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15 t / truck

2010 2015 2020 2025 2030 2035 2040 North Tsv South North Tsv South
Dry Bulk 

Cement 500,000 525,000 600,000 700,000 700,000 700,000 745,500 200,000 200,000 60% 120,000 8,000 10% 80% 10% 800 6,400 800

Fertilizer 140,000 155,000 170,000 195,000 195,000 195,000 207,675

Nickel Ore 4,100,000 5,000,000 6,200,000 8,000,000 8,000,000 8,000,000 8,520,000

Sulphur 100,000 300,000 500,000 500,000 500,000 625,000 665,625

Mineral Concentrates 230,000 250,000 275,000 300,000 300,000 300,000 319,500

Wet Bulk 0

Ammonia 0 100,000 200,000 200,000 200,000 200,000 213,000

Bitumen 0 100,000 100,000 100,000 150,000 150,000 159,750 150,000 150,000 100% 150,000 10,000 0% 50% 50% 0 5,000 5,000

Oil 1,000,000 1,000,000 1,125,000 1,275,000 1,900,000 1,900,000 2,023,500 900,000 900,000 40% 360,000 24,000 0% 50% 50% 0 12,000 12,000

Sulphuric Acid 0 0 0 10,000 10,000 20,000 21,300

Break Bulk / Non-Containerised / Containerised 0

Copper Anode 100,000 90,000 90,000 90,000 90,000 90,000 95,850 -10,000 -10,000 100% -10,000 0% 0% 100% 0 0 0

General Cargo 190,000 228,000 260,000 295,000 324,500 356,950 392,645 166,950 166,950 75% 125,213 8,348 5% 75% 20% 417 6,261 1,670

Motor Vehicles 23,000 28,000 30,000 32,000 38,000 38,000 40,470 15,000 15,000 100% 15,000 1,000 5% 80% 15% 50 800 150

Nickel Oxide Cake 0 78,000 78,000 78,000 78,000 78,000 83,070 78,000 78,000 100% 78,000 5,200 100% 0% 0% 5,200 0 0

Total - Import 6,383,000 7,854,000 9,628,000 11,775,000 12,485,500 12,652,950 13,487,885

Dry Bulk 

Fertilizer 800,000 1,400,000 2,000,000 2,600,000 3,000,000 3,000,000 3,195,000

Geothite 150,000 150,000 150,000 150,000 150,000 150,000 159,750

Magnetite 263,000 2,200,000 3,500,000 5,500,000 11,200,000 11,500,000 12,247,500

Mineral Concentrates 1,350,000 2,085,500 2,726,000 2,956,000 3,956,000 3,956,000 4,213,140

Sand/Gravel/Coke 8,000 8,000 8,000 13,000 15,000 15,000 15,975 7,000 7,000 50% 3,500 233 5% 75% 20% 12 175 47

Sugar 875,000 1,200,000 1,200,000 1,200,000 1,200,000 1,200,000 1,278,000

Zinc Ferrite 100,000 100,000 100,000 100,000 100,000 100,000 106,500

Coal n/a 5,000,000 8,000,000 8,000,000 8,000,000 8,000,000 8,000,000

New Dry Bulk 0 0 0 0 0 1,600,000 1,704,000 1,600,000 1,600,000 5% 80,000 5,333 50% 0% 50% 2,667 0 2,667

Wet Bulk 0

Contaminated Oil 3,000 2,000 2,000 7,000 7,000 7,000 7,455 4,000 4,000 100% 4,000 267 0% 60% 40% 0 160 107

Molasses 178,000 200,000 200,000 200,000 200,000 200,000 213,000 22,000 22,000 60% 13,200 880 20% 0% 80% 176 0 704

Sulphuric Acid 10,000 0 0 0 0 0 0

New Bulk Liquid n/a 0 n/a n/a 500,000 2,500,000 2,662,500

Break Bulk / Non-Containerised / Containerised 0

Cattle 30,000 50,000 55,000 70,000 70,000 70,000 74,550 40,000 40,000 100% 40,000 2,667 20% 0% 80% 533 0 2,133

General Cargo 150,000 155,000 169,781 189,720 208,692 229,561 252,517 79,561 79,561 75% 59,671 3,978 5% 75% 20% 199 2,984 796

Meat and By Products 16,000 15,000 15,000 20,000 20,000 20,000 21,300 4,000 4,000 100% 4,000 267 20% 60% 20% 53 160 53

Mineral Concentrates Containers 63,000 85,500 98,000 98,000 98,000 98,000 104,370 35,000 35,000 100% 35,000 2,333 0% 0% 100% 0 0 2,333

Refined Copper 200,000 200,000 200,000 200,000 200,000 200,000 213,000 0 0 100% 0 0 0% 0% 100% 0 0 0

Refined Lead 150,000 150,000 150,000 150,000 150,000 150,000 159,750

Refined Nickel 10,500 10,000 10,000 25,000 25,000 25,000 26,625 14,500 14,500 100% 14,500 967 100% 0% 0% 967 0 0

Refined Zinc 180,000 160,000 160,000 160,000 160,000 160,000 170,400 -20,000 -20,000 100% -20,000 0% 0% 100% 0 0 0

Timber 130,000 0 0 0 0 0 0 -130,000 -130,000 100% -130,000 20% 0% 80% 0 0 0

Total - Export 4,666,500 13,171,000 18,743,781 21,638,720 29,259,692 33,180,561 34,825,332 Total

TOTAL - IMPORT & EXPORT 11,049,500 21,025,000 28,371,781 33,413,720 41,745,192 45,833,511 48,313,217 3,156,011 942,083 73,472 11,074 33,939 28,459 73,472

Total Trips Loaded

Total
Ave. Daily Trips (loaded) 32 97 81 210

Ave. Hourly Trips (loaded) 3 8 7 17

Operations conducted over           350 days p.a.
trucking hours per day             12 hrs

15.1% 46.2% 38.7%Direction Distribution
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Origin/destination
% traffic split

Origin/destination
loaded traffic split
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Road Traffic Estimates for Construction

Client Name:  POTL
Project Name:  Townsville Port Expansion Project

Project No:  60161996

Stage A
Preliminary Construction Schedule 
Dredging Year 1 Year 2 Year 3 Year 4
Dredge Area Dredge 

Methodology
Duration week 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

Harbour basin & reclamation area Small TSHD
23.8

Harbour basin & reclamation area Large BHD/GRAB + 
hopper barges 23.8

Harbour basin & reclamation area Medium Small CSD
45.3

Platypus Channel deepening Medium TSHD
7.0

Sea Channel deepening Medium TSHD
5.9

Widen Platypus Channel (ch1,850-2,750) Large BHD/GRAB + 
hopper barges 14.2 14

Breakwater & perimeter revetments 90

Internal bunds 35

Wharves B14 & B15

Terminal construction (above wharf facilities)

Traffic Estimates - heavy vehicles
Assumptions Traffic distributed evenly over 24/7 (or 12/6 for terminal construction) Average hourly traffic (Trucks/hour)

Rock for bunds, revetments and breakwaters

tonnes truck 
load

total no. 
cycles

no.wks trucks 
per wk

ave. 
trucks 
per hr Year 1 Year 2 Year 3 Year 4

Bund and core rockfill (selected rockfill < 300mm) 24/7 5,070,510 30 169,017 90 1,878 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2
Filter layers (W50 300 & 600mm) 24/7 295,078 30 9,836 90 109 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Primary armour - NE b/wtr & NE revetment (W50 7t) 24/7 281,960 30 9,399 90 104 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Primary armour - b/wtr lee & eastern revet. (W50 3t) 24/7 0 30 0 90 0

Fill material for reclamation 24/7 410,938 30 13,698 35 391 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3

Pavement base and sub base material 24/7 26,600 30 887 15 59 0.4 0.4 0.4 0.4

Concrete and materials (wharves) 24/7 58,622 15 3,908 35 112 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Terminal construction (2 above wharf facilities) 12/6 40,000 15 2,667 45 59 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

209,411 Total 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 0.0 0.0 0.0 0.0 0.0 3.0 3.0 3.0 3.0 3.3 4.2 4.2 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.0 0.0 0.0

Traffic Estimates - passenger vehicles Peak hourly traffic (cars/hour)
2 2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 4 4 4 4 5 5 5 5 5 5 12 12 10 10 10 10 10 10 10

Traffic Estimates - passenger vehicles for workers
Daily worker numbers - assumed vehicle trips occur at peak hours

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

No. 
Daily 
12hr 
shifts

Year 1 Year 2 Year 3 Year 4

Infrastructure Construction (on site) 36
Contractor's head office and site office 5 36 5.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Dredge crew incl surveyor, barges and work boats

Grab dredge 8 4.5 1.0 2 8 8 8 8 8 8
CSD 10 7.5 2.1 2 10 10 10 10 10 10 10 10 10 10

TSHD 10 9 2.5 n/a stay on vessel

Bund and breakwater construction 10 18 5.0 2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
reclamation fill placement 5 7.5 1.0 2 5 5 5 5 5 5 5
capping layer placement and ground treatment 5 9 1.3 2 5 5 5 5 5 5 5
materials transport operators 45 36 45.0 n/a part of truck ops

Piling crew 5 12 1.7 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
berth construction 10 12 3.3 2 10 10 10 10 10 10 10 10 10 10 10 10
road and rail access 20 6 3.3 1 20 20 20 20 20 20 20
services and utilities construction 20 6 3.3 1 20 20 20 20 20 20 20

Port and Marine Operations
head office and vessel control 3 36 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Tug crew and pilots, pilot boat crew, linesmen 10 36 10.0 2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
security staff 3 36 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
maintenance and repair crew 5 36 5.0 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, material receival facilities, 
administration and amenities buildings, tank farms, pipelines (per berth)

150 18 75.0 1 150 150 150 150 150 150 150 150 150

Total FTE 170.5 Total 39 39 39 39 39 21 26 26 31 31 31 31 31 31 31 31 41 41 41 41 59 51 51 96 96 96 96 96 246 246 150 150 150 150 150 150 150
Duration 36.0

car share - avg 2 / veh 20 20 20 20 20 11 13 13 16 16 16 16 16 16 16 16 21 21 21 21 30 26 26 48 48 48 48 48 123 123 75 75 75 75 75 75 75 0 0 0

Construction Related Hourly Vehicles
total cars C 2 2 2 2 2 2 2 2 5 5 5 5 5 5 5 5 5 5 4 4 4 4 5 5 5 5 5 5 12 12 10 10 10 10 10 10 10 0 0 0
total cars CW 20 20 20 20 20 11 13 13 16 16 16 16 16 16 16 16 21 21 21 21 30 26 26 48 48 48 48 48 123 123 75 75 75 75 75 75 75 0 0 0
total trucks C 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 0.0 0.0 0.0 0.0 0.0 3.0 3.0 3.0 3.0 3.3 4.2 4.2 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.0 0.0 0.0

Operation Related Hourly Vehicles - workers only (goods seperate)
total cars O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Concrete ConstructionPile driving

93

13

In addition to the travel to work vehicles assume that there will be general hourly traffic of 
passenger vehicles

Constructions - Stage A
Revision E   22 Jun 2011
Construction traffic_C - ak review - 12-08-2011.xlsx
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Stage B
Preliminary Construction Schedule 
Dredging Year 1 Year 2 Year 3 Year 4
Dredge Area Dredge 

Methodology
Duration week 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

Harbour basin & reclamation area Small TSHD 3.3
Harbour basin & reclamation area Large BHD/GRAB 

+ hopper barges 1.7

Harbour basin & reclamation area Medium Small 
CSD 37.1

Breakwater & perimeter revetments 90
Internal bunds 35
Wharf B16

Terminal construction (above wharf facilities)

Traffic Estimates - heavy vehicles
Assumptions Traffic distributed evenly over 24/7 (or 12/6 for terminal construction) Average hourly traffic (Trucks/hour)

Rock for bunds, revetments and breakwaters

tonnes truck load total no. 
cycles

no.wks trucks 
per wk

ave. 
trucks 
per hr Year 1 Year 2 Year 3 Year 4

Bund and core rockfill (selected rockfill < 300mm) 24/7 0 30
Filter layers (W50 300 & 600mm) 12/6 11,263 30 375 15 25 0.3 0.3 0.3 0.3
Primary armour - NE b/wtr & NE revetment (W50 7t) 24/7 0 30
Primary armour - b/wtr lee & eastern revet. (W50 3t) 24/7 0 30

Fill material for reclamation 24/7 93,616 30 3,121 15 208 1.2 1.2 1.2 1.2

Pavement base and sub base material 24/7 9,690 30 323 10 32 0.2 0.2 0.2

Concrete and materials (wharves) 24/7 29,311 15 1,954 35 56 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Terminal construction (2 above wharf facilities) 12/6 20,000 15 1,333 35 38 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

7,106 Total 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.2 1.2 1.1 1.1 0.9 0.9 0.9 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic Estimates - passenger vehicles Peak hourly traffic (cars/hour)
2 2 2 2 2 2 2 2 2 5 5 5 8 8 8 8 8 8 8 3

Traffic Estimates - passenger vehicles for workers
Daily worker numbers

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

No. 
Daily 
12hr 
shifts

Year 1 Year 2 Year 3 Year 4

Infrastructure Construction (on site) 18
Contractor's head office and site office 5 18 54.2 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Dredge crew incl surveyor, barges and work boats

Grab dredge 0 0 0.0 2
CSD 10 4.5 27.1 2 10 10 10 10 10 10 10 10 10 10

TSHD 0 0 0.0 n/a stay on vessel
Bund and breakwater construction 0 0 0.0 2
reclamation fill placement 5 6 18.1 2 5 5 5 5 5 5 5
capping layer placement and ground treatment 5 6 18.1 2 5 5 5 5 5
materials transport operators 10 18 108.4 n/a part of truck ops
Piling crew 5 7 21.1 1 5 5 5 5 5 5 5
berth construction 10 8 48.2 2 10 10 10 10 10 10 10
road and rail access 20 6 72.3 1 20 20 20 20 20 20 20
services and utilities construction 10 6 36.1 1 10 10 10 10 10 10 10

Port and Marine Operations
head office and vessel control 2 18 21.7 2 2 2 2 2 2 2 2 2 2 2 2 2
Tug crew and pilots, pilot boat crew, linesmen 7 18 75.9 2 7 7 7 7 7 7 7 7 7 7 7
security staff 3 18 32.5 2 3 3 3 3 3 3 3 3 3 3 3 3
maintenance and repair crew 3 18 32.5 2 3 3 3 3 3 3 3 3 3 3 3 3

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, material receival facilities, 
administration and amenities buildings, tank farms, pipelines (per berth)

75 18 813.3 1 75 75 75 75 75 75 75 75

Total FTE 1,379.6 Total 23 30 30 30 35 40 45 45 45 45 35 25 120 120 120 120 120 120 120 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Duration 18

car share - avg 2 / veh 12 15 15 15 18 20 23 23 23 23 18 13 60 60 60 60 60 60 60 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Construction Related Hourly Vehicles
total cars C 2 2 2 2 2 2 2 2 2 5 5 5 8 8 8 8 8 8 8 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total cars CW 12 15 15 15 18 20 23 23 23 23 18 13 60 60 60 60 60 60 60 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total trucks C 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.2 1.2 1.1 1.1 0.9 0.9 0.9 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Operation Related Hourly Vehicles - workers only (goods seperate)
total cars O 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

42.1

Pile driving Concrete Construction

In addition to the travel to work vehicles assume that there will be general hourly traffic of 
passenger vehicles



Road Traffic Estimates for Construction

Client Name:  POTL
Project Name:  Townsville Port Expansion Project

Project No:  60161996

Stage C
Preliminary Construction Schedule 
Dredging Year 1 Year 2 Year 3 Year 4
Dredge Area Dredge 

Methodology
Duration week 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

Harbour basin & reclamation area Small TSHD
3.1

Harbour basin & reclamation area Large BHD/GRAB + 
hopper barges 1.5

Harbour basin & reclamation area Medium Small CSD
55.7

Platypus Channel deepening Medium TSHD
6.7

Sea Channel deepening Medium TSHD
4.8

Breakwater & perimeter revetments 90

Internal bunds 35

Wharf B16

Terminal construction (above wharf facilities)

Traffic Estimates - heavy vehicles
Assumptions Traffic distributed evenly over 24/7 (or 12/6 for terminal construction) Average hourly traffic (Trucks/hour)

Rock for bunds, revetments and breakwaters

tonnes truck 
load

total no. 
cycles

no.wks trucks 
per wk

ave. 
trucks 
per hr Year 1 Year 2 Year 3 Year 4

Bund and core rockfill (selected rockfill < 300mm) 24/7 0 30
Filter layers (W50 300 & 600mm) 12/6 11,263 30 375 15 25 0.3 0.3 0.3 0.3
Primary armour - NE b/wtr & NE revetment (W50 7t) 24/7 0 30
Primary armour - b/wtr lee & eastern revet. (W50 3t) 24/7 0 30

Fill material for reclamation 24/7 234,079 30 7,803 30 260 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Pavement base and sub base material 24/7 29,450 30 982 20 49 0.3 0.3 0.3 0.3 0.3

Concrete and materials (wharves) 24/7 29,311 15 1,954 35 56 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Terminal construction (2 above wharf facilities) 12/6 20,000 15 1,333 40 33 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

12,447 Total 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.5 1.8 1.8 1.8 2.2 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic Estimates - passenger vehicles Peak hourly traffic (cars/hour)
2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 8 8 8 8 8 8 8 8

Traffic Estimates - passenger vehicles for workers
Daily worker numbers - assumed vehicle trips occur at peak hours

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

No. 
Daily 
12hr 
shifts

Year 1 Year 2 Year 3 Year 4

Infrastructure Construction (on site) 18
Contractor's head office and site office 5 18 5.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Dredge crew incl surveyor, barges and work boats

Grab dredge 0 0 0.0 2
CSD 10 4.5 2.5 2 10 10 10 10 10 10 10 10 10 10 10 10 10

TSHD 10 9 5.0 n/a stay on vessel

Bund and breakwater construction 0 0 0.0 2
reclamation fill placement 5 6 1.7 2 5 5 5 5 5 5 5 5 5 5 5 5 5
capping layer placement and ground treatment 5 6 1.7 2 5 5 5 5 5
materials transport operators 10 18 10.0 n/a part of truck ops

Piling crew 5 7 1.9 1 5 5 5 5 5 5 5
berth construction 10 8 4.4 2 10 10 10 10 10 10 10
road and rail access 20 6 6.7 1 20 20 20 20 20 20 20
services and utilities construction 10 6 3.3 1 10 10 10 10 10 10 10

Port and Marine Operations
head office and vessel control 3 18 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Tug crew and pilots, pilot boat crew, linesmen 10 18 10.0 2 10 10 10 10 10 10 10 10 10 10 10 10 10
security staff 3 18 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3
maintenance and repair crew 5 18 5.0 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, material receival facilities, 
administration and amenities buildings, tank farms, pipelines (per berth)

75 18 75.0 1 75 75 75 75 75 75 75 75

Total FTE 138 Total 16 41 41 41 41 41 41 41 46 51 51 51 51 51 10 45 120 120 120 120 120 120 75 75 0 0 0 0 0 0 0 0 0 0 0 0 0
Duration 18

car share - avg 2 / veh 8 21 21 21 21 21 21 21 23 26 26 26 26 26 5 23 60 60 60 60 60 60 38 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Construction Related Hourly Vehicles
total cars C 2 2 2 2 2 2 2 2 2 2 5 5 5 5 5 5 8 8 8 8 8 8 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total cars CW 8 21 21 21 21 21 21 21 23 26 26 26 26 26 5 23 60 60 60 60 60 60 38 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total trucks C 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.5 1.8 1.8 1.8 2.2 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Operation Related Hourly Vehicles - workers only (goods seperate)
total cars O 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45

Pile driving Concrete Construction

60

12

In addition to the travel to work vehicles assume that there will be general hourly traffic of 
passenger vehicles
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Road Traffic Estimates for Construction

Client Name:  POTL
Project Name:  Townsville Port Expansion Project

Project No:  60161996

Stage D
Preliminary Construction Schedule 

Year 1 Year 2 Year 3 Year 4

week 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

 No Dredging

 No Dredging

 No Dredging

 No Dredging

 No Dredging

Breakwater & perimeter revetments not required 0

Internal bunds not required 0

Wharves B18 & B19

Terminal construction (above wharf facilities)

Traffic Estimates - heavy vehicles
Assumptions Traffic distributed evenly over 24/7 (or 12/6 for terminal construction) Average hourly traffic (Trucks/hour)

Rock for bunds, revetments and breakwaters

tonnes truck load total no. 
cycles

no.wks trucks 
per wk

ave. 
trucks 
per hr Year 1 Year 2 Year 3 Year 4

Bund and core rockfill (selected rockfill < 300mm) 24/7 0 30 0 90 0 0.0
Filter layers (W50 300 & 600mm) 24/7 0 30 0 90 0 0.0
Primary armour - NE b/wtr & NE revetment (W50 7t) 24/7 0 30 0 90 0 0.0
Primary armour - b/wtr lee & eastern revet. (W50 3t) 24/7 0 30 0 90 0

Fill material for reclamation 24/7 100,000 30 3,333 30 111 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Pavement base and sub base material 24/7 30,000 20 1,500 20 75 0.4 0.4 0.4 0.4 0.4

Concrete and materials (wharves) 24/7 58,622 15 3,908 35 112 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Terminal construction (2 above wharf facilities) 12/6 40,000 15 2,667 55 48 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

11,408 Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.7 0.7 1.3 2.0 1.8 1.8 1.8 1.8 1.3 1.3 0.7 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic Estimates - passenger vehicles Peak hourly traffic (cars/hour)
2 2 2 2 2 2 2 2 5 5 5 5 5 5 10 12 12 12 12 12 12 12 10 10 10

Traffic Estimates - passenger vehicles for workers
Daily worker numbers - assumed vehicle trips occur at peak hours

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

No. 
Daily 
12hr 

shifts

Year 1 Year 2 Year 3 Year 4

Infrastructure Construction (on site) 15
Contractor's head office and site office 5 15 5.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Dredge crew incl surveyor, barges and work boats

Grab dredge 0 0 0.0 n/a
CSD 0 0 0.0 n/a
TSHD 0 0 0.0 n/a stay on vessel

Bund and breakwater construction 10 4 2.7 2 10 10 10 10 10 10
reclamation fill placement 0 0 0.0 n/a
capping layer placement and ground treatment 5 6 2.0 2 5 5 5 5 5 5
materials transport operators 10 15 10.0 n/a part of truck ops
Piling crew 5 12 4.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
berth construction 10 12 8.0 2 10 10 10 10 10 10 10 10 10 10 10 10
road and rail access 10 4.5 3.0 1 10 10 10 10 10 10 10 10 10 10 10 10
services and utilities construction 15 6 6.0 1 15 15 15 15

Port and Marine Operations
head office and vessel control 1 15 1.0 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tug crew and pilots, pilot boat crew, linesmen 2 15 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
security staff 3 15 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
maintenance and repair crew 1 15 1.0 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, material receival facilities, 
administration and amenities buildings, tank farms, pipelines (per berth)

150 0.0 1 150 150 150 150 150 150 150 150 150 150 150 150

Total FTE 47.7 Total 27 27 27 27 27 27 17 17 17 17 22 22 22 42 192 187 197 197 197 197 182 182 182 182 182 150 0 0 0 0 0 0 0 0 0 0 0
Duration 15.0

car share - avg 2 / veh 14 14 14 14 14 14 8.5 8.5 8.5 8.5 11 11 11 21 96 94 99 99 99 99 91 91 91 91 91 75 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Construction Related Hourly Vehicles
total cars C 2 2 2 2 2 2 2 2 5 5 5 5 5 5 10 12 12 12 12 12 12 12 10 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total cars CW 14 14 14 14 14 14 9 9 9 9 11 11 11 21 96 94 99 99 99 99 91 91 91 91 91 75 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total trucks C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.7 0.7 1.3 2.0 1.8 1.8 1.8 1.8 1.3 1.3 0.7 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Operation Related Hourly Vehicles - workers only (goods seperate)
total cars O 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60

Pile driving Concrete Construction

In addition to the travel to work vehicles assume that there will be general hourly traffic of 
passenger vehicles
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Road Traffic Estimates for Construction

Client Name:  POTL
Project Name:  Townsville Port Expansion Project

Project No:  60161996

Post Stage D
Preliminary Construction Schedule 

Year 1 Year 2 Year 3 Year 4

week 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

 No Dredging

 No Dredging

 No Dredging

 No Dredging

 No Dredging

Breakwater & perimeter revetments not required 0

Internal bunds not required 0

Wharves B18 & B19

Terminal construction (above wharf facilities)

Traffic Estimates - heavy vehicles
Assumptions Traffic distributed evenly over 24/7 (or 12/6 for terminal construction) Average hourly traffic (Trucks/hour)

Rock for bunds, revetments and breakwaters

tonnes truck 
load

total no. 
cycles

no.wks trucks 
per wk

ave. 
trucks 
per hr Year 1 Year 2 Year 3 Year 4

Bund and core rockfill (selected rockfill < 300mm) 24/7 0 30 0 90 0 0.0
Filter layers (W50 300 & 600mm) 24/7 0 30 0 90 0 0.0
Primary armour - NE b/wtr & NE revetment (W50 7t) 24/7 0 30 0 90 0 0.0
Primary armour - b/wtr lee & eastern revet. (W50 3t) 24/7 0 30 0 90 0

Fill material for reclamation 24/7 100,000 30 3,333 30 111 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Pavement base and sub base material 24/7 30,000 20 1,500 20 75 0.4 0.4 0.4 0.4 0.4

Concrete and materials (wharves) 24/7 58,622 15 3,908 35 112 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Terminal construction (2 above wharf facilities) 12/6 40,000 15 2,667 55 48 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

11,408 Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic Estimates - passenger vehicles Peak hourly traffic (cars/hour)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Traffic Estimates - passenger vehicles for workers
Daily worker numbers - assumed vehicle trips occur at peak hours

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

No. 
Daily 
12hr 
shifts

Year 1 Year 2 Year 3 Year 4

Infrastructure Construction (on site) 15
Contractor's head office and site office 5 15 5.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Dredge crew incl surveyor, barges and work boats

Grab dredge 0 0 0.0 n/a
CSD 0 0 0.0 n/a

TSHD 0 0 0.0 n/a stay on vessel

Bund and breakwater construction 10 4 2.7 2 10 10 10 10 10 10
reclamation fill placement 0 0 0.0 n/a
capping layer placement and ground treatment 5 6 2.0 2 5 5 5 5 5 5
materials transport operators 10 15 10.0 n/a part of truck ops

Piling crew 5 12 4.0 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
berth construction 10 12 8.0 2 10 10 10 10 10 10 10 10 10 10 10 10
road and rail access 10 4.5 3.0 1 10 10 10 10 10 10 10 10 10 10 10 10
services and utilities construction 15 6 6.0 1 15 15 15 15

Port and Marine Operations
head office and vessel control 1 15 1.0 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tug crew and pilots, pilot boat crew, linesmen 2 15 2.0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
security staff 3 15 3.0 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
maintenance and repair crew 1 15 1.0 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, material receival facilities, 
administration and amenities buildings, tank farms, pipelines (per berth)

150 0.0 1 150 150 150 150 150 150 150 150 150 150 150 150

Total FTE 47.7 Total 27 27 27 27 27 27 17 17 17 17 22 22 22 42 192 187 197 197 197 197 182 182 182 182 182 150 0 0 0 0 0 0 0 0 0 0 0
Duration 15.0

car share - avg 2 / veh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Construction Related Hourly Vehicles
total cars C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total cars CW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total trucks C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Operation Related Hourly Vehicles - workers only (goods seperate)
total cars O 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90

Pile driving Concrete Construction

In addition to the travel to work vehicles assume that there will be general hourly traffic of 
passenger vehicles

Constructions - Post Stage D
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Summary description of works

Construction Activity Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

Peak number of 
workers

Duration
(months)

FTE
(workers / 

month)

Infrastructure Construction (on site) 36 18 18 15
Contractor's head office and site office 5 36 5.0 5 18 5.0 5 18 5.0 5 15 5.0
Dredge crew incl surveyor, barges and work boats

Grab dredge 8 4.5 1.0 0 0 0.0 0 0 0.0 0 0 0.0
CSD 10 7.5 2.1 10 4.5 2.5 10 4.5 2.5 0 0 0.0

TSHD 10 9 2.5 0 0 0.0 10 9 5.0 0 0 0.0
Bund and breakwater construction 10 18 5.0 0 0 0.0 0 0 0.0 10 4 2.7
reclamation fill placement 5 7.5 1.0 5 6 1.7 5 6 1.7 0 0 0.0
capping layer placement and ground treatment 5 9 1.3 5 6 1.7 5 6 1.7 5 6 2.0
materials transport operators 45 36 45.0 10 18 10.0 10 18 10.0 10 15 10.0
Piling crew 5 12 1.7 5 7 1.9 5 7 1.9 5 12 4.0
berth construction 10 12 3.3 10 8 4.4 10 8 4.4 10 12 8.0
road and rail access 20 6 3.3 20 6 6.7 20 6 6.7 10 4.5 3.0
services and utilities construction 20 6 3.3 10 6 3.3 10 6 3.3 15 6 6.0

Port and Marine Operations
head office and vessel control 3 36 3.0 2 18 2.0 3 18 3.0 1 15 1.0
Tug crew and pilots, pilot boat crew, linesmen 10 36 10.0 7 18 7.0 10 18 10.0 2 15 2.0
security staff 3 36 3.0 3 18 3.0 3 18 3.0 3 15 3.0
maintenance and repair crew 5 36 5.0 3 18 3.0 5 18 5.0 1 15 1.0

Above Wharf Facilities Construction (on site)
Storage sheds, conveyors, shiploaders/unloaders, 
material receival facilities, administration and amenities 
buildings, tank farms, pipelines (per berth)

150 18 75.0 75 18 75.0 75 18 75.0 150 0.0

Total FTE 170.5 Total FTE 127.2 Total FTE 138.2 Total FTE 47.7
Duration 36.0 Duration 18 Duration 18 Duration 15

Above Wharf Facilities Operation

Management and administration, equipment operators, 
general labour, shunters (per berth)

Cumulative total

= workers live on dredge craft

Plus:

add to Stg B traffic add to Stg C traffic add to Stg D traffic add to post Stg D traffic

Car Share - avg 2 / veh 0 workers 60 workers 90 workers 120 workers 180 workers

0 cars 30 cars 45 cars 60 cars 90 cars
Stage A Stage B Stage C Stage D

90 120 180

Works to establish outer harbour basin for berths B14 & 
B15 and dredge basin to -12.0m; bunds for entire outer 
harbour footprint; breakwaters and revetments; 
reclamation and ground treatment; construct wharves 
B14 & B15 and associated services, roads and cargo 
transfer facilities; construct first rail loop; first stage of 
channel deepening & widening of channel approaches.

Works to construct wharves B18 and B19 and associated 
services, roads and cargo transfer facilities.

Works to complete outer harbour basin to berth B17, B18 
& B19 and dredge basin to -12.9m; complete reclamation 
and ground treatment; construct wharf B17 and 
associated services, roads and cargo transfer facilities; 
construct third rail loop; second stage of channel 
deepening.

Works to extend outer harbour basin to berth B16; 
reclamation and ground treatment; construct wharf B16 
and associated services, roads and cargo transfer 
facilities; construct second rail loop.

Indirect employment flow-ons from all of the above (residential accommodation, goods and 
services, etc).

Stage A Stage B Stage C Stage D

60 30 6030

Stage A

Offsite construction support - precast concrete fabrication; structural steel fabrication; 
equipment fabrication and supply; materials and equipment transport; quarry operations; 
materials supply, etc.

Employment at mines and other import/export industries which could not be established 
without the port expansion being in place.

Stage B Stage C Stage D

60
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2014, veh/hr
TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV

Left 3 3 0 0 0 0 0% 0% 0% 1 1 0 0 0 0 0% 0% 0%
Through 13 12 1 16 12 4 125% 97% 781% 19 18 1 139 135 4 728% 735% 554%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 0% 0% 0% 57 52 5 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 1 1 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 19 18 1 139 135 4 745% 743% 810% 13 13 1 16 12 4 121% 95% 555%
Right 60 55 5 0 0 0 0% 0% 0% 15 12 3 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 31 29 2 16 12 4 53% 42% 209% 73 62 10 139 135 4 191% 216% 40%
Right 3 3 1 0 0 0 0% 0% 0% 12 11 1 0 0 0 2% 2% 3%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 53 45 8 0 0 0 0% 0% 0% 60 48 12 0 0 0 0% 0% 0%
Through 76 70 5 139 135 4 184% 192% 81% 34 30 4 16 12 4 48% 41% 95%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 2% 2% 1% 3 3 0 0 0 0 6% 5% 11%
Through 0 0 0 0 0 0
Right 56 44 11 0 0 0 0% 0% 0% 55 45 10 0 0 0 0% 0% 0%
Left 27 25 2 0 0 0 0% 0% 0% 6 5 1 0 0 0 0% 0% 0%
Through 28 23 5 5 1 4 19% 5% 81% 77 68 9 18 14 4 23% 20% 48%
Right 23 20 4 11 11 0 46% 55% 0% 37 31 6 122 122 0 330% 389% 0%
Left 87 72 15 0 0 0 0% 0% 0% 406 371 35 0 0 0 0% 0% 0%
Through 23 19 4 0 0 0 0% 0% 0% 108 99 9 0 0 0 0% 0% 0%
Right 6 5 1 0 0 0 0% 0% 0% 27 25 2 0 0 0 0% 0% 0%
Left 1056 1011 45 0 0 0 0% 0% 0% 635 573 62 0 0 0 0% 0% 0%
Through 83 75 8 18 14 4 21% 18% 54% 36 28 8 5 1 4 15% 4% 56%
Right 427 392 35 0 0 0 0% 0% 0% 108 89 20 0 0 0 0% 0% 0%
Left 37 33 4 122 122 0 332% 374% 0% 26 20 6 11 11 0 42% 54% 0%
Through 114 105 9 0 0 0 0% 0% 0% 29 24 5 0 0 0 0% 0% 0%
Right 455 412 44 0 0 0 0% 0% 0% 1253 1195 58 0 0 0 0% 0% 0%
Left 98 95 3 0 0 0 0% 0% 0% 140 136 4 0 0 0 0% 0% 0%
Through 645 606 39 0 0 0 0% 0% 0% 1581 1527 54 0 0 0 0% 0% 0%
Right 221 199 22 0 0 0 0% 0% 0% 501 469 32 0 0 0 0% 0% 0%
Left 96 88 7 0 0 0 0% 0% 0% 135 126 10 0 0 0 0% 0% 0%
Through 209 192 16 11 11 0 5% 6% 0% 348 321 27 122 122 0 35% 38% 0%
Right 111 108 3 0 0 0 0% 0% 0% 116 112 4 0 0 0 0% 0% 0%
Left 196 189 6 0 0 0 0% 0% 0% 150 141 9 0 0 0 0% 0% 0%
Through 1023 993 30 0 0 0 0% 0% 0% 665 620 45 0 0 0 0% 0% 0%
Right 57 54 3 0 0 0 0% 0% 0% 45 41 4 0 0 0 0% 0% 0%
Left 527 497 29 0 0 0 0% 0% 0% 346 305 41 0 0 0 0% 0% 0%
Through 341 317 24 122 122 0 36% 38% 0% 296 268 28 11 11 0 4% 4% 0%
Right 85 79 5 0 0 0 0% 0% 0% 309 298 10 0 0 0 0% 0% 0%
Left 95 88 7 0 0 0 0% 0% 0% 211 198 14 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 236 217 19 0 0 0 0% 0% 0% 532 507 25 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 1282 1172 110 0 0 0 0% 0% 0% 1485 1330 155 0 0 0 0% 0% 0%
Right 136 128 8 0 0 0 0% 0% 0% 142 130 12 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 420 401 19 0 0 0 0% 0% 0% 292 264 27 0 0 0 0% 0% 0%
Through 841 746 95 0 0 0 0% 0% 0% 1233 1099 134 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0
Left 293 259 34 0 0 0 0% 0% 0% 548 502 46 0 0 0 0% 0% 0%
Through 275 258 17 0 0 0 0% 0% 0% 441 417 23 0 0 0 0% 0% 0%
Right 96 89 7 0 0 0 0% 0% 0% 116 106 10 0 0 0 0% 0% 0%
Left 80 75 5 0 0 0 0% 0% 0% 189 7 182 0 0 0 0% 0% 0%
Through 870 783 87 0 0 0 0% 0% 0% 1346 121 1225 0 0 0 0% 0% 0%
Right 596 558 38 0 0 0 0% 0% 0% 474 53 421 0 0 0 0% 0% 0%
Left 289 276 13 0 0 0 0% 0% 0% 360 341 20 0 0 0 0% 0% 0%
Through 307 296 10 0 0 0 0% 0% 0% 264 249 15 0 0 0 0% 0% 0%
Right 145 140 5 0 0 0 0% 0% 0% 111 105 7 0 0 0 0% 0% 0%
Left 107 100 7 0 0 0 0% 0% 0% 84 74 10 0 0 0 0% 0% 0%
Through 799 726 73 0 0 0 0% 0% 0% 823 717 107 0 0 0 0% 0% 0%
Right 563 537 27 0 0 0 0% 0% 0% 544 505 39 0 0 0 0% 0% 0%
Left 395 355 39 0 0 0 0% 0% 0% 1051 999 52 0 0 0 0% 0% 0%
Through 38 34 4 5 1 4 14% 4% 98% 101 95 6 18 14 4 18% 14% 70%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 1338 1228 110 0 0 0 0% 0% 0% 1510 1357 153 0 0 0 0% 0% 0%
Right 878 839 39 0 0 0 0% 0% 0% 546 490 56 0 0 0 0% 0% 0%
Left 3 2 1 0 0 0 15% 0% 68% 3 3 0 0 0 0 0% 0% 0%
Through 69 64 4 18 14 4 26% 21% 103% 50 44 6 5 1 4 11% 3% 73%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 846 846 0 0 0 0 0% 0% 0% 1307 1307 0 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%

Background + Marine Precinct 
Traffic

Development Traffic Only
(2014 AM Peak Hour, Veh/hr)

% Background Traffic
(2014 AM Peak Hour, Veh/hr)

Background + Marine Precinct 
Traffic

Development Traffic Only
(2014 PM Peak Hour, Veh/hr)

% Background Traffic
(2014 PM Peak Hour, Veh/hr)
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2035, veh/hr
TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV

Left 3 3 0 0 0 0 0% 0% 0% 1 1 0 0 0 0 0% 0% 0%
Through 13 12 1 31 12 19 241% 97% 3613% 19 18 1 190 171 19 993% 929% 2560%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 0% 0% 0% 57 52 5 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 1 1 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 19 18 1 190 171 19 1016% 938% 3746% 13 13 1 31 12 19 233% 95% 2567%
Right 60 55 5 0 0 0 0% 0% 0% 15 12 3 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 38 35 3 31 12 19 83% 34% 751% 80 68 12 190 171 19 238% 250% 164%
Right 2 2 0 0 0 0 0% 0% 0% 12 11 1 0 0 0 2% 2% 3%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 53 45 8 0 0 0 0% 0% 0% 60 48 12 0 0 0 0% 0% 0%
Through 83 77 6 190 171 19 230% 222% 338% 42 36 6 31 12 19 75% 33% 331%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 2% 2% 1% 3 3 0 0 0 0 6% 5% 11%
Through 0 0 0 0 0 0
Right 56 44 11 0 0 0 0% 0% 0% 58 48 10 0 0 0 0% 0% 0%
Left 27 25 2 0 0 0 0% 0% 0% 6 5 1 0 0 0 0% 0% 0%
Through 28 23 5 10 1 9 35% 5% 167% 77 68 9 26 17 9 33% 25% 99%
Right 23 20 4 21 11 11 92% 55% 276% 37 31 6 164 153 11 446% 492% 190%
Left 87 72 15 0 0 0 0% 0% 0% 406 371 35 0 0 0 0% 0% 0%
Through 23 19 4 0 0 0 0% 0% 0% 108 99 9 0 0 0 0% 0% 0%
Right 6 5 1 0 0 0 0% 0% 0% 27 25 2 0 0 0 0% 0% 0%
Left 1056 1011 45 0 0 0 0% 0% 0% 635 573 62 0 0 0 0% 0% 0%
Through 82 74 8 26 17 9 31% 23% 113% 36 28 8 10 1 9 28% 4% 115%
Right 427 392 35 0 0 0 0% 0% 0% 108 89 20 0 0 0 0% 0% 0%
Left 37 33 4 164 153 11 448% 472% 258% 26 20 6 21 11 11 83% 54% 192%
Through 114 105 9 0 0 0 0% 0% 0% 29 24 5 0 0 0 0% 0% 0%
Right 455 412 44 0 0 0 0% 0% 0% 1253 1195 58 0 0 0 0% 0% 0%
Left 99 96 3 0 0 0 0% 0% 0% 140 136 4 0 0 0 0% 0% 0%
Through 645 606 39 0 0 0 0% 0% 0% 1581 1527 54 0 0 0 0% 0% 0%
Right 221 199 22 0 0 0 0% 0% 0% 501 469 32 0 0 0 0% 0% 0%
Left 97 89 7 0 0 0 0% 0% 0% 136 127 10 0 0 0 0% 0% 0%
Through 212 195 17 21 11 11 10% 6% 63% 361 333 28 164 153 11 45% 46% 38%
Right 111 108 3 0 0 0 0% 0% 0% 116 112 4 0 0 0 0% 0% 0%
Left 196 189 6 0 0 0 0% 0% 0% 150 141 9 0 0 0 0% 0% 0%
Through 1023 993 30 0 0 0 0% 0% 0% 665 620 45 0 0 0 0% 0% 0%
Right 59 56 4 0 0 0 0% 0% 0% 45 41 4 0 0 0 0% 0% 0%
Left 527 497 29 0 0 0 0% 0% 0% 346 305 41 0 0 0 0% 0% 0%
Through 359 333 26 164 153 11 46% 46% 41% 301 272 29 21 11 11 7% 4% 37%
Right 85 79 5 0 0 0 0% 0% 0% 309 298 10 0 0 0 0% 0% 0%
Left 95 88 7 0 0 0 0% 0% 0% 211 198 14 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 236 217 19 0 0 0 0% 0% 0% 532 507 25 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 1282 1172 110 0 0 0 0% 0% 0% 1485 1330 155 0 0 0 0% 0% 0%
Right 136 128 8 0 0 0 0% 0% 0% 142 130 12 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 420 401 19 0 0 0 0% 0% 0% 292 264 27 0 0 0 0% 0% 0%
Through 841 746 95 0 0 0 0% 0% 0% 1233 1099 134 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0
Left 293 259 34 0 0 0 0% 0% 0% 548 502 46 0 0 0 0% 0% 0%
Through 275 258 17 0 0 0 0% 0% 0% 441 417 23 0 0 0 0% 0% 0%
Right 96 89 7 0 0 0 0% 0% 0% 116 106 10 0 0 0 0% 0% 0%
Left 80 75 5 0 0 0 0% 0% 0% 189 7 182 0 0 0 0% 0% 0%
Through 870 783 87 0 0 0 0% 0% 0% 1346 121 1225 0 0 0 0% 0% 0%
Right 596 558 38 0 0 0 0% 0% 0% 474 53 421 0 0 0 0% 0% 0%
Left 289 276 13 0 0 0 0% 0% 0% 360 341 20 0 0 0 0% 0% 0%
Through 307 296 10 0 0 0 0% 0% 0% 264 249 15 0 0 0 0% 0% 0%
Right 145 140 5 0 0 0 0% 0% 0% 111 105 7 0 0 0 0% 0% 0%
Left 107 100 7 0 0 0 0% 0% 0% 84 74 10 0 0 0 0% 0% 0%
Through 799 726 73 0 0 0 0% 0% 0% 823 717 107 0 0 0 0% 0% 0%
Right 563 537 27 0 0 0 0% 0% 0% 544 505 39 0 0 0 0% 0% 0%
Left 437 393 43 0 0 0 0% 0% 0% 1182 1124 57 0 0 0 0% 0% 0%
Through 42 38 5 10 1 9 23% 3% 185% 113 106 7 26 17 9 23% 16% 131%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 1468 1348 120 0 0 0 0% 0% 0% 1629 1463 166 0 0 0 0% 0% 0%
Right 964 922 42 0 0 0 0% 0% 0% 589 528 61 0 0 0 0% 0% 0%
Left 3 2 1 0 0 0 14% 0% 67% 3 3 0 0 0 0 0% 0% 0%
Through 72 68 4 26 17 9 36% 25% 204% 52 46 6 10 1 9 19% 3% 145%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 846 846 0 0 0 0 0% 0% 0% 1307 1307 0 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
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2036, veh/hr
TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV

Left 3 3 0 0 0 0 0% 0% 0% 1 1 0 0 0 0 0% 0% 0%
Through 13 12 1 20 0 20 157% 0% 3809% 19 18 1 110 90 20 577% 490% 2698%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 0% 0% 0% 57 52 5 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 1 1 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 19 18 1 110 90 20 590% 495% 3963% 13 13 1 20 0 20 152% 0% 2705%
Right 60 55 5 0 0 0 0% 0% 0% 15 12 3 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 38 35 3 20 0 20 54% 0% 792% 80 68 12 110 90 20 138% 132% 173%
Right 2 2 0 0 0 0 0% 0% 0% 12 11 1 0 0 0 2% 2% 3%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 54 46 8 0 0 0 0% 0% 0% 60 48 12 0 0 0 0% 0% 0%
Through 83 77 6 110 90 20 133% 117% 356% 42 36 6 20 0 20 48% 0% 348%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 2% 2% 1% 3 3 0 0 0 0 6% 5% 11%
Through 0 0 0 0 0 0
Right 56 45 11 0 0 0 0% 0% 0% 59 49 10 0 0 0 0% 0% 0%
Left 27 25 2 0 0 0 0% 0% 0% 6 5 1 0 0 0 0% 0% 0%
Through 28 23 5 8 0 8 28% 0% 152% 78 69 9 17 9 8 22% 13% 91%
Right 24 20 4 12 0 12 52% 0% 316% 37 32 6 93 81 12 251% 256% 218%
Left 87 72 15 0 0 0 0% 0% 0% 406 371 35 0 0 0 0% 0% 0%
Through 23 19 4 0 0 0 0% 0% 0% 108 99 9 0 0 0 0% 0% 0%
Right 6 5 1 0 0 0 0% 0% 0% 27 25 2 0 0 0 0% 0% 0%
Left 1095 1048 47 0 0 0 0% 0% 0% 651 587 64 0 0 0 0% 0% 0%
Through 83 75 8 17 9 8 20% 12% 103% 36 29 8 8 0 8 22% 0% 104%
Right 427 392 35 0 0 0 0% 0% 0% 108 89 20 0 0 0 0% 0% 0%
Left 37 33 4 93 81 12 250% 244% 295% 26 21 6 12 0 12 47% 0% 219%
Through 114 105 9 0 0 0 0% 0% 0% 29 24 5 0 0 0 0% 0% 0%
Right 466 422 45 0 0 0 0% 0% 0% 1290 1231 59 0 0 0 0% 0% 0%
Left 100 97 3 0 0 0 0% 0% 0% 141 137 4 0 0 0 0% 0% 0%
Through 653 614 40 0 0 0 0% 0% 0% 1599 1544 55 0 0 0 0% 0% 0%
Right 223 201 22 0 0 0 0% 0% 0% 507 474 33 0 0 0 0% 0% 0%
Left 98 91 7 0 0 0 0% 0% 0% 139 129 10 0 0 0 0% 0% 0%
Through 215 198 17 12 0 12 6% 0% 73% 366 337 28 93 81 12 26% 24% 44%
Right 113 110 3 0 0 0 0% 0% 0% 118 114 4 0 0 0 0% 0% 0%
Left 197 190 6 0 0 0 0% 0% 0% 152 143 9 0 0 0 0% 0% 0%
Through 1027 996 30 0 0 0 0% 0% 0% 673 628 45 0 0 0 0% 0% 0%
Right 59 56 4 0 0 0 0% 0% 0% 46 41 4 0 0 0 0% 0% 0%
Left 533 503 30 0 0 0 0% 0% 0% 350 309 41 0 0 0 0% 0% 0%
Through 362 336 26 93 81 12 26% 24% 47% 304 275 29 12 0 12 4% 0% 42%
Right 86 80 5 0 0 0 0% 0% 0% 312 302 11 0 0 0 0% 0% 0%
Left 96 89 7 0 0 0 0% 0% 0% 213 199 14 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 238 219 19 0 0 0 0% 0% 0% 536 510 26 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 1300 1189 111 0 0 0 0% 0% 0% 1509 1352 158 0 0 0 0% 0% 0%
Right 138 130 8 0 0 0 0% 0% 0% 144 132 12 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 427 407 19 0 0 0 0% 0% 0% 298 270 28 0 0 0 0% 0% 0%
Through 854 758 96 0 0 0 0% 0% 0% 1259 1122 136 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0
Left 296 262 34 0 0 0 0% 0% 0% 556 510 47 0 0 0 0% 0% 0%
Through 278 261 17 0 0 0 0% 0% 0% 448 424 24 0 0 0 0% 0% 0%
Right 98 90 7 0 0 0 0% 0% 0% 118 108 10 0 0 0 0% 0% 0%
Left 82 77 5 0 0 0 0% 0% 0% 191 7 185 0 0 0 0% 0% 0%
Through 886 798 89 0 0 0 0% 0% 0% 1363 123 1241 0 0 0 0% 0% 0%
Right 607 568 39 0 0 0 0% 0% 0% 480 54 427 0 0 0 0% 0% 0%
Left 289 276 13 0 0 0 0% 0% 0% 364 344 20 0 0 0 0% 0% 0%
Through 307 297 10 0 0 0 0% 0% 0% 266 251 15 0 0 0 0% 0% 0%
Right 146 141 5 0 0 0 0% 0% 0% 112 106 7 0 0 0 0% 0% 0%
Left 108 101 7 0 0 0 0% 0% 0% 85 75 10 0 0 0 0% 0% 0%
Through 808 734 74 0 0 0 0% 0% 0% 833 725 108 0 0 0 0% 0% 0%
Right 569 542 27 0 0 0 0% 0% 0% 550 511 39 0 0 0 0% 0% 0%
Left 448 404 44 0 0 0 0% 0% 0% 1217 1158 59 0 0 0 0% 0% 0%
Through 43 38 5 8 0 8 18% 0% 166% 116 110 7 17 9 8 15% 8% 117%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 1503 1380 122 0 0 0 0% 0% 0% 1661 1491 170 0 0 0 0% 0% 0%
Right 987 944 43 0 0 0 0% 0% 0% 600 538 62 0 0 0 0% 0% 0%
Left 3 2 1 0 0 0 14% 0% 67% 3 3 0 0 0 0 0% 0% 0%
Through 73 69 4 17 9 8 23% 13% 186% 53 47 6 8 0 8 15% 0% 132%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 863 863 0 0 0 0 0% 0% 0% 1337 1337 0 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
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2046, veh/hr
TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV TOTAL PV CV

Left 3 3 0 0 0 0 0% 0% 0% 1 1 0 0 0 0 0% 0% 0%
Through 13 12 1 20 0 20 157% 0% 3785% 19 18 1 110 90 20 578% 491% 2684%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 0% 0% 0% 57 52 5 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 1 1 0 0 0 0 0% 0% 0% 3 3 0 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 19 18 0 110 90 20 591% 495% 4091% 13 13 1 20 0 20 151% 0% 2688%
Right 60 55 5 0 0 0 0% 0% 0% 15 12 3 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 38 35 3 20 0 20 54% 0% 791% 80 68 12 110 90 20 138% 132% 173%
Right 2 2 0 0 0 0 0% 0% 0% 12 11 1 0 0 0 2% 2% 3%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 61 52 9 0 0 0 0% 0% 0% 64 51 14 0 0 0 0% 0% 0%
Through 86 80 6 110 90 20 129% 112% 351% 44 38 6 20 0 20 46% 0% 342%
Right 0 0 0 0 0 0
Left 12 10 2 0 0 0 2% 2% 1% 3 3 0 0 0 0 6% 5% 11%
Through 0 0 0 0 0 0
Right 62 49 13 0 0 0 0% 0% 0% 70 59 12 0 0 0 0% 0% 0%
Left 27 25 2 0 0 0 0% 0% 0% 6 5 1 0 0 0 0% 0% 0%
Through 31 25 6 8 0 8 26% 0% 137% 83 74 9 17 9 8 20% 12% 84%
Right 27 22 5 12 0 12 46% 0% 275% 42 36 6 93 81 12 222% 227% 193%
Left 87 72 15 0 0 0 0% 0% 0% 406 371 35 0 0 0 0% 0% 0%
Through 23 19 4 0 0 0 0% 0% 0% 108 99 9 0 0 0 0% 0% 0%
Right 6 5 1 0 0 0 0% 0% 0% 27 25 2 0 0 0 0% 0% 0%
Left 1572 1506 65 0 0 0 0% 0% 0% 840 760 80 0 0 0 0% 0% 0%
Through 100 91 9 17 9 8 17% 10% 84% 44 34 9 8 0 8 18% 0% 87%
Right 427 392 35 0 0 0 0% 0% 0% 108 89 20 0 0 0 0% 0% 0%
Left 46 41 5 93 81 12 202% 197% 242% 34 27 7 12 0 12 36% 0% 178%
Through 114 105 9 0 0 0 0% 0% 0% 29 24 5 0 0 0 0% 0% 0%
Right 588 534 55 0 0 0 0% 0% 0% 1719 1645 73 0 0 0 0% 0% 0%
Left 113 109 4 0 0 0 0% 0% 0% 158 154 5 0 0 0 0% 0% 0%
Through 743 697 46 0 0 0 0% 0% 0% 1795 1731 64 0 0 0 0% 0% 0%
Right 254 229 26 0 0 0 0% 0% 0% 570 531 38 0 0 0 0% 0% 0%
Left 114 105 9 0 0 0 0% 0% 0% 164 153 11 0 0 0 0% 0% 0%
Through 247 228 19 12 0 12 5% 0% 64% 419 387 31 93 81 12 22% 21% 40%
Right 131 128 3 0 0 0 0% 0% 0% 141 136 5 0 0 0 0% 0% 0%
Left 203 196 7 0 0 0 0% 0% 0% 172 161 10 0 0 0 0% 0% 0%
Through 1061 1030 31 0 0 0 0% 0% 0% 761 709 52 0 0 0 0% 0% 0%
Right 61 57 4 0 0 0 0% 0% 0% 52 47 5 0 0 0 0% 0% 0%
Left 601 567 35 0 0 0 0% 0% 0% 394 346 47 0 0 0 0% 0% 0%
Through 396 367 29 93 81 12 24% 22% 43% 338 305 33 12 0 12 4% 0% 38%
Right 97 91 6 0 0 0 0% 0% 0% 350 338 12 0 0 0 0% 0% 0%
Left 107 99 8 0 0 0 0% 0% 0% 228 214 14 0 0 0 0% 0% 0%
Through 0 0 0 0 0 0
Right 266 244 21 0 0 0 0% 0% 0% 575 548 27 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 1496 1366 130 0 0 0 0% 0% 0% 1775 1586 190 0 0 0 0% 0% 0%
Right 159 149 10 0 0 0 0% 0% 0% 170 155 14 0 0 0 0% 0% 0%
Left 0 0 0 0 0 0
Through 0 0 0 0 0 0
Right 0 0 0 0 0 0
Left 497 474 23 0 0 0 0% 0% 0% 365 331 34 0 0 0 0% 0% 0%
Through 996 881 116 0 0 0 0% 0% 0% 1542 1378 164 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0
Left 336 296 40 0 0 0 0% 0% 0% 652 597 55 0 0 0 0% 0% 0%
Through 315 295 20 0 0 0 0% 0% 0% 525 497 28 0 0 0 0% 0% 0%
Right 111 102 8 0 0 0 0% 0% 0% 138 126 12 0 0 0 0% 0% 0%
Left 98 92 6 0 0 0 0% 0% 0% 217 8 209 0 0 0 0% 0% 0%
Through 1065 959 106 0 0 0 0% 0% 0% 1550 145 1405 0 0 0 0% 0% 0%
Right 730 683 46 0 0 0 0% 0% 0% 546 63 483 0 0 0 0% 0% 0%
Left 296 282 14 0 0 0 0% 0% 0% 398 376 22 0 0 0 0% 0% 0%
Through 314 303 11 0 0 0 0% 0% 0% 291 275 17 0 0 0 0% 0% 0%
Right 149 144 5 0 0 0 0% 0% 0% 123 115 8 0 0 0 0% 0% 0%
Left 121 113 8 0 0 0 0% 0% 0% 96 84 12 0 0 0 0% 0% 0%
Through 903 817 86 0 0 0 0% 0% 0% 939 814 126 0 0 0 0% 0% 0%
Right 635 604 31 0 0 0 0% 0% 0% 619 574 45 0 0 0 0% 0% 0%
Left 577 521 56 0 0 0 0% 0% 0% 1631 1556 75 0 0 0 0% 0% 0%
Through 56 50 6 8 0 8 14% 0% 131% 156 147 9 17 9 8 11% 6% 92%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 1895 1745 151 0 0 0 0% 0% 0% 2009 1801 208 0 0 0 0% 0% 0%
Right 1246 1193 53 0 0 0 0% 0% 0% 726 650 76 0 0 0 0% 0% 0%
Left 3 2 1 0 0 0 13% 0% 64% 3 3 0 0 0 0 0% 0% 0%
Through 83 78 5 17 9 8 20% 12% 166% 59 53 7 8 0 8 13% 0% 118%
Right 0 0 0 0 0 0
Left 0 0 0 0 0 0
Through 1055 1055 0 0 0 0 0% 0% 0% 1669 1669 0 0 0 0 0% 0% 0%
Right 0 0 0 0 0 0 0% 0% 0% 4 4 0 0 0 0 0% 0% 0%
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Port Expansion 
Project EIS 

Appendix Q4 

Intersection 1: Benwell Road / 
Secondary Access SIDRA 
Summaries  

      



MOVEMENT SUMMARY Site: 2014 AM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2014 Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 36 17.6 0.063 8.7 LOS A 0.0 0.0 0.00 0.92 49.0
2 T 78 6.8 0.063 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 114 10.2 0.063 2.7 LOS A 0.0 0.0 0.00 0.29 56.0

North: Benwell Road (North)
8 T 33 6.5 0.021 0.5 LOS A 0.2 1.2 0.26 0.00 55.0
9 R 4 25.0 0.021 9.6 LOS A 0.2 1.2 0.26 0.93 48.9

Approach 37 8.6 0.021 1.5 LOS A 0.2 1.2 0.26 0.11 54.2

West: Archer Street (West)
10 L 13 16.7 0.019 12.1 LOS B 0.1 0.5 0.21 0.88 46.3
12 R 47 20.0 0.053 12.4 LOS B 0.2 2.0 0.26 0.88 46.1

Approach 60 19.3 0.053 12.3 LOS B 0.2 2.0 0.25 0.88 46.2

All Vehicles 211 12.5 0.063 5.3 NA 0.2 2.0 0.12 0.42 52.5

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.

Processed: Friday, 4 November 2011 9:34:40 AM
SIDRA INTERSECTION 5.0.5.1510

Copyright © 2000-2010 Akcelik & Associates Pty Ltd
www.sidrasolutions.com
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MOVEMENT SUMMARY Site: 2014 AM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2014 With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 36 17.6 0.140 8.7 LOS A 0.0 0.0 0.00 1.03 49.0
2 T 224 4.2 0.140 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 260 6.1 0.140 1.2 LOS A 0.0 0.0 0.00 0.14 58.2

North: Benwell Road (North)
8 T 49 12.8 0.031 1.2 LOS A 0.3 2.1 0.41 0.00 52.6
9 R 4 25.0 0.031 10.3 LOS B 0.3 2.1 0.41 0.91 49.1

Approach 54 13.7 0.031 1.9 LOS B 0.3 2.1 0.41 0.07 52.3

West: Archer Street (West)
10 L 13 16.7 0.020 13.0 LOS B 0.1 0.5 0.35 0.86 45.6
12 R 47 20.0 0.066 13.6 LOS B 0.3 2.4 0.41 0.89 45.2

Approach 60 19.3 0.066 13.5 LOS B 0.3 2.4 0.40 0.89 45.3

All Vehicles 374 9.3 0.140 3.3 NA 0.3 2.4 0.12 0.25 54.8

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 PM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2014 Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 51 18.8 0.050 8.7 LOS A 0.0 0.0 0.00 0.79 49.0
2 T 35 12.1 0.050 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 85 16.0 0.050 5.2 LOS A 0.0 0.0 0.00 0.47 52.9

North: Benwell Road (North)
8 T 76 13.9 0.050 0.3 LOS A 0.3 2.5 0.20 0.00 56.0
9 R 13 8.3 0.050 8.9 LOS A 0.3 2.5 0.20 0.92 48.9

Approach 88 13.1 0.050 1.5 LOS A 0.3 2.5 0.20 0.13 54.8

West: Archer Street (West)
10 L 3 0.0 0.004 10.9 LOS B 0.0 0.1 0.15 0.89 46.4
12 R 37 22.9 0.044 12.7 LOS B 0.2 1.7 0.29 0.87 46.0

Approach 40 21.1 0.044 12.6 LOS B 0.2 1.7 0.28 0.88 46.0

All Vehicles 214 15.8 0.050 5.0 NA 0.3 2.5 0.14 0.41 52.2

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 PM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2014 With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 51 18.8 0.061 8.7 LOS A 0.0 0.0 0.00 0.84 49.0
2 T 53 18.0 0.061 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 103 18.4 0.061 4.3 LOS A 0.0 0.0 0.00 0.41 54.0

North: Benwell Road (North)
8 T 223 7.1 0.128 0.4 LOS A 0.9 6.9 0.25 0.00 55.3
9 R 13 8.3 0.128 9.0 LOS A 0.9 6.9 0.25 0.95 49.0

Approach 236 7.1 0.128 0.9 LOS A 0.9 6.9 0.25 0.05 54.9

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 37 22.9 0.055 14.1 LOS B 0.2 2.1 0.43 0.90 44.9

Approach 40 21.1 0.055 13.9 LOS B 0.2 2.1 0.41 0.89 45.0

All Vehicles 379 11.7 0.128 3.2 NA 0.9 6.9 0.20 0.24 53.4

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 AM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2035 Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 56 15.1 0.080 8.6 LOS A 0.0 0.0 0.00 0.88 49.0
2 T 87 7.2 0.080 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 143 10.3 0.080 3.4 LOS A 0.0 0.0 0.00 0.34 55.2

North: Benwell Road (North)
8 T 40 7.9 0.023 0.4 LOS A 0.1 1.1 0.26 0.00 55.2
9 R 2 0.0 0.023 8.7 LOS A 0.1 1.1 0.26 0.93 49.0

Approach 42 7.5 0.023 0.8 LOS A 0.1 1.1 0.26 0.05 54.8

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.23 0.87 46.2
12 R 58 20.0 0.067 12.6 LOS B 0.3 2.5 0.29 0.88 46.0

Approach 71 19.4 0.067 12.5 LOS B 0.3 2.5 0.28 0.88 46.0

All Vehicles 256 12.3 0.080 5.5 NA 0.3 2.5 0.12 0.44 52.3

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 AM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2035 With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 56 15.1 0.189 8.6 LOS A 0.0 0.0 0.00 1.01 49.0
2 T 286 9.2 0.189 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 342 10.2 0.189 1.4 LOS A 0.0 0.0 0.00 0.16 57.9

North: Benwell Road (North)
8 T 73 31.9 0.047 1.3 LOS A 0.3 2.8 0.41 0.00 52.8
9 R 2 0.0 0.047 9.6 LOS A 0.3 2.8 0.41 0.93 49.2

Approach 75 31.0 0.047 1.5 LOS A 0.3 2.8 0.41 0.03 52.7

West: Archer Street (West)
10 L 13 16.7 0.021 13.7 LOS B 0.1 0.6 0.42 0.87 45.1
12 R 58 20.0 0.095 14.9 LOS B 0.4 3.5 0.49 0.94 44.2

Approach 71 19.4 0.095 14.7 LOS B 0.4 3.5 0.48 0.92 44.3

All Vehicles 487 14.7 0.189 3.3 NA 0.4 3.5 0.13 0.25 54.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 PM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2035 Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.064 8.8 LOS A 0.0 0.0 0.00 0.80 49.0
2 T 44 14.3 0.064 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 107 17.6 0.064 5.2 LOS A 0.0 0.0 0.00 0.47 53.0

North: Benwell Road (North)
8 T 84 15.0 0.055 0.4 LOS A 0.4 2.8 0.23 0.00 55.4
9 R 13 8.3 0.055 8.9 LOS A 0.4 2.8 0.23 0.91 48.9

Approach 97 14.1 0.055 1.5 LOS A 0.4 2.8 0.23 0.12 54.5

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 61 17.2 0.071 12.6 LOS B 0.3 2.6 0.32 0.88 45.9

Approach 64 16.4 0.071 12.5 LOS B 0.3 2.6 0.31 0.88 45.9

All Vehicles 268 16.1 0.071 5.6 NA 0.4 2.8 0.16 0.44 51.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 PM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2035 With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.087 8.8 LOS A 0.0 0.0 0.00 0.85 49.0
2 T 77 34.2 0.087 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 140 27.8 0.087 4.0 LOS A 0.0 0.0 0.00 0.38 54.5

North: Benwell Road (North)
8 T 284 11.5 0.165 0.7 LOS A 1.3 9.7 0.32 0.00 54.1
9 R 13 8.3 0.166 9.2 LOS A 1.3 9.7 0.32 0.94 49.1

Approach 297 11.3 0.165 1.0 LOS A 1.3 9.7 0.32 0.04 53.9

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.23 0.86 46.3
12 R 61 17.2 0.100 14.9 LOS B 0.5 3.6 0.50 0.94 44.1

Approach 64 16.4 0.100 14.7 LOS B 0.5 3.6 0.49 0.94 44.2

All Vehicles 501 16.6 0.165 3.6 NA 1.3 9.7 0.25 0.25 52.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 AM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2036 (Opening Year) Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 57 14.8 0.081 8.6 LOS A 0.0 0.0 0.00 0.88 49.0
2 T 87 7.2 0.081 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 144 10.2 0.081 3.4 LOS A 0.0 0.0 0.00 0.35 55.1

North: Benwell Road (North)
8 T 40 7.9 0.023 0.4 LOS A 0.1 1.1 0.26 0.00 55.2
9 R 2 0.0 0.023 8.7 LOS A 0.1 1.1 0.26 0.93 49.0

Approach 42 7.5 0.023 0.9 LOS A 0.1 1.1 0.26 0.05 54.8

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.24 0.87 46.2
12 R 59 19.6 0.068 12.5 LOS B 0.3 2.6 0.29 0.88 46.0

Approach 72 19.1 0.068 12.5 LOS B 0.3 2.6 0.28 0.88 46.0

All Vehicles 258 12.2 0.081 5.5 NA 0.3 2.6 0.12 0.44 52.2

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 AM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2036 (Opening Year) With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 57 14.8 0.147 8.6 LOS A 0.0 0.0 0.00 0.97 49.0
2 T 203 13.5 0.147 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 260 13.8 0.147 1.9 LOS A 0.0 0.0 0.00 0.21 57.2

North: Benwell Road (North)
8 T 61 39.7 0.041 0.9 LOS A 0.3 2.3 0.35 0.00 53.7
9 R 2 0.0 0.041 9.2 LOS A 0.3 2.3 0.35 0.93 49.1

Approach 63 38.3 0.041 1.2 LOS A 0.3 2.3 0.35 0.03 53.5

West: Archer Street (West)
10 L 13 16.7 0.021 13.1 LOS B 0.1 0.6 0.36 0.86 45.6
12 R 59 19.6 0.085 14.0 LOS B 0.4 3.2 0.44 0.91 44.9

Approach 72 19.1 0.085 13.8 LOS B 0.4 3.2 0.42 0.90 45.0

All Vehicles 395 18.7 0.147 3.9 NA 0.4 3.2 0.13 0.31 54.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 PM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2036 (Opening Year) Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.064 8.8 LOS A 0.0 0.0 0.00 0.80 49.0
2 T 44 14.3 0.064 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 107 17.6 0.064 5.2 LOS A 0.0 0.0 0.00 0.47 53.0

North: Benwell Road (North)
8 T 84 15.0 0.055 0.4 LOS A 0.4 2.8 0.23 0.00 55.4
9 R 13 8.3 0.055 8.9 LOS A 0.4 2.8 0.23 0.91 48.9

Approach 97 14.1 0.055 1.5 LOS A 0.4 2.8 0.23 0.12 54.5

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 62 16.9 0.072 12.5 LOS B 0.3 2.7 0.32 0.88 45.9

Approach 65 16.1 0.072 12.5 LOS B 0.3 2.7 0.31 0.88 45.9

All Vehicles 269 16.0 0.072 5.6 NA 0.4 2.8 0.16 0.44 51.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 PM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2036 (Opening Year) With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.081 8.8 LOS A 0.0 0.0 0.00 0.84 49.0
2 T 65 41.9 0.081 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 128 31.1 0.081 4.3 LOS A 0.0 0.0 0.00 0.41 54.0

North: Benwell Road (North)
8 T 200 16.8 0.122 0.6 LOS A 0.9 6.9 0.30 0.00 54.5
9 R 13 8.3 0.123 9.1 LOS A 0.9 6.9 0.30 0.94 49.0

Approach 213 16.3 0.122 1.1 LOS A 0.9 6.9 0.30 0.06 54.1

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.22 0.86 46.3
12 R 62 16.9 0.090 13.9 LOS B 0.4 3.3 0.45 0.91 44.8

Approach 65 16.1 0.090 13.8 LOS B 0.4 3.3 0.44 0.91 44.9

All Vehicles 406 21.0 0.122 4.2 NA 0.9 6.9 0.22 0.31 52.4

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 AM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 64 14.8 0.087 8.6 LOS A 0.0 0.0 0.00 0.87 49.0
2 T 91 7.0 0.087 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 155 10.2 0.087 3.6 LOS A 0.0 0.0 0.00 0.36 54.9

North: Benwell Road (North)
8 T 40 7.9 0.023 0.5 LOS A 0.2 1.1 0.27 0.00 55.0
9 R 2 0.0 0.023 8.8 LOS A 0.2 1.1 0.27 0.92 49.0

Approach 42 7.5 0.023 0.9 LOS A 0.2 1.1 0.27 0.05 54.7

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.24 0.87 46.2
12 R 65 21.0 0.077 12.7 LOS B 0.4 3.0 0.31 0.88 45.9

Approach 78 20.3 0.077 12.6 LOS B 0.4 3.0 0.30 0.88 46.0

All Vehicles 275 12.6 0.087 5.7 NA 0.4 3.0 0.12 0.46 52.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 AM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 64 14.8 0.153 8.6 LOS A 0.0 0.0 0.00 0.96 49.0
2 T 206 13.3 0.153 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 271 13.6 0.153 2.0 LOS A 0.0 0.0 0.00 0.23 57.0

North: Benwell Road (North)
8 T 61 39.7 0.041 1.0 LOS A 0.3 2.4 0.36 0.00 53.5
9 R 2 0.0 0.041 9.3 LOS A 0.3 2.4 0.36 0.93 49.1

Approach 63 38.3 0.041 1.2 LOS A 0.3 2.4 0.36 0.03 53.4

West: Archer Street (West)
10 L 13 16.7 0.021 13.1 LOS B 0.1 0.6 0.37 0.86 45.5
12 R 65 21.0 0.097 14.2 LOS B 0.4 3.7 0.45 0.91 44.8

Approach 78 20.3 0.097 14.0 LOS B 0.4 3.7 0.43 0.91 44.9

All Vehicles 412 18.7 0.153 4.2 NA 0.4 3.7 0.14 0.33 53.7

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 PM peak WOD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 68 21.5 0.068 8.8 LOS A 0.0 0.0 0.00 0.79 49.0
2 T 46 13.6 0.068 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 115 18.3 0.068 5.2 LOS A 0.0 0.0 0.00 0.47 52.9

North: Benwell Road (North)
8 T 84 15.0 0.056 0.4 LOS A 0.4 2.8 0.24 0.00 55.2
9 R 13 8.3 0.056 9.0 LOS A 0.4 2.8 0.24 0.91 48.9

Approach 97 14.1 0.056 1.5 LOS A 0.4 2.8 0.24 0.12 54.3

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 75 16.9 0.087 12.6 LOS B 0.4 3.3 0.33 0.88 45.9

Approach 78 16.2 0.087 12.5 LOS B 0.4 3.3 0.32 0.88 45.9

All Vehicles 289 16.4 0.087 6.0 NA 0.4 3.3 0.17 0.46 51.3

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 PM peak WD (Marine 
Precinct EIS Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 68 21.5 0.086 8.8 LOS A 0.0 0.0 0.00 0.83 49.0
2 T 67 40.6 0.086 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 136 31.0 0.086 4.4 LOS A 0.0 0.0 0.00 0.42 53.9

North: Benwell Road (North)
8 T 200 16.8 0.122 0.6 LOS A 0.9 6.9 0.30 0.00 54.3
9 R 13 8.3 0.123 9.2 LOS A 0.9 6.9 0.30 0.94 49.0

Approach 213 16.3 0.122 1.1 LOS A 0.9 6.9 0.30 0.06 54.0

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.23 0.86 46.3
12 R 75 16.9 0.109 14.0 LOS B 0.5 4.0 0.46 0.92 44.7

Approach 78 16.2 0.109 13.9 LOS B 0.5 4.0 0.45 0.92 44.8

All Vehicles 426 21.0 0.122 4.5 NA 0.9 6.9 0.23 0.33 52.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 AM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2014 Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 36 17.6 0.063 8.7 LOS A 0.0 0.0 0.00 0.92 49.0
2 T 78 6.8 0.063 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 114 10.2 0.063 2.7 LOS A 0.0 0.0 0.00 0.29 56.0

North: Benwell Road (North)
8 T 33 6.5 0.021 0.5 LOS A 0.2 1.2 0.26 0.00 55.0
9 R 4 25.0 0.021 9.6 LOS A 0.2 1.2 0.26 0.93 48.9

Approach 37 8.6 0.021 1.5 LOS A 0.2 1.2 0.26 0.11 54.2

West: Archer Street (West)
10 L 13 16.7 0.019 12.1 LOS B 0.1 0.5 0.21 0.88 46.3
12 R 47 20.0 0.053 12.4 LOS B 0.2 2.0 0.26 0.88 46.1

Approach 60 19.3 0.053 12.3 LOS B 0.2 2.0 0.25 0.88 46.2

All Vehicles 211 12.5 0.063 5.3 NA 0.2 2.0 0.12 0.42 52.5

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 AM peak WD (GHD 
Layout)

Benwell Road / Archer Street
2014 With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 36 17.6 0.140 8.7 LOS A 0.0 0.0 0.00 1.03 49.0
2 T 224 4.2 0.140 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 260 6.1 0.140 1.2 LOS A 0.0 0.0 0.00 0.14 58.2

North: Benwell Road (North)
8 T 49 12.8 0.031 1.2 LOS A 0.3 2.1 0.41 0.00 52.6
9 R 4 25.0 0.031 10.3 LOS B 0.3 2.1 0.41 0.91 49.1

Approach 54 13.7 0.031 1.9 LOS B 0.3 2.1 0.41 0.07 52.3

West: Archer Street (West)
10 L 13 16.7 0.020 13.0 LOS B 0.1 0.5 0.35 0.86 45.6
12 R 47 20.0 0.066 13.6 LOS B 0.3 2.4 0.41 0.89 45.2

Approach 60 19.3 0.066 13.5 LOS B 0.3 2.4 0.40 0.89 45.3

All Vehicles 374 9.3 0.140 3.3 NA 0.3 2.4 0.12 0.25 54.8

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 PM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2014 Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 51 18.8 0.050 8.7 LOS A 0.0 0.0 0.00 0.79 49.0
2 T 35 12.1 0.050 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 85 16.0 0.050 5.2 LOS A 0.0 0.0 0.00 0.47 52.9

North: Benwell Road (North)
8 T 76 13.9 0.050 0.3 LOS A 0.3 2.5 0.20 0.00 56.0
9 R 13 8.3 0.050 8.9 LOS A 0.3 2.5 0.20 0.92 48.9

Approach 88 13.1 0.050 1.5 LOS A 0.3 2.5 0.20 0.13 54.8

West: Archer Street (West)
10 L 3 0.0 0.004 10.9 LOS B 0.0 0.1 0.15 0.89 46.4
12 R 37 22.9 0.044 12.7 LOS B 0.2 1.7 0.29 0.87 46.0

Approach 40 21.1 0.044 12.6 LOS B 0.2 1.7 0.28 0.88 46.0

All Vehicles 214 15.8 0.050 5.0 NA 0.3 2.5 0.14 0.41 52.2

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 PM peak WD (GHD 
Layout)

Benwell Road / Archer Street
2014 With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 51 18.8 0.061 8.7 LOS A 0.0 0.0 0.00 0.84 49.0
2 T 53 18.0 0.061 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 103 18.4 0.061 4.3 LOS A 0.0 0.0 0.00 0.41 54.0

North: Benwell Road (North)
8 T 223 7.1 0.128 0.4 LOS A 0.9 6.9 0.25 0.00 55.3
9 R 13 8.3 0.128 9.0 LOS A 0.9 6.9 0.25 0.95 49.0

Approach 236 7.1 0.128 0.9 LOS A 0.9 6.9 0.25 0.05 54.9

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 37 22.9 0.055 14.1 LOS B 0.2 2.1 0.43 0.90 44.9

Approach 40 21.1 0.055 13.9 LOS B 0.2 2.1 0.41 0.89 45.0

All Vehicles 379 11.7 0.128 3.2 NA 0.9 6.9 0.20 0.24 53.4

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 AM peak WOD (GHD
Layout)

Benwell Road / Archer Street
2035 Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 56 15.1 0.080 8.6 LOS A 0.0 0.0 0.00 0.88 49.0
2 T 87 7.2 0.080 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 143 10.3 0.080 3.4 LOS A 0.0 0.0 0.00 0.34 55.2

North: Benwell Road (North)
8 T 40 7.9 0.023 0.4 LOS A 0.1 1.1 0.26 0.00 55.2
9 R 2 0.0 0.023 8.7 LOS A 0.1 1.1 0.26 0.93 49.0

Approach 42 7.5 0.023 0.8 LOS A 0.1 1.1 0.26 0.05 54.8

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.23 0.87 46.2
12 R 58 20.0 0.067 12.6 LOS B 0.3 2.5 0.29 0.88 46.0

Approach 71 19.4 0.067 12.5 LOS B 0.3 2.5 0.28 0.88 46.0

All Vehicles 256 12.3 0.080 5.5 NA 0.3 2.5 0.12 0.44 52.3

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 AM peak WD (GHD
Layout)

Benwell Road / Archer Street
2035 With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 56 15.1 0.189 8.6 LOS A 0.0 0.0 0.00 1.01 49.0
2 T 286 9.2 0.189 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 342 10.2 0.189 1.4 LOS A 0.0 0.0 0.00 0.16 57.9

North: Benwell Road (North)
8 T 73 31.9 0.047 1.3 LOS A 0.3 2.8 0.41 0.00 52.8
9 R 2 0.0 0.047 9.6 LOS A 0.3 2.8 0.41 0.93 49.2

Approach 75 31.0 0.047 1.5 LOS A 0.3 2.8 0.41 0.03 52.7

West: Archer Street (West)
10 L 13 16.7 0.021 13.7 LOS B 0.1 0.6 0.42 0.87 45.1
12 R 58 20.0 0.095 14.9 LOS B 0.4 3.5 0.49 0.94 44.2

Approach 71 19.4 0.095 14.7 LOS B 0.4 3.5 0.48 0.92 44.3

All Vehicles 487 14.7 0.189 3.3 NA 0.4 3.5 0.13 0.25 54.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 PM peak WOD (GHD
Layout)

Benwell Road / Archer Street
2035 Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.064 8.8 LOS A 0.0 0.0 0.00 0.80 49.0
2 T 44 14.3 0.064 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 107 17.6 0.064 5.2 LOS A 0.0 0.0 0.00 0.47 53.0

North: Benwell Road (North)
8 T 84 15.0 0.055 0.4 LOS A 0.4 2.8 0.23 0.00 55.4
9 R 13 8.3 0.055 8.9 LOS A 0.4 2.8 0.23 0.91 48.9

Approach 97 14.1 0.055 1.5 LOS A 0.4 2.8 0.23 0.12 54.5

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 61 17.2 0.071 12.6 LOS B 0.3 2.6 0.32 0.88 45.9

Approach 64 16.4 0.071 12.5 LOS B 0.3 2.6 0.31 0.88 45.9

All Vehicles 268 16.1 0.071 5.6 NA 0.4 2.8 0.16 0.44 51.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2035 PM peak WD (GHD
Layout)

Benwell Road / Archer Street
2035 With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.087 8.8 LOS A 0.0 0.0 0.00 0.85 49.0
2 T 77 34.2 0.087 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 140 27.8 0.087 4.0 LOS A 0.0 0.0 0.00 0.38 54.5

North: Benwell Road (North)
8 T 284 11.5 0.165 0.7 LOS A 1.3 9.7 0.32 0.00 54.1
9 R 13 8.3 0.166 9.2 LOS A 1.3 9.7 0.32 0.94 49.1

Approach 297 11.3 0.165 1.0 LOS A 1.3 9.7 0.32 0.04 53.9

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.23 0.86 46.3
12 R 61 17.2 0.100 14.9 LOS B 0.5 3.6 0.50 0.94 44.1

Approach 64 16.4 0.100 14.7 LOS B 0.5 3.6 0.49 0.94 44.2

All Vehicles 501 16.6 0.165 3.6 NA 1.3 9.7 0.25 0.25 52.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 AM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2036 (Opening Year) Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 57 14.8 0.081 8.6 LOS A 0.0 0.0 0.00 0.88 49.0
2 T 87 7.2 0.081 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 144 10.2 0.081 3.4 LOS A 0.0 0.0 0.00 0.35 55.1

North: Benwell Road (North)
8 T 40 7.9 0.023 0.4 LOS A 0.1 1.1 0.26 0.00 55.2
9 R 2 0.0 0.023 8.7 LOS A 0.1 1.1 0.26 0.93 49.0

Approach 42 7.5 0.023 0.9 LOS A 0.1 1.1 0.26 0.05 54.8

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.24 0.87 46.2
12 R 59 19.6 0.068 12.5 LOS B 0.3 2.6 0.29 0.88 46.0

Approach 72 19.1 0.068 12.5 LOS B 0.3 2.6 0.28 0.88 46.0

All Vehicles 258 12.2 0.081 5.5 NA 0.3 2.6 0.12 0.44 52.2

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 AM peak WD (GHD
Layout)

Benwell Road / Archer Street
2036 (Opening Year) With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 57 14.8 0.147 8.6 LOS A 0.0 0.0 0.00 0.97 49.0
2 T 203 13.5 0.147 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 260 13.8 0.147 1.9 LOS A 0.0 0.0 0.00 0.21 57.2

North: Benwell Road (North)
8 T 61 39.7 0.041 0.9 LOS A 0.3 2.3 0.35 0.00 53.7
9 R 2 0.0 0.041 9.2 LOS A 0.3 2.3 0.35 0.93 49.1

Approach 63 38.3 0.041 1.2 LOS A 0.3 2.3 0.35 0.03 53.5

West: Archer Street (West)
10 L 13 16.7 0.021 13.1 LOS B 0.1 0.6 0.36 0.86 45.6
12 R 59 19.6 0.085 14.0 LOS B 0.4 3.2 0.44 0.91 44.9

Approach 72 19.1 0.085 13.8 LOS B 0.4 3.2 0.42 0.90 45.0

All Vehicles 395 18.7 0.147 3.9 NA 0.4 3.2 0.13 0.31 54.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 PM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2036 (Opening Year) Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.064 8.8 LOS A 0.0 0.0 0.00 0.80 49.0
2 T 44 14.3 0.064 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 107 17.6 0.064 5.2 LOS A 0.0 0.0 0.00 0.47 53.0

North: Benwell Road (North)
8 T 84 15.0 0.055 0.4 LOS A 0.4 2.8 0.23 0.00 55.4
9 R 13 8.3 0.055 8.9 LOS A 0.4 2.8 0.23 0.91 48.9

Approach 97 14.1 0.055 1.5 LOS A 0.4 2.8 0.23 0.12 54.5

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 62 16.9 0.072 12.5 LOS B 0.3 2.7 0.32 0.88 45.9

Approach 65 16.1 0.072 12.5 LOS B 0.3 2.7 0.31 0.88 45.9

All Vehicles 269 16.0 0.072 5.6 NA 0.4 2.8 0.16 0.44 51.6

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2036 PM peak WD (GHD
Layout)

Benwell Road / Archer Street
2036 (Opening Year) With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 63 20.0 0.081 8.8 LOS A 0.0 0.0 0.00 0.84 49.0
2 T 65 41.9 0.081 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 128 31.1 0.081 4.3 LOS A 0.0 0.0 0.00 0.41 54.0

North: Benwell Road (North)
8 T 200 16.8 0.122 0.6 LOS A 0.9 6.9 0.30 0.00 54.5
9 R 13 8.3 0.123 9.1 LOS A 0.9 6.9 0.30 0.94 49.0

Approach 213 16.3 0.122 1.1 LOS A 0.9 6.9 0.30 0.06 54.1

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.22 0.86 46.3
12 R 62 16.9 0.090 13.9 LOS B 0.4 3.3 0.45 0.91 44.8

Approach 65 16.1 0.090 13.8 LOS B 0.4 3.3 0.44 0.91 44.9

All Vehicles 406 21.0 0.122 4.2 NA 0.9 6.9 0.22 0.31 52.4

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 AM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) Without Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 64 14.8 0.087 8.6 LOS A 0.0 0.0 0.00 0.87 49.0
2 T 91 7.0 0.087 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 155 10.2 0.087 3.6 LOS A 0.0 0.0 0.00 0.36 54.9

North: Benwell Road (North)
8 T 40 7.9 0.023 0.5 LOS A 0.2 1.1 0.27 0.00 55.0
9 R 2 0.0 0.023 8.8 LOS A 0.2 1.1 0.27 0.92 49.0

Approach 42 7.5 0.023 0.9 LOS A 0.2 1.1 0.27 0.05 54.7

West: Archer Street (West)
10 L 13 16.7 0.019 12.2 LOS B 0.1 0.5 0.24 0.87 46.2
12 R 65 21.0 0.077 12.7 LOS B 0.4 3.0 0.31 0.88 45.9

Approach 78 20.3 0.077 12.6 LOS B 0.4 3.0 0.30 0.88 46.0

All Vehicles 275 12.6 0.087 5.7 NA 0.4 3.0 0.12 0.46 52.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 AM peak WD (GHD
Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) With Development
AM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 64 14.8 0.153 8.6 LOS A 0.0 0.0 0.00 0.96 49.0
2 T 206 13.3 0.153 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 271 13.6 0.153 2.0 LOS A 0.0 0.0 0.00 0.23 57.0

North: Benwell Road (North)
8 T 61 39.7 0.041 1.0 LOS A 0.3 2.4 0.36 0.00 53.5
9 R 2 0.0 0.041 9.3 LOS A 0.3 2.4 0.36 0.93 49.1

Approach 63 38.3 0.041 1.2 LOS A 0.3 2.4 0.36 0.03 53.4

West: Archer Street (West)
10 L 13 16.7 0.021 13.1 LOS B 0.1 0.6 0.37 0.86 45.5
12 R 65 21.0 0.097 14.2 LOS B 0.4 3.7 0.45 0.91 44.8

Approach 78 20.3 0.097 14.0 LOS B 0.4 3.7 0.43 0.91 44.9

All Vehicles 412 18.7 0.153 4.2 NA 0.4 3.7 0.14 0.33 53.7

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 PM peak WOD (GHD 
Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) Without Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 68 21.5 0.068 8.8 LOS A 0.0 0.0 0.00 0.79 49.0
2 T 46 13.6 0.068 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 115 18.3 0.068 5.2 LOS A 0.0 0.0 0.00 0.47 52.9

North: Benwell Road (North)
8 T 84 15.0 0.056 0.4 LOS A 0.4 2.8 0.24 0.00 55.2
9 R 13 8.3 0.056 9.0 LOS A 0.4 2.8 0.24 0.91 48.9

Approach 97 14.1 0.056 1.5 LOS A 0.4 2.8 0.24 0.12 54.3

West: Archer Street (West)
10 L 3 0.0 0.004 11.0 LOS B 0.0 0.1 0.18 0.88 46.4
12 R 75 16.9 0.087 12.6 LOS B 0.4 3.3 0.33 0.88 45.9

Approach 78 16.2 0.087 12.5 LOS B 0.4 3.3 0.32 0.88 45.9

All Vehicles 289 16.4 0.087 6.0 NA 0.4 3.3 0.17 0.46 51.3

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2046 PM peak WD (GHD
Layout)

Benwell Road / Archer Street
2046 (Opening Year + 10 years) With Development
PM peak
Stop (Two-Way)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Benwell Road (South)

1 L 68 21.5 0.086 8.8 LOS A 0.0 0.0 0.00 0.83 49.0
2 T 67 40.6 0.086 0.0 LOS A 0.0 0.0 0.00 0.00 60.0

Approach 136 31.0 0.086 4.4 LOS A 0.0 0.0 0.00 0.42 53.9

North: Benwell Road (North)
8 T 200 16.8 0.122 0.6 LOS A 0.9 6.9 0.30 0.00 54.3
9 R 13 8.3 0.123 9.2 LOS A 0.9 6.9 0.30 0.94 49.0

Approach 213 16.3 0.122 1.1 LOS A 0.9 6.9 0.30 0.06 54.0

West: Archer Street (West)
10 L 3 0.0 0.004 11.2 LOS B 0.0 0.1 0.23 0.86 46.3
12 R 75 16.9 0.109 14.0 LOS B 0.5 4.0 0.46 0.92 44.7

Approach 78 16.2 0.109 13.9 LOS B 0.5 4.0 0.45 0.92 44.8

All Vehicles 426 21.0 0.122 4.5 NA 0.9 6.9 0.23 0.33 52.0

LOS (Aver. Int. Delay): NA.  The average intersection delay is not a good LOS measure for two-way sign control due to zero delays asso-
ciated with major road movements.
Level of Service (Worst Movement): LOS B.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on the worst delay for any vehicle movement.
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MOVEMENT SUMMARY Site: 2014 AM peak WOD 
Boundary Street / Benwell Road
2014 Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (User-Given Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 513 10.0 0.653 17.3 LOS B 14.1 107.0 0.85 0.75 38.5
Approach 513 10.0 0.653 17.3 LOS B 14.1 107.0 0.85 0.75 38.5

North: Benwell Road (North)
8 T 109 17.6 0.104 6.4 LOS A 1.6 12.7 0.45 0.36 49.2
9 R 24 17.4 0.171 43.1 LOS D 0.8 6.6 0.96 0.71 27.6

Approach 134 17.6 0.171 13.0 LOS B 1.6 12.7 0.54 0.43 43.1

West: Boundary Street (West)
10 L 157 11.4 0.091 7.8 X X X X 0.60 49.8

Approach 157 11.4 0.091 7.8 NA 0.0 0.0 0.00 0.60 49.8

All Vehicles 803 11.5 0.653 14.7 LOS B 14.1 107.0 0.63 0.67 41.1

X: Not applicable for Continuous movement.

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 13.8 LOS B 0.1 0.1 0.63 0.63

All Pedestrians 106 21.5 LOS C 0.77 0.77

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2014 AM peak WOD 
Boundary Street / Benwell Road
2014 Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (User-Given Cycle Time)

Phase times determined by the program
Sequence: Three Phase
Input Sequence: A, B, C
Output Sequence: A, B, C

Phase Timing Results
Phase A B C
Green Time (sec) 30 16 6
Yellow Time (sec) 4 4 4
All-Red Time (sec) 2 2 2
Phase Time (sec) 36 22 12
Phase Split 51 % 31 % 17 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 AM peak WD 
Boundary Street / Benwell Road
2014 With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Practical Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 531 13.0 0.688 17.7 LOS B 14.9 115.9 0.87 0.77 38.2
Approach 531 13.0 0.688 17.7 LOS B 14.9 115.9 0.87 0.77 38.2

North: Benwell Road (North)
8 T 117 33.3 0.122 6.5 LOS A 1.7 15.4 0.46 0.37 49.1
9 R 36 11.8 0.244 43.3 LOS D 1.2 9.5 0.97 0.73 27.5

Approach 153 28.3 0.244 15.1 LOS B 1.7 15.4 0.58 0.45 41.5

West: Boundary Street (West)
10 L 285 2.5 0.156 7.6 X X X X 0.60 49.8

Approach 285 2.5 0.156 7.6 NA 0.0 0.0 0.00 0.60 49.8

All Vehicles 968 12.3 0.688 14.3 LOS B 14.9 115.9 0.57 0.67 41.6

X: Not applicable for Continuous movement.

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 13.8 LOS B 0.1 0.1 0.63 0.63

All Pedestrians 106 21.5 LOS C 0.77 0.77

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2014 AM peak WD 
Boundary Street / Benwell Road
2014 With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Practical Cycle Time)

Phase times determined by the program
Sequence: Three Phase
Input Sequence: A, B, C
Output Sequence: A, B, C

Phase Timing Results
Phase A B C
Green Time (sec) 30 16 6
Yellow Time (sec) 4 4 4
All-Red Time (sec) 2 2 2
Phase Time (sec) 36 22 12
Phase Split 51 % 31 % 17 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 PM peak WOD 
Boundary Street / Benwell Road
2014 Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 60 seconds (Practical Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 139 21.7 0.244 16.0 LOS B 3.0 25.1 0.76 0.62 39.6
Approach 139 21.7 0.244 16.0 LOS B 3.0 25.1 0.76 0.62 39.6

North: Benwell Road (North)
8 T 487 10.5 0.501 9.7 LOS A 9.2 70.0 0.68 0.60 45.0
9 R 39 16.2 0.234 37.7 LOS D 1.1 9.1 0.96 0.73 29.6

Approach 526 10.9 0.501 11.8 LOS B 9.2 70.0 0.70 0.61 43.4

West: Boundary Street (West)
10 L 56 20.8 0.035 8.0 X X X X 0.59 49.8

Approach 56 20.8 0.035 8.0 NA 0.0 0.0 0.00 0.59 49.8

All Vehicles 721 13.8 0.501 12.3 LOS B 9.2 70.0 0.66 0.61 43.0

X: Not applicable for Continuous movement.

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P5 Across N approach 53 24.3 LOS C 0.1 0.1 0.90 0.90
P7 Across W approach 53 16.1 LOS B 0.1 0.1 0.73 0.73

All Pedestrians 106 20.2 LOS C 0.82 0.82

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2014 PM peak WOD 
Boundary Street / Benwell Road
2014 Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 60 seconds (Practical Cycle Time)

Phase times determined by the program
Sequence: Three Phase
Input Sequence: A, B, C
Output Sequence: A, B, C

Phase Timing Results
Phase A B C
Green Time (sec) 20 16 6
Yellow Time (sec) 4 4 4
All-Red Time (sec) 2 2 2
Phase Time (sec) 26 22 12
Phase Split 43 % 37 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 PM peak WD
Boundary Street / Benwell Road
2014 With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 60 seconds (Practical Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 144 32.1 0.413 22.8 LOS C 3.8 34.0 0.90 0.73 35.0
Approach 144 32.1 0.413 22.8 LOS C 3.8 34.0 0.90 0.73 35.0

North: Benwell Road (North)
8 T 505 13.5 0.529 9.9 LOS A 9.7 75.9 0.70 0.61 44.8
9 R 166 3.8 0.425 31.1 LOS C 4.4 31.7 0.91 0.80 32.3

Approach 672 11.1 0.529 15.2 LOS B 9.7 75.9 0.75 0.66 40.9

West: Boundary Street (West)
10 L 67 14.3 0.040 7.9 X X X X 0.60 49.8

Approach 67 14.3 0.040 7.9 NA 0.0 0.0 0.00 0.60 49.8

All Vehicles 883 14.8 0.529 15.9 LOS B 9.7 75.9 0.72 0.67 40.3

X: Not applicable for Continuous movement.

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P5 Across N approach 53 24.3 LOS C 0.1 0.1 0.90 0.90
P7 Across W approach 53 21.7 LOS C 0.1 0.1 0.85 0.85

All Pedestrians 106 23.0 LOS C 0.88 0.88

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2014 PM peak WD
Boundary Street / Benwell Road
2014 With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 60 seconds (Practical Cycle Time)

Phase times determined by the program
Sequence: Three Phase
Input Sequence: A, B, C
Output Sequence: A, B, C

Phase Timing Results
Phase A B C
Green Time (sec) 13 16 13
Yellow Time (sec) 4 4 4
All-Red Time (sec) 2 2 2
Phase Time (sec) 19 22 19
Phase Split 32 % 37 % 32 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 AM peak WOD 
(Optimised Signals) 

Boundary Street / Benwell Road
2035 Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 86 9.8 0.181 42.9 LOS D 1.9 14.6 0.93 0.69 26.4
3 R 449 8.2 0.674 36.2 LOS D 18.4 137.6 0.89 0.85 30.1

Approach 536 8.4 0.674 37.3 LOS D 18.4 137.6 0.90 0.83 29.5

East: Southern Acces (East)
4 L 88 14.3 0.088 8.3 LOS A 0.3 2.3 0.13 0.62 49.0
5 T 24 17.4 0.073 36.1 LOS D 1.0 7.9 0.85 0.62 28.9
6 R 6 16.7 0.063 58.9 LOS E 0.3 2.5 0.97 0.66 23.0

Approach 119 15.0 0.088 16.6 LOS B 1.0 7.9 0.32 0.62 40.9

North: Benwell Road (North)
7 L 28 7.4 0.070 13.5 LOS B 0.4 3.3 0.40 0.66 44.0
8 T 29 17.9 0.065 41.9 LOS D 0.6 5.2 0.91 0.64 26.8
9 R 25 16.7 0.040 29.3 LOS C 0.8 6.1 0.65 0.71 33.4

Approach 83 13.9 0.070 28.4 LOS C 0.8 6.1 0.66 0.67 33.3

West: Boundary Street (West)
10 L 39 10.8 0.035 8.3 LOS A 0.2 1.2 0.15 0.62 49.0
11 T 120 7.9 0.341 38.5 LOS D 5.2 38.6 0.91 0.73 28.0

Approach 159 8.6 0.341 31.1 LOS C 5.2 38.6 0.72 0.70 31.3

All Vehicles 897 9.9 0.674 32.6 LOS C 18.4 137.6 0.77 0.76 31.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 43.2 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 43.9 LOS E 0.94 0.94

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2035 AM peak WOD 
(Optimised Signals) 

Boundary Street / Benwell Road
2035 Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 38
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 44
Phase Split 19 % 25 % 12 % 44 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 AM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2035 With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 95 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 113 15.0 0.232 40.6 LOS D 2.4 19.0 0.93 0.71 27.2
3 R 449 8.2 0.738 38.9 LOS D 18.9 141.5 0.94 0.88 29.1

Approach 562 9.6 0.738 39.2 LOS D 18.9 141.5 0.94 0.84 28.7

East: Southern Access (East)
4 L 92 17.2 0.097 8.4 LOS A 0.3 2.8 0.15 0.62 48.9
5 T 24 17.4 0.069 33.5 LOS C 0.9 7.4 0.84 0.61 30.0
6 R 6 16.7 0.060 56.1 LOS E 0.3 2.3 0.96 0.66 23.7

Approach 122 17.2 0.097 15.9 LOS B 0.9 7.4 0.33 0.62 41.5

North: Benwell Road (North)
7 L 28 7.4 0.069 13.8 LOS B 0.4 3.3 0.42 0.66 43.7
8 T 40 36.8 0.093 39.7 LOS D 0.8 7.7 0.90 0.65 27.5
9 R 47 33.3 0.091 31.5 LOS C 1.5 13.3 0.70 0.74 32.6

Approach 116 28.2 0.093 30.0 LOS C 1.5 13.3 0.70 0.69 32.6

West: Boundary Street (West)
10 L 212 7.5 0.186 8.4 LOS A 0.9 6.9 0.18 0.64 48.8
11 T 120 7.9 0.323 35.7 LOS D 4.9 36.2 0.90 0.72 29.0

Approach 332 7.6 0.323 18.2 LOS B 4.9 36.2 0.44 0.67 39.2

All Vehicles 1132 11.7 0.738 29.6 LOS C 18.9 141.5 0.70 0.75 32.8

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 41.7 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 41.7 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 40.8 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 41.4 LOS E 0.93 0.93

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2035 AM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2035 With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 95 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 33
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 39
Phase Split 20 % 26 % 13 % 41 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2035 Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 38 22.2 0.060 25.9 LOS C 0.5 4.6 0.85 0.61 33.4
3 R 115 18.3 0.611 43.3 LOS D 4.1 33.0 1.00 0.82 27.6

Approach 153 19.3 0.611 39.0 LOS D 4.1 33.0 0.96 0.77 28.8

East: Southern Acces (East)
4 L 427 8.6 0.429 8.6 LOS A 2.1 15.6 0.26 0.66 48.4
5 T 114 8.3 0.226 21.7 LOS C 3.1 23.0 0.82 0.65 35.8
6 R 28 7.4 0.188 42.5 LOS D 1.0 7.2 0.96 0.72 27.7

Approach 569 8.5 0.429 12.9 LOS B 3.1 23.0 0.41 0.66 43.7

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.24 0.61 48.5
8 T 81 11.7 0.120 26.3 LOS C 1.2 9.1 0.87 0.64 33.2
9 R 39 16.2 0.205 40.7 LOS D 1.3 10.2 0.94 0.73 28.5

Approach 126 13.3 0.205 29.9 LOS C 1.3 10.2 0.86 0.67 32.1

West: Boundary Street (West)
10 L 27 23.1 0.026 8.7 LOS A 0.1 0.8 0.20 0.62 48.7
11 T 31 17.2 0.064 20.6 LOS C 0.8 6.3 0.77 0.57 36.6

Approach 58 20.0 0.064 14.9 LOS B 0.8 6.3 0.50 0.59 41.5

All Vehicles 906 11.7 0.611 19.8 LOS B 4.1 33.0 0.57 0.68 38.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 28.4 LOS C 0.1 0.1 0.90 0.90

All Pedestrians 159 29.0 LOS C 0.91 0.91

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2035 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2035 Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 14
Phase Split 27 % 36 % 17 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 PM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2035 With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 75 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 47 35.6 0.086 28.9 LOS C 0.8 6.9 0.87 0.63 31.9
3 R 115 18.3 0.403 39.6 LOS D 3.9 31.6 0.93 0.79 28.9

Approach 162 23.4 0.403 36.5 LOS D 3.9 31.6 0.91 0.74 29.7

East: Southern Access (East)
4 L 427 8.6 0.446 8.6 LOS A 2.1 16.0 0.25 0.66 48.4
5 T 114 8.3 0.243 24.4 LOS C 3.4 25.3 0.84 0.67 34.2
6 R 28 7.4 0.201 45.4 LOS D 1.0 7.8 0.97 0.72 26.8

Approach 569 8.5 0.446 13.6 LOS B 3.4 25.3 0.40 0.66 43.2

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.22 0.61 48.6
8 T 108 16.5 0.178 29.4 LOS C 1.7 14.0 0.89 0.67 31.7
9 R 212 8.0 0.695 42.4 LOS D 7.8 58.7 0.99 0.86 27.8

Approach 326 11.0 0.695 37.4 LOS D 7.8 58.7 0.94 0.80 29.2

West: Boundary Street (West)
10 L 49 34.0 0.051 8.9 LOS A 0.2 1.6 0.19 0.62 48.8
11 T 31 17.2 0.069 23.1 LOS C 0.9 6.9 0.79 0.58 35.0

Approach 80 27.6 0.069 14.3 LOS B 0.9 6.9 0.42 0.61 42.5

All Vehicles 1138 12.7 0.695 23.7 LOS C 7.8 58.7 0.63 0.71 35.9

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 31.7 LOS D 0.1 0.1 0.92 0.92
P5 Across N approach 53 31.7 LOS D 0.1 0.1 0.92 0.92
P7 Across W approach 53 30.8 LOS D 0.1 0.1 0.91 0.91

All Pedestrians 159 31.4 LOS D 0.92 0.92

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2035 PM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2035 With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 75 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 13
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 19
Phase Split 25 % 33 % 16 % 25 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2036 AM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2036 (Opening Year) Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 87 9.6 0.183 42.9 LOS D 2.0 14.8 0.93 0.69 26.4
3 R 449 8.2 0.674 36.2 LOS D 18.4 137.6 0.89 0.85 30.1

Approach 537 8.4 0.674 37.3 LOS D 18.4 137.6 0.90 0.83 29.5

East: Southern Access (East)
4 L 92 17.2 0.094 8.3 LOS A 0.3 2.4 0.13 0.62 49.0
5 T 24 17.4 0.073 36.1 LOS D 1.0 7.9 0.85 0.62 28.9
6 R 6 16.7 0.063 58.9 LOS E 0.3 2.5 0.97 0.66 23.0

Approach 122 17.2 0.094 16.4 LOS B 1.0 7.9 0.32 0.62 41.1

North: Benwell Road (North)
7 L 28 7.4 0.070 13.5 LOS B 0.4 3.3 0.40 0.66 44.0
8 T 29 17.9 0.065 41.9 LOS D 0.6 5.2 0.91 0.64 26.8
9 R 25 16.7 0.040 29.3 LOS C 0.8 6.1 0.65 0.71 33.4

Approach 83 13.9 0.070 28.4 LOS C 0.8 6.1 0.66 0.67 33.3

West: Boundary Street (West)
10 L 39 10.8 0.035 8.3 LOS A 0.2 1.2 0.15 0.62 49.0
11 T 120 7.9 0.341 38.5 LOS D 5.2 38.6 0.91 0.73 28.0

Approach 159 8.6 0.341 31.1 LOS C 5.2 38.6 0.72 0.70 31.3

All Vehicles 901 10.2 0.674 32.6 LOS C 18.4 137.6 0.77 0.76 31.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 43.2 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 43.9 LOS E 0.94 0.94

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2036 AM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2036 (Opening Year) Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 38
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 44
Phase Split 19 % 25 % 12 % 44 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2036 AM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2036 (Opening Year) With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 105 16.0 0.229 43.4 LOS D 2.4 18.9 0.93 0.71 26.3
3 R 449 8.2 0.674 36.2 LOS D 18.4 137.6 0.89 0.85 30.1

Approach 555 9.7 0.674 37.6 LOS D 18.4 137.6 0.90 0.83 29.3

East: Southern Access (East)
4 L 92 17.2 0.097 8.4 LOS A 0.3 2.8 0.14 0.62 49.0
5 T 24 17.4 0.073 36.1 LOS D 1.0 7.9 0.85 0.62 28.9
6 R 6 16.7 0.063 58.9 LOS E 0.3 2.5 0.97 0.66 23.0

Approach 122 17.2 0.097 16.5 LOS B 1.0 7.9 0.33 0.62 41.0

North: Benwell Road (North)
7 L 28 7.4 0.070 13.5 LOS B 0.4 3.3 0.40 0.66 44.0
8 T 38 36.1 0.092 42.4 LOS D 0.8 7.7 0.91 0.65 26.6
9 R 38 44.4 0.071 30.5 LOS C 1.2 11.3 0.67 0.73 33.2

Approach 104 31.3 0.092 30.2 LOS C 1.2 11.3 0.68 0.68 32.5

West: Boundary Street (West)
10 L 138 13.0 0.126 8.4 LOS A 0.6 4.5 0.16 0.63 48.9
11 T 120 7.9 0.341 38.5 LOS D 5.2 38.6 0.91 0.73 28.0

Approach 258 10.6 0.341 22.4 LOS C 5.2 38.6 0.51 0.68 36.3

All Vehicles 1039 13.0 0.674 30.6 LOS C 18.4 137.6 0.71 0.75 32.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 43.2 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 43.9 LOS E 0.94 0.94

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2036 AM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2036 (Opening Year) With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 38
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 44
Phase Split 19 % 25 % 12 % 44 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2036 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2036 (Opening Year) Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Access Road (South)

2 T 39 21.6 0.061 25.9 LOS C 0.6 4.7 0.85 0.61 33.4
3 R 115 18.3 0.611 43.3 LOS D 4.1 33.0 1.00 0.82 27.6

Approach 154 19.2 0.611 38.9 LOS D 4.1 33.0 0.96 0.77 28.8

East: Southern Access (East)
4 L 427 8.6 0.430 8.6 LOS A 2.1 15.6 0.26 0.66 48.4
5 T 114 8.3 0.226 21.7 LOS C 3.1 23.0 0.82 0.65 35.8
6 R 28 7.4 0.188 42.5 LOS D 1.0 7.2 0.96 0.72 27.7

Approach 569 8.5 0.430 12.9 LOS B 3.1 23.0 0.41 0.66 43.7

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.24 0.61 48.5
8 T 82 11.5 0.122 26.3 LOS C 1.2 9.2 0.87 0.64 33.2
9 R 40 15.8 0.210 40.7 LOS D 1.3 10.5 0.94 0.73 28.5

Approach 128 13.1 0.210 29.9 LOS C 1.3 10.5 0.86 0.67 32.0

West: Boundary Street (West)
10 L 28 22.2 0.027 8.7 LOS A 0.1 0.8 0.20 0.62 48.7
11 T 31 17.2 0.064 20.6 LOS C 0.8 6.3 0.77 0.57 36.6

Approach 59 19.6 0.064 14.8 LOS B 0.8 6.3 0.49 0.59 41.6

All Vehicles 911 11.7 0.611 19.8 LOS B 4.1 33.0 0.57 0.68 38.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 28.4 LOS C 0.1 0.1 0.90 0.90

All Pedestrians 159 29.0 LOS C 0.91 0.91

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2036 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2036 (Opening Year) Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 14
Phase Split 27 % 36 % 17 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2036 PM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2036 (Opening Year) With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 47 35.6 0.081 26.1 LOS C 0.7 6.3 0.86 0.62 33.3
3 R 115 18.3 0.611 43.3 LOS D 4.1 33.0 1.00 0.82 27.6

Approach 162 23.4 0.611 38.3 LOS D 4.1 33.0 0.96 0.76 29.0

East: Southern Access (East)
4 L 427 8.6 0.440 8.7 LOS A 2.1 15.9 0.27 0.67 48.3
5 T 114 8.3 0.226 21.7 LOS C 3.1 23.0 0.82 0.65 35.8
6 R 28 7.4 0.188 42.5 LOS D 1.0 7.2 0.96 0.72 27.7

Approach 569 8.5 0.440 12.9 LOS B 3.1 23.0 0.41 0.66 43.7

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.24 0.61 48.5
8 T 101 18.8 0.157 26.6 LOS C 1.5 12.1 0.87 0.66 33.0
9 R 138 13.7 0.713 44.7 LOS D 5.1 39.6 1.00 0.88 27.0

Approach 245 15.9 0.713 36.3 LOS D 5.1 39.6 0.93 0.78 29.6

West: Boundary Street (West)
10 L 41 46.2 0.046 9.1 LOS A 0.1 1.4 0.20 0.62 48.7
11 T 31 17.2 0.064 20.6 LOS C 0.8 6.3 0.77 0.57 36.6

Approach 72 33.8 0.064 14.0 LOS B 0.8 6.3 0.44 0.60 42.7

All Vehicles 1048 14.3 0.713 22.4 LOS C 5.1 39.6 0.62 0.70 36.7

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 28.4 LOS C 0.1 0.1 0.90 0.90

All Pedestrians 159 29.0 LOS C 0.91 0.91

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2036 PM peak WD 
(Optimised Signals) 

Boundary Street / Benwell Road
2036 (Opening Year) With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 14
Phase Split 27 % 36 % 17 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 AM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 105 9.0 0.220 43.2 LOS D 2.4 17.9 0.93 0.70 26.3
3 R 449 8.2 0.674 36.2 LOS D 18.4 137.6 0.89 0.85 30.1

Approach 555 8.3 0.674 37.5 LOS D 18.4 137.6 0.90 0.83 29.3

East: Southern Access (East)
4 L 92 17.2 0.095 8.3 LOS A 0.3 2.4 0.13 0.62 49.0
5 T 24 17.4 0.073 36.1 LOS D 1.0 7.9 0.85 0.62 28.9
6 R 6 16.7 0.063 58.9 LOS E 0.3 2.5 0.97 0.66 23.0

Approach 122 17.2 0.095 16.4 LOS B 1.0 7.9 0.32 0.62 41.1

North: Benwell Road (North)
7 L 28 7.4 0.070 13.5 LOS B 0.4 3.3 0.40 0.66 44.0
8 T 33 19.4 0.072 42.0 LOS D 0.7 5.8 0.91 0.64 26.7
9 R 28 18.5 0.046 29.4 LOS C 0.9 7.0 0.66 0.72 33.4

Approach 89 15.3 0.072 29.0 LOS C 0.9 7.0 0.67 0.67 33.0

West: Boundary Street (West)
10 L 48 10.9 0.043 8.3 LOS A 0.2 1.5 0.15 0.62 49.0
11 T 120 7.9 0.341 38.5 LOS D 5.2 38.6 0.91 0.73 28.0

Approach 168 8.8 0.341 29.8 LOS C 5.2 38.6 0.69 0.70 31.9

All Vehicles 935 10.2 0.674 32.6 LOS C 18.4 137.6 0.76 0.76 31.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 43.2 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 43.9 LOS E 0.94 0.94

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2046 AM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) Without Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 38
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 44
Phase Split 19 % 25 % 12 % 44 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 AM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 123 14.5 0.266 43.6 LOS D 2.8 22.0 0.94 0.72 26.2
3 R 449 8.2 0.674 36.2 LOS D 18.4 137.6 0.89 0.85 30.1

Approach 573 9.6 0.674 37.8 LOS D 18.4 137.6 0.90 0.83 29.2

East: Southern Access (East)
4 L 92 17.2 0.097 8.4 LOS A 0.3 2.8 0.14 0.62 49.0
5 T 24 17.4 0.073 36.1 LOS D 1.0 7.9 0.85 0.62 28.9
6 R 6 16.7 0.063 58.9 LOS E 0.3 2.5 0.97 0.66 23.0

Approach 122 17.2 0.097 16.5 LOS B 1.0 7.9 0.33 0.62 41.0

North: Benwell Road (North)
7 L 28 7.4 0.070 13.5 LOS B 0.4 3.3 0.40 0.66 44.0
8 T 41 35.9 0.100 42.5 LOS D 0.9 8.3 0.91 0.66 26.6
9 R 41 43.6 0.076 30.6 LOS C 1.3 12.3 0.67 0.73 33.2

Approach 111 31.4 0.100 30.6 LOS C 1.3 12.3 0.69 0.68 32.3

West: Boundary Street (West)
10 L 147 12.9 0.139 8.5 LOS A 0.7 5.4 0.17 0.63 48.8
11 T 120 7.9 0.341 38.5 LOS D 5.2 38.6 0.91 0.73 28.0

Approach 267 10.6 0.341 22.0 LOS C 5.2 38.6 0.50 0.68 36.6

All Vehicles 1073 13.0 0.674 30.7 LOS C 18.4 137.6 0.72 0.75 32.2

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P5 Across N approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P7 Across W approach 53 43.2 LOS E 0.1 0.1 0.93 0.93

All Pedestrians 159 43.9 LOS E 0.94 0.94

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2046 AM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) With Development
AM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 38
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 44
Phase Split 19 % 25 % 12 % 44 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 45 20.9 0.071 26.0 LOS C 0.7 5.4 0.85 0.62 33.4
3 R 115 18.3 0.611 43.3 LOS D 4.1 33.0 1.00 0.82 27.6

Approach 160 19.1 0.611 38.4 LOS D 4.1 33.0 0.96 0.76 29.0

East: Southern Access (East)
4 L 427 8.6 0.432 8.6 LOS A 2.1 15.7 0.26 0.66 48.3
5 T 114 8.3 0.226 21.7 LOS C 3.1 23.0 0.82 0.65 35.8
6 R 28 7.4 0.188 42.5 LOS D 1.0 7.2 0.96 0.72 27.7

Approach 569 8.5 0.432 12.9 LOS B 3.1 23.0 0.41 0.66 43.7

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.24 0.61 48.5
8 T 87 10.8 0.129 26.3 LOS C 1.3 9.8 0.87 0.65 33.2
9 R 44 14.3 0.230 40.8 LOS D 1.5 11.5 0.94 0.74 28.4

Approach 138 12.2 0.230 30.2 LOS C 1.5 11.5 0.86 0.68 31.9

West: Boundary Street (West)
10 L 36 20.6 0.034 8.6 LOS A 0.1 1.0 0.20 0.62 48.7
11 T 31 17.2 0.064 20.6 LOS C 0.8 6.3 0.77 0.57 36.6

Approach 66 19.0 0.064 14.1 LOS B 0.8 6.3 0.46 0.60 42.3

All Vehicles 934 11.6 0.611 19.9 LOS B 4.1 33.0 0.57 0.68 38.3

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 28.4 LOS C 0.1 0.1 0.90 0.90

All Pedestrians 159 29.0 LOS C 0.91 0.91

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2046 PM peak WOD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) Without Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 14
Phase Split 27 % 36 % 17 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 PM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Townsville Port Access Road (South)

2 T 54 33.3 0.090 26.2 LOS C 0.8 7.0 0.86 0.63 33.3
3 R 115 18.3 0.611 43.3 LOS D 4.1 33.0 1.00 0.82 27.6

Approach 168 23.1 0.611 37.8 LOS D 4.1 33.0 0.95 0.76 29.2

East: Southern Access (East)
4 L 427 8.6 0.442 8.7 LOS A 2.1 15.9 0.27 0.67 48.3
5 T 114 8.3 0.226 21.7 LOS C 3.1 23.0 0.82 0.65 35.8
6 R 28 7.4 0.188 42.5 LOS D 1.0 7.2 0.96 0.72 27.7

Approach 569 8.5 0.442 12.9 LOS B 3.1 23.0 0.41 0.66 43.7

North: Benwell Road (North)
7 L 6 16.7 0.008 8.9 LOS A 0.0 0.2 0.24 0.61 48.5
8 T 105 17.0 0.161 26.6 LOS C 1.6 12.5 0.87 0.66 33.0
9 R 143 14.0 0.742 45.3 LOS D 5.3 41.7 1.00 0.90 26.8

Approach 255 15.3 0.742 36.7 LOS D 5.3 41.7 0.93 0.79 29.4

West: Boundary Street (West)
10 L 48 41.3 0.053 9.0 LOS A 0.2 1.6 0.20 0.62 48.7
11 T 31 17.2 0.064 20.6 LOS C 0.8 6.3 0.77 0.57 36.6

Approach 79 32.0 0.064 13.5 LOS B 0.8 6.3 0.42 0.60 43.2

All Vehicles 1072 14.1 0.742 22.5 LOS C 5.3 41.7 0.62 0.71 36.6

Level of Service (LOS) Method: Delay (HCM 2000).  
Vehicle movement LOS values are based on average delay per movement
Intersection and Approach LOS values are based on average delay for all vehicle movements.
SIDRA Standard Delay Model used.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P3 Across E approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P5 Across N approach 53 29.3 LOS C 0.1 0.1 0.91 0.91
P7 Across W approach 53 28.4 LOS C 0.1 0.1 0.90 0.90

All Pedestrians 159 29.0 LOS C 0.91 0.91

Level of Service (LOS) Method: SIDRA Pedestrian LOS Method (Based on Average Delay)
Pedestrian movement LOS values are based on average delay per pedestrian movement.
Intersection LOS value for Pedestrians is based on average delay for all pedestrian movements.
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PHASING SUMMARY Site: 2046 PM peak WD 
(Optimised Signals)

Boundary Street / Benwell Road
2046 (Opening Year + 10 years) With Development
PM peak
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 70 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 13 19 6 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 19 25 12 14
Phase Split 27 % 36 % 17 % 20 %

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2014 Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 85 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

Flow  HV
Deg.
Satn

Average
Delay  

Level of
Service

Prop.  
Queued

Effective 
Stop Rate

Average
Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 206 3.6 0.559 26.2 LOS C 7.3 52.8 0.70 0.78 34.9
2 T 815 2.8 0.786 34.6 LOS C 18.1 130.1 0.99 0.93 29.3
3 R 43 7.3 0.208 46.3 LOS D 2.5 18.7 0.94 0.74 26.5

Approach 1064 3.2 0.786 33.5 LOS C 18.1 130.1 0.93 0.89 30.1

East: Boundary Street (East)
4 L 83 7.6 0.131 10.7 LOS B 1.3 9.9 0.34 0.66 46.6
5 T 176 7.8 0.183 26.7 LOS C 4.1 30.3 0.82 0.64 33.1
6 R 65 1.6 0.504 52.4 LOS D 4.0 28.4 1.00 0.75 24.6

Approach 324 6.5 0.504 27.7 LOS C 4.1 30.3 0.73 0.67 33.3

North: Saunders Street (North)
7 L 59 3.6 0.539 37.3 LOS D 11.4 83.9 0.91 0.85 30.9
8 T 486 6.1 0.539 29.0 LOS C 11.5 84.8 0.91 0.76 31.6
9 R 159 9.9 0.779 52.8 LOS D 8.9 67.3 1.00 0.92 24.6

Approach 704 6.7 0.779 35.1 LOS D 11.5 84.8 0.93 0.81 29.6

West: Boundary Street (West)
10 L 443 5.0 0.581 13.5 LOS B 9.3 67.7 0.53 0.74 43.8
11 T 300 7.0 0.438 28.2 LOS C 9.2 68.0 0.86 0.71 32.3
12 R 86 6.1 0.687 54.3 LOS D 5.3 39.0 1.00 0.83 24.1

Approach 829 5.8 0.687 23.1 LOS C 9.3 68.0 0.70 0.74 36.1

All Vehicles 2922 5.2 0.786 30.3 LOS C 18.1 130.1 0.84 0.80 31.8

Level of Service (Aver. Int. Delay): LOS C.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS D.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

Flow  
Average

Delay  
Level of
Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 36.7 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 33.1 LOS D 0.1 0.1 0.88 0.88
P5 Across N approach 53 34.0 LOS D 0.1 0.1 0.89 0.89
P7 Across W approach 53 33.1 LOS D 0.1 0.1 0.88 0.88

All Pedestrians 212 34.2 0.90 0.90

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2014 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2014 Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 85 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 23 10 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 29 16 28 12
Phase Split 34 % 19 % 33 % 14 %
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Phase D

Saunders Street (South)
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Saunders Street (North)
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Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 AM peak WD (Amended 
Layout & Optimised Signals)

Boundary Street / Saunders Street
2014 With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 85 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

Flow  HV
Deg.
Satn

Average
Delay  

Level of
Service

Prop.  
Queued

Effective 
Stop Rate

Average
Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 206 3.6 0.559 26.2 LOS C 7.3 52.8 0.70 0.78 34.9
2 T 815 2.8 0.786 34.6 LOS C 18.1 130.1 0.99 0.93 29.3
3 R 43 7.3 0.208 46.3 LOS D 2.5 18.7 0.94 0.74 26.5

Approach 1064 3.2 0.786 33.5 LOS C 18.1 130.1 0.93 0.89 30.1

East: Boundary Street (East)
4 L 83 7.6 0.131 10.7 LOS B 1.3 9.9 0.34 0.66 46.6
5 T 187 7.3 0.194 26.7 LOS C 4.3 32.1 0.82 0.65 33.1
6 R 65 1.6 0.504 52.4 LOS D 4.0 28.4 1.00 0.75 24.6

Approach 336 6.3 0.504 27.8 LOS C 4.3 32.1 0.74 0.67 33.3

North: Saunders Street (North)
7 L 59 3.6 0.539 37.3 LOS D 11.4 83.9 0.91 0.85 30.9
8 T 486 6.1 0.539 29.0 LOS C 11.5 84.8 0.91 0.76 31.6
9 R 159 9.9 0.779 52.8 LOS D 8.9 67.3 1.00 0.92 24.6

Approach 704 6.7 0.779 35.1 LOS D 11.5 84.8 0.93 0.81 29.6

West: Boundary Street (West)
10 L 443 5.0 0.581 13.5 LOS B 9.3 67.7 0.53 0.74 43.8
11 T 428 4.9 0.617 29.5 LOS C 12.8 93.5 0.91 0.76 31.6
12 R 86 6.1 0.687 54.3 LOS D 5.3 39.0 1.00 0.83 24.1

Approach 958 5.1 0.687 24.4 LOS C 12.8 93.5 0.74 0.76 35.2

All Vehicles 3062 4.9 0.786 30.4 LOS C 18.1 130.1 0.85 0.81 31.8

Level of Service (Aver. Int. Delay): LOS C.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS D.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

Flow  
Average

Delay  
Level of
Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 36.7 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 33.1 LOS D 0.1 0.1 0.88 0.88
P5 Across N approach 53 34.0 LOS D 0.1 0.1 0.89 0.89
P7 Across W approach 53 33.1 LOS D 0.1 0.1 0.88 0.88

All Pedestrians 212 34.2 0.90 0.90

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY
Boundary Street / Saunders Street
2014 With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 85 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 23 10 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 29 16 28 12
Phase Split 34 % 19 % 33 % 14 %
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Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2014 Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 135 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

Flow  HV
Deg.
Satn

Average
Delay  

Level of
Service

Prop.  
Queued

Effective 
Stop Rate

Average
Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 160 6.6 0.519 24.8 LOS C 6.8 50.3 0.54 0.75 35.7
2 T 491 6.7 0.341 31.2 LOS C 12.9 95.1 0.75 0.64 31.1
3 R 34 9.4 0.119 60.4 LOS E 2.8 21.2 0.89 0.73 22.7

Approach 684 6.8 0.519 31.2 LOS C 12.9 95.1 0.71 0.67 31.4

East: Boundary Street (East)
4 L 120 7.9 0.421 25.5 LOS C 5.5 41.1 0.59 0.72 35.5
5 T 271 8.2 0.448 55.7 LOS E 9.9 73.9 0.95 0.77 22.9
6 R 61 3.4 0.303 69.1 LOS E 5.2 37.4 0.96 0.76 20.7

Approach 452 7.5 0.448 49.5 LOS D 9.9 73.9 0.86 0.75 24.9

North: Saunders Street (North)
7 L 82 2.6 1.045 134.4 LOS F 82.3 592.0 1.00 1.40 13.0
8 T 1440 3.4 1.047 126.3 LOS F 82.3 592.0 1.00 1.38 13.1
9 R 161 6.3 1.0003 65.1 LOS E 11.6 85.6 0.97 0.80 21.6

Approach 1683 3.9 1.047 120.8 LOS F 82.3 592.0 1.00 1.33 13.6

West: Boundary Street (West)
10 L 281 10.9 0.389 10.4 LOS B 5.2 39.7 0.28 0.67 46.9
11 T 336 9.4 0.792 60.6 LOS E 17.1 127.6 0.98 0.86 21.5
12 R 169 3.4 1.0003 73.6 LOS E 12.9 92.9 1.00 0.81 19.9

Approach 786 8.0 1.000 45.4 LOS D 17.1 127.6 0.73 0.78 26.2

All Vehicles 3605 5.8 1.047 78.4 LOS E 82.3 592.0 0.87 1.01 18.6

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

Flow  
Average

Delay  
Level of
Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 61.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 34.1 LOS D 0.1 0.1 0.71 0.71
P5 Across N approach 53 58.8 LOS E 0.2 0.2 0.93 0.93
P7 Across W approach 53 34.1 LOS D 0.1 0.1 0.71 0.71

All Pedestrians 212 47.2 0.83 0.83

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2014 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2014 Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 135 seconds (Optimum Cycle Time - Minimum Delay)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 52 22 22 15
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 58 28 28 21
Phase Split 43 % 21 % 21 % 16 %
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Turn On Red Undetected Movement

Phase Transition Applied

Processed: Wednesday, 19 October 2011 4:26:54 PM
SIDRA INTERSECTION 5.0.5.1510

Copyright © 2000-2010 Akcelik & Associates Pty Ltd
www.sidrasolutions.com



Saunders Street - Signals (2017-27).sip
8000907, AECOM, ENTERPRISE



MOVEMENT SUMMARY Site: 2014 PM peak WD (Amended 
Layout & Optimised Signals)

Boundary Street / Saunders Street
2014 With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 135 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

Flow  HV
Deg.
Satn

Average
Delay  

Level of
Service

Prop.  
Queued

Effective 
Stop Rate

Average
Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 160 6.6 0.519 24.8 LOS C 6.8 50.3 0.54 0.75 35.7
2 T 491 6.7 0.341 31.2 LOS C 12.9 95.1 0.75 0.64 31.1
3 R 34 9.4 0.119 60.4 LOS E 2.8 21.2 0.89 0.73 22.7

Approach 684 6.8 0.519 31.2 LOS C 12.9 95.1 0.71 0.67 31.4

East: Boundary Street (East)
4 L 120 7.9 0.421 25.5 LOS C 5.5 41.1 0.59 0.72 35.5
5 T 399 5.5 0.650 57.9 LOS E 14.0 102.6 0.99 0.82 22.3
6 R 61 3.4 0.303 69.1 LOS E 5.2 37.4 0.96 0.76 20.7

Approach 580 5.8 0.650 52.4 LOS D 14.0 102.6 0.90 0.79 24.0

North: Saunders Street (North)
7 L 82 2.6 1.045 134.4 LOS F 82.3 592.0 1.00 1.40 13.0
8 T 1440 3.4 1.047 126.3 LOS F 82.3 592.0 1.00 1.38 13.1
9 R 161 6.3 1.0003 65.1 LOS E 11.6 85.6 0.97 0.80 21.6

Approach 1683 3.9 1.047 120.8 LOS F 82.3 592.0 1.00 1.33 13.6

West: Boundary Street (West)
10 L 281 10.9 0.389 10.4 LOS B 5.2 39.7 0.28 0.67 46.9
11 T 347 9.0 0.818 61.7 LOS E 17.9 133.2 0.98 0.88 21.3
12 R 169 3.4 1.0003 73.6 LOS E 12.9 92.9 1.00 0.81 19.9

Approach 798 7.9 1.000 46.2 LOS D 17.9 133.2 0.74 0.79 25.9

All Vehicles 3745 5.6 1.047 77.9 LOS E 82.3 592.0 0.87 1.01 18.7

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

Flow  
Average

Delay  
Level of
Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 61.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 34.1 LOS D 0.1 0.1 0.71 0.71
P5 Across N approach 53 58.8 LOS E 0.2 0.2 0.93 0.93
P7 Across W approach 53 34.1 LOS D 0.1 0.1 0.71 0.71

All Pedestrians 212 47.2 0.83 0.83

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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MOVEMENT SUMMARY Site: 2014 PM peak WD (Amended 
Layout & Optimised Signals)

Boundary Street / Saunders Street
2014 With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 135 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 160 6.6 0.519 24.8 LOS C 6.8 50.3 0.54 0.75 35.7
2 T 491 6.7 0.341 31.2 LOS C 12.9 95.1 0.75 0.64 31.1
3 R 34 9.4 0.119 60.4 LOS E 2.8 21.2 0.89 0.73 22.7

Approach 684 6.8 0.519 31.2 LOS C 12.9 95.1 0.71 0.67 31.4

East: Boundary Street (East)
4 L 120 7.9 0.421 25.5 LOS C 5.5 41.1 0.59 0.72 35.5
5 T 399 5.5 0.650 57.9 LOS E 14.0 102.6 0.99 0.82 22.3
6 R 61 3.4 0.303 69.1 LOS E 5.2 37.4 0.96 0.76 20.7

Approach 580 5.8 0.650 52.4 LOS D 14.0 102.6 0.90 0.79 24.0

North: Saunders Street (North)
7 L 82 2.6 1.045 134.4 LOS F 82.3 592.0 1.00 1.40 13.0
8 T 1440 3.4 1.047 126.3 LOS F 82.3 592.0 1.00 1.38 13.1
9 R 161 6.3 1.0003 65.1 LOS E 11.6 85.6 0.97 0.80 21.6

Approach 1683 3.9 1.047 120.8 LOS F 82.3 592.0 1.00 1.33 13.6

West: Boundary Street (West)
10 L 281 10.9 0.389 10.4 LOS B 5.2 39.7 0.28 0.67 46.9
11 T 347 9.0 0.818 61.7 LOS E 17.9 133.2 0.98 0.88 21.3
12 R 169 3.4 1.0003 73.6 LOS E 12.9 92.9 1.00 0.81 19.9

Approach 798 7.9 1.000 46.2 LOS D 17.9 133.2 0.74 0.79 25.9

All Vehicles 3745 5.6 1.047 77.9 LOS E 82.3 592.0 0.87 1.01 18.7

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 61.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 34.1 LOS D 0.1 0.1 0.71 0.71
P5 Across N approach 53 58.8 LOS E 0.2 0.2 0.93 0.93
P7 Across W approach 53 34.1 LOS D 0.1 0.1 0.71 0.71

All Pedestrians 212 47.2 0.83 0.83

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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MOVEMENT SUMMARY Site: 2035 AM peak WOD
(Amended Layout & Optimised

Signals)
Boundary Street / Saunders Street
2035 Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 205 3.1 0.571 26.5 LOS C 7.5 53.9 0.69 0.78 34.7
2 T 1077 2.9 0.974 68.5 LOS E 34.8 250.0 1.00 1.30 20.1
3 R 63 6.7 0.267 47.3 LOS D 3.7 27.4 0.94 0.76 26.2

Approach 1345 3.1 0.974 61.1 LOS E 34.8 250.0 0.95 1.19 21.8

East: Boundary Street (East)
4 L 101 7.3 0.189 12.6 LOS B 2.2 16.0 0.41 0.68 44.7
5 T 223 8.0 0.246 29.8 LOS C 5.4 40.6 0.84 0.67 31.6
6 R 117 2.7 0.962 76.2 LOS E 8.5 60.5 1.00 1.11 19.4

Approach 441 6.4 0.962 38.1 LOS D 8.5 60.5 0.79 0.79 28.8

North: Saunders Street (North)
7 L 104 3.0 0.727 40.8 LOS D 17.3 126.3 0.96 0.90 29.4
8 T 680 6.0 0.727 32.6 LOS C 17.4 128.0 0.96 0.86 30.0
9 R 231 10.0 1.0003 52.5 LOS D 12.3 93.6 1.00 0.83 24.7

Approach 1016 6.6 1.000 37.9 LOS D 17.4 128.0 0.97 0.85 28.5

West: Boundary Street (West)
10 L 554 5.5 0.880 27.4 LOS C 18.9 138.3 0.74 0.87 34.5
11 T 378 7.2 0.584 32.0 LOS C 12.1 90.1 0.91 0.75 30.5
12 R 88 6.0 0.745 58.2 LOS E 5.7 42.3 1.00 0.86 23.2

Approach 1020 6.2 0.880 31.7 LOS C 18.9 138.3 0.82 0.82 31.6

All Vehicles 3822 5.3 1.000 44.5 LOS D 34.8 250.0 0.90 0.96 26.4

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS E.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 39.2 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 32.9 LOS D 0.1 0.1 0.86 0.86
P5 Across N approach 53 36.5 LOS D 0.1 0.1 0.90 0.90
P7 Across W approach 53 32.9 LOS D 0.1 0.1 0.86 0.86

All Pedestrians 212 35.4 0.89 0.89

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2035 AM peak WOD
(Amended Layout & Optimised

Signals)
Boundary Street / Saunders Street
2035 Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 26 12 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 32 18 28 12
Phase Split 36 % 20 % 31 % 13 %
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Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2035 With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 205 3.1 0.571 26.5 LOS C 7.5 53.9 0.69 0.78 34.7
2 T 1077 2.9 0.974 68.5 LOS E 34.8 250.0 1.00 1.30 20.1
3 R 63 6.7 0.267 47.3 LOS D 3.7 27.4 0.94 0.76 26.2

Approach 1345 3.1 0.974 61.1 LOS E 34.8 250.0 0.95 1.19 21.8

East: Boundary Street (East)
4 L 101 7.3 0.189 12.6 LOS B 2.2 16.0 0.41 0.68 44.7
5 T 246 12.0 0.278 30.1 LOS C 6.0 46.0 0.85 0.69 31.4
6 R 117 2.7 0.962 76.2 LOS E 8.5 60.5 1.00 1.11 19.4

Approach 464 8.6 0.962 37.9 LOS D 8.5 60.5 0.79 0.79 28.8

North: Saunders Street (North)
7 L 104 3.0 0.727 40.8 LOS D 17.3 126.3 0.96 0.90 29.4
8 T 680 6.0 0.727 32.6 LOS C 17.4 128.0 0.96 0.86 30.0
9 R 231 10.0 1.0003 52.5 LOS D 12.3 93.6 1.00 0.83 24.7

Approach 1016 6.6 1.000 37.9 LOS D 17.4 128.0 0.97 0.85 28.5

West: Boundary Street (West)
10 L 554 5.5 0.880 27.4 LOS C 18.9 138.3 0.74 0.87 34.5
11 T 552 7.1 0.852 39.4 LOS D 19.7 146.6 0.96 0.92 27.6
12 R 88 6.0 0.745 58.2 LOS E 5.7 42.3 1.00 0.86 23.2

Approach 1194 6.3 0.880 35.2 LOS D 19.7 146.6 0.86 0.89 30.0

All Vehicles 4019 5.6 1.000 44.9 LOS D 34.8 250.0 0.91 0.97 26.2

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS E.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 39.2 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 32.9 LOS D 0.1 0.1 0.86 0.86
P5 Across N approach 53 36.5 LOS D 0.1 0.1 0.90 0.90
P7 Across W approach 53 32.9 LOS D 0.1 0.1 0.86 0.86

All Pedestrians 212 35.4 0.89 0.89

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2035 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2035 With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 26 12 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 32 18 28 12
Phase Split 36 % 20 % 31 % 13 %
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Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 PM peak WOD
(Amended Layout & Optimised

Signals)
Boundary Street / Saunders Street
2035 Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 158 6.0 0.440 19.1 LOS B 5.8 42.4 0.42 0.73 39.4
2 T 700 6.8 0.348 20.1 LOS C 15.2 112.3 0.61 0.53 37.2
3 R 47 8.9 0.328 78.1 LOS E 4.6 34.4 0.98 0.75 19.1

Approach 905 6.7 0.440 22.9 LOS C 15.2 112.3 0.60 0.58 35.8

East: Boundary Street (East)
4 L 144 7.3 0.644 37.1 LOS D 8.4 62.4 0.72 0.77 30.0
5 T 381 7.8 0.677 64.0 LOS E 14.5 108.1 1.00 0.83 21.0
6 R 121 3.4 1.073 170.6 LOS F 15.0 108.0 1.00 1.20 10.5

Approach 646 6.8 1.073 77.9 LOS E 15.0 108.1 0.94 0.89 18.8

North: Saunders Street (North)
7 L 147 2.9 1.087 156.3 LOS F 137.4 989.4 1.00 1.47 11.5
8 T 2045 3.4 1.085 148.3 LOS F 137.4 989.4 1.00 1.44 11.5
9 R 147 6.4 1.0003 83.1 LOS F 12.5 92.2 1.00 0.80 18.3

Approach 2339 4.1 1.085 144.7 LOS F 137.4 989.4 1.00 1.40 11.8

West: Boundary Street (West)
10 L 364 11.8 0.689 13.3 LOS B 10.2 78.8 0.41 0.72 44.2
11 T 527 9.6 1.065 118.9 LOS F 33.8 246.6 1.00 1.15 13.6
12 R 115 3.2 1.017 132.3 LOS F 12.8 92.0 1.00 1.13 13.0

Approach 1005 8.4 1.065 82.2 LOS F 33.8 246.6 0.79 0.99 18.1

All Vehicles 4896 5.8 1.085 100.5 LOS F 137.4 989.4 0.87 1.10 15.6

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 22.1 LOS C 0.1 0.1 0.55 0.55
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 22.1 LOS C 0.1 0.1 0.55 0.55

All Pedestrians 212 43.6 0.75 0.75

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2035 PM peak WOD
(Amended Layout & Optimised

Signals)
Boundary Street / Saunders Street
2035 Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 78 12 22 9
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 84 18 28 15
Phase Split 58 % 12 % 19 % 10 %
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Phase Transition Applied
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MOVEMENT SUMMARY Site: 2035 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2035 With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 158 6.0 0.440 19.1 LOS B 5.8 42.4 0.42 0.73 39.4
2 T 700 6.8 0.348 20.1 LOS C 15.2 112.3 0.61 0.53 37.2
3 R 47 8.9 0.328 78.1 LOS E 4.6 34.4 0.98 0.75 19.1

Approach 905 6.7 0.440 22.9 LOS C 15.2 112.3 0.60 0.58 35.8

East: Boundary Street (East)
4 L 144 7.3 0.644 37.1 LOS D 8.4 62.4 0.72 0.77 30.0
5 T 554 7.4 0.982 91.8 LOS F 26.2 195.4 1.00 1.07 16.6
6 R 121 3.4 1.073 170.6 LOS F 15.0 108.0 1.00 1.20 10.5

Approach 819 6.8 1.073 93.8 LOS F 26.2 195.4 0.95 1.04 16.5

North: Saunders Street (North)
7 L 147 2.9 1.087 156.3 LOS F 137.4 989.4 1.00 1.47 11.5
8 T 2045 3.4 1.085 148.3 LOS F 137.4 989.4 1.00 1.44 11.5
9 R 147 6.4 1.0003 83.1 LOS F 12.5 92.2 1.00 0.80 18.3

Approach 2339 4.1 1.085 144.7 LOS F 137.4 989.4 1.00 1.40 11.8

West: Boundary Street (West)
10 L 364 11.8 0.689 13.3 LOS B 10.2 78.8 0.41 0.72 44.2
11 T 550 12.4 1.065 124.3 LOS F 33.6 246.6 1.00 1.21 13.2
12 R 115 3.2 1.017 132.3 LOS F 12.8 92.0 1.00 1.13 13.0

Approach 1028 9.3 1.065 85.9 LOS F 33.6 246.6 0.79 1.03 17.5

All Vehicles 5092 6.0 1.085 103.0 LOS F 137.4 989.4 0.88 1.12 15.4

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 22.1 LOS C 0.1 0.1 0.55 0.55
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 22.1 LOS C 0.1 0.1 0.55 0.55

All Pedestrians 212 43.6 0.75 0.75

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2035 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2035 With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 78 12 22 9
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 84 18 28 15
Phase Split 58 % 12 % 19 % 10 %
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MOVEMENT SUMMARY Site: 2036 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2036 (Opening Year) Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 206 3.1 0.573 26.5 LOS C 7.5 54.2 0.69 0.78 34.7
2 T 1080 2.9 0.977 69.7 LOS E 35.3 253.0 1.00 1.31 19.9
3 R 63 6.7 0.267 47.3 LOS D 3.7 27.4 0.94 0.76 26.2

Approach 1349 3.1 0.977 62.1 LOS E 35.3 253.0 0.95 1.20 21.6

East: Boundary Street (East)
4 L 103 7.1 0.193 12.6 LOS B 2.2 16.3 0.41 0.68 44.7
5 T 226 7.9 0.250 29.8 LOS C 5.5 41.1 0.85 0.68 31.5
6 R 119 2.7 0.979 81.8 LOS F 8.9 63.6 1.00 1.14 18.5

Approach 448 6.3 0.979 39.6 LOS D 8.9 63.6 0.79 0.80 28.2

North: Saunders Street (North)
7 L 105 3.0 0.739 41.3 LOS D 17.7 129.3 0.96 0.90 29.2
8 T 692 6.1 0.739 33.0 LOS C 17.8 131.0 0.96 0.87 29.8
9 R 231 9.9 1.0003 52.5 LOS D 12.3 93.6 1.00 0.83 24.7

Approach 1028 6.7 1.000 38.2 LOS D 17.8 131.0 0.97 0.86 28.4

West: Boundary Street (West)
10 L 561 5.6 0.897 26.9 LOS C 18.9 138.3 0.75 0.86 34.8
11 T 381 7.2 0.589 32.0 LOS C 12.2 90.8 0.91 0.75 30.5
12 R 89 5.9 0.753 58.4 LOS E 5.8 42.8 1.00 0.87 23.1

Approach 1032 6.2 0.897 31.5 LOS C 18.9 138.3 0.83 0.82 31.8

All Vehicles 3858 5.3 1.000 44.9 LOS D 35.3 253.0 0.90 0.96 26.2

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 39.2 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 32.9 LOS D 0.1 0.1 0.86 0.86
P5 Across N approach 53 36.5 LOS D 0.1 0.1 0.90 0.90
P7 Across W approach 53 32.9 LOS D 0.1 0.1 0.86 0.86

All Pedestrians 212 35.4 0.89 0.89

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2036 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2036 (Opening Year) Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 26 12 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 32 18 28 12
Phase Split 36 % 20 % 31 % 13 %
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MOVEMENT SUMMARY Site: 2036 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2036 (Opening Year) With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 206 3.1 0.573 26.5 LOS C 7.5 54.2 0.69 0.78 34.7
2 T 1080 2.9 0.977 69.7 LOS E 35.3 253.0 1.00 1.31 19.9
3 R 63 6.7 0.267 47.3 LOS D 3.7 27.4 0.94 0.76 26.2

Approach 1349 3.1 0.977 62.1 LOS E 35.3 253.0 0.95 1.20 21.6

East: Boundary Street (East)
4 L 103 7.1 0.193 12.6 LOS B 2.2 16.3 0.41 0.68 44.7
5 T 240 13.2 0.273 30.1 LOS C 5.8 45.3 0.85 0.68 31.4
6 R 119 2.7 0.979 81.8 LOS F 8.9 63.6 1.00 1.14 18.5

Approach 462 9.1 0.979 39.5 LOS D 8.9 63.6 0.79 0.80 28.2

North: Saunders Street (North)
7 L 105 3.0 0.739 41.3 LOS D 17.7 129.3 0.96 0.90 29.2
8 T 692 6.1 0.739 33.0 LOS C 17.8 131.0 0.96 0.87 29.8
9 R 231 9.9 1.0003 52.5 LOS D 12.3 93.6 1.00 0.83 24.7

Approach 1028 6.7 1.000 38.2 LOS D 17.8 131.0 0.97 0.86 28.4

West: Boundary Street (West)
10 L 561 5.6 0.897 26.9 LOS C 18.9 138.3 0.75 0.86 34.8
11 T 480 8.6 0.748 34.7 LOS C 15.9 119.5 0.95 0.84 29.3
12 R 89 5.9 0.753 58.4 LOS E 5.8 42.8 1.00 0.87 23.1

Approach 1131 6.9 0.897 32.7 LOS C 18.9 138.3 0.85 0.85 31.1

All Vehicles 3971 5.8 1.000 44.9 LOS D 35.3 253.0 0.91 0.97 26.2

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 39.2 LOS D 0.1 0.1 0.93 0.93
P3 Across E approach 53 32.9 LOS D 0.1 0.1 0.86 0.86
P5 Across N approach 53 36.5 LOS D 0.1 0.1 0.90 0.90
P7 Across W approach 53 32.9 LOS D 0.1 0.1 0.86 0.86

All Pedestrians 212 35.4 0.89 0.89

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS D.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2036 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2036 (Opening Year) With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 90 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 26 12 22 6
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 32 18 28 12
Phase Split 36 % 20 % 31 % 13 %
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Phase Transition Applied
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MOVEMENT SUMMARY Site: 2036 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2036 (Opening Year) Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 160 5.9 0.445 19.1 LOS B 5.8 42.9 0.42 0.73 39.4
2 T 708 6.7 0.352 20.1 LOS C 15.3 113.6 0.61 0.54 37.2
3 R 47 8.9 0.328 78.1 LOS E 4.6 34.4 0.98 0.75 19.1

Approach 916 6.7 0.446 22.9 LOS C 15.3 113.6 0.60 0.58 35.8

East: Boundary Street (East)
4 L 146 7.2 0.654 37.5 LOS D 8.5 63.5 0.72 0.77 29.8
5 T 387 7.7 0.688 64.3 LOS E 14.7 109.9 1.00 0.84 20.9
6 R 121 3.4 1.075 170.4 LOS F 15.0 108.0 1.00 1.20 10.6

Approach 655 6.8 1.075 77.9 LOS E 15.0 109.9 0.94 0.89 18.8

North: Saunders Street (North)
7 L 148 2.8 1.099 167.4 LOS F 143.5 1033.6 1.00 1.51 10.9
8 T 2070 3.4 1.098 159.4 LOS F 143.5 1033.6 1.00 1.49 10.9
9 R 147 6.5 1.0003 83.1 LOS F 12.5 92.3 1.00 0.80 18.3

Approach 2365 4.1 1.099 155.2 LOS F 143.5 1033.6 1.00 1.45 11.2

West: Boundary Street (West)
10 L 368 11.7 0.699 13.4 LOS B 10.4 80.1 0.42 0.72 44.2
11 T 535 9.5 1.066 119.6 LOS F 33.7 246.6 1.00 1.16 13.5
12 R 114 3.5 1.016 132.2 LOS F 12.8 92.0 1.00 1.13 13.0

Approach 1018 8.4 1.066 82.6 LOS F 33.7 246.6 0.79 1.00 18.0

All Vehicles 4954 5.8 1.099 105.6 LOS F 143.5 1033.6 0.87 1.12 15.1

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 22.1 LOS C 0.1 0.1 0.55 0.55
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 22.1 LOS C 0.1 0.1 0.55 0.55

All Pedestrians 212 43.6 0.75 0.75

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2036 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2036 (Opening Year) Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 78 12 22 9
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 84 18 28 15
Phase Split 58 % 12 % 19 % 10 %
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MOVEMENT SUMMARY Site: 2036 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2036 (Opening Year) With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 160 5.9 0.445 19.1 LOS B 5.8 42.9 0.42 0.73 39.4
2 T 708 6.7 0.352 20.1 LOS C 15.3 113.6 0.61 0.54 37.2
3 R 47 8.9 0.328 78.1 LOS E 4.6 34.4 0.98 0.75 19.1

Approach 916 6.7 0.446 22.9 LOS C 15.3 113.6 0.60 0.58 35.8

East: Boundary Street (East)
4 L 146 7.2 0.654 37.5 LOS D 8.5 63.5 0.72 0.77 29.8
5 T 486 8.9 0.870 75.0 LOS E 19.7 148.7 1.00 0.99 19.0
6 R 121 3.4 1.075 170.4 LOS F 15.0 108.0 1.00 1.20 10.6

Approach 754 7.7 1.075 83.0 LOS F 19.7 148.7 0.95 0.98 18.0

North: Saunders Street (North)
7 L 148 2.8 1.099 167.4 LOS F 143.5 1033.6 1.00 1.51 10.9
8 T 2070 3.4 1.098 159.4 LOS F 143.5 1033.6 1.00 1.49 10.9
9 R 147 6.5 1.0003 83.1 LOS F 12.5 92.3 1.00 0.80 18.3

Approach 2365 4.1 1.099 155.2 LOS F 143.5 1033.6 1.00 1.45 11.2

West: Boundary Street (West)
10 L 368 11.7 0.699 13.4 LOS B 10.4 80.1 0.42 0.72 44.2
11 T 549 13.2 1.065 125.0 LOS F 33.5 246.7 1.00 1.21 13.1
12 R 114 3.5 1.016 132.2 LOS F 12.8 92.0 1.00 1.13 13.0

Approach 1032 9.6 1.065 85.9 LOS F 33.5 246.7 0.79 1.03 17.5

All Vehicles 5066 6.2 1.099 106.4 LOS F 143.5 1033.6 0.88 1.13 15.0

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 22.1 LOS C 0.1 0.1 0.55 0.55
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 22.1 LOS C 0.1 0.1 0.55 0.55

All Pedestrians 212 43.6 0.75 0.75

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2036 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2036 (Opening Year) With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 78 12 22 9
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 84 18 28 15
Phase Split 58 % 12 % 19 % 10 %
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Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2046 (Opening Year + 10 years) Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 214 3.4 0.630 27.4 LOS C 8.3 59.7 0.67 0.78 34.3
2 T 1117 2.9 0.973 71.8 LOS E 38.9 278.9 1.00 1.27 19.5
3 R 64 6.6 0.226 48.5 LOS D 4.0 29.4 0.91 0.76 25.8

Approach 1395 3.2 0.973 63.9 LOS E 38.9 278.9 0.95 1.17 21.2

East: Boundary Street (East)
4 L 120 7.9 0.253 13.9 LOS B 3.0 22.3 0.44 0.69 43.6
5 T 260 7.7 0.318 35.7 LOS D 7.0 52.3 0.88 0.71 29.0
6 R 138 2.3 0.943 77.1 LOS E 10.1 72.4 1.00 1.08 19.2

Approach 518 6.3 0.943 41.7 LOS D 10.1 72.4 0.81 0.81 27.5

North: Saunders Street (North)
7 L 119 3.5 0.869 53.6 LOS D 26.6 195.1 1.00 1.02 25.1
8 T 850 6.2 0.870 45.3 LOS D 26.6 196.5 1.00 1.03 25.4
9 R 201 10.2 1.0003 52.7 LOS D 11.3 86.1 1.00 0.82 24.6

Approach 1169 6.8 1.000 47.4 LOS D 26.6 196.5 1.00 0.99 25.2

West: Boundary Street (West)
10 L 573 5.8 1.0003 22.4 LOS C 18.9 138.7 0.77 0.81 37.3
11 T 478 7.3 0.826 43.2 LOS D 18.6 138.0 0.97 0.90 26.2
12 R 102 6.2 0.717 61.3 LOS E 6.9 51.1 1.00 0.85 22.4

Approach 1153 6.4 1.000 34.5 LOS C 18.9 138.7 0.87 0.85 30.2

All Vehicles 4235 5.4 1.000 48.6 LOS D 38.9 278.9 0.92 0.99 25.0

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS E.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 44.2 LOS E 0.1 0.1 0.94 0.94
P3 Across E approach 53 34.4 LOS D 0.1 0.1 0.83 0.83
P5 Across N approach 53 41.4 LOS E 0.1 0.1 0.91 0.91
P7 Across W approach 53 34.4 LOS D 0.1 0.1 0.83 0.83

All Pedestrians 212 38.6 0.88 0.88

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS E.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2046 AM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2046 (Opening Year + 10 years) Without Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 100 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 30 16 22 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 36 22 28 14
Phase Split 36 % 22 % 28 % 14 %

Phase A

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Phase B

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Phase C

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Phase D

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement
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MOVEMENT SUMMARY Site: 2046 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2046 (Opening Year + 10 years) With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 105 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 214 3.4 0.656 29.1 LOS C 8.8 63.3 0.68 0.79 33.3
2 T 1117 2.9 0.958 67.2 LOS E 38.5 276.3 1.00 1.22 20.4
3 R 64 6.6 0.224 50.2 LOS D 4.1 30.5 0.91 0.76 25.3

Approach 1395 3.2 0.957 60.6 LOS E 38.5 276.3 0.95 1.13 21.9

East: Boundary Street (East)
4 L 120 7.9 0.259 14.0 LOS B 3.1 22.9 0.43 0.69 43.5
5 T 284 11.9 0.343 36.9 LOS D 7.8 60.4 0.88 0.72 28.6
6 R 138 2.3 0.991 95.7 LOS F 11.5 81.8 1.00 1.16 16.5

Approach 542 8.5 0.990 46.8 LOS D 11.5 81.8 0.81 0.82 25.8

North: Saunders Street (North)
7 L 119 3.5 0.862 53.8 LOS D 27.3 200.4 1.00 1.00 25.1
8 T 854 6.2 0.861 45.5 LOS D 27.3 201.8 1.00 1.01 25.3
9 R 193 10.3 1.0003 54.4 LOS D 11.3 86.1 1.00 0.82 24.2

Approach 1166 6.9 1.000 47.8 LOS D 27.3 201.8 1.00 0.98 25.1

West: Boundary Street (West)
10 L 558 5.8 1.0003 22.4 LOS C 18.9 138.7 0.75 0.81 37.3
11 T 590 8.4 0.987 70.6 LOS E 31.5 236.4 0.97 1.13 19.7
12 R 102 6.2 0.753 65.0 LOS E 7.3 53.7 1.00 0.87 21.6

Approach 1251 6.9 1.000 48.6 LOS D 31.5 236.4 0.87 0.97 25.2

All Vehicles 4354 5.9 1.000 52.0 LOS D 38.5 276.3 0.92 1.00 24.1

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 44.8 LOS E 0.1 0.1 0.92 0.92
P3 Across E approach 53 35.2 LOS D 0.1 0.1 0.82 0.82
P5 Across N approach 53 42.1 LOS E 0.1 0.1 0.90 0.90
P7 Across W approach 53 35.2 LOS D 0.1 0.1 0.82 0.82

All Pedestrians 212 39.3 0.86 0.86

Level of Service (Aver. Int. Delay): LOS D.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS E.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2046 AM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2046 (Opening Year + 10 years) With Development
AM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 105 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 32 17 24 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 38 23 30 14
Phase Split 36 % 22 % 29 % 13 %
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Phase Transition Applied
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MOVEMENT SUMMARY Site: 2046 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2046 (Opening Year + 10 years) Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 180 5.8 0.485 19.0 LOS B 6.3 46.3 0.44 0.74 39.5
2 T 801 6.8 0.384 18.9 LOS B 16.8 124.6 0.60 0.53 38.0
3 R 55 9.6 0.457 81.4 LOS F 5.3 40.3 1.00 0.75 18.6

Approach 1036 6.8 0.486 22.3 LOS C 16.8 124.6 0.60 0.58 36.2

East: Boundary Street (East)
4 L 173 6.7 0.786 48.6 LOS D 11.4 84.0 0.75 0.86 25.9
5 T 478 7.4 0.848 72.6 LOS E 19.1 142.2 1.00 0.96 19.3
6 R 111 3.5 1.106 198.3 LOS F 14.9 107.8 1.00 1.25 9.3

Approach 761 6.5 1.106 85.4 LOS F 19.1 142.2 0.94 0.98 17.6

North: Saunders Street (North)
7 L 167 3.1 1.213 262.9 LOS F 204.1 1471.9 1.00 1.87 7.4
8 T 2366 3.6 1.211 254.9 LOS F 204.1 1471.9 1.00 1.82 7.4
9 R 122 6.7 1.0003 97.4 LOS F 11.6 85.6 1.00 0.90 16.4

Approach 2656 4.2 1.211 248.1 LOS F 204.1 1471.9 1.00 1.78 7.6

West: Boundary Street (West)
10 L 414 12.0 0.836 28.9 LOS C 17.7 136.4 0.49 0.81 33.8
11 T 619 9.8 1.167 200.8 LOS F 46.1 349.8 1.00 1.46 9.0
12 R 105 3.4 1.053 156.4 LOS F 12.8 92.6 1.00 1.17 11.4

Approach 1138 8.5 1.167 134.2 LOS F 46.1 349.8 0.81 1.20 12.6

All Vehicles 5591 5.9 1.211 160.9 LOS F 204.1 1471.9 0.88 1.33 10.9

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow  
Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 20.4 LOS C 0.1 0.1 0.53 0.53
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 20.4 LOS C 0.1 0.1 0.53 0.53

All Pedestrians 212 42.8 0.74 0.74

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2046 PM peak WOD 
(Amended Layout & Optimised 

Signals)
Boundary Street / Saunders Street
2046 (Opening Year + 10 years) Without Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 81 10 22 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 87 16 28 14
Phase Split 60 % 11 % 19 % 10 %
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MOVEMENT SUMMARY Site: 2046 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2046 (Opening Year + 10 years) With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow HV
Deg.
 Satn

Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop Rate

Average
 SpeedVehicles Distance

veh/h % v/c sec veh m per veh km/h
South: Saunders Street (South)

1 L 180 5.8 0.478 18.6 LOS B 6.2 45.5 0.43 0.74 39.8
2 T 801 6.8 0.379 18.3 LOS B 16.6 122.9 0.59 0.53 38.4
3 R 55 9.6 0.507 83.0 LOS F 5.4 40.8 1.00 0.75 18.4

Approach 1036 6.8 0.507 21.8 LOS C 16.6 122.9 0.59 0.57 36.5

East: Boundary Street (East)
4 L 173 6.7 0.797 50.7 LOS D 11.6 86.0 0.76 0.87 25.3
5 T 577 8.6 1.061 116.9 LOS F 33.8 253.7 1.00 1.16 13.9
6 R 111 3.5 1.106 198.3 LOS F 14.9 107.8 1.00 1.25 9.3

Approach 860 7.3 1.106 114.1 LOS F 33.8 253.7 0.95 1.12 14.3

North: Saunders Street (North)
7 L 167 3.1 1.203 254.8 LOS F 202.3 1459.0 1.00 1.84 7.6
8 T 2378 3.6 1.202 246.8 LOS F 202.3 1459.0 1.00 1.79 7.6
9 R 110 6.7 1.0003 115.5 LOS F 11.6 85.6 1.00 1.04 14.4

Approach 2656 4.2 1.202 241.8 LOS F 202.3 1459.0 1.00 1.77 7.7

West: Boundary Street (West)
10 L 414 12.0 0.842 29.9 LOS C 18.0 139.3 0.50 0.81 33.2
11 T 632 12.9 1.238 234.5 LOS F 54.2 421.0 1.00 1.56 7.9
12 R 105 3.4 1.053 156.4 LOS F 12.8 92.6 1.00 1.17 11.4

Approach 1151 9.5 1.238 153.8 LOS F 54.2 421.0 0.82 1.25 11.4

All Vehicles 5702 6.2 1.238 164.8 LOS F 202.3 1459.0 0.88 1.35 10.7

Level of Service (Aver. Int. Delay): LOS F.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual vehicle movements: Delay (HCM).
Approach LOS values are based on average delay for all vehicle movements.

3 x = 1.00 due to short lane. Refer to the Lane Summary report for information about excess flow and related conditions.

Movement Performance - Pedestrians
Average Back of Queue

Mov ID Description
Demand

 Flow
Average
 Delay

Level of
 Service

Prop.
Queued

Effective
Stop RatePedestrian Distance

ped/h sec ped m per ped
P1 Across S approach 53 66.6 LOS F 0.2 0.2 0.96 0.96
P3 Across E approach 53 19.9 LOS B 0.1 0.1 0.52 0.52
P5 Across N approach 53 63.8 LOS F 0.2 0.2 0.94 0.94
P7 Across W approach 53 19.9 LOS B 0.1 0.1 0.52 0.52

All Pedestrians 212 42.6 0.74 0.74

Level of Service (Aver. Int. Delay): LOS E.  Based on average delay for all pedestrian movements.  LOS Method: Delay (HCM).
Level of Service (Worst Movement): LOS F.  LOS Method for individual pedestrian movements: Delay (HCM).
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PHASING SUMMARY Site: 2046 PM peak WD (Amended
Layout & Optimised Signals)

Boundary Street / Saunders Street
2046 (Opening Year + 10 years) With Development
PM peak
Existing Intersection Layout
(Optimised Signal Cycle Time)
Signals - Fixed Time    Cycle Time = 145 seconds

Cycle Time Option: Optimum Cycle Time (Minimum Delay)
Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B, C, D
Output Sequence: A, B, C, D

Phase Timing Results
Phase A B C D
Green Time (sec) 82 9 22 8
Yellow Time (sec) 4 4 4 4
All-Red Time (sec) 2 2 2 2
Phase Time (sec) 88 15 28 14
Phase Split 61 % 10 % 19 % 10 %
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Saunders Street (North)

B
oundary S

treet (W
est)

Phase C

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Phase D

Saunders Street (South)

B
ou

nd
ar

y 
S

tre
et

 (E
as

t)

Saunders Street (North)

B
oundary S

treet (W
est)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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Bruce Highway / Townsville Port 
Access Road SIDRA Summaries  

      



MOVEMENT SUMMARY Site: 2014 AM peak WOD
Bruce HWY / Port Access Road
2014 Without Development
AM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South East: Bruce HWY

21 L 17 6.3 0.014 8.1 LOS A 0.1 0.6 0.13 0.61 49.1
22 T 788 8.4 0.263 2.2 LOS A 5.9 43.9 0.25 0.22 55.4
23 R 463 5.0 0.795 22.3 LOS C 17.3 126.2 0.61 0.86 37.3

Approach 1268 7.1 0.796 9.6 LOS A 17.3 126.2 0.38 0.46 47.0

North East: Eastern Access Road (to Port)
24 L 219 10.6 0.318 8.6 LOS A 2.0 15.3 0.20 0.65 48.7
25 T 29 10.7 0.135 50.9 LOS D 1.1 8.6 0.98 0.67 24.1
26 R 1 0.0 0.010 58.1 LOS E 0.1 0.6 0.97 0.59 23.2

Approach 249 10.5 0.318 13.8 LOS B 2.0 15.3 0.30 0.65 43.3

North West: Bruce HWY
27 L 1 0.0 0.001 8.3 LOS A 0.0 0.1 0.16 0.60 48.9
28 T 643 10.3 0.215 2.1 LOS A 4.7 35.5 0.23 0.20 55.6
29 R 1 0.0 0.002 10.3 LOS B 0.0 0.1 0.23 0.63 46.8

Approach 645 10.3 0.215 2.1 LOS A 4.7 35.5 0.23 0.21 55.5

South West: Eastern Access Road (to Ayr)
30 L 3 33.3 0.002 8.2 NA9 NA9 NA9 NA9 0.59 49.8
31 T 55 5.8 0.243 51.5 LOS D 2.0 15.0 0.99 0.70 23.9
32 R 24 4.3 0.222 59.4 LOS E 1.8 13.2 0.98 0.71 22.9

Approach 82 6.4 0.243 52.1 LOS D 2.0 15.0 0.95 0.70 24.1

All Vehicles 2245 8.4 0.796 9.5 LOS A 17.3 126.2 0.35 0.42 47.0

Level of Service (Aver. Int. Delay): LOS A.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS E.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

9 Continuous movement
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PHASING SUMMARY Site: 2014 AM peak WOD
Bruce HWY / Port Access Road
2014 Without Development
AM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B
Output Sequence: A, B

Phase Timing Results
Phase A B
Green Time (sec) 6 82
Yellow Time (sec) 4 4
All-Red Time (sec) 2 2
Phase Time (sec) 12 88
Phase Split 12 % 88 %

Phase A

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Phase B

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 AM peak WD
Bruce HWY / Port Access Road
2014 With Development
AM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South East: Bruce HWY

21 L 17 6.3 0.014 8.1 LOS A 0.1 0.6 0.13 0.61 49.1
22 T 788 8.4 0.263 2.2 LOS A 5.9 43.9 0.25 0.22 55.4
23 R 463 5.0 0.795 22.3 LOS C 17.3 126.2 0.61 0.86 37.3

Approach 1268 7.1 0.796 9.6 LOS A 17.3 126.2 0.38 0.46 47.0

North East: Eastern Access Road (to Port)
24 L 219 10.6 0.318 8.6 LOS A 2.0 15.3 0.20 0.65 48.7
25 T 36 20.6 0.173 51.3 LOS D 1.4 11.2 0.98 0.68 23.9
26 R 1 0.0 0.011 58.3 LOS E 0.1 0.6 0.97 0.59 23.1

Approach 256 11.9 0.318 14.8 LOS B 2.0 15.3 0.32 0.65 42.4

North West: Bruce HWY
27 L 1 0.0 0.001 8.3 LOS A 0.0 0.1 0.16 0.60 48.9
28 T 643 10.3 0.215 2.1 LOS A 4.7 35.5 0.23 0.20 55.6
29 R 1 0.0 0.002 10.3 LOS B 0.0 0.1 0.23 0.63 46.8

Approach 645 10.3 0.215 2.1 LOS A 4.7 35.5 0.23 0.21 55.5

South West: Eastern Access Road (to Ayr)
30 L 3 33.3 0.002 8.2 NA9 NA9 NA9 NA9 0.59 49.8
31 T 74 10.0 0.335 52.1 LOS D 2.7 20.8 0.99 0.72 23.7
32 R 24 4.3 0.229 59.5 LOS E 1.8 13.3 0.98 0.71 22.9

Approach 101 9.4 0.335 52.5 LOS D 2.7 20.8 0.96 0.72 23.9

All Vehicles 2271 8.7 0.796 10.0 LOS A 17.3 126.2 0.36 0.42 46.4

Level of Service (Aver. Int. Delay): LOS A.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS E.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

9 Continuous movement
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PHASING SUMMARY Site: 2014 AM peak WD
Bruce HWY / Port Access Road
2014 With Development
AM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B
Output Sequence: A, B

Phase Timing Results
Phase A B
Green Time (sec) 6 82
Yellow Time (sec) 4 4
All-Red Time (sec) 2 2
Phase Time (sec) 12 88
Phase Split 12 % 88 %

Phase A

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Phase B

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 PM peak WOD
Bruce HWY / Port Access Road
2014 Without Development
PM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South East: Bruce HWY

21 L 32 6.7 0.026 8.2 LOS A 0.2 1.3 0.14 0.62 49.0
22 T 846 11.1 0.328 5.8 LOS A 9.4 71.9 0.41 0.36 50.0
23 R 298 10.6 0.844 44.3 LOS D 17.4 133.1 0.85 1.00 27.2

Approach 1176 10.8 0.844 15.6 LOS B 17.4 133.1 0.51 0.53 41.2

North East: Eastern Access Road (to Port)
24 L 522 5.8 0.696 11.7 LOS B 14.1 103.6 0.61 0.79 45.5
25 T 77 6.8 0.121 38.4 LOS D 2.4 17.8 0.88 0.66 28.0
26 R 1 0.0 0.004 44.8 LOS D 0.1 0.5 0.85 0.61 27.0

Approach 600 6.0 0.695 15.2 LOS B 14.1 103.6 0.65 0.78 42.1

North West: Bruce HWY
27 L 1 0.0 0.001 8.2 LOS A 0.0 0.1 0.15 0.60 48.9
28 T 820 10.9 0.317 5.7 LOS A 9.1 69.4 0.40 0.36 50.1
29 R 1 0.0 0.003 15.1 LOS B 0.0 0.2 0.38 0.63 42.5

Approach 822 10.9 0.317 5.8 LOS A 9.1 69.4 0.40 0.36 50.1

South West: Eastern Access Road (to Ayr)
30 L 3 33.3 0.002 8.2 NA9 NA9 NA9 NA9 0.59 49.8
31 T 40 10.5 0.064 37.8 LOS D 1.3 9.7 0.87 0.62 28.2
32 R 24 8.7 0.106 47.7 LOS D 1.6 11.9 0.89 0.72 26.1

Approach 67 10.9 0.106 40.0 LOS D 1.6 11.9 0.83 0.66 28.0

All Vehicles 2665 9.8 0.844 13.1 LOS B 17.4 133.1 0.52 0.53 43.3

Level of Service (Aver. Int. Delay): LOS B.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS D.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

9 Continuous movement
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PHASING SUMMARY Site: 2014 PM peak WOD
Bruce HWY / Port Access Road
2014 Without Development
PM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B
Output Sequence: A, B

Phase Timing Results
Phase A B
Green Time (sec) 17 71
Yellow Time (sec) 4 4
All-Red Time (sec) 2 2
Phase Time (sec) 23 77
Phase Split 23 % 77 %

Phase A

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Phase B

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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MOVEMENT SUMMARY Site: 2014 PM peak WD
Bruce HWY / Port Access Road
2014 With Development
PM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Movement Performance - Vehicles
95% Back of Queue

Mov ID Turn
Demand

 Flow  HV
Deg.
 Satn

Average
 Delay  

Level of
 Service

Prop.  
Queued

Effective 
Stop Rate

Average
 Speed  Vehicles Distance

veh/h % v/c sec veh m per veh km/h
South East: Bruce HWY

21 L 32 6.7 0.026 8.3 LOS A 0.2 1.5 0.15 0.62 49.0
22 T 846 11.1 0.328 5.8 LOS A 9.4 71.9 0.41 0.36 50.0
23 R 298 10.6 0.844 44.3 LOS D 17.4 133.1 0.85 1.00 27.2

Approach 1176 10.8 0.844 15.6 LOS B 17.4 133.1 0.51 0.53 41.2

North East: Eastern Access Road (to Port)
24 L 522 5.8 0.693 11.7 LOS B 14.1 103.6 0.61 0.79 45.5
25 T 96 9.9 0.154 38.7 LOS D 3.0 22.5 0.89 0.67 27.9
26 R 1 0.0 0.004 45.7 LOS D 0.1 0.5 0.86 0.61 26.7

Approach 619 6.5 0.692 15.9 LOS B 14.1 103.6 0.66 0.77 41.4

North West: Bruce HWY
27 L 1 0.0 0.001 8.3 LOS A 0.0 0.1 0.16 0.60 48.9
28 T 820 10.9 0.317 5.7 LOS A 9.1 69.4 0.40 0.36 50.1
29 R 1 0.0 0.003 15.1 LOS B 0.0 0.2 0.38 0.63 42.5

Approach 822 10.9 0.317 5.8 LOS A 9.1 69.4 0.40 0.36 50.1

South West: Eastern Access Road (to Ayr)
30 L 2 0.0 0.001 7.6 NA9 NA9 NA9 NA9 0.60 49.8
31 T 46 20.5 0.079 38.1 LOS D 1.5 12.2 0.87 0.63 28.1
32 R 24 8.7 0.110 48.7 LOS D 1.6 12.1 0.90 0.72 25.8

Approach 73 15.9 0.110 40.8 LOS D 1.6 12.2 0.85 0.66 27.7

All Vehicles 2689 10.0 0.844 13.4 LOS B 17.4 133.1 0.52 0.54 43.0

Level of Service (Aver. Int. Delay): LOS B.  Based on average delay for all vehicle movements.  LOS Method: Delay (HCM).  
Level of Service (Worst Movement): LOS D.  LOS Method for individual vehicle movements: Delay (HCM).  
Approach LOS values are based on average delay for all vehicle movements.

9 Continuous movement
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PHASING SUMMARY Site: 2014 PM peak WD
Bruce HWY / Port Access Road
2014 With Development
PM peak
(Estimated signal data & assumed layout)
Signals - Fixed Time    Cycle Time = 100 seconds (User-Given Cycle Time)

Phase times determined by the program
Sequence: Four-phase
Input Sequence: A, B
Output Sequence: A, B

Phase Timing Results
Phase A B
Green Time (sec) 17 71
Yellow Time (sec) 4 4
All-Red Time (sec) 2 2
Phase Time (sec) 23 77
Phase Split 23 % 77 %

Phase A

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Phase B

Bruc
e H

W
Y

Eastern Access Road (to Port)

Bruc
e H

W
Y

Eastern Access Road (to Ayr)

Normal Movement Permitted/Opposed
Slip-Lane Movement Opposed Slip-Lane
Stopped Movement Continuous Movement
Turn On Red Undetected Movement

Phase Transition Applied
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Queensland Coastal Plan 
Assessment Findings 

 

      



Viewpoint 1 - The Rocks Guest House - Cleveland Terrace, Melton Hill

Visual Domains Percent Percent
1 BUSH 1% 3 RURAL 0%
2 COAST 4% 4 URBAN 95%

TOTAL (Visual Domains) 100%

Visual Elements - Built Percent Visual Elements - Natural Percent
1 Buildings low non-residential 0% 1 Coastal vegetation 0%
2 Buildings low residential 46% 2 Crops pasture animals 0%
3 Building low solitary 0% 3 Euc forest etc 1%
4 Building medium - high 2% 4 Garden 6%
5 Buildings trees grass 0% 5 Grass mown 0%
6 Built elements water 0% 6 Grass natural 0%
7 Farm elements 0% 7 Grass unmanaged 0%
8 Fence 4% 8 Modified vegetation 0%
9 Mines, Quarries, Dumps 0% 9 Mud 0%

10 Park cultural buildings 0% 10 Native pine 0%
11 Park elements 0% 11 Pine forest 0%
12 Path 3% 12 Rainforest 0%
13 People 0% 13 Rock 0%
14 Retaining wall 0% 14 Sand 0%
15 Road freeways 0% 15 Trees planted 19%
16 Roads 5% 16 Water bay 4%
17 Signs 0% 17 Water constructed 0%
18 Towers cables poles 2% 18 Water inland 0%
19 Vehicles 0% 19 Water ocean estuary 0%
20 Built misc 8% 20 Natural misc 0%

TOTAL (built + natural) 100%

 +/-
2.9 0.7

O
ut

pu
t

SEQ SPRAT-1 SEQ Scenic Preferece Rating Assessment Tool for One view

In
pu

ts

SCENIC PREFERENCE
RATING (1-10)

Version 1.0 12 May 05
© 2005 SEQ Regional 
Scenic Amenity Study

Photo: The Rocks Guest House - Cleveland Terrace, Melton Hill

Findings of the Queensland Coastal Plan: 
Determining Scenic Preference in the Coastal Zone (Annex 3) Assessment

Pre-change Scenic 
Preference Rating (SPR)

Post-change Scenic 
Preference Rating (SPR)

Significant Change :
N = no., Y = Yes

Viewpoint 1: 2.9 ±0.7 Not applicable as Pre-
change SPR was less than 
5.

N/A

The Project complies with Queensland Coastal Plan (QCP), the Pre-change Scenic Preference Rating was less than 5.



Visual Domains - Pre-Change

Assessment & Results - Pre-Change Scenic Preference Rating (SPR)

Built - Pre-Change

Natural - Pre-Change

Results table measured area (ImageJ software) to percentages

area in cm2 percentage

V
isual D

o
m

ains

1. bush 1 1.04%
2. coast 4 4.17%
3. rural 0.00%
4. urban 91 94.79%
TOTAL (cm) 96 100.00%

N
atural

3. euc forest etc. 0.93 0.97%
4. garden 5.65 5.92%
14. sand 0.14 0.15%
15. trees planted 18.37 19.24%
16. water bay 3.73 3.91%

B
uilt

2. buildings low - res 44.39 46.49%
4. buildings high 1.54 1.61%
8. fence 3.99 4.18%
12. path 3.17 3.32%
16. roads 4.54 4.75%
17. signs 0.09 0.09%
18. towers cables poles* 1.67 1.75%
20. built misc 7.27 7.61%
TOTAL (cm) 95.48 100.00%

*Powerlines excluded from SPR calculations as within skyline. This method allows for a higher SPR calucation and therefore 
illustrates the worst case scenario
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Viewpoint 3 - Castle Hill

Visual Domains Percent Percent
1 BUSH 3% 3 RURAL 0%
2 COAST 28% 4 URBAN 69%

TOTAL (Visual Domains) 100%

Visual Elements - Built Percent Visual Elements - Natural Percent
1 Buildings low non-residential 6% 1 Coastal vegetation 0%
2 Buildings low residential 19% 2 Crops pasture animals 0%
3 Building low solitary 0% 3 Euc forest etc 3%
4 Building medium - high 18% 4 Garden 2%
5 Buildings trees grass 0% 5 Grass mown 0%
6 Built elements water 3% 6 Grass natural 0%
7 Farm elements 0% 7 Grass unmanaged 1%
8 Fence 0% 8 Modified vegetation 0%
9 Mines, Quarries, Dumps 0% 9 Mud 0%

10 Park cultural buildings 0% 10 Native pine 0%
11 Park elements 0% 11 Pine forest 0%
12 Path 0% 12 Rainforest 0%
13 People 0% 13 Rock 0%
14 Retaining wall 0% 14 Sand 0%
15 Road freeways 0% 15 Trees planted 11%
16 Roads 3% 16 Water bay 28%
17 Signs 0% 17 Water constructed 1%
18 Towers cables poles 0% 18 Water inland 0%
19 Vehicles 0% 19 Water ocean estuary 0%
20 Built misc 5% 20 Natural misc 0%

TOTAL (built + natural) 100%

 +/-
2.4 0.4

O
ut

pu
t

SEQ SPRAT-1 SEQ Scenic Preferece Rating Assessment Tool for One view

In
pu

ts

SCENIC PREFERENCE
RATING (1-10)

Version 1.0 12 May 05
© 2005 SEQ Regional 
Scenic Amenity Study

Photo: Castle Hill

Findings of the Queensland Coastal Plan: 
Determining Scenic Preference in the Coastal Zone (Annex 3) Assessment

Pre-change Scenic 
Preference Rating (SPR)

Post-change Scenic 
Preference Rating (SPR)

Significant Change :
N = no., Y = Yes

Viewpoint 1: 2.4 ±0.4 Not applicable as Pre-
change SPR was less than 
5.

N/A

The Project complies with Queensland Coastal Plan (QCP), the Pre-change Scenic Preference Rating was less than 5.



Visual Domains - Pre-Change

Assessment & Results - Pre-Change Scenic Preference Rating (SPR)

Built - Pre-Change

Natural - Pre-Change

Results table measured area (ImageJ software) to percentages

area in cm2 percentage

V
isual D

o
m

ains

1. bush 3.07 2.89%
2. coast 30.06 28.33%
3. rural 0.00%
4. urban 72.98 68.78%
TOTAL (cm) 106.11 100.00%

N
atural

3. euc forest etc. 3.2 3.04%
4. garden 1.64 1.56%
7. grass unmanaged 1.13 1.07%
15. trees planted 11.51 10.92%
16. water bay 29.1 27.61%
17. water constructed 0.89 0.84%

B
uilt

1. buildings low - non res 6.57 6.23%
2. buildings low - res 20.26 19.23%
4. buildings high 19.08 18.11%
6. built elements water 2.98 2.83%
16. roads 3.57 3.39%
20.built misc - port tarmac 5.45 5.17%
TOTAL (cm) 105.38 100.00%
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Viewpoint 9 - Passenger Ferry route between Townsville & Magnetic Island

Visual Domains View 1 View 2 View 1 View 2
1 BUSH 5% 5% 3 RURAL 0% 0%
2 COAST 93% 92% 4 URBAN 2% 3%

TOTAL (Domains) 100% 100%

Visual Elements - Built View 1 View 2 Visual Elements - Natural View 1 View 2
1 Buildings low non-residential 1% 2% 1 Coastal vegetation 0% 0%
2 Buildings low residential 0% 0% 2 Crops pasture animals 0% 0%
3 Building low solitary 0% 0% 3 Euc forest etc 4% 4%
4 Buildings medum - high 1% 1% 4 Garden 0% 0%
5 Building trees grass 0% 0% 5 Grass mown 0% 0%
6 Built elements water 0% 0% 6 Grass natural 0% 0%
7 Farm elements 0% 0% 7 Grass unmanaged 0% 0%
8 Fence 0% 0% 8 Modified vegetation 0% 0%
9 Mines, Quarries, Dumps 0% 0% 9 Mud 0% 0%

10 Park cultural buildings 0% 0% 10 Native pine 0% 0%
11 Park elements 0% 0% 11 Pine forest 0% 0%
12 Path 0% 0% 12 Rainforest 0% 0%
13 People 0% 0% 13 Rock 0% 1%
14 Retaining wall 0% 0% 14 Sand 0% 0%
15 Road freeways 0% 0% 15 Trees planted 0% 0%
16 Roads 0% 0% 16 Water bay 93% 92%
17 Signs 0% 0% 17 Water constructed 0% 0%
18 Towers cables poles 0% 0% 18 Water inland 0% 0%
19 Vehicles 0% 0% 19 Water ocean estuary 0% 0%
20 Built misc 0% 0% 20 Natural misc 0% 0%

TOTAL (built + natural) 100% 100%

View 1 View 2 Difference Direction Statistically significant?

7.9 7.8 -0.1 decrease N

O
ut

pu
t

SEQ SPRAT-2   SEQ Scenic Preferece Rating Assessment Tool for Two views

In
pu

ts

SCENIC PREFERENCE
RATING (1-10)

Version 1.0 12 Mar 05
© 2005 SEQ Regional 
Scenic Amenity Study

Photo: Passenger Ferry route between Townsville & Magnetic Island (Pre-change)

Photo: Passenger Ferry route between Townsville & Magnetic Island (Post-change visualisation)

Findings of the Queensland Coastal Plan: 
Determining Scenic Preference in the Coastal Zone (Annex 3) Assessment

Pre-change Scenic 
Preference Rating (SPR)

Post-change Scenic 
Preference Rating (SPR)

Significant Change :
N = no., Y = Yes

Viewpoint 9: 7.9 ±0.2 7.8 ±0.2 N

The Project complies with Queensland Coastal Plan (QCP), An acceptable level of scenic preference change (ie. no 
change in Scenic Prerence Rating is predicted) was determined through the assessment of this photograph.



Visual Domains - Pre Change

Assessment & Results - Pre-Change Scenic Preference Rating (SPR)

Built - Pre-Change

Natural - Pre Change

Results table measured area (ImageJ software) to percentages

area in cm2 percentage

V
isual D

o
m

ains

1. bush 4.61 4.61%
2. coast 93.9 93.16%
3. rural 0.00%
4. urban 2.48 2.23%
TOTAL (cm) 100.99 100.00%

N
atural

3. euc forest etc. 4.33 4.30%
13. rock 0.42 0.42%
14. sand 0.17 0.17%
15. trees planted 0.14 0.14%
16. water bay 93.17 93.24%

B
uilt

1. buildings low - non res 0.95 0.94%
2. buildings med - high 0.6 0.60%
20. built misc - port tarmac 1.01 0.20%
TOTAL (cm) 100.79 100.00%
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Assessment & Results - Post-Change Scenic Preference Rating (SPR)

Results table measured area (ImageJ software) to percentages

area in cm2 percentage

V
isual D

o
m

ains

1. bush 5.24 5.11%
2. coast 94.42 92.14%
3. rural 0.00%
4. urban 2.81 2.74%
TOTAL (cm) 102.47 100.00%

N
atural

3. euc forest etc. 4.56 4.45%
13. rock 0.55 0.54%

14. sand 0.07 0.07%
15. trees planted 0.09 0.09%
16. water bay 94.62 92.31%

B
uilt

1. buildings low - non res 1.6 1.56%
2. buildings med - high 0.72 0.70%
20. built misc - port tarmac 0.29 0.28%
TOTAL (cm) 102.5 100.00%

Visual Domains - Post-Change

Built - Post-Change

Natural - Post-Change
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Executive Summary 
The Port of Townsville has commissioned an environmental impact study (EIS) for the proposed expansion of the 
port facility.  Part of the EIS is to assess the visual impact of the proposed port expansion’s lighting installation.  

In order to carry out the assessment, an indicative design of how the port expansion could be lit was created and 
the resultant light spill measured from this. 
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1.0 Scope 
The purpose of this component is to calculate what impact the lighting installation will have on the surrounding 
area to the port.  To facilitate this process, A schematic lighting layout has been produced which is a guide to the 
possible layout of lighting within the stages of the reclamation and expansion project. This schematic design has 
been studied under the Australian Standard for the Control of the obtrusive effects of outdoor lighting (AS4282-
1997) and the impact on both residential and commercial properties is tabled herein.  The results of the Obtrusive 
Lighting Study provide for categories of obtrusiveness, characterised as – beneficial, negligible, low, moderate, 
high, and very high.  The likelihood and duration has also been considered and from this it can be deduced 
whether the level of obtrusive light is expected to be acceptable, or whether the spill light needs to be monitored 
or mitigated. 

2.0 Environmental Impacts 
Lighting, in its very essence, is there to be seen, but the wrong influence in the wrong place can be detrimental to 
an area, opposed to being a benefit and can become a nuisance to those affected by it.  Light can be defined as 
‘Obtrusive’ in a number of ways.  It can light areas that should be dark i.e. direct illumination of bedrooms or other 
areas where light is not wanted.  Outside of the residential environment, poorly designed lighting installations can 
cause disruption to traffic routes by means of glare disabling a driver or pedestrian’s view of the route ahead.  
There is also the effect of ‘sky glow’ too.  This is the spill of light from luminaires into the sky, which lightens the 
sky and impacts upon astronomical observations. 

Lighting can also cause concern in areas where the inhabiting nature are sensitive to light.  Some species require 
a level darkness in order to procreate.  If this is the case, local conservationists can advise on what measures 
should be taken to minimise the effects on the local wildlife. 

Outside of night time hours, lighting installations can still have negative impacts upon an environment.  They can 
be viewed negatively if the columns used are too tall for its surroundings or are simply indiscrete in their nature 
and are detrimental to the aesthetic appeal of an area. 

In terms of lighting a port, it is generally the night time effects that can be the problem.  Ports by their very nature 
harbour many large towers, cranes, warehouses, ships and container stacks, so the lighting columns do not stand 
out during daylight hours.  Concern must be given to the lighting installation to minimise the effects mentioned 
above so the environmental impact is reduced. 

3.0 Lighting Model 

3.1 Design Assumptions 
The lighting model has been based on the general layout plan for the port expansion.  All buildings have been 
assumed to be 10m high.  This results in a worst case scenario as the increased shadowing effects from the taller 
buildings will in turn require more lighting stations to suitably illuminate the necessary areas. 

All areas have been designed to have a maintained average illuminance of 20Lux in accordance with the 
recommendations of CIE129-1998.  The results achieved are comfortably over the specified level of 20Lux, thus 
resulting in a worst case scenario being considered. 

3.2 Lighting Equipment 
While the existing port lighting is understood and documented, at this stage, the lighting equipment that will 
ultimately be used can only be assumed.  The validity of the results is therefore dependent upon the equipment 
installed.  It should be noted that the selection of the lighting equipment has a large impact on its effectiveness 
and suitability to reduce obtrusive light. 

The lighting model produced uses two types of lighting arrangement; 15m light poles with a standard, functional 
road luminaires and asymmetrical floodlights mounted at 25m high with 2000W lamps.  The luminaires used in the 
model are typical of those used at present in port 
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3.3 Calculations 
A model of the expansion has been created using lighting software AGi32 v2.2.  Calculation grids were placed on 
the nearest boundaries of the surrounding area that could be affected by spill light.  These boundaries were 
formed by the shipping channel and the adjacent, existing port area.  A calculation grid was also added at the 
nearest residential boundary to measure the potential impact on local residents. 

4.0 Results of the Lighting Model 
The results of the lighting model calculations indicate that there is no major or considerable impact upon the 
surrounding area from the lighting installation.  With the nearest residential properties being almost 2km away, the 
vertical illuminance measured at those boundaries was 0Lux.  The shipping channel was only slightly brighter with 
a maximum vertical illuminance of 0.1Lux.  The adjacent port experienced the most light spill, with a maximum of 
17Lux at any one point.  This is measured within the existing industrial grounds of the client’s grounds. 

Two extracts from AS4282-1997 (Tables 2.1 and C1) detailing the stipulated lighting levels for the measurement of 
obtrusive light are shown below. 

From these tables it is clear that the expected light spill on residential properties is well within the recommended 
maximum levels of vertical illuminance. 

The maximum vertical illuminance of 17Lux measured at the port boundary is over the prescribed level of 5Lux at 
commercial windows during curfew hours.  It should be noted that this is only applicable for residential buildings 
on commercial grounds.  It should also be noted that at detail design stage with more exact data the lighting 
design can be tailored to suit the surrounding area to minimise obtrusive light. 
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5.0 Risk Assessment 

5.1 Magnitude of Impact 
As the lighting installation specification is not known at this point, it can not be definitely said what impact the 
lighting will have.  Depending on how well the installation is designed, the lighting will fall under the magnitude of 
minor to moderate impact.  A design using full cut-off luminaires and asymmetrical floodlights with zero tilt angle 
i.e. the protective glass installed parallel to the ground, will result in minor risk.  If luminaires with curved protective 
glass are used and floodlights that need to be aimed in the azimuth plane, the risk may then become moderate.   
The effects will only be localised, so the affect will not be higher than this. 

5.2 Likelihood of Impact 
The port lighting is required for any night time, dusk and dawn activities to be carried out safely once the port is in 
operation.  It is almost certain that work will be carried out during these times, therefore, the likelihood is classed 
as almost certain. 

5.3 Duration 
The lighting installation is likely to be installed for as long as the port is operational.  It is impossible to predict how 
long the port will be in operation for, but it will be well in excess of 5 years, and in modern terms, a permanent 
installation.  The lighting equipment on the other hand will have a service life of approximately 20-25years, 
depending on equipment selection.  Therefore, the impact has been considered as long term opposed to 
permanent. 
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5.4 Summary 

Value/
Element 

Description of Impact   Summary of 
Key Mitigation 
Measures 

Residual 
Risk 

Primary 
Impacting 
Process 

Magnitude of 
Impact 

Likelihood of 
Impact 

Risk Rating 
(before 
mitigation) 

Port
Expansion 
Exterior 
Lighting – 
including 
access
roads 

Obtrusive
light on 
surrounding 
area 

Minor to 
Moderate –
Possible light 
intrusion to 
existing port 
buildings and 
visual line of 
site to 
residences 

Almost 
Certain

Medium-high Luminaires to 
be of full cut-off 
and flood lights 
to be 
asymmetric 
type.  
Luminaires 
should be 
installed with 
protective glass 
parallel to the 
ground 

Medium

6.0 Conclusion 
It is clear that the port expansion lighting, based on this model and its assumptions will not cause a considerable 
impact upon the surrounding environment.  Nevertheless, if the wrong equipment is used or the design is not 
carried out with due care the impact on the local environment may become a concern.  It is, therefore, imperative 
that a professional engineering firm is employed to minimise the impact of the lighting on the surrounding 
environment. 
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1 Summary 
The Port of Townsville Limited (POTL) has prepared trade forecasts to 2039/40 
fiscal year, which underpin the need for the Port Expansion Project (PEP).  Deloitte 
Access Economics (DAE) has conducted a review of the forecasts maintained by 
POTL, focusing on the economic factors and global economic outlook underpinning 
the forecasts. 

The forecasts are based on a detailed assessment of individual resource projects, 
particularly in nickel, magnetite, copper, coal, and fertilizer, being developed by 
several major resource companies.  Supporting the forecasts summarised here is a 
detailed mine-by-mine analysis of port capacity needs.  The export of magnetite is a 
trade that has recently been introduced to Townsville following several magnetite 
mine developments.  The coal export trade could be a possible new trade, which 
may be developed at Townsville to handle coal exports from the northern end of the 
Galilee Basin. 

The result is that the port’s current trade of 11 million tonnes per annum (mtpa) in 
2010/11 is expected to more than double to nearly 25mtpa in the near future once 
the new mines are developed and commence exporting.  This will exceed the 
current capacity of the port, which is approximately 23mpta in the EIS base case, as 
shown in Chart 1.1.  The base case includes some capacity-increasing projects 
currently underway (such as the dual conveyor for Berth 11, and Berth 12) but 
excludes the additional capacity that would be created by the PEP.  Chart 1.1 
summarises the POTL trade forecasts, base case capacity and PEP capacity, which 
would be delivered in several stages over the next three decades. 

The timings shown in the chart, of each stage of the PEP capacity expansions and 
the commencement of new trades, are indicative for the purposes of illustrating the 
potential development of the port.  The exact timing of when new trades will 
commence and when future new capacity will come on line will depend on a range 
of factors, such as the development and approval of new mines in the Northern 
Economic Triangle region. 
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Chart 1.1: POTL trade forecast versus current and proposed capacity 
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Source: POTL, AECOM 

Trade is expected to be around triple the current volume – 33.4mtpa – by 2024/25.  
By the time trade reaches this level of 33.4mpta, the major components of total port 
trade would be: 

• Coal exports, 24% of total. 

• Nickel ore imports, 24% of total. 

• Magnetite exports, 16.5% of total. 

• Fertilizer exports and fertilizer component imports, 10.5% of total. 

• Other mineral concentrate exports (eg copper, lead, zinc, cobalt), 9.5% of 
total. 

• Sugar and molasses, which currently comprise 13% of total trade, are 
expected to decline to a 4% share.  This is due to the resource trades 
growing and diluting the share of agricultural products passing through the 
port as a per cent of the port total, not because of any expected reduction in 
the export tonnage of sugar and molasses. 

• General cargo is expected to account for 1.5% of the total tonnage passing 
through the port in 2024/25. 

POTL is well-positioned to handle coal exports from the northern end of the Galilee 
Basin, reducing rail and ship travel distances to the nearest alternative port at Abbot 
Point.  

A risk to the forecasts is the concentration of total trade in three commodities: nickel, 
coal and magnetite.  By the time trade reaches 33.4mtpa in 2024/25, nearly two-
thirds of total tonnage is expected to be in these three commodities.  That noted, in 
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the resources sector, it is common to see ports handling large volumes of a small 
number of commodities (often only one commodity), so in many respects, POTL is 
more diversified than most other bulk ports, and it also handles trades such as 
motor vehicles and general cargo. 

Other general risks, not specific to Townsville but relevant for all resource-driven 
projects, are: a softening in the outlook for China; and, the impact of policies to 
address global warming.  These risks could cause trade growth for key Townsville 
commodities to be lower than currently expected.  Equally, it is also possible that 
continued strength in China could result in additional ore deposits in the region (not 
currently included in the forecasts) being developed, particularly magnetite, coal, 
and other ores, resulting in higher port throughput than currently expected.  
Increasing interest from India, and the (so far) modest impact on coal export growth 
from recent climate change policy announcements, mitigates these risks. 

The timing and staging of the port expansion allows some flexibility in meeting future 
trade demand.  Once the initial sea wall phase of construction is complete, there is 
some flexibility in the timing of later stages depending on when future resource 
projects commence.  As such, POTL can adjust the timing of later stages of capital 
expenditure, if actual trade growth turns out to be more rapid than forecast. 

 

In summary, the strong demand from China and India for North Queensland’s 
resource exports is driving the development of new mines along the Townsville-
Mt Isa corridor, which in turn, are serviced by the Port of Townsville.  Based on our 
review of the POTL forecasts, economic factors and global outlook, the forecasts 
are a reasonable basis for planning purposes and for the EIS purpose of estimating 
impacts.  The PEP results in sufficient capacity being delivered ahead of expected 
demand, avoiding bottlenecks or capacity constraints at the port from impacting on 
trade growth opportunities, and sufficient flexibility to accommodate demand, if trade 
growth driven by the mining boom is more rapid than expected. 
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2 Port of Townsville trade 
profile 
2.1 Background 

The Port of Townsville Limited (POTL) is a state government owned corporation that 
serves as the primary port for the import and export of general cargo, motor 
vehicles, molasses, oil and bulk commodities in north and northwest Queensland.  
Trade through the port has increased dramatically over the past 25 years – in the 
mid 1980s trade had averaged around 2.3mtpa.  Trade increased rapidly in the mid-
1990s following the commencement of nickel ore imports.  From 2000/01 to 
2008/09, trade was in the range 9.1mtpa to 10.2mtpa.  Chart 2.1 summarises 
historical trade tonnage. 

During the 2010/11 financial year, a record 10,601,136 tonnes of cargo passed 
through the Port of Townsville, which was an increase of 3.4% on the previous 
year’s results.  This performance is attributed to a number of factors such as the 
economic recovery of Townsville, enhanced production and capacity in local 
refineries and mines along with the underlying increase in demand for commodities.  
Based on a combination of methods (reviewed in a later section) POTL is predicting 
growth to increase in the future. 

Chart 2.1: POTL historical cargo volumes 
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Townsville has a unique mix of commodities compared with other resource-
endowed regions in Australia.  This fact is illustrated in the POTL trade composition, 
which is currently dominated by nickel ore, fertiliser, cement, petroleum products, 
mineral concentrates, general cargo and sugar.  Currently, the resources sector 
represents approximately 96% of Townsville's imports and 76% of exports.  Nickel 
ore is the largest volume import (63.3% of total import tonnage in 2010/11), with the 
other two significant import volumes being petroleum products (16.0%) and cement 
(7.9%). 

Based on 2010/11 tonnage, the largest export commodities are mineral 
concentrates (35.2% of total export tonnage) followed by sugar (20.3%), fertiliser 
(17.5%), and refined mineral products (17.5%).  In addition, Townsville has become 
the first port in Queensland to export magnetite concentrates when Xstrata recently 
completed its local facility. 

The port currently has 55% of total trade as imports (due to the large nickel ore 
import trade) and 45% of total trade as exports.  Over time, exports are expected to 
grow more strongly than imports (in turn, due to resource projects), so that when 
trade reaches 33.5mtpa by around 2026/27, exports are expected to become 54% 
of the port’s total trade, with imports 46% of the total. 

Chart 2.2: Port of Townsville import composition 2010-11 
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Chart 2.3: Port of Townsville export composition 2010-11 
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3 Economic overview 

Consistent with the trade composition of POTL, the outlook focuses on the key 
resource commodities of nickel ore, iron ore, copper, zinc, coal and fertiliser.  Iron 
ore is used as a proxy for magnetite in some of what follows, since magnetite is a 
relatively new and emerging input into steelmaking, and the global demand for iron 
ore is likely to be a reasonable proxy for other steelmaking inputs (noting that 
magnetite is also used for coal washing, so the coal outlook is also relevant for 
magnetite). 

The global economic outlook will be analysed followed by a view on the Australian 
economy.  The dynamic nature of Australia’s commodity sector will also be 
highlighted with particular reference to the port’s key commodities. 

Macroeconomic factors such as economic growth rates along with industrial 
production growth rates provide insight in the likely demand growth for many 
industrial commodities.  Of particular relevance are the macroeconomic indicators of 
Australia’s major trading partners so that future sources of commodity demand can 
be identified.  Where the export of resource commodities relevant to POTL are 
concerned, Australia’s current major trading partner is China, with India seen as a 
potential market to increase demand for commodities in the near future. 

3.1 Global economic outlook  

3.1.1 Short-term global outlook  

Since 2000, emerging economies have been the key driver of world economic 
growth with the short-term outlook remaining positive.  Reforms over previous 
decades have opened up countries such as China and India, transforming rural, 
agrarian economies into manufacturing and export-oriented powerhouses.  In 
comparison, export performance in many other developing Asian economies is 
expected to slow in response to the weaker growth in demand from developed 
economies.  In addition, the materialisation of inflationary pressures, particularly in 
non-OECD Asia, is expected to lead to lower economic growth as regional 
governments and central banks tighten fiscal and monetary policies.  As a whole, 
economic growth for developing economies is assumed to average 6.4% in 2011, 
following growth of 7.3% in 20101. 

On the other hand, the economic growth of major OECD countries is predicted to be 
slower, mainly due to weak private sector demand in these economies over the 
short term.  Such an outcome reflects pressure to reduce budget deficits and public 
sector debt through a combination of spending cuts and increased taxation.  The 
end of stimulus packages implemented during the global economic downturn in 
2009, combined with high levels of unemployment and weak property markets have 

                                                 
1
 IMF World Economic Outlook September 2011, available at: 
http://www.imf.org/external/pubs/ft/weo/2011/02/weodata/index.aspx 
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all contributed to restrain consumer spending.  As a result, economic growth for the 
OECD region overall is assumed to moderate to 1.9% in 2011, from 3.1% in 2010.2 

In this setting, world economic growth is assumed to be 4.0% in 2011, following 
growth of 5.1% in 2010.3 

3.1.2 Medium-term global outlook  

Looking ahead, economic growth for developing countries is assumed to be 
relatively strong over the medium term to 2015-2016.  Despite weak foreign 
demand, domestic demand in non-OECD Asia is expected to be robust due to 
intraregional trade and investment flows that will continue to spur economic growth.  
Economies in Africa, the Middle East and Latin America are also predicted to 
maintain significant growth in the foreseeable future.  For developing countries as a 
whole, economic growth is assumed to strengthen to 6.7% a year in 2016.4 

Contrastingly, many governments in OECD economies, particularly in Western 
Europe, are reconsidering spending commitments along with implementing 
measures to reduce sizable budget deficits.  These measures will depress economic 
growth in the next several years, as government spending declines and taxes 
increase.  Projections from the International Monetary Fund indicate that in the 
absence of any concerted efforts for debt reduction, these economies may be 
perceived by financial markets as risky investment locations.  The Australian Bureau 
of Agricultural and Resource Economics and Sciences (ABARES) suggests that 
such views will result in subdued inflows of foreign investment, rising real interest 
rates and a substantial devaluation of their currencies.  In light of this, OECD 
economic growth is assumed to settle at an annual rate of around 2.8% in 2016.5 

                                                 
2
 OECD Economic Outlook 90 (November 2011), available at: 
http://www.oecd.org/document/18/0,3746,en_2649_33733_20347538_1_1_1_1,00.html#Stats 
3
 IMF World Economic Outlook September 2011, available at: 
http://www.imf.org/external/pubs/ft/weo/2011/02/weodata/index.aspx 
4
 Ibid. 

5
 DAE forecast 
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Chart 3.1: Global economic growth 
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Source: IMF World Economic Outlook, September 2011 

 

The above chart illustrates the ongoing importance of emerging economies to global 
growth.  Over the next five years, the IMF expects economic growth in emerging and 
developing countries to exceed growth in advanced countries by approximately 
4 percentage points per year.  Strong emerging economy growth, particularly in 
China and India will continue to benefit Australia. 
 

3.2 The Australian Economy 

Australia’s economy is predicted to maintain its status as one of the fastest growing 
OECD nations in 2010/11, driven by farming and mining production.  Over the last 
decade, Australia’s ratio of export prices to import prices has increased 65%.  The 
associated surge in national income has led to strong economic growth in a number 
of areas leading to skills shortages.  On a relative scale, wages, inflation and 
interest rates have also risen, propelling the Australian dollar to appreciate to record 
highs against most other currencies, and in trade-weighted terms. 

Importantly for Australia, economic growth and development in China is expected to 
continue over the coming decade.  The twin process of industrialisation and 
urbanisation will support strong demand for Australian resources.  While India’s 
service-oriented economy is not considered to be the next China, it is likely to offer 
export opportunities for Australia.  In particular, demand for high-value agricultural 
goods and services is expected to rise substantially over the medium to long term as 
India experiences rapid and sustained income growth.  In 2015 the share of 
Australian exports to China is predicted to increase to 33.1%, from 25.0% in 2010.  
Similarly, the share of Australian exports to India is projected to increase to 11.3% in 
2015 compared with 7.2% in 2011.  The export shares of some of Australia’s key 
trading partners are shown in Chart 3.2. 
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Chart 3.2: Destinations of Australian exports 
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In the short term, the Australian Treasury has estimated that the nation’s economy is 
to grow at an average rate of 3.25%.6  This is an increase from the 2.10% expansion 
in 2010/11 due to growth being driven by mining related investment and supported 
by encouraging private sector demand.  Over the medium term economic growth is 
expected to be moderated in some part due to the Government’s pledge to return 
the budget to surplus by 2012/13.  This pledge is now significantly harder to fulfil 
due to the unexpected government spending required to assist the re-building of 
flood and cyclone affected areas in Queensland and Victoria and lower than 
expected revenue collection.  In light of such fiscal constraints, it is estimated that in 
the medium term Australia’s economic growth will remain at around 3.25% in 
2015/16.7 

3.3 Commodity sector outlook 
There are numerous sources of forecasts for metals and bulk mineral commodities, 
however many focus on the short-term outlook for spot prices and other short-term 
influences on markets, such as the London Metal Exchange.  Short-term fluctuations 
in commodities prices and demand (for example, due to bad weather or 
earthquakes) tend not to have much relevance to long-term port planning.  Of 
greater relevance is the underlying long-term demand growth in commodities by 
emerging countries, particularly China. 

ABARES and BREE publishes long-term outlook for key commodities.8  Short term 
is defined as the time period over the next 12 months; medium term refers to the 

                                                 
6
 Australian Treasure, Mid Year Economic and Fiscal Outlook 2011  
7
 DAE forecast 

8
 ABARES, 2012, Australian Commodities, March quarter. Available: www.abares.gov.au/. BREE, 
2012, Resources and Energy Quarterly, March quarter. Available at: www.bree.gov.au/ . 

 



Port of Townsville Trade Outlook 

13 

next five years of the outlook period ranging from 2011/12 to 2015/16 and long term 
thereafter.  Further details on individual commodities are available in the ABARES 
and BREE reports. 

3.3.1  Commodity prices 

Given that China and India together account for almost 37% of the world’s 
population, both nations’ current phase of industrialisation is having a pronounced 
impact on demand for base metals and coal, as they are key inputs into 
manufactured goods and large scale infrastructure projects.  The resultant surge in 
industrial commodity demand is best illustrated by China’s share of global steel 
production lifting from 16% in 2003 to 50% in 2009.  Over the same period, global 
steel output rose 55%.  Considering China is expected to crave commodities for 
some time yet, and that India is still set to hit its straps, this provides good news, at 
least in the medium term, for continued minerals exports from POTL, and the 
possibility of establishing a coal trade.   
 
Notably, while consumption of these metals and coal are clearly expected to rise, in 
the long term there is a downward trend in relative mineral prices.  This is because 
commodity prices are determined through interactions between supply and demand.  
The resource boom of the past few years had been caused by greatly unanticipated 
demand increases that were met with slow responses in supply.  In addition, as 
supply was gradually increased to reach capacity, the marginal costs of production 
were raised sharply.  However, since then, there have been large scale government 
and private investments made in the mining sector to enhance capacity and improve 
infrastructure.  The fruits of existing and impending investments are expected to be 
realised in the medium term.  In accordance with the increase in supply, commodity 
prices are expected to revert back to the historic trend in the long run.  Therefore the 
associated forecasts of the export value to the Australian economy must be adjusted 
down to incorporate this phenomenon. 

This is a widely held view.  A survey undertaken by Consensus Economics asks 
respondents’ views on where real commodity prices will move in the long term, 
relative to current spot prices.  The commodities used in this graph represent those 
most relevant to POTL (and using iron ore as a proxy for magnetite).  As Chart 3.3 
displays, Australia cannot expect to enjoy today’s high prices of its exported 
resource commodities forever.  That noted, port throughput and capacity is driven by 
the volume rather than the value of the cargo – the next section examines volumes. 
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Chart 3.3: Long run change in real (inflation adjusted) commodity prices 
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3.3.2  Commodity demand 

By analysing the link between income per capita and demand for various industrial 
commodities, DAE has projected growth in commodity demand to 2030.  The total 
increase in global consumption across selected commodities is shown in Chart 3.4, 
below.  Global consumption is expected to rise by between 42% and 82% over the 
next two decades, with iron ore and coal projected to experience the largest 
increases in demand.  Specifically for POTL, major trades such as nickel and copper 
are forecast to see the least growth of the commodities, albeit still considerable 
growth compared with other (non-resource) sectors of the economy.   Magnetite 
(proxied by iron ore) and coal are expected to be the strongest growing commodity 
trades. 

 

3.4 Other sources of port forecasts 
As a further cross-check on the POTL forecasts, DAE reviewed other sources of 
port throughput forecasts. 
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Chart 3.4: Forecast growth in global commodity demand, 2010 – 2030 
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The Bureau of Infrastructure, Transport and Regional Economics (BITRE) produces 
forecasts of trade at the five major Australian containerised ports, out to 2029/30.9  
For non-containerised trade (which includes bulk minerals, but also oil, vehicles, 
livestock and other commodities), the BITRE provides a forecast of trade for all 
other Australian ports combined. 

As part of the Commonwealth Government’s National Ports Strategy, the BITRE is 
developing an enhanced port forecasting capability, with forecasts for more ports 
outside the five major capital city ports, but the outputs from that research are not 
expected until 2012. 

In 2009/10, non-containerised trade at Australian ports (excluding the five major 
capital city ports) was 699.6 million tonnes and the BITRE expects this to increase 
to 1,365.2 million tonnes by 2029/30.  This implies an average annual growth rate of 
around 3.5% over the next two decades. 

This view is repeated in the “MITEZ 50-year freight infrastructure plan” by Juturna 
Consulting. Juturna Consulting proposes that the gross value added of the Mount 
Isa to Townsville economic region will grow between 2.9% and 4.6% per year until 
2050. Similarly the transport sector is expected to grow between 2.6% and 4.1% per 
year, providing an increase in gross value added from $525 million currently to 
between $1.4 and $2.4 billion in 2050.  

                                                 
9
 BITRE, 2010, Australian maritime activity to 2029–30.  Available: www.bitre.gov.au 
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4 Townville trade 
forecasts 
This section reviews the methods used and resulting trade forecasts for the EIS. 

 

4.1 Trade forecast method 
Deloitte Access Economics has reviewed the POTL forecasts for the port expansion 
project, dated 12 August 2011. 

Tonnage in 2009/10 was 10.25 million.  POTL forecasts that trade will reach 
33.4 million tonnes by 2024/25 and 48.3 million tonnes in 2039/40 fiscal year. 

POTL generated its forecasts based on a project-by-project assessment of resource 
sector developments.  This method was used because growth in overall tonnage at 
POTL is largely ‘project-driven’ rather than due to ‘endogenous growth’.  For 
example, the historical growth in POTL tonnage seen in the 1990s was caused by 
the Yabulu Refinery commencing nickel ore imports, rather than by compounding 
growth in existing trades. 

A characteristic of mining projects is that they ramp up quickly to the operating 
capacity of the mine, then continue to ship a relatively constant tonnage each year 
during the lifespan of the mine, until it is depleted, or extended. 

As such, tonnage at POTL tends to step upwards (rapidly) then plateau, until the 
next major project commences.  This causes the tonnage history and forecast charts 
for POTL to visually reflect the ‘staircase’ pattern of project-driven growth, rather 
than the ‘smooth’ pattern of compounding, endogenously-driven growth. 

Statistically fitting a trend growth line to POTL historical data would result in long 
periods of time where the trend line overshoots or under shoots actual tonnage.  
Hence, a trend growth rate curve is a poor fit to POTL’s historical outcomes. 

That is not to say there is zero endogenous growth at POTL.  General cargo and oil 
grow over time in response to growth in the regional economy.  However, these 
tonnages are swamped by the large resource projects, in terms of the composition 
of total tonnage. 

Due to the modest contribution of endogenous growth within total growth, and the 
poor statistical fit of growth rate methods, the future infrastructure requirements of 
POTL will almost entirely be determined by major resource projects, and there are 
some very large new mines currently under development in the Townsville-Mt Isa 
corridor.  As these projects come on line, they will result in sudden and large 
increases in demand for berths and other facilities at the port.  As such, the 
methodology used by POTL to forecast trade is well-suited to the statistical features 
of the data, and is a preferable methodology for this type of port, compared with 
compound-growth-style forecasting methods often used at ports such as capital city 
container ports. 
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The project-based forecasts for non-coal trades reach a tonnage of 25.4mtpa, which 
is anticipated to be achieved by 2024/25. 

The introduction of coal exports is expected to add a further 8mtpa to this non-coal 
forecast.  The coal trade is expected to start in 2016 and ramp up quickly to 8mtpa 
by 2018, resulting in a total of 33.4mpta in 2024/25. 

The importance of resource projects in driving POTL tonnage is highlighted by the 
following: 

• Nearly 50% of the non-coal tonnage growth between 2009/10 and 2024/25 
(nearly 7.5mtpa) is expected to come from Yabulu more than doubling in size 
and diversifying into magnetite. 

• A further 16.5% of the growth comes from two other magnetite projects – 
Ernest Henry and Mount Moss. 

• In total, around 65% of the future growth in the port is from nickel and 
magnetite trades. 

• Legend Paradise (fertiliser) and Ivanhoe Merlin (copper) contribute a further 
20%. 

Thus, around 90% of the non-coal tonnage growth expected between 2009/10 and 
2024/25 comes from Yabulu, magnetite, fertilizer and copper projects.  Hence, 
growth is highly dependent on resource projects, which in turn relies on commodity 
prices remaining at levels that ensure these projects are viable.  As noted in the 
previous section, there is continued growth expected in the volume of demand for 
these commodities, but some easing of commodity prices from their current highs as 
more supply comes on line. 

These projects are all at varying stages of feasibility, construction and 
commencement. 

• Yabulu – potential for expansion, currently assessing the feasibility of 
expanding and diversifying into magnetite. 

• Magnetite – Mount Moss now exporting, Ernest Henry now exporting. 

• Fertiliser – Legend is in the approval process and doing feasibility studies. 

• Copper – some construction already started at Merlin. 

• Coal – several proponents from the Hughenden area are in discussions with 
POTL about the possibility of handling coal exports. 

In short, several of the projects used by POTL in developing its forecasts are 
underway, and the rest are going through feasibility processes.  There have been 
some doubts expressed about the market for magnetite and establishing long-term 
customers for magnetite, but some exports have now occurred and it is rapidly 
establishing itself as an alternative input into steelmaking, and for coal washing.  As 
well as the projects identified, there are other coal and magnetite projects in earlier 
stages of feasibility assessment. 

A large contributor to growth is an expansion of operations at Yabulu.  If an 
expansion does go ahead, then the additional demands on the port for nickel 
imports would be significant. 
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In summary, the POTL forecast of 33.4mtpa by 2024/25, while rapid, is underpinned 
by a number of real projects and the implied growth rate of 8.2% per annum 
compound growth between 2009/10 to 2024/25, while a high rate, is consistent with 
a high-case long-term outlook for the commodities in the Townsville-Mt Isa corridor 
served by the port.  As such, the forecasts are a reasonable basis for estimating the 
environmental impact of the port expansion needed to accommodate this growth, 
and the associated economic benefits of accommodating that growth. 

From a planning perspective, it is important to have in place master plans and the 
associated environmental approvals, to enable port capacity to be constructed in a 
timely fashion as demand grows.  The lead times for new port infrastructure projects 
are very long, so new capacity needs to be planned several years ahead of when it 
is required. 

As shown in Chart 1.1, the PEP provides the infrastructure necessary to ensure 
capacity is provided ahead of demand over the next three decades, thus avoiding 
the delays, bottlenecks and constraints on trade associated with insufficient port 
capacity. 

 

4.2 Conclusion 
The strong demand from China and India for North Queensland’s resource exports 
is driving the development of new mines along the Townsville-Mt Isa corridor, which 
in turn, are serviced by the Port of Townsville.  Based on our review of the POTL 
forecasts, economic factors and global outlook, the forecasts are a reasonable basis 
for planning purposes and for the EIS purpose of estimating impacts. 

While the forecasts imply a high average per annum growth rate, the growth is 
generated by several major new mine developments, rather than assumed growth in 
existing trades.  The PEP results in sufficient capacity being delivered ahead of 
expected demand, avoiding bottlenecks or capacity constraints at the port from 
impacting on trade growth opportunities, and sufficient flexibility to accommodate 
demand, if trade growth driven by the mining boom is more rapid than expected. 
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Queensland Approved (and 
pending approval) Codes of 
Practice



Current (applicable) Codes of Practice: 

Abrasive Blasting Code of Practice 2004 

Children and Young Workers Code of Practice 2006  

Concrete Pumping Code of Practice 2005 

Confined Spaces Code of Practice 2011  

First Aid Code of Practice 2004  

Formwork Code of Practice 2006  

Hazardous Chemicals Code of Practice 2003 

Hazardous Manual Tasks Code of Practice 2011 

How to Manage and Control Asbestos in the Workplace Code of Practice 2011  

How to Manage Work Health and Safety Risks Code of Practice 2011  

How to Safely Remove Asbestos Code of Practice 2011  

Labelling of Workplace Hazardous Chemicals Code of Practice 2011  

Managing Noise and Preventing Hearing Loss at Work Code of Practice 2011 

Managing the Risk of Falls at Workplaces Code of Practice 2011  

Managing the Work Environment and Facilities Code of Practice 2011  

Manual Tasks Involving the Handling of People Code of Practice 2001 

Mobile Crane Code of Practice 2006  

Occupational Diving Work Code of Practice 2005  

Plant Code of Practice 2005  

Preparation of Safety Data Sheets for Hazardous Chemicals Code of Practice 2011  

Prevention of Workplace Harassment Code of Practice 2004  

Scaffolding Code of Practice 2009 

Steel Construction Code of Practice 2004 

Tilt-up and Pre-cast Construction Code of Practice 2003  

Tower Crane Code of Practice 2006  

Traffic Management for Construction or Maintenance Work Code of Practice 2008  

Work Health and Safety Consultation, Co-operation and Co-ordination 2011  

First aid in the workplace (2012) 

Construction work  

Preventing falls in housing construction 

Managing electrical risks at the workplace  

Managing risks of hazardous chemicals  

Managing risks of plant in the workplace  

Safe design of structures  

Excavation work Demolition work  

Spray painting and powder coating  

Abrasive blasting  

Welding processes  

Preventing and Managing Fatigue in the Workplace  

Responding to Workplace Bullying 
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Additional Australian Standards



Relevant3 Australian Standards: 

AS/NZS ISO 31000:2009 – Risk Management – Principles and Guidelines 

AS/NZS ISO 14000 (Set) Environmental management Standards set 

AS/NZS 1170.0:2002 Structural design actions –General principles (also 1170.1-4) 

AS 1188:1990 Radio transmitters and similar equipment–Safe practices 

AS 1319:1994 Safety signs for the occupational environment 

AS 1345:1995 Identification of the contents of pipes, conduits and ducts 

AS 1428 (Set):2003 Design for access and mobility Set 

AS 1499:1996 Personal flotation devices–Type 2 

AS 1512:1996 Personal flotation devices–Type 1 

AS/NZS 1596:2008 The storage and handling of LP Gas  

AS 1657:1992 Fixed platforms, walkways, stairways and ladders, Design, construction and installation 

AS 1692-2006 Steel tanks for flammable and combustible liquids  

AS/NZS 1715:1994 Selection, use and maintenance of respiratory protective devices 

AS 1940-2004 The storage and handling of flammable and combustible liquids  

AS 1948:1987 Acoustics–Measurement of airborne noise on board vessels and offshore platforms 

AS 2156.1:2001 Walking tracks–Classification and signage 

AS 2156.2:2001 Walking tracks–Infrastructure design 

AS 2198:1983 Anchors for small boats 

AS/NZS 2210.1:1994 Occupational protective footwear–Guide to selection, care and use 

AS 2259:1996 General requirements for buoyancy aids 

AS 2260:1996 Personal flotation devices–Type 3 

AS 2261:1990 Rescue buoys 

AS 2262:1979 Float-off buoyancy aids 

AS 2342:1992 Development, testing and implementation of information of safety symbols and symbolic signs 

AS 2416:2002 Design and application of water safety signs 

AS 2423:2002 Coated steel wire fencing products for terrestrial, aquatic and general use 

AS 2488:1995 Resuscitators intended for use with humans 

AS/NZS 2604:1998 Sunscreen products – Evaluation and classification 

AS/NZS 2633:1996 Guide to the specification of colours 

AS 2677:1983 Inflatable boats 

AS 2700 (Set) Colour Standards for general purposes 

AS 2809.2-2008 Road tank vehicles for dangerous goods - Road tank vehicles for flammable liquids  

AS 2899.1:1986 Public information symbol signs–General information signs 

AS 2899.2:1986 Public information symbol signs–Water safety signs 

AS/NZS 3004:2002 Electrical installations–Marinas and pleasure craft at low-voltage 

AS 3780-2008 The storage and handling of corrosive substances  

AS/NZS 3833:2007 – The storage and handling of mixed classes of dangerous goods, in packages and intermediate 
bulk containers 

3 List, while extensive, is not limited. 



AS3846:2005 - The handling and transport of dangerous cargoes in port areas 

AS/NZS 3661.1:1993 Slip resistance of pedestrian surfaces–Requirements 

AS/NZS 3661.2:1994 Slip resistance of pedestrian surfaces–Guide to the reduction of slip hazards 

AS 3745:2002 Emergency control organization and procedures for buildings, structures and workplaces 

AS 3780:1994 The storage and handling of corrosive substances. 

AS 3848.2:1999 Filling of portable gas cylinders–Filling of portable cylinders for self-contained underwater breathing 
apparatus (SCUBA) and non-underwater self-contained breathing apparatus (SCBA)–Safe procedures 

AS 3962:2001 Guidelines for design of marinas 

AS 4005 (Set) Recreational Diving Set 

AS/NZS 4261:1994 Reusable containers for the collection of sharp items used in human and animal medical 
applications 

AS 4326-2008 The storage and handling of oxidizing agents  

AS 4332:2004 Storage and handling of gases in cylinders. 

AS 4367:1996 Radio communications equipment used in the inshore boating radio services band 

AS/NZS 4399:1996 Sun protective clothing–Evaluation and classification 

AS/NZS 4501.2:1999 Occupational protective clothing–General requirements 

AS/NZS 4586:2004 Slip resistance classification of new pedestrian surface materials 

AS/NZS 4663:2004 Slip resistance measurement of existing pedestrian surfaces 

AS/NZS 4801: 2001 Occupational Health and Safety Management Systems – General guidelines on principles, 
systems and supporting techniques 

AS/NZS 5026:2012 The storage and handling of Class 4 dangerous goods  

AS 60417.2.4:2004 Graphical symbols for use on equipment–Maritime navigation 

AS 60417.2.7:2004 Graphical symbols for use on equipment–Safety aspects 

HB 76:2004 Dangerous goods, initial emergency response guide 

HB 139:2003 Guidance on Integrating the Requirements of Quality, Environment, and Health and 

Safety Management System Standards 

HB 203:2004 Environmental risk management - Principles and process 

HB 246-2004 Guidelines for Managing Risk in Sport and Recreation 

HB 436:2004 Risk Management Guidelines Companion to AS/NZS 4360 – 2004 Risk Management 
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Risk Management Process and 
Criteria



This project’s preliminary risk assessment has been undertaken in accordance with the Australia/New Zealand 
Standard AS/NZS ISO 31000:2009 Risk Management Principles and Guidelines (Standards Australia, 2009).  

This Standard is the basis of the Port of Townsville Limited’s Risk Assessment and Management Policy and also for 
this preliminary risk assessment.  It includes the identification of work related risks to workers, property and 
operations, an analysis of the consequences of each identified risk and identification of existing safeguards to reduce 
the likelihood and severity of each issue.  Figure 1 summaries the risk management process model presented in the 
standard. 

Figure 1 Risk Management Process Model (after AS/NZS ISO 31000:2009) 

Risk Assessment (incorporating risk identification, analysis and evaluation) 

This involves the identification of risk stemming from hazards associated with design, build, operations and 
decommissioning of the project.  The risk identification, analysis and evaluation were informed by inputs from 
stakeholder communication and review of the possible impacts associated with similar works. Qualitative risk 
analysis incorporates Consequence Analysis and Probability Analysis applied to the Risk Matrix to evaluate the level 
of risk significance.   

Consequence Analysis 

Consequence analysis assesses the level of impact, or consequence, that a hazard may cause.  In this chapter, the 
focus of the consequence analysis is public health and safety, reputation, assets and schedule. Consequence 
ranges from ‘Insignificant’ to ‘Catastrophic’, as described in  C1. 

Probability Analysis 

The probability analysis assesses the likelihood of occurrence during the lifetime of the Port Expansion Project. The 
likelihood criteria used in this analysis is included below in C2. 

Risk Matrix 

The risk matrix has been adopted to carry out the qualitative risk assessment for the project. The matrix has been 
equally weighted to consequence and probability and ranging from low to extreme. The hazards and risks identified 
in this chapter are assessed according the risk matrix shown in  C3. 



Table C1 Consequence Analysis

Consequence Description

Health & Safety Environmental Community /
Reputation 

Asset Loss Schedule 
Impact 

Catastrophic A single or 
multiple fatalities 
or significant 
irreversible 
injury to more 
than 10 people 

Irreversible or 
long term 
reversible 
impact on local 
environment 

Substantiated 
public attention, 
high widespread 
news profile, 
third party 
actions 

Complete loss 
of assets 

> 50 work 
weeks 

Major Irreversible 
injury or 
significant 
impairment to 
several people 

Medium term 
reversible 
impact on 
environment 

Substantiated 
public attention, 
high news 
profile, third 
party actions 

Significant loss 
of assets (> 
70%)

> 20 work 
weeks 
< 50 work 
weeks 

Moderate Reversible injury 
requiring 
hospitalisation 

Short term 
reversible 
impacts. 
Negative impact 
on local 
receptors 

Substantiated 
public attention, 
serious 
complaint, 
moderate news 
profile 

Major damage 
to assets 

> 8 work 
weeks 
< 20 work 
weeks 

Minor An injury with 
minor first aid 
treatment 
required 

Negative impact 
on local 
receptors. 
Immediately 
reversible 

Substantiated, 
repairable 
damage, low 
news profile 

Minor loss or 
damage to 
assets 

> 3 work 
weeks 
< 8 work 
weeks 

Insignificant No injury, an 
injury not 
sufficiently 
serious to 
require first aid 
treatment. 

No significant 
impact on local 
environmental 
values 

Unsubstantiated, 
easily repairable 
damage, no 
news items 

Little or no 
impact on 
assets 

< 3 work 
weeks 

Table C2 Probability Analysis

Likelihood Description

Rare Has not happened and is highly unlikely but theoretically possible to occur.

Unlikely Has not happened yet but is possible. May occur during construction / life of the Project 
but probability of occurrence is well below 50%. 

Possible Could happen. Less likely than not to occur, probability of occurrence around 50%.

Likely Likely to occur during the life of the project. Probability of occurrence greater than 50%.

Almost Certain Is expected to occur and could possibly occur multiple times during the life of the 
project. 



Table C3 Risk Matrix (After AS 4360:20044 (Standards Australian, 2004))

Likelihood Consequence 

Catastrophic Major Moderate Minor Insignificant 

Almost Certain Extreme Extreme High High Medium 

Likely Extreme High High Medium Medium 

Possible High High High Medium Low 

Unlikely High Medium Medium Low Low 

Rare High Medium Medium Low Low 

4 AS 4360-2004 is superseded by AS/NZS ISO 31000:2009 Risk Management Principles and Guidelines which does not detail a 
specific risk matrix.  This risk matrix continues as common industry practice and is functionally suited to the purpose of this chapter. 
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Risk Assessment Management

Build Phase

 Q4AN-231-TP3

Area/Phase Likelihood Consequence Risk Likelihood Consequence Risk/Impact 
Level Likelihood Consequence Risk/Impact 

Level
2.00 01-Jan-12

2.01 01-Jan-12 Build Commercial/Legal Financial loss and penalty. Health & Safety Possible High High Builder understand and 
mitigate their Commercial / 
Legal risk

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.02 01-Jan-12 Build Understanding of Project Life-Cycle Inherent inefficiency, increased build 
costs, injury, damage, loss and 
penalty.

Health & Safety Possible High High Builder understands, 
accepts and uses Project 
Life-Cycle and Safety in 
Design information provided 
by designer.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.03 01-Jan-12 Build Statutory Requirements, Obligations, 
Duties, Licences and Permits

Financial loss and penalty. Health & Safety Possible High High  Builder understand their 
Statutory Requirements, 
Obligations, Duties, 
Licences and Permits

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.04 01-Jan-12 Build Interpretation and Translation of 
Design to Application

Inherent inefficiency, increased build 
costs, injury, damage, loss and 
penalty.

Health & Safety Likely Moderate High Builder understands, 
accepts and uses Project 
Life-Cycle and Safety in 
Design information provided 
by designer.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.05 01-Jan-12 Build Physical Risk Sources: Energy, 
Equipment, Processes and Materials 
(Refer Risk Assessment Section 
5.00 - Phase Hazards)

Inadequate risk assessment decisions 
informing build.  Unrecognised 
consequences and unplanned 
mitigation.

Health & Safety Likely Very High Extreme Builder draws on Safety in 
Desing information, also 
undertakes necessary build-
phase risk assessment for 
Physical Risk Sources: 
Energy, Equipment, 
Processes and Materials

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Moderate Medium

2.06 01-Jan-12 Build Receptor Interface and Interaction 
(People/Environment/Society/Organis
ation)

Inadequate risk assessment decisions 
informing build.  Unrecognised 
consequences and unplanned 
mitigation.

Health & Safety Likely High High Builder considers Receptor 
Interface and Interaction 
(People / Environment / 
Society / Organisation) to 
inform and instruct build-
phase risk 

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.07 01-Jan-12 Build Built Beyond Use, to incorporate 
Maintenance, Modification, 
Decommissioning and Disposal

Inadequate risk assessment decisions 
informing build.  Unrecognised 
consequences and unplanned 
mitigation.

Health & Safety Likely Moderate High Builder understand, accepts 
and uses Safety in Design 
to incorporate Maintenance, 
Modification, 
Decommissioning and 
Disposal in build-phase.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

2.08 01-Jan-12 Build Risk Information Transfer Inherent inefficiency, increased build 
costs, injury, damage, loss and 
penalty.

Health & Safety Likely Moderate High Builder (through 
commissioning and handp-
over) intitates a process for 
Safety in Design Risk 
Information Transfer

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

Build Phase

Residual RiskInterim Risk Further Recommended 
Actions

Main Risk 
Treatment 
Category

Hazard Description
Before Mitigation (Inherent Risk)

ID Consequence 
Criterion

Unwanted 
Impacts/ConsequencesDate Created Mitigation planned or

in place

Analysis Controls

Project Name

Project Number

Port of Townsville Expansion Project
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Risk Assessment Management 
(Q4AN-231-TP3)
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ANZ

Risk Assessment Management

Operate Phase

 Q4AN-231-TP3

Area/Phase Likelihood Consequence Risk Likelihood Consequence Risk/Impact 
Level Likelihood Consequence Risk/Impact 

Level
3.00 01-Jan-12

3.01 01-Jan-12 Operate Commercial/Legal Financial loss and penalty. Health & Safety Possible High High Operator understand and 
mitigate their Commercial / 
Legal risk

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.02 01-Jan-12 Operate Understanding of Project Life-Cycle Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Possible High High Operator understands, 
accepts and uses Project 
Life-Cycle and Safety in 
Design information provided 
by designer.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.03 01-Jan-12 Operate Statutory Requirements, Obligations, 
Duties, Licences and Permits

Financial loss and penalty. Health & Safety Possible High High Operator understand their 
Statutory Requirements, 
Obligations, Duties, 
Licences and Permits

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.04 01-Jan-12 Operate Risk Management and Continuous 
Improvement

Inadequate risk assessment decisions 
informing operation.  Unrecognised 
consequences and unplanned 
mitigation.

Health & Safety Likely High High Operator draws on Safety in 
Desing information, also 
undertakes necessary 
operate-phase risk 
assessment for Physical 
Risk Sources: Energy, 
Equipment, Processes and 
Materials

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.05 01-Jan-12 Operate Fit for Purpose Use (as 
Designed/Built)

Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Possible High High Operator understand, 
accepts and uses Safety in 
Design from both Designer 
and Builder to incorporate 
Maintenance, Modification, 
Decommissioning and 
Disposal in operate-phase.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.06 01-Jan-12 Operate Physical Risk Sources: Energy, 
Equipment, Processes and Materials 
(Refer Risk Assessment Section 
5.00 - Phase Hazards)

Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Likely Very High Extreme Operator draws on Safety in 
Desing information, also 
undertakes necessary 
operate-phase risk 
assessment for Physical 
Risk Sources: Energy, 
Equipment, Processes and 
Materials

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Moderate Medium

3.07 01-Jan-12 Operate Receptor Interface and Interaction 
(People/Environment/Society/Organis
ation)

Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Possible High High Operator considers 
Receptor Interface and 
Interaction (People / 
Environment / Society / 
Organisation) to inform and 
instruct operate-phase risk 

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.08 01-Jan-12 Operate Provision of Processes for Use, 
Maintenance, Modification, 
Decommissioning and Disposal

Inadequate risk assessment decisions 
informing operation.  Unrecognised 
consequences and unplanned 
mitigation.

Health & Safety Likely Moderate High Operator understand, 
accepts and uses Safety in 
Design to incorporate and 
develop plans for 
Maintenance, Modification, 
Decommissioning and 
Disposal in operate-phase.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

3.09 01-Jan-12 Operate Risk Information Transfer Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Likely Moderate High Operator intitates a process 
to maintain Safety in Design 
Risk Information in 
preparation for probable / 
future Transfer

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

Operate Phase

Residual RiskInterim Risk Further Recommended 
Actions

Main Risk 
Treatment 
Category

Hazard Description
Before Mitigation (Inherent Risk)

ID Consequence 
Criterion

Unwanted 
Impacts/ConsequencesDate Created Mitigation planned or

in place

Analysis Controls

Project Number

Register
Risk Assessment Management 
(Q4AN-231-TP3)
Revision 1  April 12, 2012 Page 2



ANZ

Risk Assessment Management

Disposal Phase

 Q4AN-231-TP3

Area/Phase Likelihood Consequence Risk Likelihood Consequence Risk/Impact 
Level Likelihood Consequence Risk/Impact 

Level
4.00 01-Jan-12

4.01 01-Jan-12 Disposal Application and Delivery of Processes 
for Decommissioning and Disposal

Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Likely High High Demolition/Disposal Agent 
draws on Safety in Desing 
information, also undertakes 
necessary disposal-phase 
risk assessment for Physical 
Risk Sources: Energy, 
Equipment, Processes and 
Materials

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

4.02 01-Jan-12 Disposal Latency of Physical Risk Sources: 
Energy, Equipment, Processes and 
Materials (Refer Risk Assessment 
Section 5.00 - Phase Hazards)

Inadequate risk assessment decisions 
informing demolition / disposal.  
Unrecognised consequences and 
unplanned mitigation.

Health & Safety Likely Very High Extreme Demolition/Disposal Agent 
draws on Safety in Desing 
information, also undertakes 
necessary disposal-phase 
risk assessment for Physical 
Risk Sources: Energy, 
Equipment, Processes and 
Materials

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Moderate Medium

4.03 01-Jan-12 Disposal Receptor Interface and Interaction 
(People/Environment/Society/Organis
ation)

Inherent inefficiency, increased 
demolition / disposal costs, injury, 
damage, loss and penalty.

Health & Safety Possible High High Demolition/Disposal Agent  
considers Receptor 
Interface and Interaction 
(People / Environment / 
Society / Organisation) to 
inform and instruct disposal-
phase risk 

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

4.04 01-Jan-12 Disposal Statutory Requirements, Obligations, 
Duties, Licences and Permits

Financial loss and penalty. Health & Safety Possible High High Demolition/Disposal Agent 
understand their Statutory 
Requirements, Obligations, 
Duties, Licences and 
Permits

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

4.05 01-Jan-12 Disposal Commercial/Legal Financial loss and penalty. Health & Safety Possible High High Demolition/Disposal Agent 
understand and mitigate 
their Commercial / Legal risk

Prevention Rare Minor Low Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

4.06 01-Jan-12 Disposal Risk Information Transfer Inherent inefficiency, increased 
operating costs, injury, damage, loss 
and penalty.

Health & Safety Probable High Extreme Demolition/Disposal Agent 
intitates a process to 
maintain Safety in Design 
Risk Information Transfer

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Moderate Medium

4.07 01-Jan-12 Disposal Understanding of Prior Project Life-
Cycle

Inherent inefficiency, increased 
demolition / disposal costs, injury, 
damage, loss and penalty.

Health & Safety Likely Moderate High Demolition/Disposal Agent 
understands, accepts and 
uses Project Life-Cycle and 
Safety in Design information 
provided by the Operator.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and uptake of Safety 
in Design Information

Rare Minor Low

Disposal Phase

Residual RiskInterim Risk Further Recommended 
Actions

Main Risk 
Treatment 
Category

Hazard Description
Before Mitigation (Inherent Risk)

ID Consequence 
Criterion

Unwanted 
Impacts/ConsequencesDate Created Mitigation planned or

in place

Analysis Controls

Project Number
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Risk Assessment Management 
(Q4AN-231-TP3)
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Risk Assessment Management

All Phase Hazards

 Q4AN-231-TP3

Area/Phase Likelihood Consequence Risk Likelihood Consequence Risk/Impact 
Level Likelihood Consequence Risk/Impact 

Level
5.00 01-Jan-12

5.01 01-Jan-12

Biomechanical 
Hazards

Activities performed by people 
involving hazardous manual work 
including but not limited to:                  
Handling Objects, People or Animals;  
Ergonomics and Posture;        
Movement of / by People (incl. falls 
and striking object)

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.02 01-Jan-12

Mechanical 
hazards

Interaction of plant and equipment 
with other plant or with strucuture/s or 
with a person/s.  Includes but not 
limited to:                                 Vehicle 
operation and movement (land, water 
and air);         Movement of tools or 
equipment (powered or manual);                        
Load Shifting and Cranage; Assembly 
of Structures and Infrastructures.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.03 01-Jan-12

Chemical 
hazards

Interaction of hazardous chemicals 
with other plant or with strucuture/s or 
with a person/s.  Includes but not 
limited to:                                 
Prescribed Hazardous Substances;         
Chemical Storage and Transportation 
Processes;                       Vessels for 
Chemical Storage;   Planned and 
Unplanned Chemical Emission.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.04 01-Jan-12

Potential and 
stored energy 
hazards

Realisation of potential energy of 
objects influenced by mass, gravity, 
inertia or momentum) and their 
interaction with other plant or with 
strucuture/s or with a person/s.  
Includes but not limited to:                                        
Raised or elevated objects or 
structures or contents having mass;                                   
Pressure Storage and Transportation 
Processes;                       Vessels for 
Pressurised Gas or Liguid Storage;                          
Planned and Unplanned Stored 
Energy Release.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.05 01-Jan-12

Noise and 
vibration 
hazards

Noise and Vibration emissions 
interaction with other plant or with 
structure/s or with a person/s.  
Includes but not limited to:                                        
Excessive Occupational Noise and 
Vibration Exposure;                          
Excessive Noise and Vibration 
Transmission to Environment.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Likely High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.06 01-Jan-12

Thermal 
hazards

Thermal (temporature, fire or 
explosion) interaction with other plant 
or with structure/s or with a person/s.  
Includes but not limited to:                                        
Thermal (hot/cold) emission;                          
Fire or Explosion Transmission to 
Environment.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Unlikely Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

Phase Hazards

Residual RiskInterim Risk Further Recommended 
Actions

Main Risk 
Treatment 
Category

Hazard Description
Before Mitigation (Inherent Risk)

ID Consequence 
Criterion

Unwanted 
Impacts/ConsequencesDate Created Mitigation planned or

in place

Analysis Controls

Project Number
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(Q4AN-231-TP3)
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All Phase Hazards

 Q4AN-231-TP3

Area/Phase Likelihood Consequence Risk Likelihood Consequence Risk/Impact 
Level Likelihood Consequence Risk/Impact 

Level

Residual RiskInterim Risk Further Recommended 
Actions

Main Risk 
Treatment 
Category

Hazard Description
Before Mitigation (Inherent Risk)

ID Consequence 
Criterion

Unwanted 
Impacts/ConsequencesDate Created Mitigation planned or

in place

Analysis Controls

Project Number

5.07 01-Jan-12

Electrical 
hazards

Electrical conductor interaction with 
other plant or with structure/s or with a 
person/s.  Includes but not limited to:                                        
Persons contacting electrical supply 
conductors or infrastructutre;                          
Faulty electrical equipment or 
appliances;                          Excessive 
Electro-Magnetic Radiation emission 
to environment.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.08 01-Jan-12

Radiation 
hazards

Radiation emissions interaction with 
other plant or with structure/s or with a 
person/s.  Includes but not limited to:                                        
Occupational Solar, UV, Non-Ionising 
and Ionising Radiation Exposure;                                              
Regulated and/or Licenced Ratiation 
Sources;                                       
Radiation emission to Environment.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Unlikely High Medium Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.09 01-Jan-12

Biological 
hazards

Biological forms interaction with other 
plant or with structure/s or with a 
person/s.  Includes but not limited to:                                        
Excessive Microbic Exposure and 
Contamination;                          Animal 
or Human Attack;                                     
Biologic Agent Transmission to 
Environment.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Very High High Minimum statutory 
obligations.

Prevention Unlikely Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.10 01-Jan-12

Work stressor 
hazards

Psychological interaction with a 
person/s.  Includes but not limited to:                                        
Occupational Stress;                          
Emissions (noise, vibration, chemical, 
lighting and percieved or real threat) 
Transmission to Environment and/or 
Non-Work Receptor.

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Possible Minor Medium Minimum statutory 
obligations.

Prevention Unlikely Minor Low Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Minor Low

5.11 01-Jan-12

Natural hazards

Severe natural events interaction with 
other plant or with structure/s or with a 
person/s.  Includes but not limited to:                                        
Cyclone;                                    Storm 
(Electical, Rain and Wind);                                            
Tidal Surge;                                                 
Waterway Flooding;                                          
Earthquake;                                                                    
Fire (Structural or Bush).

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Likely Very High Extreme Minimum statutory 
obligations.

Prevention Likely High High Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Likely Minor Medium

5.12 01-Jan-12

Socio/Political 
hazards

Human willfull interaction with other 
plant or with structure/s or with a 
person/s.  Includes but not limited to:                                        
Terroism;                                       Anti-
Social Behaviour (including 
Vandalism);                                           
Political Protest / Industrial Relations 
Actions (Stoppages, Blockades etc.)

Personal injury, damage, loss, penalty 
and increased operating costs,.

Health & Safety Unlikely Very High High Minimum statutory 
obligations.

Prevention Rare Moderate Medium Stakeholder and Process Owner 
engagement and the 
implementation, monitoring and 
maintenance of process specific 
controls.

Rare Moderate Medium

Register
Risk Assessment Management 
(Q4AN-231-TP3)
Revision 1  April 12, 2012 Page 4



 

 

 

Port Expansion 
Project EIS 

Appendix V1 

Queensland Disaster Management 
Plan of Operational Diagram 

      



 

 
 
 
 
 
 
 
 



Environmental Impact Statement  

 



Townsville Port Expansion Project 

 
 
 
 



  

Port Expansion 
Project EIS 

Appendix V2 

Consequence Table (Impact 
Definitions and Likelihood Table 
for Disaster Risk Assessment   

      



Table 1 Im

 

mpact Category Definitionns for Consequences (Nat

 

tional Emergency Manageement Committee, 2010) 

 



Environm

Table 2 C

mental Impact Statement  

Consequence Table for Disaster Risk Assessment ((National Emergency Management Committee, 2010) 

 



Townsville Port Expansion Project 

 



Environm

 
 

mental Impact Statement  

 

 



Townsvill

Table 3 L

 
 

e Port Expansion Project 

Likelihood Table for Disastter Risk Assessment (Nati

 

onal Emergency Management Committee, 2010) 

 



Environm

Table 4 D

 
 

mental Impact Statement  

Disaster Risk Assessment  Matrix (National Emergenncy Management Committee, 2010) 

 



 
 
 

  

Port Expansion 
Project EIS 

Appendix W1 

Assessment of Great Barrier Reef 
World Heritage Attributes in 
Cleveland Bay 

      



The Great Barrier Reef Queensland - Statement of Outstanding Universal Value 

Department of Sustainability, Environment, Water, Population and Communities (DSEWPC) 2012 

The following is the Brief Synthesis of the retrospective statement as presented on the DSEWPC website. 

Statement of Outstanding Universal Value  

As the world’s most extensive coral reef ecosystem, the Great Barrier Reef (GBR) is a globally outstanding and 
significant entity. Practically the entire ecosystem was inscribed as World Heritage in 1981, covering an area of 
348,000 square kilometres and extending across a contiguous latitudinal range of 14° (10°S to 24°S). The Great 
Barrier Reef (hereafter referred to as GBR) includes extensive cross-shelf diversity, stretching from the low water mark 
along the mainland coast up to 250 kilometres offshore. This wide depth range includes vast shallow inshore areas, 
mid-shelf and outer reefs, and beyond the continental shelf to oceanic waters over 2,000 metres deep. 

Within the GBR there are some 2,500 individual reefs of varying sizes and shapes, and over 900 islands, ranging from 
small sandy cays and larger vegetated cays, to large rugged continental islands rising, in one instance, over 
1,100 metres above sea level. Collectively these landscapes and seascapes provide some of the most spectacular 
maritime scenery in the world. 

The latitudinal and cross-shelf diversity, combined with diversity through the depths of the water column, 
encompasses a globally unique array of ecological communities, habitats and species. This diversity of species and 
habitats, and their interconnectivity, make the GBR one of the richest and most complex natural ecosystems on earth. 
There are over 1,500 species of fish, about 400 species of coral, 4,000 species of mollusk, and some 240 species of 
birds, plus a great diversity of sponges, anemones, marine worms, crustaceans, and other species. No other World 
Heritage property contains such biodiversity. This diversity, especially the endemic species, means the GBR is of 
enormous scientific and intrinsic importance, and it also contains a significant number of threatened species. At time 
of inscription, the IUCN evaluation stated "...if only one coral reef site in the world were to be chosen for the World 
Heritage List, the Great Barrier Reef is the site to be chosen". 

Criterion (vii): The GBR is of superlative natural beauty above and below the water, and provides some of the most 
spectacular scenery on earth. It is one of a few living structures visible from space, appearing as a complex string of 
reefal structures along Australia's northeast coast. 

From the air, the vast mosaic patterns of reefs, islands and coral cays produce an unparalleled aerial panorama of 
seascapes comprising diverse shapes and sizes. The Whitsunday Islands provide a magnificent vista of green 
vegetated islands and spectacular sandy beaches spread over azure waters. This contrasts with the vast mangrove 
forests in Hinchinbrook Channel, and the rugged vegetated mountains and lush rainforest gullies that are periodically 
cloud-covered on Hinchinbrook Island. 

On many of the cays there are spectacular and globally important breeding colonies of seabirds and marine turtles, 
and Raine Island is the world’s largest green turtle breeding area. On some continental islands, large aggregations of 
over-wintering butterflies periodically occur. 

Beneath the ocean surface, there is an abundance and diversity of shapes, sizes and colours; for example, 
spectacular coral assemblages of hard and soft corals, and thousands of species of reef fish provide a myriad of 
brilliant colours, shapes and sizes. The internationally renowned Cod Hole near Lizard Island is one of many 
significant tourist attractions. Other superlative natural phenomena include the annual coral spawning, migrating 
whales, nesting turtles, and significant spawning aggregations of many fish species. 

Criterion (viii): The GBR, extending 2,000 kilometres along Queensland's coast, is a globally outstanding example of 
an ecosystem that has evolved over millennia. The area has been exposed and flooded by at least four glacial and 
interglacial cycles, and over the past 15,000 years reefs have grown on the continental shelf. 

During glacial periods, sea levels dropped, exposing the reefs as flat-topped hills of eroded limestone. Large rivers 
meandered between these hills and the coastline extended further east. During interglacial periods, rising sea levels 
caused the formation of continental islands, coral cays and new phases of coral growth. This environmental history 
can be seen in cores of old massive corals. 

Today the GBR forms the world’s largest coral reef ecosystem, ranging from inshore fringing reefs to mid-shelf reefs, 
and exposed outer reefs, including examples of all stages of reef development. The processes of geological and 
geomorphological evolution are well represented, linking continental islands, coral cays and reefs. The varied 
seascapes and landscapes that occur today have been moulded by changing climates and sea levels, and the 



erosive power of wind and water, over long time periods.  One-third of the GBR lies beyond the seaward edge of the 
shallower reefs; this area comprises coninental slope and deep oceanic waters and abyssal plains. 

Criterion (ix): The globally significant diversity of reef and island morphologies reflects ongoing geomorphic, 
oceanographic and environmental processes. The complex cross-shelf, longshore and vertical connectivity is 
influenced by dynamic oceanic currents and ongoing ecological processes such as upwellings, larval dispersal and 
migration. 

Ongoing erosion and accretion of coral reefs, sand banks and coral cays combine with similar processes along the 
coast and around continental islands. Extensive beds of Halimeda algae represent active calcification and accretion 
over thousands of years. 

Biologically the unique diversity of the GBR reflects the maturity of an ecosystem that has evolved over millennia; 
evidence exists for the evolution of hard corals and other fauna. Globally significant marine faunal groups include over 
4,000 species of molluscs, over 1,500 species of fish, plus a great diversity of sponges, anemones, marine worms, 
crustaceans, and many others. The establishment of vegetation on the cays and continental islands exemplifies the 
important role of birds, such as the Pied Imperial Pigeon, in processes such as seed dispersal and plant colonisation. 

Human interaction with the natural environment is illustrated by strong ongoing links between Aboriginal and Torres 
Strait Islanders and their sea-country, and includes numerous shell deposits (middens) and fish traps, plus the 
application of story places and marine totems. 

Criterion (x): The enormous size and diversity of the GBR means it is one of the richest and most complex natural 
ecosystems on earth, and one of the most significant for biodiversity conservation. The amazing diversity supports 
tens of thousands of marine and terrestrial species, many of which are of global conservation significance. 

As the world's most complex expanse of coral reefs, the reefs contain some 400 species of corals in 60 genera. There 
are also large ecologically important inter-reefal areas. The shallower marine areas support half the world's diversity of 
mangroves and many seagrass species. The waters also provide major feeding grounds for one of the world's largest 
populations of the threatened dugong. At least 30 species of whales and dolphins occur here, and it is a significant 
area for humpback whale calving. 

Six of the world’s seven species of marine turtle occur in the GBR. As well as the world’s largest green turtle breeding 
site at Raine Island, the GBR also includes many regionally important marine turtle rookeries. 

Some 242 species of birds have been recorded in the GBR. Twenty-two seabird species breed on cays and some 
continental islands, and some of these breeding sites are globally significant; other seabird species also utilize the 
area. The continental islands support thousands of plant species, while the coral cays also have their own distinct 
flora and fauna. 

Integrity 

The ecological integrity of the GBR is enhanced by the unparalleled size and current good state of conservation 
across the property. At the time of inscription it was felt that to include virtually the entire Great Barrier Reef within the 
property was the only way to ensure the integrity of the coral reef ecosystems in all their diversity. 

A number of natural pressures occur, including cyclones, crown-of-thorns starfish outbreaks, and sudden large 
influxes of freshwater from extreme weather events. As well there is a range of human uses such as tourism, shipping 
and coastal developments including ports. There are also some disturbances facing the GBR that are legacies of past 
actions prior to the inscription of the property on the World Heritage list. 

At the scale of the GBR ecosystem, most habitats or species groups have the capacity to recover from disturbance or 
withstand ongoing pressures. The property is largely intact and includes the fullest possible representation of marine 
ecological, physical and chemical processes from the coast to the deep abyssal waters enabling the key 
interdependent elements to exist in their natural relationships. 

Some of the key ecological, physical and chemical processes that are essential for the long-term conservation of the 
marine and island ecosystems and their associated biodiversity occur outside the boundaries of the property and thus 
effective conservation programs are essential across the adjoining catchments, marine and coastal zones. 

Protection and management requirements 

The GBR covers approximately 348,000 square kilometres. Most of the property lies within the GBR Marine Park: at 
344,400 square kilometres, this Federal Marine Park comprises approximately 99% of the property. The GBR Marine 



Park's legal jurisdiction ends at low water mark along the mainland (with the exception of port areas) and around 
islands (with the exception of 70 Commonwealth managed islands which are part of the Marine Park). In addition the 
GBR also includes over 900 islands within the jurisdiction of Queensland, about half of which are declared as 'national 
parks', and the internal waters of Queensland that occur within the World Heritage boundary (including a number of 
long-established ports). 

The World Heritage property is and has always been managed as a multiple-use area. Uses include a range of 
commercial and recreational activities. The management of such a large and iconic world heritage property is made 
more complex due to the overlapping State and Federal jurisdictions. The Great Barrier Reef Marine Park Authority, an 
independent Australian Government agency, is responsible for protection and management of the GBR Marine Park. 
The Great Barrier Reef Marine Park Act 1975 was amended in 2007 and 2008, and now provides for “the long term 
protection and conservation ... of the Great Barrier Reef Region” with specific mention of meeting "... Australia's 
responsibilities under the World Heritage Convention."  

Queensland is responsible for management of the Great Barrier Reef Coast Marine Park, established under the Marine 
Parks Act 2004 (Qld). This is contiguous with the GBR Marine Park and covers the area between low and high water 
marks and many of the waters within the jurisdictional limits of Queensland. Queensland is also responsible for 
management of most of the islands. 

The overlapping jurisdictional arrangements mean that the importance of complementary legislation and 
complementary management of islands and the surrounding waters is well recognised by both governments. Strong 
cooperative partnerships and formal agreements exist between the Australian Government and the Queensland 
Government. In addition, strong relationships have been built between governments and commercial and recreational 
industries, research institutions and universities. Collectively this provides a comprehensive management influence 
over a much wider context than just the marine areas and islands. 

Development and land use activities in coastal and water catchments adjacent to the property also have a 
fundamental and critical influence on the values within the property. The Queensland Government is responsible for 
natural resource management and land use planning for the islands, coast and hinterland adjacent to the GBR. Other 
Queensland and Federal legislation also protects the property’s Outstanding Universal Value addressing such matters 
as water quality, shipping management, sea dumping, fisheries management and environmental protection. 

The Federal Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) provides an overarching 
mechanism for protecting the World Heritage values from inappropriate development, including actions taken inside 
or outside which could impact on its heritage values. This requires any development proposals to undergo rigorous 
environmental impact assessment processes, often including public consultation, after which the Federal Minister 
may decide, to approve, reject or approve under conditions designed to mitigate any significant impacts. A recent 
amendment to the EPBC Act makes the GBR Marine Park an additional 'trigger' for a matter of National Environmental 
Significance which provides additional protection for the values within the GBR. 

The GBR Marine Park and the adjoining GBR Coast Marine Park are zoned to allow for a wide range of reasonable 
uses while ensuring overall protection, with conservation being the primary aim. The zoning spectrum provides for 
increasing levels of protection for the 'core conservation areas' which comprise the 115,000 square kilometres of ‘no-
take’ and ‘no-entry’ zones within the GBR. 

While the Zoning Plan is the 'cornerstone' of management and provides a spatial basis for determining where many 
activities can occur, zoning is only one of many spatial management tools and policies applied to collectively protect 
the GBR. Some activities are better managed using other spatial and temporal management tools like Plans of 
Management, Special Management Areas, Agreements with Traditional Owners and permits (often tied to specific 
zones or smaller areas within zones, but providing a detailed level of management not possible by zoning alone). 
These statutory instruments also protect the Outstanding Universal Value of the property. 

Many Aboriginal and Torres Strait Island peoples undertake traditional use of marine resource activities to provide 
traditional food, practice their living maritime culture, and to educate younger generations about traditional and cultural 
rules and protocols. In the GBR these activities are managed under both Federal and Queensland legislation and 
policies including Traditional Use of Marine Resource Agreements (TUMRAs) and Indigenous Land Use Agreements 
(ILUAs). These currently cover some 30 per cent of the GBR inshore area, and support Traditional Owners to maintain 
cultural connections with their sea country. 

Similarly non-statutory tools like site management and Industry Codes of Practice contribute to the protection of World 
Heritage values. Some spatial management tools are not permanently in place nor appear as part of the zoning, yet 
achieve effective protection for elements of biodiversity (e.g. the temporal closures that are legislated across the GBR 



prohibit all reef fishing during specific moon phases when reef fish are spawning). 

Other key initiatives providing increased protection for the GBR include the comprehensive Great Barrier Reef Outlook 
Report, (and its resulting 5-yearly reporting process); the Reef Water Quality Protection Plan; the GBR Climate Change 
Action Plan; and the Reef Guardians Stewardship Programs which involve building relationships and working closely 
with those who use and rely on the GBR or its catchment for their recreation or their business. 

The 2009 Outlook Report identified the long-term challenges facing the GBR; these are dominated by climate change 
over the next few decades. The extent and persistence of damage to the GBR ecosystem will depend to a large 
degree on the amount of change in the world’s climate and on the resilience of the GBR ecosystem to such change. 
This report also identified continued declining water quality from land-based sources, loss of coastal habitats from 
coastal development, and some impacts from fishing, illegal fishing and poaching as the other priority issues 
requiring management attention for the long-term protection of the GBR. 

Emerging issues since the 2009 Outlook Report include proposed port expansions, increases in shipping activity, 
coastal development and intensification and changes in land use within the GBR catchment; population growth; the 
impacts from marine debris; illegal activities; and extreme weather events including floods and cyclones. Further 
building the resilience of the GBR by improving water quality, reducing the loss of coastal habitats and increasing 
knowledge about fishing and its effects and encouraging modified practices, will give the GBR its best chance of 
adapting to and recovering from the threats ahead, including the impacts of a changing climate. 

 



Potential Cumulative Impacts on World Heritage Property 
Table A1 Nomination criterion (i):  ‘be outstanding examples representing the major stages of the earth’s evolutionary history’ 

Item World Heritage Natural 
Attributes within the GBR1 

Presence within the 
influence of POTL PEP 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

1 The number and extent of 
the coral reefs, coral cays 
and continental islands: 
2904 coral reefs covering 
approximately 20,055 km2; 
300 coral cays and 600 
continental islands. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic 
Island. 

No coral reefs, 
continental islands or 
coral cays occur within 
areas directly affected by 
the project (i.e. 
reclamation footprint and 
harbour basin, dredged 
channel or DMPA). 

Potential indirect impacts to corals 
located on the eastern and southern 
Magnetic Island (and Middle Reef) 
due to channel dredging (i.e. 
sediment plumes) will be mitigated 
through the implementation of a 
range of dredging strategies.   

The PEP could result in coral stress 
and colony mortality if corals are in 
poor condition prior to and during 
the dredge campaign.   

No long-term or major changes to 
the coral communities are expected, 
therefore no changes to the 
coverage or extent of coral reefs are 
expected.   
No indirect impacts to the extent of 
Magnetic Island (the only 
continental island in Cleveland Bay) 
are expected as a result of PEP.   

No coral cays occur within 
Cleveland Bay.   

No direct impacts to coral reefs are 
expected as a result of other 
proposals. 

PEP will require capital dredging 
followed up by maintenance 
dredging through time of Sea 
Channel in the vicinity of Magnetic Is 
fringing corals. 

No indirect impacts to the extent of 
Magnetic Island (the only continental 
island in Cleveland Bay) are 
expected as a result of PEP and 
other known projects.    

2 Reef morphologies 
reflecting historical and on-
going geomorphic and 
oceanographic processes. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic 
Island. 

No coral reefs occur 
within areas directly 
affected by the project 
(i.e. reclamation footprint 
and harbour basin, 
dredged channel or 
DMPA). 

As for Item 1. 

No significant long term changes to 
reef communities are expected to 
occur as a result of PEP.  Therefore, 
changes to reef morphology are not 
expected.   

As for Item 1. 

No significant long term changes to 
reef communities are expected to 
occur as a result of PEP and other 
projects.  Therefore, changes to reef 
morphology are not expected.   

                                                        
1 Four nomination criteria and attributes derived from Statement of Outstanding Universal Value http://www.environment.gov.au/heritage/places/world/great-barrier-reef/values.html. Stated natural attributes (listed as Items 1-

37) sourced from GBR world heritage values table; EPBC website (Environment Australia, 2003)  



Item World Heritage Natural 
Attributes within the GBR1 

Presence within the 
influence of POTL PEP 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

3 Processes of geological 
evolution linking islands, 
cays, reefs and changing 
sea levels, together with 
sand barriers, deltaic and 
associated sand dunes. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic 
Island. 

As for Item 1. As for Item 1. As for Item 1. 

4 Record of sea level 
changes and the complete 
history of the reef's 
evolution are recorded in 
the reef structure. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic 
Island. 

As for Item 1. As for Item 1. As for Item 1. 

5 Record of climate history, 
environmental conditions 
and processes extending 
back over several hundred 
years within old massive 
corals. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic 
Island. 

As for Item 1. As for Item 1. As for Item 1. 

6 Formations such as 
serpentine rocks of South 
Percy Island, intact and 
active dune systems, 
undisturbed tidal sediments 
and "blue holes". 

Not present n/a n/a n/a 

7 Record of sea level 
changes reflected in 
distribution of continental 
island flora and fauna. 

Magnetic Island is a 
continental island. 

No impact No impact No impact 

 
  



Table A2 Nomination criterion (ii):  “be outstanding examples representing significant ongoing geological processes, biological evolution and man’s interaction with his natural 
environment” 

Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

8 The heterogeneity and 
interconnectivity of the 
reef assemblage. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic Island. 
Soft sediment assemblages 
occur throughout Cleveland 
Bay. 

No coral reefs occur within areas 
directly affected by the project 
(i.e. reclamation footprint and 
harbour basin, dredged channel 
or DMPA). 

The harbour construction and 
channel dredging will not 
represent a barrier to movements 
of biota between reefs.   

The operation of the new harbour 
will cause highly localised 
changes to the movement 
patterns of biota within the port 
area.  The new harbour will have 
a permanently open entrance 
and will therefore not isolate any 
seabed areas. 
It is not expected that port 
operation activities, such as 
dredging activities and shipping 
movements, will result in 
significant or long term direct 
impacts to the movement 
patterns of biota.   

It is not expected that port 
construction activities and 
operation will measurably 
alter physical processes 
(currents) that facilitate 
movement of plankton and 
larvae throughout Cleveland 
Bay.   

Dredge plumes represent 
transient features and are 
unlikely to represent a barrier 
to movement patterns of 
biota.   

No major long term changes 
to reef assemblage 
structure/heterogeneity are 
expected as a result of PEP. 

The PEP will principally occur at 
and directly adjacent to the 
existing port facilities.  The port 
area is not known or likely to 
occur within the vicinity of any 
regionally important movement 
corridors for reef biota.   

Any changes to hydrodynamics 
resulting from the proposed 
PEP and other berth expansion 
projects are unlikely to result in 
detectable changes to 
movement patterns of biota 
among reefs within Cleveland 
Bay and Magnetic Island, or 
reefs outside Cleveland Bay. 

 

9 The size and 
morphological diversity 
of the reef. 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic Island. 

Soft sediment assemblages 
occur throughout Cleveland 
Bay. 

Irreversible loss of 110 ha of 
subtidal soft sediment habitat 
within the WHA.   

The soft-sediment substrate 
types within the reclamation 
footprint areas are well 
represented throughout 
Cleveland Bay.  Therefore, the 
habitat loss will not result in a 
reduction in habitat types 

No major, temporary or long-
term (or irreversible) indirect 
changes to the size and 
morphological diversity of the 
reef are expected as a result 
of indirect impacting 
processes.   

TMP and the proposed berth 
expansion projects will 
principally occur at and directly 
adjacent to the existing port 
facilities.  This will result in 
further reductions in subtidal 
soft sediments.     



Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

present, and therefore the 
morphological diversity of the 
reef.   
No reef-building corals occur in 
the harbour, dredged channels or 
DMPA. 

10 On-going processes of 
accretion and erosion of 
coral reefs, sand banks 
and coral cays, erosion 
and deposition 
processes along the 
coastline, river deltas 
and estuaries and 
continental islands. 

Sand spit at Ross River mouth 
supporting migratory birds and 
intertidal habitat. 

Hydrodynamic modelling 
undertaken as part of the project 
has predicted there will be no 
changes to the Ross River mouth 
or sand spit as a result of the 
PEP project. 

No impacts are predicted. No impacts. 

11 Extensive Halimeda 
beds representing active 
calcification and 
sediment accretion for 
over 10 000 years. 

Halimeda beds occur around 
Cockle Bay (southern Magnetic 
island), but at the time of 2012 
reef surveys, were not found to 
be a significant (>5% cover) 
element of the reef benthos at 
Middle Reef and Magnetic 
Island reef sites.   

No Halimeda beds occur within 
areas directly affected by the 
project (i.e. reclamation footprint 
and harbour basin, dredged 
channel or DMPA). 

Potential indirect impacts to 
low density Halimeda located 
on the eastern and southern 
Magnetic Island due to 
channel dredging (i.e. 
sediment plumes) will be 
mitigated through the 
implementation of a range of 
dredging strategies.   

No long-term or major 
changes to the Halimeda 
cover are expected, therefore 
no changes to long term 
patterns in sediment 
accretion associated with 
Halimeda production are 
expected.   

No direct impacts to coral reefs 
or Halimeda beds are expected 
as a result from proposals. 
TMP and the proposed berth 
expansion and channel 
improvement projects will 
require capital dredging as well 
as an increase maintenance 
dredging requirements.   
Offshore disposal of dredged 
material will generate turbid 
plumes that could result in 
short term effects to Halimeda 
along the eastern and southern 
shores of Magnetic Island. 

No long-term and/or major 
changes to the Halimeda cover 
are expected presuming 
appropriate dredge 
management.  

12 Evidence of the Coral reefs are present in No coral reefs occur within areas The project is not expected to It is unlikely that the cumulative 



Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

dispersion and evolution 
of hard corals and 
associated flora and 
fauna from the "Indo-
West Pacific centre of 
diversity" along the 
north-south extent of the 
reef. 

Cleveland Bay (Middle Reef) 
and around Magnetic Island. 

directly affected by the project 
(i.e. reclamation footprint and 
harbour basin, dredged channel 
or DMPA). 

fundamentally alter dispersion 
of corals, nor evolutionary 
patterns in corals.  Cleveland 
Bay is not a key site for 
marine scleractinian coral 
endemism.   

effects of various projects will 
fundamentally alter the 
dispersion patterns from coral 
spawning, nor evolutionary 
patterns in corals.   

13 Inter-connections with 
the Wet Tropics via the 
coastal interface. 

As for Item 8. As for Item 8. As for Item 8. As for Item 8. 

14 Indigenous temperate 
species derived from 
tropical species. 

Not relevant Not relevant Not relevant Not relevant. 

15 Living coral colonies 
(including some of the 
world's oldest). 

Coral reefs are present in 
Cleveland Bay (Middle Reef) 
and around Magnetic Island. 

As for Item 1. As for Item 1. As for Item 1. 

16 Five floristic regions 
identified for continental 
islands and two for coral 
cays. 

Terrestrial areas on Magnetic 
Island are outside the influence 
of the PEP project. 

No coral cays present in 
Cleveland Bay.   

Not relevant Not relevant No impact on the terrestrial 
flora of Magnetic Island. 

17 The diversity of flora and 
fauna. 

Typical Cleveland Bay 
organisms are macroalgae, 
seagrass, mangroves, 
saltmarsh, sponges, corals, 
tunicates, bryozoans, 
crustaceans, worms, 
phytoplankton, molluscs, 
echinoderms, fishes, seabirds, 
marine reptiles, marine 
mammals, terrestrial flora, 
terrestrial fauna. 

Irreversible loss of 110 ha of 
subtidal soft sediment habitat 
and associated benthic fauna.  It 
is highly unlikely that species with 
a highly restricted geographic 
distribution are present in this 
area.  It is therefore unlikely that 
there will be complete irreversible 
loss of any species (and 
therefore a reduction in 
biodiversity at broader scales).   
Dredging (direct extraction) and 
dredged material placement 
(smothering/burial) will result in 

Any indirect changes to 
marine flora and fauna 
species (e.g. due to offsite 
dredge plumes) are expected 
to be of a temporary nature.  
No long term changes in the 
suite of species inhabiting 
Cleveland Bay are expected.   
No impacts to terrestrial fauna 
or flora as a result of PEP are 
expected.   

The same range of impacting 
processes apply to the various 
other berth expansion projects.  
In particular, decreases in water 
quality and sediment quality are 
expected within the port area 
as a result of the proposed 
projects and PEP.   
Extensive surveys of the area 
for a number of projects have 
not found species with highly 
restricted geographic 
distribution.  Therefore, it is 
unlikely that there will be 



Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

the temporary loss of benthic 
fauna in the disturbance footprint. 
Macrobenthic communities are 
resilient to disturbance, and have 
a range of adaptations to 
facilitate recovery. Impacts are 
expected to be short-term and 
largely restricted to the 
disturbance footprint and 
immediate surrounds.   

No direct impact of terrestrial 
flora and fauna in the WHA.  

irreversible loss of any species 
as a result of these projects. 

Indirect effects to marine biota 
(e.g. due to dredge plumes) are 
expected to be of a temporary 
nature, relying on connectivity 
and resilience tendencies of the 
ecosystem for recovery. 

18 The integrity of the inter-
connections between 
reef and island networks 
in terms of dispersion, 
recruitment, and the 
subsequent gene flow of 
many taxa. 

As for Item 8. As for Item 8. As for Item 8. As for Item 8. 

19 Processes of dispersal, 
colonisation and 
establishment of plant 
communities within the 
context of island 
biogeography. 

Applies to Magnetic Island, 
which is outside the influence of 
the PEP project. 

- - - 

20 The isolation of certain 
island populations (e.g. 
recent speciation 
evident in two 
subspecies of the 
butterfly Tirumala 
hamata and the 
evolution of distinct 
races of the bird 
Zosterops spp). 

Not present in relation to PEP. - - - 

21 Remnant vegetation 
types (hoop pines) and 

Hoop pines and other remnant 
vegetation on Magnetic Island 

- - - 



Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

relic species (sponges). would be outside the influence 
of the PEP project.  No known 
relic sponge species have been 
observed in surveys undertaken 
to date. 

22 Evidence of 
morphological and 
genetic changes in 
mangrove and seagrass 
flora at regional scales. 

Mangrove present on coastline 
at Cleveland Bay.  

One of the largest seagrass 
meadows in the region is 
present in the south eastern 
parts of Cleveland Bay. 

No direct impacts to seagrass 
meadows or mangroves are 
predicted. 

No impacts to mangroves are 
expected as a result of 
sedimentation. 

Turbidity and sedimentation 
are predicted to effect deep-
water ephemeral seagrass 
meadows (if present) 
adjacent to the dredged 
areas.  However, it is 
expected that this will be 
short-term with seagrass 
recovery expected to occur at 
time scales measured in 
years.  In relation to existing 
low levels, biomass reduction 
would also be small. 
Further afield, impacts to 
nearshore seagrasses are not 
expected if dredging activities 
are appropriately managed 
and mitigated as prescribed. 

It is highly unlikely that any 
changes in seagrass would 
result in adverse effects to 
morphological or genetic 
changes in mangrove and 
seagrass at regional scales. 

Other proposals could lead to 
the permanent loss of seagrass 
(and less likely mangroves) 
within and directly adjacent to 
their construction footprint/s.  
Possible short-term but 
reversible impacts to seagrass 
could also occur as a result of 
dredging and dredged material 
disposal depending on the 
latest state of seagrass ecology 
at the time (given that they 
change inter-annually).  
Confirmatory surveys would be 
needed for the locality. 

Any cumulative impacts 
associated with these projects 
are not expected to cause 
fundamental changes to 
morphological and genetic 
changes in mangrove and 
seagrass flora at regional 
scales. 

23 Feeding and or breeding 
grounds for international 
migratory seabirds, 
cetaceans and sea 

Migratory seabirds, cetaceans 
and sea turtles are present in 
Cleveland Bay area. 

Direct removal of feeding habitat 
(110 ha subtidal sediments) for 
nearshore dolphins due to 
harbour development. 

See Item 22 regarding 
seagrass meadows, a key 
food resource for dugongs 
and green turtle.  Seagrass 
foraging areas in eastern 

Localised loss to dolphin 
feeding habitat is expected as a 
result of cumulative 
developments.  While these 
species regularly move within 



Item 
World Heritage Natural 
Attributes within the 
GBR 

Presence within the influence of 
POTL PEP Site 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

turtles. Replacement of existing rock wall 
with a larger rock wall will result in 
the temporary, highly localised 
loss of a green turtle foraging 
habitat.   

No direct impacts to seagrass 
(food resource for dugongs and 
green turtles) will occur as a 
result of PEP. 
Acoustic impacts to marine fauna 
such as dugong, cetaceans, 
turtles may occur, and will need 
to be managed through a range 
of mitigation measures. 

Cleveland Bay are not 
expected to be affected by 
PEP.  Dredge plumes will 
need to be managed to 
minimise the risk of impacts 
to feeding areas around 
Magnetic Island and towards 
West Channel via Pallarenda.   

Temporary loss of roosting 
and feeding habitat for 
migratory seabirds on 
rockwalls. 
Increased potential for 
hydrocarbon or other 
contaminant spill from 
vessels.  

The Ross River southbank 
and sandspit areas used by 
seabirds for roosting are 
outside the light spill effect 
area for PEP project. 

 

and outside Cleveland Bay, the 
port area is known to represent 
locally important feeding 
habitat.   

Decrease in water quality 
expected in the port area as a 
result of increased capital and 
maintenance dredging 
campaigns reducing quality at 
vertebrate feeding grounds. 

Dredging activities will need to 
be managed to minimise the 
risk of cumulative impacts to 
benthos.  Refer to Item 1 
regarding construction staging.   

Increased vessel movements 
cumulatively increase the risk of 
vessel strike to marine 
megafauna.  Turtles and 
possibly dolphins are at most 
risk from vessel strike by fast-
moving water-craft in shallow 
waters, tending to be faster 
recreational craft rather than 
commercial trade vessels of 
constant speed.  Project-
specific and port wide 
management plans will be 
implemented for port and 
maritime projects.  Project 
specific dredge management 
plans will need to be developed 
to mitigate potential impacts to 
turtles and cetaceans.   
Critical whale calving areas do 
not occur in Cleveland Bay. 



Table A3 Nomination criterion (iii) –  “contain unique, rare or superlative natural phenomena, formulations or features or areas of exceptional natural beauty, such as 
superlative examples of the most important ecosystems to man” 

 

Item World Heritage Natural 
Attributes within the GBR 

Presence within the 
influence of POTL PEP 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

24 Vast extent of the reef and 
island systems which 
produces an unparalleled 
aerial vista. 

PEP does not sit within the 
vast reef and island systems 
as it is shore-based. 

PEP does not directly 
intrude on the aerial vista 
across the vast extent of 
the reef. 

PEP has a small indirect effect on 
the aerial vista from certain vantage 
points such as Castle Hill across 
Cleveland Bay towards the outer 
lagoon of the GBRWHA. 

Other known projects are 
concentrated on port landside 
development complex so will not 
cumulatively affect these values. 

25 Islands ranging from 
towering forested 
continental islands 
complete with freshwater 
streams, to small coral 
cays with rainforest and 
unvegetated sand cays. 

Magnetic Island is a 
forested continental island 
adjacent to parts of the PEP 
Sea Channel. 

PEP does not affect any 
landside elements of the 
GBRWHA (including 
Magnetic Island). 

No impact No impact of PEP or other regional 
developments on continental islands 
or coral cays are predicted. 

26 Coastal and adjacent 
islands with mangrove 
systems of exceptional 
beauty. 

PEP is adjacent to Magnetic 
Island which is lined at 
Cockle Bay with mangroves. 

There is no direct impact 
on Cockle Bay, Magnetic 
Island or Ross River 
mangroves. 

There is no predicted indirect effect 
on Cockle Bay or Ross River from 
dredge related suspended 
sediments. 

There are no known cumulative 
effects on mangroves from the 
projects identified. 

27 Rich variety of landscapes 
and seascapes including 
rugged mountains with 
dense and diverse 
vegetation and adjacent 
fringing reefs. 

PEP sits within Cleveland 
Bay on land backing 
industrial and urbanised 
settings. 

PEP directly appears 
against the seascape of 
Cleveland Bay, but not on 
a variety of landscapes 
including mountains, 
vegetation or fringing 
reefs. 

Dredging for PEP has the potential 
to temporarily affect the seascapes 
from Magnetic Island. 

The rich variety of landscapes is not 
evidently at risk because of the 
already developed nature of the 
inshore waters of Cleveland Bay and 
the Ross catchment coastline. 

28 Abundance and diversity 
of shape, size and colour 
of marine fauna and flora 
in the coral reefs. 

The nearest coral reefs are 
Middle Reef and reef 
fringing headlands on 
Magnetic Island. 

No impact Dredging for PEP has the potential 
to temporarily affect the abundance 
(coverage) of organisms on fringing 
reef on Magnetic Island. 

Permanent effects on the abundance 
and diversity of shape, size and 
colour of sessile marine fauna and 
flora in the coral reefs will not occur. 



 

Item World Heritage Natural 
Attributes within the GBR 

Presence within the 
influence of POTL PEP 

Potential Impact to GBRWHA attributes from PEP and other regional projects 

Direct Indirect Cumulative 

29 Spectacular breeding 
colonies of seabirds and 
great aggregations of 
over-wintering butterflies. 

Not relevant No impact No impact No impact 

30 Migrating whales, 
dolphins, dugong, whale 
sharks, sea turtles, 
seabirds and 
concentrations of large 
fish. 

PEP is situated in nearshore 
waters of Cleveland Bay 
known for population of 
turtles, dugong and 
dolphins. 

Effects from pile driving 
may temporarily dissuade 
habitation patterns of 
marine vertebrates. 

Direct removal of feeding 
habitat (110 ha subtidal 
sediments) due to port 
and harbour 
development. 

During construction phases, 
presence of additional vessels may 
dissuade animals from local waters 
around PEP infrastructure.  Longer 
term effects of increased shipping 
at the Port unlikely to significantly 
impact local movement patterns of 
megafauna, unless there was an 
unplanned emission or spill. 

Refer to Item 23.   
Increased vessel activity from the 
series of projects may indirectly 
dissuade habitation patterns of 
dolphins and dugongs from 
nearshore Cleveland Bay waters 
outside of protected marine areas. 

 

  



Table A4 Nomination criterion (iv): “be habitats where populations of rare or endangered species of plants and animals still survive” 

Item 
World Heritage 
Natural Attributes 
within the GBR 

Presence within the influence 
of POTL PEP Site 

Potential Impact to GBRWHA Attributes from PEP and other regional projects 

Direct Indirect Cumulative 

31 Habitats for species 
of conservation 
significance within 
the 77 broadscale 
bioregional 
associations that 
have been identified 
for the property and 
which include over 
2900 coral reefs 
(covering 
20,055 km2) which 
are structurally and 
ecologically 
complex. 

70 marine bioregions are 
presently recognised in the 
GBRWHA, three of which 
occur in the region: 
 NA3 High Nutrients 

Coastal Strip (non-
reefal bioregion) 

 RF2 Central Open 
Lagoon Reefs (reefal 
bioregion)  

 RE3 Coastal Central 
Reefs (reefal 
bioregion). 

The GBR Gazetteer mapped 
13 reefs covering 987 ha 
within Cleveland Bay. 

Cleveland Bay contains a 
diversity of marine habitat 
types that is representative of 
other nearshore areas of the 
GBRWHA, including intertidal 
beaches, tidal flats, 
mangrove forests, 
saltmarshes, intertidal 
shoals, subtidal soft 
sediment habitats, rock 
walls, coral reefs and rocky 
shores.  These habitats 
support a range of marine 
megafauna species of 
conservation significance, 
including sea turtles, whales, 
dolphins and dugong. 

Irreversible loss of 110 ha 
of subtidal soft sediment 
habitat within the WHA.  
This represents 0.006% of 
the total 1,715,400 ha area 
of High Nutrients Coastal 
Strip bioregion.   

This will reduce the 
availability of feeding 
habitat for nearshore 
dolphins (see Item 23), 
whereas little direct 
impacts are expected to 
other protected marine 
species.  

Sub-tidal soft sediment 
habitats within the dredged 
channels and DMPA will be 
temporarily impacted by 
dredging and dredged 
material disposal.  Impacts 
to the DMPA will be 
reversible, whereas there 
will be an increase 
(irreversible) in water 
depths in the dredged 
channel.   

Potential short-term, reversible 
effects to benthos (see Items 
22 and 23) and coral colonies 
(see Item 1).  Significant 
and/or longer-term impacts to 
marine megafauna are not 
expected as result of these 
changes.   

Proposed projects will principally occur at and 
directly adjacent to the existing port facilities.  
It is expected that the proposed port 
development activities will result in cumulative, 
irreversible loss of subtidal soft sediments 
within and directly adjacent to the port area.  
Such losses will: 

 not result in changes to the number of 
bioregions represented in Cleveland Bay   

 not result in changes to the area and 
number of coral reefs 

 result in an incremental loss in the total 
area of High Nutrients Coastal Strip and 
Coastal Central Reefs bioregions within 
the WHA.    

Refer to 22 and 23 regarding impacts to 
species of conservation significance and their 
habitat.  



Item 
World Heritage 
Natural Attributes 
within the GBR 

Presence within the influence 
of POTL PEP Site 

Potential Impact to GBRWHA Attributes from PEP and other regional projects 

Direct Indirect Cumulative 

32 Large numbers of 
islands, including:  

 600 continental 
islands 
supporting 
2195 plant 
species in 5 
distinct floristic 
regions;  

 300 coral cays 
and sand cays;  

 seabird and 
sea turtle 
rookeries, 
including 
breeding 
populations of 
green sea 
turtles and 
hawksbill 
turtles; and  

 coral cays with 
300-350 plant 
species in 2 
distinct floristic 
regions. 

Magnetic Island, a 
continental island, is located 
in Cleveland Bay 
approximately 8 km from the 
mainland.  The project will 
not affect terrestrial areas of 
Magnetic Island, therefore 
only marine values are 
considered here.  Magnetic 
Island does not support sea 
turtle rookeries or coral cays.   

The areas potentially 
directly affected by PEP 
are not located at Magnetic 
Island.   

Not applicable – no coral cays 
or turtle rookeries present at 
Magnetic Island.   

Proposed projects will principally occur at and 
directly adjacent to the existing port facilities.  
Impacts to Magnetic Island coral cay, seabird 
or turtle rookeries are not expected as a result 
of these projects. 

An important bird nesting and roosting area is 
present on a sand spit on the south side at the 
mouth of the Ross River.  Recent surveys have 
not indicated adverse effect from 
developments recently completed (TMP) or 
currently underway (TPAR).  Modelling has 
indicated no direct light spill effect from PEP at 
that site. 

Existing rock walls and reclamation areas of 
the port are used opportunistically by 
migratory birds (including some seabirds).  
The increased port rockwall area and PEP 
reclamation will provide additional 
opportunistic bird feeding/roosting habitat. 

 

33 Seagrass beds (over 
5,000 km2) 
comprising 15 
species, 2 endemic. 

Cleveland Bay supports one 
of the largest seagrass 
meadows in the region.  
Eight seagrass species have 
been recorded in Cleveland 
Bay. 
It is now known that one 
seagrass species is endemic 
to the GBR region: Halophila 
tricostata. This species has 

Potential loss of ephemeral 
deepwater seagrass (not 
currently present) at the 
Dredge Material Placement 
Area. Seagrass recovery 
following placement is 
uncertain given the 
dispersive nature of the 
site and noting that 
seagrass in the DMPA has 

Temporary loss of ephemeral 
deepwater seagrass due to 
turbid plumes and 
sedimentation resulting from 
dredging of the Sea/Platypus 
Channels.  The seagrass 
species previously recorded in 
areas potentially affected by 
turbid plumes are well 
represented throughout 

Refer to Item 22 and 23 above for details 
regarding potential cumulative impacts.   



Item 
World Heritage 
Natural Attributes 
within the GBR 

Presence within the influence 
of POTL PEP Site 

Potential Impact to GBRWHA Attributes from PEP and other regional projects 

Direct Indirect Cumulative 

not been recorded in 
Cleveland Bay to date.   

only been observed in 
certain seasonal 
conditions. 
The seagrass species 
previously recorded in the 
DMPA occur throughout 
Cleveland Bay.  Therefore, 
it is not expected that 
dredging activities wo.uld 
cause the long-
term/irreversible loss of any 
seagrass species within 
Cleveland Bay.   

Cleveland Bay.  Through 
resilience and connectivity 
processes, it is not expected 
that dredging activities would 
cause the long-
term/irreversible loss of any 
seagrass species within 
Cleveland Bay. 

No major changes to abiotic 
habitat conditions (including 
sediment types, hydrodynamic 
processes, water depths) will 
occur outside the dredged 
channel, DMPA and outer 
harbour.  Seagrass meadow 
extent will recover to baseline 
conditions in any areas 
potentially temporarily affected 
by turbid 
plumes/sedimentation, most 
likely at timescales measured 
in months to years. 

34 Mangroves (over 
2,070 km2) including 
37 species. 

PEP is adjacent to Magnetic 
Island which is lined at 
Cockle Bay with mangroves. 

Refer to Item 26 Refer to Item 26 Refer to Item 26.   

Possible short-term but reversible impacts to 
mangroves could also occur as a result of 
unplanned emissions or spills to waters. 

35 Halimeda banks in 
the northern region 
and the unique deep 
water bed in the 
central region. 

Not present Refer Item 11 Refer Item 11 Refer Item 11 

36 Large areas of 
ecologically complex 
inter-reefal and 
lagoonal benthos. 

Diverse coral, algal and 
benthic communities occur 
within Cleveland Bay and 
Magnetic Island areas.   

Refer to Item 31 Refer to Item 31  Refer to Item 31 



Item 
World Heritage 
Natural Attributes 
within the GBR 

Presence within the influence 
of POTL PEP Site 

Potential Impact to GBRWHA Attributes from PEP and other regional projects 

Direct Indirect Cumulative 

37 Species of plants 
and animals of 
conservation 
significance. 

Dugong is abundant in 
Cleveland Bay. Humpback 
Whales may occasionally 
calve in Cleveland Bay. 
Several species of dolphins 
occur in Cleveland Bay. 
Several species of marine 
turtles occur in Cleveland 
bay and near Magnetic 
Island. 52 species of 
shorebirds feed and roost 
near the Ross River. 

Irreversible loss of 110 ha 
of subtidal soft sediment 
habitat.  This will reduce 
the availability of feeding 
habitat for nearshore 
dolphins (see 23), whereas 
little direct impacts are 
expected to other 
protected marine species.    

Refer to Items 23; 30 

Refer to Items 23; 30 Refer to Item 22 and 23 and 30 above for 
details regarding potential cumulative 
impacts.  
 

 
 

 

 

 

 
  



Table A5- Potential cumulative impacts to cultural and social values of the Great Barrier Reef National Heritage Place 

Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 

Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 
Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

Potential Aesthetic Values 

Visitations to the shoreline and 
passive enjoyment of seascape 
vistas. Includes photography, 
cultivated outdoors 
experiences, passive recreation 
and fauna watching.  

Recreational and passive 
enjoyment at locations such as 
The Strand and Kissing Point 
may be diminished because of 
noise emissions especially during 
construction phases. 

The site and visual setting of the 
Townsville coastline is 
substantively developed with no 
significant impact predicted on 
matters of cultural heritage 
significance. 

The development is within the existing 
maritime and industrial coastal 
landscape and reminiscent of 
Townsville’s maritime history of 
European settlement. 

Wider aesthetic  effects from  a 
series of commercial, industrial 
and public uses  such  as  
ports  activity, dredging  and  
disposal of dredged  material, 
presence  of  shipping includes 
ships in transit in designated 
shipping lanes and in 
anchorages (from Magnetic 
Island vantages), numerous 
recreational vessel movements 
and aircraft all in proximity to 
natural and/or protected areas.  
In addition, existing coastal 
development outside the port 
(including that on Magnetic 
Island), while enhancing 
opportunities for further 
appreciation, currently impinge 
on the natural aesthetics of the 
WHA. 



Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 
Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 

Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

Recreational craft usage and 
enjoyment of the marine 
environment.  Recreation is one 
of the major uses of the 
GBRWHA. It is woven into the 
social fabric of coastal 
communities all along the 
Queensland coast and 
generates significant regional 
economic value. 

Not relevant to built fabric. The POTL PEP will not affect the 
existing use of Ross River and 
Ross Creek by recreational boat 
users. It should, in fact, have a 
small beneficial effect by 
extending the calm water 
environment further seaward. The 
PEP is likely to have the greatest 
effect on boats travelling in a 
northwest direction from Ross 
River and southeast from Ross 
Creek. 

There is no evidence of pressure or 
undue effects on take for recreational 
and commercial fisheries. 

There will be a decrease in the 
area of seabed and open water 
available for recreational fishing 
and boating enjoyment in small 
parts of Cleveland Bay. 

Boats heading north from either 
Ross Creek or Ross River will 
experience no appreciable 
increase in travel distance or 
time. The PEP will not limit 
yachting opportunities within 
Cleveland Bay including 
informal or formal races 

Visual impacts including views 
to and from vistas such as 
Magnetic Island and Cape 
Cleveland. 

Not relevant to built fabric. No visual amenity impact from 
The Strand shoreline to Magnetic 
Island or towards Middle Reef.  
While specific viewsheds (such 
as from Castle Hill; The Strand) 
will contain additional developed 
PEP land, it is within entirely with 
the context of the existing port 
activities and infrastructure.  
Magnetic Island (and passenger 
ferry) viewpoints illustrated PEP 
‘visibility’ in relation to scenic 
values of the GBRWHA showing 
that, during both construction 
and operation phases, the 
greatest impact on views would 
be of moderate significance. 

The development is within the existing 
maritime and industrial coastal 
landscape and the opportunity for its 
appreciation is not significantly 
impeded. 

Visual effects, especially at 
night, from the port being 
constructed and a myriad of 
operations as part of a 
functional port.  However, the 
land use and activity is 
consistent with its built 
European heritage. 



Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 
Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 

Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

Historic Values 

Lighthouses  

Bay Rock lighthouse (now at 
the Maritime Museum of 
Townsville) and Cape 
Cleveland Lighthouse (20 km 
east of POTL) both located 
within the wider study area.  

There will be no direct impacts on 
any lighthouses.  

The POTL PEP will not disturb the 
wider setting of Cleveland Bay or 
any of the lighthouses (that are 
intrinsically linked to ports and 
maritime purposes). The view 
from Cape Cleveland where there 
is a listed lighthouse will 
encompass the POTL PEP in the 
far distance but indiscernible 
from the existing port. 

The POTL PEP will not restrict the 
interpretative values or integrity of any 
of the lighthouses. 

There will not be a cumulative 
effect to the cultural heritage 
values of the project area or the 
broader study area. 

Shipwrecks 
There are 12 known shipwrecks 
within Cleveland Bay. None of 
these sites are located within 
the PEP project area. 

There will be no direct impacts to 
any known shipwrecks within 
Cleveland Bay.  

The POTL PEP will not disturb the 
wider setting of Cleveland Bay or 
any setting of any known 
shipwreck sites. 

POTL PEP continues the theme of rich 
maritime history of the region, and will 
not restrict the interpretation of any of 
the known shipwreck sites. 

It is unlikely that there will be 
any cumulative effect to the 
cultural heritage values of the 
project area or the broader 
study area. 

Aeroplane Wrecks 

There were 161 known aircraft 
crashes in the Townsville area 
during World War II and 122 
known aircraft crash sites 
located in Townsville waters. 
None of these sites are known 
to be in the PEP project area.  

There will be no direct impacts to 
any known aeroplane wrecks 
within Cleveland Bay.  

The POTL PEP will not disturb the 
wider setting of Cleveland Bay or 
any of the known aircraft crash 
sites. 

The POTL PEP will not restrict the 
interpretation of any of the known 
aircraft crash sites. 

It is unlikely that there will be 
any cumulative effect to the 
cultural heritage values of the 
project area or the broader 
study area. 



Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 
Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 

Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

Listed Heritage Places 
Other than the GBR National 
heritage place itself, PEP is 1.8 
km from the nearest listed 
place of heritage significance. 
None of the listed places are 
located within or have direct 
association with the GBRWHA.  

Note the GBRWHA is listed as a 
National Heritage Place and 
effects and impacts are 
described elsewhere in this 
section. 

There will be no direct impacts 
any land based heritage listed 
places within the wider Townsville 
area.  

The POTL PEP will not restrict the 
interpretation, commemoration, 
or enjoyment of any of the land 
based heritage listed places. 

There is only one heritage place that is 
listed for its setting (64 Allen Street, 
South Townsville). The project will not 
result in the introduction of new visual 
elements to the setting of this place 
and therefore its cultural heritage will 
not be adversely impacted.  

Cumulative effects to cultural 
heritage values of the project 
area or the broader study area 
are not evident. 
They need to be identified 
individually based on project 
footprints and zones of 
influence. 

Scientific or Research Value 

Scientific research is essential 
to understanding the 
functioning, health and 
resilience of the Great Barrier 
Reef. Scientific Research 
Zones provide opportunities for 
scientific research in relatively 
undisturbed areas.  

No impact to scientific research zones.  No apparent constraint on research emerges because of PEP activities.  
Through offset packages, POTL intends to support ongoing research within Cleveland Bay and the GBRWHA to 
grow the understanding of key marine and coastal processes and management tools. 

There will be no direct and 
indirect impact to the six island 
research stations within the 
GBRWHA, nor the Cape 
Ferguson AIMS site. 

Social Values 

Traditional use of marine 
resources, mainly through 
hunting, fishing and collecting. 

No impact is evident No impact is evident Implementation of POTL Cultural 
Heritage Management Plan and 
ongoing consultation with 
representatives of the Aboriginal 
parties in accordance with the CHMP 
will identify traditional use of resources 

Traditional Use of Marine 
Resources Agreements 
(TUMRA) are formal 
agreements than can be 
developed by Traditional Owner 
groups and accredited by the 



Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 
Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 

Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

within the vicinity of the PEP. GBRMPA and the Department 
of Environment and Heritage 
Protection (DEHP). Each 
TUMRA operates for a set time 
after which it is renegotiated. 
There are currently five TUMRA 
regions in the Great Barrier 
Reef Marine Park. None of 
these agreements cover the 
current study area as the land 
reclamation and shipping 
channels lie largely outside the 
GBRMP. 

Traditional cultural and spiritual 
values - ‘connection to country’. 
Includes heritage values 
defined in the GBRMPA 
Heritage Strategy (2005). 

No impact is evident No impact is evident There are enduring (complex and 
integrated) cultural and spiritual values 
along this section of Cleveland Bay 
coastline. Ross Creek and Ross River 
are integral components of the local 
Aboriginal creation story.  

Reclamation works for the port have 
been undertaken periodically since 
European settlement in Townsville in 
the 1860’s. Despite these significant 
alterations to the landscape Aboriginal 
people maintain their ‘connections to 
country’ although the proposed 
development is unlikely to impact this 
association with the GBR marine park, 
the world heritage area and national 
heritage place. 

Further development of the port 
by coastal development, 
Cleveland Bay, the Townville 
coastline and major waterways 
such as Ross Creek, Ross 
River and the GBRMP will 
continue to be fundamental and 
significant places. 

The project will have no greater 
impact on cultural values than 
the many previous 
development projects which 
have resulted in distinct 
alterations to the original 
coastline at Cleveland Bay. 



Cultural and Social Values 

Potential Impact of PEP and regional projects to GBR values in Cleveland Bay 

Potential Cumulative Effects 
Fabric 

Environmental factors (such as 
noise, air, light, vibration) may 
affect the integrity of heritage 

built fabric. 

Setting 
Direct or indirect impacts that 
would compromise the visual 
settings that contributes to the 

place’s cultural heritage 
significance. 

Associations 

Direct or indirect impacts that would 
affect the community’s enjoyment or 

use of these places or restrict the 
opportunity for the interpretation, 

commemoration and celebration of the 
community’s links with the places. 

Native Title rights and interests No impact is evident.  Although 
there is no current native title 
claim over the development area, 
PEP will change an area of 
seabed used by traditional 
owners. 

No impact is evident No impact is evident There are currently no 
registered Native Title claims 
within the Townsville region.  
POTL will continue to liaise with 
traditional owners.  Future 
liaison/actions will be 
consistent with the provisions of 
the Native Title Act. 

Vessel mooring Short term moorings and 
exclusion zones for vessels used 
in and around the Outer Harbour 
during construction will have an 
impact on the natural heritage 
fabric of a small inshore area of 
Cleveland Bay. 

Currently, there is no offshore 
designated anchorage area for 
visiting ships, although an area 
east of Magnetic Island is used 
informally as an anchorage. 

Vessel mooring, in the short term 
for PEP construction, and 
offshore ship anchorage (when 
used) would have small-scale 
effects on the visual setting of 
natural aesthetic appreciation 
and natural values of parts of 
Cleveland Bay. 

Alteration of mooring patterns would 
not affect opportunity for community 
appreciation or enjoyment of GBRWHA 
natural heritage values of Cleveland 
Bay or the region. 

A designated anchorage area 
(DAA) is being proposed east 
of Magnetic Island outside of 
the POTL port limits and within 
the Commonwealth marine 
area and GBRMP (General use 
Zone). 

Commercial Marine Tourism  No Impact No Impact No Impact The regional population base 
and its wealth may grow 
tourism activity and interest. 
Tourism operators will focus, as 
they do now, on natural 
experiences away from built up 
or functional port locations. 
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EXECUTIVE SUMMARY 

The Port of Townsville Ltd (POTL), as part of planning for the Port Expansion Project, 
commissioned an oil spill risk assessment to quantify and aid in managing oil spill risks 
associated with the planned expansion of the port. A Hazard Identification Assessment of the 
new operations associated with the expansion was undertaken and revealed a range of oil 
spill risks and potential incident scenarios related to 3 areas within Port Limits, being the 
offshore Anchorage Area, the Sea Channel and the new Outer Harbour entrance. For these 
sites, a range of spill scenarios were developed to: (1) quantify seasonal influences on spill 
fates; (2) include Maximum Credible and Most Likely Spill Scenarios and (3) cover a range of 
locations within the Port Limits. Specifically, 6 scenarios were selected as follows:  

1. Winter Spill Risk Assessment of a collision with a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  

2. Summer Risk Assessment of a collision of a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  

3. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Maximum Credible Spill of 100% of the volume of a wing tank 
(300 cubic meters) of Bunker Fuel over 1 hour, from a collision with an Island 
Ferry/Barge or Fishing Vessel. 

4. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Most Likely Spill of 20% of the volume of a wing tank (60 cubic 
meters) of Bunker Fuel over 6 hours, from a collision with an Island Ferry/Barge or 
Fishing Vessel.  

5. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Maximum Credible 
loss of 300 cubic meters of Bunker Fuel over 1 hour.  

6. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Most Likely Spill of 
60 cubic meters of Bunker Fuel over 6 hours.  

The oil spill modelling was performed using a purpose built oil spill trajectory and weathering 
model (OILMAP) with stochastic ability, to analyse and summarize hundreds of spill 
simulations. Using high resolution modelled currents of the region and measured winds from 
coastal wind stations, OILMAP simulated the transport, spreading and weathering of the 
specific oil types under the influence of the changing meteorological and oceanographic 
conditions of the study region.  For each spill scenario, the OILMAP stochastic model 
analysed the multitude of predictions to assess the probability of oil exposure to surrounding 
regions, including any shoreline exposure, as well as the minimum time and weathered state 
that exposure to a certain location could potentially be.  The stochastic modelling approach 
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involves simulating each of the hypothetical incidents many times (e.g. 100) using the same 
spill information (i.e. release location, spill volume, duration and oil type) but randomly varying 
the start time and in turn the prevailing wind and current conditions. This approach ensured 
that the predicted transport and weathering of an oil slick was subjected to a range of varying 
weather conditions for a given period and hence objectively quantified risk to surrounding 
resources. The extents of risk were defined using two thickness thresholds being 10 μm (0.01 
mm) as the minimum thickness that would potentially produce an ecological impact to 
sensitive species and 0.5 μm (0.0005 mm) as the minimum thickness extent of visible oil as 
observed from an aircraft. 

Collectively, 100 spill simulations were conducted for the 6 scenarios above, making 600 
simulations in total for spills within the Port Limits.  The results from these scenarios were 
reviewed and reported herein.  Collectively, the findings of the oil spill risk assessment can be 
summarized as follows: 

1. The fate of HFO spills in Cleveland Bay is significantly wind driven. 

2. The predominant wind direction over Cleveland Bay is from the Southeast direction, 
hence spills mostly always drifted north-westward, frequently moved into Halifax Bay 
and generally oscillated backwards and forwards with the tide until they encountered a 
shoreline in Cleveland Bay, including Magnetic Island or Halifax Bay.  The modelling 
indicated that typically multiple shoreline impacts occurred with any given spill 
incident. 

3. Shorelines within this region are populated, and shoreline impacts occurred in less 
than one hour of release in some simulations, particularly related to an incident in the 
outer harbour or along the Sea Channel.  Shoreline trapped Bunker Fuels will 
evaporate, albeit slowly, creating a hydrocarbon vapour plume that may blow onshore 
with the wind that brought the oil ashore.  The modelling indicated that the vapours 
may persist for up to 10 days for the Maximum Credible Spill Volume. 

4. A comparison of the seasonal influences (that is, summer and winter conditions) on 
spill fate within the region revealed little variance in spill outcomes between summer 
and winter conditions. 

5. Spills reaching beaches with breaking wave action along the shore were predicted to 
potential emulsify, incorporate suspended sediment and sink after a period of days if 
not recovered and collected before that time. 

6. From the 600 simulations undertaken for this study, no spills were predicted to reach 
the mid shelf reefs of the Great Barrier Reef, indicating a very low to insignificant risk 
to the offshore reefs from spills within the Port Limits of Cleveland Bay.  Also, the 
furthest excursion from any spill was typically alongshore, where small volumes of 
spilt oil could reach the Hinchinbrook Island region as highly weathered and potentially 
semi solid tar balls and paddies.  
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1 INTRODUCTION 

The Port of Townsville Ltd (POTL), as part of planning for the Port Expansion Project, 
commissioned an oil spill risk assessment as part of their initial due diligence of the project 
and for the purposes of their draft EIS for the project.  The oil spill risk assessment was 
undertaken in parts and included a Hazard Identification Assessment and an Oil Spill 
Modelling study to quantify and aid in managing oil spill risks associated with the planned 
expansion of the port.  

This report describes the outcomes of the Hazard Identification Assessment and details the 
new and/or increased oil spill risks within the Port Limits that are associated with the planned 
port expansion.  The report also describes the oil spill modelling component which simulated 
credible spill scenarios using the expected layout of the new offshore breakwater and its 
modification of water flows within Cleveland Bay as shown in Figure 1.  

Please note that the OILMAP system, the methods and analysis presented herein use 
modelling algorithms which have been anonymously peered reviewed and published in 
international journals. Further, Asia-Pacific ASA warrants that this work meets and exceeds 
the ASTM Standard F2067-07 “Standard Practice for Development and Use of Oil Spill 
Models”. 

Note that the modelling does not take into consideration any of the spill prevention, mitigation 
and response capabilities and arrangements that POTL have in place. The modelling makes 
no allowance for intervention following a spill to reduce volumes and/or prevent hydrocarbons 
from reaching sensitive areas. 

 

Figure 1: Map showing Port of Townsville and surrounds. 
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2 HAZARD IDENTIFICATION ASSESSMENT 

Port of Townsville Limited, AECOM and BMTWBM undertook a workshop to assess 
additional risks associated with the expected increase in shipping numbers and ship sizes.  
Specifically, the expected change in the shipping risk profile associated with the planned 
Townsville Port Expansion Project is detailed in Section B18.1 “Ship Management Planning” 
of the Draft EIS. This section outlines that the proposed new outer harbour allows for larger 
dry bulk carrier vessels and possibly liquid bulk carrier vessels initially up to 75,000 DWT 
Panamax size with 13m maximum draught, but in the long term capable of berthing Panamax 
vessels up to 85,000 DWT with 14.6m maximum draught.  

The workshop reviewed the Queensland Coastal Contingency Action Plan 2011 (QCCAP 
2011) that identified that the oil spill risks associated with 75,000-85,000 DWT Panamax Size 
Bulk Carriers to be related to collision and grounding risks and typically accounted for 
incidents that released bunkers or heavy fuel oils (HFO) from ruptured fuel tanks to the 
marine environment. 

Given the shallow and wide spread soft muddy benthos of Cleveland Bay, POTL advised that 
the collision risk was significantly higher than the grounding risk, since a vessel would 
typically stick in the soft benthic muds preventing any grounding on rock or fringing coral 
reefs within Port Limits.  

Hence ship traffic routes were reviewed to examine sites that might be associated with a 
collision (see Figure 2).  From the ship traffic routes, 3 areas or intersections were noted and 
these were agreed as significant hazards for collisions.  Firstly, the offshore anchorage area 
was identified as a collision risk due to the increased shipping numbers associated with an 
anchorage.  While the Sea Channel is limited to one ship at a time, Figure 2 demonstrated 
that commercial fishing vessels and Island Ferries merge into and out of the channel hence 
pose a collision risk at these parts of the channel. Finally, the harbour entrance was also 
identified as area where multiple ships can transverse simultaneously and given the presence 
of rock breakwaters, was also a significant collision risk area.  

QCCAP 2011 also identified that the 75,000-85,000 DWT Panamax size Bulk Carriers fuel 
tank capacity to be 3,000 Cubic Meters as worst-case estimates.  Hence a worst-case 
outcome would be the total loss of a vessel laden with fuel.  However, the new AMSA 2012 
guidelines suggested a Maximum Credible Spill to be the loss of the largest tank.  Panamax 
size Bulk Carrier typically have about 8 tanks spread around the vessel, hence the loss of an 
entire tank would be 300 cubic metres or less that could be lost if a collision ruptured an 
entire tank.  However, a most likely scenario would be either a partial rupture of a tank that 
allowed oil to remain trapped within the tank or a slower leak that allowed internal transfer of 
fuel oil to other tanks to prevent loss to the environment.  Hence a most probable spill 
estimate would by 20% of the largest tank volume lost or 60 cubic metres.  
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Figure 2: Maritime Safety Queensland map showing vessel transit data for the Port of Townsville. 

 

The AMSA 2012 guidelines suggest that stochastic spill modelling be used to quantify the risk 
of related impacts associated with the risk scenarios developed through the Hazard 
Identification Assessment workshop.  From the 3 sites selected above, a range of spill 
scenarios where developed to: (1) quantify seasonal influences on spill fates; (2) include 
Maximum Credible and Most Likely Spill Scenarios and (3) cover a range of locations within 
the port Limits. Specifically, 6 were selected as follows:  

1. Winter Spill Risk Assessment of a collision with a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  

2. Summer Risk Assessment of a collision of a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  
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3. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Maximum Credible Spill of 100% of the volume of a wing tank 
(300 cubic meters) of Bunker Fuel over 1 hour, from a collision with an Island 
Ferry/Barge or Fishing Vessel. 

4. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Most Likely Spill of 20% of the volume of a wing tank (60 cubic 
meters) of Bunker Fuel over 6 hours, from a collision with an Island Ferry/Barge or 
Fishing Vessel.  

5. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Maximum Credible 
loss of 300 cubic meters of Bunker Fuel over 1 hour.  

6. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Most Likely Spill of 
60 cubic meters of Bunker Fuel over 6 hours.  

 

The stochastic oil spill modelling selected for the risk assessment was OILMAP, which is 
designed to simulate the transport, spreading and weathering of specific oil types under the 
influence of changing meteorological and oceanographic forces.  It is also the OSTM for the 
National Plan.  The findings from this assessment will assist POTL managers to assess the 
potential risks and to develop appropriate oil spill contingency plans.  

 

 

3 SCOPE OF WORK 

The modelling scope of work included: 

1. Incorporate the high resolution currents developed by BMTWBM that included the 
new outer harbour development influence on flow fields for the winter months, when 
currents were typically strongest.  Beyond that high resolution grid, incorporate 
regional currents (for example, HYCOM with tides) from the APASA COASTMAP 
Environmental Data Server (EDS) as used by SAR agencies for the Great Barrier 
Reef and Coral Sea for the period 2007 to 2011. These broader scale datasets are 
modelled from observations of ocean state from ongoing Global Satellite Ocean 
Altimetry and Temperature measurements over 25 years. They are also the same 
used for notable spill events (Montara, AMSA, SEWPAC Studies and MSQ for Pacific 
Adventurer and Sheng Neng Grounding on the Great Barrier Reef); 

2. Use ambient wind data, current data and detailed oil characteristics as input into the 
OILMAP Stochastic Model to undertake 100s of spill simulations to predict the range 
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of potential movement and weathering of spilt oil originating from each of the spill 
scenarios; 

3. For each spill scenario, analyse the multitude of predictions to assess the probability 
of oil exposure to surrounding regions, including any shoreline exposure, as well as 
the minimum time and weathered state that exposure to a certain location could 
potentially be; and  

4. Report on the single trajectories, (identified from the stochastic results) which resulted 
in the maximum volume of oil to reach the shore where possible. 

 

 

4 REGIONAL CURRENTS  

Cleveland Bay adjoins Halifax Bay to the north and they are separated partly by Magnetic 
Island and collectively define the inshore coastal region between the Port of Townsville and 
the Central Section of the Great Barrier Reef.  The flows within these two bays are tidal and 
wind driven. 

The tides flood into Cleveland Bay and Halifax Bay from the Coral Sea in a southwest 
movement typically and ebb to the northeast in a semi diurnal cycle (12 hours) with a diurnal 
inequality.  The tides also demonstrate a Spring/Neap cycle, resulting in greater tidal height 
ranges and stronger currents during the springs. 

Wind forcing on surface flows is typically from the Southeast direction which pushes inshore 
waters northward from Cleveland Bay into Halifax Bay during strong winds events.  This in 
turn draws waters from offshore Cape Cleveland into Cleveland Bay and creates significant 
drift currents within the region. 

Depending on the state of the spring/neap cycle and the wind strength, it is possible for the 
ebb tides to reverse the wind driven flows during spring tides and weak winds, but potentially 
wind driven currents can overpower tidal flows when winds are moderate to strong. 

It is important to note, that while there is considerable influence on shelf waters in general 
from the offshore deepwater East Australian Current, none of this exists within the sheltered 
Cleveland Bay, due to the blocking influences of Magnetic Island and Cape Cleveland. 

 

 

5 REGIONAL WINDS 

To account for the wind influence, local wind data was sourced from the Bureau of Met 
station at the Townsville Airport (given its proximity to the coast) and at a broader scale from 
the National Centers for Environmental Predictions (NCEP) reanalysis global model, known 
as GFS, which is made available by NOAA’s (National Oceanic and Atmospheric 
Administration) Climate Diagnostics Center.  The GFS wind data is the integration 
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of extensive historic and observed atmospheric data into a state-of-the-art atmospheric 
model, with global coverage predictions at hourly intervals.  

GFS wind data for the years 2007 to 2011 (inclusive) was extracted across the entire model 
domain for input into the oil spill model. Figure 3 shows a snapshot of the winds during the 
winter months). Figure 4 shows the monthly wind rose distributions for Cleveland Bay. Note 
that the atmospheric convention for defining wind direction, that is, the direction the wind 
blows from, is used to reference wind direction throughout this report.  Each branch of the 
rose represents wind coming from that direction, with north to the top of the diagram.  Twelve 
directions are used. The branches are divided into segments of different length and thickness 
which is proportional to the frequency of winds from that direction and colour coded to 
indicate the relative wind seeds that have occurred from that direction.  

Figure 4 shows that winds are typically from the southeast direction, being stronger during 
winter than summer. 

 

 
Figure 3: Map showing wind barbs (speed and direction) for moderate southeast winds over the 

Central Great Barrier Reef. 

 

 

6 WATER TEMPERATURE 

Average sea surface water temperature according to the National Oceanographic Data 
Centre – World Ocean Atlas (www.metoc.gov.au) was found to vary seasonally from a 
minimum of 24 ºC in Winter to a maximum of 29 ºC in summer. 
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Figure 4: Monthly wind rose distribution for the winds over Cleveland Bay 

during 2007 to 2011, inclusive. 
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7 OIL SPILL MODEL - OILMAP 

The spill modelling was carried out using a purpose-developed trajectory and fates model, 
OILMAP. The OILMAP physical fates model calculates the transport, spreading, entrainment 
and evaporation of spilled oil over time, based on the prevailing metocean conditions and the 
physical properties of the oil type.  

The model uses the specific properties of each oil type to predict weathering under different 
conditions.  These specific properties include the density, viscosity, surface tension and the 
slope of the distillation curve.  These properties are used to determine the oil’s spreading, 
evaporation, entrainment and shoreline interactions.  If oil reaches the shorelines (as defined 
in the OILMAP GIS), details are recorded on the quantity, travel time to contact the shore, 
and habitat resources at the stranding location. It also incorporates a geographic information 
system (GIS) for defining the location and nature of natural resources, which is often helpful 
in analysing and interpreting model predictions. Predictions of the OILMAP model have been 
validated worldwide (Spaulding et. al. 1992, 1994) and in Australia (King et. al. 1999).  
 

7.1 Stochastic Modelling 

OILMAP may be used to simulate the fate of a single oil spill at a specified time and therefore 
under a given set of time-varying wind and current.  This is generally the approach for an 
exercise or known spill event.  

As spills can occur during any set of wind and current conditions, OILMAP’s stochastic 
module is required to quantify the risks for a given period (e.g. season), as has been done in 
this study.  The stochastic modelling approach involves running multiple single simulations 
(e.g. 100) using the same spill information (i.e. release location, spill volume, duration and oil 
type) but varying the start time and in turn the prevailing wind and current conditions.  This 
approach ensures that the predicted transport and weathering of an oil slick is subjected to a 
range of varying weather conditions for a given period.   

During each simulation, the model records the areas exposed to oil, as well as the time 
elapsed prior to contact or exposure.  Once the stochastic modelling is complete, the model 
output and statistical descriptors for each of the individual simulations are combined to 
determine: 

• Probability that a region (or grid cell) may be exposed to oil slicks; 

• Minimum time before exposure and 

• Probability of shoreline exposure. 

The model output estimators (probability and time) are calculated independently for each 
location in the grid and the stochastic model output does not represent the extent of any one 
spill event (which would be significantly smaller) but rather provides a summary of the 
individual simulations for a given period/season.  For this assessment, 100 simulations were 
performed for each scenario and combined into a single stochastic output for each scenario. 
This equated to 1,200 individual simulations for the entire assessment.  
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7.2 Oil Thickness Threshold 

The OILMAP model is able to track oil on the water surface to thicknesses that are lower than 
biologically significant levels, or that can be physically cleaned up.  Therefore the threshold 
for the oil on the seas surface was set to a minimum thickness of 0.5 μm (0.0005 mm) based 
on the AMSA 2012 guideline being the extent of visible oil as observed from an aircraft. A 
minimum thickness for ecological impact of 10 μm (0.01 mm) based on the AMSA 2012 
guideline is also helpful for response planning. Oil at these threshold thicknesses are 
described as a rainbow sheen in appearance for the lower threshold to a metallic sheen 
appearance for the higher threshold, according to the Bonn Agreement Oil Appearance Code 
(BAOAC) 2006 (see Table 1).  Figure 5 demonstrates the difference in appearance between 
a silvery sheen, rainbow sheen and metallic sheen on the water’s surface. 

 

 

Table 1: The Bonn Agreement Oil Appearance Code. 

Code  Description Appearance Layer Thickness 
Interval (μm) 

Litres per km2 

1  Sheen (silvery/grey)  0.04 – 0.30 40 – 300 

2  Rainbow  0.30 – 5.0 300 – 5,000 

3  Metallic  5.0 – 50 5,000 – 50,000 

4  Discontinuous True Oil Colour  50 – 200 50,000 – 200,000 

5  Continuous True Oil Colour  200 – >200 200,000 – >200,000 

 

 

 

 
Figure 5: A photograph showing the difference between metallic appearance in the centre and the 
silvery and rainbow sheen oil around the edges.  The thickness of the metallic is between 5 µm - 50 
µm; rainbow sheen is between 0.3 µm – 5.0 µm; and silvery sheen is between 0.04 µm – 0.3 µm. The 
thickness of the (source: Bonn Agreement Aerial Surveillance Handbook, 2004 – Part 3, Annex A). 
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7.3 Model Settings and Assumptions 

Oil spill modelling was carried out for six scenarios being:  

1. Winter Spill Risk Assessment of a collision with a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  

2. Summer Risk Assessment of a collision of a Panamax ship while at the offshore 
anchorage resulting in a Maximum Credible Spill of 100% of the volume of the largest 
tank (300 cubic meters) of Bunker Fuel over 1 hour.  

3. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Maximum Credible Spill of 100% of the volume of a wing tank 
(300 cubic meters) of Bunker Fuel over 1 hour, from a collision with an Island 
Ferry/Barge or Fishing Vessel. 

4. Winter Risk Assessment of a collision of a Panamax ship in the Sea Channel 
(between a site close to Magnetic Island 146º 52’ 55.2”E 19º 9’ 26.3”S and the 
harbour) resulting in a Most Likely Spill of 20% of the volume of a wing tank (60 cubic 
meters) of Bunker Fuel over 6 hours, from a collision with an Island Ferry/Barge or 
Fishing Vessel.  

5. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Maximum Credible 
loss of 300 cubic meters of Bunker Fuel over 1 hour.  

6. Winter Risk Assessment of a collision of a Panamax ship with the breakwater at the 
Harbour Entrance – 146º 50’ 17.9”E 19º 14’ 16.4”S resulting in a Most Likely Spill of 
60 cubic meters of Bunker Fuel over 6 hours.  

 

Each scenario was tracked to a threshold thickness as suggested by the AMSA 2012 
guidelines, being 0.5 micron being the extent of visible oil and 10 microns, being the lowest 
thickness for which there exists a risk of an ecological impact (smothering for example) to 
sensitive species. 
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8 MODELLING RESULTS 

 

8.1 Scenario 1: Winter Risk from Maximum Credible Spill at Anchorage 

Stochastic spill modeling was used for the Risk Assessment for the winter period for a 
maximum credible spill from a collision with a Panamax Bulk Carrier while at anchorage.  
Using the AMSA 2012 guidelines, it was determined that a collision would result in a 
Maximum Credible Spill of 100% of the volume of the largest tank (300 cubic meters) of 
Heavy Fuel Oil (HFO) over a 1 hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.1.1 Worst-Case Single Spill Results 

From all 100 simulations, the worst-case volume on shore from a 300 cubic metres spill of 
HFO was 270 cubic metres, all ashore within 24 hours of release.  That scenario and the 
wind and current conditions that forced that outcome is shown in the sequence of maps 
below. 

 

 

For this example, the above map shows oil position and thickness 12 hours after a collision 
with a Panamax bulk carrier within the anchorage area.  Winds at the time were moderate to 
strong from the northeast and tide was outgoing. For this worst-case scenario, oil was 
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calculated to arrive at the north-eastern tip of Magnetic Island (Gowrie Bay) and Orchard 
Rocks after 7 hours to then engulf the bays from Horseshoe Bay to Alma Bay by 12 hours. 
 

 

The above map shows the final oil position 24 hours after a collision with a Panamax sized 
bulk carrier vessel within the anchorage area.  Stranded oil positions are shown as black dots 
along the coastline. The grey shaded region shows the swept area that oil on the water’s 
surface took over the 24 hour period. 

 

 

Figure showing the time history of the above spill in terms of weathering.  The graph indicated 
that the spilt fuel oil would not evaporate significantly and would lose mass from surface oil to 
stranded oil over time. 
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8.1.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 6 to Figure 7 show the probability of sea surface exposure to heavy oiling and heavy 
sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) and 
the calculated minimum time before exposure. These results demonstrate that excusion away 
from the spill site is typically wind driven in this region.  These figures demonstrate that a spill 
anywhere within the anchorage would put Magnetic Island and Acheron Island in Halifax Bay 
at a 30% risk overall of being hit by passing oil slicks. Other islands in Halifax Bay such as 
Rattlesnake, Herald Island would be at a 20% risk of shoreline impacts from a significant spill 
of oil at the Anchorage area.  Spills would most likely come ashore along the coast between 
Balgal Beach and Halifax.  There was only a small risk that the Palm Group of Islands and 
Hinchinbrook Island could be impacted.  Given the time required to reach the coast from this 
location, being at least 2 or 3 days, oil coming ashore was predicted to have emulsified 
(incorporated seawater within the oil to form a mousse) if strong winds prevailed at the time of 
or following a spill event.  The modelling estimated that the emulsified oil may account for a 
significant increase of recoverable volumes (up to 1,000 cubic metres as a worst case 
estimate). 

Table 2 summaries the shoreline statistics which demonstrates that 100 out of 100 
simulations made shoreline contact predominantly due to the prevelence of onshore winds in 
this region. The results also demonstrate that this type of oil is highly persistent without 
significant volumes of volatile components and hence remains adhesive over time and does 
not readily evaporate. 

 

Table 2: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Maximum Credible Spill in the Anchorage Area 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil to 
reach shore for single 

trajectory (m3) 

Largest volume of oil to 
reach shore for single 

trajectory (m3) 

Anchorage 

Area 
100 8 to 102 257 270 
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Figure 6: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 300 cubic meter spill anywhere over the offshore anchorage area. 
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Figure 7: Map showing the model calculated minimum time required before sea surface and shoreline 
exposure from the combination of 100 simulations of a 300 cubic meter spill of HFO anywhere over the 
offshore anchorage area. 
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8.2 Scenario 2: Summer Risk from Maximum Credible Spill at Anchorage 

Stochastic spill modeling was used for the Risk Assessment for the summer period for a 
maximum credible spill from a collision with a Panamax Bulk Carrier while at anchorage.  
Using the AMSA 2012 guidelines, it was determined that a collision would result in a 
Maximum Credible Spill of 100% of the volume of the largest tank (300 cubic meters) of 
Heavy Fuel Oil (HFO) over a 1 hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.2.1 Worst-Case Single Spill Results 

Given that tropical cyclones can be a feature of the summers in this region, the selected 
simulation for summer was based on the conditions of Cyclone Yasi.  Hence, it was assumed 
that the collision occurred at the anchorage during high winds at 10pm 2nd February, 2011 
being a few hours prior to it crossing the coast to the north. From this simulation, the worst-
case volume on shore from a significant 300 cubic metres spill of HFO at a location within the 
anchorage area was 450 cubic metres of emulsified oil and water. That scenario and the wind 
and current conditions that forced that outcome is shown in the sequence of maps below. 

 

 

For this example, the above map shows oil position and thickness 12 hours after a collision 
with a Panamax vessel within the anchorage area while cyclonic conditions prevailed. Under 
these conditions, the spill would be difficult to detect since it would partially entrain in the near 
surface waters due to extensive breaking wave action. 
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The above map shows oil position and thickness 36 hours after a collision of a Panamax Bulk 
Carrier within the anchorage area while cyclonic conditions prevailed. Moderate to strong 
onshore winds persisted following the passage of Yasi. At this time, the spill was 16 km wide 
and was starting to loose oil to the shorelines of Herald Island in Halifax Bay. 

 

 

The above map shows oil position and thickness 3 days after a collision of a Panamax Bulk 
Carrier within the anchorage area while cyclonic conditions prevailed. Moderate to strong 
onshore winds persisted following the passage of Yasi. At this time, the spill was 16 km wide 
and was starting to loose oil to the shorelines of Herald Island in Halifax Bay. 
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The above map shows the final oil position 4 days after a collision with a Panamax sized bulk 
carrier vessel within the anchorage area while cyclonic conditions prevailed.  Stranded oil 
positions shown as black dots along the coastline an offshore islands (Rattlesnake, Herald 
and Acheron Islands in Halifax Bay).  The grey shaded region shows the swept area that oil 
on the water’s surface took over the 4 day period. 

 

 

Figure showing the time history of the hypothetical cyclone “Yasi” spill in terms of weathering.  
The graph indicated that the spilt fuel oil would not evaporate significantly, would entrain on 
occasions and would lose mass from surface oil to stranded oil over time.  Emulsification was 
also predicted for this spill event due to the strong wind conditions adding an additional 50% 
to the spill volume from water being incorporated into the emulsion. 
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8.2.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 8 to Figure 9 show the probability of sea surface exposure to heavy oiling and heavy 
sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) and 
the calculated minimum time before exposure. These results demonstrate that excusion away 
from the spill site is typically wind driven in this region.  These figures demonstrate that a spill 
anywhere within the anchorage would put Magnetic Island at a 30% risk overall of being hit 
by passing oil slicks. Islands in Halifax Bay such as Rattlesnake, Herald Island and Acheron 
Island would be at a 20% risk of shoreline impacts from a significant spill of oil at the 
Anchorage area.  Spills would most likely come ashore between Balgal Beach and Halifax.  
There was only a small risk that the Palm Group of Islands and Hinchinbrook Island could be 
impacted.  Given the time required to reach the coast from this location, being at least 2 or 3 
days, oil coming ashore was predicted to have emulsified (incorporated seawater within the 
oil to form a mousse) if strong winds prevailed at the time of or following a spill event.  The 
modelling estimated that the emulsified oil may account for a significant increase of 
recoverable volumes (up to 1,000 cubic metres as a worst case estimate). 

Table 3 summaries the shoreline statistics which demonstrates that 100 out of 100 
simulations made shoreline contact predominantly due to the prevelence of onshore winds in 
this region. The results also demonstrate that this type of oil is highly persistent without 
significant volumes of volatile components and hence remains adhesive over time and does 
not readily evaporate. 

 

Table 3: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Maximum Credible Spill in the Anchorage Area 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil to 
reach shore for single 

trajectory (m3) 

Largest volume of oil to 
reach shore for single 

trajectory (m3) 

Anchorage 

Area 
100 9 to 88 259 289 
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Figure 8: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 300 cubic meter spill anywhere over the offshore anchorage area. 
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Figure 9: Map showing the model calculated minimum time required before sea surface and shoreline 
exposure from the combination of 100 simulations of a 300 cubic meter spill of HFO anywhere over the 
offshore anchorage area. 
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8.3 Scenario 3: Winter Risk from Maximum Credible Spill in the Channel 

Stochastic spill modeling was used for the Risk Assessment for the winter period for a 
maximum credible spill from a collision with a Panamax Bulk Carrier while transversing the 
Sea Channel.  Using the AMSA 2012 guidelines, it was determined that a collision would 
result in a Maximum Credible Spill of 100% of the volume of the largest tank (300 cubic 
meters) of Heavy Fuel Oil (HFO) over a 1 hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.3.1 Worst-Case Single Spill Results 

From all 100 simulations, the worst-case volume on shore from a significant 300 cubic metres 
spill of HFO from a moving Panamax vessel was 289 cubic metres, almost all ashore within 
10 hours of release.  That scenario and the wind and current conditions that forced that 
outcome is shown in the sequence of maps below. 

 

 

For this example, the above map shows oil position and thickness 3 hours after a collision 
with a moving Panamax vessel along the Sea Channel.  Winds at the time were light from the 
southeast and tide was outgoing. 
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The above map shows oil position and thickness 6 hours after a collision with a moving 
Panamax vessel along the Sea Channel.  Winds at the time were light from the southeast and 
tide was incoming. The length of the impact was attributable to the moving nature of the 
leaking source as the vessel continued to make its way to the Port with a substantial break to 
one fuel tank. 

 

The above map shows oil position and thickness 12 hours after a collision with a moving 
Panamax vessel along the Sea Channel.  Winds at the time were light from the southeast.  
Substantially, all spilt oil was ashore by this time, trapped along the southeast face of 
Magnetic Island. 
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The above map shows the final outcome of this scenario.  Only a few cubic meters escaped 
the shorelines of Magnetic Island and continued for 9 days, striking Herald and Rattlesnake 
Island on route to Halifax as highly weathered and semi-solid residues. 

 

 

Figure showing the time history of the above spill in terms of weathering.  The graph indicated 
that the HFO would strand on the shorelines quickly and would not evaporate significantly 
over time. 
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8.3.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 10 to Figure 11 show the probability of sea surface exposure to heavy oiling and 
heavy sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) 
and the calculated minimum time before exposure. These results demonstrate that excusion 
away from the spill site is typically wind driven in this region.  These figures demonstrate that 
almost 100% of spills hit Magnetic island and about 60% of spills remained trapped by 
Magnetic Island, particularly from Picnic Bay to Florence Bay and typically within 9 hours and 
as quickly as 1 hour under strong southeast winds.  The results demonstrate that oil can be 
trapped within Magnetic Island’s inlets and beaches facing the Channel under southeast wind 
conditions to the point of significantly saturating shorelines and near shore waters.  Oil on 
water near these shorelines remain within the surf zone of these inlets, potentially mixing with 
sediments, entraining under breaking waves and potentially sinking after a few days. 

Table 4 summaries the shoreline statistics which demonstrates that 100 out of 100 
simulations made shoreline contact predominantly due to the prevelence of onshore winds in 
this region. The results also demonstrate that this type of oil is highly persistent without 
significant volumes of volatile components and hence remains adhesive over time and does 
not readily evaporate. 

 

 

 

Table 4: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Maximum Credible Spill in the Sea Channel 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil to 
reach shore for single 

trajectory (m3) 

Largest volume of oil to 
reach shore for single 

trajectory (m3) 

The Sea 

Channel 
100 1 to 23 279 289 
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Figure 10: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 300 cubic meter spill of HFO along the Sea Channel. 
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Figure 11: Map showing the model calculated minimum time required before sea surface and shoreline 
exposure from the combination of 100 simulations of a 300 cubic meter spill of HFO along the Sea 
Channel. 

 



Asia-Pacific Applied Science Associates www.apasa.com.au 

Townsville Port Expansion Oil Spill Modelling Study Rev2 Page 28 

8.4 Scenario 4: Winter Risk from Most Likely Spill in the Channel 

Stochastic spill modeling was used for the Risk Assessment for the winter period for a most 
likely spill from a collision with a Panamax Bulk Carrier while transversing the Sea Channel.  
Using the AMSA 2012 guidelines, it was determined that a collision would result in a probably 
spill of 20% of the volume of the largest tank (60 cubic meters) of Heavy Fuel Oil (HFO) over 
a 6 hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.4.1 Worst-Case Single Spill Results 

From all 100 simulations, the worst-case volume on shore from a 60 cubic metres spill of 
HFO was 57.6 cubic metres, all ashore within 12 hours of release.  That scenario and the 
wind and current conditions that forced that outcome is shown in the sequence of maps 
below. 

 

 

For this example, the above map shows oil position and thickness 6 hours after a collision 
with a Panamax vessel along the Sea Channel.  Winds at the time were moderate to strong 
from the southeast and tide was outgoing. 
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The above map shows the final oil position and thickness 12 hours after a collision with a 
Panamax vessel along the Sea Channel.  Stranded oil positions shown as black dots along 
the coastline represent 57.6 cubic metres of fresh HFO.  The grey region shows the swept 
area that oil on the water’s surface took over the 12 hour period. 

 

 

Figure showing the time history of the spill in terms of weathering.  The graph indicated that 
the HFO would not evaporate significantly and would lose mass from surface oil to stranded 
oil over time. 
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8.4.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 12 to Figure 13 show the probability of sea surface exposure to heavy oiling and 
heavy sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) 
and the calculated minimum time before exposure. These results demonstrate that excusion 
away from the spill site is typically wind driven in this region.  These figures demonstrate that 
almost 80% of spills along the channel will be trapped by Magnetic island, particularly from 
Picnic Bay to Florence Bay and typically within 12 hours and as quickly as 1 to 3 hours under 
strong southeast winds.  The results demonstrate that oil can be trapped within the Bay 
facing the Channel under southeast wind conditions to the point of saturating shorelines.  Oil 
on water then will not stay ashore and remain within the surf zone of these inlets, potentially 
mixing with shoreline and intertidal sediments and sinking over time. 

Table 5 summaries the shoreline statistics which demonstrates that 100 out of 100 
simulations made shoreline contact predominantly due to the prevelence of onshore winds in 
this region. The results also demonstrate that this type of oil is highly persistent without 
significant volumes of volatile components and hence remains adhesive over time and does 
not readily evaporate. 

 

 

 

Table 5: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Most Likely Spill in the Sea Channel 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil to 
reach shore for single 

trajectory (m3) 

Largest volume of oil to 
reach shore for single 

trajectory (m3) 

The Sea 
Channel 

100 1 to 75 55.7 57.6 
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Figure 12: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 60 cubic meter spill of HFO along the Sea Channel. 
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Figure 13: Map showing the model calculated minimum time required before sea surface and shoreline 
exposure from the combination of 100 simulations of a 60 cubic meter spill of HFO along the Sea 
Channel. 
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8.5 Scenario 5: Winter Risk from Maximum Credible Spill in the New Harbour 

Stochastic spill modeling was used for the Risk Assessment for the winter period for a 
maximum credible spill from a collision with a Panamax Bulk Carrier while entering the new 
outer harbor proposed as part of the Townsville Port Expansion project.  Using the AMSA 
2012 guidelines, it was determined that a collision would result in a Maximum Credible Spill of 
100% of the volume of the largest tank (300 cubic meters) of Heavy Fuel Oil (HFO) over a 1 
hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.5.1 Worst-Case Single Spill Results 

From all 100 simulations, the worst-case volume on shore from a significant 300 cubic metres 
spill of HFO was 289 cubic metres, all ashore over an 11 day period.  That scenario and the 
wind and current conditions that forced that outcome is shown in the sequence of maps 
below. 

 

 

For this example, the above map shows oil position and thickness 3 hours after a significant 
collision at the harbour entrance.  Winds at the time were slight from the northeast (afternoon 
seabreeze) and tide was incoming. 
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Map showing oil position and thickness 6 hours after a significant collision at the harbour 
entrance.  Winds at the time were from the NE winds pushing oil onto The Strand shoreline 
against an outgoing tide.  Stronger ebb currents within the harbour brought oil out of the inner 
berths and Ross Creek, leaving stranded residues along the rock walls within the Port of 
Townsville. 

 

 

Map showing oil position and thickness 12 hours after a significant collision at the harbour 
entrance.  Winds at the time were calm and the slick oscillated back and forth with the tides, 
while continuing to spread. 
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Map showing oil position and thickness 24 hours after a significant collision at the harbour 
entrance.  Winds at the time were calm and the slick oscillated back and forth with the tides, 
while continuing to spread, now almost 8 km long. During the following day the slick moved 
into and out of Rowes Bay. 

 

 

Map showing oil position and thickness 48 hours after a significant collision at the harbour 
entrance.  Winds at the time were light from the SE, slowly pushing the slick northward 
parallel to the coast and into Picnic Bay, Nelly Bay and the Southwest Side of Magnetic 
Island. 



Asia-Pacific Applied Science Associates www.apasa.com.au 

Townsville Port Expansion Oil Spill Modelling Study Rev2 Page 36 

 

Map showing oil position and thickness 72 hours or 3 days after a significant collision at the 
harbour entrance.  Winds at the time were light from the SE, slowly pushing the slick 
northward parallel to the coast, side swiping shorelines along Shelley Beach, Bay Rock and 
the southwest side of Magnetic Island. 

 

 

Map showing oil position and thickness 7 days after a significant collision at the harbour 
entrance.  Winds at the time were light from the SE, slowly pushing the slick northward 
parallel to the coast, side swiping shorelines of Rattlesnake Island and the shorelines south of 
Balgal. 
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Map showing oil position and thickness 10 days after a significant collision at the harbour 
entrance.  Winds at the time were predominantly light from the SE, slowly pushing the slick 
northward parallel to the coast, making shore on a number of occasions, as shown by the 
swept path (grey shading). 

 

 

Figure showing the time history of the spill in terms of weathering.  The graph indicated that 
the HFO would not evaporate significantly and would lose mass from surface oil to stranded 
oil over time. 
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8.5.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 14 to Figure 15 show the probability of sea surface exposure to heavy oiling and 
heavy sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) 
and the calculated minimum time before exposure. These results demonstrate that excusion 
away from the spill site is typically wind driven in this region.  These figures demonstrate that 
almost 50% of spills can reach Saunders Beach in as little as 2 days and as far as 
Hinchinbrook Island under some extreme conditions. 

Table 6: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold 
being the extent of visible oil as per AMSA Guidelines (2012). summaries the shoreline 
statistics which demonstrates that 100 out of 100 simulations made shoreline contact 
predominantly due to the prevelence of onshore winds in this region. The results also 
demonstrate that this type of oil is highly persistent without significant volumes of volatile 
components and hence remains adhesive over time and does not readily evaporate. 

 

 

 

Table 6: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Maximum Credible Spill in the New Harbour 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil 
to reach shore for 

single trajectory (m3) 

Total volume of oil to 
reach shore for single 

trajectory (m3) 

Harbour 

Entrance 
100 0 to 46 275 289 
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Figure 14: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 300 cubic meter spill of HFO at the Harbour Entrance under winter 
conditions. 

 



Asia-Pacific Applied Science Associates www.apasa.com.au 

Townsville Port Expansion Oil Spill Modelling Study Rev2 Page 40 

 

 
Figure 15: (Top) Zoomed in and (lower) Zoomed out map showing the model calculated minimum time 
required before sea surface and shoreline exposure from the combination of 100 simulations of a 60 
cubic meter spill of HFO at the Harbour Entrance under winter conditions. 
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8.6 Scenario 6: Winter Risk from Most Likely Spill in the New Harbour 

Stochastic spill modeling was used for the Risk Assessment for the winter period for the most 
likely spill volume from a collision with a Panamax Bulk Carrier while entering the new outer 
harbor proposed as part of the Townsville Port Expansion project.  Using the AMSA 2012 
guidelines, it was determined that a collision would typically result in a Most Like Spill of 20% 
of the volume of the largest fuel tank, that is, 60 cubic meters of Heavy Fuel Oil (HFO) over a 
1 hour period.  

Worst-case single spill simulations were selected from the large number of simulations 
carried out for each scenario and period. The basis of selection was typically to demonstrate 
how the largest volume ashore occurred from the many simulations (100 for each scenario). 

 

8.6.1 Worst-Case Single Spill Results 

From all 100 simulations, the worst-case volume on shore from a 60 cubic metres spill of 
HFO was 57 Tonnes, all ashore within 5 days of release.  That scenario and the wind and 
current conditions that forced that outcome is shown in the sequence of maps below. 

 

 
For this example, the above map shows oil position and thickness 3 hours after collision at 
the harbour entrance.  Winds at the time were calm and the tide was near its low. 
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Map showing oil position and thickness 6 hours after collision at the harbour entrance.  Winds 
at the time were calm and the incoming tide brought oil into the inner berths and Ross Creek. 

 

 
Map showing oil position and thickness 12 hours after collision at the harbour entrance.  
Winds at the time were light SE winds and the outgoing tide brought oil out of the inner berths 
and Ross Creek, leaving stranded residues along the rock walls, wharf faces and piers within 
the Port of Townsville. 
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Map showing oil position and thickness 24 hours after collision at the harbour entrance.  
Winds at the time were light SE winds and pushed the spill towards the beaches of Rowes 
Bay and Pallarenda making significant shoreline contact.  Once the stranded oil saturated the 
shoreline, oil still on water remained free to slip on and off the coated shore. 

 

 
Map showing oil position and thickness 36 hours after collision at the harbour entrance.  
Winds at the time were light SE winds and held the oil against the coast, oiling more 
shorelines in this location as it slowly migrated out of Cleveland Bay with the wind and 
changing tides. 
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Map showing oil position and thickness 60 hours after collision at the harbour entrance.  
Winds at the time were calm and variable and held the oil against the coast, oiling more 
shorelines in this location as it slowly migrated around to Shelley Beach with the wind and 
changing tides.  By this time considerable amount of oil adhered to the beach, slowly 
depleting surface oil, such that by this time, most of the oil had saturated on the beaches and 
headlands of Cape Pallarenda. 

 

 
Map showing oil position and thickness 4 days (96 hours) after collision at the harbour 
entrance.  Winds at the time were more southerly pushing non stranded oil patches out into 
West Channel and eventually to the southwestern shore of Magnetic Island. 
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Map showing stranded oil positions shown as black dots along the coastline being 57 tonnes 
of partially weathered and congealed HFO.  The grey region shows the swept area that oil on 
the water’s surface took over the 5 day period. 

 

 

Figure showing the time history of the spill in terms of weathering.  The graph indicated that 
the HFO would not evaporate significantly and would lose mass from surface oil to stranded 
oil over time. 
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8.6.2 Stochastic Results 

The stochastic modelling of 100 spill simulations of this scenario was collectively analysed 
which quantified the probability of sea surface exposure and minimum time before exposure. 
Note the probability figures shown in this report summarised the likely exposure for each grid 
cell as a colour coding.  For example, the grid cells with a 10% probability were exposed to 
10 of the 100 trajectories and the cells with a higher probability of oiling were exposed during 
a greater number of spill trajectories, up to 100% at the release site. 

Figure 16 to Figure 17 show the probability of sea surface exposure to heavy oiling and 
heavy sheens (being the 10 micron threshold), and any visible sheens (0.5 micron threshold) 
and the calculated minimum time before exposure. These results demonstrate that excusion 
away from the spill site is typically wind driven in this region. These figures demonstrate that 
almost 50% of spills can reach Shelley Beach in as little as 24 hours and as far as 
Hinchinbrook Island under some extreme conditions. 

Table 7: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold 
being the extent of visible oil as per AMSA Guidelines (2012). summaries the shoreline 
statistics which demonstrates that 100 out of 100 simulations made shoreline contact 
predominantly due to the prevelence of onshore winds in this region. The results also 
demonstrate that this type of oil is highly persistent without significant volumes of volatile 
components and hence remains adhesive over time and does not readily evaporate. 

 

 

 

Table 7: Summary of shoreline contact from this scenario tracked to the 0.5 μm threshold being the 
extent of visible oil as per AMSA Guidelines (2012). 

Risk from Most Likely Spill in the New Harbour 

Release  
Probability of 
contact to any 
shoreline (%) 

Time to any 
shoreline 

(hours) 

Average volume of oil 
to reach shore for 

single trajectory (m3) 

Total volume of oil to 
reach shore for single 

trajectory (m3) 

Harbour 

Entrance 
100 0 to 51 53.9 57.7 
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Figure 16: Map showing the model calculated probability or risk  of sea surface and shoreline exposure 
to heavy oiling and heavy sheens above 10 µm (top), and any visible oil above 0.5 µm (lower) by 
combining 100 simulations of a 60 cubic meter spill of HFO at the Harbour Entrance under winter 
conditions. 
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Figure 17: (Top) Zoomed in and (lower) Zoomed out map showing the model calculated minimum time 
required before sea surface and shoreline exposure from the combination of 100 simulations of a 60 
cubic meter spill of HFO at the Harbour Entrance under winter conditions. 
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9 DISCUSSION 

Collectively, this study undertook 100 spill simulations for the 6 scenarios above, making 600 
simulations in total for spills within the Port Limits.  Some general observations from the oil 
spill risk assessment can be summarized as follows: 

1. The fate of HFO spills in Cleveland Bay is significantly wind driven. 

2. The predominant wind direction over Cleveland Bay is from the Southeast direction, 
hence spills mostly always drifted north-westward, frequently moved into Halifax Bay 
and generally oscillated backwards and forwards with the tide until they encountered a 
shoreline in Cleveland Bay, including Magnetic Island or Halifax Bay.  The modelling 
indicated that typically multiple shoreline impacts occurred with any given spill 
incident. 

3. Shorelines within this region are populated, and shoreline impacts occurred in less 
than one hour of release in some simulations, particularly related to an incident in the 
outer harbour or along anywhere along the Sea Channel.  Shoreline trapped Bunker 
Fuels will evaporate, albeit slowly, creating a hydrocarbon vapour plume that may 
blow onshore with the wind that brought the oil ashore.  The modelling indicated that 
the vapours may persist for up to 10 days for Maximum Credible Spill Volume. 

4. A comparison of the seasonal influences (that is, summer and winter conditions) on 
spill fate within the region revealed little variance in spill outcomes between summer 
and winter conditions. 

5. Spills reaching beaches with breaking wave action along the shore were predicted to 
potential emulsify, incorporate suspended sediment and sink after a period of days if 
not recovered and collected before that time. 

6. From the 600 simulations undertaken for this study, no spills were predicted to reach 
the mid shelf reefs of the Great Barrier Reef, indicating a very low to insignificant risk 
to the offshore reefs from spills within the Port Limits of Cleveland Bay.  Also, the 
furthest excursion from any spill was typically alongshore, where small volumes of 
spilt oil could reach the Hinchinbrook Island region as highly weathered and 
potentially semi solid tar balls and paddies.  
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Table A.1 Summary of MARPOL discharge standards of relevance to the release of waste 

Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

Annex IV - Sewage Vessels on 
international 
voyages 

Ground and disinfected sewage 
using an approved system. 

>3 nm from nearest land 

Sewage stored in holding tanks 
(untreated and treated sewage) 

>12 nm from nearest land; and 

Discharged at a moderate rate*; 
and 

Ship proceeding en route at a 
speed of at least 4 knots. 

* The rate of discharge must be 
approved by the Administration. 

Treated sewage effluent 
discharged through an IMO 
approved sewage treatment plant 
(STP). 

Also integrated system where the 
STP includes: 

grey water input 

food processing input. 

Effluent not to produce visible 
floating solids nor cause 
discolouration of the surrounding 
water.  

When in port limits, check with 
port authority as permission may 
be required 

All vessels should ensure that the 
STP is operating at optimum 
performance when in Australian 
waters 

Food or biological waste removed 
from filtration unit is prohibited 
from discharge in 12nm from land 
(Australian Quarantine 
requirements) 

Vessels on 
domestic 
voyages (all 
sizes 

 Recommended to comply with 
MARPOL Annex IV 

Local laws may prohibit 
discharges in ports 

Great Barrier 
Reef Marine 
Park 

Vessels on 
International 
voyages to and 
continuing in 
Australian 
waters 

All sewage discharges In accordance with Annex IV 
requirements and where 
applicable with any additional 
restrictions imposed as conditions 
of a GBRMP permit 

Great Barrier 
Reef Marine 
Park Vessels on 
domestic 
voyages 

All sewage discharges Recommended to comply with 
MARPOL Annex IV 

Or In accordance with 
requirements of Part 3A of the 
GBRMPA Regulations (93A-93G) 
for both treated and untreated 
sewage  

AND, where applicable, in 
accordance with any additional 
restrictions imposed as conditions 
of a GBRMP permit 

Queensland 
State Waters 
(small 
vessels/State 

If vessel does not have a sewage 
treatment system on board, 
options include:  

using onshore toilet facilities 

If a vessel has 16 or more persons 
on board, no discharge of 
untreated sewage is permitted 
anywhere in Queensland waters.  



Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

registered and 
recreational) 

whenever possible  

using a portable toilet to be later 
emptied to a sewerage/septic 
system  

retain sewage in onboard holding 
tank for pumping out to shore 
facilities. 

If a vessel has 7 to 15 persons on 
board, no discharge of untreated 
sewage is permitted in 1 nautical 
mile (1852 m) of a reef or the 
mean low water mark of an island 
or the mainland. 

Annex V - Garbage 

(Applies to all vessels) 

All vessels 

All waters 

Mixed garbage with different 
discharge requirements 

(for example  food waste mixed 
with plastic – prohibited) 

The most stringent requirement 
applies 

Plastics 

This may include: 

 synthetic ropes,  

 synthetic fishing nets and 
line,  

 plastic garbage bags and 
incinerator ashes from 
plastic products,  

 cigarette filters,  

 fibreglass/laminated 
structures piping,  

 insulation,  

 carpets paints and finishes,  

 electrical components,  

 sheeting,  

 floats. 

Prohibited 

Dunnage, lining and packing 
materials which will float (for 
example pallets, cardboard, 
plywood) 

> 25 nm from nearest land 

Food wastes and all other 
garbage. 

 This may include: 

 domestic waste,  

 cargo residues,  

 maintenance and 
operational waste and 
incinerator ashes (except 
from plastic products),  

 soot machinery deposits,  

 scraped paint, and 

 deck sweepings, etc.  

This category includes cargo 
hold washing water 

> 12 nm from nearest land 

Garbage that has been ground or 
crushed to particles < 25mm 

> 3 nm from nearest land. 

All vessels in 
the Nearest 
Land (MARPOL 
definition) 

All garbage types (including food 
waste) in the Great Barrier Reef 
Marine Park and part of the 
Torres Strait (see MARPOL 
definition of ‘from the nearest 

Prohibited 



Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

land’). 

Note: exception for small 
amounts of food waste 
associated with tourist and 
fishing activities. See Annex V 
Guidelines. 

All Vessels 
when alongside 
or in 500 metres 
of a fixed or 
floating platform 
that is located 
more than 12 
nm from 
Nearest Land. 

All garbage types 

(except food waste passed 
through a crusher or grinder) 

Prohibited 

All vessels Grey water (from showers, 
laundry, dishwater) and 
swimming/spa pool waters 

Discharge allowed at sea; 

When in port, check with port 
authority as permission may be 
required 

Vessels at 
anchorages or 
stationary while 
waiting for a 
berth.  

All waters 

Food waste and other garbage Comply with all Annex V 
requirements 

If the vessel is anchored or 
stationary more than 12nm from 
the nearest land, it is 
recommended that only food 
waste is discharged and all other 
garbage is retained for offloading 
when alongside. 

Bulk Cargo 
vessels 
operating in the 
12nm from 
nearest land 
limitation 
(including the 
Great Barrier 
Reef Marine 
Park) 

Wash down of cargo residues on 
deck areas. 

Entry should be recorded in the 
Garbage Record Book (item 
4.1(d)) for verification of a 
discharge under these specific 
circumstances. 

Only for safety purposes wash 
down discharge allowed for:  

safe operation of a helicopter in 
the landing area and its immediate 
vicinity to avoid dust being raised 
by the down-draft of the rotors; 

where there is a need to avoid 
navigational hazards such as dust 
being blown onto the wheelhouse 
or bridge wings; and  

where residues may cause a 
serious safety hazard to personnel 
if spillages are not cleaned from 
deck areas, adjacent walkways 
and working areas. 

Cargo bilge water 

Entry should be recorded in the 
Garbage Record Book (item 
4.1(d)) for verification of a 
discharge under these specific 
circumstances 

Only for safety purposes where 
the cargo hold bilge water 
generated through a loaded hold 
is required to be discharged 
through the vessel’s fixed piping 
bilge drainage system provided 
that the cargo material is not 
classified as a marine pollutant in 
the IMDG Code.  

Vessels at anchorage for a period 
of time with empty holds may 
discharge hold bilge water as long 
as the water is not directly related 



Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

to a hold washing/cleaning 
operation. 

All vessels 
operating in 
Australian 
Antarctic 
Territory (sea 
area south 
latitude 60°S) 

All Plastics Prohibited 

All other garbage (except food 
waste) 

Prohibited 

Food waste >12 nm from nearest land 

All vessels on 
International 
voyages to and 
continuing in 
Australian 
waters 

(Australian 
Quarantine 
requirements) 

All Food waste including ground, 
crushed or extracted from a 
filtration system 

>12 nm from land (baselines) 

Offload to port facilities for 
Australian Quarantine approved 
contractor for autoclave/steam 
sterilization processing 

Recycled waste (for example  
aluminium tins, glass) 

Offload to port facilities if the 
vessel has processed recycled 
waste onboard through a steam 
sterilizer. 

OR 

Offload to port facilities for 
Australian Quarantine approved 
contractor for autoclave/steam 
sterilization processing. 

Ashes from type approved 
incinerator (IMO Resolution 
MEPC.76(40) 

Ashes from an incinerator (not 
type approved 

Accepted by port reception 
facilities. 

Offload to Australian Quarantine 
approved contractor but only 
acceptable for deep burial 
treatment. 

 

Table A.2 Summary of MARPOL discharge standards of relevance to the release of chemical contaminants 

Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

Annex I 

(Applies to all vessels) 

Oil tankers 

All waters 

Oily waste from 
cargo tanks 

 More than 50 nautical miles from the nearest 
land; and  

 Tanker is proceeding en route; and  

 Instantaneous rate of discharge < 30 litres 
per nautical mile; and  

 Total quantity discharge does not exceed 
1/15,000 or 1/30,000 of the total cargo 
(depending on the age of the vessel); and  

 Oil discharge monitoring and control system 
and slop tank arrangement to be operating. 

All vessels ≥ 
400 gross tons 

All waters 

Machinery 
space bilges 

 Oil and all oily mixtures retain onboard for on 
shore disposal; 

OR  

 Proceeding en route; and  

 Oil content less than 15 parts per million; 
and  

 Oil discharge monitoring and control system 
and oil filtering equipment to be operating. 



Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

 

Note: 15ppm discharges can be anywhere at sea 
(not in port limits) including the Great Barrier Reef 
Marine Park and Marine Protected Areas. Vessel 
must not be stationary when undertaking 
discharge. 

All vessels <400 
gross tons 

All waters 

Machinery 
space bilges 

 Oil and all oily mixtures retain onboard for on 
shore disposal; 

OR  

 Proceeding en route; and  

 Has in operation equipment of a design 
approved by the administration that ensures 
oil content less than 15 parts per million. 

Note: 15ppm discharges can be anywhere at sea 
(not in port limits) including the Great Barrier Reef 
Marine Park and Marine Protected Areas. Vessel 
must not be stationary when undertaking 
discharge. 

Vessels 
operating in the 
Great Barrier 
Reef Marine 
Park 

Bunkering 
utilising ship-to-
ship transfers 

A permit is required from the Great Barrier Reef 
Marine Park Authority (GBRMPA), under which 
certain conditions may be imposed. 

Annex II Chemical and 
Product Tankers 

Category X Tanks to be prewashed before leaving unloading 
port, residues to be pumped ashore until the 
concentration of the substance in the effluent is 
0.1% by weight or less, as indicated by analysis of 
samples of the effluent taken by an AMSA marine 
surveyor. When the required concentration level 
has been achieved, remaining tank washings to 
be discharged to the reception facility until the 
tank is empty. Appropriate entries to be made in 
the Cargo Record Book and endorsed by the 
AMSA marine surveyor. Any water subsequently 
added may be discharged if:  

Ship is proceeding en route at a speed of at least 
7 knots; and  

Discharge below the waterline; and  

Ship is > 12 nm from nearest land and depth of 
water is >25m 

High-viscosity or 
solidifying 
Category Y 

Prewash in accordance with Convention, residues 
to be pumped ashore until tank is empty. Any 
water subsequently added may be discharged if:  

Ship is proceeding en route at a speed of at least 
7 knots; and  

Discharge below the waterline; and  

Ship is > 12 nm from nearest land and depth of 
water is >25m. 

Category Y 

Category Z 

Ship is proceeding en route at a speed of at least 
7 knots; and  

Concentration of substance in wake of ship < 1 
part per million; and  



Annex 
Vessel/Voyage 
Type/Area 

Sub-Category Discharge Conditions 

Amount not to exceed 1m3 or 1/3,000 of tank 
capacity, whichever is greater; and  

Discharge below the waterline; and  

Ship is > 12 nm from nearest land and depth of 
water is >25m. 

Annex III Vessels carrying 
Harmful 
Packaged 
Substances 
Labelling 
requirements 

N/A Jettisoning is prohibited. 

 
  



MARPOL Annexes 

Table B.1 Summary of MARPOL annexes of relevance to the release of waste into the marine environment 

Annex Title Summary of Content 

Annex IV Regulations for the Prevention of 
Pollution by Sewage from Ships 

Annex IV deals with the discharge of sewage into the sea, 
ships' equipment and systems for the control of sewage 
discharge, the provision of facilities at ports and terminals for 
the reception of sewage, and requirements for survey and 
certification. 

It is generally considered that on the high seas, the oceans are 
capable of assimilating and dealing with raw sewage through 
natural bacterial action and therefore the regulations in Annex 
IV of MARPOL prohibit ships from discharging sewage in a 
specified distance of the nearest land, unless they have in 
operation an approved treatment plant. 

Annex IV originally entered into force in Australia on 27 May 
2004. 

Annex V Regulations for the Prevention of 
Pollution by Garbage from Ships 

Annex V deals with different types of garbage and specifies the 
distances from land and the manner in which they may be 
disposed of. The requirements are much stricter in a number of 
special areas. The Annex imposes a complete ban on the 
dumping into the sea of all forms of plastic. 

Annex V originally entered into force in Australia on 14 
November 1900. 

Annex VI Regulations for the Prevention of Air 
Pollution from Ships 

Annex VI sets limits on the emissions of nitrogen oxides (NOx) 
from marine diesel engines, requires ships to avoid using fuel 
with sulphur content exceeding 3.5% by mass, prohibits 
deliberate emissions of ozone depleting substances, and 
prohibits the incineration of certain products on board ships. 
Furthermore, if a ship is in a sulphur oxides (SOx) Emission 
Control Area, it has to use a fuel with a sulphur content not 
exceeding 1.0% by mass, or an exhaust gas cleaning system 
or any other approved apparatus to limit SOx emissions. 

From 1 January 2020, the global sulphur cap shall decrease to 
0.5%. However, the 2020 decrease is subject to a feasibility 
review to be completed by the IMO no later than 2018, which 
shall consider among other issues, the availability of compliant 
fuel. The sulphur limit in SOx Emission Control Areas shall 
decrease to 0.1% from 1 January 2015. 
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