-DS 2033-DSC
CR0O2 - 1.2 1.0 1.2 0.5 0.6 0.6 -0.2 0.0 0.0 0.1
CRO3 - 2.2 2.0 2.0 15 1.1 1.3 -0.2 -0.2 -0.4 -0.2
CR04 - 1.7 1.3 14 0.7 0.7 0.8 -0.4 -0.2 0.0 0.1
CRO5 - 1.2 0.9 0.9 0.7 0.5 0.5 -0.3 -0.3 -0.2 -0.2
CRO6 - 1.6 1.3 1.3 0.9 0.8 0.8 -0.3 -0.3 -0.1 -0.1
CRO7 - 1.8 1.8 2.8 1.0 1.3 1.1 0.0 1.0 0.3 0.1
CRO8 - 1.9 1.8 1.3 1.3 0.9 1.0 -0.1 -0.6 -0.4 -0.3
CR0O9 - 1.2 1.1 1.2 0.5 0.6 0.8 0.0 0.1 0.0 0.2
CR10 - 3.0 3.3 2.9 2.0 1.9 2.6 0.3 -0.1 -0.1 0.6
CR11 - 1.5 1.4 1.1 1.1 0.7 1.0 -0.1 -0.4 -0.3 0.0
CR12 - 2.3 2.2 2.2 14 15 15 -0.1 -0.1 0.1 0.1
CR13 - 0.9 1.0 1.2 1.2 0.5 0.6 0.1 0.3 -0.7 -0.6
CR14 - 1.3 1.0 15 0.9 0.7 0.7 -0.3 0.2 -0.2 -0.3
CR15 - 1.3 1.2 1.7 0.8 0.7 0.5 -0.1 0.3 -0.1 -0.2
CR16 - 1.3 1.1 1.1 0.4 0.8 0.5 -0.2 -0.2 0.4 0.1
CR17 - 1.2 0.9 0.7 0.6 0.6 0.4 -0.3 -0.5 0.1 -0.1
CR18 - 0.8 1.2 0.9 0.7 0.7 0.5 0.4 0.0 -0.1 -0.2
CR19 - 0.7 1.0 0.9 0.7 0.8 0.5 0.3 0.2 0.2 -0.1
CR20 - 1.4 1.1 1.2 0.8 1.0 0.7 -0.3 -0.1 0.2 0.0
CR21 - 1.6 1.1 14 0.5 0.5 0.6 -0.5 -0.2 0.0 0.1
CR22 - 1.6 1.4 14 0.9 0.8 0.8 -0.2 -0.2 -0.2 -0.1
CR23 - 2.1 1.7 14 0.8 1.2 0.9 -0.4 -0.7 0.4 0.0
CR24 - 1.6 2.0 2.4 1.2 1.1 1.1 0.4 0.7 0.0 -0.1
CR25 - 1.4 1.1 1.3 1.3 0.7 0.8 -0.3 -0.1 -0.6 -0.5
CR26 - 1.1 1.1 1.3 0.6 0.8 0.6 0.0 0.2 0.2 -0.1
CR27 - 1.3 1.3 15 0.8 0.5 0.7 0.1 0.2 -0.2 -0.1
CR28 - 15 1.7 15 1.0 0.8 0.8 0.2 0.0 -0.2 -0.2
CR29 - 1.7 1.7 1.8 1.0 1.0 0.8 0.1 0.1 0.0 -0.2
CR30 - 1.3 1.4 14 0.7 0.8 0.7 0.1 0.1 0.1 0.1
CR31 - 1.4 0.9 0.9 0.7 0.6 0.5 -0.6 -0.5 -0.1 -0.3
CR32 - 1.3 1.0 0.7 0.7 0.5 0.6 -0.3 -0.6 -0.1 0.0
CR33 - 1.8 1.1 1.2 0.7 0.9 1.1 -0.7 -0.6 0.1 0.4
CR34 - 1.8 1.9 1.2 0.8 0.9 0.7 0.1 -0.6 0.1 -0.1
CR35 - 1.0 1.0 14 0.6 0.6 0.7 0.0 0.5 -0.1 0.1
CR36 - 1.4 1.3 1.3 1.2 0.6 0.7 -0.2 -0.2 -0.6 -0.5
CR37 - 1.3 15 1.2 0.8 0.6 0.8 0.2 0.0 -0.1 0.1
CR38 - 1.7 1.7 1.7 0.8 0.7 0.9 0.0 0.0 -0.1 0.1
CR39 - 1.4 1.7 1.2 0.8 0.8 0.7 0.2 -0.3 -0.1 -0.1
CR40 - 1.3 1.9 2.2 0.9 1.3 0.8 0.6 0.8 0.4 -0.1

WestConnex — M4-M5 Link
Roads and Maritime Services
Technical working paper - Air quality

K161



Table K-73 Maximum 1-hour mean 1,3-butadiene concentration (excluding background) at
community receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 3.0 3.3 29 2.0 1.9 2.6
2 - 2.3 2.2 2.8 1.5 1.5 1.5
3 - 2.2 2.0 2.4 1.4 1.3 1.3
4 - 2.1 2.0 2.2 1.3 1.3 1.1
5 - 1.9 1.9 2.2 1.3 1.2 1.1
6 - 1.8 1.9 2.0 1.2 11 11
7 - 1.8 1.8 1.8 1.2 11 1.0
8 - 1.8 1.8 1.7 1.2 1.0 1.0
9 - 1.7 1.7 1.7 11 1.0 0.9
10 - 1.7 1.7 15 1.0 0.9 0.9
Table K-74 Maximum 1-hour mean 1,3-butadiene concentration (excluding background) at

community receptors, ranked by increase and by decrease in concentration

Ranking by increase in concentration relative to Do Ranking by decrease in concentration relative to
Minimum (ug/m?) Do Minimum (ug/m?)

2023-DS  2023-DSC  2033-DS  2033-DSC 2023-DS  2023-DSC  2033-DS  2033-DSC
1 0.61 1.00 0.42 0.60 -0.66 -0.73 -0.69 -0.62
2 0.36 0.84 0.40 0.37 -0.57 -0.65 -0.57 -0.52
3 0.36 0.72 0.39 0.24 -0.53 -0.61 -0.56 -0.50
4 0.31 0.45 0.31 0.11 -0.51 -0.56 -0.40 -0.28
5 0.30 0.34 0.25 0.11 -0.43 -0.56 -0.38 -0.26
6 0.25 0.34 0.25 0.11 -0.39 -0.51 -0.34 -0.26
7 0.24 0.23 0.19 0.10 -0.34 -0.47 -0.23 -0.25
8 0.20 0.20 0.18 0.07 -0.30 -0.36 -0.22 -0.22
9 0.12 0.18 0.15 0.07 -0.30 -0.31 -0.18 -0.22
10 0.11 0.16 0.14 0.06 -0.29 -0.30 -0.16 -0.19

Table K-75 Maximum 1-hour mean 1,3-butadiene concentration (excluding background) at RWR

receptors, ranked by concentration

Ranking by concentration (ug/m®)

2015-BY  2023-DM 2023 DS  2023-DSC 2033-DM 2033-DS 2033-DSC

1 - 4.6 5.7 4.4 2.6 2.6 2.3
2 - 4.4 4.6 4.3 2.5 2.4 2.2
3 - 4.4 4.4 4.2 2.5 2.4 2.2
4 - 4.3 4.1 4.2 2.5 2.4 2.1
5 - 4.3 4.1 4.1 2.4 2.4 2.1
6 - 4.2 4.1 4.0 2.4 2.3 2.0
7 - 4.2 4.1 3.9 2.3 2.3 2.0
8 - 4.1 4.0 3.8 2.3 2.3 2.0
9 - 4.1 4.0 3.7 2.3 2.3 2.0
10 - 4.1 3.9 3.7 2.3 2.2 2.0
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Table K-76

Ranking by increase in concentration relative to Do
Minimum (ug/m?)

Maximum 1-hour mean 1,3-butadiene concentration (excluding background) at RWR
receptors, ranked by increase and by decrease in concentration

Ranking by decrease in concentration relative to
Do Minimum (ug/m?)

2023-DS  2023-DSC  2033-DS  2033-DSC 2023-DS 2023-DSC  2033-DS  2033-DSC
1 1.6 15 11 0.8 -1.9 -1.6 -1.1 -1.0
2 15 1.4 0.9 0.8 -1.7 -1.6 -1.0 -0.9
3 15 13 0.9 0.8 -1.6 -1.5 -1.0 -0.9
4 1.4 1.2 0.9 0.8 -1.6 -1.5 -0.9 -0.9
5 14 1.2 0.8 0.7 -1.6 -1.5 -0.9 -0.9
6 1.4 1.2 0.8 0.7 -1.6 -1.4 -0.9 -0.9
7 13 11 0.8 0.7 -1.5 -1.4 -0.9 -0.9
8 1.3 1.1 0.7 0.7 -1.5 -1.4 -0.8 -0.8
9 1.3 11 0.7 0.7 -1.4 -1.4 -0.8 -0.8
10 1.3 1.1 0.7 0.7 -1.4 -1.4 -0.8 -0.8
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Figure K-126 Change in maximum 1-hour mean 1,3-butadiene concentration at community receptors
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Annexure L — Ventilation report
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EXECUTIVE SUMMARY

This report describes the ventilation system concept design and performance for the M4-M5
Link tunnel (the project) and integrated operations of the WestConnex tunnel system, in the
context of the Environmental Impact Statement (EIS) for the project. As well as explaining
the design, later sections give the analysis results necessary for inclusion in the EIS. In
support of the outcomes presented, this report includes the assumptions made, the
treatment of analysis inputs, and the analysis methodology.

The M4-M5 Link is currently the third stage of the WestConnex program of works (the
‘system’). Once completed, traffic will be able to travel completely underground between the
M4 East and New M5 tunnels, which are both currently under construction

All three stages must be controlled together for a successful ventilation outcome. Designing
the ventilation for M4-M5 Link is really the task of designing the ventilation for the entire
WestConnex system, within the provisions of the already contracted M4 East and New M5.

The report documents the ventilation design of the project as an integral part of the
combined WestConnex tunnel ventilation scheme. The interface plants under construction
for the M4 East and New M5 projects are integral to the combined scheme.

The project (like the M4 East and New M5) is based on a longitudinal ventilation
arrangement. Ventilation plants will be required at all traffic exit portals to ensure net inflow
of air, to prevent portal emissions. Traffic entry portals will naturally have net portal inflow
due to vehicle driven airflows. The interface points with M4 East and New M5 each have
provisions for extracting tunnel air and replacing it with fresh air (‘mainline air exchange’) in
both directions of travel.

It is expected that ventilation of the combined stages of WestConnex under most traffic
conditions does not involve air exchange at the project interfaces. Vehicle driven airflows at
the interchange ramps will provide effective exchange of air along the mainline, maintaining
the in-tunnel conditions within the set air quality criteria. Tunnel air that is drawn along the
exit ramps with the traffic will be extracted by the portal ventilation plants. A similar flowrate
of fresh air will be drawn into entry ramps, diluting the mainline air that continued past the
exit ramp. This is outlined diagrammatically in Figure E.1. The WestConnex system has on
and off-ramps in both directions connecting with Rozelle interchange, St Peter’s interchange,
and Wattle St interchange at Haberfield.
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Figure E.1. Example, no interface exchange.
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In the event of very slow traffic conditions throughout large portions of the tunnel system,
complete air exchange at the interface plants will be required to maintain in-tunnel air quality.
That is; all air approaching the interface exhaust point would be extracted and replaced with
outside air. In that case (slow traffic) the exchange flowrates will be comparatively low,
corresponding to the lower vehicle driven air flow along the tunnels. Mainline air exchange
is shown diagrammatically in Figure E.2.
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Figure E.2. Example, complete interface exchange.

With moderate levels of congestion throughout the tunnel system, the effective exchange
occurring at the interchanges may not be sufficient on their own to maintain in-tunnel air
guality. Under these circumstances, partial exchange may be required at the interface
plants. That is, only part of the air approaching the exhaust point is extracted, with a similar
amount of fresh air re-supplied. In this case, the tunnel airflows may be high, but only a
fraction of this air is required to be exchanged by the interface plant. See Figure E.3 for a
representation of the effects of partial exchange.
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Figure E.3. Example, partial interface exchange.
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This report includes the detailed analysis outputs necessary for environmental assessment,
including the outlet emission parameters that are inputs to pollutant dispersion analysis. In
line with other EIS components, in-tunnel air quality and external emissions have been
assessed at 2023 and 2033, corresponding to opening year and 10 years after opening.

The design meets the in-tunnel pollution criteria for all traffic conditions. The limiting design
traffic scenarios (severe congestion) are more onerous than the anticipated traffic flows, and
so the criteria are met comfortably for the expected 2023 and 2033 traffic.

Figure E.4 below shows the overall ventilation scheme for WestConnex including the project.
Possible future connections to F6 Extension and Western Harbour Tunnel are also indicated.

Analyses of tunnel ventilation for the M4 East and the New M5 EISs were undertaken in
2015 and these tunnels are now under construction. Changes to the analysis approach from
those earlier studies, introduced for the project analysis, are noted in Section 6.12.

For the project, the PIARC-based method for estimating pollution and hence designing
ventilation has been validated against 2015 M5 East data. That validation exercise is
reported separately (Comparison of PIARC-based pollution estimates with measurements in
the M5 East tunnel, Stacey Agnew, 2017). The conclusion is that the pollutant which
controls ventilation design, NO, is well predicted by the approach that has been used for the
project to date and so the current design procedure should continue to be used for design
and system validation.

In-tunnel airflow, pollution levels and temperature, are simulated and analysed using
software called IDA Tunnel, developed by EQUA AB in Sweden.

SMC - M4-M5 Link Ventilation A
26" July 2017 gneW




PAGE 6 OF 251

(%) @.1] B __ [10.1] [20.1] [22.1] |
1910m 2570m 1450m 1200m 1900m § G045m g
i 5
el ¥ 2
b+ 2
B¢ 8¢
—| %%0m |~— —=| 1110m |- t
M4 portal = = | —® — — »— & M5 portal
b4 Q?@e ¥ ! F6 Extension
Y EE 35 > (Future)
g H = (President Ave)
st L

M4 TO M5 (CLOCKWISE)
TRAFFIC DIRECTION: LEFT TO RIGHT

M5 TO M4 (COUNTER CLOCKWISE)
TRAFFIC DIRECTION: RIGHT TO LEFT

Underwood Rd
\C/onoord Rd off-ramp
W
D

Cintra Park
(Fire exhaust)

Wattle St off-ramp

oy é}

Parra. Rd on-ramp

~ Wattle St

- Wattle St on-ramp

A

ROZELLE

@ Iron Cove Link
[(23.2]__ | [24.2]
480m 780m

[8.2] [0.2)

Rockdale (N)

S ) .
3880m

LEGEND
0 M4 EAST

| B NEW M5

I M4 - M5 LINK

F6& EXTENSION (FUTURE)

WESTERN HARBOUR TUNNEL AND
| = BEACHES LINK (FUTURE)

| »  TRAFFIC DIRECTION
XX] TRAFFIC MODEL LINK NUMBER
® EIS OUTLET IDENTIFIER

(President Ave)
r 1905m ——‘

iffe
Bexley Rd
{Fire exhaust)

=
o
L
B
M

P,
» %}} Qb
{
/\ e
M4 portal - [
820m |=—
n2 _| [3.2]
2275m 2140m

Figure E.4. WestConnex ventilation schematic including proposed future connections.

SMC — M4-M5 Link Ventilation
26" July 2017

1230m ' 1320m




Table of Contents

PAGE 7 OF 251

EXECUTIVE SUMMARY 3
1 DEFINITIONS, ABBREVIATIONS AND NOMENCLATURE 10
1.1 Schematic nomenclature 12

2 Introduction 13
3 Project Overview 15
3.1 M4-M5 Link 15

3.3 New M5 18

3.4 M4 East 19

35 Potential Future Tunnel connections 20

3.5.1  Western Harbour Tunnel and Beaches Link 20

3.5.2  F6 Extension 21

4 Scope and structure 22
4.1 Purpose of Report 22

4.1.1 M4 East EIS Ventilation Report 22

4.1.2  New M5 EIS Ventilation Report 22

5 Tunnel ventilation overview 23
5.1 Objectives 23

5.2 Concept design scheme 23

5.3 Ventilation control and operating philosophy 27

53.1 Normal operations 27

5.3.2 Emergency operations 29

6 Input Data and Design Assumptions 30
6.1 Summary 30

6.2 Tunnel schematic 30

6.3 Tunnel vertical alignment 32

6.4 Tunnel attributes 38

6.5 Traffic and tunnel occupancy 40

6.5.1  Traffic demand 41

6.5.2 Speed limits 42

6.5.3 Lane capacity 42

6.5.4  Traffic scaling 43

6.5.5 Normal operations 45

6.5.6  Breakdown or minor accident 46

6.5.7  Accident closing a tube 46

6.5.8 Emergency operations (fire) 47

SMC - M4-M5 Link Ventilation
26" July 2017




Table of Contents

6.6

6.7
6.8
6.9

6.10
6.11
6.12

6.13

Emissions factors

6.6.1  Fleet characteristics

6.6.2  NO2 emissions

6.6.3 Particulates and in-tunnel visibility
6.6.4 Heavy vehicle mass

6.6.5  Other factors

6.6.6  Vehicle heat and air temperature
6.6.7  Vehicle emissions during fire
6.6.8 Emission factors

6.6.9  Validity of emissions estimates
Climate assumptions

Background air quality

Fire Scenarios

6.9.1  Design Fire parameters
Vehicle drag and tunnel aerodynamics
In-tunnel air quality limits

Changes from previous work

6.12.1 Pollution model

6.12.2 Fleet makeup

6.12.3 Heavy vehicle mass

6.12.4 Lane capacities

Sensitivity of input data and assumptions

7 Methodology

7.1 Simulation approach
7.1.1 Models
7.1.2 Expected traffic operations (24 h)
7.1.3 Regulatory demand traffic operations (24 h)
7.1.4  Worst case operations
7.1.5  Temperature estimates
7.2 Simulation software
7.3 Route average NO; calculation
8 Alternative schemes that are not preferred
9 Analysis outputs — Expected Traffic Operations
9.1 Do minimum

9.1.1 2023 expected traffic operations
9.1.2 2023 regulatory demand traffic operations
9.1.3 2033 expected traffic operations
9.1.4 2033 regulatory demand traffic operations

SMC - M4-M5 Link Ventilation

26" July 2017

PAGE 8 OF 251

47
48
49
50
51
53
53
54
54
61
61
61
62
62
62
65

66
66
66
67
67
67

68
68
68
68
69
70
80
83
84

88

90
91
92
102
112
122




Table of Contents
9.2 Do something
9.2.1 2023 expected traffic operations
9.2.2 2023 regulatory demand traffic operations
9.2.3 2033 expected traffic operations
9.2.4 2033 regulatory demand traffic operations
9.3 Cumulative
9.3.1 2023 expected traffic operations
9.3.2 2033 expected traffic operations

10 Analysis Outputs — Worst Case Operations

10.1 Do something arrangement
10.1.1 M4 to M5 direction
10.1.2 M5 to M4 direction

10.2 Cumulative arrangement
10.2.1 M4 to M5 direction
10.2.2 M5 to M4 direction

11 Analysis Outputs — Temperature Estimates
11.1 2023 Cumulative demand traffic operations

11.2 2033 Cumulative demand traffic operations
12 Ventilation control Strategy

APPENDIX A - Incorporation of SEARs and comments

SMC - M4-M5 Link Ventilation
26" July 2017

PAGE 9 OF 251

132
133
143
153
163

173
175
185

195
197
197
205
213
213
223

232
233
240

247

248




PAGE 10 OF 251

1 DEFINITIONS, ABBREVIATIONS AND NOMENCLATURE

Term Explanation

ACTAQ Advisory Committee on Tunnel Air Quality. A committee chaired by
the Chief Scientist and Engineer of NSW.

BOM (Australian) Bureau of Meteorology. The source of climate and
weather data.

Do minimum A model or analysis scenario without M4-M5 Link. M4 East and

New M5 operate in isolation.

Do something

A model or analysis scenario for the tunnel system with M4 East,
New M5 and M4-M5 Link.

CASA Civil Aviation Safety Authority.

CCW The counter-clockwise traffic direction, see “M5 to M4”.

CO Carbon monoxide.

Ccw The clockwise traffic direction, see “M4 to M5”.

Cumulative A model or analysis scenario for the tunnel system with M4 East,

New M5, M4-M5 Link, proposed future Sydney Gateway (surface road
from St Peters), and proposed future Western Harbour Tunnel.
Includes proposed future Beaches Link and proposed future F6
Extension in some scenarios.

Expected (traffic)

The 24 hr traffic profiles based on demand predicted by WRTM v2.3.

F6 Extension

A proposed motorway link between the New M5 at Arncliffe and the
existing M1 Princes Highway at Loftus, generally along the alignment
known as the F6 corridor.

HGV

Heavy Goods Vehicle, generally aligned with PIARC HGV vehicle
category.

Hour

Hour of the day, with the value representing the start time for the hour.
That is, Hour O is the period midnight to 1 am, Hour 1 is the period
1 amto 2 am, etc.

Jet fan

A fan hung under the tunnel ceiling to add momentum to the tunnel air
via a high-speed outlet air stream, and hence promote longitudinal
airflow.

LDV

Light Duty Vehicle, generally aligned with PIARC LDV vehicle
category.

PC

Passenger Car, generally aligned with PIARC PC vehicle category.

PCU

Passenger Car Unit. A unit used to represent an equivalent number of
passenger cars for each real vehicle.

PIARC

Permanent International Association of Road Congresses, the global
body which develops, collects and disseminates information about all
aspects of road design and operation. Also known as the World Road
Association. http://www.piarc.org/en/.

PIARC
Australian tables

Tables in Section 3.1 of document 2012R05EN “Road tunnels: vehicle
emissions and air demand for ventilation” by PIARC Technical

SMC - M4-M5 Link Ventilation
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Term

Explanation

Committee C4, December 2012. Used in a simplified estimation of
vehicle emissions in Australian tunnels.

PIARC detailed
method

The method for estimating vehicle emissions using the base emission
tables in PIARC document 2012R05EN noted above.

Piston effect

Common term used to describe the effect of the vehicle aerodynamic
drag force acting on the tunnel air to promote longitudinal air flow.

M4 East

A component of the WestConnex program of works. Located from
Homebush Bay Drive, Homebush to Parramatta Road and City West
Link (Wattle Street) at Haberfield (under construction).

M4 to M5

The general direction of traffic heading clockwise (CW) in the
WestConnex project. This includes routes generally in the direction:

¢ From the M4 East portal at Underwood Rd to the New M5 portal
at Kingsgrove.

e From the M4 East portal at Underwood Rd to Rozelle (including
WHT, Anzac Bridge and Iron Cove link)

¢ From Rozelle (including WHT, Anzac bridge and Iron Cove link)
to the New M5 portal at Kingsgrove.

M5 to M4

The general direction of traffic heading counter clockwise (CCW) in
the WestConnex project. This includes routes generally in the
direction:

e From the New M5 portal at Kingsgrove to the M4 East portal at
Underwood Rd.

e From the New M5 portal at Kingsgrove to Rozelle (including
WHT and Iron Cove link).

e From Rozelle (including WHT and Iron Cove link) to the M4 East
portal at Underwood Rd.

New M5

A component of the WestConnex program of works. Located from
Kingsgrove to St Peters (under construction).

NO-

Nitrogen dioxide.

NOx (NO2
equivalent)

Oxides of Nitrogen. Within this report, is assumed as NO + NO only
and expressed as NO; equivalent.

PM

Particulate matter. Within this report means either vehicle exhaust or
roadway based (hon-exhaust).

Regulatory
demand (traffic)

The demand traffic scaled up to the theoretical traffic capacity of the
system.

Roads and NSW Roads and Maritime Services.
Maritime
SEARs Secretary’s Environmental Assessment Requirements.

The project

The M4-M5 Link project.

Worst case The traffic case(s) which result in the most onerous requirements for
(traffic) the tunnel ventilation system.

WHT Western Harbour Tunnel.

WHT&BL Western Harbour Tunnel and Beaches Link.

SMC - M4-M5 Link Ventilation
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Term Explanation

WRTM WestConnex Road Traffic Model, the source of the traffic forecast
used in this work.

1.1 Schematic nomenclature

To assist the reader, schematic diagrams throughout this report have been prepared in a
uniform manner wherever practicable. Figure 1.1 outlines the nomenclature used.

The schematics within this report are intended only to show the overall connectivity between
the tunnel and ventilation outlet and supply plant. They do not represent the physical layout
and/or connections.

Colour coding is used to represent, at a broad level, the scope elements of the various
projects. For the M4-M5 Link and WHT interface, the following colour coding has been
adopted:

e Exhaust: The project that generated the vehicle emissions
e Supply: The project that required the fresh air supply

The colour coding may generally follow the contractual scope responsibility but is not
guaranteed to be an exact representation.

M4 EAST
NEW M3

M4 - M3 LINK

F& EXTENSION (FUTURE)

WESTERN HARBOUR TUNMNEL &
BEACHES LINK (FUTURE)

FUTURE - NOT IN OPERATION

m SECTION OF TUNNEL INACCESSIBLE TO TRAFFIC
»  TRAFFIC DIRECTION

[X-X] TRAFFIC MODEL LINK NUMBER

— —— CARRIAGEWAY (M4 to M5)

——— CARRIAGEWAY (M5 to M4)

VENTILATION PLANT

g 9—@ #H## m3ls

l Capacity (m3/s)
EIS Outlet identifier
Supply (}=-), Outlet ( }=)

Figure 1.1 Schematic nomenclature
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2 INTRODUCTION

The tunnel ventilation system must continuously, reliably and efficiently provide a safe
environment for tunnel users and external communities. Techniques for achieving these in
simple tunnels are well known. However, the WestConnex tunnel network will be one of the
largest motorway tunnel networks in the world. Figure 2.1 shows the layout of the whole
WestConnex tunnel system, including the proposed future Western Harbour Tunnel and F6
Extension projects. The WestConnex system has 23 km of twin-tube tunnel, 13
underground merge zones, 10 ramp diverges, 10 on-ramps and 11 off-ramps.

With the number of underground intersections, there is a significant number of different
potential incidents requiring effective ventilation. Even without an incident, the random
variation in traffic requires a robust and responsive ventilation system. The ventilation will be

controlled as one system across WestConnex, both for safe emergency responses and for
minimizing power costs for day to day coordinated operations.

This report discusses a range of analyses and presents the associated results for a number
of different tunnel configurations (scenarios). As a guide to the content, Table 2.1 outlines

the matrix of analysis completed and identifies the location of the associated results within
this report.
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Iron Cove Western Harbour

Haberfield Lmk Tunnel & Beaches

. Cintra Park
— " Link (future)

' Rozelle
%, interchange

B M4 EAST
| REWE
B - s unk
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Figure 2.1. Layout of the WestConnex tunnel network.
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Table 2.1. Summary of analysis scenarios.
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Scenario

Do minimum

Do something

Cumulative

Year (traffic and vehicle emissions)

2023

2033

2023

2033

2023

2033

Tunnel arrangement

M4 East

X

X

New M5

X

M4-M5 Link

X

Sydney Gateway*

Western Harbour Tunnel

XX | XX | X

Beaches Link

X

F6 Extension

X

Expected traffic (24 hr) operations

Section 9.1.1

Section 9.1.3

Section 9.2.1

Section 9.2.3

Section 9.3.1

Section 9.3.2

Regulatory demand traffic (24 hr)
operations

Section 9.1.2

Section 9.1.4

Section 9.2.2

Section 9.2.4

Worst case traffic operations

n/a

n/a

Section 10, Section 10.1

n/a

Section 10,
Section 10.2

Temperature estimates - Expected
traffic (24 hr) operations

n/a

n/a

n/a

n/a

Section 11.1

Section 11.2

* surface road that does not form part of the tunnel network but forms part of the WRTM traffic predictions.

Expected traffic (24 hr) operations: Represents the expected operation of the tunnel ventilation system under day-to-day conditions of
expected traffic demand. Vehicle emissions are based on the design fleet in the corresponding year, with results presented both for in-tunnel
air quality and for outlet emissions for use by others in assessing ambient air quality.

Regulatory demand traffic (24 hr) operations: Represents the same as expected traffic (24 hr) operations, but with the traffic demand
scaled up to reach the theoretical capacity of the system.

Worst case traffic operations: The range of traffic cases which result in the most onerous requirements for the tunnel ventilation system.
This encompasses traffic conditions such as congestion (with average speed >20 km/h) and vehicle breakdowns as well as free-flowing traffic

at maximum capacity.

Temperature estimates: The predicted outlet temperatures and variability based on expected traffic (24 hr) operations.
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3 PROJECT OVERVIEW
31 M4-M5 Link

As shown in Figure 2.1, the project will connect three other motorway tunnel projects; two of
which are already under construction (New M5 and M4 East), and the proposed future
Western Harbour Tunnel and Beaches Link (WHT&BL). The project must be designed for
compatibility with the known designs of New M5 and M4 East and provide flexibility for
possible future connection to WHT&BL. Figure 3.1 shows the Rozelle interchange
incorporating a future WHT&BL. Figure 3.2 shows the Rozelle interchange without the
future WHT&BL project.

The project may be constructed and opened to traffic in two stages:

1) Mainline tunnels between the M4 East at Haberfield and the New M5 at St Peters
including entry and exit ramps to the Wattle Street interchange at Haberfield and the
St Peters interchange at St Peters.

2) Rozelle interchange to connect the mainline tunnels with a) the surface road network
and Anzac Bridge, b) the Iron Cove Link and c) the future WHT&BL.

Throughout this report, the project is analysed with both stages noted above completed.

For interim operation with only the mainline tunnel between M4 East and New M5, restricting
all tunnel sections within the project to a maximum of two lanes occupancy would not require
any increase in the installed ventilation capacity over and above that required for the
completed project.

SMC - M4-M5 Link Ventilation A
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Figure 3.1. Schematic of Rozelle interchange with future Western Harbour Tunnel and
Beaches Link.
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Figure 3.2. Schematic of Rozelle interchange without future Western Harbour Tunnel and
Beaches Link.
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3.3 New M5

The New M5 tunnels connect to the project between the two sets of ramps at St Peters
Interchange (SPI). Figure 3.3 shows the ramps and the construction interface. Provision for
mainline air exchange is being made by the New M5 contractor for the northbound tube, and
by the project for the southbound tube. The reasoning behind splitting the ventilation plant
between the projects was to allow the interface exhaust plant to be co-located with exhaust

plant capturing the exit ramp flows.

To/From M4

"‘—\-q___r'lll'

\
\ in
& |\ E
B v 1l s 2
3 ¢ / JI - E
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l I
1
St Peters
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Figure 3.3. Schematic of the St Peters interchange (M4-M5 Link / New M5 interface).
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3.4 M4 East

The M4 East tunnels connect to the project between the two sets of ramps which connect to
Wattle Street, Haberfield. Figure 3.4 shows that interface. Buildings to house the ventilation
plant for mainline air exchange and portal capture from exit ramps in both directions are
being constructed by the M4 East contractor. The eastbound supply fans and the
westbound exhaust fans will be provided and installed in those buildings by the project.
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Figure 3.4. Schematic of the Wattle St interchange (M4-M5 Link / M4 East interface).
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3.5 Potential Future Tunnel connections

3.5.1 Western Harbour Tunnel and Beaches Link

The future Western Harbour Tunnel and Beaches Link connects Sydney’s northern suburbs
to the WestConnex system at Rozelle interchange as shown in Figure 3.1.

It is assumed that all air is exhausted and fresh air re-supplied at the M4-M5 Link / WHT&BL
interface points in both directions at all times. That is, there is no carry-over of pollution
between the two projects. This is the most conservative assumption that can be made for
sizing of the interface ventilation plant.

In calculating the emissions from the southbound WHT&BL to be captured by the interface
plant in Rozelle, it is assumed there is no carry-over of polluted air from any tunnel section
upstream of North Sydney. That is, the tunnel section heading southbound from North
Sydney to M4-M5 Link receives only fresh air at North Sydney.

With overall details of WHT&BL alignment, geometry and traffic demand unknown to the
authors at the time of this report, the above assumptions are the only practical basis of
analysis. If the WHT&BL ventilation system adopts a scheme with some carry-over past
North Sydney, this may increase emissions from the WHT&BL outlet within Rozelle
compared to the estimates in this report.

Any changes to the assumptions herein would need to be considered separately as part of
the WHT&BL project.
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3.5.2 F6 Extension

The proposed F6 Extension links the southern Sydney road network to the WestConnex
tunnels part way along New M5. Interface requirements for F6 Extension included within the
scope of the New M5 tunnel contract are shown in Figure 3.5. This work assumes the
following at the interface with F6 Extension:

¢ In the northbound direction of travel, all air arriving at Arncliffe from both M5 and F6
Extension is exhausted and the tunnel re-supplied with fresh air.

¢ In the southbound direction, no air is exhausted during normal operations and passes
through the interface to both New M5 and F6 Extension.

To/From M4

To/From M5 250 Nom (2)

@aza Nom (4)

AY

To/From F6
Extension (future)

Figure 3.5. Schematic of F6 Extension interface with New M5.

It is assumed that F6 Extension tunnels connecting to New M5 effectively start and finish at
President Ave from a ventilation perspective. That is, F6 Extension is assumed to perform
complete exchange of air at President Avenue with no-carry over of pollution in either
direction. Any emissions arriving at President Avenue from tunnels south of President
Avenue have not been assessed.

Any changes to the assumptions herein would need to be considered separately as part of
the F6 Extension project.
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4 SCOPE AND STRUCTURE
4.1 Purpose of Report

This report documents the ventilation design and analysis for the purposes of the
Environmental Impact Statement (EIS). It records the input data used in the tunnel
ventilation analysis, and the predicted air flow, temperature and pollution levels, both in-
tunnel and at the ventilation outlets. The important outputs are the predicted emissions for
both demand and limiting capacity traffic cases, pollution levels along the tunnel and the
ventilation plant capacity. The ventilation design for emergency response is also described
in this report.

4.1.1 M4 East EIS Ventilation Report

The M4 East EIS Ventilation Report (Appendix L to the Air Quality Impact Assessment in
Appendix H of the M4 East EIS) is largely superseded by this report and the M4 East project.
The current geometry and alignment of the project differs from that foreseen in the M4 East
contract and the M4 East EIS. The significant changes include:

e The project now incorporates a continuous underground connection between M4
East and New M5. Previously the M4-M5 Link surfaced at Rozelle, which from a
ventilation perspective meant the M4 East and New M5 were isolated from each
other.

¢ Increase in the size of the mainline the project carriageways linking Rozelle to
Haberfield from 3 to 4 lanes; links 8.1 and 8.2 of Figure 5.1.

Responsibility for design and construction of the M4 East ventilation plant now lies with the
M4 East project, superseding all plant capacity and other requirements outlined in the
M4 East EIS report.

This report:

e supplements the M4 East project, reviewing interface plant capacity for the
coordinated operation of the WestConnex tunnel system, incorporating revised
tunnel geometry for the project and additional traffic demand for differing years of
operation, and;

e supersedes the M4 East EIS Ventilation report for analysis and results associated
with operation after connection of the project.

4.1.2 New M5 EIS Ventilation Report

The New M5 EIS Ventilation Report (Appendix L to the Air Quality Impact Assessment in
Appendix H of the New M5 EIS) is largely superseded by this report and the New M5 project.
The current geometry and alignment of the project differs from that foreseen in the New M5
project and New M5 EIS. The significant changes include:

e The project now incorporates a continuous underground connection between
M4 East and New M5. Previously the project surfaced at Rozelle, which from a
ventilation perspective meant the M4 East and New M5 were isolated from each
other.

¢ Increase in the mainline project carriageways, linking Rozelle to St Peters, from 3 to
4 lanes; links 12.1 and 12.2 of Figure 5.1.

Responsibility for design and construction of the New M5 ventilation plant now lies with the
New M5 project, superseding all plant capacity and other requirements outlined in the
New M5 EIS report.
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This report:

e supplements the New M5 project, reviewing interface plant capacity for the
coordinated operation of the WestConnex tunnel system, incorporating revised
tunnel geometry for the project and additional traffic demand for differing years of
operation.

e Supersedes the New M5 EIS Ventilation report for analysis and results associated
with operation after connection of the project.

5 TUNNEL VENTILATION OVERVIEW
5.1 Objectives

The primary objectives of the ventilation system for WestConnex are:

1) Maintain in-tunnel air quality within the adopted criteria under the range of plausible
traffic conditions. Within the context of the concept design, this means all traffic
conditions where the vehicle speed is above 20 km/h.

2) Maintain a net inflow of air into all traffic portals to prevent emissions from these
locations during normal operations.

3) During afire, control the spread of smoke to support both the safe evacuation of
occupants from the tunnel and access for emergency response personnel. The
primary goal is to achieve critical velocity at the fire site to prevent back layering of
smoke.

5.2 Concept design scheme

The tunnel ventilation scheme for the WestConnex project is based on longitudinal
ventilation. The overall scheme is shown in Figure 5.1. Longitudinal ventilation is driven by
the vehicle piston effect, supplemented with jet fans if the traffic were to become too slow
such that the piston effect was insufficient. The ventilation plant for the concept design
scheme consists of three major elements, each with a different general purpose:

1) Portal emissions capture plant: Ventilation plant (exhaust) will be provided at
approaches to all vehicle exit portals, to ensure a net inflow of air, preventing portal
emissions. As the vehicle piston effect results in a natural inflow of air for vehicle on-
ramps, there is no requirement to provide ventilation plant at vehicle entry portals.

2) Project interface plant: Ventilation plant (exhaust and supply) will also be provided at
the interface points between the various WestConnex projects and also with future
(external) connecting tunnel projects. The purpose of these facilities is twofold:

a. Provide smoke separation between the projects during emergency scenarios,
minimising the smoke affected portions of the network as far as practicable.

b. Assist in maintaining air quality criteria across the network if the traffic was to
become slow across significant portions of the network.

3) Jetfans: Jet fans are used to supplement the vehicle piston effect if the traffic is
slow.
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Figure 5.1. WestConnex tunnel network geometry in schematic form.
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The operation, and consequently the required plant capacity, of the ventilation equipment is

dependent on the traffic conditions within the tunnel. In practice, operating requirements will
depend on traffic speed, traffic flows and their variation across the network. At a conceptual
level, the ventilation equipment needed during normal operations is correlated with the traffic
speed as shown in Table 5.1.

Table 5.1. Indicative ventilation plant requirements for normal operations.

Traffic
speed Por'tal capture I_nterface Jet fans
(km/hr) ventilation plant ventilation plant
80 . Not i .
= Maximum demand ot required Not required
60 n Minimal demand Minimal demand
40 Minimum demand
30 Maximum demand Moderate demand
20 Moderate demand Maximum demand

Considering both normal and emergency operations, the installed capacity of the various
plant is governed as follows:

Portal emissions capture:
1) The highest volume of free-flowing traffic at 80 km/hr.
Interface:

1) Exhaust capacity to ensure pollution criteria is achieved across the network.
2) Exhaust capacity to ensure smoke capture from the upstream project.
3) Supply capacity to support the downstream project air quality criteria.
4) Supply capacity as required for a fire case in the downstream project.

Jet fans:

1) The highest volume of the slowest traffic (20 km/hr).
2) The design fire size and the length of stopped queue behind the fire.

Under most traffic conditions (free-flowing traffic) ventilation of WestConnex does not involve
operation of the interface plants. Vehicle driven airflows at the interchange ramps located at
Rozelle, St Peter's and Wattle St (Haberfield), would provide effective dilution of pollutants to
maintain in-tunnel air quality criteria. Tunnel air that is drawn along the exit ramps with the
traffic would be extracted by the portal ventilation plant. A similar flowrate of fresh air would
be drawn into entry ramps, diluting the mainline air that continued past the exit ramp. This is
outlined diagrammatically in Figure 5.2. Under these traffic conditions, tunnel airflows are at
their highest, the portal capture plants would be operating at their peak capacity, and no jet
fans would be required to supplement vehicle drawn airflows.

With moderate levels of congestion, the effective exchange occurring via the interchange
ramps may not be sufficient to maintain in-tunnel air quality across the network. Under these
circumstances, partial exchange may be required at the interface plants to supplement the
ramp exchange. That is, part of the air approaching the interface plant exhaust point would
be extracted, with a similar amount of fresh air re-supplied. In this case, the tunnel airflows
may still be relatively high, but only a fraction of this air is required to be exchanged by the
interface plant. See Figure 5.3 for a representation of the effects of partial exchange. Under
these traffic conditions, tunnel airflows are at least at moderate levels, not requiring
assistance from jet fans. The portal emissions capture plants would be operating below their
peak capacity and the interface plant would be operating at or near its peak capacity.
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Figure 5.2 Diagramatic effect of mainline pollution levels with no interface exchange
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Figure 5.3 Diagramatic effect of mainline pollution levels with partial interface exchange

With very slow traffic conditions (congestion) throughout large portions of tunnel system,
complete air exchange at the interface plants may be required to maintain in-tunnel air
quality. That is; all air approaching the interface exhaust point would be extracted and fresh
air re-supplied in similar quantity. In that case, the piston effect of vehicles may also be
insufficient, requiring jet fans to operate to increase the tunnel airflows. This is shown
diagrammatically in Figure 5.4.
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Figure 5.4. Diagramatic effect of mainline pollution levels with complete interface
exchange.

5.3 Ventilation control and operating philosophy

The control of the ventilation has to successfully respond to behaviours on a wide range of
timescales. The traffic in normal operation may vary slowly, and with the inertia of the long
tunnels, changes will be seen over minutes. The presence of ramps shortens the tunnel
sections and so allows flows to change more rapidly in response to lower numbers of
vehicles. In considering the change in flow of a tunnel section, together with the need for
flow to obey continuity, it is seen that the time constant of flow variation is set by the second
shortest path to atmosphere. Where a short ramp comes off a mainline with long tunnel
sections either side, it is not the ramp inertia, but the inertia of the shortest mainline section
that determines the likely rates of change of flow. There is only one pair of short ramps in
the system, being the Wattle St and Parramatta Road off-ramps at Haberfield. The M4 East
Contractor is addressing the control of total flow and flow split in those ramps. Some other
short tunnel sections may be introduced by the Rozelle Interchange.

Jet fan control of flow in short tunnels was successfully implemented recently on the Terrace
Tunnel in Wellington, NZ. It is a 460 m long bidirectional road tunnel, with strong and
varying external wind, and traffic which surges in one direction due to upstream traffic lights.
Recent validation has confirmed successful achievement of a minimum flow in either
direction with low power consumption*

5.3.1 Normal operations

Figure 5.5 outlines the typical control block diagram and operating philosophy used in the
concept design for the project, and for analysis of the WestConnex system normal
operations. The exception to this philosophy is the Concord Road westbound off-ramp,
which is ventilated as an on-ramp, using jet fans to direct air back into the mainline.

1 Abstract submitted to 16" Australasian Tunnelling Conference, Sydney, 30 Oct to 1 Nov 2017.
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Figure 5.5. Overview of ventilation control.

The control philosophy consists of two primary actions during normal operations indicated by
different highlighted colours in Figure 5.5. The ventilation design has adopted the following
targets across all normal operations simulations for the project, consistent with previous
stages of WestConnex.

Minimum requirements (yellow):

e Minimum velocity: A minimum velocity of 1 m/s intended to avoid possible situations
of stagnation and flow reversal. Jet fans are used in control loops in the simulations
to ensure that these minimum airflow requirements are respected in on and off-
ramps.

e Portal emissions capture: A target portal inflow of 1 m/s, measured at the nominal
cross-section of the off-ramp is ensured by setting the extraction rate prior to the
portal.

Under most traffic conditions, the ventilation system can be operated in a number of ways to
achieve the required outcomes. Ventilation plant (exhaust and supply) plants generally offer
better efficiency and controllability compared to using jet fans to achieve the required air
guality. For these reasons, the following philosophy has been adopted throughout the
ventilation design, with the control actions listed in order of first preference in operation to
achieve maximum overall efficiency:

1) Portal emissions capture plant is operated to ensure net portal inflow of the natural
vehicle-driven airflows. That is; jet fans are not used to actively control system
airflow. An exception to this is M4 East Concord Rd off-ramp, which does not have a
portal capture facility and jet fans are used to drive airflow from the exit portal back to
the mainline for exhaust at the M4 portal.

2) Where in-tunnel pollution needs to be further controlled, interface plant is operated to
exchange air, in preference to using jet fans to increase tunnel airflows.

3) Only the most downstream interface plant is operated when necessary. That is to
say, if pollution levels within the downstream section (to the next interface plant) are
within criteria, then the interface plant is not operated. If required to operate, the
interface plant is operated only to the level required to achieve pollution criteria along
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the routes to the next downstream interface plant. This ensures that pollution is
extracted from the system at the highest efficiency. Exceptions to this are:

a. Interface plants to and from WHT&BL are operated to achieve complete
exchange for all simulations. With WHT&BL not yet a developed concept,
that is an appropriate conservative assumption.

b. The interface plant at Arncliffe (eastbound from both M5 and F6 Extension) is
operated to achieve complete exchange for all simulations. This assumption
is based on minimising plume rise and external air quality issues at the
New M5 St Peter’s outlet.

4) Jet fans are operated to increase tunnel airflows as required to limit pollution, after
other available actions are fully taken.

5.3.2 Emergency operations

Except for Concord Road off-ramp and short sections between portal flow capture plants and
the exit portals themselves, prior to an incident the air will be flowing with the traffic. At the
onset of a fire, any exit portal flow against traffic will be reversed, with the pre-incident flow
direction maintained for the rest of the tunnel. Exit portal inflows can be reversed quickly by
turning off the ventilation station fans which extract the tunnel air prior to the portal. Concord
Road will take a little longer to reverse, using jet fans in adjacent tunnel sections.

Jet fans will maintain an air flow in the traffic direction in order to prevent people held behind
the fire from being affected by smoke. Sufficient jet fans will be provided to control back-
layering of the smoke at the fire-site.

Under normal operation, traffic control measures will be applied to ensure that the traffic
speed in the tunnel does not drop below 20 km/h for any significant period. This will ensure
that, if a vehicle ignites, the smoke movement does not overtake downstream traffic.

Depending on the fire location, the smoke may be discharged through the ventilation outlet,
using the ventilation station fans. The alternative is to drive the smoke out of the exit portal.
The adjacent non-incident tube will be closed to traffic and the airflow in that tube will be
reversed using jet fans. This is to ensure that smoke issuing from a portal is not drawn into
the adjacent entry portal of the non-incident tube. The jet fans will also be used to maintain
the adjacent non-incident tube at a higher pressure than the incident tube, to prevent smoke
flow through cross passages.
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6.1 Summary
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References to design inputs and assumptions in this report are listed in Table 6.1 below.

Table 6.1. Summary of key design inputs and assumptions used.

50 ppm averaged over any route,
30 min rolling average.

Input Value Reference

NO: limits 0.5 ppm a\_/eraged over any route, Section 6.11, Table 6.25
15 min rolling average.
87 ppm averaged over any route,

CO limits 15 min rolling average. Section 6.11, Table 6.25

Extinction coefficient
limits

0.005 /m at any location, 15 min
rolling average

Section 6.11, Table 6.25

Fleet fuel mix

Roads and Maritime Services
design criteria

Vertical alignment Concept design drawings Section 6.3
Cross section Concept design drawings Section 6.4
Vehicle sizes Roqu an_d l\_/lanﬂme Services Section 6.10
design criteria
Section 6.6.1,

Table 6.12 (2023)
Table 6.13 (2033)

Fleet age profile

Roads and Maritime Services
design criteria

Section 6.6.1,
Table 6.12 (2023)
Table 6.13 (2033)

for NOx, CO and PM.

HGV mass 21 tonne Section 0
Traffic demand Roqu an_d Marmme Services Section 6.5.1
design criteria

Vehicle aerodynamic Roads and Maritime Services Section 6.10,
drag coefficients design criteria Table 6.24
Vehicle parameters for Section 6.6.6,
heat generation Table 6.16
Vehicle emission factors, | b Apc (2012) detailed Euro method | Section 6.6.8,

Vehicle emission factors,
for NO;

PIARC NOx above with NO2:NOx
ratio based on NSW Government
“In-Tunnel Air Quality (Nitrogen
Dioxide) Policy” Advisory
Committee on Tunnel Air Quality
(ACTAQ 2014)

Table 6.17. (PC 2023)
Table 6.18. (LDV 2023)
Table 6.19. (HGV 2023)
Table 6.20. (PC 2033)
Table 6.21 (LDV 2033)
Table 6.22. (HGV 2033)

Background air quality

Roads and Maritime Services
design criteria

Section 6.8, Table 6.23.

6.2

Tunnel schematic

Figure 6.1 shows the tunnel schematic for the WestConnex system in the Cumulative
arrangement (including F6 Extension and interfaces with Western Harbour Tunnel and
Beaches Link). Tunnel schematics specific to each scenario analysed are included in
Section 9 of this report. Figure 6.2 shows the tunnel schematic assumed for Western
Harbour Tunnel and Beaches Link. Note that the interface plants between M4-M5 Link and
Western Harbour Tunnel and Beaches Link are intentionally repeated within both
schematics. Figure 6.3 to Figure 6.7 show the vertical alignments of the network sections

graphically.
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Figure 6.1. WestConnex tunnel ventilation schematic.
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Figure 6.2. Western Harbour Tunnel and Beaches Link schematic (southbound from North Sydney).

6.3 Tunnel vertical alignment
The following figures show the vertical alignment adopted. It should be noted that different vertical and horizontal scales are used within the

graphs and as such tunnel gradients are exaggerated in the graphs.
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Figure 6.3. M4-M5 Link vertical alignment for M4 to M5 direction (traffic travels left to right).
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