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TECHNICAL REPORT/TECHNICAL DATA REPORT DISCLAIMER 

The Canadian Environmental Assessment Agency determined the scope of the proposed Roberts Bank 

Terminal 2 Project (RBT2 or the Project) and the scope of the assessment in the Final Environmental 

Impact Statement Guidelines (EISG) issued January 7, 2014.  The scope of the Project includes the 

project components and physical activities to be considered in the environmental assessment.  The scope 

of the assessment includes the factors to be considered and the scope of those factors.  The 

Environmental Impact Statement (EIS) has been prepared in accordance with the scope of the Project 

and the scope of the assessment specified in the EISG. For each component of the natural or human 

environment considered in the EIS, the geographic scope of the assessment depends on the extent of 

potential effects.  

At the time supporting technical studies were initiated in 2011, with the objective of ensuring adequate 

information would be available to inform the environmental assessment of the Project, neither the scope 

of the Project nor the scope of the assessment had been determined.   

Therefore, the scope of supporting studies may include physical activities that are not included in the 

scope of the Project as determined by the Agency. Similarly, the scope of supporting studies may also 

include spatial areas that are not expected to be affected by the Project.   

This out-of-scope information is included in the Technical Report (TR)/Technical Data Report (TDR) for 

each study, but may not be considered in the assessment of potential effects of the Project unless 

relevant for understanding the context of those effects or to assessing potential cumulative effects. 
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1.0 INTRODUCTION 

1.1 PROJECT BACKGROUND 

The Roberts Bank Terminal 2 Project (RBT2 or Project) is a proposed new three-berth container terminal 

at Roberts Bank in Delta, British Columbia (B.C.) that could provide 2.4 million twenty-foot equivalent unit 

containers (MTEU) of container capacity annually.  The Project is part of the Port Metro Vancouver’s 

(PMV) Container Capacity Improvement Program (CCIP), a long-term strategy to deliver projects to meet 

anticipated growth in demand for container capacity to 2030.  CCIP includes ongoing work to increase the 

efficiency of existing container facilities and to improve road and rail infrastructure to relieve current road 

and rail congestion and to accommodate traffic generated by capacity increases at the existing Roberts 

Bank terminals and RBT2.  

PMV has retained SENES Consultants (SENES) to undertake an Air Quality Study related to the Project 

(Study).  This technical report describes the Study results and presents a summary of the predicted 

changes in air quality due to the proposed changes in cargo capacity at the existing Roberts Bank 

terminals and the proposed cargo capacity at RBT2.   

A key element of the scenarios studied is the definition of the term “capacity”.  A capacity of 2.4 MTEU of 

cargo “across the dock” (meaning all cargo and empty containers moved to and from a vessel) is the 

Maximum Practical Sustainable Capacity of RBT2.  The projected cargo throughput at RBT2 and the 

existing Roberts Bank terminals is shown in Table 1-1. 

Table 1-1 – Cargo Volume Comparison for Existing and Future Scenarios 

Horizon 

Year 

RBT2 

(MTEU) 

 Deltaport 
Terminal

 

(MTEU) 

Westshore 
Terminals 

(megatonne 
[Mt] Coal) 

2010 - 1.53 24.7 

2023 1.7 2.40 34.0 

2025 2.4 2.40 36.0 

Note: “-” indicates no activity associated with the terminal in that period 

 
For more information on the Project, please refer Section 4.0 Project Description and Appendix 4-D 

Roberts Bank Traffic Data Matrix. 

 
1.2 AIR QUALITY STUDY OVERVIEW  

Reliable information about air quality is important in the context of the Project because Metro Vancouver 

(MV) has identified the marine sector as being responsible for 79% of the sulphur dioxide (SO2) emissions 

in the Lower Fraser Valley (LFV) in 2010, 16% of the nitrogen oxide emissions, and 10% of the fine 
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particulate matter (PM2.5) emissions.  The purpose of the Study was to identify and, where possible, 

quantify the potential changes in air quality that would result from Project development.  All significant 

potential air constituents of concern are assessed in this report.  In addition, relevant Study results have 

been used in the Human Health Risk Assessment (HHRA) undertaken for the Project (Section 27.0 

Human Health). 

The main body of this report summarises Study methodologies and results for existing conditions in 2010, 

expected conditions without Project development in 2025, and future conditions with the Project in 2025.  

Detailed descriptions of Study methodologies, existing air quality conditions and study results as well as 

construction phase, ship underway, future rail activity and fugitive coal dust assessments are included in 

the following appendices: 

 Appendix A – Emissions Inventory 

o This appendix provides details of the emission sources (ships, tugs, ferries, cargo 

handling equipment [CHE], locomotives and vehicles).  It also lays out the parameters, 

emission factors, assumptions and calculation methods used in estimating emissions 

from these sources, and how these considerations vary for the different operationg 

conditions (Existing, Expected without RBT2 and Future with RBT2) and different 

averaging periods. 

 Appendix B – Existing Air Quality 

o This appendix presents the applicable regulatory criteria for ambient air quality against 

which predicted air quality for existing and future scenarios, both with and without RBT2, 

will be compared.  This appendix also discusses air quality in the local study area (LSA) 

for the purpose of identifying background air quality levels. 

 Appendix C – Air Dispersion Modelling 

o This appendix provides a description of the technical details of the air dispersion 

modelling that was used to investigate the environmental air quality effects of the Project.  

It describes the models used, the methodology applied in developing the input data to 

these models, and an evaluation of the models results.   

 Appendix D – Additional Results 

o Additional tables of results and discussion are included in the appendix, inclusive of 

detailed results prepared for the purposes of the HHRA. 

 Appendix E – Construction Phase Assessment 

o This appendix provides a detailed description of the assumptions, emissions sources, 

and modelling results of the construction activities that are to occur as part of the Project. 

 Appendix  F – Ships Underway 

o This appendix provides a detailed description of the assumptions, emissions sources, 

and modelling results of the ships underway assessment. 
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 Appendix  G – Future Rail Activity 

o This appendix provides a detailed description of the assumptions, emissions sources, 

and modelling results of the assessment of rail activity within the local study area off the 

Roberts Bank causeway. 

 Appendix  H – Westshore Coal Dust Assessment 

o This appendix provides a detailed description of the emissions and modelling results of 

the assessment of fugitive coal dust emissions from Westshore Terminals. 

 

1.3 PROJECT CONSULTATION 

Due to the scope of the Project and the multiple possible approaches to assessing changes to air quality, 

an air quality scoping study (AQSS) was conducted to initiate communication and request feedback on 

the overall approach and which air quality elements were to be addressed in the Study. Participants in the 

AQSS included Environment Canada, MV, the Tsawwassen First Nation, the Corporation of Delta and the 

B.C. Ministry of the Environment (MOE), and PMV, collectively considered the agency stakeholders.  

Feedback was incorporated where possible and some additional work was conducted at the request of 

the agency stakeholders (such as the comparison of model generated meteorology to additional 

information sources). This section is presented here to facilitate review by the agency stakeholders on 

topics that were deemed to require additional supporting information. 

LSA Size  

There was a request that the LSA be increased to a 30 kilometres (km) by 30 km grid as this study area 

size was used in previous assessments for the Deltaport Third Berth Project and to ensure that 

detectable differences in air quality would be considered.  SENES has presented predicted 

concentrations over LSA size of 19 km by 16 km as the previous studies have shown that all of the 

maximum air quality changes from emissions at Roberts Bank occur within the boundaries of the LSA and 

that the air quality changes would not be detectable relative to the day-to-day variability of ambient 

conditions beyond this study area.  This grid size was chosen to encompass  the populated areas of 

Ladner and Tsawwassen in B.C., as well as all of Point Roberts, WA and all locations of sensitive 

ecological receptors previously used in the air quality assessment for the Deltaport Third Berth project in 

2005. 

Isopleths for key substances for the Study are presented in Section 4.0 of this report.  As can be seen in 

the isopleths, the maximum modelled concentrations are greatest near the Project activities at Roberts 

Bank and decrease to well below criteria levels within a few kilometres from the activities.  The modelling 

results presented in the Study confirm that this approach is appropriate.  A sensitivity analysis comparing 

results for the LSA and a larger 30 x 30 km domain confirmed that only marginal differences in predicted 

contaminant levels could be expected between the two domains (see Appendix C).    
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Prognostic Meteorology 

It was suggested that any prognostic data should incorporate observational data from meteorological 

stations in the areas around Roberts Bank.  SENES proposed using prognostic data validated by 

observational data, in accordance with evolving practices and recommendations from other regulatory 

bodies involved in air dispersion modelling.  This approach reflects more recent trends in atmospheric 

dispersion modelling, particularly for coastal topography associated with the Project.  A detailed 

discussion of the SENES approach and rationale is included in Section 3.2 and greater details are 

provided in Appendix C. 
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2.0 SCOPE 

The focus of the Study was to assess the change from RBT2 on future predicted air quality with a 

comparison to the existing and expected conditions if RBT2 was not developed.  Due to the proximity of 

RBT2 to other similar large operations such as the existing container terminal at Roberts Bank (Deltaport 

Terminal), the existing coal terminal at Roberts Bank (Westshore Terminals), and the B.C. Ferries 

Terminal, the combustion-related emission from these sources were included in the Study.  The 

combustion-related emissions from the operation of the three existing marine terminals will change in the 

future as a result of normal fleet turnover to newer equipment (i.e., ships, CHE, trucks and rail 

locomotives) that meets more stringent criteria air contaminant (CAC) emission standards.  In addition, 

emissions may also be expected to change in relation to changes in cargo throughput at the existing 

Roberts Bank Terminals.  These changes need to be taken into account when projecting the potential 

changes to ambient air quality in 2025 from RBT2 because these existing sources produce the same 

types of emissions as will RBT2.   

There are sufficient operational details from these facilities to develop reasonable emission estimates and 

to include these sources in the Study due to their proximity.  However, it must be clear that the activities 

from these other facilities are not part of the Study mandate, which is to determine the potential effects to 

air quality from RBT2 relative to existing and expected operations. 

As outlined in section 1.2, the potential effects on air quality from ships in the shipping lanes and rail 

activity in the local study area off the Roberts Bank causeway are assessed separately from the above 

mentioned operations in Appendix F and Appendix G, respectively.  Furthermore, the fugitive coal dust 

emissions from Westshore Terminals are considered separately in Appendix H for two reasons: 

1. The air quality assessment of RBT2 is not an assessment of Westshore Terminals itself.  Any 

future expansion of the operations of Westshore Terminals will be addressed in a separate air 

quality assessment; and 

2. There is reason to maintain some separation between particulate matter derived from combustion 

sources, especially diesel engines, and fugitive dust emissions as the health impacts are different 

with combustion particulate matter from coal dust, as discussed in greater detail in the HHRA. 

2.1 SPATIAL ASSESSMENT BOUNDARIES 

The scope of the Project includes Project components and activities within PMV jurisdiction. The LSA for 

the Study was selected as all sources of Project-related emissions are within the boundaries of the LSA, 

which extends from approximately 5 km west of the RBT2 boundary to the Boundary Bay Airport in the 

east, and from the southern tip of Point Roberts in the U.S. to the southern boundary of Richmond on the 

Fraser River (Figure 2-1).  The LSA spans a domain of approximately 19 km x 16 km which based on 
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previous knowledge and experience is of more than sufficient size to capture detectable changes in air 

quality due to the Project. 

Based on previous knowledge and relatively recent experience with air dispersion modelling within the 

local project area over the past 10 years, a receptor gridded emission modelling domain of 19 x 16 km 

was deemed sufficient to capture the effect of plumes from ships at berth and include populated areas on 

Tsawwassen First Nations Lands and in Tsawwassen to demonstrate potential air quality changes from 

emission sources at Roberts Bank.  There have been two studies in B.C. to show that ship plumes can be 

detected up to distances of 5 km from their berths in Vancouver (Lu et. al 2006) and up to 3.5 km in 

Victoria (Poplawski et. al 2011). 

In defining the size of the LSA modelling domain, SENES considered the air quality assessment 

completed for the Deltaport Third Berth Project.  SENES was involved in that assessment and has a 

thorough understanding of the sources and their effect on air quality as determined through dispersion 

modelling in 2005.  The choice of the modelling domain reflects that knowledge. 

All of the maximum predicted contaminant concentrations for the Project are within the area 

encompassed by the LSA for the Study, consistent with previous air dispersion modelling analyses 

completed for marine terminal operations at Roberts Bank. It confirms that the LSA domain size is 

suitable and allows a sufficient assessment of the changes in air quality for all of the assessment horizon 

years. 

While results are presented for the LSA, to ensure that the meteorological conditions were adequately 

represented, the area over which the CALPUFF model was run included all of North Delta and most of 

Richmond, a domain of approximately 26 km x 24 km as shown in Figure 2-1.  Emissions associated with 

the Project occur in the near-shore environment bounded by the LSA and predicted air quality effects of 

the Project are assessed within the LSA. 

A broader domain for assessment is considered in Appendix F which includes modelling and discussion 

of ships underway through the shipping lanes. 
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Figure 2-1 – Local Study Area 
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2.2 TEMPORAL ASSESSMENT BOUNDARIES 

The objective of the Study was to assess within the LSA existing conditions and future conditions with 

and without the Project.  In consideration of such temporal variability, the Study considered the following 

three operating conditions: 

 Existing Conditions - emissions from the existing Roberts Bank terminals (Deltaport Terminal and 

Westshore Terminals) and the B.C. Ferries Terminal in Tsawwassen (B.C. Ferries Terminal) in 

2010; 

 Expected Conditions - projected combined emissions from the existing Roberts Bank terminals 

and B.C. Ferries Terminal in 2025; and, 

 Future Conditions with the Project (Future Conditions) - projected combined emissions from the 

existing Roberts Bank terminals and B.C. Ferries Terminal in conjunction with RBT2 in 2025. 

The horizon year 2010 was selected to assess Existing Conditions because published data was readily 

available for comparative purposes and 2010 was deemed to be a representative year for meteorological 

conditions.  The horizon year 2025 was selected to represent future operations because this is the first 

year that RBT2 is predicted to be operating at full capacity (2.4 MTEU), and will therefore represent the 

greatest potential change in air quality.  Continued operation of the terminal in subsequent years would 

be expected to result in lower emissions due to improved technology with respect to fuel and equipment. 

It should be noted that an emissions inventory assessment was also completed for the horizon year 2023 

because although the throughput capacity is predicted to be lower than 2025 (1.7 MTEU compared to 2.4 

MTEU), there was potential for 2023 to have higher emissions due to older engine technology.  

Therefore, annual emissions for both 2023 and 2025 were estimated as part of a sensitivity analysis 

(Appendix A, Attachment 7, Emission Comparisons).  Results show that 2025 represents the year of 

greatest potential change in annual predicted emissions associated with the Project and therefore 2025 

was chosen as the assessment year for Future Conditions with and without the Project.   

For each of the three operating conditions outlined in Section 2.2 (Existing Conditions, Expected 

Conditions and Future Conditions),  emissions were estimated for the following time averaging periods: 

 Annual emissions; 

 Maximum and average daily emissions; and, 

 Maximum and average hourly emissions. 

The selected averaging periods allow for the determination of “what if all operations were to happen at 

peak loads simultaneously” and for an assessment of typical operating conditions.  As described in 
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Appendix A, Section 1.2, Temporal Assessment Boundaries, emission rates for twenty-five emissions 

scenarios resulted from the three operating conditions, three horizon years and five averaging periods. 

The emissions inventory showed that the incremental difference in maximum and average (1-h and 24-h) 

emissions were not substantial.  Therefore, as a conservative assessment, only the maximum hourly, 

maximum daily and annual scenarios for two horizon years (i.e., 2010 and 2025) were carried forward to 

the air dispersion modelling exercise and Study results.  The maximum hourly and maximum daily 

emission rates determine the greatest potential change and the annual average emissions rates are 

representative of typical operating conditions.  The combination of operation conditions, horizon years 

and averaging periods for the nine Study scenarios are described in Table 2-1. 

Table 2-1 – Study Scenarios 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Description 

Existing Conditions 2010 

1-hr Maximum Emissions from the existing Roberts Bank terminals (Deltaport 

Terminal and Westshore Terminals) and the B.C. Ferries 

Terminal in Tsawwassen (B.C. Ferries Terminal) in 2010 

24-hr Maximum 

Annual Average 

Expected Conditions 
2025 

 

1-hr Maximum 

Projected combined emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal in 2025 
24-hr Maximum 

Annual Average 

Future Conditions  
2025 

 

1-hr Maximum Projected combined emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal in conjunction with RBT2 

in 2025 

24-hr Maximum 

Annual Average 

 

For comparison purposes, all potential future changes in air quality associated with the Project were 

compared against Existing Conditions, as well as Expected Conditions. 

2.3 EMISSION SOURCES AND ACTIVITY LEVELS 

Emissions from RBT2, Deltaport Terminal, Westshore Terminals and the B.C. Ferries Terminal were 

estimated for the following sources and activities: 

 Marine vessels calling at the existing Roberts Banks terminals and RBT2 (inclusive of associated 

tug activities); 

 Ferry vessels calling at the existing B.C. Ferries Terminal; 

 CHE operating at the existing Roberts Bank Terminals and RBT2; 

 Rail locomotives arriving and departing from and switcher locomotive operating at the existing 

Roberts Bank terminals and RBT2; and 
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 On-road vehicles arriving and departing from the existing Roberts Banks terminals and B.C. 

Ferries Terminal and RBT2. 

Projected annual activity levels provided in Appendix 4-D Roberts Bank Traffic Data Matrix of the EIS 

are presented in Table 2-2 as they were provided.  Source locations are presented in Section 3.3, Air 

Dispersion Modelling (Figure 3-5). 

Table 2-2 – Annual Activity Levels 

Activity Horizon  RBT2
1
 

Deltaport 
Terminal

1
 

Westshore 
Terminals

1
 

B.C. Ferries 
Terminal

2
 

Ship Calls
3
 

2010 - 290 246 Approximately 
7,600

 

2025 260 312 313 

CHE 

2010 - 
Approximately 

300 pieces
4
 

Approximately 75 
pieces 

-  
2025 

Approximately 
150 pieces

4
 

Rail Locomotive 
Trips

5
 

2010 - 1,095 2,008 
- 

2025 1,460 1,460 2,373 

Container Truck 
Trips

6,7
 

2010 - 469,000 - Approximately 
171,500

8
 2025 720,000 720,000 - 

Light-duty 
Vehicle Trips

6
 

2010 - 218,000 39,000 Approximately 
2,150,000

8
 2025 313,000 313,000 64,000 

Notes: “-” indicates no activity associated with the terminal in that period 
1
 Activity levels provided in Appendix 4-D Roberts Bank Traffic Data Matrix 

2
 Activity levels provided by B.C. Ferries from B.C. Ministry of Transportation and Infrastructure (2014) 

3
 A ship call is a visit of a ship to a terminal consisting of an arrival movement and a departure movement (i.e., each ship call is 

equivalent to two movements) 
4
 The equipment count for RBT2 is lower than that for Deltaport Terminal because the electric powered equipment at RBT2 will have 

negligible emissions and is not considered in the Study 
4
 A rail locomotive trip represents a train entering and departing Roberts Bank terminals (i.e., each rail locomotive trip is equivalent 

to two movements) 
5
 A container truck or light-duty vehicle trip represents an on-road vehicle arriving and departing (i.e., each on-road vehicle trip is 

equivalent to two movements) 
6
 Container truck activity levels shown for RBT2 and Deltaport Terminal is total of inbound/outbound and intra-terminal container 

trucks 
7
 Represents traffic on B.C. Ferries Terminal causeway 

Note that the equipment count for RBT2 is lower than that for Deltaport Terminal because the electric 

powered equipment at RBT2 will have negligiable emissions and is not considered in the Study.  It should 

also be noted that although the number of peices of CHE equipment at Deltaport Terminal and Westhore 

Terminals remains constant over the horizon years, equipment operating hours increase in direct 

proportion to the given terminal’s operating capacity (i.e., MTEU).   

As mentioned previously, potential effects on air quality from ships in the shipping lanes and rail activity in 

the the local study area off the Roberts Bank causeway have been assessed separately in Appendices F 
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and G, respectively.  In addition, fugitive coal dust emissions from Westshore Terminals has been 

considered in Appendix H as a separate source of emissions than particulate matter generated from fuel 

combustion sources since the effect of Westshore Terminals fugitive coal dust is incidental to the 

objective of the Study.  

2.4 COMPOUNDS OF POTENTIAL CONCERN 

The compounds of potential concern that are assessed in the Study include the following: 

 CACs - carbon monoxide (CO), nitrogen oxides (NOx), SO2, volatile organic compounds (VOCs), 

particulate matter (PM), inhalable particulate matter up to 10 micrometres in size (PM10), fine 

particulate matter up to 2.5 micrometres in size (PM2.5), and ground-level ozone (O3);  

 Trace organic contaminants (TOCs) - acrolein, benzene, 1,3-butadiene, acetaldehyde, 

formaldehyde, naphthalene, polycyclic aromatic hydrocarbons (PAH) represented by 

benzo(a)pyrene, and diesel particulate matter (DPM); 

 Greenhouse gases (GHGs) - carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 

expressed as carbon dioxide equivalent (CO2e); and 

 Climate forcing PM - black carbon, also expressed as CO2e. 

Hydrocarbons (HCs) are a class of compounds that are emitted when fuel is burned, and are important 

due to their role in the photochemical formation of O3.  VOCs are the most reactive HC compounds. 

TOCs include VOCs as well as PAH and DPM.  The TOCs evaluated in the Study were chosen because 

of their known association with combustion and potential human health effects.  The rationale for the 

selection of specific TOCs for inclusion in the Study is provided in Appendix B, Section 2.2, Air Quality 

Criteria for TOCs. 

GHGs and black carbon emissions are included because of their role in climate change issues as 

discussed further in Appendix B, Section 2.3, Air Quality Criteria for Greenhosue Gases and Black 

Carbon. 

Note that for the purposes of this report, PM refers to the grouping of the size fractions and unless 

otherwise specified, any discussion of PM includes the smaller size fractions. 

2.5 AIR QUALITY CRITERIA 

As decribed in Appendix B, Section 2.0, Air Quality Criteria, compounds of potential concern assessed in 

the Study have associated criteria in B.C. jurisdiction with the exception of most TOCs, DPM, GHGs and 

black carbon.  Compounds such as CO, nitrogen dioxide (NO2), SO2, O3, PM, PM10, PM2.5 and 

formaldehyde are regulated using air quality criteria.  No criteria exist for VOCs as a general category of 

compounds. 
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2.5.1 Criteria Air Contaminants 

The existing set of National Ambient Air Quality Objectives (NAAQO), Canada-wide Standards (CWSaq), 

Canadian Ambient Air Quality Standards (CAAQS), B.C. Ambient Air Quality Objectives (AAQO) and MV 

AAQO for CACs are listed in Table 2-3.  As described in Appendix B, Section 2.1, Air Quality Criteria for 

CACs, the most stringent objectives/standards from amongst the B.C. AAQO, CWSaq and CAAQS are the 

criteria used in the Study as noted in the study criteria column.  The MV AAQO, which are generally more 

stringent that the federal/Provincial objectives/standards, will also be listed in the tables of predicted 

concentrations for comparison purposes. 

It should be noted that the CAAQS will have new criteria for NO2 and SO2 in the 2015-2016 time frame, 

while B.C. is expected to issue new interim objectives fro NO2 and SO2
1 that apply to new sources, and 

MV is currently seeking feedback on an interim SO2 objective.  Also, in addition to the averaging periods 

associated with the listed air quality criteria, the potential effects of exposure to SO2 for a 10-minute 

averaging period are addressed in the HHRA. 

                                                      
1
 
1
 On December 22, 2014, B.C. issued new interim objectives for NO2 and SO2; due to the timing of the issuance, 

these interim objectives have not been incorporated into this assessment. 
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Table 2-3 – Air Quality Criteria for CACs 

CAC 
Avg. 

Period 

Study Criteria 

(µg/m
3
)
1
 

Air Quality Criteria (µg/m
3
) 

NAAQO
1
 

CWS CAAQS 

B.C. AAQO 
MV 

AAQO MDL MAL Level A  
Level 

B  
Level C 

AQO / 
Goal 

CO 
1-hour (h) 14,300 15,000 35,000 - - 14,300 28,000 35,000 - 30,000 

8-h 5,500 6,000 15,000 - - 5,500 11,000 14,300 - 10,000 

NO2 

1-h 400 - 400 - 

- see NAAQO
3
 

200 

24-h 200 - 200 - - 

1-year (y)
2
 60 60 100 - 40 

SO2 

1-h 450 450 900 - 

- 

450 900 900 - 450 

24-h 150 150 300 - 160 260 360 - 125 

1-y
2
 25 30 60 - 25 50 80 - 30 

O3 

1-h 100 100 160 - - see NAAQO
3
 160 

8-h 121.6 - - 127.6
4
 123.5

5
 / 121.6

6
 123

7
 126 

24-h 30
8 

30 50 - - 
see NAAQO

3
 

- 

1-y
2
 30 - 30 - - - 

PM 
24-h 120 - 120 - - see NAAQO

3
 200 260 - - 

1-y
2
 60 60 70 - - 60 70 75 - - 

PM10
9
 

24-h 50 - - - - - - - 50 50 

1-y
2
 - - - - - - - - - 20 

PM2.5 
24–h 25 - - 30

10
 28

5
 / 27

6 
- - - 25 25 

1-y
2
 6 - - - 10.0

11
 / 8.8

12 
- - - 8 / 6

13
 8 / 6

13
 

Notes: 
1 

µg/m
3
 = micrograms per cubic metre; MDL = maximum desirable level; MAL = maximum acceptable level 

2 
Arithmetic mean 

3
 B.C. AAQO cite these NAAQO criteria as applicable to B.C. criteria 

4 
Based on the 4

th
 highest measurement annually averaged over 3 consecutive years (Canadian Council of Ministers of the Environment [CCME] 2000 and CCME 

2005) 
5 

Effective 2015; 3-y average of the annual 98
th

 percentile of the daily 24-h average concentrations for PM2.5 and 3-y average of the annual 4
th

 highest daily 

maximum 8-h average for O3 concentrations 
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6 
Effective 2020; 3-y average of the annual 98

th
 percentile of the daily 24-h average concentrations for PM2.5 and 3-y average of the annual 4

th
 highest daily 

maximum 8-h average for O3 concentrations 
7 

Annual average value, averaged over three consecutive years 
8
 Baseline O3 levels in Pacific regions of Canada have been reported by Environment Canada as being 19 parts per billion (ppb) (+10 ppb), or 38 µg/m3 (+ 20 

µg/m3). Source: http://www.ec.gc.ca/Air/default.asp?lang=En&n=72F82C27-1&offset=5&toc=show#toc5-7 
9
 Inhalable particulate matter 

10 
Based on 98

th
 percentile ambient measurement annually, averaged over 3 consecutive years (CCME 2000 and CCME 2005) 

11 
Effective 2015; 3-y average of the annual average concentrations 

12 
Effective 2020; 3-y average of the annual average concentrations 

13 
Planning goal - 6 µg/m

3 
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2.5.2 Trace Organic Contaminants 

As described in Appendix B, Section 2.2, Air Quality Criteria for Trace Organic Contaminants, with the 

exception of formaldehyde, there are no federal, provincial or regional criteria for TOCs.  The B.C. 

Ministry of Environment has adopted a 1-h average objective for formaldehyde, but has not adopted 

objectives for the other TOCs evaluated for the Study.  A target for formaldehyde concentrations less than 

60 µg/m
3
 (1-h average) is to be used when managing the level of formaldehyde in an airshed aslisted in 

Table 2-4. 

Although ambient air quality criteria (AAQC) for TOCs in B.C. are limited to formaldehyde, however for 

reference, baseline concentrations and annual loadings for all TOCs noted above are provided herein.  

The potential effects of exposure to the eight selected TOCs are evaluated in the HHRA for 1-h, 24-h and 

annual averaging periods as requested.   

Table 2-4 – Air Quality Criteria for TOCs 

TOC Averaging Period Study Criteria (µg/m
3
) 

Air Quality Criteria (µg/m
3
) 

B.C. AAQO 

Formaldehyde 1-h 60 60 

2.5.3 GHGs and Black Carbon 

As described in Appendix B, Section 2.3, Air Quality Critreria for GHGs and Black Carbon, there are no 

applicable AAQC for GHGs or Black Carbon.  Similar to TOCs, annual loadings for GHGs and Black 

Carbon are provided. 

 

 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 16 - December 2014 

3.0 METHODOLOGY 

This section describes the Study parameters and methodology including: 

 Background air quality; 

 Local meteorology; 

 Emissions inventory; and 

 Air dispersion modelling. 

Each of these components is discussed in greater detail in the following sections. 

3.1 BACKGROUND AIR QUALITY 

Appendix B, Section 3.0, Background Air Quality describes air quality in the LFV and in Tsawwassen for 

the purpose of identifying suitable background concentrations for the compounds of potential concern 

addressed in the Study.  Inclusion of background concentrations is important when considering other 

operations that contribute to air concentrations of the contaminants within the vicinity of the Project. 

3.1.1 Air Quality Trends in the Lower Fraser Valley 

MV, in conjunction with the Fraser Valley Regional District, operates a network of 27 air quality monitoring 

stations in the LFV.  Information gathered from the LFV Air Quality Monitoring Network is used to support 

and guide MV’s Air Quality Management Plans for the region.  Observed and projected air quality trends 

for contaminants in the LFV from 1990 to 2030 were derived by MV (MV 2013) (Table 3-1).  In general, 

the trend is towards decreasing concentrations in ambient air. 
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Table 3-1 – Lower Fraser Valley Air Quality Trends (MV 2013) 

Contaminant Major Sources Observed and Projected Trend 

CO 

On-road vehicles 

Space heating 

Non-road vehicles 

CO has steadily been declining and the AAQO has 
been achieved since 1990.  CO will continue to decline 
until 2020, after which regional emissions may 
increase due to emissions from non-road vehicles and 
equipment. 

NOx 

Combustion sources including 
building heating, commercial and 
industrial operations, on-road and 
non-road vehicles 

NOx emissions have declined since 1990, and will 
continue to decline to 2020, after which they are 
projected to level off. 

SO2 

Industrial sources such as petroleum 
refining, primary metals and non-
metallic mineral processing and 
marine vessels 

SO2 emissions have declined since 1990, and will 
continue to decline to 2015, after which they are 
projected to level off. 

VOC 
Natural sources (vegetation), solvent 
evaporation and light-duty gasoline 
vehicles 

VOC emissions have declined since 1990, but are 
projected to level off beyond 2010. 

PM, PM10 and 
PM2.5 

Action of the wind, and anthropogenic 
sources, such as the combustion of 
fuels 

A gradual decline in annual PM10 and PM2.5 has been 
observed for most locations in the LFV but a steadily 
increasing trend in emissions is projected from 2015 to 
2030. 

DPM On-road and non-road vehicles 
Declining trend from 1990 to 2030 due to cleaner fuels 
and more stringent engine standards. 

GHG 

Mobile Transportation Sources and 
Area Sources (e.g., agricultural 
activity, landfills residential, and 
commercial space heating) 

Decrease in emissions from 2010 to 2015, followed by 
increased emissions to 2030 due to increasing 
population and economic activity. 

Black Carbon 
Mobile sources, especially diesel 
engines and vehicles 

Most developed countries have already reduced 

emissions by adopting more stringent standards 

on emissions from transportation sources and 

additional reductions are anticipated to 2030.  These 

new standards will affect all on-road and off-
road vehicles in North America, including those 
operating in the LFV. 

3.1.2 Air Quality and Background Concentrations for Criteria Air Contaminants 

MV has completed several air quality monitoring studies specifically aimed at determining the air quality 

levels in the vicinity of the marine operations at the existing Roberts Bank terminals.  The results of the 

monitoring studies concluded that the measured air quality within the Delta study area was generally 

good, compared with other locations in MV, and that the Study contaminants are well below applicable 

AAQO.  For some contaminants, such as 1-h average CO and 24-h average SO2 and PM2.5, Tsawwassen 

has some of the lowest concentrations measured in the LFV in 2012. 

Monitoring data from the air quality monitoring Station T39 (Figure 2-1) at English Bluff in Tsawwassen 

(which was established in 2010 to assess air quality near the existing Roberts Bank terminals and B.C. 
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Ferries Terminal) indicates that the area experiences overall good air quality.  The station is located to the 

east of the existing terminals (including the ferry operations) and could be expected to detect the 

operations when the winds are blowing from the west and northwest.  In 2010-2012 (the years with 

available monitoring data), the levels of all gaseous contaminants monitored at Station T39 were well 

within the AAQO and standards set by MV, the Province of B.C. and the Federal Government.  In 

particular:  

 The concentrations of CO and SO2 are small fractions of the objectives. SO2 levels are likely to 

substantially decline in the future as a result of the adoption of the North American Emission 

Control Area (ECA) for shipping, which was introduced in 2012 and mandates additional 

reductions in fuel sulphur content for ships operating off the coast of B.C. beginning in 2015.  

However, contributions of SO2 from oil refineries south of the border and a cement plant to the 

east of Tsawwassen, as determined in an analysis of air quality monitoring data collected by MV 

adjacent to Highway 17 in 2004 (SENES 2006), will continue to affect ambient levels in this 

community unless emissions from those sources are reduced in the future. 

 The maximum contribution to hourly averaged NO2 concentrations from the direction of the 

marine terminals is less than one-third of the MV AAQO, while the maximum 24-h average NO2 

concentration from all directions was about 60% of the AAQO. Hourly averaged concentrations of 

NO2 are actually higher at the highest percentile levels for winds from directions other than from 

the Roberts Bank and the B.C. Ferries Terminal.    

 Ozone, a secondary contaminant formed in the atmosphere from the emission of NOx and VOC, 

is ubiquitous in the Tsawwassen area. The hourly averaged concentrations are slightly higher for 

wind directions other than those coming from the direction of the Roberts Bank and the B.C. 

Ferries Terminal. 

 The MV AAQO for 24-h average PM2.5 was exceeded once during a period of elevated pollution 

from forest fires in the region in August 2010.  Excluding the days with smoke from forest fires, 

99% of the time 24-h ambient PM2.5 concentrations at T39 were at approximately 37% of the B.C. 

and MV AAQO of 25 µg/m
3
, while the 98

th
 percentile averaged over 3 years was slightly more 

than 31% of the 30 µg/m
3
 CWSaq.   

A comparison of the observations made at Station T39 with other stations in the LFV during the 2010 to 

2012 period indicates that Tsawwassen experiences: 

 Among the lowest 1-h and 8-h average CO concentrations; 

 NO2 concentrations that are typical of levels in other areas of the LFV; 

 SO2 levels that are similar to other areas of the LFV, and much lower than the highest 

concentrations observed around industrial areas in MV; and 

 Among the lowest PM2.5 concentrations in the LFV. 

The approach suggested by the Guidelines for Air Quality Dispersion Modelling in British Columbia (B.C. 

MOE 2008) to defining background air quality from existing sources is to use the 98
th
 percentile of 
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observed concentrations at a nearby representative air quality monitoring station.  The best station for this 

purpose is Station T39 in Tsawwassen. Table 3-2 provides a summary of observed air quality levels at 

Station T39 as reproduced from Appendix B, Section 3.2.3,  Air Quality at Monitoring Station T39. 

Table 3-2 - Summary of Air Quality Observations at Station T39 (all wind directions) 

Year Parameter 

Concentration (µg/m
3
)
1
 

CO NO2 SO2 O3 PM2.5
2
 

1-h 8-h 1-h 24-h 1-h 
24-

h 
1-h 8-h 24-h 24-h 

2010 to 
2012 

Max 800.4 626.4 120.1 48.9 53.5 9.7 135.4 111.6 90.9 28.2 (14.1) 

Mean 183.6 183.6 12.8 12.8 1.4 1.4 45.9 45.8 45.9 3.5 (3.5) 

Median 174.0 174.0 9.0 10.8 0.8 1.1 46.6 46.3 46.1 3.1 (3.1) 

98
th

 
percentile 

371.2 339.3 44.7 34.9 7.7 5.1 88.2 84.7 79.8 9.5 (8.7) 

Air 
Quality 
Criteria 

Study 
Criteria

3
 

14300 5500 400 200 450 150 100 121.6 30 25
 

MV AAQO 30000 10000 200 - 450 125 160 126 - 25 

Notes: “-” indicates no activity associated with the terminal in that period; bolded values exceed Study Criteria 
1
 Where 98

th
 percentile concentrations were not available for the annual (i.e., NO2, SO2, O3, PM2.5) averaging period, 

24-h mean background concentrations were assumed 
2
 Numbers in brackets exclude data for August 4 to 6 and 14 to 17, 2010 (period of smoke from forest fires) 

3
 The most stringent criteria from Table 2-3 

Meteorological monitoring data from Station T39 indicate that emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal are most likely to be carried away from shore over the Strait of 

Georgia, with emissions being transported toward English Bluff only a portion of the time.  Emissions from 

the existing Roberts Bank terminals are only infrequently transported directly eastward to the northern 

portion of Tsawwassen or northeast towards Ladner.  Consequently, the air quality monitoring data at 

Station T39 include contributions from other sources in the vicinity of the station, and only partially reflect 

contributions from existing emission sources at the existing Roberts Bank terminals and B.C. Ferries 

Terminal.   

The maximum observed 1-h O3 concentrations observed in 2010, 2011 and 2012 exceed the NAAQC 

level of 100 µg/m
3
.  As described in Appendix B, Section 3.2.3, Air Quality at Monitoring Station T39, the 

highest observed hourly averaged O3 levels were related to regional air quality levels and were not 

associated with local air emissions alone.  

Table 3-3 provides a summary of the observed 1-h average air quality levels for only those time periods 

when Station T39 was downwind of the existing Roberts Bank terminals and B.C. Ferries Terminal as 
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reproduced from Appendix B, Section 3.2.3,  Air Quality at Monitoring Station T39.  Note that 

concentrations for 8-h and 24-h averaging periods could not be defined for winds from only 260-340˚ due 

to the variability of the wind conditions for these averaging periods.  For PM2.5 concentrations in Table 

3-3, the data in brackets represent the observed levels excluding the period of smoke from forest fires 

during the poor air quality episode of August 15-17, 2010.  A comparison of the hourly averaged NO2 

concentrations for winds from all directions and for winds only from the existing Roberts Bank terminals 

and B.C. Ferries Terminal indicates that the maximum observed NO2 concentration of 120.1 µg/m
3
 in 

2011 was unrelated to emissions from sources at the existing Roberts Bank terminals and B.C. Ferries 

Terminal.  Hourly averaged NO2 concentrations from the direction of the terminals are similar to the levels 

from all wind directions with the exception of the maximum observed NO2 concentration in 2011.  

Similarly, the highest hourly averaged PM2.5 concentrations during the period of record were unrelated to 

emissions from the marine terminal.  Concentrations at the 98
th
 percentile are similar regardless of wind 

direction.  On the other hand, the highest observed hourly average SO2 level of 53.5 µg/m
3
 in 2010 was 

related to emissions from the direction of the terminals, indicating that when sulphur content in fuels was 

higher, the existing marine terminals were likely the dominant source of 1-hr SO2 concentrations at the 

Station T39 location. 

The maximum observed 1-h O3 concentrations observed in 2010, 2011 and 2012 exceed the NAAQC 

level of 100 µg/m
3
.  As described in Appendix B, Section 3.2.3, Air Quality at Monitoring Station T39, the 

highest observed hourly averaged O3 levels were related to regional air quality levels and were not 

associated with local air emissions alone.  
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Table 3-3 – Summary of Hourly Averaged Observations at Station T39 for Wind Sector 260° to 340° 

Year Parameter 

Hourly Concentration (µg/m
3
) 

CO NO2 SO2 O3 PM2.5
1
 

2010 to 2012 
(wind sector 
260° to 340°) 

Max 800.4 78.7 53.5 115.6 41.6 (31.2) 

Mean 181.3 13.6 1.9 45.4 3.7 (3.6) 

Median 174.0 10.3 1.1 45.4 3.2 (3.2) 

98
th

 percentile 324.8 43.4 10.4 81.0 11.6 (10.4) 

Study Criteria
2
 14,300 400 450 100 N/A

3
 

MV AAQO 30,000 200 450 160 N/A
3 

2010 to 2012 Max Concentration all 
directions 

800.4 120.1 53.5 135.4 45.7 (45.5) 

2010 to 2012 98
th

 percentile all 
directions 

371.2 44.7 7.7 88.2 11.3 (10.8) 

 

Notes: bolded values exceed Study Criteria 
1
 Where 98

th
 percentile concentrations were not available for the annual (i.e., NO2, SO2, O3, PM2.5) averaging period, 

24-h mean background concentrations were assumed 
1
 Numbers in brackets exclude data for August 4 to 6 and 14 to 17, 2010 (period of smoke from forest fires) 

2
 The most stringent criteria from Table 2-3 – Air Quality Criteria for CACs 

3
 N/A = not applicable 

Table 3-4 provides the CAC background concentrations considered in the Study as reproduced from 

Appendix B, Section 3.2.6,  Background Concentrations for CACs.  As per the recommendations of the 

B.C. MOE (B.C. MOE 2008), the 98
th
 percentile concentrations were used for the appropriate averaging 

periods.   
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Table 3-4 – Background Concentrations for CACs 

CAC Averaging Period 
Assumed Background 
Concentration (µg/m

3
) 

Study Criteria
1
 

(µg/m
3
) 

MV AAQO 

CO 
1-h 371.2 14,300 30,000 

8-h 339.3 5,500 10,000 

NO2 

1-h 44.7 400 200 

24-h 34.9 200 - 

1-y 12.8
2
 60 40 

SO2 

1-h 7.7 450 450 

24-h 5.1 150 125 

1-y 1.4
2
 25 30 

O3 

1-h 88.2 100 160 

8-h 84.7 121.6 126 

24-h 79.8 30 - 

1-y 45.9
2
 30 - 

PM 
24-h 46.2

3
 120 - 

1-y 20.6
3
 60 - 

PM10 
24-h 23.1

4
 50 50 

1-y 10.3
2
 - 20 

PM2.5 
24-h 8.7 25 25 

1-y 3.5
2
 6 8/6

5 

Notes: “-” indicates no criteria; bolded values exceed study criteria; the background concentration, as the 

98
th

 percentile of measured concentrations, is assumed to be identical in all areas of the modelling domain, 

based on the levels recorded at specific monitoring stations, which may not be representative of actual 

background levels in all locations of the modelling domain 
1
 The most stringent criteria from Table 2-4 – Air Quality Criteria for TOCs 

2
 Where 98

th
 percentile concentrations were not available for the annual (i.e., NO2, SO2, O3, PM10, PM2.5) 

averaging period, 24-h mean background concentrations were assumed 
3
 PM background concentration assumed to be 2 x PM10 

4
 98

th
 percentile background concentration at Vancouver International Airport (100134) for 2010 to 2012 

assumed 
5
 Planning goal - 6 µg/m

3
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3.1.3 Air Quality and Background Concentrations for Trace Organic Contaminants 

As described in Appendix B, Section 3.3, Air Quality and Background Concentrations for TOCs, there is 

only a limited amount of information about background levels of TOCs in the LFV airshed that is relevant 

to defining background air quality for the Study.  VOC monitoring at the National Air Pollution Surveillance 

(NAPS) monitoring stations shown in Table 3-1 – Lower Fraser Valley Air Quality Trends was considered 

to be representative for estimating background levels of TOCs.  Table 3-5, as reproduced from Appendix 

B, Section 3.3, Air Quality and Background Concentrations for TOCs, provides a summary of the NAPS 

data observations at three stations in the MV region and one station at Saturna Island in Georgia Strait 

during the period 2007 to 2011.  As discussed in Section 2.5.2, AAQC for TOCs in B.C. are limited to 

formaldehyde, however for reference, baseline concentrations for all TOCs are provided. 

Figure 3-1 – Location of VOC Monitoring Stations 
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Table 3-5 – Summary of Air Quality Observations for Selected TOCs 

TOC Parameter
1
 

24-h Average Concentration (µg/m
3
) 

Vancouver 
International 

Airport 

Richmond 

South 

Rocky Point 

Park 

Saturna 

Island 

Acrolein 

Mean - - 0.06 - 

98
th

 percentile - - 0.17 - 

Maximum - - 0.22 - 

Benzene 

Mean 0.60 0.96 0.86 0.23 

98
th

 percentile 1.97 3.38 2.21 0.56 

Maximum 2.55 4.11 3.09 1.55 

1,3-Butadiene 

Mean 0.10 0.15 0.11 0.01 

98
th

 percentile 0.38 0.69 0.33 0.04 

Maximum 0.57 0.77 0.52 0.13 

Acetaldehyde 

Mean - - 1.72 0.44 

98
th

 percentile - - 5.48 1.24 

Maximum - - 11.50 1.48 

Formaldehyde 

Mean - - 1.89 0.83 

98
th

 percentile - - 3.58 1.94 

Maximum - - 6.78 2.30 

Naphthalene 

Mean 0.16 0.25 0.24 0.02 

98
th

 percentile 0.52 0.93 0.82 0.07 

Maximum 1.00 1.27 1.83 0.22 

Notes: 
1
 The 98

th
 percentile concentrations will be used to define the hourly and daily average background levels for the 

Study while the mean concentrations will be used for the annual average background concentrations 

There has been no recent monitoring of benzo(a)pyrene in Vancouver, with the most recent data being 

prior to 1999, with none of the data specific to Delta.  In 2013, Environment Canada reported that the 90th 

percentile 24-h average benzo(a)pyrene concentration at B.C. NAPS monitoring stations in 2008 was 1.0 

ng/m
3
, while the annual mean concentration for the period 2001-2008 was approximately 0.6 ng/m

3
, with 

little year-to-year variability over this period.  For the purpose of defining the background benzo(a)pyrene 

levels, the 90
th
 percentile for B.C. as a whole was used to define the 24-h average concentration in 

Tsawwassen, while the mean annual concentration for the province as a whole was used to define the 

mean annual background level. 

Table 3-6 provides the background concentrations of TOCs used for the Study as reproduced from 

Appendix B, Section 3.3.1, Backgrond Concentrations for TOCs.  As per the recommendations of the 

Guidelines for Air Quality Dispersion Modelling in British Columbia (B.C. MOE 2008), the 98
th
 percentile 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 25 - December 2014 

concentrations were used.  To be conservative, the highest 98
th
 percentile concentration seen at four 

stations in Table 3-5 was used.  Since the sampling for these compounds is conducted only on a 24-h 

average basis the 98
th
 percentile daily concentrations are used to represent background concentrations 

for both daily and hourly averaging periods for the Study, and mean daily concentrations are used to 

represent annual background concentrations. 

Table 3-6 – Background Concentrations for TOCs 

TOC Averaging Period 

Assumed 
Background 

Concentration 
(µg/m

3
) 

Study Criteria 
(µg/m

3
) 

Acrolein 

1-h 0.17
1
 - 

1-y 0.06
2
 - 

Benzene 

1-h 3.38
3
 - 

1-y 0.96
4
 - 

1,3-Butadiene 

1-h 0.69
3
 - 

24-h 0.69
3
 - 

1-y 0.15
4
 - 

Acetaldehyde 

1-h 5.48
1
 - 

1-y 1.72
2
 - 

Formaldehyde 

1-h 3.58
1
 60 

1-y 1.89
2
 - 

Naphthalene 

1-h 0.93
3
 - 

1-y 0.25
4
 - 

Benzo(a)pyrene 1-y 0.0006
5
 - 

Notes: “-” indicates no criteria 
1
 98

th
 percentile 24-h average concentration observed at Rocky Point Park NAPS station 

2 
Mean 24-h average concentration observed at Rocky Point Park NAPS station 

3
 98

th
 percentile 24-h average concentration observed at Richmond South NAPS station 

4
 Mean 24-h average concentration observed at Richmond South NAPS station 

5
 Annual mean concentration at B.C. NAPS monitoring stations 2001-2008 (Environment Canada 2013) 
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3.1.4 Regulatory Initiatives 

Existing air quality is expected to be improved by several regulatory initiatives.  The initiatives and their 

adoption for the assessment of future emission scenarios are briefly described below.  Their application to 

specific types of engines is discussed in more detail in Appendix A of the Study.   

3.1.4.1 Marine Engines 

The regulatory initiatives considered in this assessment for marine engines are related to fuel quality 

standards as defined by the International Maritime Organization (IMO) in 2010 for the North American 

ECA and to engine emission standards as defined under both the ECA and IMO initiatives.  The most 

immediate of these is the ECA initiative adopted by Canada and the United States which mandates the 

use of low sulphur fuels within a 200 nautical mile (370 km) distance of the coast of North America.    

Prior to August 1, 2012, the average fuel sulphur content of marine fuel used by commercial vessels in 

Vancouver was estimated to be less than 3%.  Beginning on August 1, 2012, all vessels within the ECA 

zone were required to use fuel with no more than 1% fuel sulphur content.  By January 1, 2015, ships will 

not be allowed to use fuel with sulphur content greater than 0.1%, which will result in a reduction in SO2 

emissions of approximately 96% from marine vessels compared to existing levels.  Because the emission 

of PM2.5 is partially related to SO2 emissions, the reduction in fuel sulphur content will also result in lower 

PM2.5 emissions as well.  In addition, the ECA will require that newer ships have reduced levels of NOx 

emissions, representing an 80% reduction in emissions from current standards, however, these standards 

apply as new ships are phased in and changes will occur as the fleet turns over. 

For container ships at berth at both RBT2 and the third berth at Deltaport Terminal, shore power will be 

made available so that ships that are equipped to connect to shore power facilities will be able to turn off 

their auxiliary engines.  PMV has completed an assessment of the maximum potential benefits of shore 

power.  These are discussed in the Section 9.2.7.2, Other Emission Reduction Initiatives, and Section 

9.2.8.2, Operation Phase, of the EIS.  However, because it is uncertain as to what proportion of the 

container vessel fleet will be capable of using shore power in 2025, no credit for reduced emissions has 

been assigned to marine vessels at berth in the Study.  Consequently, the projected changes in air quality 

as defined for emissions from berthing are higher than will likely be the case. 

3.1.4.2 Cargo Handling Equipment 

New diesel-fuelled engines used in CHE will meet applicable engine emission standards as defined by 

regulatory agencies in Canada and the United States.  In addition, PMV is working jointly with the Ports of 

Seattle and Tacoma on the Northwest Ports Clean Air Strategy that has established emission reduction 

targets for CHE in 2010, 2015 and 2020.  However, any emission reduction benefit derived from this 
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voluntary initiative has not been included in this assessment. Emission reductions from CHE are however 

anticipated to occur as a result of normal equipment fleet turnover to newer, lower emitting equipment as 

each piece of equipment reaches the end of its useful working life.   

The largest emission reductions are anticipated to occur as a result of the replacement of the Rubber-

Tired Gantry (RTG) cranes at Deltaport Terminal after 2020. At that time, it has been assumed that the 

RTG would be replaced by electric-powered cranes. 

3.1.4.3 On-Road and Off-Road Vehicles 

On-road vehicles are regulated to meet the emission standards in place at the time of manufacture.  In 

addition, however, PMV has instituted a Truck Licensing System that limits the age of trucks that are 

allowed to operate on port lands, or requires operators of older trucks to obtain an age exemption.  

Emissions from employee-owned vehicles were also subject to the regional AirCare vehicle inspection 

and maintenance program in the LFV up to 2014.  However, this program will end on December 31, 2014.  

In addition, MV has committed to developing enhanced programs for inspection and maintenance of 

heavy-duty vehicles in the LFV airshed in association with other partners.  Because the benefits of any 

such programs are uncertain at this time, no credit for emission reductions has been assumed in the 

Study. 

Metro Vancouver has implemented a Non-Road Diesel Engine Emission Regulation and PMV is 

developing a similar initiative to complement this work, with the objective of reducing diesel particulate 

matter emissions associated with off-road equipment and cargo-handling equipment operating within 

PMV’s jurisdiction. Because the benefits of any such programs are uncertain at this time, no credit for 

emission reductions has been assumed in the assessment. 

3.1.4.4 Rail Locomotives 

In 2013, Transport Canada and the Rail Association of Canada (RAC) signed a Memorandum of 

Understanding (MOU) to reduce emissions of CAC and GHG over the period 2011-2015 (Transport 

Canada 2013).  Under the MOU, Transport Canada will be developing regulations to control CAC 

emissions under the Railway Safety Act. The proposed regulations would be aligned with United States 

regulations (Title 40 of the Code of Federal Regulations of the U.S., Part 1033) and would apply to federal 

railway companies operating in Canada.  For its part, until the new regulations to reduce CAC emissions 

are introduced, the RAC will encourage all of its members to continue to conform to U.S. emission 

standards, and also encourage members to adopt operating practices aimed at reducing CAC emissions.  

Furthermore, the RAC will encourage its members to reduce Class 1 freight GHG emission intensity (in 

terms of kilograms of CO2e emitted per unit freight moved) by 6% from levels in 2010.  In addition, as part 
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of the SmartStart
2
 program instituted by Canadian rail companies, idling of locomotives will be 

discontinued.  

3.1.5 Local Meteorology 

Roberts Bank is characterised as a moderate, oceanic climate in which temperatures stay above freezing 

in winter, but seldom rise above 30°C in summer.  The winter season experiences a steady succession of 

three to four weather systems per week that result in clouds and frequent, and sometimes heavy, 

precipitation.  On occasion, Arctic outflow winds from interior valleys may result in much colder 

temperatures and snowfall, lasting for several days or even a few weeks.  The summer season, typically 

from May to September, is characterised by frequent periods of clear skies and warm temperatures under 

the influence of high pressure systems (Supply and Services Canada  1990).  These periods can result in 

stagnant atmospheric conditions that may lead to episodes of elevated air pollution levels.  

Characterization of the existing climate and meteorological conditions in the vicinity of the Project is 

important because these are the main forces driving the transport (dispersion or mixing) of emissions in 

the atmosphere.  Temperature and precipitation normals for Delta Tsawwassen Beach and the 

Vancouver International Airport (see Figure 3-2 for station locations) are presented in Section 9.1.1, 

Climate of the RBT2 environmental impact statement.  

                                                      
2
 Locomotives equipped with SmartStart

®
 stop-start controls reduce idling time and thus save on fuel consumption. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 29 - December 2014 

 

Figure 3-2 – Locations of Meteorological Stations 

 

The direction and speed of the wind dictates the location and distance from the source that emissions 

may travel.  Wind direction is reported as the direction from which the wind blows and is based on surface 

(10 metres above ground) observations.  In general terms, if the wind does not blow toward a receptor, 

there will be no effect from an emission source.  Wind blows in all directions with varying frequencies, and 

the more frequently occurring wind directions are known as the prevailing wind directions. Typical wind 

conditions are between the east to east southeast (27% of the time), as shown in Figure 3-3 for Sand 

Heads (see Figure 3-2 for station location), a monitoring station located over water approximately 13 km 

NW  from RBT2. 
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Figure 3-3 – Sand Heads 2010 Wind Rose - Measured 

 

As part of the modelling exercise, a wind rose (Figure 3-4) was created for RBT2 specifically for 2010.  

Winds show a similar trend to Sand Heads with a stronger component from the NW. 
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Figure 3-4 – CALMET Wind Rose at RBT2 - Modelled 
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3.2 EMISSIONS INVENTORY 

Emissions from the existing Roberts Bank terminals and B.C. Ferries Terminal and RBT2 were estimated 

for the sources and activities described in Table 3-7. 

Table 3-7 – Sources and Activities 

Sources and Activities Source Details Considered 

Marine vessels calling at the existing Roberts Banks 
terminals and RBT2 Main engines, auxiliary engines and boilers, and 

activities associated with manoeuvring and at berth, as 
well as tugboat assist vessels Ferry vessels calling at the existing B.C. Ferries 

Terminal 

CHE operating at the existing Roberts Bank Terminals 
and RBT2 

Reach stackers, rubber-tired gantry cranes, top and/or 
side picks chassis or reach stackers, and yard trucks 
(hostlers, terminal tractors) operating at the terminals 

Rail locomotives arriving and departing from and 
switcher locomotives operating at the existing Roberts 
Banks terminals and RBT2 

Line-haul and switcher locomotives operating withing 
the Project boundary 

On-road vehicles arriving and departing from the 
existing Roberts Banks terminals and B.C. Ferries 
Terminal and RBT2 

Container trucks, as well as employee and visitor 
vehicles, and vehicles associated with the B.C. Ferries 
Terminal operating withing the Project boundary 

The emission estimates for each Study scenario incorporate activity levels for marine vessels, CHE, rail 

locomotives and on-road vehicles at RBT2, and also consider changes in fuel quality and the normal 

replacement of older equipment with newer equipment that meets new emission technology standards.  

The estimated emissions in each time period were based on detailed consideration of activity levels for 

each type of equipment associated with changes in container handling capacity. 

Emissions were estimated using best practice methods adopted by Transport Canada, Environment 

Canada, and the U.S. Environmental Protection Agency, the latter of which have been used to estimate 

marine and landside emissions for PMV and other ports in California and Washington.  A summary of the 

annual average emissions for each scenario is provided in Section 4.1. 

Detailed emission estimation methodologies used in the Study, as well as emission rates for the Study 

scenarios listed in Table 2-1 are included in Appendix A.   
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3.3 AIR DISPERSION MODELLING 

In order to assess the air quality associated with emissions to air from the Project, it was important to 

study the short-range atmospheric dispersion capability of the area.  The dispersion of emissions is 

usually assessed using an air dispersion model that simulates the behaviour of emissions from their point 

of release to their point of reception in the environment. 

The CALMET/CALPUFF modelling system is an accepted regulatory model in B.C. for use in specific 

instances, such as shoreline settings.  For the Study, the latest version of the CALMET/CALPUFF 

(Version 6.334, Level 110421) and CALPUFF (Version 6.42, Level 110325) modelling system was used.  

Details of the modelling methodology are included in Appendix C.  

CALMET is a meteorological model that produces hourly, three dimensional gridded wind fields from 

available meteorological, terrain and land use data.  The CALMET inputs and results were subjected to 

several sensitivity tests and validation to ensure that the meteorology was considered representative of 

local conditions.  Details of the validation are provided in Appendix C.   

CALPUFF is a non-steady state puff dispersion model that utilises the CALMET wind fields and accounts 

for spatial changes in meteorology, variable surface conditions, and plume interactions with the terrain 

and water land interface. 

Inputs required for the model include site-specific meteorological and geographical conditions, source 

parameters including emission rates, and receptors for assessment.  These inputs are described in 

greater detail in Appendices A and C.  Figure 3-5 shows the source locations considered in the Study’s 

air dispersion modelling. 
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Figure 3-5 – Air Dispersion Modelling Source Locations 

 

Nine different scenarios (Table 2-1) were modelled to determine potential changes from simultaneous 

operations of all activities ranging from realistic maximum loads to average annual scenarios.  For 

example, for Future Conditions, up to 16 ships could arrive on a given day (a maximum daily emissions 

scenario), but typically only 6 are expected to manoeuver into a berth (an average daily emissions 

scenario).  Assessing the maximum scenarios allows for a prediction of the potential worst case air 

concentration associated with the activities.  The annual average scenarios allow for an interpretation of 

more typical conditions. 

Over 8,000 gridded receptors were included in the air quality assessment as shown in Figure 3-6.  The 

grid resolution chosen exceeds the requirements of the Guidelines for Air Quality Dispersion Modelling in 

British Columbia (B.C. MOE 2008) for all of the populated areas within the LSA to ensure that populated 

areas in Delta along the shore closest to Roberts Bank have sufficient grid resolution to capture maximum 

predicted concentrations on landand to support information required for the HHRA. 

In addition to the 8000+ gridded receptors that were used in the assessment, 18 representative discrete 

receptors were also included (Figure 3-7).  These receptors are used in the Study as representative 

reference points to assist in the discussion of the results of the study. 
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Figure 3-6 – LSA Receptor Grid Compared to B.C. Modelling Guidelines 
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Figure 3-7 – Location of Discrete Receptors 
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3.3.1 NO2 Estimation Method 

NOx emission rates were used as inputs into the CALPUFF model.  Emissions from combustion sources 

are largely comprised of nitric oxide (NO) at the point of emission.  A portion of the NO then converts 

photochemically to NO2 in the presence of ozone. Consequently, the predicted NOx concentrations from 

CALPUFF were converted to NO2 concentrations using the Ozone Limiting Method (OLM) which is 

described in greater detail in Appendix C. 

The basic principal behind the OLM is that the formation of NO2 in the lower atmosphere is limited by the 

amount of ozone (i.e., O3).  In the presence of hydrocarbons and sunlight, NO reacts with O3 to form NO2. 

The OLM has two main assumptions: 

1. Actual in-stack NO2/NOx ratios or a nominal ratio of 10%; 

2. The amount of remaining NO converted to NO2 through a reaction with ambient ozone is 

proportional to the ambient ozone concentration. 

For the Study, background concentrations of O3 were based on the baseline air quality as the observed 

98
th
 percentile 1-h and 24-h average concentrations at the T39 monitoring station in Tsawwassen for the 

period 2010 to 2012.  These baseline concentrations are considered to be similar to the environment 

which surrounds the Project site.  

3.3.2 Ground-level Ozone Estimation Method 

Ground-level ozone is formed through a complex set of atmospheric chemical reactions with NOx and 

VOCs acting as key precursor species. Recent research on O3 formation in the LFV (Steyn et al. 2011; 

MV 2014) revealed that in the eastern portions of the valley approximately from east of Abbotsford to 

Hope, ozone production is limited by the availability of NOx; while in western areas of the valley 

approximately from Langley to Georgia Strait, ozone production is limited by the availability of VOCs.  

Both the relative amounts of available emissions and their location affect the potential O3 formation. 
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A first-order, screening-level estimate was made of potential changes in concentrations of ground-level O3 

based on changes in emissions of NOx and VOC.  The methodology was based on a simplified model 

developed for the LFV by Steyn et al. (Steyn et al. 2011).  The projected change in net ozone 

concentrations was estimated using the slope of the potential change in O3 concentration listed in Table 

3-8. 

Table 3-8 – LFV Ozone Concentrations and NOx/VOC Emission Changes 

 Slope 

Parameter Units 1985 2006 Difference 
VOC Limited 

Western LFV 

NOx Limited 

Eastern LFV 

VOC Emissions
1
 t/d 439 296 -143 (ppb O3 / t per day 

VOC emission) 
(ppb O3 / t per day 
NOx emission) NOx Emissions

1
 t/d 277 167 -110 

Mean O3
2
 ppb 27.7 21.1 -6.6 0.05 0.06 

Peak O3
3
 ppb 68.9 44.5 -24 0.17 0.22 

Source: Steyn et al. 2011 

Notes: 
1
 Steyn et al. Table 4 Average daily emission rates (metric tonnes [t] per day) within the LFV based on the MV 

emissions inventories (Greater Vancouver Regional District (GVRD) 2004, GVRD 2007) 
2
 Steyn et al. Table 7 Domain-wide overall ozone performance statistics for all WRF/CMAQ simulations and for the 

NRC (Smyth et al. 2006) MM5/CMAQ 2001 simulation 
3
 Steyn et al. Table 53 Ozone performance statistics for daily peak ozone concentrations (Steyn et al. 2011) 
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4.0 RESULTS AND DISCUSSION (OPERATIONS) 

Due to the dynamic nature of port operations in which ships of differing size and age arrive and depart at 

irregular times from the various marine terminals, precise modelling of all operations is not technically 

feasible.  Instead, in order for the comparisons of potential changes in air quality to be meaningful, the 

assessment was done by comparing hypothetical maximum emission scenarios for existing operation to 

potential maximum emission scenarios for future operations with and without the Project, as well as by 

comparing hypothetical average annual emission scenarios for existing operation to potential hypothetical 

annual emission scenarios for future operations with and without the Project.  

The focus on this results section is on the overland component as that is where the greatest potential for 

exposure to the general public would occur.  The maximum over water concentrations are shown for all 

contaminants with applicable study criteria in the figures below.  Additional results are presented in 

Appendix D, Additional Results.  For a more detailed interpretation of the results, see the HHRA. 

The predicted concentrations reflect the maximum hour and maximum day for the 1-h and 24-h averaging 

periods.  The annual concentrations are reflective of average operations throughout the year.  

For hourly and daily concentrations, it was assumed that maximum hourly operations at the marine 

terminals and associated surface transportation sources were occurring simultaneously for all hours of 

the day and 365 days per year.  These assessments provide an indicator of what could happen if peak 

operations were to occur concurrently at all of the modelled locations.  For the annual concentrations, 

emissions reflect annual operating conditions and are more representative of what could realistically 

occur. 

It is important to realise that the maximum predicted hourly concentrations occur only one hour out of 

8760 h per year and at all other times concentrations will be lower at the location.  Similarly, a maximum 

predicted daily concentration occurs only one day out of 365 days per year. 

4.1 ANNUAL EMISSIONS FOR EXISTING, EXPECTED AND FUTURE CONDITIONS 

Comparisons of predicted annual emissions for Future Conditions to Existing Conditions for CO, NOx, 

SO2, formaldehyde and PM2.5 are provided in Figure 4-1 and Figure 4-2.  Emissions from CO, NOx, SO2 

and PM2.5 decrease appreciably from Existing Conditions to Future Conditions while other substances are 

expected to remain similar to or slightly lower than Existing Conditions, with the exception of small 

increases in emissions for selected TOC such as benzene, acetaldehyde and formaldehyde. 

Similarily, comparisons of predicted annual emissions for Future Conditions to Expected Conditions for 

CO, NOx, SO2, formaldehyde and PM2.5 are provided in Figure 4-3 and Figure 4-4.  Although there are 

predicted decreases in overall emissions for CACs and formaldehyde from Existing Conditions to Future 
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Conditions, the addition of new Project-related emission sources are predicted to increase emissions for 

all contaminants relative to Expected Conditions. 

Figure 4-1 – Annual Emissions of CO and NOx in Future Conditions Compared to Existing 
Conditions 

 

Figure 4-2 – Annual Emissions of SO2, Formaldehyde and PM2.5 in Future Conditions Compared to 
Existing Conditions 
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Figure 4-3 – Annual Emissions of CO and NOx in Future Conditions Compared to Expected 
Conditions 

 

Figure 4-4 – Annual Emissions of SO2, Formaldehyde and PM2.5 in Future Conditions Compared to 
Expected Conditions 

 

Predicted annual emissions by terminal and activity of CACs, TOCs, GHGs and Black Carbon are shown 

in Table 4-4-1 to Table 4-4-3 and Figure 4-5 for each operating condition.  Emissions from CO, NOx, SO2 

and PM decrease appreciably from 2010 levels to the future horizon year while other substances are 

expected to remain similar to or slightly lower than the 2010 levels. NOx emissions for expected 

conditions also decrease compared to exiting conditions. In the future, newer and refurbished vehicles will 

be designed to meet new NOx emissions standards for all engines except ship engines (due to the effect 

of diesel particulate filters and exhaust gas recirculation systems). 
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Note that different fuel mixes for the CHE at Deltaport Terminal and RBT2 result in different contaminant 

emission ratios than is shown for Westshore Terminals.  Section 2.5.2 notes that AAQC for TOCs in B.C. 

are limited to formaldehyde; however for reference, annual loadings for all TOCs are provided. 

As stated previously, RBT2 emissions increase from 2023 to 2025 for Future Conditions as the terminal 

reaches full operating capacity.  A comparison of total annual emissions for Expected Conditions and 

Future Conditions in 2023 and 2025 is provided in Appendix A, Attachment 7, Emission Comparisons. 

Section 2.5.3 notes that there are no AAQC for GHG and Black Carbon in B.C.  Annual loadings are 

provided for reference.  GHG emissions (CO2e) from operations at the Roberts Bank and B.C. Ferries 

terminals are primarily composed of CO2.  CO2 is generally not associated with health or short-term 

impacts that are typically considered with modelling.  According to the B.C. MOE, 62 Mt of CO2e were 

released in B.C. in 2010 of which 38% (24 Mt) were from the transportation sector and 31% (19 Mt) were 

from stationary combustion sources (B.C. MOE 2012).  RBT2 is predicted to contribute an additional 0.25 

Mt CO2e in 2025 as compared to 2010. 

The CO2e for GHG is presented separately from the CO2e for black carbon because GHG have longer 

atmospheric lifetimes (in the order of years to decades) while the atmospheric lifetime for black carbon is 

on the order of a few days. Therefore, it may be not be appropriate to add the CO2e for GHG and black 

carbon. 
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Table 4-4-1 – Annual Emissions for Gaseous and Particulate CACs by Terminal and Activity 

Operating 
Condition 

Horizon 
Year 

Terminal Activity 
Annual Emissions (t/y) 

CO NOx SO2 VOC PM PM10 PM2.5 

Existing 
Conditions 

2010 

Deltaport 
Terminal 

Ships 38.5 294.9 221.2 9.1 25.6 25.6 23.5 

CHE 1535.1 665.5 2.2 73.9 40.2 40.2 36.6 

Rail 21.9 32.3 0.2 5.7 0.7 0.7 0.7 

Vehicles 17.1 37.2 0.0 2.9 2.8 2.8 2.2 

Westshore 
Terminals 

Ships 20.3 134.3 128.2 4.7 15.0 14.4 13.2 

CHE 14.8 23.8 0.1 1.9 1.3 1.3 1.3 

Rail 9.2 23.8 0.4 2.0 0.6 0.6 0.6 

Vehicles 1.2 0.2 0.0 0.0 0.0 0.0 0.0 

Ferry 
Terminal 

Ships 78.1 1000.6 0.4 34.6 17.8 17.8 16.4 

Vehicles 40.2 10.8 0.1 1.2 0.5 0.5 0.4 

Total 1,776 2,223 353 136 104 104 95 

Expected 
Conditions 

2025 

Deltaport 
Terminal 

Ships 87.0 214.5 18.6 15.9 12.3 12.3 11.3 

CHE 442.2 289.9 3.2 35.7 23.9 23.9 19.6 

Rail 8.6 37.7 0.0 4.1 0.9 0.9 0.9 

Vehicles 6.1 8.1 0.1 0.3 1.3 1.3 0.5 

Westshore 
Terminals 

Ships 33.4 112.0 6.4 5.1 4.3 4.2 3.8 

CHE 18.4 29.6 0.0 2.2 1.6 1.6 1.6 

Rail 5.6 20.5 0.0 1.1 0.4 0.4 0.4 

Vehicles 1.1 0.1 0.0 0.0 0.0 0.0 0.0 

B.C. 
Ferries 
Terminal 

Ships 78.1 704.0 0.4 34.6 17.8 17.8 16.4 

Vehicles 23.9 2.4 0.1 0.3 0.2 0.2 0.1 

Total 704 1,419 29 99 63 63 55 

Future 
Conditions 

2025 

RBT2 

Ships 69.7 188.1 18.2 14.6 11.3 11.3 10.4 

CHE 334.5 59.5 4.4 34.7 3.8 3.8 3.2 

Rail 10.9 45.7 0.0 4.6 1.1 1.1 1.1 

Vehicles 7.8 9.8 0.1 0.4 1.5 1.5 0.5 

Deltaport 
Terminal 

Ships 75.4 198.7 18.6 15.3 11.7 11.7 10.8 

CHE 442.2 289.9 3.2 35.7 23.9 23.9 19.6 

Rail 8.6 37.7 0.0 4.1 0.9 0.9 0.9 

Vehicles 6.1 8.1 0.1 0.3 1.3 1.3 0.5 

Westshore 
Terminals 

Ships 33.4 112.0 6.4 5.1 4.3 4.2 3.8 

CHE 18.4 29.6 0.0 2.2 1.6 1.6 1.6 

Rail 5.6 20.5 0.0 1.1 0.4 0.4 0.4 

Vehicles 1.1 0.1 0.0 0.0 0.0 0.0 0.0 

B.C. 
Ferries 
Terminal 

Ships 78.1 704.0 0.4 34.6 17.8 17.8 16.4 

Vehicles 23.9 2.4 0.1 0.3 0.2 0.2 0.1 

Total 1,115 1,706 52 153 80 80 69 
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Figure 4-5 – Annual Emissions for Gaseous and Particulate CACs by Terminal and Activity 
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Table 4-4-2 – Annual Emissions for TOCs by Terminal and Activity 

Operating 
Condition 

Horizon 
Year 

Terminal Activity 

Annual Emissions (kg/y) 

Acrolein Benzene 1,3-
Butadiene 

Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Existing 
Conditions 

2010 

Deltaport 
Terminal 

Ships 27.2 52.0 2.7 190.7 400.6 9.9 0.06 23535.9 

CHE 540.6 733.1 191.1 3573.8 10255.7 858.2 3.86 33071.0 

Rail 54.7 69.6 17.1 364.6 1097.6 86.8 0.30 689.9 

Vehicles 18.7 29.4 8.8 102.0 226.0 25.9 0.13 1974.8 

Westshore 
Terminals 

Ships 12.4 40.0 1.6 146.4 299.8 8.5 0.05 13211.7 

CHE 18.1 23.1 5.7 120.9 364.0 28.8 0.10 1180.7 

Rail 19.2 24.4 6.0 127.9 385.1 30.5 0.11 619.2 

Vehicles 0.0 1.7 0.2 0.4 0.5 0.1 0.00 3.2 

B.C. 
Ferries 
Terminal 

Ships 75.8 46.3 9.2 175.1 387.2 2.1 0.09 16379.7 

Vehicles 2.3 46.5 5.6 18.1 32.4 4.5 0.02 355.3 

Total 769 1,066 248 4,820 13,449 1,055 4.7 91,021 

Expected 
Conditions 

2025 

Deltaport 
Terminal 

Ships 43.6 126.9 4.8 464.3 955.2 6.5 0.04 11327.0 

CHE 262.4 365.0 87.2 1790.5 5289.8 426.7 1.82 14057.8 

Rail 39.1 49.8 12.3 260.9 785.3 62.1 0.22 863.8 

Vehicles 2.8 5.8 0.5 19.9 61.4 4.7 0.00 167.3 

Westshore 
Terminals 

Ships 13.3 46.2 1.6 169.1 345.6 2.4 0.02 3828.4 

CHE 20.9 26.6 6.6 139.4 419.7 33.2 0.12 1572.8 

Rail 10.7 13.6 3.3 71.0 213.9 16.9 0.06 361.9 

Vehicles 0.0 0.6 0.1 0.1 0.2 0.0 0.00 3.4 

B.C. 
Ferries 
Terminal 

Ships 75.8 46.3 9.2 175.1 387.2 2.1 0.09 16379.7 

Vehicles 0.4 12.9 1.5 4.2 7.5 1.0 0.01 96.3 

Total 469 694 127 3,095 8,466 556 2.4 48,658 

Future 
Conditions 

2025 

RBT2 

Ships 40.6 126.8 4.3 463.8 952.6 6.5 0.04 10364.7 

CHE 177.3 603.9 93.8 1234.8 3565.9 291.1 1.39 1444.7 

Rail 44.1 56.1 13.8 294.2 885.7 70.1 0.24 1055.7 

Vehicles 3.2 7.0 0.6 22.7 70.0 5.3 0.00 206.7 

Deltaport 
Terminal 

Ships 42.2 126.9 4.5 464.1 954.2 6.5 0.04 10792.8 

CHE 262.4 365.0 87.2 1790.5 5289.8 426.7 1.82 14057.8 

Rail 39.1 49.8 12.3 260.9 785.3 62.1 0.22 863.8 

Vehicles 2.8 5.8 0.5 19.9 61.4 4.7 0.00 167.3 

Westshore 
Terminals 

Ships 13.3 46.2 1.6 169.1 345.6 2.4 0.02 3828.4 

CHE 20.9 26.6 6.6 139.4 419.7 33.2 0.12 1572.8 

Rail 10.7 13.6 3.3 71.0 213.9 16.9 0.06 361.9 

Vehicles 0.0 0.6 0.1 0.1 0.2 0.0 0.00 3.4 

B.C. 
Ferries 
Terminal 

Ships 75.8 46.3 9.2 175.1 387.2 2.1 0.09 16379.7 

Vehicles 0.4 12.9 1.5 4.2 7.5 1.0 0.01 96.3 

Total 733 1,488 239 5,110 13,939 929 4.0 61,196 
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Table 4-4-3 – Annual Emissions for GHG and Black Carbon by Terminal and Activity 

Operating 
Condition 

Horizon 
Year 

Terminal Activity 
Annual GHG Emissions (t/y) Annual Black Carbon Emissions (t/y) 

CO2e (20-y) CO2e (100-y) CO2e (20-y) CO2e (100-y) 

Existing 
Conditions 

2010 

Deltaport 
Terminal 

Ships 2.24 x10
4
 2.23 x10

4
 2.05 x10

4
 5.78 x10

3
 

CHE 1.06 x10
5
 1.06 x10

5
 8.64 x10

4
 2.43 x10

4
 

Rail 2.42 x10
3
 2.45 x10

3
 1.84 x10

3
 5.18 x10

2
 

Vehicles 6.27 x10
3
 6.27 x10

3
 4.31 x10

3
 1.21 x10

3
 

Westshore 
Terminals 

Ships 1.26 x10
4
 1.26 x10

4
 7.17 x10

3
 2.02 x10

3
 

CHE 2.92 x10
3
 2.92 x10

3
 3.02 x10

3
 8.50 x10

2
 

Rail 5.14 x10
3
 5.18 x10

3
 1.65 x10

3
 4.65 x10

2
 

Vehicles 1.12 x10
2
 1.12 x10

2
 1.75 4.93 x10

-1
 

B.C. Ferries 
Terminal 

Ships 4.83 x10
4
 4.81 x10

4
 1.59 x10

3
 4.47 x10

2
 

Vehicles 3.96 x10
3
 3.96 x10

3
 6.60 x10

2
 1.86 x10

2
 

Total 2.1 x10
5
 2.1 x10

5
 1.27 x10

5
 3.58 x10

4
 

Expected 
Conditions 

2025 

Deltaport 
Terminal 

Ships 3.53 x10
4
 3.52 x10

4
 5.67 x10

3
 1.59 x10

3
 

CHE 1.49 x10
5
 1.49 x10

5
 4.05 x10

4
 1.14 x10

4
 

Rail 1.95 x10
3
 1.96 x10

3
 2.31 x10

3
 6.48 x10

2
 

Vehicles 9.45 x10
3
 9.43 x10

3
 4.70 x10

1
 1.32 x10

1
 

Westshore 
Terminals 

Ships 1.35 x10
4
 1.35 x10

4
 1.57 x10

3
 4.41 x10

2
 

CHE 3.86 x10
3
 3.86 x10

3
 1.83 x10

3
 5.15 x10

2
 

Rail 3.20 x10
3
 3.22 x10

3
 9.66 x10

2
 2.72 x10

2
 

Vehicles 1.45 x10
2
 1.45 x10

2
 1.49 4.18 x10

-1
 

B.C. Ferries 
Terminal 

Ships 4.83 x10
4
 4.81 x10

4
 1.59 x10

3
 4.47 x10

2
 

Vehicles 3.32 x10
3
 3.31 x10

3
 5.72 x10

1
 1.61 x10

1
 

Total 2.7 x10
5
 2.7 x10

5
 5.45 x10

4
 1.53 x10

4
 

Future 
Conditions 

2025 

RBT2 

Ships 3.25 x10
4
 3.24 x10

4
 5.55 x10

3
 1.56 x10

3
 

CHE 9.46 x10
4
 9.45 x10

4
 4.88 x10

3
 1.37 x10

3
 

Rail 2.67 x10
3
 2.69 x10

3
 2.82 x10

3
 7.93 x10

2
 

Vehicles 1.16 x10
4
 1.16 x10

4
 5.83 x10

1
 1.64 x10

1
 

Deltaport 
Terminal 

Ships 3.37 x10
4
 3.36 x10

4
 5.62 x10

3
 1.58 x10

3
 

CHE 1.49 x10
5
 1.49 x10

5
 4.05 x10

4
 1.14 x10

4
 

Rail 1.95 x10
3
 1.96 x10

3
 2.31 x10

3
 6.48 x10

2
 

Vehicles 9.45 x10
3
 9.43 x10

3
 4.70 x10

1
 1.32 x10

1
 

Westshore 
Terminals 

Ships 1.35 x10
4
 1.35 x10

4
 1.57 x10

3
 4.41 x10

2
 

CHE 3.86 x10
3
 3.86 x10

3
 1.83 x10

3
 5.15 x10

2
 

Rail 3.20 x10
3
 3.22 x10

3
 9.66 x10

2
 2.72 x10

2
 

Vehicles 1.45 x10
2
 1.45 x10

2
 1.49 4.18 x10

-1
 

B.C. Ferries 
Terminal 

Ships 4.83 x10
4
 4.81 x10

4
 1.59 x10

3
 4.47 x10

2
 

Vehicles 3.32 x10
3
 3.31 x10

3
 5.72 x10

1
 1.61 x10

1
 

Total 4.1 x10
5
 4.1 x10

5
 6.78 x10

4
 1.91 x10

4
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4.2 ANTICIPATED CHANGES IN AIR QUALITY, GASEOUS CACS AND FORMALDEHYDE 

Maximum predicted concentrations for the gaseous CACs and formaldehye under Existing, Expected and 

Future Conditions are shown in Table 4-4, Table 4-5, and Table 4-6, respectively.  In addition to the 

discrete receptors, the maximum predicted concentration over-water (generally at the property boundary 

in close proximity to the berthed ships at the existing Roberts Bank Terminals) and the maximum 

predicted concentration on land are also presented.  The predicted annual concentrations associated with 

the Project at the discrete receptors for Future Conditions is provided in brackets in Table 4-6. 

A review of the results shows: 

 There are no instances of exceedances overland and in populated areas under any averaging 

period or horizon year for the CACs, and only a marginal exceedance of NO2 at the B.C. Ferries 

Terminal in 2010. 

 CO and SO2 are well below applicable criteria under all operating conditions and horizon years.  

CO maximum predicted concentrations remain relatively stable throughout the horizon years.  

SO2 maximum predicted concentrations decrease significantly relative to 2010 due to fuel sulphur 

changes. 

 NO2 decreases relative to Existing Conditions for both Future without Project and Future with 

Project, but NO2 does increase with Future with Project relative to Future without Project.     

 Predicted changes include small reductions of less than 10% at some locations for 1-h average 

concentrations of formaldehyde. 
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Table 4-4 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Existing Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h Rolling 1-h 24-h Annual 1-h 24-h 
Rolling 

Annual 1-h 

Study Criteria 14,300 5,500 400 200 60 450 150 25 60 

MV AAQO 30,000 10,000 200 - 40 450 125 30 - 

Background Concentration 371.2 339.3 44.7 34.9 12.8 7.7 5.1 1.4 3.58 

Ladner 79.7 26.8 100.3 9.9 0.6 51.7 6.4 0.1 0.8 

Farmer 1 197.2 61.5 104.6 21.0 1.2 62.9 5.6 0.1 2.0 

Tsawwassen First Nations 508.4 85.7 121.0 33.5 2.1 90.4 15.7 0.3 4.3 

Farmer 2 366.8 72.5 115.6 27.6 1.9 114.6 13.3 0.2 3.5 

Farmer 3 258.2 66.5 117.1 33.6 2.3 77.2 9.0 0.2 2.6 

Tsawwassen Beach Campsite 350.1 119.0 113.3 39.7 1.9 95.1 21.0 0.3 2.6 

Beach Grove 175.2 37.4 100.1 11.9 0.8 41.5 7.1 0.1 1.5 

Boundary Bay 131.6 55.1 105.6 22.6 0.9 74.5 10.9 0.1 1.2 

Tsawwassen 354.4 98.7 127.7 41.0 2.2 102.7 15.4 0.4 1.9 

Point Roberts 1 115.3 47.3 105.7 21.8 1.2 72.3 9.1 0.2 0.9 

Point Roberts 2 334.6 128.8 119.8 47.6 3.1 126.7 16.9 0.5 2.5 

Delta Hospital 75.5 31.8 100.8 9.6 0.5 66.7 5.8 0.1 0.7 

B.C. Ferries Terminal 2035.2 1104.8 202.5 92.9 20.2 244.0 71.1 2.1 13.4 

Reifel Bird Sanctuary 181.1 31.5 101.8 18.2 1.1 40.8 7.5 0.2 1.5 

Boundary Bay GVRD Park 163.4 43.4 107.2 15.1 0.8 74.9 6.8 0.1 1.4 

English Bluffs Beach 539.2 195.6 127.2 43.4 3.2 147.7 18.3 0.5 2.8 

South Arm Marsh 101.9 29.7 99.1 14.7 0.7 49.3 5.4 0.1 1.0 

Air Quality Station T39 302.0 94.0 118.6 33.5 2.1 112.7 15.0 0.3 2.4 

Maximum Over-water 8855.8 5350.8 570.8 224.0 60.8 1928.3 334.1 41.5 66.2 

Maximum Overland 665.3 256.4 152.4 80.6 12.0 195.2 30.6 0.7 7.3 

Max Overland % of Criteria 
(including background) 

7% 11% 49% 58% 41% 45% 24% 8% 18% 

Note: “-” indicates no criteria; 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-5 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Expected Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h Rolling 1-h 24-h Annual 1-h 24-h 
Rolling 

Annual 1-h 

Study Criteria 14,300 5,500 400 200 60 450 150 25 60 

MV AAQO 30,000 10,000 200 - 40 450 125 30 - 

Background Concentration 371.2 339.3 44.7 34.9 12.8 7.7 5.1 1.4 3.58 

Ladner 33.2 12.0 60.0 5.1 0.3 2.5 0.3 0.01 0.4 

Farmer 1 77.1 31.0 84.0 9.9 0.7 3.2 0.3 0.01 1.1 

Tsawwassen First Nations 167.1 32.3 102.7 15.8 1.2 4.8 0.8 0.02 2.2 

Farmer 2 136.3 35.5 101.0 11.2 1.2 6.0 0.7 0.02 1.8 

Farmer 3 124.0 32.5 102.7 16.8 1.5 4.0 0.5 0.02 1.5 

Tsawwassen Beach Campsite 111.6 65.6 103.3 18.4 1.1 5.2 1.1 0.03 1.3 

Beach Grove 58.4 17.3 57.0 5.2 0.5 2.2 0.4 0.01 0.8 

Boundary Bay 53.7 23.1 91.1 10.0 0.5 4.0 0.6 0.01 0.7 

Tsawwassen 153.2 45.8 109.6 21.3 1.3 5.5 0.8 0.03 1.1 

Point Roberts 1 49.8 20.6 87.1 11.6 0.7 3.7 0.5 0.02 0.6 

Point Roberts 2 116.6 51.1 100.8 22.5 1.9 6.9 0.9 0.05 1.5 

Delta Hospital 38.6 16.3 71.4 4.6 0.3 3.1 0.3 0.01 0.4 

B.C. Ferries Terminal 720.1 490.7 132.7 81.6 9.6 13.9 4.2 0.22 6.8 

Reifel Bird Sanctuary 59.4 13.8 65.1 8.0 0.7 2.2 0.4 0.01 0.8 

Boundary Bay GVRD Park 66.2 18.9 76.5 6.6 0.5 4.1 0.4 0.01 0.8 

English Bluffs Beach 256.7 101.4 104.2 18.0 1.8 8.3 1.0 0.04 1.6 

South Arm Marsh 37.3 12.2 57.0 7.0 0.4 2.5 0.3 0.01 0.5 

Air Quality Station T39 119.6 38.2 100.9 15.0 1.3 6.3 0.8 0.03 1.4 

Maximum Over-water 2548.3 1530.4 380.9 134.1 51.7 82.2 17.6 2.3 32.4 

Maximum Overland 329.7 165.3 124.0 43.9 8.1 10.5 1.7 0.1 4.3 

Max Overland % of Criteria 
(including background) 

5% 9% 42% 39% 35% 4% 5% 6% 13% 

Note: “-” indicates no criteria; 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-6 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Future Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h Rolling 1-h 24-h Annual 1-h 24-h 
Rolling 

Annual 1-h 

Study Criteria 14,300 5,500 400 200 60 450 150 25 60 

MV AAQO 30,000 10,000 200 - 40 450 125 30 - 

Background Concentration 371.2 339.3 44.7 34.9 12.8 7.7 5.1 1.4 3.58 

Ladner 68.3 26.1 89.2 6.0 0.4 (0.1) 3.3 0.4 0.01 (0.004) 1.2 

Farmer 1 179.2 54.6 114.6 14.8 1.0 (0.3) 4.3 0.6 0.02 (0.01) 3.3 

Tsawwassen First Nations 219.9 72.8 119.8 18.5 1.7 (0.5) 6.9 1.2 0.03 (0.01) 3.9 

Farmer 2 234.4 81.6 124.9 19.1 1.8 (0.6) 5.7 0.7 0.03 (0.01) 4.7 

Farmer 3 213.9 61.0 118.2 20.8 2.1 (0.7) 5.5 0.7 0.03 (0.01) 3.4 

Tsawwassen Beach Campsite 143.4 85.2 106.3 20.6 1.5 (0.4) 8.6 1.9 0.04 (0.01) 1.7 

Beach Grove 80.3 24.0 86.3 7.2 0.6 (0.1) 3.6 0.6 0.02 (0.01) 1.1 

Boundary Bay 81.1 34.1 98.2 13.0 0.7 (0.1) 6.5 0.9 0.02 (0.01) 1.1 

Tsawwassen 173.1 64.9 117.1 25.5 1.6 (0.3) 8.3 1.1 0.04 (0.01) 1.4 

Point Roberts 1 67.1 27.2 98.7 14.1 0.8 (0.1) 4.8 0.7 0.02 (0.01) 0.8 

Point Roberts 2 146.9 63.3 105.1 26.8 2.2 (0.3) 7.7 1.4 0.06 (0.02) 1.9 

Delta Hospital 51.4 27.4 86.2 5.3 0.4 (0.1) 3.5 0.4 0.01 (0.004) 0.8 

B.C. Ferries Terminal 729.2 507.8 133.5 81.8 10.1 (0.5) 14.3 4.2 0.26 (0.04) 6.9 

Reifel Bird Sanctuary 72.8 21.6 80.9 9.4 0.8 (0.2) 3.6 0.5 0.02 (0.01) 0.9 

Boundary Bay GVRD Park 87.2 27.2 92.7 8.0 0.6 (0.1) 5.1 0.5 0.02 (0.01) 1.1 

English Bluffs Beach 284.2 118.5 106.3 22.6 2.2 (0.4) 8.3 1.3 0.06 (0.01) 2.2 

South Arm Marsh 70.6 22.2 91.4 8.7 0.5 (0.1) 3.0 0.4 0.01 (0.005) 1.2 

Air Quality Station T39 143.2 48.0 105.9 17.3 1.5 (0.2) 6.4 1.0 0.04 (0.01) 1.6 

Maximum Over-water 2599.1 1539.8 663.6 134.0 51.7 162.5 16.9 2.3 33.0 

Maximum Overland 953.9 480.4 247.4 81.5 16.4 14.9 2.7 0.08 19.9 

Max Overland % of Criteria 
(including background) 

9% 15% 73% 58% 49% 5% 5% 6% 39% 

Note: “-” indicates no criteria; 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

(Brackets denote the contribution from the Project) 
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4.2.1 Modelled Results Compared to Background Concentrations 

NO2 and SO2 concentrations are recorded at Station T39 and modelling results for the station are 

compared against data observed in 2010.  The dominant3 source of SO2 is due to the terminal operations 

and therefore SO2 is a strong indicator of the model performance.  NO2 could be emitted from many 

sources including local traffic and industry; however, an overestimate of NO2 could indicate conservatism 

in the emissions estimations and model results. 

For SO2, the maximum predicted maximum concentration overland from the model is 112.8 µg/m
3
 for a 1-

h average.  When the 98
th
 percentile background of 7.7 µg/m

3
 is added to the maximum predicted 

concentration from the marine terminal emissions, the total maximum concentration of SO2 at Station T39 

is estimated at 120.5 µg/m
3
.  The maximum observed SO2 concentration at Station T39 for winds from the 

direction of Roberts Bank is 53.5 µg/m
3
 for the years 2010-2012.  Therefore, the model predicts 

concentrations that are more than double those that have been observed.  This suggests that the 

assumptions made in defining the maximum SO2 emission scenario for the modeling analysis or in the 

choice of model parameters overestimates the actual levels of SO2 emitted by the existing marine 

terminals by up to a factor of two. 

On an hourly basis, NO2 follows a similar trend to the SO2 levels, with a maximum modelled concentration 

at Station T39 of 163 µg/m
3
 (including background) and a maximum observed concentration of 78 µg/m

3
 

for winds blowing from the direction of the three existing marine terminals.  The model predicted 

concentrations are more than double those observed at the air quality monitoring station.  Therefore, 

either the assumed NOx emissions for the maximum operating scenario overestimate actual emissions, 

or the use of the Ozone Limiting Method to convert NOx emissions to hourly averaged NO2 

concentrations overestimates actual conversion rates, or the overestimation of NO2 concentrations is 

partially due to both factors.   

These two examples illustrate the conservative nature of the emissions and modelling assumptions used 

to define the maximum emission scenarios for Existing Conditions. 

  

                                                      
3
 Additional contributions to SO2 levels at Station T39 are related to emissions from oil refineries at Cherry Point, WA 

and the cement plant located on Tilbury Island, Delta, B.C. 
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4.3 ANTICIPATED CHANGES IN AIR QUALITY, PARTICULATE CACS 

Maximum predicted concentrations for the PM, PM10, and PM2.5 under Existing, Expected and Future 

Conditions are shown in Table 4-7, Table 4-8, and Table 4-9.  In addition to the discrete receptors, the 

maximum predicted concentration over-water (generally at the property boundary at the Roberts Bank 

Terminals) and the maximum predicted concentration on land are also presented.  The predicted 

concentrations associated with the Project at the discrete receptors for Future Conditions is provided in 

brackets in Table 4-9.  The results in this section do not include the contribution from Westshore 

Terminals fugitive coal dust.  An analysis of fugitive coal dust is provided in Appendix H as summarized in 

Sections 5.2.3 and 5.2.4 below. 

A review of the results shows: 

 There are no instances of exceedances overland and in populated areas under any averaging 

period for PM, PM10, and PM2.5.  

 Background concentrations for PM and PM10 are the dominant source of contribution for overland 

and in populated areas under all horizon years and all scenarios.  For PM2.5 background 

becomes more significant in the 2025 assessment year. 

 Large reductions are also predicted for particulate matter concentrations from combustion 

sources at the marine terminals relative to Existing Conditions.  Reductions in 24-h average 

concentrations in the range of 50-60% are predicted for most locations, with reductions in annual 

average concentrations between 25% and 45%, depending on location.   
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Table 4-7 – Predicted Concentrations (μg/m³) for Particulate CACs under Existing Conditions
1 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h Rolling Annual 24-h Rolling Annual 

Study Criteria 120 60 50 - 25 6 

MV AAQO - - 50 20 25 8/6
2
 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Ladner 0.7 0.03 1.1 0.03 1.0 0.03 

Farmer 1 1.4 0.06 1.5 0.06 1.3 0.06 

Tsawwassen First Nations 2.4 0.12 2.8 0.11 2.5 0.10 

Farmer 2 2.2 0.10 2.2 0.10 2.0 0.09 

Farmer 3 2.1 0.12 2.1 0.12 1.8 0.10 

Tsawwassen Beach Campsite 2.7 0.11 3.7 0.11 3.3 0.09 

Beach Grove 0.9 0.04 1.2 0.04 1.1 0.04 

Boundary Bay 1.6 0.05 2.0 0.05 1.8 0.04 

Tsawwassen 2.8 0.12 3.0 0.12 2.7 0.11 

Point Roberts 1 1.5 0.06 1.6 0.06 1.5 0.05 

Point Roberts 2 3.2 0.17 3.5 0.17 3.2 0.15 

Delta Hospital 0.7 0.03 0.9 0.03 0.8 0.02 

B.C. Ferries Terminal 15.8 1.04 16.1 1.04 14.4 0.91 

Reifel Bird Sanctuary 1.3 0.06 1.3 0.06 1.2 0.05 

Boundary Bay GVRD Park 1.1 0.04 1.3 0.04 1.2 0.04 

English Bluffs Beach 3.4 0.18 3.4 0.18 3.0 0.16 

South Arm Marsh 1.0 0.03 1.0 0.03 0.9 0.03 

Air Quality Station T39 2.5 0.11 2.9 0.11 2.6 0.10 

Maximum Over-water 94.7 10.1 106.0 10.1 92.9 9.2 

Maximum Overland 5.1 0.6 6.5 0.6 5.3 0.5 

Max Overland % of Criteria 
(including background) 

43% 35% 59% - 56% 67% 

Notes: “-” indicates no criteria 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

2 
MV has a planning goal of 6 µg/m

3
 for annual PM2.5 
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Table 4-8 – Predicted Concentrations (μg/m³) for Particulate CACs under Expected Conditions
1
 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h 
Rolling 

Annual 24-h 
Rolling 

Annual 

Study Criteria 120 60 50 - 25 6 

MV AAQO - - 50 20 25 8/6
2
 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Ladner 0.2 0.02 0.4 0.02 0.3 0.01 

Farmer 1 0.6 0.04 0.6 0.04 0.5 0.03 

Tsawwassen First Nations 0.9 0.07 1.0 0.07 0.8 0.05 

Farmer 2 0.8 0.06 0.8 0.06 0.6 0.05 

Farmer 3 0.9 0.07 0.9 0.07 0.7 0.06 

Tsawwassen Beach Campsite 1.0 0.06 1.3 0.06 1.1 0.05 

Beach Grove 0.3 0.03 0.4 0.03 0.4 0.02 

Boundary Bay 0.6 0.03 0.8 0.03 0.6 0.02 

Tsawwassen 1.1 0.07 1.2 0.07 1.0 0.06 

Point Roberts 1 0.6 0.04 0.6 0.04 0.5 0.03 

Point Roberts 2 1.3 0.10 1.4 0.10 1.2 0.08 

Delta Hospital 0.2 0.01 0.3 0.01 0.3 0.01 

B.C. Ferries Terminal 6.4 0.58 6.7 0.58 5.3 0.46 

Reifel Bird Sanctuary 0.5 0.04 0.5 0.03 0.4 0.03 

Boundary Bay GVRD Park 0.4 0.02 0.5 0.02 0.4 0.02 

English Bluffs Beach 1.2 0.10 1.3 0.10 1.0 0.08 

South Arm Marsh 0.4 0.02 0.4 0.02 0.3 0.02 

Air Quality Station T39 1.0 0.07 1.1 0.07 0.9 0.06 

Maximum Over-water 57.2 6.0 64.0 6.0 47.1 4.9 

Maximum Overland 2.7 0.4 3.5 0.4 1.9 0.2 

Max Overland % of Criteria 
(including background) 

41% 35% 53% - 42% 62% 

Notes: “-” indicates no criteria 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

2 
MV has a planning goal of 6 µg/m

3
 for annual PM2.5 
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Table 4-9 – Predicted Concentrations (μg/m³) for Particulate CACs under Future Conditions
1 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h 
Rolling 

Annual 24-h 
Rolling 

Annual 

Study Criteria 120 60 50 - 25 6 

MV AAQO - - 50 20 25 8/6
2
 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Ladner 0.3 0.02 (0.005) 0.5 0.02 (0.005) 0.4 0.02 (0.004) 

Farmer 1 0.9 0.05 (0.01) 0.9 0.05 (0.01) 0.7 0.04 (0.01) 

Tsawwassen First Nations 1.1 0.09 (0.03) 1.3 0.09 (0.03) 1.1 0.07 (0.02) 

Farmer 2 1.1 0.09 (0.03) 1.1 0.09 (0.03) 0.7 0.07 (0.02) 

Farmer 3 1.2 0.10 (0.03) 1.2 0.10 (0.03) 0.9 0.08 (0.02) 

Tsawwassen Beach Campsite 1.2 0.08 (0.02) 1.8 0.08 (0.02) 1.6 0.06 (0.01) 

Beach Grove 0.5 0.03 (0.01) 0.6 0.03 (0.01) 0.5 0.03 (0.01) 

Boundary Bay 0.8 0.03 (0.01) 1.0 0.03 (0.01) 0.8 0.03 (0.01) 

Tsawwassen 1.3 0.09 (0.01) 1.5 0.09 (0.01) 1.2 0.07 (0.01) 

Point Roberts 1 0.7 0.04 (0.01) 0.8 0.04 (0.01) 0.7 0.04 (0.01) 

Point Roberts 2 1.6 0.12 (0.02) 1.8 0.12 (0.02) 1.5 0.10 (0.01) 

Delta Hospital 0.3 0.02 (0.004) 0.5 0.02 (0.004) 0.4 0.02 (0.003) 

B.C. Ferries Terminal 6.4 0.61 (0.03) 6.7 0.61 (0.03) 5.3 0.48 (0.02) 

Reifel Bird Sanctuary 0.6 0.04 (0.01) 0.6 0.04 (0.01) 0.5 0.04 (0.01) 

Boundary Bay GVRD Park 0.6 0.03 (0.01) 0.7 0.03 (0.01) 0.5 0.03 (0.005) 

English Bluffs Beach 1.5 0.12 (0.02) 1.6 0.12 (0.02) 1.2 0.10 (0.02) 

South Arm Marsh 0.5 0.03 (0.01) 0.5 0.03 (0.01) 0.4 0.02 (0.004) 

Air Quality Station T39 1.2 0.08 (0.01) 1.3 0.08 (0.01) 1.0 0.07 (0.01) 

Maximum Over-water 57.1 6.0 63.9 6.0 47.0 5.0 

Maximum Overland 5.6 0.8 7.6 0.8 4.1 0.5 

Max Overland % of Criteria 
(including background) 

43% 36% 61% - 51% 67% 

Notes: “-” indicates no criteria 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

2 
MV has a planning goal of 6 µg/m

3
 for annual PM2.5 

(Brackets denote the contribution from the Project) 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 56 - December 2014 

 

4.4 Graphical Comparisons 

Isopleths, or contour plots showing lines of equal contaminant concentration, are provided within this 

section to illustrate the maximum predicted concentrations with the LSA for Existing, Expected, and 

Future Conditions. Concentrations above criteria levels are shaded in yellow. 

It is important to note that the hourly and daily isopleths presented indicate the highest concentrations for 

the specific hour or day in the year that results in the maximum concentration at each receptor.  For 

example, a maximum concentration in the southern part of the LSA requires the wind to be blowing from 

the north, and therefore, is a different condition and occurs at a different time than that required to create 

a maximum concentration in the eastern part of the LSA. These contour plots should not be interpreted as 

an aggregate plume that covers the LSA, but as an indicator of the maximum concentrations that could 

occur on a once-per-year basis in a given location. 

To illustrate this concept, Figure 4-6 provides a comparison of the isopleths for NO2 for Existing 

Conditions when: 

1) The maximum concentrations at all locations are plotted with no consideration for the hour at which 

those maximum concentrations occur; and, 

2) Concentrations are plotted for the one hour in the year that results in the highest predicted 

concentration overland (i.e., the concentrations at all receptors is plotted for March 24, 2010 at 9:00 pm). 

In addition to the isopleth contours representing multiple points in time, they also include the 98th 

percentile background concentrations. Note that it is unlikely that the 98th percentile background levels 

would occur simultaneously with the hour having the highest predicted concentration presented in the 

isopleths at all receptors. Therefore, at the lower concentration levels on the isopleths, the background 

component becomes the dominant contributor to the total concentration. This is illustrated in Figure 4-7. 

Figure 4-8 to Figure 4-22 provide maximum predicted concentrations for CO, NO2, SO2, formaldehyde, 

PM, PM10 and PM2.5for Existing, Expected and Future Conditions.  

A comparion of the maximum predicted 1-h average NO2, 1-h average SO2 and 24-h average PM2.5 

concentrations (Figure 4-10, Figure 4-13 and Figure 4-21, respectively) shows that there is a marked 

decrease in predicted maximum concentrations for both Expected and Future Conditions relative to 

Existing Conditions for all three substances. The highest concentrations occur within close proximity to 

the Project and are influenced by ships and CHE. There is a slight increase in predicted maximum 

concentrations for Future Conditions compared to Expected Conditions for all three substances, but there 

are no exceedances of the criteria in overland locations. 
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Figure 4-6 – Existing Conditions Comparison of Maximum Hourly NO2 Concentration 
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Figure 4-7 – Comparison of Concentration Isopleths Generated With and Without Background Concentrations 
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Figure 4-8 – Maximum 1-h CO Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-9 – Maximum 8-h Rolling CO Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-10 – Maximum 1-h NO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-11 – Maximum 24-h NO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-12 – Annual NO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-13 – Maximum 1-h SO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-14 – Maximum 24-h Rolling SO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-15 – Annual SO2 Concentrations (μg/m³) under Existing, Expected and Future Conditions 
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Figure 4-16 – Maximum 1-h Formaldehyde Concentrations under Existing, Expected and Future Conditions 
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Figure 4-17 – Maximum 24-h PM Concentrations under Existing, Expected and Future Conditions 
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Figure 4-18 – Annual PM Concentrations under Existing, Expected and Future Conditions 

 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 70 - December 2014 

 

Figure 4-19 – Maximum 24-h Rolling PM10 Concentrations under Existing, Expected and Future Conditions 
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Figure 4-20 – Annual PM10 Concentrations under Existing, Expected and Future Conditions 
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Figure 4-21 – Maximum 24-h Rolling PM2.5 Concentrations under Existing, Expected and Future Conditions 
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Figure 4-22 – Annual PM2.5 Concentrations under Existing, Expected and Future Conditions 
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4.5 ANTICIPATED CHANGES IN AIR QUALITY, OZONE 

The first-order estimates of ozone concentrations for Expected and Future Conditions are summarised in 

Table 4-10.  The analysis suggests that, in the western portion of the LFV, which is VOC limited, a 

reduction in NOx emissions without the Project would result in a slight increase in O3 concentrations in 

2025 over levels in 2010.  The expected air quality without the Project has slightly higher ozone numbers 

because there would be less NOx and VOC emissions than if the Project were to be built. Overall, the 

change in ozone concentrations is negligible, with a worst-case estimate of a peak change of 2 µg/m
3
 in 

24-h average concentrations. Ozone concentrations would decrease slightly (<0.7 µg/m3) in 2025 with the 

Project from the expected scenario in 2025 without the Project due to increased emissions from the new 

terminal operations.   

These changes in ground-level O3 are considered to be negligible because they fall within the range of 

accuracy of O3 sampling equipment (i.e., +1 ppb or +2 µg/m
3
).  Therefore, the change in O3 levels, with or 

without the Project, would fall within the noise levels of O3 monitoring equipment, resulting in no 

measurable change in O3 levels in the LFV. 

Table 4-10 – Predicted Concentrations (μg/m³) for Ozone  

Operating 
Condition 

Discrete Receptor Ozone 

1-h 8-h 24-h Annual 

Study Criteria 100 121.6 30 30 

MQ AAQO 160 126 - - 

Existing 
Conditions 

Background Concentration 88.2 84.7 79.8 45.9 

Max Overland % of Criteria 88% 70% 266% 153% 

Expected 
Conditions 

Increment at Air Quality Station T39 2.18 2.18 2.18 0.19 

Max Overland % of Criteria 
(including background) 

90% 71% 273% 154% 

Future 
Conditions 

Increment at Air Quality Station T39 1.50 1.50 1.50 0.14 

Max Overland % of Criteria 
(including background) 

90% 71% 271% 153% 

Note: “-” indicates no criteria 

It should be noted that, as part of the air quality assessment for the proposed Trans Mountain Expansion 

Project, a regional-scale photochemical modelling analysis was completed for potential changes in 

emissions from marine terminal operations at Roberts Bank.  Based on projected changes in emissions 

developed as part of the Deltaport Terminal Road and Rail Improvement Project (DTRRIP) (SENES 

2012), the photochemical modelling analysis for the Trans Mountain Expansion Project (TMEP) projected 

an increase on O3 concentration in the Deltaport area and near Saturna Island of approximately 2-3 ppb 

(or about 4-6 µg/m
3
) in 2030 (RWDI 2013).  However, the total reduction in annual NOx emissions from 
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the marine terminals at Roberts Bank between 2010 and 2030 as derived from the DTRRIP report was 

2.6 times greater than the current estimate of the reduction in NOx emissions for the Project from 2010 to 

2025.  Similalry, the change in VOC emissions used in the photochemical analysis for the TMEP was 

approximately 3.6 times greater than is currently estimated for the Project.   

The first order estimate of potential change in future ozone concentrations that was conducted using a 

lower estimate of changes in future NOx and VOC emissions from the Roberts Bank terminals in 2025 

resulted in a projected ozone concentration change of about 1-2 ppb.  Had the first order estimate of 

projected changes in future ozone concentrations been based on the much larger changes in NOx and 

VOC emissions that were used for the regional-scale photochemical modelling analysis completed for the 

TMEP, a proportionately larger estimate of an increase of 2-3 ppb would also have been obtained 

(Levelton Consultants Limited 2014).  Therefore, for the same level of change in future NOx and VOC 

emissions, the first order estimation method would produce approximately the same estimated change in 

O3 concentrations as that derived using the regional photochemical modelling approach. 

4.6 ANTICIPATED CHANGES IN VISIBILITY 

No regional scale visibility modelling was completed for the predicted changes in emissions from the 

Project in 2025.  However, in conjunction with the photochemical ozone modelling analysis discussed in 

Section 4.5 above, the TMEP also considered the potential changes in visibility impacts that might arise 

from changes in NOx, SO2, VOC and PM emissions from the marine terminals at Roberts Bank.  The 

visibility analysis completed for the TMEP (RWDI 2013) reported that the change in emissions between 

2014 and 2030 at Roberts Bank could result in an increase in visibility reducing contaminants that would 

cause a maximum decrease in visibility on the order of 2.6 to 3.9 deciviews (dv) in some locations, while 

also producing a concomitant improvement in visibility on the order of 1.6 to 2.2 dv in other locations.   

Given that the visibility analysis for TMEP was based on the estimated changes in emissions as reported 

for the DTRRIP study (SENES 2012), the much lower changes in emissions between 2010 and 2025 

projected in the Project would be expected to result in proportionately smaller changes in visibility impacts 

than those that were reported for the TMEP analysis.  At present, there are no criteria for determining the 

significance of any changes in visibility impacts in the LFV. 
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4.7 DATA GAPS AND POTENTIAL BIASES 

The emission estimating techniques and modelling methodologies used in this report follow current 

established practices for predicting changes in air quality from present and future port-related activities.  

However, in any emission inventory development, there are uncertainties that are inherent in the work 

and assumptions are required.  Different approaches may also be used to estimate emissions from the 

same operations.  The general approaches used in this assessment have been biased towards higher 

emission or more conservative estimates.  The result of using this approach is that actual emissions and 

associated air quality changes from RBT2 may be considerably lower than has been estimated using 

these conservative methods.  It is anticipated that the use of alternative assessment methods or data 

sources would not result in substantially different conclusions as to the overall estimates of current or 

future emissions. 

Appendix W to the United States Environmental Protection Agency (U.S. EPA) document 40 CFR Part 51 

(U.S. EPA 2005) includes a description of uncertainties common to air dispersion modelling.  The main 

points from the discussion of uncertainties in this document are summarised in this section.  Uncertainty 

in air dispersion modelling in general is affected by the quality of the information input to the modelling 

(such as emissions data and meteorology) and the capabilities of the modelling program with regard to 

physics and formulation.  In short, an increase in accuracy in the input parameters and model physics is 

likely to result in a reduction to the uncertainty in the results.  There are still parameters for which even 

the most advanced models may not be able to account for, such as complex meteorological conditions.  

In instances where actual meteorological conditions are unknown to the modelling program, the 

difference between observed concentrations and modelled concentrations may be in the order of ±50%.  

In general, dispersion modelling programs are more accurate (in the range of ±10% to 40%) when 

modelling a highest concentration for a given area, however less reliable when attempting to predict a 

highest concentration at a specific time and place.  For example, uncertainty in meteorological data may 

cause a modelled plume to touch down in a slightly different location than in actual conditions – so while 

the highest concentration predicted by the model may be accurate, there is increased uncertainty in the 

exact location. 

The primary source of uncertainty in the modelling of the marine terminals at Roberts Bank stems from 

the dynamic nature of the operations at these terminals.  Ships of differing sizes and ages, having 

different emission rates, arrive, berth and depart at different times of the day. The same is true for CHE, 

for rail locomotives and for trucks hauling containers to and from the two container terminals.  It is 

impractical to attempt to accurately incorporate all of these differences into the characterization of the 

emissions sources at each terminal.  Instead, it is necessary to apply simplifying assumptions in order to 

reduce some of the variability to a minimum.  In order to ensure that the emissions from these sources 

are not underestimated, the overall practice has been to assume conservative values for each source.  
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Unfortunately, this approach has a tendency to result in overly conservative predictions of air quality 

levels when the various conservative assumptions are all applied at the same time. 

In general, to account for uncertainty in emissions estimation, maximum emission scenarios were used to 

estimate the potential changes of the different Project activities.  Additionally, background concentrations 

were added to account for upwind sources which were not included in the dispersion model. Furthermore, 

to compare against regulatory criteria, the maximum predicted concentration for each time frame (e.g., 

24-h average) over a one year meteorological period was used.  All of these factors are included to 

reduce the potential of underestimating a potential change in air quality.  

For newer and refurbished vehicles designed to meet new emissions standards, due to the effect of 

diesel particulate filters and exhaust gas recirculation systems, there is a potential for increase in the in-

stack NO2/NOx ratio.  This could alter the predicted NO2 concentrations from some sources.  As these 

ratios are unknown at this time, this effect has not been factored into the calculations.  

The following model-specific sensitive input factors are expected to contribute to uncertainty in results.  A 

summary of how uncertainty was addressed accompanies each input parameter identified below.  In 

many cases the use of conservative emission estimates were used to ensure that the predicted effects of 

the Project were not underestimated. 

Table 4-11 – Activity Levels  

Input Measures to Address Uncertainty 

General  Based on conservative maximum operating scenarios in which equipment is operating at 

capacity for every single hour of the year for the maximum hourly emissions scenarios 

Ships  In general, larger ships were chosen over smaller ships for the maximum emissions scenarios 

 Assumed no shore power at any of the terminals 

CHE  Equipment replacement not predicted until equipment reached end of life or maximum operating 

hours 

Rail  Consulted with B.C. Rail on operating conditions and fleet turnover 

 Used USEPA emission standards as the basis of emission rates (i.e., they represent the upper 

boundary of possible emission rates) 

Vehicles  Customised application of the MOVES model in a Canadian context for the purposes of the 

RBT2 air quality assessment emissions estimations 

Ferries  Information provided by B.C. Ferries 

 Assumed two ships idling in ferry berths at all times, as well as one ship in transit at all times for 

maximum hourly scenario 
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Table 4-12 – CALPUFF and CALMET  

Input Measures to Address Uncertainty and Model Validation 

Source Configurations  Multiple source configurations were tested to determine the impact of different 

source characteristics such as exhaust height, type, downwash impacts 

Meteorology  Multiple comparisons to observational data parameters were conducted to 

determine appropriateness of the data (See Appendix C) 

 Comparisons of vertical temperature and wind speed and direction to aircraft-

derived data (See Appendix C) 

 Comparison of model-derived surface temperature to measured temperature at 

Fraser River buoy station (See Appendix C) 

 Sensitivity analyses to compare predicted concentrations for different size of 

modelling domain 

Table 4-13 – Model Results  

Input Measures to Address Uncertainty and Model Validation 

Predicted modelled concentrations  Comparison with existing monitoring results where possible indicates 

that model over-predicts concentrations 

 Consideration of 98th percentile background as a conservative 

measure 

Detailed assessments of the uncertainties associated with the methodologies is presented in Appendix A 

and C.  
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5.0 CONSTRUCTION PHASE AND OTHER PROJECTS AND ACTIVITIES 

5.1 CONSTRUCTION PHASE ASSESSMENT 

Construction of RBT2 is projected to take place over a five and a half year period from July 2018 until 

November 2023.  In order to conservatively predict potential changes to air quality, an average day of 

construction activity in 2021 was identified to represent an average condition.  In addition, a peak day of 

construction activity in 2022 was also considered. For both the average and peak scenarios, emission 

inventories were developed and air dispersion modelling was employed for a full year to predict the 

maximum predicted ground-level concentrations, which are evaluated against the most stringent 

applicable air quality criteria (refer to Appendix E for detailed information).  

In order to assess changes to air quality arising from construction activities, it was necessary to consider 

those changes in conjunction with the operation of the two existing marine terminals at Roberts Bank and 

the B.C. Ferries Terminal at Tsawwassen.  Although emissions from Westshore Terminals, Deltaport 

Terminal and the B.C. Ferries Terminal will vary over the 2018-2024 construction period, the predicted 

emissions for the Expected Conditions are representative of the construction period with respect to 

equipment technology stemming from regulatory changes in heavy duty diesel emission standards.  

Therefore, modelled results for the average construction scenario were compared to Expected 

Conditions.  Results are presented in Appendix E, Construction Phase Assessment. 

5.2 OTHER PROJECTS AND ACTIVITIES 

Seperate assessments were conducted for other certain and reasonably foreseeable projects and 

activities in the vicinity of RBT2 or have the potential to interact cumulatively with Project-related 

changes., for which emissions could be reasonably quantified.  The area for the assessment of 

cumulative change extended from approximately 20 km south of the Project to English Bay, and 

approximately 20 km west of the Project to Boundary Bay.  The other projects and activities assessed 

were: 

 Rail activites at hypothetical railyards A and B; 

 Ships underway; and 

 Fugitive coal dust from Westshore Terminals. 

It should be noted that on-road vehicular traffic emissions beyond the project boundary were not 

considered in the air quality assessment.  Roadside emission modelling completed for the Deltaport Third 

Berth Project (SENES 2005) determined that the emissions of PM2.5, DPM and SO2 from container 

terminal traffic would be indistinguishable from the existing ambient concentrations due to background 

traffic emissions alone beyond a distance of 10 metres from the roadway, while only the incremental CO 

concentrations would be measurable through monitoring at a distance of 90 metres from the roadway,  
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Similar conclusions were determined for the combined container terminal traffic from Dealtport and the 

proposed RBT2 Project as part of the Deltaport Terminal, Road and Rail Improvement Project (SENES 

2012). 

5.2.1  Future Rail Activity 

Cumulative change from rail activity included an assessment of air emissions from line-haul locomotives 

travelling along the main rail lines within the LSA as well as low notch and switching operations occurring 

within yards A and B.  An emission inventory was developed and air dispersion modelling was employed 

to predict ground-level concentrations due to rail activity emissions. Refer to Appendix G for additional 

information.  Section 5.2.4 provides results and a comparison of the results to Future Conditions.  

5.2.2 Ships Underway 

An analysis of the effects on air quality due to marine vessel activities in and around the Strait of Georgia 

shipping lanes near RBT2 was conducted.  The assessment included the development of an air 

emissions inventory for the horizon year 2025 for both an average and maximum emission scenario, and 

employed air dispersion modelling to predict ground-level concentrations due to emissions from marine 

traffic in the Strait of Georgia and along the South Arm of the Fraser River.  Refer to Appendix F for 

additional information. Section 5.2.4 provides results and a comparison of the results to Future 

Conditions. 

5.2.3  Coal Dust from Westshore Terminals 

The coal dust assessment evaluates fugitive coal dust emissions from Westshore Terminals, as well as 

the anticipated changes in air quality from these emissions in the future due to anticipated increases in 

the amount of coal shipped from the terminal by 2025.  The analysis considers emissions from typical 

operations at the terminal.  Refer to Appendix F for additional information.  Section 5.2.4 provides results 

and a comparison of the results to Future Conditions. 

5.2.4 Other Projects and Activities Compared with Future Conditions 

The effect on air quality due to combined rail activities are considered both incrementally and as a 

cumulative change in addition to the existing Roberts Bank terminals and B.C. Ferries Terminal in 

conjunction with RBT2 in 2025 (i.e., Future Conditions).  Results from an analysis of Ships Underway in 

the Strait of Georgia and along the South Arm of the Fraser River are provided for comparative purposes, 

but are not considered a cumulative change, as these emissions are considered to be captured in the 

background concentrations levels at Station T39 since 88% of those emissions would be derived from 

existing ship activities.  In addition, results from an assessment of fugitive coal dust emissions from 

Westshore Terminals are presented but also not included in the combined effect since the effect of 
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Westshore Terminals fugitive coal dust is incidental to the objective of the Study.  Predicted air 

concentrations with a comparison of cumulative change to air quality criteria are presented in Table 5-1 

through Table 5-9. 
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Table 5-1 – Predicted 1-h and 8-h Concentrations (μg/m³) of CO for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

1-h CO 
% of Study Criteria 

(including background) 
8-h Rolling CO 

% of Study Criteria 

(including background) 

Future 
Conditions 

Ships Underway 
Combined  

Rail Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards) 

Future 
Conditions 

Ships Underway 
Combined  Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards) 

Study Criteria 14,300 - 5,500 - 

MV AAQO 30,000 - 10,000 - 

Background Concentration 371 - 339 - 

Ladner 68 2 9 76 3% 26 1 5 31 7% 

Farmer 1 179 2 19 184 4% 55 1 10 58 7% 

Tsawwassen First Nations 220 2 15 220 4% 73 1 9 74 8% 

Farmer 2 234 2 18 234 4% 82 1 13 83 8% 

Farmer 3 214 2 16 217 4% 61 1 7 63 7% 

Tsawwassen Beach Campsite 143 2 8 143 4% 85 1 6 85 8% 

Beach Grove 80 2 12 80 3% 24 1 8 25 7% 

Boundary Bay 81 3 3 81 3% 34 1 2 34 7% 

Tsawwassen 173 3 5 174 4% 65 1 3 65 7% 

Point Roberts 1 67 3 2 67 3% 27 1 1 27 7% 

Point Roberts 2 147 4 3 147 4% 63 2 2 64 7% 

Delta Hospital 51 2 15 60 3% 27 1 6 33 7% 

B.C. Ferries Terminal 729 3 4 730 8% 508 1 2 508 15% 

Reifel Bird Sanctuary 73 2 4 73 3% 22 1 2 22 7% 

Boundary Bay GVRD Park 87 2 6 87 3% 27 1 3 28 7% 

English Bluffs Beach 284 2 6 285 5% 118 1 4 120 8% 

South Arm Marsh 71 2 5 73 3% 22 1 3 23 7% 

Air Quality Station T39 143 3 4 143 4% 48 1 2 49 7% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-2 – Predicted 1-h and 24-h Concentrations (μg/m³) of NO2 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

1-h NO2 
% of Study Criteria 

(including 
background) 

24-h NO2 
% of Study Criteria 
(including background) 

Future 
Conditions 

Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards)) 

Future 
Conditions 

Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Study Criteria 400 - 200 - 

MV AAQO 200 - - - 

Background Concentration 44.7 - 34.9 - 

Ladner 89 18 36 138 46% 6.0 3.4 9.5 12.8 24% 

Farmer 1 115 19 73 146 48% 14.8 3.5 13.1 24.1 30% 

Tsawwassen First Nations 120 20 57 120 41% 18.5 4.5 10.0 24.8 30% 

Farmer 2 125 18 68 130 44% 19.1 4.2 17.1 30.0 32% 

Farmer 3 118 16 61 138 46% 20.8 3.8 9.8 21.6 28% 

Tsawwassen Beach 
Campsite 

106 20 32 106 38% 20.6 4.3 5.6 22.0 28% 

Beach Grove 86 21 43 86 33% 7.2 4.4 6.3 11.4 23% 

Boundary Bay 98 28 13 98 36% 13.0 5.2 1.7 13.8 24% 

Tsawwassen 117 26 20 117 40% 25.5 4.2 3.2 27.0 31% 

Point Roberts 1 99 36 8 99 36% 14.1 5.4 1.1 14.1 25% 

Point Roberts 2 105 43 12 105 37% 26.8 5.7 1.7 26.8 31% 

Delta Hospital 86 17 55 86 33% 5.3 3.6 10.6 13.7 24% 

B.C. Ferries Terminal 133 26 14 148 48% 81.8 4.1 1.6 81.8 58% 

Reifel Bird Sanctuary 81 17 17 81 31% 9.4 3.5 2.9 10.1 22% 

Boundary Bay GVRD Park 93 26 21 93 34% 8.0 4.7 2.7 9.2 22% 

English Bluffs Beach 106 23 25 123 42% 22.6 4.7 3.2 24.0 29% 

South Arm Marsh 91 19 20 91 34% 8.7 3.5 4.7 9.6 22% 

Air Quality Station T39 106 34 16 106 38% 17.3 5.2 2.3 18.2 27% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 84 - December 2014 

Table 5-3 – Predicted Annual Concentrations (μg/m³) of NO2 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

Annual NO2 
% of Study Criteria 

(including background) 

Future Conditions Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + Rail 

Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards) 

Study Criteria 60 - 

MV AAQO 40 - 

Background Concentration 12.8 - 

Ladner 0.4 0.5 1.3 1.7 24% 

Farmer 1 1.0 0.6 2.3 3.4 27% 

Tsawwassen First Nations 1.7 0.6 1.3 3.1 26% 

Farmer 2 1.8 0.6 2.3 4.1 28% 

Farmer 3 2.1 0.6 1.3 3.4 27% 

Tsawwassen Beach Campsite 1.5 0.6 0.6 2.1 25% 

Beach Grove 0.6 0.6 0.8 1.4 24% 

Boundary Bay 0.7 0.7 0.2 0.8 23% 

Tsawwassen 1.6 0.8 0.3 1.9 24% 

Point Roberts 1 0.8 0.8 0.1 0.9 23% 

Point Roberts 2 2.2 0.8 0.1 2.3 25% 

Delta Hospital 0.4 0.5 1.5 1.9 24% 

B.C. Ferries Terminal 10.1 0.6 0.1 10.3 38% 

Reifel Bird Sanctuary 0.8 0.6 0.3 1.1 23% 

Boundary Bay GVRD Park 0.6 0.7 0.3 0.9 23% 

English Bluffs Beach 2.2 0.7 0.3 2.5 25% 

South Arm Marsh 0.5 0.5 0.6 1.1 23% 

Air Quality Station T39 1.5 0.8 0.2 1.7 24% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-4 – Predicted 1-h and 24-h Rolling Concentrations (μg/m³) of SO2 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

1-h SO2 
% of Study Criteria 

(including background) 
24-h Rolling SO2 

% of Study Criteria 
(including background) 

Future 
Conditions 

Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions 

+ Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Future 
Conditions 

Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + Rail 

Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Study Criteria 450 - 150 - 

MV AAQO 450 - 125 - 

Background Concentration 7.7 - 5.1 - 

Ladner 3.3 0.5 0.03 3.3 2% 0.4 0.1 0.007 0.4 4% 

Farmer 1 4.3 0.4 0.05 4.3 3% 0.6 0.1 0.009 0.6 4% 

Tsawwassen First Nations 6.9 0.5 0.04 6.9 3% 1.2 0.1 0.010 1.2 4% 

Farmer 2 5.7 0.4 0.04 5.7 3% 0.7 0.1 0.015 0.7 4% 

Farmer 3 5.5 0.5 0.04 5.5 3% 0.7 0.1 0.007 0.7 4% 

Tsawwassen Beach 
Campsite 

8.6 0.6 0.02 8.6 4% 1.9 0.1 0.006 1.9 5% 

Beach Grove 3.6 0.6 0.04 3.6 3% 0.6 0.1 0.009 0.6 4% 

Boundary Bay 6.5 0.8 0.01 6.5 3% 0.9 0.1 0.002 0.9 4% 

Tsawwassen 8.3 0.8 0.01 8.3 4% 1.1 0.1 0.003 1.1 4% 

Point Roberts 1 4.8 1.0 0.01 4.8 3% 0.7 0.1 0.001 0.7 4% 

Point Roberts 2 7.7 1.3 0.01 7.7 3% 1.4 0.2 0.002 1.4 4% 

Delta Hospital 3.5 0.4 0.05 3.5 2% 0.4 0.1 0.009 0.4 4% 

B.C. Ferries Terminal 14.3 0.8 0.01 14.3 5% 4.2 0.1 0.002 4.2 6% 

Reifel Bird Sanctuary 3.6 0.5 0.01 3.6 3% 0.5 0.1 0.002 0.5 4% 

Boundary Bay GVRD Park 5.2 0.7 0.02 5.2 3% 0.5 0.1 0.003 0.5 4% 

English Bluffs Beach 8.3 0.7 0.02 8.3 4% 1.3 0.1 0.003 1.3 4% 

South Arm Marsh 3.0 0.4 0.01 3.0 2% 0.4 0.1 0.003 0.4 4% 

Air Quality Station T39 6.4 1.0 0.01 6.4 3% 1.0 0.1 0.002 1.0 4% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-5 – Predicted Annual Concentrations (μg/m³) of SO2 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

Annual SO2 
% of Study Criteria 

(including 
background) 

Future Conditions Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Study Criteria 25 - 

MV AAQO 30 - 

Background Concentration 1.4 - 

Ladner 0.010 0.012 0.0010 0.012 6% 

Farmer 1 0.020 0.013 0.0015 0.020 6% 

Tsawwassen First Nations 0.030 0.014 0.0009 0.035 6% 

Farmer 2 0.030 0.014 0.0015 0.030 6% 

Farmer 3 0.030 0.015 0.0008 0.029 6% 

Tsawwassen Beach Campsite 0.040 0.015 0.0004 0.037 6% 

Beach Grove 0.020 0.015 0.0006 0.018 6% 

Boundary Bay 0.020 0.017 0.0001 0.020 6% 

Tsawwassen 0.040 0.018 0.0002 0.044 6% 

Point Roberts 1 0.020 0.019 0.0001 0.024 6% 

Point Roberts 2 0.060 0.019 0.0001 0.065 6% 

Delta Hospital 0.010 0.012 0.0012 0.011 6% 

B.C. Ferries Terminal 0.260 0.016 0.0001 0.258 7% 

Reifel Bird Sanctuary 0.020 0.014 0.0002 0.024 6% 

Boundary Bay GVRD Park 0.020 0.016 0.0002 0.016 6% 

English Bluffs Beach 0.060 0.017 0.0002 0.057 6% 

South Arm Marsh 0.010 0.012 0.0004 0.013 6% 

Air Quality Station T39 0.040 0.018 0.0001 0.043 6% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-6 – Predicted 1-h Concentrations (μg/m³) of Formaldehyde for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

1-h Formaldehyde 
% of Study Criteria 

(including background) 

Future 
Conditions 

Ships Underway 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards 

Study Criteria 60 - 

MV AAQO - - 

Background Concentration 3.58 - 

Ladner 1.2 0.01 0.6 3.3 11% 

Farmer 1 3.3 0.01 1.1 4.3 13% 

Tsawwassen First Nations 3.9 0.01 0.9 6.9 17% 

Farmer 2 4.7 0.01 1.1 5.7 15% 

Farmer 3 3.4 0.01 1.0 5.5 15% 

Tsawwassen Beach Campsite 1.7 0.01 0.5 8.6 20% 

Beach Grove 1.1 0.01 0.5 3.6 12% 

Boundary Bay 1.1 0.02 0.2 6.5 17% 

Tsawwassen 1.4 0.02 0.3 8.3 20% 

Point Roberts 1 0.8 0.02 0.1 4.8 14% 

Point Roberts 2 1.9 0.03 0.2 7.7 19% 

Delta Hospital 0.8 0.01 0.7 3.5 12% 

B.C. Ferries Terminal 6.9 0.02 0.2 14.3 30% 

Reifel Bird Sanctuary 0.9 0.01 0.3 3.6 12% 

Boundary Bay GVRD Park 1.1 0.02 0.3 5.1 15% 

English Bluffs Beach 2.2 0.02 0.4 8.3 20% 

South Arm Marsh 1.2 0.01 0.3 3.0 11% 

Air Quality Station T39 1.6 0.02 0.2 6.4 17% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-7 – Predicted 24-h and Annual Concentrations (μg/m³) of PM for Cumulative Change Assessment of Future Conditions
1 

Discrete 
Receptor 

24-h PM 
% of Study Criteria 

(including background) 
Annual PM 

% of Study Criteria 
(including background) 

Future 
Conditions 

Ships Underway 
Fugitive Coal 

Dust 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Future 
Conditions 

Ships Underway Fugitive Coal Dust 
CombinedRail 

Activity 

Cumulative Change 
(Future Conditions 

+ Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Study Criteria 120 - 60 - 

MV AAQO - - - - 

Background 
Concentration 

46.2 - 20.6 - 

Ladner 0.3 0.1 0.3 0.22 0.5 39% 0.02 0.011 0.02 0.030 0.05 34% 

Farmer 1 0.9 0.1 0.8 0.30 1.1 39% 0.05 0.012 0.04 0.053 0.10 35% 

Tsawwassen First 
Nations 

1.1 0.1 1.2 0.23 1.2 40% 0.09 0.013 0.08 0.030 0.12 35% 

Farmer 2 1.1 0.1 0.7 0.40 1.3 40% 0.09 0.012 0.06 0.054 0.14 35% 

Farmer 3 1.2 0.1 0.7 0.23 1.2 39% 0.10 0.013 0.06 0.029 0.13 35% 

Tsawwassen 
Beach Campsite 

1.2 0.1 1.5 0.13 1.2 40% 0.08 0.013 0.09 0.014 0.09 34% 

Beach Grove 0.5 0.1 0.5 0.15 0.5 39% 0.03 0.013 0.04 0.019 0.05 34% 

Boundary Bay 0.8 0.1 0.9 0.04 0.8 39% 0.03 0.015 0.05 0.004 0.03 34% 

Tsawwassen 1.3 0.1 1.3 0.07 1.3 40% 0.09 0.016 0.11 0.006 0.10 34% 

Point Roberts 1 0.7 0.1 0.7 0.02 0.7 39% 0.04 0.016 0.05 0.002 0.04 34% 

Point Roberts 2 1.6 0.1 2.3 0.04 1.6 40% 0.12 0.017 0.15 0.003 0.12 35% 

Delta Hospital 0.3 0.1 0.3 0.25 0.5 39% 0.02 0.010 0.02 0.036 0.06 34% 

B.C. Ferries 
Terminal 

6.4 0.1 7.0 0.04 6.4 44% 0.61 0.013 0.84 0.003 0.61 35% 

Reifel Bird 
Sanctuary 

0.6 0.1 0.5 0.07 0.6 39% 0.04 0.014 0.05 0.007 0.05 34% 

Boundary Bay 
GVRD Park 

0.6 0.1 0.5 0.06 0.6 39% 0.03 0.014 0.04 0.007 0.04 34% 

English Bluffs 
Beach 

1.5 0.1 1.8 0.07 1.5 40% 0.12 0.015 0.14 0.007 0.13 35% 

South Arm Marsh 0.5 0.1 0.4 0.11 0.5 39% 0.03 0.012 0.03 0.014 0.04 34% 

Air Quality Station 
T39 

1.2 0.1 1.3 0.05 1.2 40% 0.08 0.016 0.11 0.005 0.09 34% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 5-8 – Predicted 24-h and Annual Concentrations (μg/m³) of PM10 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

24-h Rolling PM10 
% of Study Criteria 

(including background) 
Annual PM10 

% of Study Criteria 
(including background) 

Future 
Conditions 

Ships Underway 
Fugitive 

Coal Dust 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions 

+ Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Future 
Conditions 

Ships Underway 
Fugitive Coal 

Dust 
CombinedRai

l Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + 

Rail Yards 

Study Criteria 50 - - - 

MV AAQO 50 - 20 - 

Background 
Concentration 

23.1 - 10.3 - 

Ladner 0.5 0.08 0.2 0.22 0.5 47% 0.02 0.011 0.02 0.030 0.05 52% 

Farmer 1 0.9 0.08 0.7 0.34 1.1 48% 0.05 0.012 0.03 0.053 0.10 52% 

Tsawwassen First 
Nations 

1.3 0.09 0.8 0.32 1.3 49% 0.09 0.013 0.05 0.030 0.12 52% 

Farmer 2 1.1 0.09 0.5 0.52 1.3 49% 0.09 0.012 0.04 0.054 0.14 52% 

Farmer 3 1.2 0.08 0.6 0.24 1.2 49% 0.10 0.013 0.04 0.029 0.13 52% 

Tsawwassen Beach 
Campsite 

1.8 0.09 1.2 0.18 1.8 50% 0.08 0.013 0.06 0.014 0.09 52% 

Beach Grove 0.6 0.09 0.4 0.26 0.6 47% 0.03 0.013 0.03 0.019 0.05 52% 

Boundary Bay 1.0 0.12 0.6 0.05 1.0 48% 0.03 0.015 0.03 0.004 0.04 52% 

Tsawwassen 1.5 0.10 0.9 0.09 1.5 49% 0.09 0.016 0.07 0.006 0.09 52% 

Point Roberts 1 0.8 0.11 0.6 0.03 0.8 48% 0.04 0.016 0.04 0.002 0.04 52% 

Point Roberts 2 1.8 0.12 1.5 0.05 1.8 50% 0.12 0.017 0.10 0.003 0.12 52% 

Delta Hospital 0.5 0.08 0.2 0.26 0.7 48% 0.02 0.010 0.01 0.036 0.05 52% 

B.C. Ferries 
Terminal 

6.8 0.08 4.5 0.05 6.8 60% 0.61 0.013 0.48 0.003 0.61 55% 

Reifel Bird 
Sanctuary 

0.6 0.08 0.3 0.07 0.6 47% 0.04 0.014 0.03 0.007 0.05 52% 

Boundary Bay 
GVRD Park 

0.7 0.10 0.4 0.10 0.7 48% 0.03 0.014 0.03 0.007 0.04 52% 

English Bluffs Beach 1.6 0.10 1.2 0.11 1.6 49% 0.12 0.015 0.09 0.007 0.13 52% 

South Arm Marsh 0.5 0.07 0.3 0.11 0.5 47% 0.03 0.012 0.02 0.014 0.04 52% 

Air Quality Station 
T39 

1.3 0.11 0.8 0.07 1.3 49% 0.08 0.016 0.07 0.005 0.08 52% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

 



Port Metro Vancouver SENES Consultants 
RBT2 – Air Quality Study - 90 - December 2014 

 

Table 5-9 – Predicted 24-h and Annual Concentrations (μg/m³) of PM2.5 for Cumulative Change Assessment of Future Conditions
1 

Discrete Receptor 

24-h Rolling PM2.5 
% of Study Criteria 

(including background) 
Annual PM2.5 

% of Study Criteria 
(including background) 

Future 
Conditions 

 
Ships 

Underway 
Fugitive Coal 

Dust 
Combined Rail 

Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards 

Future 
Conditions 

Ships 
Underway 

Fugitive Coal 
Dust 

Combined 
Rail Activity 

Cumulative Change 
(Future Conditions + 

Rail Yards) 

Cumulative Change 
(Future Conditions + Rail 

Yards 

Study Criteria 25 - 6 - 

MV AAQO 25 - 6 - 

Background 
Concentration 

8.7 - 3.5 - 

Ladner 0.4 0.07 0.04 0.22 0.4 37% 0.02 0.01 0.003 0.029 0.05 59% 

Farmer 1 0.7 0.07 0.11 0.33 0.9 38% 0.04 0.01 0.005 0.052 0.09 60% 

Tsawwassen First 
Nations 

1.1 0.09 0.13 0.31 1.1 39% 0.07 0.01 0.009 0.029 0.10 60% 

Farmer 2 0.7 0.08 0.10 0.50 1.0 39% 0.07 0.01 0.007 0.053 0.12 60% 

Farmer 3 0.9 0.07 0.10 0.23 0.9 38% 0.08 0.01 0.007 0.028 0.10 60% 

Tsawwassen Beach 
Campsite 

1.6 0.08 0.22 0.18 1.6 41% 0.06 0.01 0.010 0.013 0.08 60% 

Beach Grove 0.5 0.08 0.06 0.25 0.5 37% 0.03 0.01 0.005 0.018 0.05 59% 

Boundary Bay 0.8 0.11 0.13 0.05 0.8 38% 0.03 0.01 0.006 0.004 0.03 59% 

Tsawwassen 1.2 0.09 0.16 0.09 1.2 40% 0.07 0.02 0.012 0.006 0.08 60% 

Point Roberts 1 0.7 0.11 0.09 0.03 0.7 37% 0.04 0.02 0.007 0.002 0.04 59% 

Point Roberts 2 1.5 0.11 0.25 0.05 1.5 41% 0.10 0.02 0.016 0.003 0.10 60% 

Delta Hospital 0.4 0.07 0.04 0.25 0.6 37% 0.02 0.01 0.003 0.035 0.05 59% 

B.C. Ferries 
Terminal 

5.3 0.08 0.71 0.05 5.3 56% 0.48 0.01 0.079 0.003 0.48 66% 

Reifel Bird 
Sanctuary 

0.5 0.07 0.06 0.07 0.5 37% 0.04 0.01 0.006 0.007 0.04 59% 

Boundary Bay 
GVRD Park 

0.5 0.09 0.07 0.10 0.5 37% 0.03 0.01 0.004 0.007 0.03 59% 

English Bluffs 
Beach 

1.2 0.09 0.20 0.11 1.2 40% 0.10 0.01 0.014 0.006 0.10 60% 

South Arm Marsh 0.4 0.07 0.05 0.11 0.4 36% 0.02 0.01 0.003 0.013 0.04 59% 

Air Quality Station 
T39 

1.0 0.10 0.16 0.07 1.0 39% 0.07 0.02 0.012 0.004 0.07 60% 

Notes:
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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5.2.5 Assessment of Cumulative Change Summary 

The combination of Project-related changes in air contaminant concentrations plus changes from other certain 

and reasonably foreseeable projects and activities were considered.  Due to existing traffic levels in the local and 

regional areas, future increases in commercial vessel traffic and land-based transportation are expected to make 

a small contribution to overall air quality levels. There are no exceedances for gaseous and particulate matter 

CACs or formaldehyde predicted at discrete receptor locations, even with the inclusion of the background 

concentrations.   

A comparison of future conditions with the Project and other certain and reasonably foreseeable projects and 

activities to expected conditions with other certain and reasonably foreseeable projects and activities for CO, NO2, 

SO2, formaldehyde, PM, PM10 and PM2.5 is presented in Table 5-10 to Table 5-24, respectively. 

The predicted air concentrations for both expected and future conditions for CO, PM, PM10 and PM2.5 are largely 

influenced by the background concentrations.  Consequently, the estimated percent change in concentration due 

to the Project is less than 24% for CO and less than 6% for any of the PM fractions (PM, PM10 and PM2.5).   

In general, the Project contribution is much smaller for the longer averaging times (i.e., annual).  The predicted 

change in NO2 concentrations4 are less than 44% for the 1-h average, less than 27% for the 24-h average and 

less than 10% for the annual average. Similarly for SO2, the percent change for the 1-h average is less than 26%, 

less than 13% for the 24-h average and less than 3% for the annual average. 

The predicted change in 1-h average concentration for formaldehyde is less than 53%. Note that for 

formaldehyde, because the predicted concentrations are very low, even a small increase in predicted air 

concentration results in a relatively large predicted change. 

                                                      
4
 Note that the predicted NO2 concentrations may overstate actual NO2 concentrations due to the methodology used to convert 

ambient NOx to NO2, as discussed in Appendix C 
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Table 5-10 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 1-h CO Concentrations (μg/m³)  

Discrete Receptor 

1-h CO 
Percent 

Cumulative 
Change

d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 371  

Ladner 410 35 449 9% 

Farmer 1 460 105 569 24% 

Tsawwassen First Nations 547 134 606 11% 

Farmer 2 519 137 623 20% 

Farmer 3 505 102 601 19% 

Tsawwassen Beach Campsite 488 55 523 7% 

Beach Grove 434 32 464 7% 

Boundary Bay 427 30 456 7% 

Tsawwassen 527 37 550 4% 

Point Roberts 1 422 20 440 4% 

Point Roberts 2 489 55 521 7% 

Delta Hospital 416 23 438 5% 

B.C. Ferries Terminal 1094 109 1104 1% 

Reifel Bird Sanctuary 434 28 448 3% 

Boundary Bay GVRD Park 440 21 464 5% 

English Bluffs Beach 632 68 662 5% 

South Arm Marsh 412 33 447 9% 

Air Quality Station T39 493 27 519 5% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-11 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 8-h Rolling CO Concentrations (μg/m³) 

Discrete Receptor 

8-h Rolling CO 
Percent 

Cumulative 
Change

d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 339  

Ladner 354 9 371 5% 

Farmer 1 377 28 404 7% 

Tsawwassen First Nations 376 41 421 12% 

Farmer 2 382 47 434 13% 

Farmer 3 376 35 408 8% 

Tsawwassen Beach Campsite 408 22 430 5% 

Beach Grove 360 9 372 3% 

Boundary Bay 363 8 375 3% 

Tsawwassen 387 19 407 5% 

Point Roberts 1 360 7 367 2% 

Point Roberts 2 391 12 404 3% 

Delta Hospital 359 6 373 4% 

B.C. Ferries Terminal 831 34 849 2% 

Reifel Bird Sanctuary 354 9 363 2% 

Boundary Bay GVRD Park 360 6 370 3% 

English Bluffs Beach 443 23 462 4% 

South Arm Marsh 353 8 364 3% 

Air Quality Station T39 379 14 390 3% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-12 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 1-h NO2 Concentrations (μg/m³) 

Discrete Receptor 

1-h NO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 44.7  

Ladner 127 56 170 34% 

Farmer 1 175 75 232 33% 

Tsawwassen First Nations 183 77 221 21% 

Farmer 2 190 77 238 25% 

Farmer 3 185 78 223 20% 

Tsawwassen Beach Campsite 168 76 183 9% 

Beach Grove 121 60 174 44% 

Boundary Bay 143 32 156 9% 

Tsawwassen 165 65 181 10% 

Point Roberts 1 136 39 151 11% 

Point Roberts 2 151 55 162 7% 

Delta Hospital 141 33 186 32% 

B.C. Ferries Terminal 186 76 193 3% 

Reifel Bird Sanctuary 121 39 143 18% 

Boundary Bay GVRD Park 132 31 159 20% 

English Bluffs Beach 164 74 176 7% 

South Arm Marsh 114 53 156 37% 

Air Quality Station T39 153 48 166 9% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-13 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 24-h NO2 Concentrations (μg/m³) 

Discrete Receptor 

24-h NO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 34.9  

Ladner 45 2 50 12% 

Farmer 1 53 5 63 18% 

Tsawwassen First Nations 57 6 63 12% 

Farmer 2 56 8 71 27% 

Farmer 3 58 7 66 13% 

Tsawwassen Beach Campsite 56 5 61 9% 

Beach Grove 44 2 48 11% 

Boundary Bay 46 3 50 8% 

Tsawwassen 58 4 64 10% 

Point Roberts 1 47 3 50 6% 

Point Roberts 2 58 6 63 9% 

Delta Hospital 44 2 51 17% 

B.C. Ferries Terminal 117 9 118 1% 

Reifel Bird Sanctuary 45 2 47 6% 

Boundary Bay GVRD Park 43 2 46 6% 

English Bluffs Beach 55 5 61 11% 

South Arm Marsh 45 2 48 8% 

Air Quality Station T39 51 3 54 7% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-14 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted Annual NO2 Concentrations (μg/m³) 

Discrete Receptor 

Annual NO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 12.8  

Ladner 13.7 0.2 14.5 6% 

Farmer 1 14.9 0.5 16.2 8% 

Tsawwassen First Nations 14.8 0.8 15.9 7% 

Farmer 2 15.5 0.8 16.9 9% 

Farmer 3 15.0 0.9 16.2 8% 

Tsawwassen Beach Campsite 14.2 0.6 14.9 4% 

Beach Grove 13.7 0.2 14.2 4% 

Boundary Bay 13.4 0.2 13.6 1% 

Tsawwassen 14.3 0.5 14.7 3% 

Point Roberts 1 13.6 0.2 13.7 1% 

Point Roberts 2 14.8 0.6 15.1 2% 

Delta Hospital 13.6 0.1 14.7 8% 

B.C. Ferries Terminal 22.5 1.0 23.1 2% 

Reifel Bird Sanctuary 13.6 0.3 13.9 2% 

Boundary Bay GVRD Park 13.4 0.2 13.7 2% 

English Bluffs Beach 14.7 0.7 15.3 4% 

South Arm Marsh 13.5 0.2 13.9 3% 

Air Quality Station T39 14.2 0.4 14.5 2% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 97 - December 2014 

 

Table 5-15 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 1-h SO2 Concentrations (μg/m³) 

Discrete Receptor 

1-h SO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 7.7  

Ladner 10.3 1.5 11.0 7% 

Farmer 1 10.9 3.1 12.1 10% 

Tsawwassen First Nations 12.5 3.0 14.6 17% 

Farmer 2 13.8 2.4 13.4 -2% 

Farmer 3 11.8 2.8 13.2 13% 

Tsawwassen Beach Campsite 12.9 3.7 16.3 26% 

Beach Grove 9.9 1.5 11.3 14% 

Boundary Bay 11.7 2.5 14.2 22% 

Tsawwassen 13.3 3.2 16.0 21% 

Point Roberts 1 11.4 2.1 12.5 9% 

Point Roberts 2 14.6 5.5 15.4 5% 

Delta Hospital 10.8 1.2 11.3 4% 

B.C. Ferries Terminal 21.6 5.7 22.0 2% 

Reifel Bird Sanctuary 9.9 2.1 11.3 14% 

Boundary Bay GVRD Park 11.8 1.7 12.8 8% 

English Bluffs Beach 16.0 3.0 16.0 0% 

South Arm Marsh 10.2 1.8 10.7 5% 

Air Quality Station T39 14.1 2.8 14.1 0% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-16 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 24-h SO2 Concentrations (μg/m³) 

Discrete Receptor 

24-h SO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 5.1  

Ladner 5.4 0.1 5.5 2% 

Farmer 1 5.4 0.3 5.7 6% 

Tsawwassen First Nations 5.9 0.4 6.3 7% 

Farmer 2 5.8 0.3 5.8 0% 

Farmer 3 5.6 0.2 5.8 4% 

Tsawwassen Beach Campsite 6.2 0.5 7.0 13% 

Beach Grove 5.5 0.2 5.7 4% 

Boundary Bay 5.7 0.3 6.0 5% 

Tsawwassen 5.9 0.3 6.2 5% 

Point Roberts 1 5.6 0.2 5.8 4% 

Point Roberts 2 6.0 0.6 6.5 8% 

Delta Hospital 5.4 0.1 5.5 2% 

B.C. Ferries Terminal 9.3 0.8 9.3 0% 

Reifel Bird Sanctuary 5.5 0.2 5.6 2% 

Boundary Bay GVRD Park 5.5 0.2 5.6 2% 

English Bluffs Beach 6.1 0.3 6.4 5% 

South Arm Marsh 5.4 0.2 5.5 2% 

Air Quality Station T39 5.9 0.3 6.1 3% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-17 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted Annual SO2 Concentrations (μg/m³) 

Discrete Receptor 

Annual SO2 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 1.4  

Ladner 1.41 0.01 1.41 0.0% 

Farmer 1 1.41 0.02 1.42 0.8% 

Tsawwassen First Nations 1.42 0.02 1.43 0.7% 

Farmer 2 1.42 0.02 1.43 0.7% 

Farmer 3 1.42 0.02 1.43 0.7% 

Tsawwassen Beach Campsite 1.43 0.03 1.44 0.7% 

Beach Grove 1.41 0.01 1.42 0.7% 

Boundary Bay 1.41 0.02 1.42 0.7% 

Tsawwassen 1.43 0.03 1.44 0.7% 

Point Roberts 1 1.42 0.02 1.42 0.0% 

Point Roberts 2 1.45 0.04 1.46 0.7% 

Delta Hospital 1.41 0.01 1.41 0.1% 

B.C. Ferries Terminal 1.62 0.09 1.66 2.5% 

Reifel Bird Sanctuary 1.41 0.02 1.42 0.7% 

Boundary Bay GVRD Park 1.41 0.01 1.42 0.7% 

English Bluffs Beach 1.44 0.03 1.46 1.4% 

South Arm Marsh 1.41 0.01 1.41 0.0% 

Air Quality Station T39 1.43 0.03 1.44 0.7% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-18 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 1-h Formaldehyde Concentrations (μg/m³) 

Discrete Receptor 

1-h Formaldehyde 
Percent 

Cumulative 
Change

d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 3.58  

Ladner 4.4 0.7 5.3 22% 

Farmer 1 5.4 2.3 8.1 49% 

Tsawwassen First Nations 6.3 3.0 8.4 32% 

Farmer 2 6.1 3.5 9.3 53% 

Farmer 3 5.6 2.5 8.0 41% 

Tsawwassen Beach Campsite 5.2 1.2 5.8 10% 

Beach Grove 4.6 0.7 5.2 12% 

Boundary Bay 4.4 0.4 4.9 10% 

Tsawwassen 4.8 0.8 5.3 10% 

Point Roberts 1 4.2 0.3 4.5 7% 

Point Roberts 2 5.2 0.8 5.6 9% 

Delta Hospital 4.3 0.4 5.0 16% 

B.C. Ferries Terminal 10.5 2.1 10.7 2% 

Reifel Bird Sanctuary 4.5 0.4 4.8 5% 

Boundary Bay GVRD Park 4.6 0.3 5.0 9% 

English Bluffs Beach 5.5 1.7 6.2 13% 

South Arm Marsh 4.3 0.7 5.1 18% 

Air Quality Station T39 5.1 0.6 5.4 6% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-19 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 24-h PM Concentrations (μg/m³) 

Discrete Receptor 

24-h PM 
Percent 

Cumulative 
Change

d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 46.2  

Ladner 46.6 0.1 46.7 0.4% 

Farmer 1 47.0 0.3 47.4 0.9% 

Tsawwassen First Nations 47.2 0.4 47.6 0.7% 

Farmer 2 47.2 0.4 47.7 1.0% 

Farmer 3 47.2 0.4 47.6 0.7% 

Tsawwassen Beach Campsite 47.3 0.3 47.5 0.5% 

Beach Grove 46.6 0.1 46.8 0.4% 

Boundary Bay 46.8 0.2 47.1 0.5% 

Tsawwassen 47.3 0.3 47.6 0.6% 

Point Roberts 1 46.8 0.2 46.9 0.3% 

Point Roberts 2 47.5 0.4 47.9 0.7% 

Delta Hospital 46.5 0.1 46.8 0.5% 

B.C. Ferries Terminal 52.6 0.6 52.6 0.0% 

Reifel Bird Sanctuary 46.7 0.2 46.8 0.2% 

Boundary Bay GVRD Park 46.7 0.1 46.8 0.3% 

English Bluffs Beach 47.5 0.3 47.8 0.6% 

South Arm Marsh 46.6 0.2 46.8 0.3% 

Air Quality Station T39 47.2 0.2 47.4 0.5% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-20 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted Annual PM Concentrations (μg/m³) 

Discrete Receptor 

Annual PM 
Percent 

Cumulative 
Change

d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 20.6  

Ladner 20.6 0.01 20.7 0.1% 

Farmer 1 20.7 0.03 20.7 0.2% 

Tsawwassen First Nations 20.7 0.05 20.7 0.2% 

Farmer 2 20.7 0.05 20.7 0.2% 

Farmer 3 20.7 0.05 20.7 0.2% 

Tsawwassen Beach Campsite 20.7 0.04 20.7 0.1% 

Beach Grove 20.6 0.02 20.7 0.1% 

Boundary Bay 20.6 0.02 20.6 0.0% 

Tsawwassen 20.7 0.03 20.7 0.1% 

Point Roberts 1 20.6 0.02 20.6 0.0% 

Point Roberts 2 20.7 0.04 20.7 0.1% 

Delta Hospital 20.6 0.01 20.7 0.1% 

B.C. Ferries Terminal 21.2 0.07 21.2 0.1% 

Reifel Bird Sanctuary 20.6 0.02 20.7 0.1% 

Boundary Bay GVRD Park 20.6 0.01 20.6 0.0% 

English Bluffs Beach 20.7 0.04 20.7 0.1% 

South Arm Marsh 20.6 0.01 20.6 0.1% 

Air Quality Station T39 20.7 0.03 20.7 0.1% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study - 103 - December 2014 

 

Table 5-21 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 24-h PM10 Concentrations (μg/m³) 

Discrete Receptor 

24-h Rolling PM10 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 23.1  

Ladner 23.6 0.1 23.8 0.9% 

Farmer 1 23.9 0.3 24.4 1.8% 

Tsawwassen First Nations 24.3 0.4 24.7 1.9% 

Farmer 2 24.2 0.4 24.7 2.3% 

Farmer 3 24.2 0.4 24.5 1.4% 

Tsawwassen Beach Campsite 24.5 0.3 25.1 2.5% 

Beach Grove 23.6 0.1 24.0 1.4% 

Boundary Bay 23.9 0.2 24.1 1.0% 

Tsawwassen 24.3 0.3 24.6 1.3% 

Point Roberts 1 23.7 0.2 23.9 0.7% 

Point Roberts 2 24.6 0.4 24.9 1.5% 

Delta Hospital 23.5 0.1 23.9 1.4% 

B.C. Ferries Terminal 29.8 0.6 29.9 0.2% 

Reifel Bird Sanctuary 23.6 0.2 23.8 0.8% 

Boundary Bay GVRD Park 23.7 0.1 23.9 0.7% 

English Bluffs Beach 24.4 0.3 24.8 1.4% 

South Arm Marsh 23.5 0.2 23.7 0.7% 

Air Quality Station T39 24.3 0.2 24.4 0.7% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-22 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted Annual PM10 Concentrations (μg/m³) 

Discrete Receptor 

Annual PM10 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 10.3  

Ladner 10.3 0.01 10.4 0.2% 

Farmer 1 10.4 0.03 10.4 0.4% 

Tsawwassen First Nations 10.4 0.05 10.4 0.4% 

Farmer 2 10.4 0.05 10.4 0.5% 

Farmer 3 10.4 0.05 10.4 0.4% 

Tsawwassen Beach Campsite 10.4 0.04 10.4 0.3% 

Beach Grove 10.3 0.02 10.4 0.2% 

Boundary Bay 10.3 0.02 10.3 0.1% 

Tsawwassen 10.4 0.03 10.4 0.2% 

Point Roberts 1 10.3 0.02 10.3 0.1% 

Point Roberts 2 10.4 0.04 10.4 0.2% 

Delta Hospital 10.3 0.01 10.4 0.3% 

B.C. Ferries Terminal 10.9 0.07 10.9 0.3% 

Reifel Bird Sanctuary 10.3 0.02 10.4 0.1% 

Boundary Bay GVRD Park 10.3 0.01 10.3 0.1% 

English Bluffs Beach 10.4 0.04 10.4 0.2% 

South Arm Marsh 10.3 0.01 10.3 0.1% 

Air Quality Station T39 10.4 0.03 10.4 0.2% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-23 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted 24-h PM2.5 Concentrations (μg/m³) 

Discrete Receptor 

24-h Rolling PM2.5 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 8.7  

Ladner 9.1 0.1 9.3 2.1% 

Farmer 1 9.4 0.2 9.7 3.8% 

Tsawwassen First Nations 9.7 0.2 10.1 4.1% 

Farmer 2 9.6 0.3 9.9 3.5% 

Farmer 3 9.6 0.2 9.8 2.8% 

Tsawwassen Beach Campsite 9.9 0.3 10.4 5.6% 

Beach Grove 9.2 0.1 9.5 3.3% 

Boundary Bay 9.3 0.2 9.6 2.3% 

Tsawwassen 9.7 0.2 10.0 2.5% 

Point Roberts 1 9.2 0.2 9.4 1.6% 

Point Roberts 2 9.9 0.3 10.2 3.4% 

Delta Hospital 9.1 0.1 9.3 3.2% 

B.C. Ferries Terminal 14.0 0.5 14.1 0.1% 

Reifel Bird Sanctuary 9.1 0.1 9.3 1.7% 

Boundary Bay GVRD Park 9.2 0.1 9.3 1.5% 

English Bluffs Beach 9.8 0.2 10.0 2.7% 

South Arm Marsh 9.1 0.1 9.2 1.4% 

Air Quality Station T39 9.7 0.2 9.8 1.4% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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Table 5-24 – Estimated Percent Cumulative Change from Expected Conditions: 
Predicted Annual PM2.5 Concentrations (μg/m³) 

Discrete Receptor 

Annual PM2.5 Percent 
Cumulative 

Change
d 

[D] 

Expected Conditions 
and other future 

Projects/Activities
a 

[A] 

Incremental RBT2 
Operations

b 

[B] 

Cumulative Future 
Conditions

c 

[C] 

Background Concentration 3.5  

Ladner 3.5 0.01 3.5 0.6% 

Farmer 1 3.6 0.02 3.6 0.9% 

Tsawwassen First Nations 3.6 0.03 3.6 0.8% 

Farmer 2 3.6 0.03 3.6 1.1% 

Farmer 3 3.6 0.03 3.6 0.9% 

Tsawwassen Beach Campsite 3.6 0.03 3.6 0.5% 

Beach Grove 3.5 0.01 3.5 0.4% 

Boundary Bay 3.5 0.01 3.5 0.2% 

Tsawwassen 3.6 0.02 3.6 0.4% 

Point Roberts 1 3.5 0.01 3.5 0.2% 

Point Roberts 2 3.6 0.03 3.6 0.4% 

Delta Hospital 3.5 0.01 3.6 0.8% 

B.C. Ferries Terminal 4.0 0.06 4.0 0.6% 

Reifel Bird Sanctuary 3.5 0.02 3.5 0.3% 

Boundary Bay GVRD Park 3.5 0.01 3.5 0.2% 

English Bluffs Beach 3.6 0.03 3.6 0.5% 

South Arm Marsh 3.5 0.01 3.5 0.3% 

Air Quality Station T39 3.6 0.02 3.6 0.3% 

Notes:  

a. Expected conditions (without the Project) represents future conditions with other certain and reasonably 

foreseeable projects and activities, including Deltaport Terminal, Westshore Terminals and B.C. Ferries Terminal 

operations, rail activity and background air concentration; 

b. The maximum difference in hourly predicted concentrations from expected (without RBT2) to future conditions with 

Project operation; 

c. Cumulative future conditions, including changes from RBT2 in combination with the expected conditions and other 

future projects and activities and background air concentration. Future conditions concentrations are not 

necessarily the same as the sum of expected conditions (column [A]) and incremental RBT2 operations (column 

[B]) as they may not occur in the same time period (e.g., 1-h, 24-h, etc.); 

d. The percent cumulative change associated with cumulative future operations and rail activity, as compared with 

expected operations and rail activity; Column [D] = (Column [C]-Column [A])/Column [A] 
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8.0 STATEMENT OF LIMITATIONS 

This report was prepared by SENES, for the sole benefit and exclusive use of Port Metro Vancouver. The 

material in it reflects SENES’ best judgment in light of the information available to it at the time of 

preparing this Report. Any use that a third party makes of this Report, or any reliance on or decision 

made based on it, is the responsibility of such third parties. SENES accepts no responsibility for 

damages, if any, suffered by any third party as a result of decisions made or actions taken based on this 

Report. 

SENES has performed the work as described above and made the findings and conclusions set out in 

this Report in a manner consistent with the level of care and skill normally exercised by members of the 

environmental science profession practicing under similar conditions at the time the work was performed. 

This Report represents a reasonable review of the information available to SENES within the established 

Scope, work schedule and budgetary constraints. It is possible that additional information could alter 

numbers presented in this report and changes to methodologies used in the determination of the results, 

however, it is unlikely that any of these alterations would change the fundamental conclusions of the 

report. The conclusions and recommendations contained in this Report are based upon applicable 

legislation existing at the time the Report was drafted. Any changes in the legislation may alter the 

conclusions and/or recommendations contained in the Report. Regulatory implications discussed in this 

Report were based on the applicable legislation existing at the time this Report was written. 

In preparing this Report, SENES has relied in good faith on information provided by others as noted in 

this Report, and has assumed that the information provided by those individuals is both factual and 

accurate. SENES accepts no responsibility for any deficiency, misstatement or inaccuracy in this Report 

resulting from the information provided by those individuals. 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV’s) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals.   

The purpose of this appendix is to present detailed emission estimation methodologies and emissions 

inventory for the operation of RBT2 in the future with a comparison to the existing conditions, as well as 

future conditions if RBT2 was not developed.  Due to the proximity of RBT2 to other similar large 

operations such as the existing container terminal at Roberts Bank (Deltaport Terminal), the existing coal 

terminal at Roberts Bank (Westshore Terminals), and the B.C. Ferries Terminal in Tsawwassen (B.C. 

Ferries Terminal), these emission sources are included in the Study. 

There is sufficient information about the operation from these three existing marine terminals to develop 

reasonable emission estimates and to include these emission projections in the Study.  However, it is 

emphasised that the activities from these other facilities are not part of the Study mandate, which is to 

determine the potential changes to air quality from RBT2 relative to existing and future operations.  

Emissions from RBT2, Deltaport Terminal, Westshore Terminals and the B.C. Ferries Terminal were 

estimated for the following activities: 

 Marine vessels calling at RBT2 and the existing Roberts Banks terminals (inclusive of associated 

tugboat activities); 

 Ferry vessels calling at the existing B.C. Ferries Terminal; 

 Cargo handling equipment (CHE) operating at RBT2 and the existing Roberts Bank terminals; 

 Rail locomotives arriving and departing from and switcher locomotive operating at RBT2 and the 

existing Roberts Bank terminals; and 

 On-road vehicles arriving and departing from RBT2 and the existing Roberts Banks terminals and 

B.C. Ferries Terminal. 

Sources and source locations are presented in the main body of the Study (Section 3.3, Figure 3.5) as 

considered for the Study air dispersion modelling. 

It should be noted that construction phase emissions are addressed separately in Appendix E and 

emissions from other projects and activities (ships underway, project-related changes to off-site rail traffic 

in the study area, and fugitive particulate matter from Westshore Terminals coal dust have been 

assessed separately in Appendix F (Ships Underway), Appendix G (Future Rail Activity) and Appendix H 

(Westshore Coal Dust). 
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A key element of the emission scenarios considered in the Air Quality Study is the definition of the term 

“capacity” in reference to the operation of the marine terminals at Roberts Bank.  A capacity of 2.4 million 

twenty-foot equivalent unit containers (TEUs) of cargo “across the dock” (meaning all cargo and empty 

containers moved to and from a vessel) is the Maximum Practical Sustainable Capacity of RBT2.  The 

projected cargo throughput at RBT2 and the existing Roberts Bank terminals is listed in Table 1-1. 

Table 1-1 – Cargo Volume Comparison 

Horizon 

Year 

RBT2 

(million TEU) 

Deltaport 
Terminal 

(million TEU) 

Westshore 
Terminals 

(Million Tonnes 
Coal) 

2010 - 1.5 24.7 

2023 1.7 2.4 34.0 

2025 2.4 2.4 36.0 

Note: “-” indicates no activity associated with the terminal in that period. 

 

The emission estimates apply best practice methods adopted by Transport Canada, Environment 

Canada, and the United States Environmental Protection Agency (U.S. EPA) which have been used to 

estimate marine and landside emissions for PMV and other ports in California and Seattle.   

Accidents and malfunctions are not considered in the Study as they are assessed in EIS Section 30 

Accidents and Malfunctions.  Accidents and malfunctions are not considered to represent typical 

operations for RBT2. 

While the assessment presented in this report focuses on changes in air quality relating to RBT2, 

emissions are estimated for all four terminals (i.e., RBT2, Deltaport Terminal, Westshore Terminals and 

B.C. Ferries Terminal).  Since estimations and the development of emission factors (EFs) vary by activity 

or emission source, and not by terminal or corporate entity, the sections of this Appendix are organised 

by emission source.  For example, ship emissions from all terminals are described in the same section of 

this report as the basic methodology is similar between the different terminals.  Differences between the 

terminal operations are explained within each section.  A tabular summary of the assumptions described 

in detail in the following sections for ships, CHE, rail locomotives and on-road vehicles are provided in 

Attachments 1 through 6.   

1.1 COMPOUNDS OF POTENTIAL CONCERN 

The compounds or potential concern with respect to the emissions inventory for the Study include: 

 Criteria air contaminants (CACs) - carbon monoxide (CO), nitrogen oxides (NOx), sulphur dioxide 

(SO2), volatile organic compounds (VOCs), particulate matter (PM), inhalable particulate matter 
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up to 10 micrometres in size (PM10), and fine particulate matter up to 2.5 micrometres in size 

(PM2.5);  

 Trace organic contaminants (TOCs) - acrolein, benzene, 1,3-butadiene, acetaldehyde, 

formaldehyde, naphthalene, polycyclic aromatic hydrocarbons (PAH) represented by 

benzo(a)pyrene, and diesel particulate matter (DPM); 

 Greenhouse gases (GHGs) – carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 

expressed as carbon dioxide equivalent (CO2e); and 

 Climate forcing PM - black carbon, also expressed as CO2e. 

Rationale for the substance selection is discussed in greater detail in Appendix B.  Hydrocarbons (HCs) 

are a subset of VOCs.  The two are used interchangeably within this document because all of the VOCs 

emitted by transportation sources are composed of HCs. 

1.1.1 Trace Organic Contaminants and Climate Forcing Particulate Matter 

Emission rates for TOCs and climate forcing PM are not readily available for all sources.  For on-road 

diesel and gasoline powered vehicles, SENES Consultants (SENES) retained Sierra Research to derive 

on-road vehicle EFs using the U.S. EPA Motor Vehicle Emission Simulator (MOVES) model (refer to 

Section 5.2 for details).  For ships, an emission monitoring program conducted on a Post-Panamax Class 

container ship off the coast of California by Murphy et al. (Murphy et al. 2009) provided EFs for 1,3-

butadiene and elemental carbon (black carbon) for main engines (MEs) and auxiliary engines (AEs).  For 

ship boilers, the U.S. EPA AP42 provided EFs for Benzene, Formaldehyde and Naphthalene.  However, 

for the remaining TOCs, speciated EFs for ships were not available.  Likewise, for diesel-powered CHE 

and locomotives, speciated EFs were not available for TOCs or Black Carbon.  Consequently, for those 

sources, emission rates were based on ratios to HCs, PM10 or PM2.5 emission rates, obtained from 

additional reference resources such as the 2010 National Marine Emission Inventory report (SNC-Lavalin 

Inc. 2012) and the MOVES on-road vehicle EFs developed by Sierra Research. 

The derived ratios are summarised in Table 1-2 and Table 1-3.  The ratios for propane-powered sources 

were estimated by adjusting the gasoline ratios according to findings from a report on the comparison of 

the different fuel types (Higgins et al. 2008).  DPM was assumed to equal PM2.5 emissions from diesel-

fired sources because virtually all of the DPM emitted is composed of particles less than 2.5 µm. 
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Table 1-2 – Emission Rate Ratios for CHE and Rail 

Contaminant Basis 
Ratio 

Diesel
1
 Gasoline

1
 Propane

2
 

Benzene HC 1.21 x 10
-2

 5.30 x 10
-2

 4.35 x 10
-3

 

Naphthalene HC 1.51 x 10
-2

 2.52 x 10
-3

 2.12 x 10
-3

 

1,3-Butadiene HC 2.98 x 10
-3

 5.54 x 10
-3

 1.07 x 10
-3

 

Formaldehyde HC 1.91 x 10
-1

 1.61 x 10
-2

 1.35 x 10
-2

 

Acetaldehyde HC 6.35 x 10
-2

 1.23 x 10
-2

 8.64 x 10
-3

 

Acrolein HC 9.52 x 10
-3

 7.79 x 10
-4

 6.55 x 10
-4

 

Benzo(a)pyrene HC 5.27 x 10
-5

 6.19 x 10
-5

 5.20 x 10
-3

 

DPM PM2.5 1 0
3 

0
3 

Black Carbon
4
 PM2.5 8.34 x 10

-1
 1.97 x 10

-1
 1.97 x 10

-1 

Notes: 
1
 TOC ratios are equivalent to the maximum ratio of specific contaminant MOVES EF to HC (non-

methane HC) MOVES EF with the exception of DPM which is equivalent to PM2.5 for diesel combustion 
sources 
2
 Developed using propane to gasoline EF ratios (Higgins et al. 2008) 

3
 DPM is not emitted from gasoline and propane 

4
 Black Carbon ratio is equivalent to the maximum ratio of elemental carbon PM2.5 MOVES EF to total 

exhaust (organic + elemental + sulfate) PM2.5 MOVES EF 

Table 1-3 – Emission Rate Ratios for Ships 

Contaminant Basis 
Ratio

1,2
 

AE ME Boiler 

Benzene HC 1.27 x 10
-2

 9.80 x 10
-6

 N/R
2
 

Naphthalene PM2.5 8.76 x 10
-4

 1.99 x 10
-5

 N/R
2
 

1,3-Butadiene -
 

N/R
2
 N/R

2
 - 

Formaldehyde HC 9.35 x 10
-2

 1.57 x 10
-3

 N/R
2
 

Acetaldehyde HC 4.64 x 10
-2

 2.29 x 10
-4

 - 

Acrolein
3
 HC 2.19 x 10

-3
 2.19 x 10

-3
 9.52 x 10

-3
 

Benzo(a)pyrene PM10 5.00 x 10
-6

 4.37 x 10
-7

 - 

DPM PM2.5 1 1 1 

Black Carbon PM2.5 N/R
2
 N/R

2
 1 

Notes: 
1
 Ratios from 2010 National Marine Emissions Inventory (SNC-Lavalin Inc. 2012) with the exceptions 

noted below 
2
 N/R = ratio not required. Instead, an EF was obtained from a research paper (Murphy et al. 2009) or 

from US EPA AP-42 Chapter 1.3 for boilers.
 

3 
Equivalent to maximum ratio of acrolein MOVES EF to HC (non-methane HC) MOVES EF 
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Ratios do not vary by horizon year, however, emissions for TOCs with a PM emission basis (naphthalene, 

benzo(a)pyrene and DPM) will vary as PM varies by horizon year due to fuel changes (see Section 2.5.2).  

Emission rates for 1,3-butadiene, acetaldehyde, and benzo(a)pyrene for boilers are not assessed in this 

study as these substances are not listed as emitted from external combustion sources. 

1.1.2 Carbon Dioxide Equivalents 

Greenhouse Gases  

GHGs, namely, CO2, N2O and CH4, are presented in this study collectively as CO2 equivalents (CO2e).  

N2O and CH4 are converted to CO2e using the global-warming potential (GWP) conversion factors listed 

in Table 1-4.   

Table 1-4 – CO2 Equivalent Conversion Factors 

Contaminant 
GWP Conversion Factors

1
 

20-year 100-year 

CH4 86 34 

N2O 268 298 

Note: 
1 

20-year and 100-Year Time Horizon values Source: IPCC AR5 2013 (5th assessment) Ch8 Table 
8.7 http://www.climatechange2013.org/images/report/WG1AR5_Chapter08_FINAL.pdf

1
 

 

Climate Forcing PM (Black Carbon) 

Aerosols such as black carbon have atmospheric lifetimes of only a few days, while CO2 lingers for 

millennia.  Because of their short lifetimes, changes in aerosol emissions are hard to compare to changes 

in CO2 emissions.  However, changes in emissions of black carbon can be readily compared to changes 

in CO2 emissions because any total global radiative forcing (as GWP) can be expressed in terms of CO2e 

(i.e., the equivalent amount of CO2 that it would take to produce the same total forcing were all other 

agents at their pre-industrial concentrations).  For black carbon, Bond et al. (Bond et al. 2013) estimated 

GWP values of 3,200 on a 20-year time scale and 900 on a 100-year time scale.  According to Bond et 

al., black carbon and CO2 emission amounts with equivalent 100-year GWPs have different impacts on 

climate, temperature, rainfall, and the timing of these impacts. These and other differences raise 

questions about the appropriateness of using a single metric such as CO2e to compare black carbon and 

GHGs.  Moreover, Hodnebrog et al. (Hodnebrog et al. 2014) have recently questioned the GWP of black 

carbon as estimated by Bond et al. (Bond et al. 2013), indicating that there remains considerable 

uncertainty and debate about the relative magnitude of black carbon in climate forcing.  The debate 

relates to the question about whether the CO2e from short-lived (i.e., a few days) climate forcing 

                                                      
1
 Based on the Intergovernmental Panel on Climate Change (IPCC) 4

th
 Assessment in 2007 
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contaminants such as black carbon should be considered in the same way as CO2e derived for longer-

lived (i.e., years) GHG compounds.  For this reason, annual black carbon emissions are provided 

separately in the Air Quality Study, but are not added to the total GHG emission inventory.  Nevertheless, 

the black carbon emissions in the Study are expressed in CO2e for comparison purposes using GWP 

values of 3,200 on a 20-year time scale and 900 on a 100-year time scale. 

1.2 TEMPORAL ASSESSMENT BOUNDARIES 

The scope of the Study as defined in the main body (Section 2.2) considers emissions from the new 

container terminal for a future year which represents the greatest potential change in emissions 

associated with the Project.  In order to assess the relative differences in air quality from RBT2, the Study 

considers the following operating conditions: 

 Existing Conditions - emissions from the existing Roberts Bank terminals and B.C. Ferries 

Terminal in 2010; 

 Expected Conditions - projected combined emissions from the existing Roberts Bank terminals 

and B.C. Ferries Terminal in 2025 ; and, 

 Future Conditions with the Project (Future Conditions) - projected combined emissions from the 

existing Roberts Bank terminals and B.C. Ferries Terminal in conjunction with RBT2 in 2025. 

It should be noted that as part of the study and as indicated in the Air Quality Scoping Study, emissions 

for both 2023 and 2025 were estimated as potential future years to determine whether the higher 

proposed cargo throughput in 2025 (Table 1-1) or the older equipment in 2023 would result in higher 

emissions.  Emissions in 2025 from the Project were determined to be higher as presented in Attachment 

7 due to the increased capacity of RBT2 in 2025.  The 2023 information is included in this appendix to 

show differences where applicable in the assessment; however, 2023 was not modelled. 

Emissions were assessed for each of the operating conditions above for the following time averaging 

periods: 

 Annual emissions; 

 Average and maximum daily emissions; and 

 Average and maximum hourly emissions. 

The selected averaging periods are suitable for comparison to applicable criteria.  Both maximum and 

average scenarios are considered to allow for the determination of hypothetical “what if” scenarios which 

assume that all operations could happen at peak loads simultaneously, as well as an assessment of more 

typical operations.  The emissions inventory showed that the incremental difference in maximum and 

average (1-hour [h] and 24-h) emissions were not substantial as presented in Attachment 7.  The average 
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emissions information is included in this appendix to show differences where applicable in the 

assessment; however, average 1-h and 24-h emissions were not modelled. 

The combination of operating conditions, horizon years and averaging periods considered in the 

emissions inventory are described as emissions scenarios (Table 1-5).  As discussed in the main body of 

the Study (Section 2.2, Table 2.1), only nine of the twenty-five scenarios listed below were carried forward 

to the air dispersion modelling exercise and Study results.  Emission rates for the nine Study scenarios as 

applied in the air dispersion modelling are presented in Attachment 8. 

Table 1-5 – Emissions Inventory Scenarios 

Operating Condition Horizon Year Averaging Period Description 

Existing Conditions 2010 

1-h Maximum 

Emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal in 2010 

1-h Average 

24-h Maximum 

24-h Average 

Annual 

Expected Conditions 

2023 

1-h Maximum 

Projected combined emissions from the existing 

Roberts Bank terminals and B.C. Ferries 

Terminal in 2023  

1-h Average 

24-h Maximum 

24-h Average 

Annual 

2025 

1-h Maximum 

Projected combined emissions from the existing 

Roberts Bank terminals and B.C. Ferries 

Terminal in 2025 

1-h Average 

24-h Maximum 

24-h Average 

Annual 

Future Conditions  

2023 

1-h Maximum 

Projected combined emissions from the existing 

Roberts Bank terminals and B.C. Ferries 

Terminal in conjunction with RBT2 in 2023 

1-h Average 

24-h Maximum 

24-h Average 

Annual 

2025 

1-h Maximum 

Projected combined emissions from the existing 

Roberts Bank terminals and B.C. Ferries 

Terminal in conjunction with RBT2 in 2025 

1-h Average 

24-h Maximum 

24-h Average 

Annual 
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2.0 SHIP EMISSIONS 

Estimating emissions from ships involves the consideration of a number of parameters including: 

 Number of ships; 

 Activity times; 

 Ship locations; 

 Ship age; 

 Ship Engine Types and Power Ratings; 

 The loading on the engines; and 

 EFs and changes in EFs over time due to changes in fuel or engine technologies 

in response to regulatory emission reduction initiatives by the International 

Maritime Organization (IMO), as well as government agencies in Canada and the 

United States 

The general estimation of emissions for ships is as follows: 

Emissions (g/period) = [EF (grams per kilowatt hour [g/kW-h]) * Traffic Count (ships/period) * Ship Engine 

Power Rating (kW/ship) * Load Factor * Activity time (h)] 

Ships have three sources of combustion emissions: the ME, the AE, and the boilers.  Ship activities 

include underway (en route to and from the port locations), manoeuvring (berthing/de-berthing) and at 

berth (moored).  Load factors are specific to the activity and vary by ship type and combustion source.  

EFs are primarily dependent on the type of ship and the combustion source.  In some cases, where 

control technologies are mandated through legislation, they are also dependent on horizon year based on 

the year in which the new emission standards take effect, as well as on the proportion of the fleet of ships 

that are required to meet those emission standards.  Over time, a greater proportion of the fleet would be 

expected to meet the more stringent emission standards as older vessels are retired and replaced by 

newer vessels built to achieve the lower emission rates defined by the standards.  

Emissions from ships while they are underway are considered in Appendix F because these emissions 

pertain to other projects and activities rather than to RBT2.  Emissions that occur during the manoeuvring 

and at berth activities are included in the emission estimations for RBT2. 

Tugboats and ferries are also included in the assessment and are discussed separately in Sections 2.7 

and 2.8.  Parameters used in the assessment are discussed in greater detail in the following sections.  A 

tabular summary of ships parameters/assumptions is provided in Attachments 1 and 2. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix A - 9 - November 2014 

2.1 SHIP SIZE 

For container ships, the size of the ME is related to the ship’s capacity in TEU.  However, as ships have 

increased in size and carrying capacity, the relationship between TEU capacity and ME size has not been 

a linear one.  During the period 2005-2012, container vessels calling at Deltaport Terminal have ranged 

between 2,300 TEU and 10,000 TEU.  Nearly 80% of ships calling at Deltaport Terminal during the period 

2005-2012 had ship capacities of <8,000 TEU, with more than 30% being in the range of 5,000-6,000 

TEU.  Approximately 20% had a ship capacity of 8,000-9,000 TEU, and less than 1% had a carrying 

capacity greater than 9,000 TEU. 

For the purposes of the RBT2 emission inventory assessment, ships <8,000 TEU (i.e., Panamax Class) 

were collectively represented as having a capacity of 5,500 TEU and their ME and AE power 

requirements were derived from known engines on those ships.  Similarly, ME and AE sizes for ships with 

a carrying capacity of 9,000 TEU (also Panamax Class) were derived directly from known ship engines for 

this size of vessel from the ships calling at Deltaport Terminal during the period 2005-2012.  For new 

Panamax container vessels of up to 12,000 TEU, the ME and AE power requirements were based on the 

engine size for the Triple E Class Emma Maersk vessel, one of the largest container ships built in recent 

years.    

Similarly, the bulk carriers calling at the Westshore Terminals were represented by two size classes, 

namely: Panamax Class (75,000 deadweight tonnage [DWT]) and Capesize (175,000 DWT).  The ME 

size for these types of vessels was derived from reported propulsion trends for bulk carriers (Man Diesel 

& Turbo 2004).  Because the latter reference does not provide estimates for AE power requirements, the 

AE size for these ships was derived from reported engine sizes from two alternative sources for bulk 

carriers of this size based on types of engines used.     

Ship cargo carrying capacities and engine sizes used for the RBT2 air quality assessment are listed in 

Table 2-1. The projected trends from a variety of published sources provide an upper bound estimate of 

the range of potential ME sizes that larger container vessels of >7,500 TEU capacity could have, as 

discussed in Section 6.1.  Some vessels calling at Roberts Bank in the future may have smaller MEs than 

those listed in Table 2.1.   

While ultra-large vessel container ships (18,000 TEU) are currently being built and RBT2 will be designed 

to accommodate this size of vessel, ICF International, Inc. (ICF) noted that they are not predicted to call 

at RBT2 and the existing Roberts Bank terminals during the study period (ICF 2014).  

Based on ship propulsion trends (Man Diesel & Turbo 2009), ships up to 18,000 TEU are expected to 

have ME power requirements of up to 91,500 kW, while several shipyards working on new designs for 

Ultra-Large Container Vessels (ULCV) report AE engine requirements ranging from 16,700 kW to 

20,640 kW.  The primary focus for the current deployment of ULCVs is in the Far East-Europe shipping 
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industry because of the high volume of container traffic, the availability of well-developed container 

terminals with high productivity and efficient and cost-effective feeder networks in both East Asia and 

Europe to support the industry (Vallø 2013).  According to Vallø, ULCVs could be deployed on the East 

Asia Pacific Coast of the United States in the future, but have not yet been deployed mainly due to the 

demand for a high sailing frequency and the relatively low terminal productivity of U.S. ports.  Therefore, 

while it is possible that ULCVs will someday be call at RBT2, it is not currently anticipated that these 

vessels will call at RBT2 by 2025.  As such, the New Panamax vessels of up to 12,000 TEU were 

selected as being representative of the largest container vessels likely to call at RBT2 in the time frame of 

the assessment.    . 

Table 2-1 – Ship Capacity and Engine Size 

Location Size Category 
Representative 
Cargo Volume 

Cargo Units 
ME Power, 

kW 
AE Power, 

kW 

RBT2 and 
Deltaport 
Terminal 

<8,000 TEU 5,500 TEU 48,634
1 

4,356
1 

8,000 to 10,000 TEU 9,000 TEU 72,239
1 

4,769
1 

New Panamax 

>10,000 
12,000 TEU 80,080

2 
20,800

2 

Westshore 
Terminals 

Panamax 75,000 Tonnes 10,280
3 

2,325
4 

Capesize 175,000 Tonnes 16,800
3 

3,780
5 

Notes: 
1 

PMV database of ships calling at Deltaport Terminal 2005-2012 
2 

Emma Maersk  
3 

Man Diesel & Turbo 2004 
4
 MAN B&W 6L28/32H engine (x3) http://shipoftheday.blogspot.ca/2008_12_01_archive.html 

5
 WARTSILA 5L20 engine (x3) http://www.fsb.unizg.h/ship-design/TO-kratki-Panamax.pdf 

The frequency of larger ships calling at RBT2 and the existing Roberts Bank terminals is expected to 

increase in the future. The size distribution of the ships calling at the terminals is shown in Table 2-2 to 

Table 2-4. 
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Table 2-2 – Annual Ship Size Distribution for RBT2 Ship Calls 

TEU 
Horizon Year 

2010 2023 2025 

<8,000 N.A. 16% 16% 

8,000 – 10,000 N.A. 52% 52% 

>10,000 N.A. 32% 32% 

Table 2-3 – Annual Ship Size Distribution for Deltaport Terminal Ship Calls 

TEU 
Horizon Year 

2010 2023 2025 

<8,000 38% 13% 13% 

8,000 – 10,000 59% 60% 60% 

>10,000 3% 27% 27% 

Note: Deltaport Terminal receives the same size distribution of ships to the port as RBT2, but some of the 8,000 to 

10,000 TEU Deltaport Terminal ships do a split call service (see next section for more details) resulting in more 8,000 

to 10,000 TEU ship calls for Deltaport Terminal 

Table 2-4 – Annual Ship Size Distribution for Westshore Terminals Ship Calls 

DWT 
Horizon Year 

2010 2023 2025 

Panamax <100 000 DWT 51% 37% 36% 

 Capesize > 100 000 DWT 49% 63% 64% 

Emissions from ships at berth and manoeuvring for the annual scenarios assume ship sizes listed in the 

three previous tables.  Although shore power is currently available on one berth at Deltaport Terminal, 

and will be available for all three berths at RBT2, it is currently uncertain as to how many of the container 

vessels calling at these two terminals will be capable of making use of shore power while at berth.  Shore 

power allows vessels to eliminate the need for AE power while at berth, however all emissions during 

berthing would not be eliminated because emissions from boilers would still continue.  For the purposes 

of the RBT2 air quality assessment, no credit for emission reductions from the use of shore power has 

been assumed, such that berthing emissions are conservatively estimated as if none of the ships would 

make use of shore power. 

Emissions from manoeuvring ships were based on the following assumptions: 

 The average hourly/daily scenarios assume the most common ship sizes from each terminal: 

o 8,000 to 10,000 TEU ships at RBT2 and Deltaport Terminal; and 

o Capesize at Westshore Terminals. 
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 The maximum hourly/daily scenarios assume the largest ship sizes from each terminal: 

o >10,000 TEU ships at RBT2 and Deltaport Terminal; and 

o Capesize at Westshore Terminals. 

Emissions from ships at berth for all average/maximum hourly/daily scenarios assume: 

o >10,000 TEU ships at RBT2 and Deltaport Terminal; and 

o Capesize at Westshore Terminals. 

Assuming the largest size ships at berth is very conservative as the ship AE size is four times higher than 

in the smaller size ships.  

2.2 SHIP CALLS 

The annual ship calls used for each of the horizon years is presented in Table 2-5.  A ship call represents 

a ship entering and leaving a berth, and forms the basis of the estimation methodology as the emissions 

are directly proportional to the number of ships that are moving in and out of the port operations. 

Table 2-5 – Annual Ship Calls  

Horizon 
Year 

Annual 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

Total 

2010 290 0 246 536 

2023 312 184 304 800 

2025 312 260 313 885 

Both RBT2 and Deltaport Terminal are predicted to have the same number of ships visit the facilities in 

2025 since they will be operating at a capacity of 2.4 million TEUs.  However, for Deltaport Terminal, 52 

of the ships do a split call service where a ship arrives, does a partial unload or load, departs, and then 

revisits the terminal at a later date and does a similar call.  This results in 52 more ship calls to the 

Deltaport Terminal compared to RBT2 (312 vs 260 for 2025 in Table 2-5) for the same annual total TEU 

cargo volumes. The split calls are limited to the 8,000 – 10,000 TEU size ships (Appendix 4-D Roberts 

Bank Traffic Data Matrix of the EIS).  

Emissions from ships manoeuvring and at berth for the annual emissions scenarios are estimated based 

on the ship calls in Table 2-5 and the anticipated distribution of ship sizes as listed in Tables 2.2 to 2.4.     

For the hourly and daily emission scenarios, emissions from ships at berth were estimated assuming that 

ships continuously occupy all of the berths simultaneously at each of the terminals, and therefore the 
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number of ship calls per year has no bearing on the estimation of maximum and average hourly or daily 

emission scenarios. 

Emissions from ships in manoeuvring mode for the daily emission scenarios are based on daily ship 

movements.  A ship movement is a ship either entering or leaving a berth; therefore, for each ship call, 

there are two ship movements during which a ship is in manoeuvring mode. 

Assumptions about the average and maximum numbers of ship movements per day are summarised in 

Table 2-6.  Note that for the maximum emission scenarios, it has been assumed that the maximum 

potential movements per day can take place, meaning that in 2010, with five berths at the existing 

Roberts Bank terminals, a total of 10 ship movements could potentially occur on a given day.  This would 

require that all five berths at the two terminals be occupied and that all five ships at those berths leave on 

the same day and are replaced by five more ships on the same day.  Similarly, with eight berths in 2025 

between Deltaport Terminal, Westshore Terminals and RBT2, a maximum total of 16 ship movements 

could potentially occur.  This is a very conservative assumption since records of ship movements at 

Westshore Terminals and Deltaport Terminal in the period 2005-2012 indicate that 43% of the days there 

were no ship movements at Roberts Bank, while 44% of the time only one ship arrived on any given day.  

Therefore, two or more ship movements only occurred on 13% of the days during this period.  

Consequently, the assumption that all berths at the terminals are occupied on a given day and that they 

are vacated on the same day to be re-occupied with new ships on the same day is an extremely 

conservative assumption.  Such an event may hypothetically happen but it would be an exceptionally rare 

event if it did and would not be considered representative of typical operations. 

Table 2-6 – Daily Ship Movements  

Time 
period 

Horizon Year 
Operating Condition 

Scenario 

Manoeuvring (ship movements) 

Westshore 
Terminals 

Deltaport 
Terminal 

RBT2 Total 

Daily 

2010 

Existing Conditions 

maximum 4 6 

0 

10 

average 2 2 4 

2025  

Expected Conditions 

maximum 4 6 10 

average 2 2 4 

2025 

Future Conditions 

maximum 4 6 6 16 

average 2 2 2 6 

For hourly scenarios, ships are restricted by the limited space within the port location.  In a typical hour, it 

has been assumed that there would only be one ship manoeuvring (average hourly scenario).  However, 

it may be possible for one ship to be manoeuvring into berth at one terminal while another is de-berthing 
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from another terminal, representing a maximum hourly scenario for manoeuvring mode emissions.  The 

number of ships manoeuvring for the hourly scenarios is presented in Table 2-7.  

Table 2-7 – Hourly Ships Movements  

Time 
period 

Horizon Year 
Operating Condition 

Scenario 

Manoeuvring (ship movements) 

Westshore 
Terminals 

Deltaport 
Terminal 

RBT2 Total 

Hourly 

2010 

Existing Conditions 

maximum 1 1 

N/A 

2 

average
1
 0 1 1 

2025  

Expected Conditions 

maximum 1 1 2 

average
1
 0 1 1 

2025 

Future Conditions 

maximum 0 1 1 2 

average
1
 0 0 1 1 

Note: 
1
 Only one ship is manoeuvring at a time; the terminal with the larger ships is chosen to be conservative 

For average hourly scenarios when only one ship is manoeuvring at a time, the manoeuvring is assigned 

to an RBT2 or Deltaport Terminal container ship instead of a Westshore Terminals bulk ship since 

container ships have larger engines than bulk carriers (Table 2-1).  For the maximum hourly scenarios, 

when one ship is approaching one terminal, and another is concurrently departing from a different 

terminal, the manoeuvring is assigned to the terminals that result in the most conservative emissions. 

2.3 SHIP ACTIVITY TIMES 

Ship activities and activity times were consistent with those previously established for the Deltaport 

Terminal, Road and Rail Improvement Project (SENES 2012).  Each activity is associated with an 

applicable time frame for the activity.   

Ships are considered to be underway en route to and from the port locations.  As mentioned previously, 

emissions from ships in underway mode are considered in a separate report.  When ships are ready to 

berth, they manoeuvre with the assistance of tugboats to the berth locations.  The ships are berthed while 

unloading and loading cargo.   

Ship activities and associated time frames used for annual emission estimations are listed in Table 2-8.  

Manoeuvring time listed is on a ‘per ship call’ basis and represents total time manoeuvring for the call. 
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Table 2-8 – Ship Activities 

Ship Size Category (TEU) Berthed time (h/ship 
call) 

Manoeuvring time 
(h/ship call) 

<8,000 49 2 

8,000 – 10,000 60 (30
1
) 2 

>10,000 69 2 

Note: 
1
 52 Deltaport Terminal ships that do a split call have half the berth time per call 

(previously discussed in section 2.2). 

Westshore Terminals activity times are not included in the above table because annual emissions from 

Westshore Terminals were obtained from the Environmental Impact Assessment for the Terminal 

Infrastructure Reinvestment Project (SNC-Lavalin Inc. 2013).   

As discussed in Section 2.2, fifty-two of the Deltaport Terminal 8,000 to 10,000 TEU size ships do a split 

call.  They will spend half the berth time compared to a regular full-service call each of the two times they 

call, so that total time at berth is the same per ship.  For example, total berth time is the same in 2025 for 

260 full service calls at RBT2 compared with 312 calls at Deltaport Terminal (Table 2-5).  Berthed time 

varies by ship size and is estimated based on the relationship between vessel TEU capacity and 

unloading times as shown in Figure 2-1 (per 2005 to 2012 ship call data provided by PMV). 
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Figure 2-1 – Berthing Times and TEU Capacity 

 

2.4 LOAD FACTORS 

Load factors (LFs) vary by ship activity and engine type, but are constant across horizon years and for all 

maximum/average, hourly/daily and annual scenarios. LFs for ships are from Environment Canada’s 

Marine Emission Inventory Tool version 4.0 (MEIT 4.0) as summarised in Table 2-9.  

The MEs are not considered operational while berthed.  As per MEIT 4.0, low load adjustment factors are 

applicable to marine engines at reduced load movements such as manoeuvring.  Scale factors by air 

contaminant in Table 2-10 are used to adjust emission rates for all ships manoeuvring with an ME load 

factor of 0.1. 

Table 2-9 – Ship LFs 

Ship Type Location 
Engine 
Type 

Manoeuvring Berthed 

Bulk 
Westshore 
Terminals 

ME 0.10
1 

- 

AE 0.29 0.28 

Container 
RBT2 and 
Deltaport 
Terminal 

ME 0.10
1 

- 

AE 0.15  0.15 

Note: 
1
 Scale factors from Table 2-1 applicable 
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Table 2-10 – Low Load (ME load 0.1) Scale Factors 

NOx CO HC PM CO2e 

1.22 2.0  2.83 1.38 1.0 

2.5 SHIP EMISSION FACTORS 

Ship EFs are derived from MEIT 4.0 and have the following considerations. 

 All transport ships run on heavy fuel oil (HFO); 

 EFs can vary by ship type  - Bulk (Westshore Terminals) vs Container (Deltaport Terminal and 

RBT2); 

 EFs vary by engine type; 

 Some EFs vary by horizon year; 

 Some EFs vary by ship age; and 

 Some EFs vary by emission scenario (maximum/average, daily/hourly, annual) 

EFs for CO and VOCs are from MEIT 4.0 (Table 2-11).   

Table 2-11 – Ship EFs for CO and VOCs, g/kW-h 

Engine 
Type 

CO VOC 

AE 1.10 0.4 

ME 1.40 0.60 

These EFs are constant by horizon year, by ship type, and for all maximum/average hourly/daily/annual 

scenarios.   

However, EFs for NOx, SO2, PM, PM10 and PM2.5 can vary by horizon year, ship type and by 

maximum/average hourly/daily/annual scenarios as discussed in the next sections. 

Since emission rates for TOCs are not readily available, emission rates are based on the methodology 

described in Section 3 and the EF ratios presented in Table 1-3. 

GHG EFs, expressed as CO2e, are estimated as described in Section 1.1.2, using CO2, CH4 and N2O 

EFs from MEIT 4.0.  Climate forcing PM (black carbon) EFs, also expressed as CO2e, are estimated per 

Sections 1.1.1 and 1.1.2. 

A complete summary of all ships EFs used in this assessment is included in Attachment 9. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix A - 18 - November 2014 

2.5.1 Nitrogen Oxide Emission Factors 

NOx EFs vary with horizon year to reflect improved technology in newer ships that results in lower NOx 

emissions.  These improvements are driven by the IMO limits on NOx emissions from ship exhausts 

(Table 2-12).  Ships operating within 200 nautical miles of the coastline of North America are considered 

to be within the zone of the North American Emission Control Area (ECA) as of 2012. 

Table 2-12 – IMO NOx Emission Limits 

Tier Engine RPM ‘n’ 

NOx 
Emission 

Limit  

(g/kW-h) 

Relevant 
Engine for 

this Project
1
  

Year Timing Relevance 

Tier 1 

n < 130 17.0 ME 

2000 
Applies to all vessels 
constructed during 
or after this year. 

n = 130 to 2000 45 * n
-0.2

 AE 

n > 2000 9.8 - 

Tier 2 

n < 130 14.4 ME 

2011 
Applies to all vessels 
constructed during 
or after this year. 

n = 130 to 2000 44 * n
-0.23

 AE 

n > 2000 7.7 - 

Tier 3 

n < 130 3.4 ME 

2016 
Only applies to 

vessels operating in 
ECA area. 

n = 130 to 2000 9 * n
-0.2

 AE 

n > 2000 1.96 - 

Note: 
1
 MEs are assumed to run at low rpm; AEs are assumed to run at a minimum of 600 rpm per PMV. 

Ship age distribution as provided by PMV does not vary by horizon year and is presented in Table 2-13.  

A review of the container ships calling at Deltaport Terminal during the period 2005-2012 indicated that  

 91% of all ships were less than 15 years old at the time of their last call; 

 98% of the ships were less than 17 years of at the time of their last call; 

 1.8% of the ships were 20 to 25 years old at the time of their last call 

Table 2-13 – Ship Age Distribution 

Fleet Age 
Maximum 
Age, years 

RBT2 and 
Deltaport 
Terminal 

Westshore 
Terminals 

0 to 5 years 5 42% 31% 

6 to 10 years 10 40% 43% 

11-15 years 15 15% 23% 

16-20 years 20 3% 2% 

 
Note: Ship age does not vary by horizon year 
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NOx Tier allocation and the corresponding NOx EF (per Table 2-12) by ship age are shown in Table 2-14. 

Table 2-14 – NOx EFs by Ship Age Tier Allocation 

Ship 
Age 

Ranges 

(years) 

Average 
Construction Year 

Tier NOx EF (g/kWh-h) 

2010 2025 2010 2025 2010 2025 

ME AE ME AE 

0-5 2007 2023 Tier I Tier III 17 12.5 3.4 2.5 

6-10 2002 2017 Tier I Tier III 17 12.5 3.4 2.5 

11-15 1997 2012 pre-Tier Tier II 18.1 14.7 14.4 10.1 

16-20 1992 2007 pre-Tier Tier I 18.1 14.7 17 12.5 

Note: 

Tier I-III ME EFs were obtained from Table 2-12; Tier I-III AE EFs were estimated with equations from Table 2-
12 assuming AEs run at 600 rpm per PMV; pre-Tier EFs were obtained from MEIT 4.0  

Based on the ship age distribution (Table 2-13) and the distribution of EFs by ship age (Table 2-14), the 

following aggregate NOx EFs are used in the study to represent a typical vessel: 

Table 2-15 – NOx EFs, g/KW-h 

Ship Type Scenario 
2010 2025 

ME AE ME AE 

Container 

Max Hourly 18.1 14.7 14.8 10.5 

Max Daily 
Average Hourly/Daily 

Annual 
17.2 12.9 5.5 4.0 

Bulk 

Max Hourly 18.1 14.7 14.6 10.3 

Max Daily 
Average Hourly/Daily 

Annual 
17.3 13.1 6.3 4.5 

2.5.2 Sulphur Dioxide and Particulate Matter Emission Factors 

SO2 and PM EFs also vary with horizon year due to regulated reductions in fuel sulphur levels.  Fuel 

sulphur levels for the 2010 horizon year were obtained from MEIT 4.0 and vary by ship classification and 

engine type (Table 2-17).  As mentioned in the previous section, ships operating within 200 nautical miles 

of the coastline of North America are considered to be within the zone of the North American ECA as of 

2012.  For the 2025 horizon year, a fuel sulphur level of 0.1% was assumed for all ships and engines 

because this level is mandated by the IMO for all vessels operating in an ECA area as of January 2015.  

Assuming these sulphur levels, SO2 and PM EFs are estimated per MEIT 4.0 with the following equation 

and adjustment factors (Table 2-16):  

EF (g/kW-h)= A * sulphur[%] + B 
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Table 2-16 – SO2 and PM Adjustment Factors for Ship Engines 

Equation 
Code 

Description 
A B 

Value Units Value Units 

SO2 Engine 
Sulphur for reciprocating engines 

[energy based] 
4.2 g / % sulphur 0 n/a 

PM Engine 
PM for reciprocating engines 

[energy based] 
0. 465  g / % sulphur 0.25  g 

 Source: SNC-Lavalin Inc. 2012 

The resulting SO2 and PM EFs used in this study are presented in Table 2-17 and are constant for all 

maximum/average hourly/daily and annual scenarios emission scenarios within a horizon year. PM10 is 

equivalent to PM (U.S. EPA 2010a) and PM2.5 is 92% of PM10 (ICF 2009).   

Table 2-17 – Sulphur in Fuel and SO2 and PM EFs, g/KW-h 

Ship Type 
Engine 

Type 

2010 

%Sulphur 

in fuel  

2025 

%Sulphur 

in fuel 

SO2 PM 

2010 EF  2025 EF 2010 EF  2025 EF 

Container 
AE 1.90 0.10 8.0 0.42 1.13 0.297 

ME 2.57 0.10 10.8 0.42 1.45 0.297 

Bulk 
AE 2.30 0.10 9.7 0.42 1.32 0.297 

ME 2.50 0.10 10.5 0.42 1.41 0.297 

2.6 BOILERS 

Boilers in ships are not associated with ship propulsion.  Boilers provide heat and hot water, and warm 

residual fuel oil prior to use. Boiler sizes in general are not correlated with the size of the ship.  Boiler 

emission estimation methodology follows the same general approach as previously described for the 

cargo ships except it is based on fuel consumption instead of engine size: 

Emissions (kilogram [kg]/period) = [EF (kilogram per tonne [kg/tonne] fuel) * Traffic Count (ships/period) * 

Fuel Consumption Rate (tonnes fuel/h) * Activity time (h)] 

Boiler EFs are expressed in kg/tonne of fuel used and were taken from MEIT 4.0.  Boiler EFs are 

considered to stay constant across the horizon years for most contaminants; however, SO2 and PM EFs 

vary by year because boilers are subject to the IMO mandated sulphur fuel level of 0.1% by 2015.  

Sulphur fuel content for 2010 is derived from MEIT 4.0 and varies by ship type (bulkers 2.36%, container 

ships 1.9%).  Given these sulphur levels, SO2 and PM EFs are estimated per MEIT 4.0 using the 

following equation and adjustment factors (Table 2-18): 

EF (g/kW-h) = A * sulphur[%] + B: 
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Table 2-18 – SO2 and PM Adjustment Factors for Boilers 

Equation 
Code 

Description 
A B 

Value Units
2
 Value Units 

SO2 Boiler 
Sulphur for boilers based on fuel 

consumption rate 
20 kg / % sulphur 0 n/a 

PM Boiler 
PM for boilers based on fuel 

consumption rate 
1.17 kg / % sulphur 0.41 kg 

Source: SNC-Lavalin Inc. 2012 

PM10 EFs are equivalent to PM EFs (U.S. EPA 2010a) and PM2.5 EFs are 92% of PM10 EFs (ICF 2009).  

Boiler EFs are listed in Table 2-19. 

Table 2-19 – Boiler EFs, kg/tonne 

Ship Type 
Horizon 

Year 
CO NOx SO2 VOC PM PM10 PM2.5 

Container  

(Deltaport 
Terminal 

and RBT2) 

2010 4.60 12.3 38 0.38  2.63  2.53  2.33 

2025 4.60 12.3 2.0 0.38 0.53 0.51 0.47 

Bulk 

(Westshore 
Terminals) 

2010 4.60 12.3 47.2  0.38  3.17  3.04  2.80 

2025 4.60 12.3 2.0 0.38 0.53 0.51 0.47 

TOC EFs are estimated per Section 1.1.1, with the exception of 1,3-butadiene, acetaldehyde, and 

benzo(a)pyrene, which are not assessed as these substances are not listed as emitted from external 

combustion sources. 

GHG EFs, expressed as CO2e, are estimated as described in Section 1.1.2, using CO2, CH4 and N2O 

EFs from MEIT 4.0.  Climate forcing PM (black carbon) EFs, also expressed as CO2e, are estimated per 

Sections 1.1.1 and 1.1.2. 

All boiler EFs are presented in Attachment 9. 

Boiler Fuel Consumption Rates are from MEIT 4.0 and vary by ship type (Table 2-20). 

Table 2-20 – Boiler Fuel Consumption Rates 

 
Fuel Consumption Rate 

(tonnes/h) 

Container (Deltaport Terminal and 
RBT2) 

0.19 

Bulk (Westshore Terminals) 0.08 
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Boilers operate while ships are manoeuvring and at berth and therefore share the same assumptions as 

identified for ships in sections 2.2 and 2.3 with respect to ship movements and activity times. 

2.7 TUGBOATS 

Tugboats assist the ships in manoeuvring to and from the berths.  The tugboat emission estimation 

methodology follows the same general approach as previously described for the cargo ships: 

Emissions (g/period) = [EF (g/kW-h) * Traffic Count (tugs/period) * Tug Engine Size (kW/tug) * Load 

Factor * Activity time (h)] 

Assumptions used to estimate emissions include: 

 Fuel type is marine diesel oil; 

 3 tugs per ship (3 tug movements per ship movement); 

 Activity time matches that for ships manoeuvring; 

 ME load of 32% during manoeuvring (assist) and 10% at berth (standby); and 

 Engine power of 4500 kW (provided by PMV). 

2.7.1 Load Factors 

Load factors of 32% during manoeuvring and 10% at berth (standby) are from a report evaluating 

tugboats prepared for the California Air Resources Board (CARB) by the University of California (Jayaram 

2010).  While the MEs are not typically in operations at berth, when they move into standby mode (i.e., in 

preparation for moving out to an assist), the MEs can operate at 10% load.  The 32% manoeuvring load 

factor is further supported by US EPA’s Current Methodologies in Preparing Mobile Source Port-Related 

Emission Inventories (ICF 2009).  

2.7.2 Emission Factors 

A number of sources were considered in defining EFs for tugboats, including MEIT 4.0 and previous 

studies completed for the existing Roberts Bank terminals.  MEIT 4.0 EFs are for international ocean 

going tugs and therefore not suitable for the harbour tugs in this study.  Instead, CO, NOx, VOCs and 

CO2e EFs for Category 1 Harbour Vehicles from the EPA’s Current Methodologies in Preparing Mobile 

Source Port-Related Emission Inventories (ICF 2009) are considered representative of the most suitable 

information on tugboat emissions (Table 2-21).  To be conservative, Tier 0 EFs were used for the 2010 

horizon year (indicating all tugs were built prior to 1999), and as per PMV, Tier 2 EFs were used for the 

2025 horizon year. 
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EFs for SO2 and PM were estimated using the same equations and adjustment factors discussed in the 

previous section (Table 2-16) to account for fuel sulphur levels of 0.05% for 2010 and 0.0015% for the 

2025 horizon year.  These fuel levels conform to the Sulphur In Diesel Fuel Regulations (SOR/2002-254), 

which apply to tugs since they are Canadian Flagged and operate in Canadian waters for domestic use.   

Table 2-21 – Tugboat EFs, g/kW-h 

Horizon 
Year 

CO NOx SO2 VOC PM PM10 PM2.5 

2010 1.50 10.0 0.21 0.27 0.27 0.27 0.25 

2025 5.0 6.8 0.0063 0.27 0.25 0.25 0.23 

Notes: 

CO, NOx VOC per ICF 2009 

SO2 and PM per MEIT 4.0 

PM10 = PM (U.S. EPA 2010a) and PM2.5 = 92% PM10 (ICF 2009) 

EFs are constant for all maximum/average hourly/daily and annual scenarios emission scenarios within a 

horizon year. 

TOC EFs are estimated per Section 1.1.1.  GHG EFs, expressed as CO2e, are estimated as described in 

Section 1.1.2, using CO2, CH4 and N2O EFs from ICF 2009.  Climate forcing PM (black carbon) EFs, also 

expressed as CO2e, are estimated per Sections 1.1.1 and 1.1.2. 

All tug EFs are presented in Attachment 9. 

2.7.3 Tug Movements and Activity Times 

All emission scenarios assume that three tractor tugs are required for manoeuvring each ship as this is a 

conservative approach.  In fact, many of the ships require only two tractor tugs and one line boat tug (with 

much smaller engine power).  It is only for the largest ships, or in higher waves, that three tractor tugs and 

a line boat tug are required.  However, for simplicity, and given that tug boat emissions are relatively 

small compared to ship emissions, three tractor tugs per ship were assumed for all emission scenarios. 

For the annual emission scenarios, tug emissions from manoeuvring are based on the same activity time 

as ships manoeuvring of one hour each way, or two hours per ship call (Table 2-8).   For hourly and daily 

scenarios, tug emissions from manoeuvring are based on tug movements, which correspond directly with 

ship movements in that there are three tug movements for every ship movement (Table 2-22).  
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Table 2-22 – Hourly and Daily Tug Movements 

Time 
period 

Horizon Year 
Operating Condition 

Scenario 
Ship  

Movements
1
 

Tugboat 

Movements  

Daily 

2010 

Existing Conditions 

maximum 10 30 

average 4 12 

2025 

Expected Conditions 

maximum 10 30 

average 4 12 

2025  

Future Conditions 

maximum 16 48 

average 6 18 

Hourly 

2010 

Existing Conditions 

maximum 2 6 

average 1 3 

2025 

Expected Conditions 

maximum 2 6 

average 1 3 

2025  

Future Conditions 

maximum 2 6 

average 1 3 

Note: 
1
 Ship movements are from Table 2-6 and Table 2-7 

Emissions from tugs at berth for all scenarios assume two tugs on standby at all times. 

2.8 FERRIES 

Ferries running from the B.C. Ferries Terminal were assessed with the same general approach and 

emission estimation methodology followed for the cargo ships. 

Emissions (g/period) = [EF (g/kW-h) * Traffic Count (ferries/period) * Ferry Engine Size (kW/ferry) * 

Load Factor * Activity time (h)] 

Ferry parameters provided by the B.C. Ferries for the year 2010 include a list of the ferries, and trips per 

year on routes services from the B.C. Ferries Terminal.  Information on the ME size for specific vessels 

was obtained from the B.C. Ferries website2. AE sizes were available from previous work completed on 

an air quality assessment for the Tsawwassen First Nation (SENES 2003), while information on the 

schedule for vessel replacement was obtained from the West Coast Ferries Forum website3.  Table 2-23 

shows the weighted average of the ferry engines, as well as load factors obtained from a Clean Shipping 

Currents article (Lappi, M. 2013).  Note that 2010 was an atypical year for ferry traffic due to the 2010 

Olympics.  There were approximately 7600 ferry trips in 2010 compared to approximately 7,300 in 2012.  

Therefore, emission estimates based on 2010 traffic levels are conservative. 

                                                      
2
 http://www.bcferries.com/onboard-experiences/fleet/ 

3
 http://ferriesbc.proboards.com/thread/8355?page=2 
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Table 2-23 – Ferry Engine Power and LFs 

Engine Type 
Engine Power kW In Transit LF Standby and 

Power down LF 

ME 13,000 0.405 0.343 

AE 1,285 0.427 0.353 

 

Many of the EFs used were provided by Environment Canada4 and are consistent with MEIT 4.0. The 

sulphur EFs are estimated to account for the ultra-low sulphur fuel (0.0015%) used by the ferries. As 

discussed in section 2.5.1, new ship technology triggers lower NOx EFs.  The 2025 NOx EFs are 

weighted averages that take into account the fact that 37% of the ferries will be replaced by 2025.  Ferry 

EFs are presented in Table 2-24. 

Table 2-24 – Ferry EFs, g/kW-h 

Horizon 
Year 

Engine 
CO NOx SO2 VOCs PM PM10 PM2.5 

2010 
ME 1.1 14.0  0.0063 0.5 0.25 0.25 0.23 

AE 1.1 14.7  0.0063 0.4 0.25 0.25 0.23 

2025 
ME 1.1 10.3  0.0063 0.5 0.25 0.25 0.23 

AE 1.1 7.3  0.0063 0.4 0.25 0.25 0.23 

Hourly and daily emission estimations assume that, at any given time, there is one ferry in-transit within 

the local study area and two ferries on standby.  Annual emission estimations for ferries on standby are 

based on 7617 ferry trips per year as provided by B.C. Ferries for 2010, and assume that each trip 

involves one hour on standby.  Annual emissions also consider that three ferries power down at dock 

each night for 6 hours.  Annual in-transit emissions are based on the 2746 ferry trips that are bound for 

Nanaimo (Route 30) and remain within PMV jurisdiction.  The remaining ferries that leave the B.C. Ferries 

Terminal (Routes 1 and 9), cross the US border within 3 minutes and the emissions from this short 

distance are insignificant.   B.C. Ferries was unable to provide projections for future traffic levels in 

response to requests for such information from PMV.  Information from other sources
5
 indicated that there 

was a 2% decline in traffic counts on the Tsawwassen-Schwartz Bay route between 2002 and 2008.   

Although a traffic forecast analysis completed by InterVISTAS Consulting Inc6. and Perrin, Thorau & 

                                                      
4
 Consistent with the EFs used by Environment Canada for the 2010 Lower Fraser Valley Emissions Inventory and 

Forecast and Backcast (Metro Vancouver 2013) 
5
 Greater Victoria Development Agency 2012. GVDA Tourism. 

http://www.gvda.ca/EN/main/about/statistics/tourism.html   
6
 InterVISTAS Consulting Inc. 2011.  Performance Term 3 Forecast and Measurement of Demand Elasticity for 

British Columbia Ferry Services Inc. 
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Associates Ltd.7 in 2011 estimated a traffic growth of 0.1% per year on major ferry routes for a low 

provincial economic growth scenario over the period 2010 to 2016, further declines in traffic volumes on 

major ferry routes have continued through to 2013, with decrease of 6.2% in vehicular traffic and 6.8% in 

passenger traffic between 2004 and 20138.  By mid-June of 2012, B.C. Ferries had experienced a 13 year 

decline in vehicle traffic levels, and a 21 year low in passenger traffic levels9.  Therefore, based on recent 

history, traffic levels for the B.C. Ferries Terminal are not expected to increase from 2010 to 2025.   

TOC EFs are estimated per Section 1.1.1.  GHG EFs, expressed as CO2e, are estimated as described in 

Section 1.1.2, using CO2, CH4 and N2O EFs from MEIT 4.0.  Climate forcing PM (black carbon) EFs, also 

expressed as CO2e, are estimated per Sections 1.1.1 and 1.1.2. 

All ferry EFs are presented in Attachment 9. 

                                                      
7
 Perrin, Thorau & Associates Limited 2011. Performance Term Three Traffic Forecasts. Prepared for the British 

Columbia Ferry Commission.   
8
 Submission to the BC Government Budget 2014 Consultations from the Ferry Advisory Committee Chairs, October 

16, 2013. 
9
 McInnes, C. 2012. The future of B.C. ferries: tough decisions needed to stay financially afloat. Vancouver Sun, 

September 15, 2012.   
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3.0 CARGO HANDLING EQUIPMENT EMISSIONS 

The CHE assessment considers the same contaminants and horizon years as with the ship assessment, 

except that CHE activities are assumed to occur evenly throughout a daily period.  Therefore, within a 

horizon year, the same activity is assumed for the average annual, average and maximum daily, and 

average and maximum hourly scenarios  

The general emission estimation methodology is: 

Emissions (g/period) = [EF (g/hp-h) * Equipment Count (CHE/period) * Throughput Ratio * Engine Rating 

(horsepower [hp]) * Load Factor * Activity Time (h)] 

A tabular summary of CHE parameters/assumptions is provided in Attachment 3.  Details are discussed 

in the following sections. 

3.1 EQUIPMENT COUNT, ENGINE RATINGS, ACTIVITY TIMES 

A detailed listing of existing diesel, gasoline and propane equipment at the existing Roberts Bank 

terminals, as well a forecasted list of equipment for RBT2 was provided by PMV and included age, type of 

equipment, power rating of the equipment, and annual hours of operation.  A summary of the different 

equipment types is presented in Table 3-1. A detailed list of equipment is provided in Attachment 3. 

Equipment quantities are not expected to change substantively throughout the course of the project; 

however, hours of operation are expected to increase in proportion to cargo and coal throughput. 

Therefore, emissions are adjusted using the TEU ratios listed in Table 3-2.   
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Table 3-1 – Deltaport Terminal, Westshore Terminals and RBT2 CHE Equipment 

Site Equipment Type
1
 

Engine 
Rating 

(hp) 

No. 
Units

2
 

Annual 
Operating 
Time (h)

3
 

Deltaport 
Terminal 

Rubber Tired Gantry (RTG) Cranes 805 30 4818 

Reach Stackers, Top/Side Picks 200-335 41 3600 to 4800 

Yard Trucks, including propane powered 180-300 225 4680 to 5100 

Westshore 
Terminals 

Non-RTG Cranes  300-410 2 200 to 1000 

Terminal Trucks 200-650 51 100 to 2400 

Forklifts, Manlifts, Aerial Lifts 60-140 3 200 

Tractors, Loaders, Backhoes, Excavators 35-270 3 200 to 400 

General Industrial Equipment 25-800 15 50 to 1000 

RBT2 

Rubber Tire Hydraulic Cranes
4
 200 1 4800 

Top Picks 260 1 4800 

Automated Shuttle Carriers 365 86 4800 

Yard Trucks 150-300 46 4800 

Forklifts, Manlifts, Aerial Lifts 60-125 10 4800 

General Industrial Equipment 300 2 4800 

Notes: 

1
 For a complete listing of equipment see Attachment 3 

2
 Equipment quantities are expected to remain constant over the horizon years 

3
 Operating times are for 2010 for the existing Roberts Bank terminals and 2023 for RBT2 and are per 

piece of equipment.  Times are expected to increase over the years in accordance with cargo and 

coal throughput. 

4
 There are also over 80 electric cranes but they are not listed as there are no emissions. 

Table 3-2 – Cargo Throughputs 

Year 

Deltaport Terminal 
RBT2 Westshore 

Terminals 

Million 
TEUs 

Ratio 
Million 
TEUs 

Ratio 
Million 
Tonnes 

Coal 
Ratio 

2010 1.53 1.00 - - 24.7 1.00 

2023 2.40 1.57 1.70 1.00 34.0 1.38 

2025 2.40 1.57 2.40 1.41 35.0 1.42 

As previously stated, 2023 is only included as a reference point.  Table 3-2 shows that the CHE will be 

operating at a lower capacity for RBT2 in 2023 than in 2025.  The equipment at RBT2 will be new and will 

have the same emission characteristics between 2023 and 2025. Therefore, emissions from CHE will be 

highest in 2025. 
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3.2 LOAD FACTORS 

The Port of Los Angeles and the Port of Long Beach conducted a study of engine load for yard trucks and 

cranes in consultation with CARB (Starcrest 2009, Starcrest 2011), and both studies showed that the load 

factors taken from CARB’s OFFROAD model were too high and subsequently, the load factors were 

revised as per Appendix B Table I-5 of the 2011 amendment to the Mobile Cargo Handling Equipment at 

Ports and Intermodal Rail Yards Regulation (CARB 2011).  For additional equipment not listed in the 

amendment, load factors from an ICF study (ICF 2009) conducted for the EPA were used.  For simplicity, 

equipment was grouped and the most conservative load factor was applied (Table 3-3). 

Note that load factors from the NONROAD model were also considered and are either comparable or 

generally slightly less conservative than those in Table 3-3, and therefore are not referenced in the 

Project, particularly given the study referenced above for the ports of Los Angeles and Long Beach.   

Table 3-3 – LFs 

Equipment Description Load Factor 

RTG Cranes 0.20
1
 

Non-RTG Cranes 0.43
2
 

Material Handling  

(Reach Stackers, Top/Side Pick , Tractors, Loaders, Backhoes, Excavators) 
0.59

1,2
 

Yard Trucks 0.39
1
 

Forklifts, Manlifts, Aerial Lifts 0.30
1,2

 

General Industrial Equipment 0.51
1
 

Sources: 
1 

CARB 2011; 
2 
Table 4-5 ICF study (ICF 2009) 

3.3 CARGO HANDLING EQUIPMENT EMISSION FACTORS 

Table 3-4 shows the U.S. EPA NONROAD model equations used to estimate the EFs relevant in this 

assessment (U.S. EPA 2010a and U.S. EPA 2010b).   
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Table 3-4 – EF Adjustment Equations 

Contaminant Equation 

Equation 
Reference 

(U.S. EPA 
2010a and b) 

Diesel 

HC, CO, NOx EFadj
1
 = EFSS

2
 x TAF

3
 x DF

4
 Equation 1 

PM EFadj = EFSS x TAF x DF- SPMadj
5
 Equation 2 

BSCFadj
6
 EFadj(BSFC) = EFSS

4
 x TAF Equation 3 

SPMadj SPMadj = BSFCadj
 
x 453.6 x 7.0 x soxcnv

7
 x 0.01 x (soxbas

8
 -soxdsl

9
) Equation 5 

CO2 CO2 = (BSFC x 453.6 -HC
10

) x 0.87 x (44/12) Equation 6 

SO2 SO2 = (BSFC * 453.6* (1 -soxcnv) -HC) * 0.01 * soxdsl * 2 Equation 7 

Gasoline and Propane 

HC, CO, NOx, PM EF = EFss * TAF  

CO2 EF = (BSFC * 453.6* - HC) * 0.87 * (44/12)  

SO2 EF  = (BSFC * 453.6* (1 - soxcnv) - HC) * 0.01 * soxbas * 2  

Notes: 

The constants in these equations serve to convert units. 
1
 EFadj = final EF used in model, after adjustments to account for transient operation and deterioration (g/hp-h) 

2
 EFSS = zero-hour, steady-state EF (g/hp-h) 

3
 TAF = transient load adjustment factor (unitless) 

4
 DF = deterioration factor (unitless) 

5
 SPMadj = adjustment to PM EF to account for variations in fuel sulphur content (g/hp-h) 

6
 BSFCadj = in-use adjusted brake specific fuel consumption (pound [lb] fuel/hp-h) 

7
 soxcnv = g PM sulphur/g fuel sulphur consumed 

8
 soxbas = default certification fuel sulphur weight percent 

9
 soxdsl = episodic fuel sulphur weight percent 

10
 HC is the in-use adjusted HC emissions in g/hp-h 

 

Note that Equation 2 is incorrectly stated in the U.S. EPA NONROAD NR-009d report (U.S. EPA 2010a).  

The incorrect version indicates that the equation is to be multiplied by the SPM adjustment factor.  

However, in some cases the SPM adjustment factor could be zero and the resultant EF would therefore, 

also be zero.  The corrected version is listed in the example calculations of the NR-009d report, and the 

correct form of the equation is included in the table above. 

Most of the parameters in the above equations vary depending on the engine size.  In addition, the diesel 

equipment parameters such as EFSS, TAF, DF, SPMadj and BSFC vary depending on Tier assignment (for 

diesel) and Phase assignment (gasoline and propane), which is determined by equipment age.  

Therefore, in order to determine equation parameters, equipment age and Tier/Phase assignments must 

first be determined. 
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3.3.1 Equipment Age 

The CHE at the existing Roberts Bank terminals varies in age from less than a year old to up to 31 years 

old.  It is unrealistic to expect that some of the older equipment will still be functional in 2023 and 2025.  

Expected life spans of equipment (ICF 2009) are listed in Table 3-5.  The life span for yard trucks is 12 

years.  However, several trucks at Deltaport Terminal are 15 years old.  Consequently, the life span for all 

yard trucks was adjusted to 16 years to allow for one more year of usage.  Similar adjustments were 

made for a truck and an excavator at Westshore Terminals that were older than the expected life spans. 

Table 3-5 – CHE Lifespan 

Equipment Description 
Life Span 

(In Years) 

Cranes 24 

Material Handling  

(Reach Stackers, Top/Side Pick, Forklifts, Manlifts, Aerial Lifts)  
16 

Yard Trucks, Terminal Trucks 16
1
 

Tractors, Loaders, Backhoes, Excavators 16
1
 

General Industrial Equipment 16 

Note: 
1 

An individual piece of equipment older than the expected life span (ICF 2009) was assigned a longer life span. 

The age of the equipment was estimated for each horizon year.  When equipment exceeded its life span, 

it was assumed to be replaced with new equipment.  Given equipment age and engine size, the U.S. EPA 

NONROAD model was used to assign a Tier to diesel equipment (per Table A1 of U.S. EPA 2010a) and 

a Phase to gas and propane equipment (Table B4 of U.S. EPA 2010b) for each horizon year.  Tier 4 

emission requirements for diesel equipment are effective as of 2012, and Phase 2 requirements are 

effective as of 2007, so any new equipment was assumed to meet Tier 4 and Phase 2 with the exception 

of the RTG cranes.  Deltaport Terminal is considering purchasing electric cranes as replacements to 

existing cranes when they reach the end of their lifespan and any new cranes were assumed to be 

electric with no local emissions.  

3.3.2 Unadjusted Steady State Emission Factors 

Base unadjusted (steady state) EFs for diesel equipment (Table 3-6) vary by engine rating and Tier 

assignment (equipment age), and were obtained from Table A4 of the NONROAD model NR-009d report 

(U.S. EPA 2010a).  For gasoline and propane equipment steady state EFs (Table 3-7) vary by engine 

type and Phase assignment (equipment age), and were obtained from Table 6 of the NONROAD model 

NR-010f report (U.S. EPA 2010b).   
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Table 3-6 – Diesel Steady State EFs, g/hp-h  

Contaminant Tier 
Engine power, hp 

>75-100 >100-175 >175-300 >300-600 >600-750 >750 

CO 

Tier 0 3.4900 2.7000 2.7000 2.7000 2.7000 2.7000 

Tier 1 2.3655 0.8667 0.7480 1.3060 1.3720 0.7642 

Tier 2 2.3655 0.8667 0.7480 0.8430 1.3720 0.7642 

Tier 3 2.3655 0.8667 0.7480 0.8430 1.3720 - 

Tier 4 0.2370 0.0870 0.0750 0.0840 0.1330 0.7642 

NOx 

Tier 0 6.9000 8.3800 8.3800 8.3800 8.3800 8.3800 

Tier 1 5.5988 5.6520 5.5770 6.0150 5.8215 6.1525 

Tier 2 4.7000 4.1000 4.0000 4.3350 4.1000 4.1000 

Tier 3 3.0000 2.5000 2.5000 2.5000 2.5000 - 

Tier 4  0.276  0.276 0.2760 0.2760  0.276  0.46 

HC 

Tier 0 0.9900 0.6800 0.6800 0.6800 0.6800 0.6800 

Tier 1 0.5213 0.3384 0.3085 0.2025 0.1473 0.2861 

Tier 2 0.3672 0.3384 0.3085 0.1669 0.1669 0.1669 

Tier 3 0.1836 0.1836 0.1836 0.1669 0.1314 - 

Tier 4 0.1314 0.1314 0.1314 0.1314 0.1314 0.2815 

PM 

Tier 0 0.7220 0.4020 0.4020 0.4020 0.4020 0.4020 

Tier 1 0.4730 0.2800 0.2520 0.2010 0.2201 0.1934 

Tier 2 0.2400 0.1800 0.1320 0.1320 0.1316 0.1316 

Tier 3 0.2000 0.2200 0.1500 0.1500 0.1500 - 

Tier 4 0.0092 0.0092 0.0090 0.0090 0.0092 0.0690 

BSFC (lb/hp-h) all 0.408 0.367 

Note: There is no Tier 3 standard for engines > 750 hp; Tier 4 values vary by year for NOx due to phase in of fuel 
standard – the values here are for 2025 
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Table 3-7 – Gasoline and Propane Steady State EFs, g/hp-h 

Contaminant 
Gasoline Propane 

Uncontrolled Phase 1 Phase 2 Phase 1 Phase 2 

HC 3.85 0.59 0.27 0.25 0.10 

CO 107.23 29.86 11.94 24.49 3.92 

NOx 8.43 1.51 0.69 2.10 0.85 

PM 0.06 0.06 0.06 0.05 0.05 

BSFC (lb/hp-h) 0.605 0.484 0.484 0.406 0.406 

3.3.3 Equipment Deterioration Factors 

Equipment deteriorates over time leading to increased emissions for some contaminants, with PM 

emissions increasing up to 47% over the lifetime of the piece of equipment (U.S. EPA 2010a) as listed in 

Table 3-8.  Other contaminants such as NOx experience increased emissions of approximately 1-2% over 

the lifetime of the equipment.  While CO has a relative DF of approximately 10-19-%, with an average 

lifespan of greater than 15 years for the CHE equipment, the increase in emissions is approximately 1% 

per year. 

The PM EFs were adjusted to account for deterioration because of the significant deterioration that 

occurs over the lifespan of the equipment.  A deterioration rate of 47% over a 15 year life span for a piece 

of equipment represents approximately 3% deterioration per year.  Therefore, for a piece of equipment 

that is 10 years old, the EF increases by approximately 30%. The DF is estimated per the U.S. EPA 

NONROAD model as follows: 

DF = 1 + A*(fraction of useful life) 

Where A is a constant for a given pollutant/technology type, as listed in Table 3-8. 

Table 3-8 – A, constant used to estimate DF for Diesel Equipment 

Tier CO NOx HC PM 

Tier 0 0.185 0.024 0.047 0.473 

Tier 1 0.101 0.024 0.036 0.473 

Tier 2 0.101 0.009 0.034 0.473 

Tier 3 0.151 0.008 0.027 0.473 

Tier 4 0.151 0.008 0.027 0.473 

Source: U.S. EPA NR-009d (U.S. EPA 2010a) 

The equipment DF was estimated for each piece of equipment for each horizon year for each 

contaminant based on Tier assignment (i.e., equipment age). DF is not applicable to gasoline and 

propane emission estimations. 
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3.3.4 Transient Load Adjustment Factors 

EFs for engines are generally based on tests conducted using stationary use cycles.  Actual emissions 

under dynamic use in real world situations can be substantially different from those determined in static 

test conditions.  TAFs try to account for the variability in the loading, engine speed, and other differences 

under variable load operating conditions. The adjustment factors vary by equipment type.  Table F6 of the 

U.S. EPA NONROAD model (U.S. EPA 2010a) characterises diesel equipment and provides a TAF cycle 

and assignment.  For example, Cranes, Lifts and Material Handling Equipment such as Stackers, Loaders 

and Backhoes were given the Source Classification Code (SCC) 2270003050 - Industrial Equipment 

Other Material Handling Equipment, and had a representative cycle of Backhoe and a TAF assignment of 

Lo LF.  Yard and terminal trucks were grouped under the SCC 2270003070 - Terminal Tractors, with 

representative cycles of Crawlers and a TAF assignment of Hi LF.  

Given TAF Cycles and Assignments, TAFs for diesel engines were obtained from Table A5 of the U.S. 

EPA NONROAD model NR-009d report (U.S. EPA 2010a) and are listed in Table 3-9.   

Table 3-9 – Diesel TAFs 

TAF 

Cycle & Assignment 

CO HC BSFC NOx PM 

Base-Tier 3 
Base-Tier 

2 
Tier 3 Base-Tier 2 Tier 3 

Backhoe Lo LF 2.57 2.29 1.18 1.1 1.21 1.97 2.37 

Crawler Hi LF 1.53 1.05 1.01 0.95 1.04 1.23 1.47 

Note: TAF for Tier 4 is 1 

The TAFs for gasoline and propane equipment are dependent on engine type and rating and are listed in 

Table 3-10 and were obtained from Table 14 of U.S. EPA NONROAD model NR-010f report (U.S. EPA 

2010b). TAFs are assigned for all applicable contaminants, and the BSFC which is used for SO2 and CO2 

EF adjustments. 
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Table 3-10 – Gasoline and Propane TAFs 

 

Gasoline Propane 

Pre-
controlled 

Phase 1 Phase 2 Phase 1 Phase 2 

HC 1.3 1.7 1 1.7 1 

CO 1.45 1.7 1 1.7 1 

NOx 1 1.4 1 1.4 1 

PM 1 1 1 1 1 

BSFCss 1 1 1 1 1 

3.3.5 Brake Specific Fuel Consumption Adjustment 

BSFC, a measure of fuel efficiency for any diesel or gasoline powered engine, is the rate of fuel 

consumption divided by the power produced.  For some of the EFs (CO2, SO2, PM), the BSFC adjusted 

factor (BSFCadj) was estimated by multiplying the unadjusted (steady state) BSFC by the TAF previously 

listed in Table 3-9.  For Tier 4, TAF=1, so the BSFCadj = BSFCss.  BSFCss, values which vary with engine 

size, were obtained from Table A4 of the U.S. EPA NONROAD model (U.S. EPA 2010a). 

BSFC adjustments for diesel equipment are listed in Table 3-11. 

Table 3-11 – BSFCadj, lb/hp-h 

 TAF Category Engine Power, hp BSFCadj 

Tier 1-3 Backhoe Lo LF >75-100 0.481 

Backhoe Lo LF >100-750 0.433 

Crawler Hi LF >100-750  0.371 

None >75-100 0.408 

None >100-750  0.367 

Tier 4 N/A >75-100 0.408 

N/A >100-750  0.367 

A similar methodology is used for gasoline and propane equipment, per the U.S. EPA NONROAD model 

NR-010f report (U.S. EPA 2010b). 

3.3.6 Sulphur Considerations 

Both SO2 and PM steady state EFs for diesel equipment are based on a sulphur content of 0.33 percent 

sulphur by weight.  The diesel fuel used at Deltaport Terminal, Westshore Terminals and RBT2 is 15 

parts per million (ppm), or 0.0015%. 
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The following values were used for the sulphur parameters. 

 soxcnv = 0.02247 for Base – Tier 3 engines, 0.3 for Tier 4 engines 

 soxbas = 0.33% for Base – Tier 3 engines, 0.0015% for Tier 4 engines 

 soxdsl = 0.0015% 

The SO2 and PM EFs for diesel equipment were adjusted according to these parameters. A similar 

methodology is used for gasoline and propane equipment, per the U.S. EPA NONROAD model NR-010f 

report (U.S. EPA 2010b). 

3.3.7 Suspended Particulate Matter Adjustment Factor 

The suspended particulate matter (SPM) adjustment factor considers the difference in sulphur content 

and the adjusted BSFC, and is applicable only to diesel equipment. For Tier 4 engines, the fuel sulphur 

content is assumed to be the same as the fuel sulphur content currently in use at Deltaport Terminal and 

therefore, the adjustment factor is 0 for Tier 4 engines. 

The SPM adjustment factors for Tier 1-3 Diesel engines, estimated per Equation 5 in Table 3-4 above, 

are as follows: 

Table 3-12 – SPM Adjustment Factors 

 TAF Category Engine Power, hp SPM Adj Factor
1
 

Tier 1-3 Backhoe Lo LF >75-100 0.11 

Backhoe Lo LF >100-750 0.10 

Crawler Hi LF >100-750  0.09 

None >75-100 0.10 

None >100-750  0.09 

Tier 4 N/A All 0 

Note: 
1
 As per equation 2 listed in Table 3-4 above, this quantity is subtracted from the EF 

3.3.8 Summary of Emission Factors Used In This Assessment 

EFs were estimated with the equations in Table 3-4, and using the parameters presented in the previous 

sub-sections.  Average aggregate EFs for diesel equipment, by category, are listed in Table 3-13.  Note 

that these average values (Table 3-13) are provided as a summary only.  CHE emissions were based on 

aggregate EFs estimated for each piece of equipment, for each horizon year, by fuel type and by 

contaminant, as provided in Attachment 3. 

Because emission rates for TOCs are not readily available for CHE, emission rates were determined 

using the methodology described in Section 1.1.1 and the EF ratios presented in Table 1-2. 
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GHG emissions, expressed as CO2e, are estimated as described in Section 1.1.2, using the CO2 EFs 

described in the previous sections, and ratios for CH4 and N2O derived from MOVES EFs and EPA EFs 

(U.S. EPA 2014).   

Climate forcing PM (black carbon) emissions, also expressed as CO2e, are estimated per Sections 1.1.1 

and 1.1.2 
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Table 3-13 – Average Aggregate Diesel EFs, g/hp-h 

Contaminant Equipment 2010 2023 2025 

CO 

Cranes 4.19 1.68 1.62 

Reach Stackers, Top/Side Pick  2.62 0.45 0.45 

Yard Trucks 1.50 0.22 0.22 

Forklifts, Manlifts, Aerial Lifts 4.15 2.08 0.14 

Tractors, Loaders, Backhoes, Excavators 6.94 0.07 0.07 

General Industrial Equipment 6.94 0.07 0.07 

NOx 

Cranes 6.68 3.91 3.34 

Reach Stackers, Top/Side Pick  4.86 0.78 0.78 

Yard Trucks 4.45 0.58 0.58 

Forklifts, Manlifts, Aerial Lifts 4.07 1.39 0.28 

Tractors, Loaders, Backhoes, Excavators 9.22 0.28 0.28 

General Industrial Equipment 9.22 0.28 0.28 

SO2 

Cranes 0.006 0.005 0.005 

Reach Stackers, Top/Side Pick  0.006 0.004 0.004 

Yard Trucks 0.005 0.004 0.004 

Forklifts, Manlifts, Aerial Lifts 0.006 0.004 0.004 

Tractors, Loaders, Backhoes, Excavators 0.006 0.003 0.003 

General Industrial Equipment 0.005 0.004 0.004 

HC 

Cranes 0.98 0.45 0.41 

Reach Stackers, Top/Side Pick 0.59 0.18 0.18 

Yard Trucks 0.32 0.14 0.14 

Forklifts, Manlifts, Aerial Lifts 0.60 0.23 0.13 

Tractors, Loaders, Backhoes, Excavators 1.56 0.13 0.13 

General Industrial Equipment 1.56 0.13 0.13 

PM 

Cranes 0.52 0.26 0.23 

Reach Stackers, Top/Side Pick 0.35 0.08 0.07 

Yard Trucks 0.24 0.04 0.04 

Forklifts, Manlifts, Aerial Lifts 0.36 0.21 0.01 

Tractors, Loaders, Backhoes, Excavators 1.04 0.01 0.01 

General Industrial Equipment 0.34 0.04 0.02 

CO2 

Cranes 623.5 609.3 606.2 

Reach Stackers, Top/Side Pick 624.8 547.9 547.9 

Yard Trucks 535.3 531.3 531.3 

Forklifts, Manlifts, Aerial Lifts 659.7 585.5 550.4 

Tractors, Loaders, Backhoes, Excavators 621.7 530.6 530.6 

General Industrial Equipment 572.6 567.0 567.1 
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4.0 RAIL LOCOMOTIVE EMISSIONS 

The assessment of emissions from rail locomotives considered switcher locomotives operating at, as well 

as line-haul (mainline and DPU) locomotives arriving and departing to/from the existing Roberts Banks 

terminals and RBT2 within the Project boundary.  Emission projections from rail locomotives involved a 

number of variables to define locomotive emission rates and activity levels including: 

Emission Rate Variables 

 Locomotive Parameters 

o Power Rating 

o Load Factors and Duty Cycle 

o Fuel Consumption 

o Fleet Tier Mixtures 

 EFs 

Activity Level Variables 

 Traffic Counts 

 Idle Time 

 Distance and Speed Travelled 

Some of these variables, such as the traffic counts, have been derived and projected into the future using 

data from port records and are therefore, considered to be accurate, site specific parameters.  For other 

variables, a number of assumptions were applied in order to complete the estimation of emissions from 

locomotive operations.  These include projections of how the fleet of locomotives in use at RBT2 and the 

existing Roberts Bank terminals could change over time and typical line-haul locomotive activities and 

switcher locomotive duty cycle.  The locomotive parameters and activities which form the basis of the 

emission estimates are described in detail in Sections 4.1 and 4.2, respectively. 

Approaches to estimating emission rates varied depending on the contaminant being assessed.  In 

general, emission rates were defined for each contaminant based on EFs and locomotive parameters and 

varied based on the horizon year, locomotive type (i.e., line-haul or switcher), and locomotive engine 

mode (i.e., idle, work or duty cycle).  The locomotive emission rates are described in detail in Section 4.3. 

The general rail locomotive emissions estimation is as follows: 

Emissions (kg/period) = [Emission Rate (kg/h-locomotive) * Traffic Count (trips/period) * Locomotives 

(locomotives/trip) * Operating Time (h)] 

Due to some of the assumptions that had to be applied in order to estimate rail locomotive emissions, 

there is a possibility that future emissions are over-estimated.  For instance, work fuel consumption rates 

were assumed to be constant across all assessment years, whereas more efficient engines are 
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anticipated to use less fuel in the future.  Although the trend is for larger line-haul locomotives to be 

slotted as future switcher locomotives, this is not expected to override the possible overestimation of 

future emissions since the assumed line-haul and switcher locomotive power ratings (i.e., 4,200 hp and 

3,800 hp, respectively) are comparable.  Furthermore, the same fuel consumption by notch position was 

assumed for all applicable notch positions and horizon years. 

Emission increases over time are generally related to increased activity at the sites, while decreases were 

typically associated with the quality of engines and fuel (e.g., sulphur content) improvements.  A tabular 

summary of rail locomotives parameters/assumptions is provided in Attachments 4 and 5. 

4.1 LOCOMOTIVE PARAMETERS 

The parameters used to estimate the rail locomotive EFs include power rating, load factors, fuel 

consumption rates, duty cycles, and projected locomotive fleet tier mixtures for each horizon year.  The 

line-hauls and switchers in the locomotive fleet are assumed to have power ratings of 4,200 hp and 3,800 

hp, respectively, as suggested by B.C. Rail (BCR).   

The Railway Association of Canada (RAC) duty cycle for switcher locomotives as published in the 

Locomotive Emissions Monitoring Program 2010 (RAC 2011) was used for all such locomotives at RBT2 

and the existing Roberts Bank terminals; however, for the line-haul locomotives, the RAC duty cycle was 

considered to be unrepresentative of the type of activity that these locomotives would experience in the 

short distances of track between Roberts Bank and the eastern local study area boundary.  Instead, as 

suggested by BCR, it was assumed that the locomotives operate 50% in notch 2 and 50% in notch 3 

when in work engine mode within the Project boundary. 

The load factors for the throttle settings were derived from the Port of Long Beach 2007 Air Emissions 

Inventory (Starcrest 2009) for switcher locomotives.  Switcher load factors were not included in the Port of 

Los Angeles Inventory of Air Emissions – 2010 (Starcrest 2011), but line-haul locomotive load factors 

remain consistent between the two inventories. 

The Port of Long Beach Air Emissions Inventories (Starcrest 2009 and Starcrest 2011) were based on 

annual actual fuel consumption and therefore did not have fuel consumption rates that could be used for 

maximum hourly and daily emissions scenarios.  The assumed fuel consumption rates for switchers (duty 

cycle, all horizon years) and for line-hauls for work (all horizon years) and idle (horizon year 2010) were 

derived from Measurement and Evaluation of Fuels and Technologies for Passenger Rail Service in North 

Carolina (Department of Civil, Construction, and Environmental Engineering North Carolina State 

University 2012).  As a result of the assumed fleet turnover, however, the assumed line-haul idle fuel 

consumption rate is reduced to 11.4 litre per hour (L/h) (i.e., 3 gallons/h) for horizon years 2023 and 2025 

(HOTSTART, Inc. 2014). 
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Load factors, fuel consumption rates and duty cycles used in the assessment as well as the estimated 

total effective power and fuel consumption rates are listed in Table 4-1 for switcher locomotives and Table 

4-2 for line-haul locomotives. 

Table 4-1 – Switcher Locomotive Effective Power and Fuel Consumption 

Parameter 

Throttle Notch Position 

Total 
Idle 1 2 3 4 5 6 7 8 

Dynamic 
Brake 

Duty Cycle (%)
1
 84.9 5.4 4.2 2.2 1.4 0.6 0.3 0.2 0.6 0.2 100 

Load Factor (%)
2
 0.8 4.7 14.2 27.8 42.0 57.3 72.5 89.7 105 3.8 - 

Fuel Consumption by 
Notch Position (L/h)

3,4
 

25.5 49.7 93.4 194 295 386 545 666 761 33.4 - 

Idle
5
 

Effective Power (hp) 30.4 - - - - - - - - - 30.4 

Effective Fuel 
Consumption (L/h) 

25.5 - - - - - - - - - 25.5 

Work
5
 

Effective Power (hp) - 63.9 150 154 148 86.5 54.7 45.1 159 1.9 863 

Effective Fuel 
Consumption (L/h) 

- 17.8 26.0 28.3 27.4 15.3 10.8 8.8 30.2 0.4 165 

Sources: 
1
 Locomotive Emissions Monitoring Program 2010 (RAC 2011) 

2
 The Port of Long Beach 2007 Air Emissions Inventory (Starcrest 2009) 

3
 Measurement and Evaluation of Fuels and Technologies for Passenger Rail Service in North Carolina (Department 

of Civil, Construction, and Environmental Engineering North Carolina State University 2012) 

Notes: 
4
 Fuel use for an SD70 locomotive (engine model EMD 16-710G3) assumed 

5
 As per duty cycle, switchers spend 84.9% of their time in the idle throttle notch position and 15.1% of their time in 

throttle notch positions 1 to 8 and dynamic brake  
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Table 4-2 – Line-Haul Locomotive Effective Power and Fuel Consumption 

Parameter 

Throttle Notch Position 

Total 
Idle 1 2 3 4 5 6 7 8 

Dynamic 
Brake 

Load Factor (%)
1,2

 0.4 5.0 11.4 23.5 34.3 48.1 64.3 86.6 102.5 2.1 - 

2010 Fuel Consumption 
by Notch Position (L/h)

3,5
 

25.5 49.7 93.4 194 295 386 545 666 761 33.4 - 

2023 & 2025 Fuel 
Consumption by Notch 

Position (L/h)
4,6

 
11.4 - - - - - - - - - - 

Idle 

Duty Cycle (%) 100 - - - - - - - - - 100 

Effective Power (hp) 16.8 - - - - - - - - - 16.8 

2010 Effective Fuel 
Consumption (L/h) 

25.5 - - - - - - - - - 25.5 

2023 & 2025 Effective 
Fuel Consumption (L/h) 

11.4 - - - - - - - - - 11.4 

Work 

Duty Cycle (%) - - 50.0 50.0 - - - - - - 100 

Effective Power (hp) - - 239 494 - - - - - - 733 

Effective Fuel 
Consumption (L/h) 

- - 46.7 97.1 - - - - - - 144 

Sources: 
1
 The Port of Long Beach 2007 Air Emissions Inventory (Starcrest 2009) 

2
 Port of Los Angeles Inventory of Air Emissions - 2010 (Starcrest 2011) 

3
 Measurement and Evaluation of Fuels and Technologies for Passenger Rail Service in North Carolina (Department 

of Civil, Construction, and Environmental Engineering North Carolina State University 2012) 
4
 http://www.hotstart.com/home/products/locomotive-products/fuel-consumption-calculator/emd-fuel-consumption-at-

idle/ (HOTSTART, Inc. 2014) 

Notes: 
5
 Fuel use for an SD70 locomotive (engine model EMD 16-710G3) assumed 

6
 Fuel use for an SD60 locomotive (engine model EMD 16-710G3A) assumed 

As suggested by BCR, all switcher locomotives in 2010 are assumed to be older engines meeting Tier 0 

emission levels, while line-haul locomotives are split between 25% Tier 0, 50% Tier 1 and 25% Tier 2 

engines.  For horizon years 2023 and 2025, line-haul locomotives are assumed to be replaced through 

fleet turnover; however, Canadian National Railway Company (CN) and Canadian Pacific Railway Limited 

(CP) will continue to place older engines on this line through to 2030.  Switcher locomotives will be 

conservatively assumed to be replaced with Tier 1 engines by 2023 and remain unchanged as Tier 1 

engines for 2025.  The projected locomotive fleet tier mixtures for each locomotive type and each horizon 

year are summarised in Table 4-3. 
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Table 4-3 – Locomotive Fleet Tier Mixtures 

Horizon Year Tier 0 Tier 1 Tier 2 

Line-Haul Locomotives 

2010 25% 50% 25% 

2023 & 2025 – Deltaport 
Terminal and RBT2 

0% 50% 50% 

2023 & 2025 – Westshore 
Terminals 

0% 0% 100% 

Switcher Locomotives 

2010 100% 0% 0% 

2023 & 2025 0% 100% 0% 

Source: BCR 

4.2 LOCOMOTIVE ACTIVITIES 

The number of line-haul and switcher locomotives operating within the Project boundary formed the basis 

of the estimation methodology as the emissions are directly proportional to the number of locomotives.  

The emissions are also dependent on the operational time of each locomotive at each engine mode (i.e., 

idle, work or duty cycle). 

BCR, CN and CP have confirmed that by 2017, all locomotives (i.e., line-hauls and switchers) will be 

enrolled in the SmartStart10 program.  The program was initiated by the rail companies and includes the 

installation of SmartStart controls that shut-down the locomotive while in standby, eliminating idling and 

fuel usage.  Although the rail locomotives arriving and departing from Westshore Terminals will also be 

equipped with SmartStart controls, the locomotives cannot be shut-down during dumping (i.e., unloading) 

operations and will therefore continue to idle past 2017. 

The line-haul activities (idle time and distances travelled) for each port terminal are summarised in Table 

4-4.  As confirmed by BCR, the en route speed of 24 kilometres per hour (km/h) is assumed for the 

stretch of tracks within the Project boundary.  The switcher locomotives operate 24 hours per day, using 

the duty cycle listed in Table 4-1. 

                                                      
10

 Burlington Northern and Santa Fe (BNSF) Railway began implementing a SmartStart program in its operations in 
2005. 
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Table 4-4 – Line-haul Activity Summary 

Port Terminal 
Engine 
Mode 

Location 
Horizon 
Year(s) 

Idle Time 
(h/trip) 

Distance Travelled 
(km/trip) 

RBT2
1
 Work 

Roberts Bank 
causeway 

2023 & 2025 - 6.4 

Westshore 
Terminals 

Idle 

Roberts Bank 
causeway 

2010 1.5 - 

Westshore Terminals’ 
Coal Loop 

2010, 2023 & 
2025 

4.5 - 

Work 

Roberts Bank 
causeway 

2010, 2023 & 
2025 

- 10.4 

Westshore Terminals’ 
Coal Loop 

2010, 2023 & 
2025 

- 3.3 

Notes: 
1
 The RBT2 line-haul locomotives are set out and await their next departure within the Project boundary in the RBT2 

distributed power unit (DPU) set-out yard located on the Roberts Bank causeway.  The Deltaport Terminal line-haul 

locomotives, however, are set out and await their next departure in the DPU set-out yard located outside of the 

Project boundary adjacent within the Gulf Yard.  Cumulative change beyond the Project boundary of rail activities in 

the Gulf and Fisher Yards are addressed separately in Appendix H. 

4.2.1 Line-haul Locomotives 

BCR has indicated that 9,000 foot long container trains typically have 4 locomotives while 12,000 foot 

long trains use 5 locomotives.  CN typically runs about the same number of 9,000 and 12,000 foot long 

trains per day, and accounts for about two-thirds of the container trains at the existing Roberts Bank 

terminals.  CP tends to run shorter trains with 4 locomotives and accounts for one-third of the container 

trains at the existing Roberts Bank terminals.  All coal trains at Roberts Banks terminals have 4 

locomotives, including those from the Burlington Northern Santa Fe (BNSF) Railway Company. 

Traffic counts for Deltaport Terminal and RBT2 line-haul container trains and Westshore Terminals line-

haul coal trains were provided in Appendix 4-D Roberts Bank Traffic Data Matrix of the EIS.  The traffic 

counts were provided as average and peak daily train movements.  A train movement represents a train 

either entering or leaving a terminal while a train trip represents a train entering and leaving.  The number 

of train trips is therefore equivalent to one half of train movements.  The average and peak daily two-way 

line-haul train trips are presented in Table 4-5. 
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Table 4-5 – Daily Line-haul Traffic Counts 

Horizon 
Year 

Average Trains [trips/d] Peak Trains [trips/d] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 3 0 5.5 4 0 5.5 

2023 4 3 6.5 5 3.5 6.5 

2025 4 4 6.5 5 5 6.5 

The annual, average hourly and peak hourly traffic counts were determined based on 24 h of operation, 

365 days per year for each horizon year and each terminal.  The number of line-haul trains for each of the 

horizon years is presented in Table 4-6.   

Table 4-6 – Annual Line-haul Traffic Counts 

Horizon 
Year 

Trains [trips/year] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 1,095 0 2,008 

2023 1,460 1,095 2,373 

2025 1,460 1,460 2,373 

4.2.2 Switcher Locomotives 

For yard work at the RBT2 and the existing Roberts Bank terminals, it is assumed that assembling a 

container train involves three switcher locomotives per terminal for a terminal capacity of 2.4 million TEUs 

and that the existing Deltaport Terminal, based on its current capacity of 1.6 million TEUs, has two 

switcher locomotives as suggested by BCR.  The coal trains at Westshore Terminals do not utilise 

switcher locomotives.   

4.3 EMISSION RATES 

Emission rates for four of the CACs assessed, namely CO, NOx, HCs, and PM, were derived from the 

U.S. EPA locomotive emission standards for line-haul and switcher locomotives (U.S. EPA 2009) as 

published in the Locomotive Emissions Monitoring Program 2010 (RAC 2011).  The emission rates for 

SO2 and GHGs (CO2, CH4 and N2O) were similarly derived from an EF provided by RAC (RAC 2011).  

CAC and GHG emission rates are detailed in Sections 4.3.1 and 4.3.2 below. 

As emission rates for TOCs and black carbon are not readily available for locomotives, emission rates 

were determined using the methodology described in Section 1.1.1 above and the EF ratios presented in 

Table 1-2.  Emission rates for TOCs and black carbon are detailed in Section 4.3.3 below. Locomotive 

DPM emissions were assumed to equal PM2.5 emissions detailed in Section 4.3.1.   
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4.3.1 Locomotive Criteria Air Contaminant Emission Rates 

Table 4-7 summarises the emission standards for the various tiers of line-haul and switcher locomotives 

as adopted by the U.S. EPA (RAC 2011).  It has been assumed that locomotive engines purchased for 

Canadian railroads would be manufactured to the same emission standards (i.e., there are no locomotive 

manufacturers in Canada). 

Table 4-7 – U.S. EPA Locomotive Emission Standards 

Tier 
Year of 

Manufacture 
Date 

Emission Standard (g/bhp-h) 

CO NOx HC PM 

Line-Haul Locomotives 

0 1973-1992 2010 5.0 8.0 1.00 0.22 

1 1993-2004 2010 2.2 7.4 0.55 0.22 

2 2005-2011 2013 1.5 5.5 0.30 0.10 

3 2012-2014 2012 1.5 5.5 0.30 0.10 

4 2015 or later 2015 1.5 1.3 0.14 0.03 

Switcher Locomotives 

0 1973-2001 2010 8.0 11.8 2.10 0.26 

1 2002-2004 2010 2.5 11.0 1.20 0.26 

2 2005-2010 2013 2.4 8.1 0.60 0.13 

3 2011-2014 2011 2.4 5.0 0.60 0.10 

4 2015 or later 2015 2.4 1.3 0.14 0.03 

Note: g/bhp-h = grams per brake horsepower hour 

Emission rates for all CACs of concern on a per locomotive basis are summarised in Table 4-8.  Emission 

rates were estimated for each locomotive type and each engine mode based on the above emission 

standards and the appropriate locomotive total effective power shown in Table 4-1 and Table 4-2 above.  

If multiple tiers of locomotives are expected to be in use, the above emission standards were blended 

based on the fleet tier mixture.  As per the U.S. EPA recommendations for estimating emissions from 

compression ignition engines (U.S. EPA 2008), the relative PM2.5 emissions are estimated to be 97% of 

PM emissions while PM10 emissions are assumed to be equal to PM emissions. 

SO2 emissions are not dependent upon the locomotive tier rating, but rather the sulphur content in the 

fuel.  The Sulphur in Diesel Fuel Regulations (SOR/2002-254) limited fuel sulphur content to 15 ppm in 

2012.  As a result, the sulphur content was assumed to be 15 ppm for all future horizon years (i.e., 2023 

and 2025).  An SO2 EF of 0.21 g/L was applied for the 2010 horizon year, which is based on a sulphur 

fuel content of 129 ppm (RAC 2011).  This EF was scaled to 0.0244 g/L for all subsequent horizon years 

based on the relative sulphur fuel content.  Emission rates were estimated for each locomotive type and 
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each engine mode based on these EFs and the appropriate locomotive total effective fuel consumption 

shown in Table 4-1 and Table 4-2 above. 

Table 4-8 – Locomotive CAC Emission Rates 

Engine 
Mode 

Horizon 
Year 

Emission Rate (kg/h) 

CO NOx SO2 HC PM PM10 PM2.5 

Line-Haul 

Idle 

2010 
(Westshore 
Terminals) 4.58 x 10

-2
 1.19 x 10

-1
 5.36 x 10

-3
 1.01 x 10

-2
 3.19 x 10

-3
 3.19 x 10

-3
 3.10 x 10

-3
 

2023 & 2025 
(Westshore 
Terminals) 2.52 x 10

-2
 9.24 x 10

-2
 2.77 x 10

-4
 5.04 x 10

-3
 1.68 x 10

-3
 1.68 x 10

-3
 1.63 x 10

-3
 

Work 

2010 
(Westshore 
Terminals) 2.00 5.19 3.02 x 10

-2
 4.40 x 10

-1
 1.39 x 10

-1
 1.39 x 10

-1
 1.35 x 10

-1
 

2023 & 2025 
(RBT2) 1.36 4.73 3.51 x 10

-3
 3.11 x 10

-1
 1.17 x 10

-1
 1.17 x 10

-1
 1.14 x 10

-1
 

2023 & 2025 
(Westshore 
Terminals) 1.10 4.03 3.51 x 10

-3
 2.20 x 10

-1
 7.33 x 10

-2
 7.33 x 10

-2
 7.11 x 10

-2
 

Switcher 

Idle 
2010 
(Deltaport 
Terminal) 2.43 x 10

-1
 3.59 x 10

-1
 5.36 x 10

-3
 6.38 x 10

-2
 7.90 x 10

-3
 7.90 x 10

-3
 7.67 x 10

-3
 

Work 

2010 
(Deltaport 
Terminal) 6.91 x 10

-1
 1.02 x 10

-1
 3.47 x 10

-2
 1.81 2.24 x 10

-1
 2.24 x 10

-1
 2.18 x 10

-1
 

2023 & 2025 
(Deltaport 
Terminal & 

RBT2) 

2.16 9.49 4.03 x 10
-3

 1.04 2.24 x 10
-1

 2.24 x 10
-1

 2.18 x 10
-1

 

Locomotive EFs are published in the Locomotive Emissions Monitoring Program 2010 (RAC 2011) for 

total freight and total yard switching diesel locomotives however, as noted in Section 4.1 above, the RAC 

duty cycle and therefore, the RAC EFs were considered to be unrepresentative of the type of activity that 

the line-haul locomotives would experience in the short distances of track between the terminals and the 

eastern Project boundary.  Although the RAC duty cycle was assumed for switcher locomotives, the U.S. 

EPA emission standards were used to estimate switcher locomotive emission estimates over the RAC 

EFs to remain consistent with the methodology applied for line-haul locomotives. 

Another advantage of using the U.S. EPA emission standards in place of the RAC EFs is the ability to 

tailor the emission rates to the specific fleet of locomotives (i.e., tier mixture and power rating) operating 

at RBT2 and the existing Roberts Bank terminals and to incorporate changes in future operations.  RAC 
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provides EFs up to 2010, but does not provide predictions of reduced EFs for future horizon years which 

will result from locomotive fleet turnover, reduced fuel consumption and reduced sulphur in diesel fuel.  

4.3.2 Locomotive Greenhouse Gas Emission Rates 

Table 4-9 summarises the Rail Association of Canada’s EFs (RAC 2011) applicable to all tiers of both 

line-haul and switcher locomotives. 

Table 4-9 – Rail Association of Canada EFs 

EF (kg/L) 

CO2 CH4 N2O 

2.66 1.50 x 10
-4

 1.10 x 10
-3

 

Emission rates for all GHGs, including CO2 equivalent (CO2e), are summarised in Table 4-10 below.  CH4 

and N2O have been converted to 20-year and 100-year CO2e using GWPs as described in Section 1.1.2 

above.   
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Table 4-10 – Locomotive GHG Emission Rates 

Engine Mode Horizon Year 

Emission Rates (kg/h) 

CO2 CH4 N2O 
20-year 
CO2e  

100-year 
CO2e 

Line-Haul 

Idle 

2010 
(Westshore 
Terminals) 6.79 x 10

1
 3.83 x 10

-3
 2.81 x 10

-2
 7.58 x 10

1
 7.64 x 10

1
 

2023 & 2025 
(Westshore 
Terminals) 3.02 x 10

1
 1.70 x 10

-3
 1.25 x 10

-2
 3.37 x 10

1
 3.40 x 10

1
 

Work 

2010, 2023 & 
2025 (RBT2 & 
Westshore 
Terminals) 3.83 x 10

2
 2.16 x 10

-2
 1.58 x 10

-1
 4.27 x 10

2
 4.31 x 10

2
 

Switcher 

Idle 
2010 (Deltaport 
Terminal) 6.79 x 10

1
 3.83 x 10

-3
 2.81 x 10

-2
 7.58 x 10

1
 7.64 x 10

1
 

Work 

2010, 2023 & 
2025 (RBT2 & 
Deltaport 
Terminal) 4.40 x 10

2
 2.48 x 10

-2
 1.82 x 10

-1
 4.90 x 10

2
 4.95 x 10

2
 

4.3.3 Trace Organic Contaminants and Climate Forcing Particulate Matter 

Emission rates for TOCs and climate forcing PM (black carbon) are summarised in Table 4-11 and Table 

4-12 below.  Black carbon has been converted to 20-year and 100-year CO2e using GWPs as described 

in Section 1.1.2 above.  As described above, DPM emissions were assumed to equal PM2.5 emissions 

listed in Table 4-8. 
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Table 4-11 – Locomotive TOC Emission Rates 

Engine 
Mode 

Horizon Year 
Emission Rate (kg/h) 

Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a)pyrene 

Line-Haul 

Idle 

2010 
(Westshore 
Terminals) 9.59 x 10

-5
 1.22 x 10

-4
 3.01 x 10

-5
 6.40 x 10

-4
 1.93 x 10

-3
 1.52 x 10

-4
 5.31 x 10

-7
 

2023 & 2025 
(Westshore 
Terminals) 4.80 x 10

-5
 6.10 x 10

-5
 1.50 x 10

-5
 3.20 x 10

-4
 9.63 x 10

-4
 7.62 x 10

-5
 2.66 x 10

-7
 

Work 

2010 
(Westshore 
Terminals) 4.19 x 10

-3
 5.32 x 10

-3
 1.31 x 10

-3
 2.79 x 10

-2
 8.40 x 10

-2
 6.65 x 10

-3
 2.32 x 10

-5
 

2023 & 2025 
(RBT2) 2.96 x 10

-3
 3.77 x 10

-3
 9.30 x 10

-4
 1.98 x 10

-2
 5.95 x 10

-2
 4.71 x 10

-3
 1.64 x 10

-5
 

2023 & 2025 
(Westshore 
Terminals) 2.09 x 10

-3
 2.66 x 10

-3
 6.56 x 10

-4
 1.40 x 10

-2
 4.20 x 10

-2
 3.32 x 10

-3
 1.16 x 10

-5
 

Switcher 

Idle 
2010 (Deltaport 
Terminal) 6.08 x 10

-4
 7.73 x 10

-4
 1.91 x 10

-4
 4.05 x 10

-3
 1.22 x 10

-2
 9.65 x 10

-4
 3.36 x 10

-6
 

Work 

2010 (Deltaport 
Terminal) 1.73 x 10

-2
 2.19 x 10

-2
 5.41 x 10

-3
 1.15 x 10

-1
 3.46 x 10

-1
 2.74 x 10

-2
 9.55 x 10

-5
 

2023 & 2025 
(Deltaport 
Terminal & 

RBT2) 9.86 x 10
-3

 1.25 x 10
-2

 3.09 x 10
-3

 6.57 x 10
-2

 1.98 x 10
-1

 1.57 x 10
-2

 5.46 x 10
-5
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Table 4-12 – Locomotive Climate Forcing PM Emission Rates 

Engine 
Mode 

Horizon Year 
Emission Rate (kg/h) 

Black Carbon 20-year CO2e  100-year CO2e 

Line-Haul 

Idle 
2010 (Westshore Terminals) 2.58 x 10

-3
 8.26 2.32 

2023 & 2025 (Westshore Terminals) 1.36 x 10
-3

 4.35 1.22 

Work 

2010 (Westshore Terminals) 1.13 x 10
-1

 3.61 x 10
2
 1.01 x 10

2
 

2023 & 2025 (RBT2) 9.49 x 10
-2

 3.04 x 10
2
 8.54 x 10

1
 

2023 & 2025 (Westshore Terminals) 5.93 x 10
-2

 1.90 x 10
2
 5.34 x 10

1
 

Switcher 

Idle 2010 (Deltaport Terminal) 6.39 x 10
-3

 2.05 x 10
1
 5.76 

Work 
2010, 2023 & 2025 (Deltaport Terminal 
& RBT2) 1.82 x 10

-1
 5.81 x 10

2
 1.63 x 10

2
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5.0 ON-ROAD VEHICLE EMISSIONS 

The assessment of emissions from on-road vehicles considered container trucks, as well as employee 

and visitor vehicles, and vehicles associated with the B.C. Ferries Terminal operations.  Emission 

predictions from on-road vehicles involved the consideration of a number of variables to define on-road 

vehicle activity levels and emission rates including: 

Activity Level Variables 

 Traffic Routes (inclusive of speed and distance travelled); 

 Traffic Counts; 

Emission Rate Variables 

 Vehicle Class; 

 Vehicle Speed; and  

 EFs. 

The general on-road vehicle emissions estimation is as follows: 

Emissions (g/period) = [EF (grams per kilometre [g/km]) * Traffic Count (trips/period) * Route Distance 

(km/trip)] 

The parameters considered when estimating the on-road vehicle emissions are discussed in detail in 

Sections 5.1 and 5.2.  A tabular summary of on-road vehicles parameters/assumptions is provided in 

Attachment 6. 

5.1 VEHICLE ACTIVITIES 

Traffic counts formed the basis of the estimation methodology as the on-road vehicle emissions are 

directly proportional to the number of trips.  The emissions are also dependent on the distance travelled 

of each vehicle at each speed travelled. 

On-road vehicle activities (i.e., speed and distance travelled) for each Roberts Bank terminal are 

summarised in Table 5-1.  Inbound/outbound traffic refers to trucks that come in along the causeway, 

drop off or pick up a container and leave.  Inter-terminal traffic refers to traffic moving on site between 

gates at the terminals which for Deltaport Terminal is assumed to travel twice this distance than 

inbound/outbound traffic.  As there is only one gate at RBT2, the assumed distance travelled for 

inbound/outbound traffic and inter-terminal traffic is equivalent.   
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Table 5-1 – On-Road Vehicle Activity Summary 

Location Port Terminal Vehicle Class
1
 

Speed 
(km/h) 

Distance 
Travelled 
(km/trip) 

On-site (i.e., within terminal) 
Deltaport Terminal 

HDDV 
3

2
 3.0

3
 

RBT2 10
4
 1.7 

Roberts Bank causeway 

Deltaport Terminal and 
RBT2 

HDDV 

3
2
 0.9 

Deltaport Terminal 

50 

8.1 

RBT2 11.1 

Deltaport Terminal 

LDV 

9.0 

RBT2 12.0 

Westshore Terminals 11.8 

Notes: 
1
 HDDV = heavy-duty diesel vehicle (i.e., container truck); LDV = light-duty vehicle (i.e., employee or visitor vehicle) 

2 
Container trucks are assumed to “creep” at 3 km/h while on-site at Deltaport Terminal and while in queue on the 

Roberts Bank causeway in the container truck staging lane 
3 

Inter-terminal traffic for Deltaport Terminal is assumed to travel twice the distance while on-site than 

inbound/outbound traffic (i.e., 6.0 km) 
4 

An average truck speed of 16 km/h is predicted for on-site RBT2 container trucks however, a speed of 10 km/h was 

conservatively assumed for developing MOVES EFs 

Traffic counts for on-road vehicles provided in Appendix 4-D Roberts Bank Traffic Data of the  for each 

horizon year are summarised in Sections 5.1.1 and 5.1.2 below for container trucks (inbound/outbound 

and inter-terminal) and employee and visitor vehicles, respectively.  Traffic on the ferry causeway is 

summarised in Section 5.1.3 below.   

5.1.1 Container Trucks 

The container truck traffic counts were provided by PMV on an annual, average daily, peak daily, average 

hourly, and peak hourly basis.  The number of container truck trips (i.e., truck movements to and from the 

port terminal) for each horizon year and terminal is presented in Table 5-2.  Note that there is no heavy 

duty diesel truck traffic to or from Westshore Terminals, as all coal is moved to and from the mainland via 

rail. 

Similarly, the average and peak daily container truck trips are presented in Table 5-3 and Table 5-4, 

respectively, and the average and peak hourly container truck trips are presented in Table 5-5 and Table 

5-6, respectively.   
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Table 5-2 – Annual Container Truck Traffic Counts 

Horizon Year 

Container Trucks [1,000 trips/year] 

Inbound/Outbound Container Trucks Inter-Terminal Container Trucks 

Deltaport 
Terminal 

RBT2 
Deltaport 
Terminal 

RBT2 

2010 313 - 156 - 

2023 480 340 240 170 

2025 480 480 240 240 

Table 5-3 – Average Daily Container Truck Traffic Counts 

Horizon Year 

Average Container Trucks [trips/d] 

Inbound/Outbound Container Trucks Inter-Terminal Container Trucks 

Deltaport Terminal 
RBT2 

Deltaport 
Terminal 

RBT2 

2010 1,202 - 601 - 

2023 1,846 1,308 923 654 

2025 1,846 1,846 923 923 

Table 5-4 – Peak Daily Container Truck Traffic Counts 

Horizon Year 

Peak Container Trucks [trips/d] 

Inbound/Outbound Container Trucks Inter-Terminal Container Trucks 

Deltaport Terminal 
RBT2 

Deltaport 
Terminal 

RBT2 

2010 1,659 - 830 - 

2023 2,548 1,804 1,274 902 

2025 2,548 2,548 1,274 1,274 

Table 5-5 – Average Hourly Container Truck Traffic Counts 

Horizon Year 

Average Container Trucks [trips/h] 

Inbound/Outbound Container Trucks Inter-Terminal Container Trucks 

Deltaport Terminal 
RBT2 

Deltaport 
Terminal 

RBT2 

2010 144 - 72 - 

2023 222 157 111 79 

2025 222 222 111 111 
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Table 5-6 – Peak Hourly Container Truck Traffic Counts 

Horizon Year 

Peak Container Trucks [trips/h] 

Inbound/Outbound Container Trucks Inter-Terminal Container Trucks 

Deltaport 
Terminal 

RBT2 
Deltaport 
Terminal 

RBT2 

2010 199 - 100 - 

2023 306 217 153 109 

2025 306 306 153 153 

5.1.2 Employee and Visitor Vehicles 

The employee and visitor vehicle traffic counts for RBT2 and the existing Roberts Bank terminals were 

provided on an annual, average daily, average hourly, and peak hourly basis.  The number of vehicle trips 

(i.e., vehicle movements to and from the terminal) for each horizon year and terminal is presented in 

Table 5-7. 

Table 5-7 – Annual Employee and Visitor Vehicle Traffic Counts 

Horizon Year 

Vehicles [1,000 trips/year] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 218 - 39 

2023 313 222 64 

2025 313 313 64 

Similarly, the average and peak daily vehicles are presented in Table 5-8 and the average hourly vehicles 

are presented in Table 5-9.  The peak daily traffic counts were assumed to be equivalent to the average 

daily counts since the day-to-day employee and visitor activities are expected to be consistent. 

Table 5-8 – Daily Employee and Visitor Vehicle Traffic Counts 

Horizon Year 

Average Vehicles [trips/d] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 605 - 109 

2023 871 617 175 

2025 871 871 175 
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Table 5-9 – Hourly Employee and Visitor Vehicle Traffic Counts 

Horizon Year 

Average Vehicles [trips/h] Peak Vehicles [trips/h] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 71 - 13 230 - 50 

2023 102 73 21 358 291 71 

2025 102 102 21 358 411 71 

5.1.3 B.C. Ferries Terminal Vehicles 

The vehicle traffic counts on the ferry causeway (Highway 17) to and from the B.C. Ferries Terminal were 

developed from the annual average daily traffic and maximum peak hourly traffic counts available for 

Highway 17 (north of the ferry causeway and sound of 52
nd

 Street) for the year 2010 through the B.C. 

Ministry of Transportation and Infrastructure’s traffic data program (B.C. Ministry of Transportation and 

Infrastructure 2014).  The vehicle splits were determined based on the on-board vehicle and passenger 

counts provided by B.C. Ferries (personal communication). 

The number of vehicle movements (i.e., vehicle movements to or from the B.C. Ferries Terminal) 

assumed for all horizon years is presented in Table 5-10.  Vehicle traffic en-route from the B.C. Ferries 

Terminal is assumed to travel on the ferry causeway at a speed of 80 km/h for a total distance of 3.1 km. 

Table 5-10 – Ferry Causeway Vehicle Traffic Counts 

Vehicle Class
1
 

Average Vehicles Peak Vehicles 

[1,000 movements/year] [movements/d] [movements/h] [movements/h] 

DB 42 116 5 13 

HDDV 200 549 23 60 

HDGV 101 277 12 30 

LDV 4,246 11,634 485 1,263 

MC 54 149 6 16 

Note: 
1
 DB = diesel bus (i.e., B.C. Ferries “Bus”); HDDV = heavy-duty diesel vehicle (i.e., B.C. Ferries “Semi”); HDGV = 

heavy-duty gasoline vehicle (i.e., B.C. Ferries “Comm”); LDV = light-duty vehicle (i.e., B.C. Ferries “Pvoh” and 

“Pvuh”); MC = motorcycle (i.e., B.C. Ferries “Mtcy”) 

5.2 EMISSION FACTORS 

SENES retained Sierra Research, Inc. to derive on-road vehicle EFs for the purposes of this air quality 

assessment.  The EFs are based on the U.S. EPA’s MOVES emission model and account for the 

differences in vehicle age distributions between the typical fleet of trucks operating on the roads in the 

Lower Fraser Valley and the specific fleet of trucks operating at the PMV container terminals through the 
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Truck Licensing System instituted by PMV.  The age distribution for all vehicle classes was provided by 

Metro Vancouver for 2010 as summarised in Attachment 10. 

For modelling emissions from all vehicles (except Truck Licensing System drayage trucks) past 2010, the 

MOVES model projects the fleet forward by applying sales growth and scrappage functions to the 2010 

data.  For modelling drayage trucks subject to the Truck Licensing System, the age distribution is 

hardwired into the model based on the imposed age limits (also summarised in Attachment 10).   

EFs for each contaminant were provided for:  

 five vehicle classes, namely “drayage (port) truck” to represent container trucks, 

“LDV (Worker Vehicle)” to represent employee and visitor vehicles as well as 

“Motorcycle”, “Heavy-Duty Gasoline” and “Diesel Bus”; 

 vehicle speeds of 3 km/h (i.e., “creep”), 10 km/h and 80 km/h; and 

 three horizon years (2010, 2023 and 2025). 

The EFs provided by Sierra Research, Inc. which were applied in the on-road vehicle emission 

estimations are summarised for 2010 and 2025 in Table 5-11 to Table 5-13 below.  As described in 

Section 1.1.2 above, GHGs and black carbon have been converted to 20-year and 100-year GWPs.  The 

2023 EFs are included as Attachment 11. 

MOVES PM10 and PM2.5 EFs are available and were provided by Sierra Research, Inc. for five 

components, namely organic carbon, elemental carbon, sulfate particulate, brake-wear particulate and 

tire-wear particulate.  The PM10 and PM2.5 EFs applied in the on-road vehicle emission estimations were 

the total of all particulate components.  As per the U.S. EPA recommendations for estimating emissions 

from compression ignition engines (U.S. EPA 2010b), the relative PM10 emissions are assumed to be 

equal to PM emissions. 

The DPM EFs were assumed to be the total of all PM2.5 exhaust components (i.e., organic compound 

PM2.5 + elemental carbon PM2.5 + sulfate particulate PM2.5), while the climate forcing PM (i.e., black 

carbon) EFs were assumed to equal the elemental carbon PM2.5 exhaust component. 

It should be noted that the consideration of brake-wear and tire-wear particulate (in addition to exhaust 

components) in the PM10 and PM2.5 emission estimates results in PM2.5 to PM ratios which are much 

lower than the typically expected 97% for compression ignition engines.  For example, the 2025 HDDV 50 

km/h PM2.5 EF is 33% of the PM10 EF due to the fact that the brake-wear and tire-wear components make 

up 87% of the total PM10 EF.  Total PM2.5 emissions are higher than would be expected if only the 

combustion fraction was considered due to the inclusion of brake-wear and tire-wear. 
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Table 5-11 – MOVES Vehicle CAC EFs 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

CO NOx SO2 VOCs PM10 PM2.5 

2010 

LDV 

50 
Annual 2.64 3.63 x 10

-1
 4.68 x 10

-3
 8.00 x 10

-2
 2.55 x 10

-2
 1.16 x 10

-2
 

Peak 3.42 3.99 x 10
-1

 4.68 x 10
-3

 8.30 x 10
-2

 2.88 x 10
-2

 1.46 x 10
-2

 

80 
Annual 2.63 3.93 x 10

-1
 4.37 x 10

-3
 6.22 x 10

-2
 1.72 x 10

-2
 1.10 x 10

-2
 

Peak 3.42 4.32 x 10
-1

 4.37 x 10
-3

 6.45 x 10
-2

 2.16 x 10
-2

 1.51 x 10
-2

 

HDDV 

3 
Annual 2.11 x 10

1
 5.50 x 10

1
 5.39 x 10

-2
 6.00 4.48 3.11 

Peak 2.11 x 10
1
 5.75 x 10

1
 5.39 x 10

-2
 6.00 4.48 3.11 

50 
Annual 2.34 8.30 9.50 x 10

-3
 4.30 x 10

-1
 5.76 x 10

-1
 5.00 x 10

-1
 

Peak 2.34 8.68 9.50 x 10
-3

 4.30 x 10
-1

 5.76 x 10
-1

 5.00 x 10
-1

 

80 
Annual 1.78 7.03 7.83 x 10

-3
 3.23 x 10

-1
 3.43 x 10

-2
 3.11 x 10

-1
 

Peak 1.78 7.35 7.83 x 10
-3

 3.23 x 10
-1

 3.43 x 10
-2

 3.11 x 10
-1

 

DB 80 
Annual 1.85 6.86 5.23 x 10

-3
 3.38 x 10

-1
 3.39 x 10

-1
 3.06 x 10

-1
 

Peak 1.85 7.18 5.23 x 10
-3

 3.38 x 10
-1

 3.39 x 10
-1

 3.06 x 10
-1

 

HDGV 80 
Annual 6.40 1.01 6.66 x 10

-3
 1.49 x 10

-1
 2.40 x 10

-2
 1.43 x 10

-2
 

Peak 8.36 1.10 6.66 x 10
-3

 1.54 x 10
-1

 2.98 x 10
-2

 1.96 x 10
-2

 

MC 80 
Annual 1.36 x 10

1
 5.31 x 10

-1
 4.45 x 10

-3
 5.31 x 10

-1
 3.68 x 10

-2
 3.26 x 10

-2
 

Peak 1.88 x 10
1
 5.70 x 10

-1
 4.45 x 10

-3
 5.37 x 10

-1
 5.34 x 10

-2
 4.79 x 10

-2
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Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

CO NOx SO2 VOCs PM10 PM2.5 

2025 

LDV 

50 
Annual 1.44 8.27 x 10

-2
 3.68 x 10

-3
 1.73 x 10

-2
 2.23 x 10

-2
 8.96 x 10

-3
 

Peak 1.99 8.86 x 10
-2

 3.68 x 10
-3

 1.74 x 10
-2

 2.46 x 10
-2

 1.11 x 10
-2

 

80 
Annual 1.54 9.83 x 10

-2
 3.44 x 10

-3
 1.41 x 10

-2
 1.29 x 10

-2
 7.08 x 10

-3
 

Peak 2.14 1.05 x 10
-1

 3.44 x 10
-3

 1.42 x 10
-2

 1.56 x 10
-2

 9.56 x 10
-3

 

HDDV 

3 
Annual 2.45 8.04 5.39 x 10

-2
 4.05 x 10

-1
 1.87 5.90 x 10

-1
 

Peak 2.45 8.41 5.39 x 10
-2

 4.05 x 10
-1

 1.87 5.90 x 10
-1

 

10 
Annual 7.43 x 10

-1
 2.44 1.64 x 10

-2
 1.23 x 10

-1
 5.76 x 10

-1
 1.81 x 10

-1
 

Peak 7.43 x 10
-1

 2.55 1.64 x 10
-2

 1.23 x 10
-1

 5.76 x 10
-1

 1.81 x 10
-1

 

50 
Annual 2.55 x 10

-1
 1.12 9.50 x 10

-3
 2.68 x 10

-2
 1.07 x 10

-1
 4.56 x 10

-2
 

Peak 2.55 x 10
-1

 1.18 9.50 x 10
-3

 2.68 x 10
-2

 1.07 x 10
-1

 4.56 x 10
-2

 

80 
Annual 2.31 x 10

-1
 1.01 7.83 x 10

-3
 2.43 x 10

-2
 5.27 x 10

-2
 2.91 x 10

-2
 

Peak 2.31 x 10
-1

 1.06 7.83 x 10
-3

 2.43 x 10
-2

 5.27 x 10
-2

 2.91 x 10
-2

 

DB 80 
Annual 4.30 x 10

-1
 1.41 5.21 x 10

-3
 6.79 x 10

-2
 7.97 x 10

-2
 5.49 x 10

-2
 

Peak 4.30 x 10
-1

 1.47 5.21 x 10
-3

 6.79 x 10
-2

 7.97 x 10
-2

 5.49 x 10
-2

 

HDGV 80 
Annual 5.19 8.30 x 10

-1
 6.41 x 10

-3
 9.43 x 10

-2
 2.06 x 10

-2
 1.04 x 10

-2
 

Peak 7.19 8.86 x 10
-1

 6.41 x 10
-3

 9.46 x 10
-2

 2.43 x 10
-2

 1.38 x 10
-2

 

MC 80 
Annual 1.02 x 10

1
 4.87 x 10

-1
 4.47 x 10

-3
 3.71 x 10

-1
 3.67 x 10

-2
 3.25 x 10

-2
 

Peak 1.43 x 10
1
 5.20 x 10

-1
 4.47 x 10

-3
 3.71 x 10

-1
 5.33 x 10

-2
 4.79 x 10

-2
 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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Table 5-12 – MOVES Vehicle TOC EFs 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

Acrolein Benzene 
1,3-

Butadiene 
Acetalde-

hyde 
Formalde-

hyde 
Naphthal-

ene 
Benzo(a)-

pyrene 
DPM 

2010 

LDV 

50 
Annual 5.80 x 10

-5
 3.74 x 10

-3
 4.05 x 10

-4
 7.74 x 10

-4
 1.09 x 10

-3
 1.95 x 10

-4
 7.66 x 10

-7
 6.95 x 10

-3
 

Peak 5.98 x 10
-5

 4.10 x 10
-3

 4.27 x 10
-4

 8.79 x 10
-4

 1.15 x 10
-3

 2.02 x 10
-4

 1.11 x 10
-6

 9.99 x 10
-3

 

80 
Annual 4.50 x 10

-5
 2.91 x 10

-3
 3.15 x 10

-4
 6.02 x 10

-4
 8.47 x 10

-4
 1.51 x 10

-4
 9.98 x 10

-7
 9.10 x 10

-3
 

Peak 4.64 x 10
-5

 3.19 x 10
-3

 3.32 x 10
-4

 6.83 x 10
-4

 8.93 x 10
-4

 1.57 x 10
-4

 1.47 x 10
-6

 1.32 x 10
-2

 

HDDV 

3 
Annual 4.01 x 10

-2
 4.76 x 10

-2
 1.73 x 10

-2
 2.17 x 10

-1
 4.84 x 10

-1
 5.50 x 10

-2
 3.06 x 10

-4
 2.65 

Peak 4.01 x 10
-2

 4.76 x 10
-2

 1.73 x 10
-2

 2.17 x 10
-1

 4.84 x 10
-1

 5.50 x 10
-2

 3.06 x 10
-4

 2.65 

50 
Annual 2.87 x 10

-3
 3.40 x 10

-3
 1.24 x 10

-3
 1.55 x 10

-2
 3.46 x 10

-2
 3.94 x 10

-3
 1.70 x 10

-5
 4.79 x 10

-1
 

Peak 2.87 x 10
-3

 3.40 x 10
-3

 1.24 x 10
-3

 1.55 x 10
-2

 3.46 x 10
-2

 3.94 x 10
-3

 1.70 x 10
-5

 4.79 x 10
-1

 

80 
Annual 2.15 x 10

-3
 2.55 x 10

-3
 9.33 x 10

-4
 1.16 x 10

-2
 2.59 x 10

-2
 2.96 x 10

-3
 1.02 x 10

-5
 3.03 x 10

-1
 

Peak 2.15 x 10
-3

 2.55 x 10
-3

 9.33 x 10
-4

 1.16 x 10
-2

 2.59 x 10
-2

 2.96 x 10
-3

 1.02 x 10
-5

 3.03 x 10
-1

 

DB 80 
Annual 2.26 x 10

-3
 2.67 x 10

-3
 9.78 x 10

-4
 1.22 x 10

-2
 2.71 x 10

-2
 3.09 x 10

-3
 1.64 x 10

-5
 2.99 x 10

-1
 

Peak 2.26 x 10
-3

 2.67 x 10
-3

 9.78 x 10
-4

 1.22 x 10
-2

 2.71 x 10
-2

 3.09 x 10
-3

 1.64 x 10
-5

 2.99 x 10
-1

 

HDGV 80 
Annual 8.93 x 10

-5
 7.03 x 10

-3
 7.61 x 10

-4
 1.39 x 10

-3
 1.83 x 10

-3
 3.41 x 10

-4
 1.37 x 10

-6
 1.13 x 10

-2
 

Peak 9.22 x 10
-5

 7.75 x 10
-3

 8.07 x 10
-4

 1.60 x 10
-3

 1.96 x 10
-3

 3.52 x 10
-4

 2.02 x 10
-6

 1.66 x 10
-2

 

MC 80 
Annual 3.18 x 10

-4
 2.49 x 10

-2
 2.78 x 10

-3
 5.40 x 10

-3
 6.72 x 10

-3
 1.22 x 10

-3
 3.44 x 10

-6
 3.21 x 10

-2
 

Peak 3.22 x 10
-4

 2.79 x 10
-2

 3.01 x 10
-3

 6.43 x 10
-3

 7.32 x 10
-3

 1.23 x 10
-3

 5.09 x 10
-6

 4.75 x 10
-2

 

 
 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix A - 61 - November 2014 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

Acrolein Benzene 
1,3-

Butadiene 
Acetalde-

hyde 
Formalde-

hyde 
Naphthal-

ene 
Benzo(a)-

pyrene 
DPM 

2025 

LDV 

50 
Annual 1.20 x 10

-5
 7.82 x 10

-4
 8.69 x 10

-5
 1.82 x 10

-4
 2.39 x 10

-4
 4.16 x 10

-5
 5.03 x 10

-7
 4.49 x 10

-3
 

Peak 1.20 x 10
-5

 8.82 x 10
-4

 9.46 x 10
-5

 2.09 x 10
-4

 2.60 x 10
-4

 4.19 x 10
-5

 7.41 x 10
-7

 6.60 x 10
-3

 

80 
Annual 9.74 x 10

-6
 6.39 x 10

-4
 7.10 x 10

-5
 1.49 x 10

-4
 1.95 x 10

-4
 3.40 x 10

-5
 5.93 x 10

-7
 5.27 x 10

-3
 

Peak 9.80 x 10
-6

 7.21 x 10
-4

 7.73 x 10
-5

 1.71 x 10
-4

 2.12 x 10
-4

 3.42 x 10
-5

 8.75 x 10
-7

 7.75 x 10
-3

 

HDDV 

3 
Annual 4.05 x 10

-3
 5.23 x 10

-3
 3.24 x 10

-4
 2.81 x 10

-2
 8.81 x 10

-2
 6.62 x 10

-3
 5.11 x 10

-6
 1.38 x 10

-1
 

Peak 4.05 x 10
-3

 5.23 x 10
-3

 3.24 x 10
-4

 2.81 x 10
-2

 8.81 x 10
-2

 6.62 x 10
-3

 5.11 x 10
-6

 1.38 x 10
-1

 

10 
Annual 1.23 x 10

-3
 1.59 x 10

-3
 9.84 x 10

-5
 8.52 x 10

-3
 2.67 x 10

-2
 2.01 x 10

-3
 1.54 x 10

-7
 4.18 x 10

-2
 

Peak 1.23 x 10
-3

 1.59 x 10
-3

 9.84 x 10
-5

 8.52 x 10
-3

 2.67 x 10
-2

 2.01 x 10
-3

 1.54 x 10
-7

 4.18 x 10
-2

 

HDDV 

50 
Annual 2.68 x 10

-4
 3.46 x 10

-4
 2.15 x 10

-5
 1.86 x 10

-3
 5.83 x 10

-3
 4.83 x 10

-4
 9.01 x 10

-8
 2.44 x 10

-2
 

Peak 2.68 x 10
-4

 3.46 x 10
-4

 2.15 x 10
-5

 1.86 x 10
-3

 5.83 x 10
-3

 4.83 x 10
-4

 9.01 x 10
-8

 2.44 x 10
-2

 

80 
Annual 2.22 x 10

-4
 2.82 x 10

-4
 3.29 x 10

-5
 1.47 x 10

-3
 4.41 x 10

-3
 3.51 x 10

-4
 2.59 x 10

-7
 2.13 x 10

-2
 

Peak 2.22 x 10
-4

 2.82 x 10
-4

 3.29 x 10
-5

 1.47 x 10
-3

 4.41 x 10
-3

 3.51 x 10
-4

 2.59 x 10
-7

 2.13 x 10
-2

 

DB 80 
Annual 5.04 x 10

-4
 6.14 x 10

-4
 1.63 x 10

-4
 2.96 x 10

-3
 7.57 x 10

-3
 7.32 x 10

-4
 2.10 x 10

-6
 4.69 x 10

-2
 

Peak 5.04 x 10
-4

 6.14 x 10
-4

 1.63 x 10
-4

 2.96 x 10
-3

 7.57 x 10
-3

 7.32 x 10
-4

 2.10 x 10
-6

 4.69 x 10
-2

 

HDGV 80 Annual 5.66 x 10
-5

 4.34 x 10
-3

 4.83 x 10
-4

 9.74 x 10
-4

 1.19 x 10
-3

 2.16 x 10
-4

 8.59 x 10
-7

 7.09 x 10
-3

 

HDGV 80 Peak 5.68 x 10
-5

 4.91 x 10
-3

 5.28 x 10
-4

 1.14 x 10
-3

 1.30 x 10
-3

 2.17 x 10
-4

 1.27 x 10
-6

 1.05 x 10
-2

 

MC 80 
Annual 2.22 x 10

-4
 1.72 x 10

-2
 1.93 x 10

-3
 3.94 x 10

-3
 4.71 x 10

-3
 8.50 x 10

-4
 3.44 x 10

-6
 3.21 x 10

-2
 

Peak 2.23 x 10
-4

 1.95 x 10
-2

 2.11 x 10
-3

 4.67 x 10
-3

 5.17 x 10
-3

 8.52 x 10
-4

 5.08 x 10
-6

 4.74 x 10
-2

 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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Table 5-13 – MOVES Vehicle GHG and Climate Forcing PM EFs 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

GHG EF (g/km) Climate Forcing PM EF (g/km) 

CO2 CH4 N2O 
20-year 
CO2e 

100-year 
CO2e 

Black 
Carbon 

20-year 
CO2e 

100-year 
CO2e 

2010 

LDV 

50 
Annual 2.43 x 10

2
 4.34 x 10

-3
 3.40 x 10

-3
 2.44 x 10

2
 2.44 x 10

2
 1.19 x 10

-3
 3.81 1.07 

Peak 2.43 x 10
2
 4.48 x 10

-3
 3.40 x 10

-3
 2.44 x 10

2
 2.44 x 10

2
 1.58 x 10

-3
 5.05 1.42 

80 
Annual 2.27 x 10

2
 3.57 x 10

-3
 2.13 x 10

-3
 2.28 x 10

2
 2.28 x 10

2
 1.49 x 10

-3
 4.77 1.34 

Peak 2.27 x 10
2
 3.68 x 10

-3
 2.13 x 10

-3
 2.28 x 10

2
 2.28 x 10

2
 2.01 x 10

-3
 6.42 1.81 

HDDV 

3 
Annual 7.94 x 10

3
 1.51 x 10

-1
 2.76 x 10

-2
 7.96 x 10

3
 7.95 x 10

3
 1.22 3.90 x 10

3
 1.10 x 10

3
 

Peak 7.94 x 10
3
 1.51 x 10

-1
 2.76 x 10

-2
 7.96 x 10

3
 7.95 x 10

3
 1.22 3.90 x 10

3
 1.10 x 10

3
 

50 
Annual 1.40 x 10

3
 1.01 x 10

-2
 1.65 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 3.96 x 10

-1
 1.27 x 10

3
 3.56 x 10

2
 

Peak 1.40 x 10
3
 1.01 x 10

-2
 1.65 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 3.96 x 10

-1
 1.27 x 10

3
 3.56 x 10

2
 

80 
Annual 1.15 x 10

3
 6.93 x 10

-3
 1.03 x 10

-3
 1.15 x 10

3
 1.15 x 10

3
 2.52 x 10

-1
 8.08 x 10

2
 2.27 x 10

2
 

Peak 1.15 x 10
3
 6.93 x 10

-3
 1.03 x 10

-3
 1.15 x 10

3
 1.15 x 10

3
 2.52 x 10

-1
 8.08 x 10

2
 2.27 x 10

2
 

DB 80 
Annual 7.70 x 10

2
 7.02 x 10

-3
 1.03 x 10

-3
 7.71 x 10

2
 7.70 x 10

2
 2.21 x 10

-1
 7.06 x 10

2
 1.99 x 10

2
 

Peak 7.70 x 10
2
 7.02 x 10

-3
 1.03 x 10

-3
 7.71 x 10

2
 7.70 x 10

2
 2.21 x 10

-1
 7.06 x 10

2
 1.99 x 10

2
 

HDGV 80 
Annual 3.44 x 10

2
 5.87 x 10

-3
 4.53 x 10

-3
 3.46 x 10

2
 3.45 x 10

2
 7.64 x 10

-4
 2.44 6.87 x 10

-1
 

Peak 3.44 x 10
2
 6.06 x 10

-3
 4.53 x 10

-3
 3.46 x 10

2
 3.45 x 10

2
 1.13 x 10

-3
 3.61 1.02 

MC 80 
Annual 2.30 x 10

2
 1.73 x 10

-2
 1.08 x 10

-3
 2.31 x 10

2
 2.30 x 10

2
 5.75 x 10

-3
 1.84 x 10

1
 5.17 

Peak 2.30 x 10
2
 1.75 x 10

-2
 1.08 x 10

-3
 2.31 x 10

2
 2.30 x 10

2
 8.50 x 10

-3
 2.72 x 10

1
 7.65 
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Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

GHG EF (g/km) Climate Forcing PM EF (g/km) 

CO2 CH4 N2O 
20-year 
CO2e 

100-year 
CO2e 

Black 
Carbon 

20-year 
CO2e 

100-year 
CO2e 

2025 

LDV 

50 
Annual 1.91 x 10

2
 2.27 x 10

-3
 9.79 x 10

-4
 1.92 x 10

2
 1.92 x 10

2
 6.15 x 10

-4
 1.97 5.54 x 10

-1
 

Peak 1.91 x 10
2
 2.28 x 10

-3
 9.79 x 10

-4
 1.92 x 10

2
 1.92 x 10

2
 8.91 x 10

-4
 2.85 8.02 x 10

-1
 

80 
Annual 1.79 x 10

2
 2.23 x 10

-3
 6.12 x 10

-4
 1.79 x 10

2
 1.79 x 10

2
 6.99 x 10

-4
 2.24 6.29 x 10

-1
 

Peak 1.79 x 10
2
 2.23 x 10

-3
 6.12 x 10

-4
 1.79 x 10

2
 1.79 x 10

2
 1.01 x 10

-3
 3.24 9.12 x 10

-1
 

HDDV 

3 
Annual 7.94 x 10

3
 5.52 x 10

-1
 2.76 x 10

-2
 7.99 x 10

3
 7.96 x 10

3
 1.16 x 10

-2
 3.71 x 10

1
 1.04 x 10

1
 

Peak 7.94 x 10
3
 5.52 x 10

-1
 2.76 x 10

-2
 7.99 x 10

3
 7.96 x 10

3
 1.16 x 10

-2
 3.71 x 10

1
 1.04 x 10

1
 

10 
Annual 2.41 x 10

3
 1.68 x 10

-1
 8.28 x 10

-3
 2.42 x 10

3
 2.42 x 10

3
 3.50 x 10

-3
 1.12 x 10

1
 3.15 

Peak 2.41 x 10
3
 1.68 x 10

-1
 8.28 x 10

-3
 2.42 x 10

3
 2.42 x 10

3
 3.50 x 10

-3
 1.12 x 10

1
 3.15 

50 
Annual 1.40 x 10

3
 3.65 x 10

-2
 1.66 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 2.04 x 10

-3
 6.54 1.84 

Peak 1.40 x 10
3
 3.65 x 10

-2
 1.66 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 2.04 x 10

-3
 6.54 1.84 

80 
Annual 1.15 x 10

3
 2.45 x 10

-2
 1.03 x 10

-3
 1.16 x 10

3
 1.15 x 10

3
 6.34 x 10

-3
 2.03 x 10

1
 5.71 

Peak 1.15 x 10
3
 2.45 x 10

-2
 1.03 x 10

-3
 1.16 x 10

3
 1.15 x 10

3
 6.34 x 10

-3
 2.03 x 10

1
 5.71 

DB 80 
Annual 7.67 x 10

2
 2.23 x 10

-2
 1.03 x 10

-3
 7.69 x 10

2
 7.68 x 10

2
 2.80 x 10

-2
 8.95 x 10

1
 2.52 x 10

1
 

Peak 7.67 x 10
2
 2.23 x 10

-2
 1.03 x 10

-3
 7.69 x 10

2
 7.68 x 10

2
 2.80 x 10

-2
 8.95 x 10

1
 2.52 x 10

1
 

HDGV 80 
Annual 3.31 x 10

2
 2.37 x 10

-3
 1.32 x 10

-3
 3.32 x 10

2
 3.32 x 10

2
 4.80 x 10

-4
 1.54 4.32 x 10

-1
 

Peak 3.31 x 10
2
 2.38 x 10

-3
 1.32 x 10

-3
 3.32 x 10

2
 3.32 x 10

2
 7.09 x 10

-4
 2.27 6.38 x 10

-1
 

MC 80 
Annual 2.31 x 10

2
 1.75 x 10

-2
 1.07 x 10

-3
 2.33 x 10

2
 2.32 x 10

2
 5.74 x 10

-3
 1.84 x 10

1
 5.16 

Peak 2.31 x 10
2
 1.75 x 10

-2
 1.07 x 10

-3
 2.33 x 10

2
 2.32 x 10

2
 8.48 x 10

-3
 2.71 x 10

1
 7.63 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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6.0 SOURCES OF UNCERTAINTY 

The emission estimating techniques used in this report follow current established practices for predicting 

effects from existing and future port-related activities.  However, in any emission inventory development, 

there are uncertainties that are inherent in the work and assumptions that need to be made to complete 

the work.  Different approaches may also be used to estimate emissions from the same operations (e.g., 

using fuel-based EFs instead of activity-based EFs). 

An accepted approach to mitigating uncertainties in an assessment is to use estimates that may be 

considered conservative, such as higher sulphur content or larger engine sizes.  The result of using this 

approach is that actual emissions and associated air quality effects may be considerably lower in practice 

than has been estimated using conservative methods.  In this respect, one of the largest sources of 

uncertainty in the assessment of emissions for peak daily and hourly emission scenarios is the use of 

hypothetical activity scenarios to simplify the dynamic nature of terminal operations.  In order to provide 

worst-case emission scenarios, peak daily and hourly activity levels for ships have been defined in a 

manner that errs on the side of overestimating emissions. This section provides a discussion of known 

sources of uncertainty pertaining to the compilation of emissions from equipment and activity at Roberts 

Bank.  The purpose of the discussion is to provide information on alternative methods or sources of 

information which could result in different estimates of emissions than those presented in the preceding 

sections of the report.   

6.1 SHIPS 

There are three recognised material sources of uncertainty related to the emissions from marine vessels 

in this assessment.  These include: 

 General variability on emission rates from ship to ship; 

 Variability of ME size for newer, larger container ships; 

 Variability of EFs with ME load factor; and 

 Activity-based versus fuel-based EFs. 

The nature of these uncertainties is discussed below. 

6.1.1 Ship-to-Ship Variability in Emission Rates 

Whereas the emission factors for ships underway (in manoeuvring mode or at berth) as provided in the 

MEIT are representative of the global fleet averaged emission rates, it is recognized that there can be 

some variability in the relative emission rates from one ship to another.  Entec UK Limited (Entec) 

reported on the uncertainties that can be expected in emissions from the three modes of ship operation: 

underway, manoeuvring and at berth (Entec 2010).  These uncertainties are summarized in Table 6-1. 
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Table 6-1 – Estimated Uncertainties as Relative Percent of the Emission Factors 

Contaminant Underway Manoeuvring Berthing 

NOx +20% +40% +30% 

SO2 +10% +30% +20% 

CO2 +10% +30% +20% 

VOC +25% +50% +40% 

PM +25% +50% +40% 

Source: Entec 2010 

Note: 95% confidence interval; Percentage of emission factor (in g/kWh or kg/tonne of fuel burned) 

 

The largest uncertainties are those associated with manoeuvring mode operations of the ships.  The 

lowest uncertainties are those associated with steady-state steaming for ships underway.  The results of 

the RBT2 emissions and dispersion modelling assessment should be viewed in the context of these 

uncertainties in potential emission rates at any given time, for any particular ship.   

6.1.2 Main Engine Size for Large Container Vessels 

ME sizes for ships generally increase linearly relative to ship size for ships with cargo capacities of up to 

about 7,000 TEU.  However, larger ships start to demonstrate a “levelling off” of engine size beyond 

7,000 TEU as indicated in Figure 6-1. 

According to Carlton (Carlton, J. S. 2006), for a given ship, there is no unique solution for determining the 

propulsive power requirements of the vessel.  Instead, “there is a cluster of solutions whose acceptability 

is dependent upon the hull form and final choice of prime mover” (i.e., engine).  Tozer and Penfold 

(Tozer, D. and A. Penford 2001) state that, for ships over 9,000 TEU, it is necessary to equip ships with 

twin screws and twin engines in order to achieve a design speed of 25 knots, and the choice of twin 

screws affects the total kilowatt power available from MEs.  However, the authors state that there is a 

penalty in going to twin screw ships in terms of fuel consumption, daily operating cost, and capital cost 

increase.  Therefore, there is no simple relationship between ship size and ME size for ships of a certain 

size.   

MAN Diesel & Turbo data (MAN Diesel & Turbo 2009) suggests that for each one knot increment change 

in design speed for a ship, the change in engine size is approximately 10,000 kW for ship sizes greater 

than 8,500 TEU.  Most modern container ships were designed for average speeds of 24-26 knots, which 

implies a potential difference of up to 20,000 kW range in engine size for the same vessel capacity, 

although fuel economy considerations are leading to the adoption of slow steaming for Ultra-Large 

Container Ships (ULCS) such that some vessels are now being designed with top speeds of only 23 

knots (Wennesland 2013).   
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The relationships between container vessel size and ME size are depicted in Figure 6-1 and Figure 6-2.  

Figure 6-2 shows the range of engine sizes by vessel size from data for three vessels provided by PMV in 

June 2012 and a number of published sources (Carlton, J. S. 2006, Hanlon, M. 2006, Man Diesel & Turbo 

2009, Miller, J. W. et al. 2009, Wang et al. 2009, Tozer, D. and A. Penford 2001).  Figure 6-2 shows that 

whereas the range of potential engine sizes for the smaller container vessels (i.e., less than 5000 TEU) is 

fairly limited, the range in potential size of engines becomes much broader for the newer, ultra-large 

container vessels.  However, recent design for proposed ULCS of up to 18,000 TEU capacity suggest 

much smaller engine sizes being installed on the largest container ships than is suggested by the trends 

depicted in Figure 6-1 or Figure 6-2.  For example, reported trends in container ship propulsion suggest 

that ME size of only 91,500 kW (Man Diesel & Turbo 2009).  The latter value is lower than the upper 

bound estimate suggested in Figure 6-1 or Figure 6-2 for a vessel of this size.   

For the purposes of the RBT2 assessment, ULCS of 18,000 TEU capacity may call at RBT2 at some 

point in the future, but are not likely to do so for the horizon years under consideration in this assessment.  

The largest vessels expected to call at RBT2 in the timeframe of this assessment are assumed to be New 

Panamax Class ships of greater than 10,000 TEU capacity as typified by the Emma Maersk vessel, 

whose ME is reported as 80,080 kW.11  The remainder of the container fleet calling at Roberts Bank has 

been assumed to be composed of Panamax Class vessels and the typical engine sizes for those vessels 

were based on actual reported ME sizes for ships calling at Deltaport Terminal in the period 2005 to 

2012.  Therefore, any uncertainty in the annual emission inventory estimates is related to the uncertainty 

in ME size for the largest vessels only (i.e., >10,000 TEU) and the frequency with which these vessels 

may call at RBT2 and the existing Roberts Bank terminals in the future.  Because the assessment of peak 

daily and peak hourly emissions was based on the larger vessel classes, the emission inventory used to 

support the dispersion modelling of peak ship activity scenarios may overestimate actual emissions 

resulting from Deltaport Terminal and RBT2 operations.   

                                                      
11 Maersk Line 2007.  Emma Maersk Container Vessel Specifications http://www.emma-maersk.com/specification/  
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Figure 6-1 – Vessel Size and ME Power Rating 

 

(Source: Global Security 2011) 
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Figure 6-2 – Range of Possible ME Sizes 

   

6.1.3 Ship Activity Load Factors 

This assessment for marine vessels was based on MEIT 4.0, which applies a constant low load 

adjustment factor to EFs for engines at a load of 10% or lower, resulting in  static EFs for all engine loads 

above 10% and another set of static EFs for engines at a load of 10% or lower.  Within these two 

categories, emissions increase with increased engine load, but the EFs remain unchanged.  While this 

assumption seems to hold true for contaminants such as NOx and SO2, the same may not be true for CO 

and PM2.5 for a Post-Panamax container ship (Miller, J. W. et al. 2009).     

Figure 6-3 shows: 

 NOx and SO2 EFs are relatively insensitive to engine load; 

 CO decreases with engine load; and 

 PM2.5 increases with engine load. 

The specific relationship in Figure 6-3 is for one ship. 
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Figure 6-3 – Container Vessel EFs Relative to Engine Load 

 (Miller, J. W. et al. 2009) 

 

It should also be noted that the study by Wang et al, (Wang et al. 2009) also reported that the load factor 

for MEs in manoeuvring mode was assumed to be 3%, consistent with the B.C. Chamber of Shipping 

emission inventory (Chamber of Shipping 2007), but about one-third of the MEIT 4.0 load factor of 10% 

used in this report.  Load factors from Wang et al, for AE were similar to those in MEIT 4.0 for berthed 

mode, but higher for manoeuvring mode at 50% load factor compared with 29% for bulk ships and 15% 

for container ships in MEIT 4.0. 

The issue of which load factor to use for manoeuvring mode may be particularly important for local air 

quality studies as opposed to the development of regional air emission inventories.  Yau et al. (Yau et al. 

2012) reported that the uncertainty in emissions from vessels in manoeuvring mode were greatest within 

1 nautical mile (1.85 km).  In particular, Yau et al. considered the effect on ME emissions based on EF 

adjustments for load factors less than 20% as originally developed by Aldrete et al. (Aldrete et al. 2005) 

for the Port of Los Angeles.  According to Yau et al., the use of vessel speed as determined by Automatic 

Identification System data and load adjustment factors developed by Aldrete et al. to show that the route-

specific vessel speed profile over this distance in manoeuvring mode provides a more reliable estimate of 

emissions using activity-based emission estimating methods than do general profiles of emissions as is 

currently defined in MEIT 4.0.  As indicated in Table 6-2, (Aldrete et al., 2005) the load adjustment factors 

for emissions increase substantially for load factors less than 5%, however, the increase may be offset by 

the reduction in ME load factor.   
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Table 6-2 – EF Adjustment Factors at Low ME Loads 

ME Load (%) 
EF Adjustment Factors 

NOx CO HC SO2 PM10 

1 11.47 20.00 89.44 1.0 19.17 

2 4.63 10.00 31.62 1.0 7.29 

3 2.92 6.67 17.21 1.0 4.33 

4 2.21 5.00 11.18 1.0 3.09 

5 1.83 4.00 8.00 1.0 2.44 

6 1.60 3.33 6.09 1.0 2.04 

7 1.45 2.86 4.83 1.0 1.79 

8 1.35 2.5 3.95 1.0 1.61 

9 1.27 2.22 3.31 1.0 1.48 

10 1.22 2.00 2.83 1.0 1.39 

11 1.17 1.82 2.45 1.0 1.3 

12 1.14 1.67 2.15 1.0 1.24 

13 1.11 1.54 1.91 1.0 1.19 

14 1.08 1.43 1.71 1.0 1.15 

15 1.06 1.33 1.54 1.0 1.11 

16 1.05 1.25 1.4 1.0 1.08 

17 1.03 1.18 1.28 1.0 1.06 

18 1.02 1.11 1.17 1.0 1.04 

19 1.01 1.05 1.08 1.0 1.02 

20 1.00 1.00 1.00 1.0 1.0 

Table 6-3 – Comparison of Adjusted load Factors  

ME Load (%) 
EF Adjusted Factors 

NOx CO HC SO2 PM10 

Aldrete at 3% 0.0876 0.2001 0.5163 0.03 0.130 

Aldrete at 
10% 

0.122 0.2 0.283 0.1 0.139 

MEIT at 10% 0.122 0.2 0.283 0.1 0.139 

Low load adjustment factors applied per MEIT 4.0 (Table 2-10) are consistent with those developed by 

Aldrete e al. (Table 6-3) at 10% loading.  However, given that adjustments increase substantially for lower 

load factors, emissions estimated for the period of ship manoeuvring to and from berths would be 

different for some contaminants (higher for VOC and lower for NOx, CO2, SO2, and PM10) if the ME load 

factor is assumed to be 3% as defined by the B.C. Chamber of Shipping (Chamber of Shipping 2007), 

instead of 10% as defined in MEIT 4.0.  In the absence of route-specific vessel speed profiles and engine 
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load factors for ships manoeuvring to and from berths at Roberts Bank, the methodology recommended 

by MEIT 4.0 was used for the RBT2 assessment, particularly as it represents a more conservative 

emission estimate. 

6.1.4 Activity-based Versus Fuel-based Emission Factors 

Moreno-Gutierrez et al. (Moreno-Gutierrez et al. 2012) compared emission estimates for shipping in the 

Strait of Gibraltar using both engine power-based EFs (g/kW-h) as recommended by the U.S. EPA and 

fuel-based EFs (kg emitted/tonne fuel consumed) based on fuel consumption rates as defined by the 

IMO.  The major differences between the two methods were for NOx emissions (up to 16%) and CO 

emissions (up to 23%).  The power-based EF methodology always producing higher estimates of NOx 

emissions than the fuel-based EF methodology while the fuel-based methodology consistently produced 

higher CO emission rates across all vessel classes.  The authors concluded that the greatest uncertainty 

for this inventory type is in the lack of correction factors for engine-maintenance conditions. 

Maladjustment or a faulty operating system can produce a high uncontrolled emissions percentage 

difference between the two calculation methods for any individual ship for NOx and CO emissions.  

Nevertheless, Moreno-Gutierrez et al. also concluded that the resulting emission inventories derived both 

methods may be considered acceptable despite the differences in the emission estimates.  Based on the 

work by Moreno-Gutierrez et al., the use of the power-based EFs for the RBT2 emission inventory 

assessment suggests that the more conservative estimating methodology has been used in estimating 

NOx emissions, but that CO emissions may be lower than would be expected if the emission inventory 

had been based on fuel consumption rates.  CO concentrations are well below the applicable criteria for 

the Project and that status would be unlikely to change with the potential increase in emissions if the fuel 

consumption approach were to be used.  

The study by Wang et al. (Wang et al. 2009) indicated that for manoeuvring and berthed mode 

operations, there are large variations between activity-based emissions estimated using engine load 

factors versus fuel-based EFs (i.e., based on the amount of fuel used in each mode) for CO and SO2.  

The authors attributed the variation to deviations between power-based and fuel-based EFs.  The 

differences were on the order of up to 50% in SO2 emissions during manoeuvring and 30% for berthed, 

and greater than 75% in CO emissions for manoeuvring and 50% for berthed.  Wang et al. concluded that 

emission estimates derived using either power-based or fuel-based methods are “largely representative 

of the real emission performance for in-service container vessel.  However, because of the use of 

published EFs rather than engine-specific emission rates, the accuracy and reliability of the emission 

estimates remain uncertain until they can be validated with actual monitored data.” 

Comprehensive monitoring of in-use emissions from a large container vessel has been conducted by 

Murphy et al. (Murphy et al. 2009).  It has been assumed that the information from this and other similar 

studies has been incorporated into the most recent version of the MEIT, MEIT 4.0, developed by 
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Environment Canada and Transport Canada.  However, new information on ship emissions continues to 

become available which may not yet have been considered in MEIT 4.0.  For example, Cappa et al. 

(Cappa et al. 2014) conducted a case study of CO, NOx, SO2, sub-micron PM, sulphate, polycyclic 

organic matter and black carbon emission rates for a research vessel operating on fuel with a sulphur 

content of 0.1% as mandated by ECA requirements beginning in 2015. The relevance of such information 

to commercial marine vessels such as container ships and bulk carriers is currently uncertain. 

6.1.5 Trace Organic Contaminant Emissions 

There is relatively little information on TOC EFs for ocean-going vessels.  Several new studies have been 

published which provide emission data which differs from the EFs used for the Study.  These studies are 

discussed below. 

For the purposes of the Study, the EF for benzo(a)pyrene from ships was based on a comprehensive joint 

shipboard and airborne emission sampling program of a modern container ship completed by Murphy et 

al. (Murphy et al. 2009).  The sulphur content of the HFO burned by the ship in that study was 3.01%.  

However, a recently published study by Sippula et al. (Sippula et al. 2014) of a four-stroke, single-

cylinder, direct-injected diesel engine burning both HFO containing 2.7% sulphur and conventional diesel 

that meets the ECA requirement of 0.1% sulphur in fuel indicates that the operation of marine engines 

using ultra-low sulphur fuels may substantially decrease the emission of PM and PAH for operations post-

2015 as compared with emissions from ships burning pre-ECA HFO consistent with the RBT2 emission 

estimates for the 2010 horizon year.  

In particular, Sippula et al. reported emission rates for 11 PAH, but not for benzo(a)pyrene.  

Benzo(a)pyrene is used in the RBT2 air quality assessment as a surrogate for all PAH emitted.  Sippula 

et al. showed that PAH emissions with ultra-low sulphur diesel were approximately one-tenth of the 

emissions for HFO at 10% load factor (i.e., during manoeuvring mode operations) and up to 100 times 

lower than for HFO at 25% and 50% load factor (i.e., during in-transit operations).  It is unclear from the 

paper by Sippula et al. whether the benzo(a)pyrene emissions were below the detection limits of the test 

procedures used, or whether benzo(a)pyrene was not among the PAH selected for analysis.  

Nevertheless, the results of the tests completed by Sippula et al. indicate that total PAH emissions from 

ships could be substantially lower than has been estimated for the Study.  

The same study by Sippula et al. also indicates that the emission of elemental carbon, and by extension 

black carbon, may increase by a factor of 2-to-3 with the use of ultra-low sulphur fuels in ships.  However, 

a study by Lack et al. (Lack et al. 2011) indicated the opposite, with an estimated 41% reduction in black 

carbon emissions for a switch from HFO at 3.15% fuel sulphur content to 0.07% fuel sulphur content after 

gradual blending of Marine gas oil (MGO) with the HFO.  Lack et al. noted that there have been no other 

published data to suggest that a reduction in fuel sulphur levels would result in a reduction in black 
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carbon emissions.  The authors noted that ash, aromatic and long-chain HCs, which are concentrated in 

HFO, are decreased in refined MGO and suggested that the reduction in these components decreases 

the concentration of flame quenching nuclei, which decreases BC formation when MGO is burned.  The 

lower black carbon emission rates reported by Lack et al. (2011) were not incorporated into the RBT2 

ship emission estimates.  Therefore, the overall estimate of black carbon emissions, and associated 

CO2e, may be somewhat overestimated in the assessment.  In addition, LITEHUAZ, Lack, Thuesen and 

Elliot (2012) reported that, for ultra-low sulphur fuels (i.e., 0.1%) that would be used under ECA 

requirements, black carbon may account for 65-75% of PM emissions from ship engines.  In the absence 

of measured emission factors for black carbon from boilers operating on ECA-required fuels, the RBT2 

assessment has assumed that black carbon emissions from boilers equal 100% of PM emissions. This 

may also overestimate black carbon emissions from ships in this assessment. 

Reda et. al. (Reda et. al. 2014) reported on a bench scale test of carbonyl emissions for an 80 kW marine 

engine operating on HFO with a fuel sulphur content of 1.6% and diesel fuel that would be consistent with 

fuel regulations in European ECA regulated waters.  Table 6-4 lists the ME and AE EFs for formaldehyde 

and acetaldehyde used in the Study based on the MEIT, and compares these with the EFs reported by 

Reda et al.   The comparison suggests that the emission rate of these two carbonyl compounds from ME 

operating in transit or manoeuvring mode may be underestimated in the Study by up to an order of 

magnitude.  On the other hand, the comparison also suggests that the Study may have over-estimated 

the emission of formaldehyde from AE at berth by a factor of three and the emission acetaldehyde by a 

factor of five.  Since the emission of these compounds from AE during berthing operations would have a 

greater effect on predicted concentrations on land than from either in-transit or manoeuvring mode 

operations because these operations occur further from land and for shorter time periods than berthing 

operations, it can be assumed that overall estimates of emissions and predicted concentrations of 

acetaldehyde and formaldehyde have been conservatively estimated in the Study. 

Table 6-4 – Comparison of Carbonyl EFs 

Carbonyl Compound 

Reda et al. (2014)  

EF for HFO Engine Type 
RBT2 

(µg/MJ) (g/kW-h) (g/kW-h) 

Formaldehyde 3496 0.012586 
ME 0.000942 

AE 0.0374 

Acetaldehyde 947 0.003409 
ME 0.0001374 

AE 0.01856 

6.1.6 Future Shipping Fuels 

The stringent emission control requirements imposed by the Northern European and North American 

ECA in 2015, as well as the IMO Annex VI requirements to reduce sulphur in fuel levels to 0.5% globally 
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beginning in 2020, is acting as a catalyst for reconsideration of bunkering fuels for ships worldwide.  

Taljegard et al. (Taljegard et al. 2014) reported that natural gas-based fuels, specifically liquefied natural 

gas (LNG) and methanol, are the most probable substitute fuels likely to be adopted for use before 2030.  

According to Det Norske Veritas Germanischer Lloyd (DNV GL 2013)12,  

“New, stringent regulations are forcing the shipping industry to rethink its fuelling 

options. Emissions controls, introduced by the IMO’s Marine Environment Protection 

Committee, combined with the introduction of Emission Control Areas in European, US 

and Canadian territorial waters, will have a profound impact on international shipping 

over the next several years. Thus, LNG has become an attractive alternative to 

conventional marine fuels, also in light of rising fuel costs.” 

Using LNG as a fuel for shipping is expected to reduce SO2 emissions by 90-95%, 90% less NOx 

emissions, and 20-25% less CO2 emissions (Germanischer Lloyd 2011), as well as lower PM emissions 

(Taljegard et al. 2014).  North America is expected to have at least 31 LNG-fuelled vessels by 201813, and 

the B.C. Ferry Corporation recently announced that it will be converting the two largest ferries on the 

Tsawwassen to Schwartz Bay run to run on LNG by 2018.  For large container vessels (e.g., 14,000 

TEU), Germanischer Lloyd (Germanischer Lloyd 2011) concluded that LNG fuel systems had the shortest 

payback time for conversion from current HFO/MDO fuels.   

Therefore, it is entirely possible that emissions from ships in 2025 as presented in the RBT2 Air Quality 

Study could be much lower than has been presented in this assessment.  The magnitude of any such 

reductions would depend on how many of the container or bulker ships arriving at Roberts Bank would be 

using LNG fuel.  Conversion of international shipping to LNG depends on the cost for converting the ships 

to run on LNG and to store LNG onboard, the infrastructure for refuelling the ships, and the cost of the 

LNG relative to current fuels (Taljegard et al. 2014).  More certainly, the emissions from some of the 

ferries at the B.C. Ferries Terminal will be lower than has been presented in this report after 2018, 

although the magnitude of those emission reductions cannot be accurately estimated at this time due to a 

lack of measured EFs for marine vessels operating on LNG fuel. 

6.2 CARGO HANDLING EQUIPMENT 

Emissions from CHE in this assessment were based on the methods developed for the NONROAD 

model.  The methodology applies EFs to each category of engine type, scaled by power level and 

adjusted for in-use operation (i.e., hours of operation and TAFs), engine deterioration and fuel sulphur 

content.  Only a limited number of verifications have so far been completed for non-road EFs, and none of 

these have been completed for equipment used in port operations.  Typical examples of non-road 

                                                      
12

 http://www.dnvgl.com/news-events/features/lng-as-ship-fuel.aspx  
13

 http://theenergycollective.com/ed-dodge/329406/growth-lng-fuel-maritime-shipping  
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emission verifications include Frey and Bammi (Frey, H. C. and S. Bammi 2003) for landscape and 

garden equipment, and Frey et al. (Frey, H.C. et al. 2010) and Reid et al. (Reid, S. B. et al. 2009) for 

construction equipment.   

Chi (Chi, T. R. 2004) completed an uncertainty analysis of the NONROAD model following the release of 

an updated version of the model in 2004.  The uncertainty analysis, completed on the state-level emission 

inventory for Georgia, estimated the 95% confidence intervals about the mean emission estimate as 

follows: 

CO -43% to +75%   HC -34% to +61% 

NOx -46% to +68%   PM -48% to +75% 

The NONROAD model has been updated since the study (Chi, T. R. 2004) was completed and therefore, 

some of the uncertainty identified could have been addressed and reduced in subsequent versions of the 

model.  For example, studies have been conducted at the ports of Long Beach and Los Angeles in 

consultation with CARB (Starcrest 2009, Starcrest 2011) which indicated that load factors for yard trucks 

as defined in the California OFFROAD model (a model similar to the NONROAD model) were too high 

and were revised by CARB for the emission inventories at these ports. 

An earlier study by Kean et al. (Kean, A. J. et al. 2000) had compared NOx and PM10 emissions derived 

from the NONROAD activity-based measurements to emissions based on fuel consumption.  Total 

emissions of these two pollutants from non-road diesel equipment (excluding locomotives and marine 

vessels) was estimated to be 2.3 times higher when based on the NONROAD methods for emission 

inventories compared with fuel-based methods.  Frey, Rasdorf and Lewis (2010) reported that NOx 

emission rates were quite similar when derived using fuel-used methods and the NONROAD model for 

some equipment, but the rates were a factor of 2 to 3 times higher using activity-based methods as 

compared with the fuel-based methods coupled with Portable Emissions Monitoring Systems mounted on 

the equipment.  Frey, Rasdorf and Lewis stated that the development of non-road equipment emission 

inventories based on fuel consumption rates in conjunction with the NONROAD model is the preferred 

approach to estimating emissions from construction equipment rather than activity-only methods as 

derived from the NONROAD model alone. 

In a review of port-related emission inventories, ICF Consulting (ICF Consulting 2004) noted that the 

differences between activity-based estimation methods and fuel-based methods are related to the in-use 

duty cycles for much of the port equipment and does not necessarily match the emission test duty cycles 

on which the NONROAD model EFs are based.  Port equipment tends to idle for a much greater 

percentage of the time than is assumed by the test duty cycles.  As a consequence, EFs derived from test 

duty cycles may overstate overall EFs from port-related CHE operations.   
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PMV has reported similarly large differences in emissions for diesel equipment operating within its 

jurisdiction.  The land side emission inventory for PMV (SENES 2008), which considered CHE, trucks and 

rail operations on port lands, noted that NONROAD emission estimating methods tended to overestimate 

emissions by a factor of 1.6 to 1.8 when compared with fuel consumption records.  Since this analysis 

was conducted using the NONROAD estimation methods, it is likely that this analysis overstates actual 

CHE emissions to some degree.  Future studies of CHE at ports may indicate that the load factors 

currently in use in the NONROAD model are also set too high and would need to be adjusted downward 

as was done for the California OFFROAD model, which could lower the discrepancies between activity-

based emission inventories and fuel-based emission inventories.  For example, Lindhjem (Lindhjem, C. 

c2008) suggested that load factor may not be the best measure for estimating emissions from intermodal 

yard equipment because such equipment idles for significant periods of time and operates with transient 

loads.  In a study of engine loads for hostlers working in California using surveyed fuel consumption and 

downloads of long term time-in-mode operations from the engines’ computers, Lindhjem reported a load 

factor of 19% compared with the 39% load factor used in the Study (see Table 3.3) which was based on a 

separate study by CARB (CARB 2011).  According to Lindhjem, load factors for cranes, picks, and other 

off-road equipment types derived from similar studies of time-in-mode operation and fuel consumption are 

needed in order to correct for the over-estimation of emissions from intermodal yard activity. 

The primary limitation of using fuel-based methods is that such methods do not provide a basis for 

projecting emissions into the future (Koupal, J. 2010).  While it is possible to project future emissions 

using activity-based methods knowing the types of equipment likely to be used in the future, their duty 

cycles and load factors, it is not possible to accurately project future fuel consumption for such 

equipment.  For this reason, the assessment of the CHE equipment emissions for the RBT2 project, as 

well as all other emissions from terminal operations, has been based on estimates of future equipment 

activity.  As a consequence, all emissions for future operations of the RBT2 project may overestimate 

actual future tailpipe emissions. 

6.3 RAIL LOCOMOTIVES 

The single largest source of uncertainty related to locomotive emissions is the rate of fleet turnover to 

newer engines that meet more stringent emissions standards.  At present, there are no standards for 

locomotive engines in Canada, but also engines are no longer manufactured in Canada.  Any engines 

purchased by Canadian rail companies in the future will be purchased from U.S. manufacturers.   

In 2007, the U.S. EPA issued a set of draft regulations for rail locomotive engines.  The draft regulations 

were finalised in March 2008. The regulations do not affect engines that are in current operation in the 

U.S., but do require Tier 0 and Tier 1 engines that are remanufactured after 2010 to meet new emission 

standards.  Engines that are not undergoing remanufacture are not required to meet the new standards.  
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The new U.S. EPA emission standards were the first to be defined for these types of engines anywhere in 

the world.   

The authority for regulating railway locomotive emissions is based on the Railway Safety Act. Since 1995, 

Environment Canada has monitored locomotive emissions through information provided under a 

Memorandum of Understanding (MOU) signed by EC, the Canadian Council of Ministers of the 

Environment and the RAC in 2000 (DieselNet 2012).  Under the terms of this MOU, engine manufacturers 

agreed to supply off-road engines to Canada that met Tier 1 emission standards set by the US EPA. In 

2005, the Canadian Government promulgated the Off-Road Compression-Ignition Engine Emissions 

Regulations which set emission standards for diesel engines manufactured in 2006 and later years that 

met Tier 2 and Tier 3 emission standards.  In 2011, the regulations were amended to align with the new 

US EPA Tier 4 emission standards (Transport Canada 2013).  In 2013, the Government of Canada and 

the RAC renewed the MOU to extend targets and action plans for reducing emissions and fleet renewal 

strategies to the end of 2015. 

The implications of the stated policy intentions in the Transport Canada consultation paper (Transport 

Canada 2010) is that any new locomotives purchased for use in Canada in the future will meet U.S. EPA 

emission standards.  Moreover, CN, CP, and BNSF rail companies all operate on both sides of the border 

and do not switch line-haul locomotives when they cross the border.  Consequently, it is reasonable to 

assume that, in future, all of their line-haul locomotives will have to be capable of operating on either side 

of the border when necessary.  The projected effect of the new regulations for locomotive emissions in 

the U.S. was estimated by the US EPA as depicted in Figure 6-4.  
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Figure 6-4 – Projected Effect of New Locomotive Emissions Standards Penetration in the U.S. 

 

Under the MOU signed in 2013, Transport Canada will be developing regulations to control CAC 

emissions under the Railway Safety Act. The proposed regulations would be aligned with United States 

regulations (Title 40 of the Code of Federal Regulations of the United States, Part 1033) and would apply 

to federal railway companies operating in Canada.  For its part, until the new regulations to reduce CAC 

emissions are introduced, the RAC will encourage all of its members to continue to conform to United 

States emission standards, and also encourage members to adopt operating practices aimed at reducing 
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CAC emissions.  Furthermore, the RAC will encourage its members to reduce Class 1 freight GHG 

emission intensity (in terms of kilograms of CO2e emitted per unit freight moved) by 6% from levels in 

2010.  In addition, as part of the SmartStart program instituted by Canadian rail companies, idling of 

locomotives will be discontinued.  

Until Transport Canada adopts new regulations for locomotives as indicated in the MOU, there is no 

quantitative basis for assuming reductions in CAC emission reductions, while the GHG emission 

reductions under the MOU would apply across all rail company operations in Canada and may not be 

applicable to specific operations related to Roberts Bank.  Furthermore, there is no documentary basis to 

support the assumption that the penetration of new emission standards for locomotives in Canada will 

follow the same trends as those that are projected for the United States.  As such, consultations with 

representatives from BCR and PMV in April 2013 were held to discuss the locomotive Tier penetration for 

line haul and switcher engines that may be expected for the train operations servicing Roberts Bank to 

2030, and the recommendations of the BCR representatives were adopted for the RBT2 assessment. If 

the fleet turnover of engines in Canada were to follow the projected trends in the U.S., emissions from 

locomotives in 2025 would be lower than those assumed for the RBT2 assessment. 

6.4 ON-ROAD VEHICLES 

As noted in Section 5.2, Sierra Research, Inc. was retained to derive on-road vehicle EFs for the 

purposes of this air quality assessment based on the U.S. EPA’s MOVES.  The U.S. EPA introduced 

MOVES in 2010 as a replacement emission inventory tool to the MOBILE6.2C model.  According to J. 

Heiken of Sierra Research, Inc. (personal communication, December 2011 & November 2014), who 

worked on the development of both the MOBILE and MOVES models, EPA’s MOVES model represents a 

new paradigm in on-road inventory modeling, one that allows the assessment of vehicle emissions at 

both the macro-scale level as well as the micro-scale level.  The innovative methods that define MOVES 

relative to its predecessors also require a wholly new set of underlying databases and categorization 

schemes.  The accuracy of the new model depends in large part on the underlying data supporting these 

new methods. The distinct MOVES methods (e.g., second-by-second running exhaust and new 

evaporative processes) effectively rendered nearly all pre-existing emissions test data useless due to 

incompatibility with the new methods.  The lack of robustness of the supporting data is problematic to the 

model's accuracy and therefore, to any categorical description of MOVES as being an "improvement" 

over the MOBILE model.  There are merits to both models, i.e., specific strengths to each.   

Given this limitation, Heiken characterises MOVES2010 (which is the first generation MOVES model 

using these new methods) as being, at best, "different" than MOBILE due to the limits of supporting data.  

For light-duty exhaust emissions in MOVES, the preponderance of running exhaust data come from an 

Arizona Inspection and Maintenance lane with unknown fuel properties and ambient temperatures on an 
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individual vehicle basis (as well as some questions as to warm-up status).14  Because these are 

inspection and maintenance program data, the operation modes do not include all of the higher vehicle 

specific power (VSP) bins where the majority of exhaust emissions occur.  MOVES then relies on a wholly 

separate method (using a separate database not matched for vehicle characteristics or ambient 

conditions) to populate running exhaust emission rates at higher VSP bins.  In short, MOVES represents 

a new way to perform the emissions calculations, but the method is not wholly supported yet by a robust 

underlying amount of data.  Its accuracy will be improved accordingly as subsequent versions of MOVES 

incorporate additional supporting data.15 

Technical issues related to the direct application of the U.S. EPA MOVES2010 model in a Canadian 

context were identified by Heiken as follows:   

 Canadian fleet and activity data; 

 Canadian gasoline parameters; 

 Pre-1988 model year standards/controls; 

 Heavy-duty diesel consent decrees for engine rebuilds; 

 Light-duty on-board diagnostics requirement delay; 

 Imports on non-U.S. certified vehicles; and 

 Lack of technical support documentation. 

All of these issues were addressed in the customised application of the MOVES model for the purposes 

of the RBT2 air quality assessment. 

EFs were developed for port trucks using MOVES2010b and Seattle, Washington as the geographic 

surrogate for diesel truck exhaust emissions.  Although there are small temperature and humidity effects 

on diesel HC and NOx exhaust emissions, respectively, the geographic proximity of Seattle to Vancouver 

should not affect emission estimates to a level that would materially impact results and conclusions.   

  

                                                      
14

 Use of I/M data to populate the exhaust basic emission rates of MOVES2010 was a stopgap measure.  The original 
MOVES concept (proposed in the 2003 timeframe) was a model to be designed upon the collection of an 
expansive set of real-world, on-road data (from instrumented vehicles) to support the exhaust methodology; 
these data were not obtained. 

15
Because MOVES will never include retesting the historical fleet under the new methodology, the MOBILE model 

may continue to have utility for modeling historical calendar years that are better represented by the earlier 
model.   
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ATTACHMENT 1 

Ships Assumptions Matrix – Emission Rates
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Ships Assumptions Matrix - Emission Rates

Existing Conditons

Mode Load Factor1

(unitless) / Boiler 

Consumption Rates 

(tonnes/h)

Low Load Scaling 

Factor 1

(unitless)

% sulphur in fuel

and sulphur EF 2

NOx Tier and EF % sulphur in fuel

and sulphur EF

NOx Tier and EF

Main Engine Max Hourly & Daily:

80,080 kW

Ave Hourly & Daily:

72,239 kW

Annual:

Weighted Ave of

80,080 kW

72,239 kW

48,634 kW

Manoeuvring 0.1 NOx = 1.22

CO = 2.0

VOC = 2.83

PM=1.38

CO2e = 1

2.57%

EF=10.8

82% Tier 1  (EF - 17)

18% Tier 0 (EF = 18.1)

Max Hourly: EF = 18.1

Max Daily, Ave & Annual:

EF = 17.2 

(weighted ave of all)

0.1%

EF = 0.42

82% Tier 3 (EF = 3.4)

15% Tier 2 (EF = 14.4)

3% Tier 1 (EF = 17)

Max Hourly: EF = 14.8

(weighted ave of Tier 1&2)

Max Daily, Ave & Annual:

EF = 5.5 

(weighted ave of all)

Aux Engine Max Hourly& Daily:

20,800 kW 

Ave Hourly& Daily

4,769 kW

Annual:

Weighted Ave of:

20,800 kW

4,769 kW

4,356 kW

Manoeuvring 0.15 - assuming 600 rpm7:

82% Tier 1  (EF - 12.5)

18% Tier 0 (EF = 14.7)

Max Hourly: EF = 14.7

Max Daily, Ave & Annual:

EF = 12.9 

(weighted ave of all)

assuming 600 rpm7:

82% Tier 3 (EF = 2.5)

15% Tier 2 (EF = 10.1)

3% Tier 1 (EF = 12.5)

Max Hourly: EF=10.5

(weighted ave of Tier1&2)

Max Daily, Ave & Annaul:

EF = 4.0

(weighted ave of all)

Aux Engine all Hourly&Daily:

20,800 kW

Annual:

Weighted Ave

At Berth 0.15 - all Scenarios:

EF = 12.9

(weighted ave of all)

all Scenarios:

EF = 4.0

(weighted ave of all)

Manoeuvring 0.19 tonnes/h -

At Berth 0.19 tonnes/h -

Aux Engine all Hourly&Daily:

3780 kW

Annual:

Weighted Ave

At Berth 0.28 -

At Berth 0.08 tonnes/h -

Standby 0.1 -

Assist 0.32 -

Main Engine 13,000 kW Standby 0.343 -

In Transit 0.405 -

Aux Engine 1285 kW Standby 0.353 -

Powerdown 0.353 -

In Transit 0.427 -

Notes:

1  Ship LF source: MEIT (SNC-Lavalin, 2012 - Tables A-4, A-11 & 3-5)  - for AE (Table A-11) used 'Anchor' value for At Berth, used 'Berth' value for Manoeuvring

  Boiler Fuel Consumption Rates source:  MEIT (SNC-Lavalin, 2012 - Table A-12)

2 %Sulphur in Fuel source: MEIT (SNC-Lavalin, 2012 - Table 3-10 and A-13) 

3 NOx Tier source: MEIT (SNC-Lavalin, 2012 - Table 3-6)

4 Tug assumptions:

Power = 4500 kW per RBT2 (Gary O took sampling on 10Jan14.  Tugs he saw had 4500kW total power per tug (see 10Jan14 email From: Gary.Olszewski@portmetrovancouver.com to swillis@senes.ca)

Tugs have LF=0 for AE and Boiler per Tables A-11 and A-12 of  EC National Marine Inventory Final_April17.pdf - provided by Gary O (20Mar14 email to Sandy)

ME LFs from Table 3-7 of UC hybrid tug report (quoted by Gary O in 10Jan14 email to Sandy)

5 Ferry assumptions:

LF source: Clean Shipping Currents (Vol 2, No 5 Table 3.1-1)

6 -  Hourly emissions from bulk carriers underway were not calculated because only one ship is underway at a time and since container ships have bigger engines they were the more conservative choice

7 - Gary O indicated in his March2014 review of App A draft that AE motors run at range of 600-1000rpm (600 gives most conservative NOx EF per MEIT (SNC-Lavalin, 2012 - Table 3-6)

8 - source MEIT (SNC-Lavalin, 2012 - Table 3-4), Gary confirmed in follow up email (8Apr14) that boiler EF is constant over horizon years because IMO is only targeting internal combustion engines for NOx reductions and thus boilers not included

EF = 12.3

(per MEIT 48)

0.1%

EF =  2.0

Ship Total Installed Engine Power

Max Hourly&Daily:

>10,000 TEUs

Ave Hourly&Daily

8,000-10,000 TEUs

Annual: mix of

>10,000 TEUs

8,000-10,000 TEUs

< 8,000 TEUs

* exception : all At Berth 

scenarios assume 

>10,000 TEU ship

Boiler -

Future /ExpectedConditions

OGV – 

Container

Mode - Constant

EF = 12.3

(per MEIT 48)

1.9%

EF=8

0.1%

EF = 0.42

1.9%

EF=38

2.5%

EF = 10.5

2.3%

EF=9.7

2.36%

EF=47.2

Manoeuvring 0.1 NOx = 1.22

CO = 2.0

VOC = 2.83

PM=1.38

CO2e = 1

0.29 -

0.08 tonnes/h -

Aux Engine Manoeuvring

Manoeuvring

OGV – Bulk Max Hourly&Daily

Capesize16,800 kW

Ave Hourly&Daily:

Panamax

10,280 kW

Annual:

Weighted Ave

Max Hourly&Daily plus all 

At Berth:

Capesize

>100,000 DWT

Ave Hourly&Daily:

Panamax

<100,000 DWT

Annual: mix of

Capesize

(>100,000 DWT)

Panamax

(<100,000 DWT)

* exception : all At Berth 

scenarios assume 

Capesize

Main Engine

Max Hourly&Daily 

3,780 kW

Ave Hourly&Daily:

2,325 kW

Annual:

Weighted Ave

-Boiler

EF=6.8 for Tier 2 (per ICF2009)

Ferries5 N/A

Tugs4 N/A Main Engine 4,500 kW

0.0015%

EF=0.0063

0.0015%

EF = 0.0063

0.1%

EF = 2

0.0015%

EF=0.0063

75% Tier 3  (EF - 2.5)

23% Tier 2 (EF = 10.1)

2% Tier 1 (EF = 12.5)

Max Hourly: EF=14.6 6

(weighted ave of Tier 1&2)

Max Daily Ave & Annual:

EF = 6.3 

(weighted ave of all)

assuming 600 rpm7:

75% Tier 3 (EF = 2.5)

23% Tier 2 (EF = 10.1)

2% Tier 1 (EF = 12.5)

Max Hourly: EF=10.3

(weighted ave of Tier1&2)

Max Daily, Ave & Annaul:

EF = 4.5

(weighted ave of all)

EF = 14 .0 (per client) 37% Tier 3 (EF = 3.4)

63% Tier 2 (EF = 14.4)

All scenarios: EF = 10.3

(weighted ave)

EF = 12.3

(per MEIT 48)

assuming 600 rpm7:

75% Tier 1  (EF - 12.5)

25% Tier 0 (EF = 14.7)

Max Hourly: EF = 14.7

Max Daily, Ave & Annual:

EF = 13.1

(weighted ave of all)

0.05%

EF=0.21

EF=10 for Tier 0 (per ICF2009)

0.1%

EF = 0.42

0.1%

EF = 0.42

EF = 12.3

(per MEIT 48)

75% Tier 1  (EF - 17)

25% Tier 0 (EF = 18.1)

Max Hourly: EF = 18.1

Max Daily, Ave & Annual:

EF = 17.3 

(weighted ave of all)

EF = 14 .7 (per client) 37% Tier 3 (EF = 2.5)

63% Tier 2 (EF = 10.1)

All scenarios: EF = 7.3

(weighted ave)
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ATTACHMENT 2 

Ships Assumptions Matrix – Activity Levels
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Ships Assumptions Matrix - Activity Levels

Ship Quantity/Type Activity Time Ship Quantity1 (Type) Activity Time Ship Quantity1 (Type) Activity Time

RBT2 OGV - 

Container

Baseline
N/A N/A N/A N/A N/A N/A N/A N/A

Future no 

RBT2
N/A N/A N/A N/A N/A N/A N/A N/A

Future with 

RBT2

260 calls

16%  <8,000 TEU

52%*  8-10,000 TEU

32%    >10,000 TEU

Berthed time (per ship call):

49h  <8,000 TEU

60h  8-10,000 TEU

69h   >10,000 TEU

Manoeuvring time:   2 h/ship call

Berthed: 

3  ships (>10,000 TEU)

Manoeuvring:

2 ship movements 

(8-10,000 TEU)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

3  ships (>10,000 TEU)

Manoeuvring:

6 ship movements 

(>10,000 TEU)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

3 (>10,000 TEU)

Manoeuvring:

1 (8-10,000 TEU)

Berthed: 

3 (>10,000 TEU)

Manoeuvring:

1 (>10,000 TEU)

Deltaport 

Terminal

OGV - 

Container

Baseline 290 calls

38.3%  <8,000 TEU

59.3%  8-10,000 TEU

2.4%    >10,000 TEU

Berthed time (per ship call):

49h  <8,000 TEU

60h  8-10,000 TEU

69h   >10,000 TEU

Manoeuvring time:   2 h/ship call

Berthed: 

3  ships (>10,000 TEU)

Manoeuvring:

2 ship movements 

(8-10,000 TEU)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

3  ships (>10,000 TEU)

Manoeuvring:

6 ship movements 

(>10,000 TEU)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

3 (>10,000 TEU)

Manoeuvring:

1 (8-10,000 TEU)

Berthed: 

3 (>10,000 TEU)

Manoeuvring:

1 (>10,000 TEU)

Future no 

RBT2

312 calls

13%  <8,000 TEU

60%*  8-10,000 TEU

27%    >10,000 TEU

*52 DP ships do a split call 5

Berthed time (per ship call):

49h  <8,000 TEU

60h  8-10,000 TEU

69h   >10,000 TEU

*the 52 ships that do a split call have half the 

berth time (30h) per call5

Manoeuvring time:   2 h/ship call

same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline

Future with 

RBT2

same as Future no RBT2 same as Future no RBT2 same as Baseline same as Baseline same as Baseline same as Baseline Berthed: 

3 (>10,000 TEU)

Manoeuvring:

0  (the one movement in an ave 

hour is assigned to an RBT2 ship)

same as Baseline

Westshore 

Terminals

OGV - Bulk Baseline 246 calls

51% <1000,000 DWT

49% >1000,000 DWT

N/A - annual emissions obtained from the 

Environmental Impact Assessment for the 

Terminal Infrastructure Reinvestment Project (SNC-

Lavalin Inc. 2013)

Berthed: 

2  ships (>100,000 DWT)

Manoeuvring:

2 ship movements 

(>100,000 DWT)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

2  ships (>100,000 DWT)

Manoeuvring:

4 ship movements 

(>100,000 DWT)

Berthed: 

24 h/ship (all berths 

continuously occupied)

Manoeuvring:

1 h/ movement

Berthed: 

3 (>100,000 DWT)

Manoeuvring:

0  (the one movement in an ave 

hour is assigned to a DP ship)

Berthed: 

3 (>100,000 DWT)

Manoeuvring:

1 (>100,000 DWT)

Future no 

RBT2

same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline Berthed: 

3 (>100,000 DWT)

Manoeuvring:

0  (the one movement in an ave 

hour is assigned to a DP ship)

same as Baseline

Future with 

RBT2

same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline same as Baseline same as Future no RBT2 Berthed: 

3 (>100,000 DWT)

Manoeuvring:

0  (the 2 movement in an 

max hour are assigned to 

RBT2 and DP ships)

Tugboats all Horizon 

years

Ferries all Horizon 

years

Standby (all Routes): 

7617 ferry trips 

Powerdown: 3 ferries

In Transit (Route 30): 2746 ferry trips

In Transit (Routes 1 & 9): 4871 ferry trips

Standby:

1 h per trip

Powerdown: 6 h per night

In Transit (Route 30):  2 h per trip

In Transit (Routes 1 & 9): negligiable4

Standby: 

2 ferries

Powerdown: N/A

In Transit (Route 30):

1 ferry/h

Standby: 

24 h (2 ferries continuously 

at berth)

Powerdown: N/A

In Transit (Route 30):

24 h  (always one ferry in 

transit)

Standby: 

2 ferries

Powerdown: N/A

In Transit (Route 30):

1 ferry/h

Standby: 

24 h (2 ferries continuously 

at berth)

Powerdown: N/A

In Transit (Route 30):

24 h  (always one ferry in 

transit)

Standby: 

2

Powerdown: N/A

In Transit (Route 30):

1

Standby: 

2

Powerdown: N/A

In Transit (Route 30):

1

Notes:

1 Ship Quantity for Manoeuvring for Daily Scenarios is expressed in ship movements (for every ship call there are 2 ship movements representing either the arrival or departure)

2 The Hourly Ave scenario assumes one ship is manoeuvring in the port area at a time due to restricted space (i.,e. one ship for all terminals). 

For Baseline and Future no RBT2, the manoeuvring was assigned to a DP container ship instead of a WS bulk ship to be conservative since bulk ships have larger engines than container ships.

For Future with RBT2, the manoeuvring was assigned to an RBT2 ship (same reasoning as above)

3 The Hourly Max scenario assumes two ships are manoeuvring at a time - one manoeuvring into berth at one terminal while another is de-berthing from another terminal. 

For Baseline and Future no RBT2, since the two ships can't be manoeuvring at the same terminal one was assigned to DP and one was assigned to WS.

For Future with RBT2, one of the two ships was assigned to DP and one to RBT2 since container ships are more conservative than the bulk ships at WS

4 Ferries travelling Routes 1 and 9 are in transit for less than 3 minutes prior to crossing the US border and being beyond the modelling boundary - emissions were calculated and determined to be negligible

5 Reference: Herbert Engineering Corp. 2013. Vessel Population Scenarios for Air Quality Assessment and Accidents and Malfunctions, Incidence Prediction Inputs to the Quantitative Risk Assessment. Draft memorandum – for input.

Berthed: 2 tugs berthed at all times for annual/daily/hourly

Manoeuvring:  3 tugs/manoeuvring ship - apply this to all ship manoeuvring activity level assumptions

Horizon
Source 

Detail
Terminal

Annual Ave Daily Ave Daily Max
Hourly Ave2 Hourly Max3
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ATTACHMENT 3 

CHE Assumption Matrix – Emission Rates and Activity Levels
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Equipment Type

Fuel 

Type
1 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025 2010 2025

Rubber Tire Gantry (RTG) cranes D 2 4818 0.2 805 1996 24 Tier 0 N/A 1.28 NA 1.97 N/A 0.1015 N/A 0.9090 N/A 9.22 N/A 6.94 N/A 1.56 N/A 0.006 N/A 622 N/A

Rubber Tire Gantry (RTG) cranes D 4 4818 0.2 805 1997 24 Tier 0 N/A 1.26 NA 1.97 N/A 0.10 N/A 0.8933 N/A 9.22 N/A 6.94 N/A 1.56 N/A 0.006 N/A 622 N/A

Rubber Tire Gantry (RTG) cranes D 4 4818 0.2 805 1998 24 Tier 0 N/A 1.24 NA 1.97 N/A 0.10 N/A 0.8777 N/A 9.22 N/A 6.94 N/A 1.56 N/A 0.006 N/A 622 N/A

Rubber Tire Gantry (RTG) cranes D 4 4818 0.2 805 1999 24 Tier 0 N/A 1.22 NA 1.97 N/A 0.10 N/A 0.8621 N/A 9.22 N/A 6.94 N/A 1.56 N/A 0.006 N/A 622 N/A

Rubber Tire Gantry (RTG) cranes D 4 4818 0.2 805 2000 24 Tier 1 N/A 1.20 NA 1.97 N/A 0.10 N/A 0.3546 N/A 6.77 N/A 1.96 N/A 0.66 N/A 0.006 N/A 625 N/A

Rubber Tire Gantry (RTG) cranes D 9 4818 0.2 805 2007 24 Tier 2 Tier 2 1.06 1.35 1.97 1.97 0.10 0.10 0.1731 0.2497 4.51 4.51 1.96 1.964 0.38 0.38 0.006 0.006 625 625

Rubber Tire Gantry (RTG) cranes D 3 4818 0.2 805 2007 24 Tier 2 Tier 2 1.06 1.35 1.97 1.97 0.10 0.10 0.1731 0.2497 4.51 4.51 1.96 1.964 0.38 0.38 0.006 0.006 625 625

Material Handling (Reach Stackers ) D 3 4800 0.59 326 2001 16 Tier 2 Tier 4 1.27 1.24 1.97 1 0.10 0 0.2267 0.0114 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Reach Stackers ) D 2 4800 0.59 326 2002 16 Tier 2 Tier 4 1.24 1.21 1.97 1 0.10 0 0.2191 0.0111 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Reach Stackers ) D 3 4800 0.59 326 2003 16 Tier 2 Tier 4 1.21 1.18 1.97 1 0.10 0 0.2114 0.0108 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Reach Stackers ) D 1 4800 0.59 326 2004 16 Tier 2 Tier 4 1.18 1.15 1.97 1 0.10 0 0.2037 0.0106 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Reach Stackers ) D 4 4800 0.59 326 2006 16 Tier 3 Tier 4 1.12 1.09 2.37 1 0.10 0 0.2960 0.0100 3.03 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Reach Stackers ) D 1 4800 0.59 326 2009 16 Tier 3 Tier 3 1.03 1.00 2.37 2.37 0.10 0 0.2645 0.2540 3.03 3.03 2.17 2.165 0.38 0.38 0.006 0.006 625 625

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 3600 0.59 335 2000 16 Tier 1 Tier 4 1.30 1.27 1.97 1 0.10 0 0.4110 0.0116 6.62 0.28 3.36 0.084 0.46 0.13 0.006 0.003 625 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 4 3600 0.59 335 2003 16 Tier 2 Tier 4 1.21 1.18 1.97 1 0.10 0 0.2114 0.0108 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 3600 0.59 335 2005 16 Tier 2 Tier 4 1.15 1.12 1.97 1 0.10 0 0.1961 0.0103 4.77 0.28 2.17 0.084 0.38 0.13 0.006 0.003 625 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 3600 0.59 335 2009 16 Tier 3 Tier 3 1.03 1.00 2.37 2.37 0.10 0 0.2645 0.2540 3.03 3.0250 2.17 2.165 0.38 0.38 0.006 0.006 625 625

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 7 3600 0.59 335 2010 16 Tier 3 Tier 3 1.00 1.44 2.37 2.37 0.10 0 0.2540 0.4116 3.03 3.0250 2.17 2.165 0.38 0.38 0.006 0.006 625 625

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 4 4680 0.59 201 1999 16 Tier 1 Tier 4 1.33 1.30 1.97 1 0.10 0 0.5566 0.0119 6.13 0.276 1.92 0.075 0.71 0.13 0.006 0.003 624 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 4680 0.59 201 2001 16 Tier 1 Tier 4 1.27 1.24 1.97 1 0.10 0 0.5273 0.0114 6.13 0.276 1.92 0.075 0.71 0.13 0.006 0.003 624 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 3 4680 0.59 201 2003 16 Tier 2 Tier 4 1.21 1.18 1.97 1 0.10 0 0.2114 0.0108 4.40 0.276 1.92 0.075 0.71 0.13 0.006 0.003 624 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 4680 0.59 201 2004 16 Tier 2 Tier 4 1.18 1.15 1.97 1 0.10 0 0.2037 0.0106 4.40 0.276 1.92 0.075 0.71 0.13 0.006 0.003 624 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 2 4680 0.59 201 2005 16 Tier 2 Tier 4 1.15 1.12 1.97 1 0.10 0 0.1961 0.0103 4.40 0.276 1.92 0.075 0.71 0.13 0.006 0.003 624 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 4680 0.59 201 2006 16 Tier 3 Tier 4 1.12 1.09 2.37 1 0.10 0 0.2960 0.0100 3.03 0.276 1.92 0.075 0.42 0.13 0.006 0.003 625 531

Material Handling (Top or Side Picks Chassis or Reach Stackers) D 1 4680 0.59 201 2010 16 Tier 3 Tier 3 1.00 1.44 2.37 2.37 0.10 0 0.2540 0.4116 3.03 3.025 1.92 1.921 0.42 0.42 0.006 0.006 625 625

Yard Trucks (Hostler, Goats, Terminal Tractors) D 8 5100 0.39 181 1996 16 Tier 1 Tier 4 1.41 1.38 1.23 1 0.09 0 0.3515 0.0127 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 5 5100 0.39 181 1999 16 Tier 1 Tier 4 1.33 1.30 1.23 1 0.09 0 0.3240 0.0119 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 4 5100 0.39 181 2000 16 Tier 1 Tier 4 1.30 1.27 1.23 1 0.09 0 0.3149 0.0116 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 2 5100 0.39 181 2001 16 Tier 1 Tier 4 1.27 1.24 1.23 1 0.09 0 0.3057 0.0114 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 9 5100 0.39 181 2003 16 Tier 2 Tier 4 1.21 1.18 1.23 1 0.09 0 0.1085 0.0108 3.80 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 11 5100 0.39 181 2005 16 Tier 2 Tier 4 1.15 1.12 1.23 1 0.09 0 0.0989 0.0103 3.80 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 17 5100 0.39 181 2006 16 Tier 3 Tier 4 1.12 1.09 1.47 1 0.09 0 0.1597 0.0100 2.60 0.276 1.14 0.075 0.19 0.13 0.005 0.003 536 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 16 5100 0.39 181 2009 16 Tier 3 Tier 3 1.03 1.00 1.47 1.47 0.09 0 0.1401 0.1336 2.60 2.600 1.14 1.144 0.19 0.19 0.005 0.005 536 536

Yard Trucks (Hostler, Goats, Terminal Tractors) D 26 5100 0.39 181 2010 16 Tier 3 Tier 3 1.00 1.44 1.47 1.47 0.09 0 0.1336 0.2314 2.60 2.600 1.14 1.144 0.19 0.19 0.005 0.005 536 536

Yard Trucks (Hostler, Goats, Terminal Tractors) D 8 4680 0.39 215 1996 16 Tier 1 Tier 4 1.41 1.38 1.23 1 0.09 0 0.3515 0.0127 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 1 4680 0.39 215 2001 16 Tier 1 Tier 4 1.27 1.24 1.23 1 0.09 0 0.3057 0.0114 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 6 4680 0.39 215 2001 16 Tier 1 Tier 4 1.27 1.24 1.23 1 0.09 0 0.3057 0.0114 5.30 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 3 4680 0.39 215 2003 16 Tier 2 Tier 4 1.21 1.18 1.23 1 0.09 0 0.1085 0.0108 3.80 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 4 4680 0.39 215 2005 16 Tier 2 Tier 4 1.15 1.12 1.23 1 0.09 0 0.0989 0.0103 3.80 0.276 1.14 0.075 0.32 0.13 0.005 0.003 535 531

Yard Trucks (Hostler, Goats, Terminal Tractors) D 5 4680 0.39 215 2010 16 Tier 3 Tier 3 1.00 1.44 1.47 1.47 0.09 0 0.1336 0.2314 2.60 2.600 1.14 1.144 0.19 0.19 0.005 0.005 536 536

Yard Trucks (Commercial, Pickups, Vans) P 50 4800 0.39 300 2005 16 Phase 1 Phase 2 N/A N/A N/A N/A N/A N/A 0.0500 0.0500 2.94 0.85 41.63 3.92 0.425 0.10 0.0285 0.0286 586 587

Yard Trucks (Commercial, Pickups, Vans) P 50 4800 0.39 300 2010 16 Phase 2 Phase 2 N/A N/A N/A N/A N/A N/A 0.0500 0.0500 0.85 0.85 3.92 3.92 0.10 0.10 0.0286 0.0286 587 587

Forklift, Manlift, Aerial Lift P 4 4800 0.3 60 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.0500 N/A 0.85 N/A 3.92 N/A 0.10 N/A 0.0286 N/A 587

Forklift, Manlift, Aerial Lift D 2 4800 0.3 125 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.0106 N/A 0.276 N/A 0.087 N/A 0.13 N/A 0.003 N/A 531

Crane (15 Ton Rubber Tired Hydraulic) D 1 4800 0.2 200 2020 24 N/A Tier 4 1.00 1.10 N/A 1 N/A 0 N/A 0.0101 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Material Handling (Taylor TEC-950 Top-pick) D 1 4800 0.59 260 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.0106 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Yard Trucks (Terminal Tractors) D 6 4800 0.39 220 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.0106 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Material Handling (Automated Shuttle Carriers) D 86 4800 0.59 365 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.01056 N/A 0.276 N/A 0.084 N/A 0.13 N/A 0.003 N/A 531

General Industrial (Fuel Truck) D 1 4800 0.51 300 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.01056 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Yard Truck (Maintenance Panel Truck) D 3 4800 0.39 300 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.01056 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Yard Trucks (Flatbed Delivery Truck) D 1 4800 0.39 300 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.01056 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

General Industrial (Street Sweeper) D 1 4800 0.51 300 2020 16 N/A Tier 4 1.00 1.15 N/A 1 N/A 0 N/A 0.01056 N/A 0.276 N/A 0.075 N/A 0.13 N/A 0.003 N/A 531

Forklift, Manlift, Aerial Lift G 2 4800 0.3 65 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Forklift, Manlift, Aerial Lift G 2 4800 0.3 65 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Yard Trucks (Commercial, Pickups, Vans) G 3 4800 0.39 300 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Yard Trucks (Commercial, Pickups, Vans) G 3 4800 0.39 150 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Yard Trucks (Commercial, Pickups, Vans) G 8 4800 0.39 250 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Yard Trucks (Commercial, Pickups, Vans) G 22 4800 0.39 300 2020 N/A N/A Phase 2 N/A N/A N/A N/A N/A N/A N/A 0.06 N/A 0.69 N/A 11.94 N/A 0.27 N/A 0.144201 N/A 699

Group: Cargo Handling Equipment
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Emission Factors, g/hp-hActivity Level Assumptions Emission Factor Assumptions and Development

NOx CO VOC SO2 CO2

Tier / Phase
2

PM EF AdjSPMadjTAFDF (PM) 
Life 

Span 

(years)

Load 

Factor

Annula 

Hours of 

Operation
Equipment 

Quantity

Engine 

Power 
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Engine 

Model 

Year
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ATTACHMENT 4 

Rail Locomotives Assumptions Matrix – Emission Rates
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Tier Mixture Fuel Details Emission Factors Tier Mixture Fuel Details Emission Factors

CO2 EF = 2.66 kg/L Effective Power = 16.8 hp WS 25% Tier 0 Effective Fuel Consumption = 25.5 L/hr CO = 2.7 g/bhp-hr 100% Tier 2 Effective Fuel Consumption = 11.4 L/hr CO = 1.5 g/bhp-hr

CH4 EF = 1.50 x 10-4 kg/L 50% Tier 1 Fuel Sulphur Content = 129 ppm NOx = 7.1 g/bhp-hr Fuel Sulphur Content = 15 ppm NOx = 5.5 g/bhp-hr

N2O EF = 1.10 x 10-3 kg/L 25% Tier 2 HC = 0.60 g/bhp-hr HC = 0.30 g/bhp-hr

PM = 0.19 g/bhp-hr PM = 0.10 g/bhp-hr

SO2 = 0.00021 kg/L SO2 = 2.44 x 10-5 kg/L

Effective Power = 733 hp RBT2 25% Tier 0 Fuel Consumption - constant CO = 2.7 g/bhp-hr 50% Tier 1 Fuel Consumption - constant CO = 1.9 g/bhp-hr

Effective Fuel Consumption = 144 L/hr 50% Tier 1 Fuel Sulphur Content = 129 ppm NOx = 7.1 g/bhp-hr 50% Tier 2 Fuel Sulphur Content = 15 ppm NOx = 6.5 g/bhp-hr

25% Tier 2 HC = 0.60 g/bhp-hr HC = 0.43 g/bhp-hr

PM = 0.19 g/bhp-hr PM = 0.16 g/bhp-hr

SO2 = 0.00021 kg/L SO2 = 2.44 x 10-5 kg/L

WS 25% Tier 0 Effective Fuel Consumption = 25.5 L/hr CO = 2.7 g/bhp-hr 100% Tier 2 Effective Fuel Consumption = 11.4 L/hr CO = 1.5 g/bhp-hr

50% Tier 1 Fuel Sulphur Content = 129 ppm NOx = 7.1 g/bhp-hr Fuel Sulphur Content = 15 ppm NOx = 5.5 g/bhp-hr

25% Tier 2 HC = 0.60 g/bhp-hr HC = 0.30 g/bhp-hr

PM = 0.19 g/bhp-hr PM = 0.10 g/bhp-hr

SO2 = 0.00021 kg/L SO2 = 2.44 x 10-5 kg/L

CO2 EF = 2.66 kg/L Effective Power = 30.4 hp RBT2 100% Tier 0 Fuel Consumption - constant CO = 8.0 g/bhp-hr 100% Tier 1 Fuel Consumption - constant CO = 2.5 g/bhp-hr

CH4 EF = 1.50 x 10-4 kg/L Effective Fuel Consumption = 25.5 L/hr DP Fuel Sulphur Content = 129 ppm NOx = 11.8 g/bhp-hr Fuel Sulphur Content = 15 ppm NOx = 11.0 g/bhp-hr

N2O EF = 1.10 x 10-3 kg/L HC = 2.10 g/bhp-hr HC = 1.20 g/bhp-hr

PM = 0.26 g/bhp-hr PM = 0.26 g/bhp-hr

SO2 = 0.00021 kg/L SO2 = 2.44 x 10-5 kg/L

Effective Power = 863 hp RBT2 100% Tier 0 Fuel Consumption - constant CO = 8.0 g/bhp-hr 100% Tier 1 Fuel Consumption - constant CO = 2.5 g/bhp-hr

Effective Fuel Consumption = 165 L/hr DP Fuel Sulphur Content = 129 ppm NOx = 11.8 g/bhp-hr Fuel Sulphur Content = 15 ppm NOx = 11.0 g/bhp-hr

HC = 2.10 g/bhp-hr HC = 1.20 g/bhp-hr

PM = 0.26 g/bhp-hr PM = 0.26 g/bhp-hr

SO2 = 0.00021 kg/L SO2 = 2.44 x 10-5 kg/L

Work

Idle

Work

Switcher

Line-haul

Group: Rail Locomotives

Mode Expected Conditions and Future Conditions  with ProjectExisting ConditionsTerminalLocomotive

Idle
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ATTACHMENT 5 

Rail Locomotives Assumptions Matrix – Activity Levels
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Annual Daily Average Daily Maximum Hourly Average Hourly Maximum

Line-Haul RBT2 Distance Travelled = 6.4 km/trip Existing Conditions

Speed Travelled = 24 km/hr Expected Conditions

No Idling Future Conditions 1,460 

trips/year

4 trips/day 5 trips/day

WS

Idle Time = 6 hr/trip (Existing 

Conditions); 4.5 h/trip (Expected 

and Future Conditions)

Existing Conditions 2,008 

trips/year

5.5 trips/day 5.5 trips/day

Distance Travelled = 13.7 km/trip Expected Conditions 6.5 trips/day 6.5 trips/day

Speed Travelled = 24 km/hr Future Conditions

Switcher RBT2 24 hr/day operation Existing Conditions

Expected Conditions

Future Conditions

DP 24 hr/day operation Existing Conditions

Expected Conditions

Future Conditions

Group: Rail Locomotives

Locomotive Terminal Operating Condition Traffic CountsActivity Details

3 switcher locomotives; no idling

2 switcher locomotives; idling (as per duty cycle)

Based on daily 

average traffic 

count and 24 

hr/day 

continuous 

operations

Based on daily 

maximum traffic 

count and 24 

hr/day continuous 

operations

N/A

N/A

N/A

N/A

2,373 

trips/year

3 switcher locomotives; no idling
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ATTACHMENT 6 

On-Road Vehicles Assumptions Matrix – Activity Levels
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On-site at Terminals En-route to/from Terminals Annual Daily Average Daily Maximum Hourly Average Hourly Maximum

HDDV RBT2 1.7 km/trip; 10 km/hr 0.9 km/trip; 3 km/hr and Existing Conditions

Inbound/ 11.1 km/trip; 50 km/hr Expected Conditions

Outbound Future Conditions 480,000 trips/year 1,846 trips/day 2,548 trips/day 222 trips/hr 306 trips/hr

DP 3.0 km/trip; 3 km/hr 0.9 km/trip; 3 km/hr and Existing Conditions 313,000 trips/year 1,202 trips/day 1,659 trips/day 144 trips/hr 199 trips/hr

8.1 km/trip; 50 km/hr Expected Conditions

Future Conditions

WS

BC Ferries N/A 3.1 km/trip; 80 km/hr All 200,000 movements/year 23 movements/hr 60 movements/hr

HDDV RBT2 1.7 km/trip; 10 km/hr N/A Existing Conditions

Inter-Terminal Expected Conditions

Future Conditions 240,000 trips/year 923 trips/day 1,274 trips/day 111 trips/hr 153 trips/hr

DP 6.0 km/trip; 3 km/hr N/A Existing Conditions 156,000 trips/year 601 trips/day 830 trips/day 72 trips/hr 100 trips/hr

Expected Conditions

Future Conditions

WS

BC Ferries

RBT2 N/A 12.0 km/trip; 50 km/hr Existing Conditions

Expected Conditions

Future Conditions 313,000 trips/year 102 trips/hr 411 trips/hr

DP N/A 9.0 km/trip; 50 km/hr Existing Conditions 218,000 trips/year 71 trips/hr 230 trips/hr

Expected Conditions

Future Conditions

WS N/A 11.8 km/trip; 50 km/hr Existing Conditions 39,000 trips/year 13 trips/hr 50 trips/hr

Expected Conditions

Future Conditions

BC Ferries N/A 3.1 km/trip; 80 km/hr All 4,246,000 movements/year 485 movements/hr 1,263 movements/hr

DB BC Ferries N/A 3.1 km/trip; 80 km/hr All 42,000 movements/year 5 movements/hr 13 movements/hr

HDGV BC Ferries N/A 3.1 km/trip; 80 km/hr All 101,000 movements/year 12 movements/hr 30 movements/hr

MC BC Ferries N/A 3.1 km/trip; 80 km/hr All 54,000 movements/year 6 movements/hr 16 movements/hr

N/A

Group: On-Road Vehicles

Vehicle Class Terminal Operating Condition Traffic CountsActivity Details

871 trips/day

605 trips/day

109 trips/day

11,634 movements/day

116 movements/day

277 movements/day

149 movements/day

LDV

64,000 trips/year 175 trips/day

222 trips/hr 306 trips/hr

240,000 trips/year 923 trips/day

313,000 trips/year 102 trips/hr 358 trips/hr871 trips/day

N/A

N/A

N/A

N/A

549 movements/day

N/A

N/A

N/A

N/A

480,000 trips/year 1,846 trips/day 2,548 trips/day

21 trips/hr 71 trips/hr

1,274 trips/day 111 trips/hr 153 trips/hr
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ATTACHMENT 7 

Emission Comparisons 
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Horizon Year Annual Emissions Comparison 

Annual Emissions for Gaseous and Particulate CACs 

Operating 
Condition 

Horizon 
Year 

Annual Emissions (tonnes/year) 

CO NOx SO2 VOC PM PM10 PM2.5 

Existing 
Conditions 

2010 1,776 2,223 353 136 104 104 95 

Expected 
Conditions 

2023 727 1,507 29 105 67 67 59 

2025 704 1,419 29 99 63 63 55 

Future Conditions 2023 1,006 1,656 45 133 77 77 68 

2025 1,115 1,706 52 153 80 80 69 

 

Annual Emissions for TOCs 

Operating 
Condition 

Horizon 
Year 

Annual Emissions (kg/year) 

Acrolein Benzene 
1,3-

Butadiene 
Acetaldehyde Formaldehyde Naphthalene 

Benzo(a) 

pyrene 
DPM 

Existing 
Conditions 

2010 769 1,066 248 4,820 13,449 1,055 4.7 91,021 

Expected 
Conditions 

2023 521 761 143 3,443 9,514 639 2.7 52,604 

2025 469 694 127 3,095 8,466 556 2.4 48,658 

Future Conditions 2023 656 1,357 217 4,538 12,351 823 3.7 60,179 

2025 733 1,488 239 5,110 13,939 929 4.0 61,196 
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Annual Emissions for GHGs and Black Carbon 

Operating 
Condition 

Horizon 
Year 

Annual GHG Emissions (tonnes/year) Annual Black Carbon Emissions (tonnes/year) 

CO2e (20-year) CO2e (100-year) CO2e (20-year) CO2e (100-year) 

Existing 
Conditions 

2010 
2.1 x10

5
 2.1 x10

5
 3.58 x10

4
 1.27 x10

5
 

Expected 
Conditions 

2023 2.8 x10
5
 2.8 x10

5
 1.84 x10

4
 6.53 x10

4
 

2025 2.7 x10
5
 2.7 x10

5
 1.53 x10

4
 5.45 x10

4
 

Future Conditions 2023 3.7 x10
5
 3.7 x10

5
 2.00 x10

4
 7.12 x10

4
 

2025 4.1 x10
5
 4.1 x10

5
 1.91 x10

4
 6.78 x10

4
 

 

1-h Average and Maximum Emissions Comparison 

Total 1-h Emission Rates for Gaseous and Particulate CACs 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Total Emission Rate (grams per second [g/s]) 

CO NOx SO2 VOC PM PM10 PM2.5 

Existing 
Conditions 

2010 1-h Maximum 83.5 244.9 77.1 13.1 15.2 15.2 13.9 

1-h Average 72.0 193.9 60.2 10.6 11.9 11.9 10.9 

Expected 
Conditions 

2025 1-h Maximum 52.8 154.7 3.7 10.9 5.6 5.6 4.8 

1-h Average 40.0 98.2 2.9 9.0 4.6 4.6 4.0 

Future Conditions 2025 1-h Maximum 77.3 214.5 6.3 16.8 8.0 8.0 6.8 

1-h Average 55.1 113.4 4.5 11.2 5.7 5.7 4.9 
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Total 1-h Emission Rates for TOCs 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Total Emission Rate (g/s) 

Acrolein Benzene 
1,3-

Butadiene 
Acetaldehyde Formaldehyde Naphthalene 

Benzo(a) 

pyrene 
DPM 

Existing 
Conditions 

2010 1-h Maximum 4.92 x10
-2

 6.79 x10
-2

 1.34 x10
-2

 2.70 x10
-1

 6.88 x10
-1

 4.80 x10
-2

 2.31 x10
-4

 13.7 

1-h Average 4.05 x10
-2

 5.30 x10
-2

 1.07 x10
-2

 2.24 x10
-1

 5.80 x10
-1

 4.04 x10
-2

 1.94 x10
-4

 10.7 

Expected 
Conditions 

2025 1-h Maximum 3.36 x10
-2

 4.34 x10
-2

 6.59 x10
-3

 1.76 x10
-1

 4.46 x10
-1

 2.17 x10
-2

 9.15 x10
-5

 4.6 

1-h Average 2.96 x10
-2

 3.72 x10
-2

 6.03 x10
-3

 1.58 x10
-1

 4.09 x10
-1

 2.16 x10
-2

 9.08 x10
-5

 3.7 

Future Conditions 2025 1-h Maximum 5.39 x10
-2

 8.57 x10
-2

 1.20 x10
-2

 3.06 x10
-1

 7.77 x10
-1

 3.91 x10
-2

 1.64 x10
-4

 6.4 

1-h Average 3.83 x10
-2

 7.01 x10
-2

 9.33 x10
-3

 2.47 x10
-1

 6.25 x10
-1

 3.19 x10
-2

 1.38 x10
-4

 4.6 

 

24-h Average and Maximum Emissions Comparison 

Total 24-h Emission Rates for Gaseous and Particulate CACs 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Total Emission Rate (g/s) 

CO NOx SO2 VOC PM PM10 PM2.5 

Existing 
Conditions 

2010 24-h Maximum 66.4 158.1 44.5 8.0 9.0 9.0 8.2 

24-h Average 63.5 140.5 37.5 6.9 7.6 7.6 6.9 

Expected 
Conditions 

2025 24-h Maximum 31.7 82.4 2.3 6.3 3.8 3.8 3.2 

24-h Average 28.9 77.5 2.0 5.5 3.4 3.4 2.9 

Future Conditions 2025 24-h Maximum 50.0 105.5 4.2 9.8 5.2 5.2 4.5 

24-h Average 44.5 93.8 3.6 8.0 4.5 4.5 3.9 
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Total 24-h Emission Rates for TOCs 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Total Emission Rate (g/s) 

Acrolein Benzene 
1,3-

Butadiene 
Acetaldehyde Formaldehyde Naphthalene 

Benzo(a) 

pyrene 
DPM 

Existing 
Conditions 

2010 24-h Maximum 3.47 x10
-2

 5.24 x10
-2

 9.99 x10
-3

 2.24 x10
-1

 5.75 x10
-1

 4.01 x10
-2

 1.91 x10
-4

 8.0 

24-h Average 3.11 x10
-2

 4.94 x10
-2

 9.08 x10
-3

 2.11 x10
-1

 5.46 x10
-1

 3.76 x10
-2

 1.77 x10
-4

 6.8 

Expected 
Conditions 

2025 24-h Maximum 2.23 x10
-2

 3.52 x10
-2

 4.90 x10
-3

 1.47 x10
-1

 3.74 x10
-1

 1.89 x10
-2

 8.09 x10
-5

 3.0 

24-h Average 2.17 x10
-2

 3.58 x10
-2

 5.18 x10
-3

 1.52 x10
-1

 3.92 x10
-1

 2.11 x10
-2

 8.94 x10
-5

 2.7 

Future Conditions 2025 24-h Maximum 3.50 x10
-2

 7.10 x10
-2

 8.98 x10
-3

 2.51 x10
-1

 6.30 x10
-1

 3.16 x10
-2

 1.38 x10
-4

 4.2 

24-h Average 3.08 x10
-2

 6.82 x10
-2

 8.51 x10
-3

 2.40 x10
-1

 6.02 x10
-1

 3.08 x10
-2

 1.36 x10
-4

 3.7 
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Modelled Emission Rates 
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Modelled 1-h Maximum Emission Rates under Existing Conditions (2010) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Westshore 
Ships at Berth 4.26 x10

-1
 4.12 3.89 4.59 x10

-1
 4.59 x10

-1
 4.22 x10

-1
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 3.16 x10

-4
 1.94 x10

-6
 4.22 x10

-1
 

Ships at Berth 4.26 x10
-1

 4.12 3.89 4.59 x10
-1

 4.59 x10
-1

 4.22 x10
-1

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 3.16 x10
-4

 1.94 x10
-6

 4.22 x10
-1

 

Deltaport/Westshore 

 

Tugs Berth 3.75 x10
-1

 2.50 5.25 x10
-2

 6.83 x10
-2

 6.83 x10
-2

 6.29 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.25 x10
-6

 1.58 x10
-7

 6.29 x10
-2

 

Ship Maneuvering (arrival) 1.74 1.51 x10
1
 8.89 1.38 1.38 1.27 2.08 x10

-3
 1.56 x10

-3
 2.11 x10

-4
 5.83 x10

-3
 1.27 x10

-2
 3.44 x10

-4
 2.41 x10

-6
 1.27 

Tugs Maneuvering (arrival) 1.80 1.20 x10
1
 2.52 x10

-1
 3.28 x10

-1
 3.28 x10

-1
 3.02 x10

-1
 7.10 x10

-4
 3.18 x10

-6
 1.56 x10

-4
 7.42 x10

-5
 5.09 x10

-4
 6.00 x10

-6
 7.58 x10

-7
 3.02 x10

-1
 

Deltaport CHE 5.09 x10
1
 2.73 x10

1
 7.66 x10

-2
 1.75 1.75 1.49 2.14 x10

-2
 2.83 x10

-2
 7.89 x10

-3
 1.36 x10

-1
 3.76 x10

-1
 3.30 x10

-2
 1.55 x10

-4
 1.33 

Westshore CHE 6.55 x10
-1

 1.24 4.46 x10
-3

 5.38 x10
-2

 5.38 x10
-2

 5.22 x10
-2

 9.64 x10
-4

 1.23 x10
-3

 3.02 x10
-4

 6.43 x10
-3

 1.93 x10
-2

 1.53 x10
-3

 5.34 x10
-6

 5.00 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 1.38 2.94 1.51 x10

-2
 7.49 x10

-2
 7.49 x10

-2
 7.27 x10

-2
 3.13 x10

-3
 3.99 x10

-3
 9.83 x10

-4
 2.09 x10

-2
 6.29 x10

-2
 4.98 x10

-3
 1.74 x10

-5
 7.27 x10

-2
 

Causeway - Vehicle 3.57 3.64 6.90 x10
-3

 2.60 x10
-1

 2.60 x10
-1

 1.99 x10
-1

 1.67 x10
-3

 4.96 x10
-3

 1.02 x10
-3

 9.45 x10
-3

 2.05 x10
-2

 2.38 x10
-3

 1.22 x10
-5

 1.79 x10
-1

 

BC Ferries 
Ferry at berth 3.00 3.84 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 4.31 9.66 x10
-1

 5.44 x10
-3

 4.66 x10
-2

 4.66 x10
-2

 3.70 x10
-2

 1.94 x10
-4

 4.21 x10
-3

 4.82 x10
-4

 1.61 x10
-3

 2.76 x10
-3

 3.84 x10
-4

 2.43 x10
-6

 3.44 x10
-2

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 7.42 6.25 x10
1
 3.29 x10

1
 5.56 5.56 5.12 9.22 x10

-3
 4.44 x10

-3
 9.31 x10

-4
 1.70 x10

-2
 3.86 x10

-2
 8.82 x10

-4
 6.85 x10

-6
 5.12 

Tugs Maneuvering (depart) 1.80 1.20 x10
1
 2.52 x10

-1
 3.28 x10

-1
 3.28 x10

-1
 3.02 x10

-1
 7.10 x10

-4
 3.18 x10

-6
 1.56 x10

-4
 7.42 x10

-5
 5.09 x10

-4
 6.00 x10

-6
 7.58 x10

-7
 3.02 x10

-1
 

BC Ferries Ferry Transit 1.70 2.18 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

Deltaport/Westshore Rail Causeway 1.79 x10
-1

 3.35 x10
-1

 1.00 x10
-2

 8.18 x10
-3

 8.18 x10
-3

 7.94 x10
-3

 4.20 x10
-4

 5.35 x10
-4

 1.32 x10
-4

 2.80 x10
-3

 8.44 x10
-3

 6.68 x10
-4

 2.33 x10
-6

 7.94 x10
-3

 

Westshore Rail Loop 1.92 x10
-1

 4.97 x10
-1

 2.24 x10
-2

 1.34 x10
-2

 1.34 x10
-2

 1.30 x10
-2

 4.01 x10
-4

 5.11 x10
-4

 1.26 x10
-4

 2.68 x10
-3

 8.06 x10
-3

 6.38 x10
-4

 2.22 x10
-6

 1.30 x10
-2
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Modelled 1-h Maximum Emission Rates under Expected Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Westshore 
Ships at Berth 4.26 x10

-1
 1.60 1.68 x10

-1
 9.89 x10

-2
 9.89 x10

-2
 9.10 x10

-2
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 7.38 x10

-5
 4.36 x10

-7
 9.10 x10

-2
 

Ships at Berth 4.26 x10
-1

 1.60 1.68 x10
-1

 9.89 x10
-2

 9.89 x10
-2

 9.10 x10
-2

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 7.38 x10
-5

 4.36 x10
-7

 9.10 x10
-2

 

Deltaport/Westshore 

 

Tugs at Berth 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

Ship Maneuvering (arrival) 1.74 1.17 x10
1
 3.68 x10

-1
 2.93 x10

-1
 2.93 x10

-1
 2.70 x10

-1
 2.08 x10

-3
 1.56 x10

-3
 2.11 x10

-4
 5.83 x10

-3
 1.27 x10

-2
 7.98 x10

-5
 5.35 x10

-7
 2.70 x10

-1
 

Tugs Maneuvering (arrival) 6.00 8.16 7.56 x10
-3

 3.01 x10
-1

 3.01 x10
-1

 2.77 x10
-1

 7.10 x10
-4

 3.18 x10
-6

 1.56 x10
-4

 7.42 x10
-5

 5.09 x10
-4

 5.51 x10
-6

 7.58 x10
-7

 2.77 x10
-1

 

Deltaport CHE 1.44 x10
1
 1.06 x10

1
 1.11 x10

-1
 1.06 1.06 7.18 x10

-1
 8.98 x10

-3
 1.24 x10

-2
 2.82 x10

-3
 6.13 x10

-2
 1.82 x10

-1
 1.46 x10

-2
 5.77 x10

-5
 4.68 x10

-1
 

Westshore CHE 7.04 x10
-1

 1.38 1.16 x10
-3

 5.96 x10
-2

 5.96 x10
-2

 5.78 x10
-2

 8.93 x10
-4

 1.14 x10
-3

 2.80 x10
-4

 5.95 x10
-3

 1.79 x10
-2

 1.42 x10
-3

 4.94 x10
-6

 5.77 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 7.95 x10

-1
 3.11 2.18 x10

-3
 6.31 x10

-2
 6.31 x10

-2
 6.13 x10

-2
 2.24 x10

-3
 2.85 x10

-3
 7.01 x10

-4
 1.49 x10

-2
 4.49 x10

-2
 3.55 x10

-3
 1.24 x10

-5
 6.13 x10

-2
 

Causeway - Vehicle 2.43 8.21 x10
-1

 9.44 x10
-3

 1.35 x10
-1

 1.35 x10
-1

 5.05 x10
-2

 2.59 x10
-4

 1.31 x10
-3

 1.26 x10
-4

 1.94 x10
-3

 5.63 x10
-3

 4.48 x10
-4

 8.86 x10
-7

 2.10 x10
-2

 

BC Ferries 
Ferry at Berth 3.00 2.73 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 2.72 2.16 x10
-1

 4.43 x10
-3

 2.19 x10
-2

 2.19 x10
-2

 1.35 x10
-2

 3.23 x10
-5

 1.20 x10
-3

 1.30 x10
-4

 3.89 x10
-4

 6.48 x10
-4

 8.09 x10
-5

 1.09 x10
-6

 1.10 x10
-2

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 7.42 5.00 x10
1
 1.40 1.20 1.20 1.10 9.22 x10

-3
 4.44 x10

-3
 9.31 x10

-4
 1.70 x10

-2
 3.86 x10

-2
 2.32 x10

-4
 1.68 x10

-6
 1.10 

Tugs Maneuvering (depart) 6.00 8.16 7.56 x10
-3

 3.01 x10
-1

 3.01 x10
-1

 2.77 x10
-1

 7.10 x10
-4

 3.18 x10
-6

 1.56 x10
-4

 7.42 x10
-5

 5.09 x10
-4

 5.51 x10
-6

 7.58 x10
-7

 2.77 x10
-1

 

BC Ferries Ferry Transit 1.70 1.55 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

Westshore Rail Loop 1.25 x10
-1

 4.57 x10
-1

 1.37 x10
-3

 8.31 x10
-3

 8.31 x10
-3

 8.06 x10
-3

 2.37 x10
-4

 3.02 x10
-4

 7.44 x10
-5

 1.58 x10
-3

 4.76 x10
-3

 3.77 x10
-4

 1.31 x10
-6

 8.06 x10
-3
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Modelled 1-h Maximum Emission Rates under Future Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

RBT2 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Deltaport 

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Westshore 
Ships at Berth 4.26 x10

-1
 1.60 1.68 x10

-1
 9.89 x10

-2
 9.89 x10

-2
 9.10 x10

-2
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 7.38 x10

-5
 4.36 x10

-7
 9.10 x10

-2
 

Ships at Berth 4.26 x10
-1

 1.60 1.68 x10
-1

 9.89 x10
-2

 9.89 x10
-2

 9.10 x10
-2

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 7.38 x10
-5

 4.36 x10
-7

 9.10 x10
-2

 

RBT2/Deltaport/ 
Westshore 

 

Tugs Berth 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

Ship Maneuvering (arrival) 7.42 5.00 x10
1
 1.40 1.20 1.20 1.10 9.22 x10

-3
 4.44 x10

-3
 9.31 x10

-4
 1.70 x10

-2
 3.86 x10

-2
 2.32 x10

-4
 1.68 x10

-6
 1.10 

Tugs Maneuvering (arrival) 6.00 8.16 7.56 x10
-3

 3.01 x10
-1

 3.01 x10
-1

 2.77 x10
-1

 7.10 x10
-4

 3.18 x10
-6

 1.56 x10
-4

 7.42 x10
-5

 5.09 x10
-4

 5.51 x10
-6

 7.58 x10
-7

 2.77 x10
-1

 

RBT2 CHE 1.07 x10
1
 2.27 1.41 x10

-1
 2.06 x10

-1
 2.06 x10

-1
 1.29 x10

-1
 5.81 x10

-3
 1.94 x10

-2
 2.99 x10

-3
 4.04 x10

-2
 1.17 x10

-1
 9.53 x10

-3
 4.43 x10

-5
 5.21 x10

-2
 

Deltaport CHE 1.44 x10
1
 1.06 x10

1
 1.11 x10

-1
 1.06 1.06 7.18 x10

-1
 8.98 x10

-3
 1.24 x10

-2
 2.82 x10

-3
 6.13 x10

-2
 1.82 x10

-1
 1.46 x10

-2
 5.77 x10

-5
 4.68 x10

-1
 

Westshore CHE 7.04 x10
-1

 1.38 1.16 x10
-3

 5.96 x10
-2

 5.96 x10
-2

 5.78 x10
-2

 8.93 x10
-4

 1.14 x10
-3

 2.80 x10
-4

 5.95 x10
-3

 1.79 x10
-2

 1.42 x10
-3

 4.94 x10
-6

 5.77 x10
-2

 

RBT2/Deltaport/ 
Westshore 

Causeway - Rail 1.07 4.31 2.69 x10
-3

 9.14 x10
-2

 9.14 x10
-2

 8.86 x10
-2

 3.48 x10
-3

 4.42 x10
-3

 1.09 x10
-3

 2.32 x10
-2

 6.98 x10
-2

 5.52 x10
-3

 1.93 x10
-5

 8.86 x10
-2

 

Causeway - Vehicle 5.50 2.35 2.50 x10
-2

 3.65 x10
-1

 3.65 x10
-1

 1.36 x10
-1

 7.28 x10
-4

 3.10 x10
-3

 2.92 x10
-4

 5.36 x10
-3

 1.58 x10
-2

 1.24 x10
-3

 2.00 x10
-6

 5.71 x10
-2

 

BC Ferries 
Ferry at berth 3.00 2.73 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 2.72 2.16 x10
-1

 4.43 x10
-3

 2.19 x10
-2

 2.19 x10
-2

 1.35 x10
-2

 3.23 x10
-5

 1.20 x10
-3

 1.30 x10
-4

 3.89 x10
-4

 6.48 x10
-4

 8.09 x10
-5

 1.09 x10
-6

 1.10 x10
-2

 

RBT2/Deltaport/ 
Westshore 

Ship Maneuvering (depart) 7.42 5.00 x10
1
 1.40 1.20 1.20 1.10 9.22 x10

-3
 4.44 x10

-3
 9.31 x10

-4
 1.70 x10

-2
 3.86 x10

-2
 2.32 x10

-4
 1.68 x10

-6
 1.10 

Tugs Maneuvering (depart) 6.00 8.16 7.56 x10
-3

 3.01 x10
-1

 3.01 x10
-1

 2.77 x10
-1

 7.10 x10
-4

 3.18 x10
-6

 1.56 x10
-4

 7.42 x10
-5

 5.09 x10
-4

 5.51 x10
-6

 7.58 x10
-7

 2.77 x10
-1

 

BC Ferries Ferry Transit 1.70 1.55 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

RBT2 Rail Work 1.26 4.38 3.25 x10
-3

 1.09 x10
-1

 1.09 x10
-1

 1.05 x10
-1

 2.74 x10
-3

 3.49 x10
-3

 8.61 x10
-4

 1.83 x10
-2

 5.51 x10
-2

 4.36 x10
-3

 1.52 x10
-5

 1.05 x10
-1

 

Westshore Rail Loop 1.25 x10
-1

 4.57 x10
-1

 1.37 x10
-3

 8.31 x10
-3

 8.31 x10
-3

 8.06 x10
-3

 2.37 x10
-4

 3.02 x10
-4

 7.44 x10
-5

 1.58 x10
-3

 4.76 x10
-3

 3.77 x10
-4

 1.31 x10
-6

 8.06 x10
-3
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Modelled 24-h Maximum Emission Rates under Existing Conditions (2010) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Ships at Berth 1.20 1.18 x10
1
 8.92 1.12 1.12 1.03 9.50 x10

-4
 4.40 x10

-3
 1.13 x10

-4
 1.61 x10

-2
 3.27 x10

-2
 8.00 x10

-4
 4.91 x10

-6
 1.03 

Westshore 
Ships at Berth 4.26 x10

-1
 4.12 3.89 4.59 x10

-1
 4.59 x10

-1
 4.22 x10

-1
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 3.16 x10

-4
 1.94 x10

-6
 4.22 x10

-1
 

Ships at Berth 4.26 x10
-1

 4.12 3.89 4.59 x10
-1

 4.59 x10
-1

 4.22 x10
-1

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 3.16 x10
-4

 1.94 x10
-6

 4.22 x10
-1

 

Deltaport/Westshore 

 

Tugs Berth 3.75 x10
-1

 2.50 5.25 x10
-2

 6.83 x10
-2

 6.83 x10
-2

 6.29 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.25 x10
-6

 1.58 x10
-7

 6.29 x10
-2

 

Ship Maneuvering (arrival) 1.07 8.49 4.86 8.10 x10
-1

 8.10 x10
-1

 7.45 x10
-1

 1.33 x10
-3

 6.85 x10
-4

 1.34 x10
-4

 2.60 x10
-3

 5.88 x10
-3

 1.39 x10
-4

 1.06 x10
-6

 7.45 x10
-1

 

Tugs Maneuvering (arrival) 3.75 x10
-1

 2.50 5.25 x10
-2

 6.83 x10
-2

 6.83 x10
-2

 6.29 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.25 x10
-6

 1.58 x10
-7

 6.29 x10
-2

 

Deltaport CHE 4.99 x10
1
 2.45 x10

1
 7.39 x10

-2
 1.52 1.52 1.34 1.94 x10

-2
 2.59 x10

-2
 7.03 x10

-3
 1.25 x10

-1
 3.52 x10

-1
 3.03 x10

-2
 1.40 x10

-4
 1.20 

Westshore CHE 4.69 x10
-1

 7.55 x10
-1

 1.66 x10
-3

 4.09 x10
-2

 4.09 x10
-2

 3.97 x10
-2

 5.75 x10
-4

 7.31 x10
-4

 1.80 x10
-4

 3.83 x10
-3

 1.15 x10
-2

 9.13 x10
-4

 3.18 x10
-6

 3.74 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 8.00 x10

-1
 1.43 6.24 x10

-3
 3.42 x10

-2
 3.42 x10

-2
 3.32 x10

-2
 1.91 x10

-3
 2.43 x10

-3
 5.99 x10

-4
 1.27 x10

-2
 3.83 x10

-2
 3.03 x10

-3
 1.06 x10

-5
 3.32 x10

-2
 

Causeway - Vehicle 9.95 x10
-1

 2.37 2.77 x10
-3

 1.69 x10
-1

 1.69 x10
-1

 1.33 x10
-1

 1.14 x10
-3

 1.67 x10
-3

 5.25 x10
-4

 6.23 x10
-3

 1.38 x10
-2

 1.58 x10
-3

 8.02 x10
-6

 1.21 x10
-1

 

BC Ferries 
Ferry at berth 3.00 3.84 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 1.65 3.69 x10
-1

 2.09 x10
-3

 1.78 x10
-2

 1.78 x10
-2

 1.41 x10
-2

 7.38 x10
-5

 1.62 x10
-3

 1.85 x10
-4

 6.16 x10
-4

 1.05 x10
-3

 1.47 x10
-4

 9.28 x10
-7

 1.31 x10
-2

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 1.07 8.49 4.86 8.10 x10
-1

 8.10 x10
-1

 7.45 x10
-1

 1.33 x10
-3

 6.85 x10
-4

 1.34 x10
-4

 2.60 x10
-3

 5.88 x10
-3

 1.39 x10
-4

 1.06 x10
-6

 7.45 x10
-1

 

Tugs Maneuvering (depart) 3.75 x10
-1

 2.50 5.25 x10
-2

 6.83 x10
-2

 6.83 x10
-2

 6.29 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.25 x10
-6

 1.58 x10
-7

 6.29 x10
-2

 

BC Ferries Ferry Transit 1.70 2.18 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

Deltaport/Westshore Rail Causeway 1.32 x10
-1

 2.15 x10
-1

 4.57 x10
-3

 4.95 x10
-3

 4.95 x10
-3

 4.80 x10
-3

 3.23 x10
-4

 4.11 x10
-4

 1.01 x10
-4

 2.16 x10
-3

 6.49 x10
-3

 5.13 x10
-4

 1.79 x10
-6

 4.80 x10
-3

 

Westshore Rail Loop 5.25 x10
-2

 1.36 x10
-1

 6.14 x10
-3

 3.66 x10
-3

 3.66 x10
-3

 3.55 x10
-3

 1.10 x10
-4

 1.40 x10
-4

 3.45 x10
-5

 7.33 x10
-4

 2.21 x10
-3

 1.75 x10
-4

 6.09 x10
-7

 3.55 x10
-3
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Modelled 24-h Maximum Emission Rates under Expected Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Westshore 
Ships at Berth 4.26 x10

-1
 1.60 1.68 x10

-1
 9.89 x10

-2
 9.89 x10

-2
 9.10 x10

-2
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 7.38 x10

-5
 4.36 x10

-7
 9.10 x10

-2
 

Ships at Berth 4.26 x10
-1

 1.60 1.68 x10
-1

 9.89 x10
-2

 9.89 x10
-2

 9.10 x10
-2

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 7.38 x10
-5

 4.36 x10
-7

 9.10 x10
-2

 

Deltaport/Westshore 

 

Tugs at Berth 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

Ship Maneuvering (arrival) 1.07 2.80 2.06 x10
-1

 1.74 x10
-1

 1.74 x10
-1

 1.60 x10
-1

 1.33 x10
-3

 6.85 x10
-4

 1.34 x10
-4

 2.60 x10
-3

 5.88 x10
-3

 3.57 x10
-5

 2.55 x10
-7

 1.60 x10
-1

 

Tugs Maneuvering (arrival) 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

Deltaport CHE 1.42 x10
1
 9.95 1.07 x10

-1
 9.17 x10

-1
 9.17 x10

-1
 6.73 x10

-1
 8.67 x10

-3
 1.20 x10

-2
 2.79 x10

-3
 5.92 x10

-2
 1.75 x10

-1
 1.41 x10

-2
 5.76 x10

-5
 4.58 x10

-1
 

Westshore CHE 5.83 x10
-1

 9.39 x10
-1

 7.79 x10
-4

 5.15 x10
-2

 5.15 x10
-2

 5.00 x10
-2

 6.63 x10
-4

 8.43 x10
-4

 2.08 x10
-4

 4.42 x10
-3

 1.33 x10
-2

 1.05 x10
-3

 3.67 x10
-6

 4.99 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 4.15 x10

-1
 1.72 9.65 x10

-4
 3.78 x10

-2
 3.78 x10

-2
 3.67 x10

-2
 1.51 x10

-3
 1.93 x10

-3
 4.75 x10

-4
 1.01 x10

-2
 3.04 x10

-2
 2.40 x10

-3
 8.38 x10

-6
 3.67 x10

-2
 

Causeway - Vehicle 3.55 x10
-1

 5.14 x10
-1

 4.12 x10
-3

 7.81 x10
-2

 7.81 x10
-2

 2.78 x10
-2

 1.73 x10
-4

 3.23 x10
-4

 2.46 x10
-5

 1.21 x10
-3

 3.76 x10
-3

 2.85 x10
-4

 1.20 x10
-7

 1.03 x10
-2

 

BC Ferries 
Ferry at Berth 3.00 2.73 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 1.05 8.25 x10
-2

 1.70 x10
-3

 8.41 x10
-3

 8.41 x10
-3

 5.18 x10
-3

 1.23 x10
-5

 4.62 x10
-4

 5.01 x10
-5

 1.49 x10
-4

 2.47 x10
-4

 3.10 x10
-5

 4.19 x10
-7

 4.21 x10
-3

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 1.07 2.80 2.06 x10
-1

 1.74 x10
-1

 1.74 x10
-1

 1.60 x10
-1

 1.33 x10
-3

 6.85 x10
-4

 1.34 x10
-4

 2.60 x10
-3

 5.88 x10
-3

 3.57 x10
-5

 2.55 x10
-7

 1.60 x10
-1

 

Tugs Maneuvering (depart) 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

BC Ferries Ferry Transit 1.70 1.55 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

Westshore Rail Loop 3.41 x10
-2

 1.25 x10
-1

 3.76 x10
-4

 2.28 x10
-3

 2.28 x10
-3

 2.21 x10
-3

 6.50 x10
-5

 8.26 x10
-5

 2.04 x10
-5

 4.33 x10
-4

 1.30 x10
-3

 1.03 x10
-4

 3.60 x10
-7

 2.21 x10
-3

 

 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix A - 110 - November 2014 

Modelled 24-h Maximum Emission Rates under Future Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

RBT2 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Deltaport 

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Ships at Berth 1.20 4.08 4.70 x10
-1

 2.85 x10
-1

 2.85 x10
-1

 2.62 x10
-1

 9.50 x10
-4

 4.40 x10
-3

 1.13 x10
-4

 1.61 x10
-2

 3.27 x10
-2

 2.15 x10
-4

 1.28 x10
-6

 2.62 x10
-1

 

Westshore 
Ships at Berth 4.26 x10

-1
 1.60 1.68 x10

-1
 9.89 x10

-2
 9.89 x10

-2
 9.10 x10

-2
 3.38 x10

-4
 1.49 x10

-3
 3.82 x10

-5
 5.46 x10

-3
 1.11 x10

-2
 7.38 x10

-5
 4.36 x10

-7
 9.10 x10

-2
 

Ships at Berth 4.26 x10
-1

 1.60 1.68 x10
-1

 9.89 x10
-2

 9.89 x10
-2

 9.10 x10
-2

 3.38 x10
-4

 1.49 x10
-3

 3.82 x10
-5

 5.46 x10
-3

 1.11 x10
-2

 7.38 x10
-5

 4.36 x10
-7

 9.10 x10
-2

 

RBT2/Deltaport/ 
Westshore 

 

Tugs Berth 1.25 1.70 1.58 x10
-3

 6.27 x10
-2

 6.27 x10
-2

 5.77 x10
-2

 1.48 x10
-4

 6.62 x10
-7

 3.25 x10
-5

 1.55 x10
-5

 1.06 x10
-4

 1.15 x10
-6

 1.58 x10
-7

 5.77 x10
-2

 

Ship Maneuvering (arrival) 2.00 5.17 3.82 x10
-1

 3.23 x10
-1

 3.23 x10
-1

 2.97 x10
-1

 2.48 x10
-3

 1.24 x10
-3

 2.50 x10
-4

 4.72 x10
-3

 1.07 x10
-2

 6.47 x10
-5

 4.65 x10
-7

 2.97 x10
-1

 

Tugs Maneuvering (arrival) 2.00 2.72 2.52 x10
-3

 1.00 x10
-1

 1.00 x10
-1

 9.23 x10
-2

 2.37 x10
-4

 1.06 x10
-6

 5.20 x10
-5

 2.47 x10
-5

 1.70 x10
-4

 1.84 x10
-6

 2.53 x10
-7

 9.23 x10
-2

 

RBT2 CHE 1.06 x10
1
 1.98 1.39 x10

-1
 1.41 x10

-1
 1.41 x10

-1
 1.08 x10

-1
 5.67 x10

-3
 1.92 x10

-2
 2.98 x10

-3
 3.95 x10

-2
 1.14 x10

-1
 9.30 x10

-3
 4.42 x10

-5
 4.73 x10

-2
 

Deltaport CHE 1.42 x10
1
 9.95 1.07 x10

-1
 9.17 x10

-1
 9.17 x10

-1
 6.73 x10

-1
 8.67 x10

-3
 1.20 x10

-2
 2.79 x10

-3
 5.92 x10

-2
 1.75 x10

-1
 1.41 x10

-2
 5.76 x10

-5
 4.58 x10

-1
 

Westshore CHE 5.83 x10
-1

 9.39 x10
-1

 7.79 x10
-4

 5.15 x10
-2

 5.15 x10
-2

 5.00 x10
-2

 6.63 x10
-4

 8.43 x10
-4

 2.08 x10
-4

 4.42 x10
-3

 1.33 x10
-2

 1.05 x10
-3

 3.67 x10
-6

 4.99 x10
-2

 

RBT2/Deltaport/ 
Westshore 

Causeway - Rail 6.86 x10
-1

 2.92 1.47 x10
-3

 6.60 x10
-2

 6.60 x10
-2

 6.41 x10
-2

 2.75 x10
-3

 3.50 x10
-3

 8.63 x10
-4

 1.84 x10
-2

 5.53 x10
-2

 4.37 x10
-3

 1.52 x10
-5

 6.41 x10
-2

 

Causeway - Vehicle 7.44 x10
-1

 1.13 9.10 x10
-3

 1.66 x10
-1

 1.66 x10
-1

 5.97 x10
-2

 3.70 x10
-4

 6.81 x10
-4

 5.16 x10
-5

 2.59 x10
-3

 8.04 x10
-3

 6.09 x10
-4

 2.53 x10
-7

 2.27 x10
-2

 

BC Ferries 
Ferry at berth 3.00 2.73 x10

1
 1.72 x10

-2
 6.84 x10

-1
 6.84 x10

-1
 6.30 x10

-1
 2.93 x10

-3
 1.29 x10

-3
 3.55 x10

-4
 4.96 x10

-3
 1.14 x10

-2
 6.23 x10

-5
 2.99 x10

-6
 6.30 x10

-1
 

Ferry Causeway 1.05 8.25 x10
-2

 1.70 x10
-3

 8.41 x10
-3

 8.41 x10
-3

 5.18 x10
-3

 1.23 x10
-5

 4.62 x10
-4

 5.01 x10
-5

 1.49 x10
-4

 2.47 x10
-4

 3.10 x10
-5

 4.19 x10
-7

 4.21 x10
-3

 

RBT2/Deltaport/ 
Westshore 

Ship Maneuvering (depart) 2.00 5.17 3.82 x10
-1

 3.23 x10
-1

 3.23 x10
-1

 2.97 x10
-1

 2.48 x10
-3

 1.24 x10
-3

 2.50 x10
-4

 4.72 x10
-3

 1.07 x10
-2

 6.47 x10
-5

 4.65 x10
-7

 2.97 x10
-1

 

Tugs Maneuvering (depart) 2.00 2.72 2.52 x10
-3

 1.00 x10
-1

 1.00 x10
-1

 9.23 x10
-2

 2.37 x10
-4

 1.06 x10
-6

 5.20 x10
-5

 2.47 x10
-5

 1.70 x10
-4

 1.84 x10
-6

 2.53 x10
-7

 9.23 x10
-2

 

BC Ferries Ferry Transit 1.70 1.55 x10
1
 9.76 x10

-3
 3.88 x10

-1
 3.88 x10

-1
 3.57 x10

-1
 1.67 x10

-3
 6.80 x10

-4
 2.01 x10

-4
 2.62 x10

-3
 6.07 x10

-3
 3.33 x10

-5
 1.65 x10

-6
 3.57 x10

-1
 

RBT2 Rail Work 1.05 x10
-1

 3.65 x10
-1

 2.71 x10
-4

 9.05 x10
-3

 9.05 x10
-3

 8.78 x10
-3

 2.29 x10
-4

 2.91 x10
-4

 7.17 x10
-5

 1.53 x10
-3

 4.59 x10
-3

 3.63 x10
-4

 1.27 x10
-6

 8.78 x10
-3

 

Westshore Rail Loop 3.41 x10
-2

 1.25 x10
-1

 3.76 x10
-4

 2.28 x10
-3

 2.28 x10
-3

 2.21 x10
-3

 6.50 x10
-5

 8.26 x10
-5

 2.04 x10
-5

 4.33 x10
-4

 1.30 x10
-3

 1.03 x10
-4

 3.60 x10
-7

 2.21 x10
-3
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Modelled Annual Emission Rates under Existing Conditions (2010) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 2.39 x10
-1

 1.71 1.85 1.91 x10
-1

 1.91 x10
-1

 1.76 x10
-1

 1.89 x10
-4

 5.46 x10
-4

 1.40 x10
-5

 1.99 x10
-3

 4.14 x10
-3

 1.02 x10
-4

 6.09 x10
-7

 1.76 x10
-1

 

Ships at Berth 2.39 x10
-1

 1.71 1.85 1.91 x10
-1

 1.91 x10
-1

 1.76 x10
-1

 1.89 x10
-4

 5.46 x10
-4

 1.40 x10
-5

 1.99 x10
-3

 4.14 x10
-3

 1.02 x10
-4

 6.09 x10
-7

 1.76 x10
-1

 

Ships at Berth 2.39 x10
-1

 1.71 1.85 1.91 x10
-1

 1.91 x10
-1

 1.76 x10
-1

 1.89 x10
-4

 5.46 x10
-4

 1.40 x10
-5

 1.99 x10
-3

 4.14 x10
-3

 1.02 x10
-4

 6.09 x10
-7

 1.76 x10
-1

 

Westshore 
Ships at Berth 2.04 x10

-1
 1.46 1.87 2.02 x10

-1
 1.94 x10

-1
 1.79 x10

-1
 1.46 x10

-4
 6.11 x10

-4
 1.56 x10

-5
 2.23 x10

-3
 4.55 x10

-3
 1.29 x10

-4
 7.92 x10

-7
 1.79 x10

-1
 

Ships at Berth 2.04 x10
-1

 1.46 1.87 2.02 x10
-1

 1.94 x10
-1

 1.79 x10
-1

 1.46 x10
-4

 6.11 x10
-4

 1.56 x10
-5

 2.23 x10
-3

 4.55 x10
-3

 1.29 x10
-4

 7.92 x10
-7

 1.79 x10
-1

 

Deltaport/Westshore 

 

Tugs Berth 3.29 x10
-1

 2.00 4.59 x10
-2

 5.85 x10
-2

 5.76 x10
-2

 5.30 x10
-2

 1.25 x10
-4

 5.58 x10
-7

 2.74 x10
-5

 1.30 x10
-5

 8.94 x10
-5

 1.05 x10
-6

 1.33 x10
-7

 5.30 x10
-2

 

Ship Maneuvering (arrival) 1.09 x10
-1

 1.19 8.54 x10
-1

 1.08 x10
-1

 1.07 x10
-1

 9.85 x10
-2

 9.84 x10
-5

 2.87 x10
-5

 9.20 x10
-6

 1.12 x10
-4

 2.79 x10
-4

 7.82 x10
-6

 7.68 x10
-8

 9.85 x10
-2

 

Tugs Maneuvering (arrival) 9.65 x10
-2

 5.87 x10
-1

 1.35 x10
-2

 1.72 x10
-2

 1.69 x10
-2

 1.56 x10
-2

 3.66 x10
-5

 1.64 x10
-7

 8.05 x10
-6

 3.83 x10
-6

 2.63 x10
-5

 3.10 x10
-7

 3.91 x10
-8

 1.56 x10
-2

 

Deltaport CHE 4.87 x10
1
 2.11 x10

1
 7.09 x10

-2
 1.27 1.27 1.16 1.71 x10

-2
 2.32 x10

-2
 6.06 x10

-3
 1.13 x10

-1
 3.25 x10

-1
 2.72 x10

-2
 1.23 x10

-4
 1.05 

Westshore CHE 4.69 x10
-1

 7.55 x10
-1

 1.66 x10
-3

 4.09 x10
-2

 4.09 x10
-2

 3.97 x10
-2

 5.75 x10
-4

 7.31 x10
-4

 1.80 x10
-4

 3.83 x10
-3

 1.15 x10
-2

 9.13 x10
-4

 3.18 x10
-6

 3.74 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 8.00 x10

-1
 1.43 6.24 x10

-3
 3.42 x10

-2
 3.42 x10

-2
 3.32 x10

-2
 1.91 x10

-3
 2.43 x10

-3
 5.99 x10

-4
 1.27 x10

-2
 3.83 x10

-2
 3.03 x10

-3
 1.06 x10

-5
 3.32 x10

-2
 

Causeway - Vehicle 5.79 x10
-1

 1.19 1.60 x10
-3

 8.83 x10
-2

 8.83 x10
-2

 6.89 x10
-2

 5.93 x10
-4

 9.85 x10
-4

 2.86 x10
-4

 3.24 x10
-3

 7.18 x10
-3

 8.23 x10
-4

 4.16 x10
-6

 6.27 x10
-2

 

BC Ferries 
Ferry at berth 1.41 1.81 x10

1
 8.07 x10

-3
 3.21 x10

-1
 3.21 x10

-1
 2.95 x10

-1
 1.36 x10

-3
 1.04 x10

-3
 1.67 x10

-4
 3.91 x10

-3
 8.48 x10

-3
 4.62 x10

-5
 1.84 x10

-6
 2.95 x10

-1
 

Ferry Causeway 1.28 3.43 x10
-1

 2.09 x10
-3

 1.58 x10
-2

 1.58 x10
-2

 1.23 x10
-2

 7.30 x10
-5

 1.48 x10
-3

 1.76 x10
-4

 5.73 x10
-4

 1.03 x10
-3

 1.44 x10
-4

 7.17 x10
-7

 1.13 x10
-2

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 1.09 x10
-1

 1.19 8.54 x10
-1

 1.08 x10
-1

 1.07 x10
-1

 9.85 x10
-2

 9.84 x10
-5

 2.87 x10
-5

 9.20 x10
-6

 1.12 x10
-4

 2.79 x10
-4

 7.82 x10
-6

 7.68 x10
-8

 9.85 x10
-2

 

Tugs Maneuvering (depart) 9.65 x10
-2

 5.87 x10
-1

 1.35 x10
-2

 1.72 x10
-2

 1.69 x10
-2

 1.56 x10
-2

 3.66 x10
-5

 1.64 x10
-7

 8.05 x10
-6

 3.83 x10
-6

 2.63 x10
-5

 3.10 x10
-7

 3.91 x10
-8

 1.56 x10
-2

 

BC Ferries Ferry Transit 1.07 1.37 x10
1
 6.12 x10

-3
 2.43 x10

-1
 2.43 x10

-1
 2.24 x10

-1
 1.04 x10

-3
 4.26 x10

-4
 1.26 x10

-4
 1.64 x10

-3
 3.80 x10

-3
 2.09 x10

-5
 1.03 x10

-6
 2.24 x10

-1
 

Deltaport/Westshore Rail Causeway 1.32 x10
-1

 2.15 x10
-1

 4.57 x10
-3

 4.95 x10
-3

 4.95 x10
-3

 4.80 x10
-3

 3.23 x10
-4

 4.11 x10
-4

 1.01 x10
-4

 2.16 x10
-3

 6.49 x10
-3

 5.13 x10
-4

 1.79 x10
-6

 4.80 x10
-3

 

Westshore Rail Loop 5.25 x10
-2

 1.36 x10
-1

 6.14 x10
-3

 3.66 x10
-3

 3.66 x10
-3

 3.55 x10
-3

 1.10 x10
-4

 1.40 x10
-4

 3.45 x10
-5

 7.33 x10
-4

 2.21 x10
-3

 1.75 x10
-4

 6.09 x10
-7

 3.55 x10
-3
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Modelled Annual Emission Rates under Expected Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Deltaport 

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Westshore 
Ships at Berth 2.35 x10

-1
 1.16 9.44 x10

-2
 5.10 x10

-2
 4.90 x10

-2
 4.52 x10

-2
 1.66 x10

-4
 7.06 x10

-4
 1.81 x10

-5
 2.58 x10

-3
 5.25 x10

-3
 3.62 x10

-5
 2.12 x10

-7
 4.52 x10

-2
 

Ships at Berth 2.35 x10
-1

 1.16 9.44 x10
-2

 5.10 x10
-2

 4.90 x10
-2

 4.52 x10
-2

 1.66 x10
-4

 7.06 x10
-4

 1.81 x10
-5

 2.58 x10
-3

 5.25 x10
-3

 3.62 x10
-5

 2.12 x10
-7

 4.52 x10
-2

 

Deltaport/Westshore 

 

Tugs at Berth 1.09 1.60 1.37 x10
-3

 5.38 x10
-2

 5.33 x10
-2

 4.90 x10
-2

 1.25 x10
-4

 5.58 x10
-7

 2.74 x10
-5

 1.30 x10
-5

 8.95 x10
-5

 9.76 x10
-7

 1.34 x10
-7

 4.90 x10
-2

 

Ship Maneuvering (arrival) 1.31 x10
-1

 5.35 x10
-1

 4.15 x10
-2

 2.69 x10
-2

 2.67 x10
-2

 2.46 x10
-2

 1.18 x10
-4

 3.73 x10
-5

 1.11 x10
-5

 1.45 x10
-4

 3.55 x10
-4

 2.56 x10
-6

 2.11 x10
-8

 2.46 x10
-2

 

Tugs Maneuvering (arrival) 3.48 x10
-1

 5.35 x10
-1

 4.42 x10
-4

 1.71 x10
-2

 1.69 x10
-2

 1.56 x10
-2

 3.95 x10
-5

 1.77 x10
-7

 8.67 x10
-6

 4.13 x10
-6

 2.83 x10
-5

 3.10 x10
-7

 4.26 x10
-8

 1.56 x10
-2

 

Deltaport CHE 1.40 x10
1
 9.19 1.03 x10

-1
 7.57 x10

-1
 7.57 x10

-1
 6.22 x10

-1
 8.32 x10

-3
 1.16 x10

-2
 2.76 x10

-3
 5.68 x10

-2
 1.68 x10

-1
 1.35 x10

-2
 5.76 x10

-5
 4.46 x10

-1
 

Westshore CHE 5.83 x10
-1

 9.39 x10
-1

 7.79 x10
-4

 5.15 x10
-2

 5.15 x10
-2

 5.00 x10
-2

 6.63 x10
-4

 8.43 x10
-4

 2.08 x10
-4

 4.42 x10
-3

 1.33 x10
-2

 1.05 x10
-3

 3.67 x10
-6

 4.99 x10
-2

 

Deltaport/Westshore 
Causeway - Rail 4.15 x10

-1
 1.72 9.65 x10

-4
 3.78 x10

-2
 3.78 x10

-2
 3.67 x10

-2
 1.51 x10

-3
 1.93 x10

-3
 4.75 x10

-4
 1.01 x10

-2
 3.04 x10

-2
 2.40 x10

-3
 8.38 x10

-6
 3.67 x10

-2
 

Causeway - Vehicle 2.28 x10
-1

 2.58 x10
-1

 2.33 x10
-3

 4.14 x10
-2

 4.14 x10
-2

 1.47 x10
-2

 8.99 x10
-5

 2.03 x10
-4

 1.69 x10
-5

 6.34 x10
-4

 1.95 x10
-3

 1.49 x10
-4

 7.51 x10
-8

 5.41 x10
-3

 

BC Ferries 
Ferry at Berth 1.41 1.26 x10

1
 8.07 x10

-3
 3.21 x10

-1
 3.21 x10

-1
 2.95 x10

-1
 1.36 x10

-3
 1.04 x10

-3
 1.67 x10

-4
 3.91 x10

-3
 8.48 x10

-3
 4.62 x10

-5
 1.84 x10

-6
 2.95 x10

-1
 

Ferry Causeway 7.57 x10
-1

 7.76 x10
-2

 1.70 x10
-3

 7.15 x10
-3

 7.15 x10
-3

 4.03 x10
-3

 1.23 x10
-5

 4.09 x10
-4

 4.60 x10
-5

 1.34 x10
-4

 2.36 x10
-4

 3.08 x10
-5

 2.88 x10
-7

 3.05 x10
-3

 

Deltaport/ 
Westshore 

Ship Maneuvering (depart) 1.31 x10
-1

 5.35 x10
-1

 4.15 x10
-2

 2.69 x10
-2

 2.67 x10
-2

 2.46 x10
-2

 1.18 x10
-4

 3.73 x10
-5

 1.11 x10
-5

 1.45 x10
-4

 3.55 x10
-4

 2.56 x10
-6

 2.11 x10
-8

 2.46 x10
-2

 

Tugs Maneuvering (depart) 3.48 x10
-1

 5.35 x10
-1

 4.42 x10
-4

 1.71 x10
-2

 1.69 x10
-2

 1.56 x10
-2

 3.95 x10
-5

 1.77 x10
-7

 8.67 x10
-6

 4.13 x10
-6

 2.83 x10
-5

 3.10 x10
-7

 4.26 x10
-8

 1.56 x10
-2

 

BC Ferries Ferry Transit 1.07 9.75 6.12 x10
-3

 2.43 x10
-1

 2.43 x10
-1

 2.24 x10
-1

 1.04 x10
-3

 4.26 x10
-4

 1.26 x10
-4

 1.64 x10
-3

 3.80 x10
-3

 2.09 x10
-5

 1.03 x10
-6

 2.24 x10
-1

 

Deltaport/Westshore Rail Causeway 3.41 x10
-2

 1.25 x10
-1

 3.76 x10
-4

 2.28 x10
-3

 2.28 x10
-3

 2.21 x10
-3

 6.50 x10
-5

 8.26 x10
-5

 2.04 x10
-5

 4.33 x10
-4

 1.30 x10
-3

 1.03 x10
-4

 3.60 x10
-7

 2.21 x10
-3

 

Westshore Rail Loop 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2
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Modelled Annual Emission Rates under Future Conditions (2025) 

Terminal Model Source Emission Rate (g/s) 

CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

RBT2 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Deltaport 

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Ships at Berth 4.34 x10
-1

 1.43 1.74 x10
-1

 9.45 x10
-2

 9.45 x10
-2

 8.70 x10
-2

 3.45 x10
-4

 1.33 x10
-3

 3.41 x10
-5

 4.87 x10
-3

 9.96 x10
-3

 6.77 x10
-5

 3.89 x10
-7

 8.70 x10
-2

 

Westshore 
Ships at Berth 2.35 x10

-1
 1.16 9.44 x10

-2
 5.10 x10

-2
 4.90 x10

-2
 4.52 x10

-2
 1.66 x10

-4
 7.06 x10

-4
 1.81 x10

-5
 2.58 x10

-3
 5.25 x10

-3
 3.62 x10

-5
 2.12 x10

-7
 4.52 x10

-2
 

Ships at Berth 2.35 x10
-1

 1.16 9.44 x10
-2

 5.10 x10
-2

 4.90 x10
-2

 4.52 x10
-2

 1.66 x10
-4

 7.06 x10
-4

 1.81 x10
-5

 2.58 x10
-3

 5.25 x10
-3

 3.62 x10
-5

 2.12 x10
-7

 4.52 x10
-2

 

RBT2/Deltaport/ 
Westshore 

 

Tugs Berth 1.09 1.60 1.37 x10
-3

 5.38 x10
-2

 5.33 x10
-2

 4.90 x10
-2

 1.25 x10
-4

 5.58 x10
-7

 2.74 x10
-5

 1.30 x10
-5

 8.95 x10
-5

 9.76 x10
-7

 1.34 x10
-7

 4.90 x10
-2

 

Ship Maneuvering (arrival) 2.22 x10
-1

 8.82 x10
-1

 7.00 x10
-2

 4.56 x10
-2

 4.54 x10
-2

 4.18 x10
-2

 2.02 x10
-4

 4.69 x10
-5

 1.90 x10
-5

 1.87 x10
-4

 4.85 x10
-4

 3.56 x10
-6

 3.14 x10
-8

 4.18 x10
-2

 

Tugs Maneuvering (arrival) 5.26 x10
-1

 7.77 x10
-1

 6.66 x10
-4

 2.61 x10
-2

 2.58 x10
-2

 2.38 x10
-2

 6.05 x10
-5

 2.71 x10
-7

 1.33 x10
-5

 6.33 x10
-6

 4.34 x10
-5

 4.73 x10
-7

 6.51 x10
-8

 2.38 x10
-2

 

RBT2 CHE 1.06 x10
1
 1.89 1.39 x10

-1
 1.20 x10

-1
 1.20 x10

-1
 1.01 x10

-1
 5.62 x10

-3
 1.91 x10

-2
 2.97 x10

-3
 3.92 x10

-2
 1.13 x10

-1
 9.23 x10

-3
 4.42 x10

-5
 4.58 x10

-2
 

Deltaport CHE 1.40 x10
1
 9.19 1.03 x10

-1
 7.57 x10

-1
 7.57 x10

-1
 6.22 x10

-1
 8.32 x10

-3
 1.16 x10

-2
 2.76 x10

-3
 5.68 x10

-2
 1.68 x10

-1
 1.35 x10

-2
 5.76 x10

-5
 4.46 x10

-1
 

Westshore CHE 5.83 x10
-1

 9.39 x10
-1

 7.79 x10
-4

 5.15 x10
-2

 5.15 x10
-2

 5.00 x10
-2

 6.63 x10
-4

 8.43 x10
-4

 2.08 x10
-4

 4.42 x10
-3

 1.33 x10
-2

 1.05 x10
-3

 3.67 x10
-6

 4.99 x10
-2

 

RBT2/Deltaport/ 
Westshore 

Causeway - Rail 6.86 x10
-1

 2.92 1.47 x10
-3

 6.60 x10
-2

 6.60 x10
-2

 6.41 x10
-2

 2.75 x10
-3

 3.50 x10
-3

 8.63 x10
-4

 1.84 x10
-2

 5.53 x10
-2

 4.37 x10
-3

 1.52 x10
-5

 6.41 x10
-2

 

Causeway - Vehicle 4.77 x10
-1

 5.68 x10
-1

 5.11 x10
-3

 8.78 x10
-2

 8.78 x10
-2

 3.16 x10
-2

 1.92 x10
-4

 4.26 x10
-4

 3.53 x10
-5

 1.35 x10
-3

 4.17 x10
-3

 3.19 x10
-4

 1.57 x10
-7

 1.20 x10
-2

 

BC Ferries 
Ferry at berth 1.41 1.26 x10

1
 8.07 x10

-3
 3.21 x10

-1
 3.21 x10

-1
 2.95 x10

-1
 1.36 x10

-3
 1.04 x10

-3
 1.67 x10

-4
 3.91 x10

-3
 8.48 x10

-3
 4.62 x10

-5
 1.84 x10

-6
 2.95 x10

-1
 

Ferry Causeway 7.57 x10
-1

 7.76 x10
-2

 1.70 x10
-3

 7.15 x10
-3

 7.15 x10
-3

 4.03 x10
-3

 1.23 x10
-5

 4.09 x10
-4

 4.60 x10
-5

 1.34 x10
-4

 2.36 x10
-4

 3.08 x10
-5

 2.88 x10
-7

 3.05 x10
-3

 

RBT2/Deltaport/ 
Westshore 

Ship Maneuvering (depart) 2.22 x10
-1

 8.82 x10
-1

 7.00 x10
-2

 4.56 x10
-2

 4.54 x10
-2

 4.18 x10
-2

 2.02 x10
-4

 4.69 x10
-5

 1.90 x10
-5

 1.87 x10
-4

 4.85 x10
-4

 3.56 x10
-6

 3.14 x10
-8

 4.18 x10
-2

 

Tugs Maneuvering (depart) 5.26 x10
-1

 7.77 x10
-1

 6.66 x10
-4

 2.61 x10
-2

 2.58 x10
-2

 2.38 x10
-2

 6.05 x10
-5

 2.71 x10
-7

 1.33 x10
-5

 6.33 x10
-6

 4.34 x10
-5

 4.73 x10
-7

 6.51 x10
-8

 2.38 x10
-2

 

BC Ferries Ferry Transit 1.07 9.75 6.12 x10
-3

 2.43 x10
-1

 2.43 x10
-1

 2.24 x10
-1

 1.04 x10
-3

 4.26 x10
-4

 1.26 x10
-4

 1.64 x10
-3

 3.80 x10
-3

 2.09 x10
-5

 1.03 x10
-6

 2.24 x10
-1

 

RBT2 Rail Work 7.25 x10
-2

 2.53 x10
-1

 1.88 x10
-4

 6.27 x10
-3

 6.27 x10
-3

 6.09 x10
-3

 1.59 x10
-4

 2.02 x10
-4

 4.97 x10
-5

 1.06 x10
-3

 3.18 x10
-3

 2.52 x10
-4

 8.78 x10
-7

 6.09 x10
-3

 

Westshore Rail Loop 3.41 x10
-2

 1.25 x10
-1

 3.76 x10
-4

 2.28 x10
-3

 2.28 x10
-3

 2.21 x10
-3

 6.50 x10
-5

 8.26 x10
-5

 2.04 x10
-5

 4.33 x10
-4

 1.30 x10
-3

 1.03 x10
-4

 3.60 x10
-7

 2.21 x10
-3
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ATTACHMENT 9 

Ships Emission Factors 
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ATTACHMENT 7 - Marine Emission Factors

Engine 

Type
Year - Scenario units CO NOx SO2 VOC PM PM10 PM2.5 CO2 CH4 N2O

2010 - MaxHourly g/kW-hr 1.40 18.1 10.8 0.60 1.45 1.45 1.33 621 0.06 0.017

2010  - Others1 g/kW-hr 1.40 17.2 10.8 0.60 1.45 1.45 1.33 621 0.06 0.017

2025 - MaxHourly g/kW-hr 1.40 14.8 0.42 0.60 0.30 0.30 0.27 621 0.06 0.017

2025 - Others1 g/kW-hr 1.40 5.5 0.42 0.60 0.30 0.30 0.27 621 0.06 0.017

2010 - MaxHourly g/kW-hr 1.10 14.7 8.0 0.40 1.13 1.13 1.04 670 0.06 0.017

2010  - Others1 g/kW-hr 1.10 12.9 8.0 0.40 1.13 1.13 1.04 670 0.06 0.017

2025 - MaxHourly g/kW-hr 1.10 10.5 0.42 0.40 0.30 0.30 0.27 670 0.06 0.017

2025 - Others1 g/kW-hr 1.10 4.0 0.42 0.40 0.30 0.30 0.27 670 0.06 0.017

2010 - All kg/tonne fuel 4.60 12.3 38.0 0.38 2.63 2.63 2.42 3188 0.29 0.081

2025 - All kg/tonne fuel 4.60 12.3 2.0 0.38 0.53 0.53 0.48 3188 0.29 0.081

2010 - MaxHourly g/kW-hr 1.40 18.1 10.5 0.60 1.41 1.41 1.30 621 0.06 0.017

2010  - Others1 g/kW-hr 1.40 17.3 10.5 0.60 1.41 1.41 1.30 621 0.06 0.017

2025 - MaxHourly g/kW-hr 1.40 14.6 0.42 0.60 0.30 0.30 0.27 621 0.06 0.017

2025 - Others1 g/kW-hr 1.40 6.3 0.42 0.60 0.30 0.30 0.27 621 0.06 0.017

2010 - MaxHourly g/kW-hr 1.10 14.7 9.7 0.40 1.32 1.32 1.21 670 0.06 0.017

2010  - Others1 g/kW-hr 1.10 13.1 9.7 0.40 1.32 1.32 1.21 670 0.06 0.017

2025 - MaxHourly g/kW-hr 1.10 10.3 0.42 0.40 0.30 0.30 0.27 670 0.06 0.017

2025 - Others1 g/kW-hr 1.10 4.5 0.42 0.40 0.30 0.30 0.27 670 0.06 0.017

2010 - All kg/tonne fuel 4.60 12.3 47.2 0.38 3.17 3.17 2.92 3188 0.29 0.081

2025 - All kg/tonne fuel 4.60 12.3 2.0 0.38 0.53 0.53 0.48 3188 0.29 0.081

2010 - All g/kW-hr 1.50 10.0 0.21 0.27 0.27 0.27 0.25 690 0.09 0.02

2025 - All g/kW-hr 5.00 6.8 0.0063 0.27 0.25 0.25 0.23 690 0.09 0.02

2010 - All g/kW-hr 1.1 14.0 0.0063 0.5 0.25 0.25 0.23 670 0.06 0.017

2025 - All g/kW-hr 1.1 10.3 0.0063 0.5 0.25 0.25 0.23 670 0.06 0.017

2010 - All g/kW-hr 1.1 14.7 0.0063 0.4 0.25 0.25 0.23 670 0.06 0.017

2025 - All g/kW-hr 1.1 7.3 0.0063 0.4 0.25 0.25 0.23 670 0.06 0.017

Engine 

Type
Year - Scenario units Acrolein Benzene

1,3-

Butadiene

Acetalde 

hyde

Formalde 

hyde

Naphtha 

lene

Benzo(a) 

pyrene
DPM

2010 - MaxHourly g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 2.6E-05 6.3E-07 1.33 0.007

2010  - Others1 g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 2.6E-05 6.3E-07 1.33 0.007

2025 - MaxHourly g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 5.4E-06 1.3E-07 0.27 0.007

2025 - Others1 g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 5.4E-06 1.3E-07 0.27 0.007

2010 - MaxHourly g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 9.1E-04 5.7E-06 1.04 0.007

2010  - Others1 g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 9.1E-04 5.7E-06 1.04 0.007

2025 - MaxHourly g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.4E-04 1.5E-06 0.27 0.007

2025 - Others1 g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.4E-04 1.5E-06 0.27 0.007

2010 - All kg/tonne fuel 3.6E-03 3.0E-05 - - 4.6E-03 1.6E-04 - 2.42 2.422

2025 - All kg/tonne fuel 3.6E-03 3.0E-05 - - 4.6E-03 1.6E-04 - 0.48 0.485

2010 - MaxHourly g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 2.6E-05 6.2E-07 1.30 0.007

2010  - Others1 g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 2.6E-05 6.2E-07 1.30 0.007

2025 - MaxHourly g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 5.4E-06 1.3E-07 0.27 0.007

2025 - Others1 g/kW-hr 1.3E-03 5.9E-06 1.3E-04 1.4E-04 9.4E-04 5.4E-06 1.3E-07 0.27 0.007

2010 - MaxHourly g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 1.1E-03 6.6E-06 1.21 0.007

2010  - Others1 g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 1.1E-03 6.6E-06 1.21 0.007

2025 - MaxHourly g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.4E-04 1.5E-06 0.27 0.007

2025 - Others1 g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.4E-04 1.5E-06 0.27 0.007

2010 - All kg/tonne fuel 3.6E-03 3.0E-05 - - 4.6E-03 1.6E-04 - 2.92 2.918

2025 - All kg/tonne fuel 3.6E-03 3.0E-05 - - 4.6E-03 1.6E-04 - 0.48 0.485

2010 - All g/kW-hr 5.9E-04 2.6E-06 1.3E-04 6.2E-05 4.2E-04 5.0E-06 6.3E-07 0.25 0.01

2025 - All g/kW-hr 5.9E-04 2.6E-06 1.3E-04 6.2E-05 4.2E-04 4.6E-06 6.3E-07 0.23 0.01

2010 - All g/kW-hr 1.1E-03 4.9E-06 1.3E-04 1.1E-04 7.9E-04 4.6E-06 6.3E-07 0.23 0.007

2025 - All g/kW-hr 1.1E-03 4.9E-06 1.3E-04 1.1E-04 7.9E-04 4.6E-06 6.3E-07 0.23 0.007

2010 - All g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.0E-04 5.7E-06 0.23 0.007

2025 - All g/kW-hr 8.8E-04 5.1E-03 1.3E-04 1.9E-02 3.7E-02 2.0E-04 5.7E-06 0.23 0.007

Note: 1,3-butadiene, acetaldehyde, and benzo(a)pyrene are not emitted from external combustion sources therefore boilers EFs not required.

GHGs

ME

ME

AE

Gaseous and Particulate CACs

ME

AE

Boiler

ME

AE

Boiler

Container 

Ship

Bulk 

Carrier

Tugs

Ferries

Black 

Carbon

Trace Organics

Container 

Ship

ME

AE

Boiler

Bulk 

Carrier

ME

AE

Boiler

Tugs ME

Ferries

ME

AE
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ATTACHMENT 10 

On-Road Vehicles Age Distributions
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Motorcycle Passenger Car Passenger Truck

Light Commercial 

Truck Intercity Bus Transit Bus School Bus Refuse Truck

Single Unit Short-

haul Truck

Single Unit Long-

haul Truck Motor Home

Combination 

Short-haul Truck

Combination 

Long-haul Truck

2010 0 0.021028 0.043632 0.04665 0.08417 0.047204 0 0.026779 0.05364 0.019226 0.048026 0.046412 0.030553 0.036025

2010 1 0.096545 0.056422 0.0583 0.074162 0.037455 0.143426 0.042081 0.108557 0.040876 0.048026 0.017427 0.031658 0.066828

2010 2 0.105335 0.067081 0.074317 0.107164 0.077989 0.123506 0.064269 0.122605 0.068377 0.086446 0.036276 0.035865 0.066828

2010 3 0.108339 0.077303 0.080907 0.104278 0.1098 0.125783 0.040551 0.081737 0.09822 0.18143 0.032631 0.08302 0.188235

2010 4 0.095822 0.064367 0.076164 0.092901 0.071832 0.195219 0.06733 0.051086 0.095879 0.085379 0.03601 0.050255 0.114857

2010 5 0.091233 0.065543 0.077296 0.074747 0.06157 0.003415 0.048202 0.09834 0.070969 0.090715 0.032186 0.060217 0.100303

2010 6 0.060553 0.059072 0.065371 0.060432 0.041047 0.015367 0.061974 0.081737 0.05517 0.0619 0.028986 0.053575 0.069497

2010 7 0.058773 0.064548 0.069924 0.059274 0.057465 0.009106 0.065034 0.063857 0.047563 0.042689 0.034498 0.050919 0.052153

2010 8 0.04303 0.065588 0.063398 0.050606 0.037455 0.010814 0.0658 0.060026 0.041879 0.027748 0.022317 0.030108 0.029836

2010 9 0.034073 0.051571 0.050245 0.040012 0.053361 0.042686 0.059679 0.033206 0.045891 0.051227 0.020539 0.063538 0.048029

2010 10 0.028399 0.048899 0.0473 0.037268 0.045151 0.078543 0.056618 0.033206 0.046811 0.03095 0.031386 0.081691 0.063918

2010 11 0.023337 0.038444 0.040526 0.031043 0.041047 0.063745 0.039786 0.039591 0.047313 0.035219 0.033876 0.077928 0.041965

2010 12 0.017329 0.038894 0.041091 0.027708 0.045151 0.062038 0.045907 0.028097 0.040709 0.034152 0.02534 0.073721 0.03493

2010 13 0.01438 0.036757 0.0387 0.027174 0.031811 0.005692 0.040551 0.00894 0.028505 0.027748 0.036899 0.042727 0.019648

2010 14 0.013212 0.026834 0.023965 0.01674 0.034377 0.063176 0.045142 0.00894 0.030929 0.01174 0.025607 0.052468 0.015767

2010 15 0.007593 0.029843 0.024429 0.020341 0.031811 0.057484 0.026779 0.030651 0.037198 0.021345 0.035387 0.051804 0.016252

2010 16 0.008539 0.024232 0.021661 0.017382 0.018984 0 0.041316 0.019157 0.026582 0.021345 0.035743 0.033651 0.010067

2010 17 0.007037 0.023597 0.02029 0.014905 0.016932 0 0.027544 0.005109 0.018975 0.01174 0.031742 0.013947 0.005822

2010 18 0.006119 0.024933 0.017207 0.01186 0.017958 0 0.03137 0.020434 0.017721 0.01174 0.03681 0.010848 0.002911

2010 19 0.005758 0.020564 0.014613 0.010196 0.019497 0 0.024484 0.016603 0.014712 0.01174 0.029163 0.008855 0.001819

2010 20 0.00751 0.018463 0.011733 0.009537 0.012314 0 0.030604 0.00894 0.023406 0.017076 0.034409 0.011955 0.003153

2010 21 0.007427 0.011537 0.008482 0.007475 0.02001 0 0.016067 0.00894 0.013542 0.006403 0.035832 0.013062 0.002426

2010 22 0.006536 0.007819 0.006166 0.005084 0.013853 0 0.013007 0.007663 0.012204 0.006403 0.038321 0.007084 0.003153

2010 23 0.006342 0.005592 0.004387 0.003249 0.007183 0 0.00306 0.003831 0.007858 0.005336 0.02783 0.006642 0.001092

2010 24 0.008956 0.004509 0.003381 0.002744 0.008209 0 0.006121 0.002553 0.005851 0.003202 0.022673 0.005756 0.001455

2010 25 0.011654 0.002557 0.001919 0.001693 0.004618 0 0.005356 0 0.004848 0.006403 0.024451 0.003542 0.000849

2010 26 0.012405 0.001981 0.001468 0.001057 0.004618 0 0.00153 0.001277 0.004347 0.003202 0.028274 0.001992 0.000485

2010 27 0.013351 0.001164 0.000867 0.000625 0.003592 0 0 0 0.001672 0 0.013959 0.000443 0.000121

2010 28 0.016216 0.000895 0.000733 0.000767 0.003592 0 0.000765 0 0.001839 0 0.014137 0.000221 0.000121

2010 29 0.014186 0.001277 0.00134 0.001227 0.003592 0 0 0 0.006186 0.003202 0.023206 0.003764 0.000121

2010 30 0.048983 0.016082 0.00717 0.004179 0.020522 0 0.002294 0.001277 0.024742 0.007468 0.107673 0.008191 0.001334

AgeYear

Population Fraction
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ATTACHMENT 11 

2023 MOVES Emission Factors
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MOVES Vehicle CAC EFs (2023) 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

CO NOx SO2 VOCs PM10 PM2.5 

2023 

LDV 

50 
Annual 1.48 9.30 x 10

-2
 3.77 x 10

-3
 1.92 x 10

-2
 2.25 x 10

-2
 9.07 x 10

-3
 

Peak 2.04 9.99 x 10
-2

 3.77 x 10
-3

 1.94 x 10
-2

 2.48 x 10
-2

 1.12 x 10
-2

 

80 
Annual 1.58 1.09 x 10

-1
 3.53 x 10

-3
 1.55 x 10

-2
 1.31 x 10

-2
 7.23 x 10

-3
 

Peak 2.18 1.17 x 10
-1

 3.53 x 10
-3

 1.57 x 10
-2

 1.58 x 10
-2

 9.77 x 10
-3

 

HDDV 

3 
Annual 2.48 8.30 5.39 x 10

-2
 4.09 x 10

-1
 1.87 5.91 x 10

-1
 

Peak 2.48 8.68 5.39 x 10
-2

 4.09 x 10
-1

 1.87 5.91 x 10
-1

 

10 
Annual 7.50 x 10

-1
 2.53 1.64 x 10

-2
 1.24 x 10

-1
 5.76 x 10

-1
 1.81 x 10

-1
 

Peak 7.50 x 10
-1

 2.63 1.64 x 10
-2

 1.24 x 10
-1

 5.76 x 10
-1

 1.81 x 10
-1

 

50 
Annual 2.58 x 10

-1
 1.16 9.50 x 10

-3
 2.71 x 10

-2
 1.08 x 10

-1
 4.58 x 10

-2
 

Peak 2.58 x 10
-1

 1.21 9.50 x 10
-3

 2.71 x 10
-2

 1.08 x 10
-1

 4.58 x 10
-2

 

80 
Annual 2.55 x 10

-1
 1.12 7.83 x 10

-3
 2.90 x 10

-2
 5.73 x 10

-2
 3.36 x 10

-2
 

Peak 2.55 x 10
-1

 1.17 7.83 x 10
-3

 2.90 x 10
-2

 5.73 x 10
-2

 3.36 x 10
-2

 

DB 80 
Annual 5.22 x 10

-1
 1.71 5.21 x 10

-3
 8.59 x 10

-2
 9.34 x 10

-2
 6.82 x 10

-2
 

Peak 5.22 x 10
-1

 1.79 5.21 x 10
-3

 8.59 x 10
-2

 9.34 x 10
-2

 6.82 x 10
-2

 

HDGV 80 
Annual 5.15 8.21 x 10

-1
 6.40 x 10

-3
 9.41 x 10

-2
 2.07 x 10

-2
 1.06 x 10

-2
 

Peak 7.12 8.78 x 10
-1

 6.40 x 10
-3

 9.46 x 10
-2

 2.45 x 10
-2

 1.41 x 10
-2

 

MC 80 
Annual 1.03 x 10

1
 4.89 x 10

-1
 4.47 x 10

-3
 3.77 x 10

-1
 3.67 x 10

-2
 3.25 x 10

-2
 

Peak 1.45 x 10
1
 5.22 x 10

-1
 4.47 x 10

-3
 3.78 x 10

-1
 5.33 x 10

-2
 4.79 x 10

-2
 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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MOVES Vehicle TOC EFs (2023) 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

EF (g/km) 

Acrolein Benzene 
1,3-

Butadiene 
Acetalde-

hyde 
Formalde-

hyde 
Naphthal-

ene 
Benzo(a)-

pyrene 
DPM 

2023 

LDV 

50 
Annual 1.35 x 10

-5
 8.67 x 10

-4
 9.62 x 10

-5
 2.01 x 10

-4
 2.67 x 10

-4
 4.64 x 10

-5
 5.13 x 10

-7
 4.58 x 10

-3
 

Peak 1.36 x 10
-5

 9.75 x 10
-4

 1.04 x 10
-4

 2.31 x 10
-4

 2.88 x 10
-4

 4.69 x 10
-5

 7.55 x 10
-7

 6.71 x 10
-3

 

80 
Annual 1.09 x 10

-5
 7.02 x 10

-4
 7.79 x 10

-5
 1.63 x 10

-4
 2.16 x 10

-4
 3.76 x 10

-5
 6.09 x 10

-7
 5.41 x 10

-3
 

Peak 1.10 x 10
-5

 7.90 x 10
-4

 8.45 x 10
-5

 1.87 x 10
-4

 2.33 x 10
-4

 3.79 x 10
-5

 8.99 x 10
-7

 7.95 x 10
-3

 

HDDV 

3 
Annual 4.09 x 10

-3
 5.28 x 10

-3
 3.28 x 10

-4
 2.84 x 10

-2
 8.90 x 10

-2
 6.69 x 10

-3
 5.15 x 10

-7
 1.39 x 10

-1
 

Peak 4.09 x 10
-3

 5.28 x 10
-3

 3.28 x 10
-4

 2.84 x 10
-2

 8.90 x 10
-2

 6.69 x 10
-3

 5.15 x 10
-7

 1.39 x 10
-1

 

10 
Annual 1.24 x 10

-3
 1.60 x 10

-3
 9.94 x 10

-5
 8.61 x 10

-3
 2.70 x 10

-2
 2.03 x 10

-3
 1.55 x 10

-7
 4.21 x 10

-2
 

Peak 1.24 x 10
-3

 1.60 x 10
-3

 9.94 x 10
-5

 8.61 x 10
-3

 2.70 x 10
-2

 2.03 x 10
-3

 1.55 x 10
-7

 4.21 x 10
-2

 

50 
Annual 2.71 x 10

-4
 3.49 x 10

-4
 2.17 x 10

-5
 1.88 x 10

-3
 5.89 x 10

-3
 4.24 x 10

-4
 9.07 x 10

-8
 2.45 x 10

-2
 

Peak 2.71 x 10
-4

 3.49 x 10
-4

 2.17 x 10
-5

 1.88 x 10
-3

 5.89 x 10
-3

 4.24 x 10
-4

 9.07 x 10
-8

 2.45 x 10
-2

 

80 
Annual 2.53 x 10

-4
 3.19 x 10

-4
 4.67 x 10

-5
 1.64 x 10

-3
 4.77 x 10

-3
 3.94 x 10

-4
 4.12 x 10

-7
 2.57 x 10

-2
 

Peak 2.53 x 10
-4

 3.19 x 10
-4

 4.67 x 10
-5

 1.64 x 10
-3

 4.77 x 10
-3

 3.94 x 10
-4

 4.12 x 10
-7

 2.57 x 10
-2

 

DB 80 
Annual 6.22 x 10

-4
 7.52 x 10

-4
 2.17 x 10

-4
 3.58 x 10

-3
 8.91 x 10

-3
 8.91 x 10

-4
 2.86 x 10

-6
 6.03 x 10

-2
 

Peak 6.22 x 10
-4

 7.52 x 10
-4

 2.17 x 10
-4

 3.58 x 10
-3

 8.91 x 10
-3

 8.91 x 10
-4

 2.86 x 10
-6

 6.03 x 10
-2

 

HDGV 80 
Annual 5.65 x 10

-5
 4.33 x 10

-3
 4.82 x 10

-4
 9.68 x 10

-4
 1.18 x 10

-3
 2.16 x 10

-4
 8.86 x 10

-7
 7.31 x 10

-3
 

Peak 5.68 x 10
-5

 4.89 x 10
-3

 5.25 x 10
-4

 1.13 x 10
-3

 1.30 x 10
-3

 2.17 x 10
-4

 1.31 x 10
-6

 1.08 x 10
-2

 

MC 80 
Annual 2.26 x 10

-4
 1.75 x 10

-2
 1.96 x 10

-3
 4.00 x 10

-3
 4.78 x 10

-3
 8.63 x 10

-4
 3.44 x 10

-6
 3.21 x 10

-2
 

Peak 2.27 x 10
-4

 1.98 x 10
-2

 2.14 x 10
-3

 4.74 x 10
-3

 5.25 x 10
-3

 8.66 x 10
-4

 5.08 x 10
-6

 4.74 x 10
-2

 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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MOVES Vehicle GHG and Climate Forcing PM EFs (2023) 

Horizon 
Year 

Vehicle 
Class 

Speed 
(km/h) 

Season
1
 

GHG EF (g/km) Climate Forcing PM EF (g/km) 

CO2 CH4 N2O 
20-year 
CO2e 

100-year 
CO2e 

Black 
Carbon 

20-year 
CO2e 

100-year 
CO2e 

2023 

LDV 

50 
Annual 1.96 x 10

2
 2.34 x 10

-3
 1.05 x 10

-3
 1.97 x 10

2
 1.97 x 10

2
 6.29 x 10

-4
 2.01 5.66 x 10

-1
 

Peak 1.96 x 10
2
 2.35 x 10

-3
 1.05 x 10

-3
 1.97 x 10

2
 1.97 x 10

2
 9.05 x 10

-4
 2.90 8.14 x 10

-1
 

80 
Annual 1.83 x 10

2
 2.24 x 10

-3
 6.59 x 10

-4
 1.84 x 10

2
 1.84 x 10

2
 7.19 x 10

-4
 2.30 6.47 x 10

-1
 

Peak 1.83 x 10
2
 2.24 x 10

-3
 6.59 x 10

-4
 1.84 x 10

2
 1.84 x 10

2
 1.04 x 10

-3
 3.31 9.32 x 10

-1
 

HDDV 

3 
Annual 7.94 x 10

3
 5.58 x 10

-1
 2.76 x 10

-2
 7.99 x 10

3
 7.96 x 10

3
 1.17 x 10

-2
 3.73 x 10

1
 1.05 x 10

1
 

Peak 7.94 x 10
3
 5.58 x 10

-1
 2.76 x 10

-2
 7.99 x 10

3
 7.96 x 10

3
 1.17 x 10

-2
 3.73 x 10

1
 1.05 x 10

1
 

10 
Annual 2.41 x 10

3
 1.69 x 10

-1
 8.28 x 10

-3
 2.43 x 10

3
 2.42 x 10

3
 3.52 x 10

-3
 1.13 x 10

1
 3.17 

Peak 2.41 x 10
3
 1.69 x 10

-1
 8.28 x 10

-3
 2.43 x 10

3
 2.42 x 10

3
 3.52 x 10

-3
 1.13 x 10

1
 3.17 

50 
Annual 1.40 x 10

3
 3.69 x 10

-2
 1.66 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 2.06 x 10

-3
 6.58 1.85 

Peak 1.40 x 10
3
 3.69 x 10

-2
 1.66 x 10

-3
 1.40 x 10

3
 1.40 x 10

3
 2.06 x 10

-3
 6.58 1.85 

80 
Annual 1.15 x 10

3
 2.45 x 10

-2
 1.03 x 10

-3
 1.16 x 10

3
 1.15 x 10

3
 1.01 x 10

-2
 3.24 x 10

1
 9.12 

Peak 1.15 x 10
3
 2.45 x 10

-2
 1.03 x 10

-3
 1.16 x 10

3
 1.15 x 10

3
 1.01 x 10

-2
 3.24 x 10

1
 9.12 

DB 80 
Annual 7.67 x 10

2
 2.16 x 10

-2
 1.03 x 10

-3
 7.69 x 10

2
 7.68 x 10

2
 3.82 x 10

-2
 1.22 x 10

2
 3.44 x 10

1
 

Peak 7.67 x 10
2
 2.16 x 10

-2
 1.03 x 10

-3
 7.69 x 10

2
 7.68 x 10

2
 3.82 x 10

-2
 1.22 x 10

2
 3.44 x 10

1
 

HDGV 80 
Annual 3.30 x 10

2
 2.54 x 10

-3
 1.46 x 10

-3
 3.31 x 10

2
 3.31 x 10

2
 4.95 x 10

-4
 1.58 4.46 x 10

-1
 

Peak 3.30 x 10
2
 2.56 x 10

-3
 1.46 x 10

-3
 3.31 x 10

2
 3.31 x 10

2
 7.32 x 10

-4
 2.34 6.59 x 10

-1
 

MC 80 
Annual 2.31 x 10

2
 1.75 x 10

-2
 1.07 x 10

-3
 2.32 x 10

2
 2.31 x 10

2
 5.74 x 10

-3
 1.84 x 10

1
 5.16 

Peak 2.31 x 10
2
 1.75 x 10

-2
 1.07 x 10

-3
 2.32 x 10

2
 2.31 x 10

2
 8.48 x 10

-3
 2.71 x 10

1
 7.63 

Source: Sierra Research, Inc. 2013 

Note: 
1
 Summer, winter and annual EFs were determined and provided by Sierra Research.  The annual EFs were considered for the annual emission estimates 

and the maximum of either the summer or winter EFs were considered for the daily and hourly emission estimates. 
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GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

 List of Acronyms 

AAQO Ambient Air Quality Objectives 

B.C. British Columbia 

CAAQS Canadian Ambient Air Quality Standards 

CCME Canadian Council of Ministers of the Environment 

CEPA Canadian Environmental Protection Act 

CWSaq Canada-wide Standards for air quality 

GVRD Greater Vancouver Regional District 

HHRA Human Health Risk Assessment 

LFV Lower Fraser Valley 

MAL maximum acceptable level 

MDL maximum desirable level 

MSAT Mobile Source Air Toxics 

MV Metro Vancouver 

NAAQO National Ambient Air Quality Objectives 

NAPS National Air Pollution Surveillance 

PMV Port Metro Vancouver 

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

Study Air Quality Study related to the Project 

U.S. EPA United States Environmental Protection Agency 

Contaminants 

CAC criteria air contaminant 

CH4 methane 

CO carbon monoxide 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

DPM diesel particulate matter 

GHG greenhouse gas 

MTBE methyl tert-butyl ether 

N2O nitrous oxide 

NO nitric oxide 

NO2  nitrogen dioxide 

NOx nitrogen oxides 

O3 ground-level ozone 
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Contaminants 

PM particulate matter 

PM10 inhalable particulate matter (particulate matter up to 10 micrometers in size) 

PM2.5 fine particulate matter (particulate matter up to 2.5 micrometers in size) 

POM polycyclic organic matter 

SO2 sulphur dioxide 

TOC trace organic contaminant 

VOC volatile organic compound 

Symbols, Measurements, and Abbreviations 

h hour 

y year 

ng/m
3
 nanograms per cubic metre 

µg/m
3
 micrograms per cubic metre 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV’s) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals. 

The purpose of this appendix is to present the selection process for identifying applicable regulatory 

criteria for ambient air quality, to summarise background air quality against which estimated RBT2 related 

changes in air quality levels will be assessed, and to discuss existing local air quality in the study area to 

identify existing air quality levels. 
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2.0 AIR QUALITY CRITERIA 

Compounds of potential concern assessed in the Study have associated criteria in British Columbia (B.C.) 

jurisdiction with the exception of most trace organic contaminants (TOCs), diesel particulate matter 

(DPM), greenhouse gases (GHGs) and black carbon.  No criteria exist for volatile organic compounds 

(VOCs) as a general category of compounds.  

2.1 AIR QUALITY CRITERIA FOR CRITERIA AIR CONTAMINANTS  

The following is a discussion of applicable federal, provincial and regional regulatory criteria for ambient 

air quality with respect to criteria air contaminants (CACs). 

National Ambient Air Quality Objectives (NAAQO) were first established in the 1970s.  NAAQO is a three-

tiered system defined as maximum tolerable level, maximum acceptable level (MAL) and maximum 

desirable level (MDL).  Each level has a specific concentration for an individual air contaminant, with one 

or more averaging periods. 

The Canadian Council of Ministers of the Environment (CCME) announced in 2012 the introduction of a 

new, comprehensive Air Quality Management System with new Canadian Ambient Air Quality Standards 

(CAAQS).  CAAQS for fine particulate matter (particulate matter up to 2.5 micrometers in size) (PM2.5) 

and ground-level ozone (O3) will replace Canada-Wide Standards (CWSaq) for particulate matter (PM) 

and ozone in 2015 and have been considered in this Study.  Work has also been initiated to develop 

CAAQS for sulphur dioxide (SO2) and nitrogen dioxide (NO2).  A final report to the multi-stakeholder 

CAAQS Working Group on the SO2 and NO2 standards is expected to be completed by October 2014, 

with on-going Working Group consultations to be completed by December 2015. 

Ambient air quality levels in B.C. are typically set considering the effect of concentration levels on the 

general public and ecosystems through the B.C. Ambient Air Quality Objectives (AAQO), which were last 

updated in August 2013. Contaminants listed under the B.C. AAQO generally have a three-tiered system 

for assessment.  Level A is equivalent to the federal NAAQO MDL, Level B is equivalent to the federal 

NAAQO MAL and Level C is equivalent to the federal NAAQO maximum tolerable level. Under the B.C. 

AAQO, inhalable particulate matter (particulate matter up to 10 micrometers in size) (PM10) and PM2.5 are 

compared against a provincial Air Quality Objective (AQO). A long-term provincial planning goal (Goal) 

has also been defined for PM2.5.  Each level within these regulations has a specific average concentration 

criterion for an individual air contaminant over a specified period of time.  B.C. is expected to issue new 

interim objectives for NO2 and SO2 that would apply to new sources1. 

                                                      
1
 On December 22, 2014, B.C. issued new interim objectives for NO2 and SO2; due to the timing of the issuance, 

these interim objectives have not been incorporated into this assessment. 
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The Provincial Government of B.C. has the authority to delegate primary responsibility for air quality 

management to regional and municipal jurisdictions.  In 1972, an amendment to the Pollution Control Act, 

established the Greater Vancouver Regional District (GVRD) as the single agency under which provincial 

and municipal air pollution control activities in the Greater Vancouver urban area would be integrated. In 

1982 and again in 2004, the Environmental Management Act sustained that delegation of authority. As 

part of the 2011 Integrated Air Quality Greenhouse Gas Management Plans, the GVRD, now Metro 

Vancouver (MV) establishes and frequently reviews AAQOs that are used in policy planning, permitting of 

air contaminant emission sources and overall air quality management.  MV issued a new interim objective 

for SO2 in December 2014 for discussion purposes. 

The existing set of NAAQO, CWSaq, CAAQS, B.C. AAQO and MV AAQO for CACs are listed in Table 2-1.  

The most stringent objectives/standards from amongst the B.C. AAQO, CWSaq and CAAQS are the 

criteria used in the Study as noted in the study criteria column.  The MV AAQO, which are generally more 

stringent that the federal/Provincial objectives/standards, will also be listed in the tables of predicted 

concentrations for comparison purposes.  It should be noted that the CAAQS will have new criteria for 

NO2 and SO2 in the 2015-2016 time frame, while MV is currently seeking feedback on an interim SO2 

objective.   

In addition to the averaging periods associated with the listed air quality criteria, the potential effects of 

exposure to SO2 for a 10-minute averaging period are addressed in the human health risk assessment 

(HHRA), in consideration of the recommended guideline from the World Health Organization in relation to 

acute health effects from exposure to concentrations of SO2 greater than 500 micrograms per cubic metre 

(µg/m
3
). 
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Table 2-1 – Air Quality Criteria for CACs 

CAC 
Avg. 

Period 

Study Criteria 

(µg/m
3
)
1
 

Air Quality Criteria (µg/m
3
) 

NAAQO
1
 

CWS CAAQS 

B.C. AAQO 
MV 

AAQO MDL MAL Level A  
Level 

B  
Level C 

AQO / 
Goal 

CO 
1-hour (h) 14,300 15,000 35,000 - - 14,300 28,000 35,000 - 30,000 

8-h 5,500 6,000 15,000 - - 5,500 11,000 14,300 - 10,000 

NO2 

1-h 400 - 400 - 

- see NAAQO
3
 

200 

24-h 200 - 200 - - 

1-year (y)
2
 60 60 100 - 40 

SO2 

1-h 450 450 900 - 

- 

450 900 900 - 450 

24-h 150 150 300 - 160 260 360 - 125 

1-y
2
 25 30 60 - 25 50 80 - 30 

O3 

1-h 100 100 160 - - see NAAQO
3
 160 

8-h 121.6 - - 127.6
4
 123.5

5
 / 121.6

6
 123

7
 126 

24-h 30
8 

30 50 - - 
see NAAQO

3
 

- 

1-y
2
 30 - 30 - - - 

PM 
24-h 120 - 120 - - see NAAQO

3
 200 260 - - 

1-y
2
 60 60 70 - - 60 70 75 - - 

PM10
9
 

24-h 50 - - - - - - - 50 50 

1-y
2
 - - - - - - - - - 20 

PM2.5 
24–h 25 - - 30

10
 28

5
 / 27

6 
- - - 25 25 

1-y
2
 6 - - - 10.0

11
 / 8.8

12 
- - - 8 / 6

13
 8 / 6

13
 

Notes: 
1 

µg/m
3
 = micrograms per cubic metre; MDL = maximum desirable level; MAL = maximum acceptable level 

2 
Arithmetic mean 

3
 B.C. AAQO cite these NAAQO criteria as applicable to B.C. criteria 

4 
Based on the 4

th
 highest measurement annually averaged over 3 consecutive years (Canadian Council of Ministers of the Environment [CCME] 2000 and CCME 

2005) 
5 

Effective 2015; 3-y average of the annual 98
th

 percentile of the daily 24-h average concentrations for PM2.5 and 3-y average of the annual 4
th

 highest daily 

maximum 8-h average for O3 concentrations 
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6 
Effective 2020; 3-y average of the annual 98

th
 percentile of the daily 24-h average concentrations for PM2.5 and 3-y average of the annual 4

th
 highest daily 

maximum 8-h average for O3 concentrations 
7 

Annual average value, averaged over three consecutive years 
8
 Baseline O3 levels in Pacific regions of Canada have been reported by Environment Canada as being 19 parts per billion (ppb) (+10 ppb), or 38 µg/m3 (+ 20 

µg/m3). Source: http://www.ec.gc.ca/Air/default.asp?lang=En&n=72F82C27-1&offset=5&toc=show#toc5-7 
9
 Inhalable particulate matter 

10 
Based on 98

th
 percentile ambient measurement annually, averaged over 3 consecutive years (CCME 2000 and CCME 2005) 

11 
Effective 2015; 3-y average of the annual average concentrations 

12 
Effective 2020; 3-y average of the annual average concentrations 

13 
Planning goal - 6 µg/m

3 
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2.2 AIR QUALITY CRITERIA FOR TRACE ORGANIC CONTAMINANTS 

TOCs are a subset of VOCs.  The TOCs evaluated in the Study were chosen because of their known 

association with combustion and potential human health effects.  

Of the 134 substances listed under the Canadian Environmental Protection Act (CEPA) as toxic 

substances, 68 substances are VOCs.  Fifty-seven of these VOCs are not products of combustion (e.g., 

Halons, methoxyethanols).  The remaining VOCs on the CEPA toxic substances list include: 

 Seven substances that are on the list of priority Mobile Source Air Toxics (MSAT) that have been 

identified as substances of potential concern for human health effects from gasoline and diesel 

transportation sources (acetaldehyde, formaldehyde, acrolein, 1,3-butadiene, benzene 

naphthalene and polycyclic organic matter (POM)); and,  

 Four substances were not included in the RBT2 study for the following reasons: 

o Hexachlorobenzene - primarily a by-product of chemical manufacturing; 

o Trichloroethylene - a by-product of the combustion of plastics and chlorinated hydrocarbons, 

but not typically associated with the combustion of gasoline and diesel; 

o Isoprene - a biogenic VOC that may also be formed as a by-product in the chemical 

transformation of exhaust hydrocarbons whose formation in the atmosphere post-exhaust 

would be difficult to estimate; and 

o Phenol, 2,4,6-tris (1,1-dimethylethyl) - a fuel additive that is destroyed in combustion. 

The choice of which toxic VOCs to include in the Study was also guided by the work completed in this 

area by the United States Environmental Protection Agency (U.S. EPA).  In 2001, the U.S. EPA 

completed an extensive analysis of all compounds emitted from gasoline and diesel-powered vehicles, 

identifying 21 toxic air pollutants associated with motor vehicle emissions as compounds or compound 

classes of particular concern to human health.2 These were referred to as MSAT, and they included the 

following: 

Acetaldehyde Dioxins and furans Methyl tert-butyl ether (MTBE) 

Acrolein Ethylbenzene Naphthalene 

Arsenic Formaldehyde Nickel compounds 

Benzene Hexane POM 

1,3 Butadiene Lead compounds Styrene 

Chromium compounds Manganese compounds Toluene 

Diesel engine exhaust Mercury compounds Xylene 

                                                      
2
 http://epa.gov/otaq/toxics.htm 
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The U.S. EPA’s choice on which compounds to include in the list of 21 MSATs were based on identifying 

compounds that originate at least in part from mobile sources, and with consideration of health and risk 

assessment information contained in the Integrated Risk Information System.  It should be noted that the 

U.S. EPA does not consider NO2, SO2, PM10 or PM2.5 as toxic compounds, but these compounds are 

considered toxic compounds under CEPA.  It should also be noted that not all of these substances are 

associated with diesel fuel, and some, like manganese and MTBE, are more associated with gasoline and 

gasoline additives. 

In 2007, the EPA amended the list of MSATs to define eight priority toxic compounds that need to be 

considered in air quality assessments for transportation sources: 

Acetaldehyde Formaldehyde 

Acrolein Naphthalene 

Benzene POM 

1,3 Butadiene Diesel exhaust (both organic gases and PM) 

Therefore, although there are a number of VOCs emitted by transportation sources associated with RBT2 

which are listed as being toxic under CEPA, the assessment of these compounds by the U.S. EPA in 

2001 determined that exposure to these compounds in relation to transportation sources was not a 

concern and that air quality assessments of such sources should focus on the priority MSATs listed 

above.  The list of CEPA toxics included POM, but not DPM.  For the purposes of the Study, these eight 

compounds are referred to as TOCs in order to distinguish them from CACs because these compounds 

are typically present in much lower concentrations in an urban environment. 

With the exception of formaldehyde, there are no ambient air quality criteria for TOCs in B.C.  The B.C. 

Ministry of Environment has adopted a 1-h average objective for formaldehyde, but has not adopted 

objectives for the other TOCs evaluated for the Study.  A target for formaldehyde concentrations less than 

60 µg/m
3
 (1-h average) is to be used when managing the level of formaldehyde in an airshed as listed in 

Table 2-2. 

Although AAQC for TOCs in B.C. are limited to formaldehyde, the potential effects of exposure to the 

eight selected TOCs noted above are addressed in the HHRA for 1-h, 24-h and annual averaging periods 

as requested. 
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Table 2-2 – Air Quality Criteria for TOCs
 

TOC Averaging Period Study Criteria (µg/m
3
) 

Air Quality Criteria (µg/m
3
) 

B.C. AAQO 

Formaldehyde 1-h 60 60 

 

2.3 AIR QUALITY CRITERIA FOR GREENHOUSE GASES AND BLACK CARBON 

Any atmospheric gas that can contribute to the greenhouse effect by absorbing infrared radiation 

produced by solar warming of the Earth's surface is defined as a GHG.  The principal GHGs related to 

transportation sources include carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).  Although 

GHGs occur naturally in the atmosphere, CO2 and CH4 are directly related, at least in part, to human 

activities such as the burning of fossil fuels. 

GHGs are generally not associated with health or short-term effects that are typically considered for air 

dispersion modelling and ambient air quality related to individual source emissions because their effects 

are related to global climate change issues.  The annual contribution within the study area to the Lower 

Fraser Valley (LFV) as a whole was considered and is discussed in the main body of the Study.  There 

are no applicable AAQC for CO2, the dominant source of GHGs.   

Black carbon is a subset of PM2.5 and a major component of DPM which has received growing attention in 

science and environmental policy matters related to ambient air quality for human health effects, as well 

as for its potential as a short-lived climate change forcing agent (WHO 2012; UNEP/WMO 2011; Bond, T. 

C. et al. 2013; IPCC 2013).  Black carbon is a light-absorbing, carbon-containing constituent of PM 

formed by the incomplete combustion of fossil fuels, biomass and biofuels (European Environment 

Agency 2013).  Black carbon is directly emitted into the air from sources that include vehicles (particularly 

diesel-powered on-road vehicles), non-road mobile machinery (e.g., diesel-powered bulldozers, cranes, 

and rail locomotives), ships, residential heating (e.g., oil, gas, small coal or wood burning stoves, 

fireplaces, backyard barbeques, lawnmowers, and other similar urban emission sources) and open 

biomass burning (e.g. forest fires or burning of agricultural waste).  

Black carbon has been declared to be a carcinogen by the World Health Organization (WHO 2012).  

However, the WHO concluded that: 

“There are not enough clinical or toxicological studies to allow an evaluation of the 

qualitative differences between the health effects of exposure to BC or to PM mass (for 

example, different health outcomes), of quantitative comparison of the strength of the 

associations or of identification of any distinctive mechanism of BC effects”.  
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As such, there have been no recommendations for establishing any AAQC for black carbon to date.  For 

example, in Europe, all monitoring of PM and black carbon in ambient air is still regulated on the basis of 

limit and target values for PM10 and PM2.5 as mandated by the European Commission Air Quality 

Directive of 2008.  A similar situation currently exists for regulatory agencies in Canada and the United 

States, which employ criteria for PM2.5 and PM10 to manage PM emissions. 
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3.0 BACKGROUND AIR QUALITY 

The Guidelines for Air Quality Dispersion Modelling in British Columbia (B.C. MOE 2008) defines 

background air quality as the concentration of contaminants that is attributable to emissions from both 

natural and human-caused sources other than the source(s) being modelled.  In any air quality study, the 

incremental contributions of emissions from a new source(s) must be added to the contribution from all 

other existing sources in the vicinity of the new source.  This section describes air quality in the LFV and 

in Tsawwassen for the purpose of identifying suitable background concentrations for the compounds of 

potential concern addressed in the Study.   

Existing background air quality levels for CACs from all existing sources in the vicinity of Roberts Bank 

are based on the most representative air quality monitoring data closest to Roberts Bank.  However, 

since monitoring for TOCs is not available from any stations in Tsawwassen, background air quality levels 

for these compounds of potential concern were derived from other monitoring stations in the LFV.  

3.1 AIR QUALITY TRENDS IN THE LOWER FRASER VALLEY 

MV, in conjunction with the Fraser Valley Regional District, operates a network of 27 air quality monitoring 

stations in the LFV.  Information gathered from the LFV Air Quality Monitoring Network is used to support 

and guide MV’s Air Quality Management Plan for the region.  Observed and projected air quality trends 

for contaminants in the LFV from 1990 to 2030 were derived by MV (MV 2013) and are summarised in 

Table 3-1.  In general the trend is towards decreasing concentrations in ambient air. 
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Table 3-1 – Lower Fraser Valley Air Quality Trends 

Contaminant Major Sources Observed and Projected Trend 

CO 

On-road vehicles 

Space heating 

Non-road vehicles 

CO has steadily been declining and the AAQO has 
been achieved since 1990.  CO will continue to decline 
until 2020, after which regional emissions may 
increase due to emissions from non-road vehicles and 
equipment. 

Nitrogen Oxides 
(NOx) 

Combustion sources including 
building heating, commercial and 
industrial operations, on-road and 
non-road vehicles 

NOx emissions have declined since 1990, and will 
continue to decline to 2020, after which they are 
projected to level off. 

SO2 

Industrial sources such as petroleum 
refining, primary metals and non-
metallic mineral processing and 
marine vessels 

SO2 emissions have declined since 1990, and will 
continue to decline to 2015, after which they are 
projected to level off. 

VOC 

Natural sources (vegetation), solvent 
evaporation and light-duty gasoline 
vehicles 

VOC emissions have declined since 1990, but are 
projected to level off beyond 2010. 

PM, PM10 and 
PM2.5 

Action of the wind, and anthropogenic 
sources, such as the combustion of 
fuels 

A gradual decline in annual PM10 and PM2.5 has been 
observed for most locations in the LFV but a steadily 
increasing trend in emissions is projected from 2015 to 
2030. 

DPM 
On-road and non-road vehicles Declining trend from 1990 to 2030 due to cleaner fuels 

and more stringent engine standards. 

Carbon Dioxide 
Equivalent 

(CO2e) 

Mobile Transportation Sources and 
Area Sources (e.g., agricultural 
activity, landfills residential, and 
commercial space heating) 

Decrease in emissions from 2010 to 2015, followed by 
increased emissions to 2030 due to increasing 
population and economic activity. 

Black Carbon 

Mobile sources, especially diesel 
engines and vehicles 

Most developed countries have already reduced 

emissions by adopting more stringent standards 

on emissions from transportation sources and 

additional reductions are anticipated to 2030.  These 

new standards will affect all on-road and off-
road vehicles in North America, including those 
operating in the LFV. 

3.2 AIR QUALITY AND BACKGROUND CONCENTRATIONS FOR CRITERIA AIR CONTAMINANTS 

3.2.1 Air Quality Studies 

MV has documented studies on the air quality levels in the vicinity of the marine terminal operations at 

Roberts Bank in 2002 and the period 2004 to 2006.   

Tsawwassen Particulate Air Quality Study (2002) 

A special air quality monitoring program was conducted in 2002 in the Tsawwassen area of Delta to 

address enquiries raised by local citizens groups and civic officials (GVRD 2002).  The program was 

aimed at determining the levels of PM10 and PM2.5 in this area.  In addition, efforts were made to identify 

the contribution of fugitive coal dust emissions from the Westshore Terminals coal port to ambient 
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concentrations of PM.  The program was conducted during the period June 1 to August 24, 2002.  The 

results of the monitoring program were summarised as follows: 

 Measured PM10 and PM2.5 levels in the Tsawwassen area were well below the most stringent 

established objectives and/or standards; 

 Measured concentrations of PM10 and PM2.5 were similar in magnitude and pattern to values 

measured elsewhere within the region; 

 Particulate levels measured at English Bluff are representative of those experienced elsewhere in 

other parts of Tsawwassen; 

 No site in the Tsawwassen area was unduly influenced by any one emission source (based on 

statistical and visual analyses); 

 The ratio of PM2.5/PM10 are similar to other sites located in the MV area; and 

 Overall, visual analysis of particles showed that only a very small percentage (< 1%) were 

identifiable as coal particles.  

Delta Air Quality Monitoring Study (2004-2006) 

A second monitoring program was conducted at several locations in the Ladner and Roberts Bank 

foreshore area between June 2004 and March 2006 (GVRD 2006).  The program measured CO, NOX, 

SO2 and PM2.5 concentrations and to compare these to established objectives and/or standards.  The 

results of the monitoring program found that: 

 24-h average PM2.5 concentrations in the study area were below the MV objective of 25 µg/m
3
, 

and that the levels observed in the MV monitoring locations were the same as or lower than 

levels measured at other monitoring stations. in MV even though efforts were made to conduct 

the monitoring in Delta in the more urbanised areas and closer to transportation routes; 

 Annual average PM2.5 concentrations in the study area were less than 50% of the MV objective 

and less than levels observed in neighbouring municipalities; 

 CO and SO2 concentrations in the study area were very low (less than 10%) when compared to 

MV objectives; and 

 NO2 concentrations in the study area were less than 50% of the MV objectives and were lower 

than other comparable monitoring sites in MV even though efforts were made to conduct the 

monitoring in Delta in the more urbanised areas and closer to transportation routes.  

In summary, the monitoring study concluded that the measured air quality within the Delta study area was 

generally good as compared with other locations in MV.  For some contaminants, such as 1-h average 

CO and 24-h average SO2 and PM2.5, Tsawwassen has some of the lowest concentrations measured in 

the LFV in 2012. 

Coal Dustfall Monitoring Study (2013) 
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A dustfall study was conducted in the summer of 2013 by the Acuren Group Inc. (Acuren Group Inc. 

2013) on behalf of The Corporation of Delta to assess the levels of coal dust in dustfall samples collected 

over a one month period (June 28 - July 29, 2013) at five locations in Tsawwassen.  All of the samples 

collected at Brandrith Park, Village Park, Pebble Hill Park and Fred Gingell Park were less than 15% of 

the provincial AAQO of 1.7 milligrams per square decimeter per day which applies to dustfall measured in 

residential areas averaged over a two-week to one month time period.  At these locations, the total coal 

content of particles in the PM10 size fraction was about 10% at Pebble Hill Park and 5% for the other three 

locations.  The coal content in the PM2.5 size range was about 5% for samples collected at Brandrith Park 

and Village Park, and 0% at Pebble Hill Park and Fred Gingell Park.  The only sample that exceeded the 

provincial AAQO for dustfall was the one collected near the rail line leading to the Westshore Terminals 

(identified in the report as N40).  At this location, the coal content was reported as 65% of the PM 

particles, 40% of the PM10 particles and 10% of the PM2.5 particles.   

 

Coal dust is not emitted as part of RBT2 operations but is included in the Study as part of the discussion 

on other projects and activities. 

Central Burrard Inlet Area Air Quality Monitoring Study 

With respect to black carbon levels in ambient air, there have been no monitoring studies completed in 

the vicinity of the marine terminals at Roberts Bank to date.  MV identified the Central Burrard Inlet Area 

as a possible local air quality priority area for air contaminant monitoring since a wide variety of air 

emission sources are situated within this relatively densely-populated area and emissions are expected to 

increase in the future due to port expansion.  Air quality monitoring for black carbon was conducted from 

July 2008 to June 2010 as part of the Burrard Inlet Area Local Air Quality Study (MV 2012).  Black carbon 

concentrations were slightly higher at the two CBIA sites compared to the only other station monitoring 

black carbon at the time in Abbotsford.  Hourly averaged black carbon concentrations generally did not 

exceed 2 µg/m
3
 in the CBIA, compared to ≤ 1 µg/m

3
 in Abbotsford; these levels are typical of levels 

reported for other urban areas of North America and Europe.  The somewhat higher concentrations in the 

CBIA appeared to be indicative of the higher relative contribution of black carbon sources, specifically 

ocean-going vessels and diesel combustion in heavy-duty trucks and rail, to PM2.5 levels in the CBIA.   

According to the U.S. EPA Report to Congress (U.S. EPA 2012), ground-level measurements of black 

carbon in urban areas around the world range from < 0.1 µg/m
3
 to 15 µg/m

3
, with urban areas of North 

America and Europe showing an average incremental increase over regional background levels of 

approximately 2 µg/m
3
.  Therefore, the results of the CBIA study completed by MV indicate that black 

carbon concentrations in areas of Burrard Inlet are within what would be expected in any urban area of 

North America or Europe.  The U.S. EPA also reported that concentrations of black carbon had 

decreased by approximately 50% in the previous two decades due to emission control initiatives for 

reducing PM2.5 emissions from diesel-powered vehicles and projected additional reductions of up to 86% 
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to 2030 from emissions in 2005 due to control initiatives that have already been adopted for new diesel 

engines (Sasser 2012).  Based on the monitoring completed in the CBIA and the reported levels for urban 

areas of North America and Europe, it is reasonable to assume that black carbon levels in the vicinity of 

Roberts Bank could be expected to be on the order of < 2 µg/m
3
. 

 
3.2.2 Defining Background Concentration 

The B.C. MOE (B.C. MOE 2008) recommends adding the 98
th
 percentile of observed concentrations at 

the nearest air quality monitoring station to the predicted concentrations from a source being modelled to 

determine the effects of a project.  The 98
th
 percentile means that background concentrations are lower 

than the defined background level for 358 days of the year, or almost 8600 h of the year. 

The background concentration for the Study includes that which results from all sources in the vicinity of 

Roberts Bank, namely:  

 traffic from on-road vehicles in Tsawwassen; 

 commercial and home heating (including fireplaces and wood or gas stoves);  

 gas-powered gardening equipment and backyard barbeques; 

 restaurants; 

 heavy-duty diesel-power construction and demolition equipment; 

 general construction within the vicinity of Station T39; 

 agricultural equipment and operations; 

 aircraft at the Boundary Bay airport; 

 industrial source emissions from marine terminals; 

 rail traffic servicing those terminals; and  

 marine commercial ships, ferries, fishing boats and other small craft transiting through Georgia 

Strait and along the South Arm of the Fraser River.   

Emissions from all of these sources are incorporated into the measured air quality concentrations used in 

defining the background air quality levels.  

3.2.3 Air Quality at Monitoring Station T39 

In 2010 MV, in partnership with PMV, established an air quality monitoring station in Tsawwassen in the 

northwest portion of Pebble Hill Park (Figure 3-1).  Designated as Station T39 in the MV network of 

monitoring stations, the monitoring site was specifically located to obtain a measure of the potential 

contribution of the emissions from Roberts Bank terminals.  The T39 station provides monitoring data for 

CO, nitric oxide (NO) and NO2, SO2, O3 and PM2.5, as well as the meteorological parameters of wind 

speed, wind direction and temperature. 
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MV provided monitoring data for the site from June 2010 to the end of December 2012.  This data forms 

the primary basis for estimates of the existing air quality at the Roberts Bank terminals. 

The meteorological data from the T39 station have been determined to be unrepresentative of winds in 

the area (see Appendix C, Section 2.5.1) as it does not conform to standard anemometer exposure siting 

requirements established by the World Meteorological Organization.  The analysis of available data from 

the T39 station indicates that there is an influence from tall trees in the vicinity of the station on the 

recorded observations of wind speed and direction at the station.  Comparisons between T39 

observational data and prognostic meteorological model data for the same location show that observed 

wind speed data at the T39 station underestimate wind speeds in the area as compared with winds 

derived from a prognostic meteorological model because of the exposure of the anemometer with respect 

to trees in Pebble Hill Park.  Consequently, representative winds for the emission sources at Roberts 

Bank are based on the prognostic model data.  Figure 3-1 also presents an annual wind rose for wind 

data at the RBT2 Project site in 2010.  Predominant winds at RBT2 were easterly winds (approximately 

14 % of the time) and winds from NW direction (predicted 13% of the time).  The majority of the time 

winds blow from the east through southeasterly directions, such that emissions from sources at Roberts 

Bank are more frequently transported in a westerly and northwesterly direction, away from the land and 

out over Georgia Strait.   

The average wind speed based on the meteorological modelling data in 2010 was 4.8 m/s.  Wind speeds 

were distributed across all six wind speed classes, with the majority (90%) in the first four (0.5 to 8.8 m/s).  

Approximately 26% of wind speeds were in the class between 3.6 m/s and 5.7 m/s, while winds greater 

than 8.8 m/s were predicted 10% of the time. 
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Figure 3-1 – 2010 Windrose for Station T39 

 

To determine whether there was a detectible contribution from the Roberts Bank terminals relative to 

general air quality concentrations measured at Station T39, the wind sector from 260° to 340° was 

considered to be the direction of possible influence as ships approach the Roberts Bank terminals up to 

and including all on-road vehicular and rail traffic along the Roberts Bank causeway.  Any emissions from 

the B.C. Ferries Terminal and traffic along the ferry causeway (in addition to on land sources such as 

traffic and construction) are included in this sector due to the location of these sources.  Therefore, not all 

of the air contaminant concentrations recorded at T39 from this sector can be solely attributed to 

operations at the Roberts Bank terminals.   

Table 3-2 provides a summary of air quality observations at Station T39 in Tsawwassen over the period 

June 2010 to December 2012 for all wind directions.  The observations are compared to the most 

stringent air quality criteria identified in Table 2-1.  For 8-h and 24-h averaging periods, the concentrations 

are calculated as rolling averages. 
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Table 3-2 – Summary of Air Quality Observations at Station T39 (all wind directions) 

Year Parameter 

Concentration (µg/m
3
)
1
 

CO NO2 SO2 O3 PM2.5
2
 

1-h 8-h 1-h 24-h 1-h 
24-

h 
1-h 8-h 24-h 24-h 

2010 to 
2012 

Max 800.4 626.4 120.1 48.9 53.5 9.7 135.4 111.6 90.9 28.2 (14.1) 

Mean 183.6 183.6 12.8 12.8 1.4 1.4 45.9 45.8 45.9 3.5 (3.5) 

Median 174.0 174.0 9.0 10.8 0.8 1.1 46.6 46.3 46.1 3.1 (3.1) 

98
th

 
percentile 

371.2 339.3 44.7 34.9 7.7 5.1 88.2 84.7 79.8 9.5 (8.7) 

2010 

Max 800.4 462.3 69.0 44.7 53.5 7.6 127.6 109.2 85.4 28.2 (10.5) 

Mean 184.7 186.6 12.4 12.4 1.7 1.7 42.7 42.7 42.8 3.9 (3.4) 

Median 174.0 172.6 9.0 10.5 0.8 1.3 43.6 43.5 44.1 3.3 (3.2) 

2011 

Max 719.2 626.4 120.1 48.9 39.4 9.7 104.2 97.2 90.9 11.9 

Mean 187.7 187.8 13.4 13.4 1.6 1.6 45.5 45.4 45.5 3.5 

Median 174.0 176.9 9.4 11.4 0.8 1.3 46.4 46.3 45.2 3.2 

2012 

Max 672.8 454.1 78.7 44.8 39.9 6.9 135.4 111.6 90.0 14.1 

Mean 177.6 177.5 12.4 12.4 1.1 1.1 48.1 48.0 48.1 3.4 

Median 174.0 171.1 8.6 10.5 0.5 0.8 48.8 48.4 48.3 2.9 

Air 
Quality 
Criteria 

Study 
Criteria

3
 

14300 5500 400 200 450 150 100 121.6 30 25
 

MV AAQO 30000 10000 200 - 450 125 160 126 - 25 

Bolded values exceed Study Criteria 

Notes: 
1
 Where 98

th
 percentile concentrations were not available for the annual (i.e., NO2, SO2, O3, PM2.5) averaging period, 

24-h mean background concentrations were assumed 
2
 Numbers in brackets exclude data for August 4 to 6 and 14 to 17, 2010 (period of smoke from forest fires) 

3
 The most stringent criteria from Table 2-1 

As indicated in Table 3-2, all of the observations are below the regulatory air quality levels, with the 

exception of PM2.5 and O3.  The maximum observed 24-h rolling average PM2.5 concentration of 28.2 

µg/m
3
 was recorded in 2010.  The elevated PM2.5 concentrations at Station T39 were observed in August 

2010 and coincide with similar elevated concentrations and exceedances of the MV AAQO of 25 µg/m
3
 

that occurred throughout the LFV, caused by smoke from forest fires (MV 2011).  MV issued two Air 

Quality Advisories with respect to the smoke: the first on August 4
th
 which lasted for four days, and the 

second on August 16
th
 which lasted for three days.  In the absence of such external influences, the PM2.5 

concentrations at Station T39 were well below the MV AAQO at all other times during the period of 
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record.  Table 3-2 provides PM2.5 concentrations both with and without (in brackets) the influence of forest 

fires.   

The anomalous nature of the elevated PM2.5 concentrations during the period of forest fire emissions is 

clearly indicated in Figure 3-2 which indicates that the effects of the smoke on PM2.5 concentrations was 

evident down to the 98
th
 percentile level when compared to the levels in 2011 and 2012.  For this reason, 

the data from this period of elevated PM2.5 from smoke has been excluded from the data record in the 

analysis of background air quality.  As indicated in Figure 3-2, in the absence of the influence of forest 

fires in the region, the maximum observed 24-h average PM2.5 concentrations are typically no greater 

than 14 µg/m
3
, while the 98

th
 percentile concentration is in the range of 8 to 10 µg/m

3
. 

Figure 3-2 – Probability Frequency Distribution of 24-h Average PM2.5 Observations at T39 

  

The maximum observed 1-h O3 concentrations observed in 2010, 2011 and 2012 exceed the NAAQC 

level of 100 µg/m
3
; however, they fall below the MV AAQO of 160 µg/m

3
.  The highest O3 reading of 135 

µg/m
3
 occurred at 4:00 pm on August 17

th
, 2012, coinciding with an Air Quality Advisory issued by MV for 

the entire LFV.  The highest O3 concentration in 2010 occurred at 6:00 pm on August 17
th
 also during an 

Air Quality Advisory issued for the LFV.  However, the highest O3 observation of 104 µg/m
3
 in 2011 

occurred at 5:00 pm on May 20
th
 and was not associated with an Air Quality Advisory.  Therefore, the 

highest observed hourly averaged O3 levels in 2010 and 2012 were related to regional air quality levels 

and not associated with local air emissions alone. 

All of the maximum 24-h average O3 concentrations in 2010-2012 exceed the maximum desirable 

NAAQO level of 30 µg/m
3
.  It should be noted that mean monthly O3 concentrations at the remote 
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monitoring location of the Amphitrite Peak Marine Boundary Layer Observatory on the west coast of 

Vancouver Island near Ucluelet ranged between 20 ppb and 40 ppb (39-78 µg/m
3
) in the same 2010-

2012 time period (McKendry et al. 2014).  Therefore, the 24-h average criterion of 30 µg/m
3
 was also 

exceeded at this remote location, indicating that the criterion is likely not achievable even at locations far 

removed from major sources of anthropogenic NOx and VOC emissions.  

The 98
th
 percentile concentrations listed in Table 3-2 are used to represent the background air quality 

levels that are assumed to be related to emissions from all other sources in the area (B.C. MOE 2008).  

Any additional emissions due to new sources at RBT2 are added to these assumed background levels.  

Background concentrations are further discussed in Section 3.2.6 and summarised in Table 3-4.  

To better understand the relative contribution of emissions from the existing Roberts Bank terminals and 

B.C. Ferries Terminal, air quality observed at T39 from only the wind sector 260° to 340° (the direction of 

the Roberts Bank terminals and B.C. Ferries Terminal) must be considered.  Table 3-3 provides a 

summary of observed hourly averaged concentrations at Station T39 for the period June 2010 to 

December 2012 from winds from 260° to 340°.  The highest 1-h average O3 concentration of 115.6 µg/m
3
 

occurred during the regional ozone episode in August 2010 that resulted in an Air Quality Advisory issued 

by MV for the entire LFV, and was therefore unrelated to any specific emissions from sources at Roberts 

Bank. For PM2.5 concentrations, values are listed both with and without (in brackets) the influence of 

forest fires.  The data indicates that the 98
th
 percentile 1-h average PM2.5 concentration without the 

influence of the forest fires was 10.4 µg/m
3
, compared to 11.6 µg/m

3
 with the effect of the forest fires. 
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Table 3-3 – Summary of Hourly Averaged Observations at Station T39 for Wind Sector 260° to 340° 

Year Parameter 

Hourly Concentration (µg/m
3
) 

CO NO2 SO2 O3 PM2.5
1
 

2010 to 2012 
(wind sector 
260° to 340°) 

Max 800.4 78.7 53.5 115.6 41.6 (31.2) 

Mean 181.3 13.6 1.9 45.4 3.7 (3.6) 

Median 174.0 10.3 1.1 45.4 3.2 (3.2) 

98
th

 percentile 324.8 43.4 10.4 81.0 11.6 (10.4) 

2010 
(wind sector 
260° to 340°) 

Max 800.4 59.8 53.5 108.2 41.6 (20.3) 

Mean 184.7 13.3 2.3 41.0 4.4 (3.7) 

Median 162.4 10.3 1.1 41.4 3.2 (3.1) 

2011 
(wind sector 
260° to 340°) 

Max 545.2 62.5 30.3 93.2 31.2 

Mean 181.0 13.9 2.1 45.5 3.6 

Median 174.0 10.9 1.3 45.2 3.3 

2012 
(wind sector 
260° to 340°) 

Max 614.8 78.7 34.8 115.6 16.9 

Mean 179.8 13.6 1.5 47.5 3.6 

Median 174.0 9.7 0.8 48.4 3.1 

Study Criteria
2
 14,300 400 450 100 N/A

3
 

MV AAQO 30,000 200 450 160 N/A
3 

2010 to 2012 Max Concentration all 
directions 

800.4 120.1 53.5 135.4 45.7 (45.5) 

2010 to 2012 98
th

 percentile all 
directions 

371.2 44.7 7.7 88.2 11.3 (10.8) 

Bolded values exceed Study Criteria 

Notes: 
1
 Numbers in brackets exclude data for August 4 to 6 and 14 to 17, 2010 (period of smoke from forest fires) 

2
 The most stringent criteria from Table 2-1 

3
 N/A = not applicable  

A comparison of the hourly averaged NO2 concentrations in Table 3-2 (for winds from all directions) and 

Table 3-3 (for winds only from the B.C. Ferries Terminal and Roberts Bank terminals) indicates that the 

maximum observed NO2 concentration of 120 µg/m
3
 in 2011 was unrelated to emissions from sources at 

the Roberts Bank terminals and B.C. Ferries Terminal.  Table 3-3 shows that the hourly averaged NO2 

concentrations from the direction of the Roberts Bank terminals are similar to the levels from all wind 

directions with the exception of the maximum observed NO2 concentration in 2011.    
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A similar comparison of hourly averaged CO and SO2 concentrations in Table 3-3 (with SO2 presented in 

Figure 3-3) shows that the highest observed CO and SO2 levels in 2010 were related to emissions from 

the direction of the Roberts Bank terminals and B.C. Ferries Terminal.  Nevertheless, all observed 

concentrations were well below the existing MV AAQOs.  

Figure 3-3 – Probability Frequency Distribution of 1-h Average SO2 Observations at T39 

  

The analysis of the T39 data suggests that simply adding the 98
th
 percentile of observed values to the 

predicted concentrations from modelled sources at Roberts Bank terminals as required by the B.C. MOE 

(B.C. MOE 2008) would result in double-counting their effects.   
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Figure 3-4 indicates that the highest hourly averaged PM2.5 concentrations during the period of record 

were unrelated to emissions from the Roberts Bank terminals and B.C. Ferries Terminal.  Nevertheless, 

concentrations at the 98
th
 percentile are similar regardless of wind direction. 

Figure 3-4 – Probability Frequency Distribution of 1-h Average PM2.5 Observations at T39 

 
Note:  There is no 1-h MV AAQO for PM2.5 

3.2.4 Limitations to using the 98
th

 Percentile 

One of the challenges with using the 98
th
 percentile as an indicator of background air quality is the 

possibility of double counting the emissions from the existing operations.  The study encompasses the 

activities of the existing Deltaport Terminal, Westshore Terminals, and B.C. Ferries Terminal.  By defining 

the background air quality based on the 98
th
 percentile of observed contaminant concentrations in 

Tsawwassen, the background air quality level inherently includes contributions from these terminals, as 

well as from all other sources in the vicinity of the monitoring stations.  By adding the predicted 

contaminant concentrations from the existing marine terminals in the dispersion modelling analysis for the 

RBT2 Project to the 98
th
 percentile observed background concentrations, the study accounts for the 

emissions from these sources twice; first in the observations and secondly as modelled concentrations.   

Another limitation to using the data is that it assumes that the air quality at Station T39 is applicable to all 

locations within the study area.  Station T39 is likely an adequate representation of urban locations that 

are in close proximity to vehicular traffic, commercial and residential heating sources that share 

substances in common with the RBT2 Project.  However, the marine terminal activities at Roberts Bank 

are far enough away from these other sources that the effects are likely overestimated by using station 

T39 as an indicator of air quality in an overwater setting located approximately 5 km from land. 
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The benefits of using the 98
th
 percentile are that the definition of background concentrations is simplified, 

and the results are conservative, meaning that the contribution of emissions from other sources is unlikely 

to be underestimated. 

3.2.5 Comparison of CAC Concentrations in the Lower Fraser Valley 

The observed CAC concentrations at Station T39 in Tsawwassen were compared with levels observed at 

other monitoring stations in the LFV.  All data for these comparisons were derived from MV’s summary 

report on air quality monitoring in the LFV (MV 2013).  Note that when stations or concentrations do not 

appear in the following figures it is because the substance is not monitored at that station.  Station T39 is 

referred to as Tsawwassen in the following figures and discussion for consistency with the MV report. 

Figure 3-5 shows the maximum 1-h average CO concentrations at stations in the LFV, which were all very 

low.  The maximum recorded concentration at any of the stations was 3,272 µg/m
3
, which is only 11% of 

the MV AAQO of 30,000 µg/m
3
 and 23% of the B.C. AAQO of 14,300 µg/m

3
.  Tsawwassen’s maximum 

concentration of 661 µg/m
3
 was the lowest among the stations in the LFV.  Maximum 8-h average CO 

concentrations are not depicted in Figure 3-5 because they are too low to allow for visual comparisons.  

The maximum 8-h average CO concentration observed in Tsawwassen of 445 µg/m
3
 was less than 5% of 

the MV AAQO of 10,000 µg/m
3
 and less than 10% of the B.C. AAQO of 5,500 µg/m3.  It was the second 

lowest observed 8-h average CO concentration.  
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Figure 3-5 – Maximum 1-h Average CO Levels in the LFV in 2012 

  

Figure 3-6 shows the maximum 1-h average and annual average NO2 concentrations at stations in the 

LFV.  The highest hourly averaged NO2 concentration of 139 µg/m
3
 was recorded in North Vancouver at 

the north end of the 2
nd

 Narrows Bridge.  The highest recorded concentration in Tsawwassen of 77 µg/m
3
 

was less than 39% of the MV AAQO of 200 µg/m
3
.  Only Chilliwack and Langley recorded lower 

concentrations than Tsawwassen.  The annual average NO2 concentration of 12 µg/m
3
 in Tsawwassen 

was only 30% of the MV AAQO of 40 µg/m
3
, and was the second lowest annual average NO2 level after 

Langley. 
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Figure 3-6 – Maximum 1-h Average & Annual Average NO2 Levels in the LFV in 2012 

  

Figure 3-7 shows the maximum 1-h average SO2 concentrations observed at stations in the LFV.  

Tsawwassen’s maximum 1-h average concentration of 39 µg/m
3
 was less than 9% of the MV AAQO of 

450 µg/m
3
.  The lowest maximum 1-h average SO2 concentration of 13 µg/m

3
 was recorded in Langley, 

while the highest concentrations were recorded at Burnaby-Capitol Hill (313 µg/m
3
) and Burnaby North 

(234 µg/m
3
).   
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Figure 3-7 – Maximum 1-h Average SO2 Levels in the LFV in 2012 

  

Figure 3-8 shows the maximum 24-h average and annual average PM2.5 concentrations at stations in the 

LFV.  Tsawwassen’s maximum 24-h average concentration of 14 µg/m
3
 was the lowest concentration 

among the stations in the LFV.  The MV AAQO of 25 µg/m
3
 was only exceeded in North Delta.  The 

annual average concentration of 3.4 µg/m
3
 in Tsawwassen was the second lowest concentration in the 

LFV after the PM2.5 concentration of 3.3 µg/m
3
 recorded at Horseshoe Bay.  
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Figure 3-8 – Maximum 24-h Average & Annual Average PM2.5 Levels in the LFV in 2012  

  

Based on the comparisons of observed air quality presented in Figure 3-5 to Figure 3-8, it can be 

concluded that Tsawwassen has some of the lowest CAC levels (excluding O3) in the LFV.  

3.2.6 Background Concentrations for CACs 

The previous sections demonstrate that it is reasonable to use the concentrations seen from 2010 to 

2012 at Station T39 in Tsawwassen from all wind directions (Table 3-2) to define the background air 

quality for the Study.  As indicated by the comparison of observed air quality levels with other stations in 

the LFV, Tsawwassen has some of the lowest concentrations observed in the LFV for some CAC.  Using 

data from other stations in the LFV would only serve to raise background concentrations to levels not 

experienced in Tsawwassen.  The inclusion of data from other stations in the LFV is only warranted 

where such data are not available at Station T39. 

As per the recommendations of the B.C. MOE (B.C. MOE 2008), the 98th percentile concentrations were 

used for the appropriate averaging periods.  The CAC background concentrations considered in the 

Study are summarised in Table 3-4.  Where 98
th
 percentile concentrations were not available for the 

annual (i.e., NO2, SO2, O3, PM2.5) averaging period, 24-h mean background concentrations were assumed 

as noted in Table 3-4.  In the absence of PM10 and PM background concentrations at Station T39, 98th 

percentile 24-h and annual PM10 background concentrations at Vancouver International Airport (T31) for 

2010 to 2012 were assumed.  PM background concentrations were assumed to be two times PM10 

background concentrations, based on the relationship reported by Brook et al. (Brook et al. 1997) 

between TSP (i.e., PM) and PM10 concentrations for urban areas of Canada over the period 1986-1994.  
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Because PM is no longer measured at many stations in the LFV, more recent comparisons that would be 

relevant to Tsawwassen are difficult to obtain.  

SO2, NOx and PM emissions are expected to decrease relative to existing conditions due to fuel and 

technology changes that are to occur in the future for ships, on-road vehicles, rail locomotives and cargo 

handling equipment at the marine terminals.  Using the 98
th
 percentile concentrations based on existing 

air quality monitoring data to define background concentrations for these three contaminants is expected 

to overestimate the potential effects of the Project; however, as it is difficult to predict future air quality, 

the same 98
th
 percentile concentrations were used for future conditions as well.   
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Table 3-4 – Background Concentrations for CACs 

CAC Averaging Period 
Assumed Background 
Concentration (µg/m

3
) 

Study Criteria
1
 

(µg/m
3
) 

MV AAQO 
(µg/m

3
) 

CO 
1-h 371.2 14,300 30,000 

8-h 339.3 5,500 10,000 

NO2 

1-h 44.7 400 200 

24-h 34.9 200 - 

1-y 12.8
2
 60 40 

SO2 

1-h 7.7 450 450 

24-h 5.1 150 125 

1-y 1.4
2
 25 30 

O3 

1-h 88.2 100 160 

8-h 84.7 121.6 126 

24-h 79.8 30 - 

1-y 45.9
2
 30 - 

PM 
24-h 46.2

3
 120 - 

1-y 20.6
3
 60 - 

PM10 
24-h 23.1

4
 50 50 

1-y 10.3
4
 - 20 

PM2.5 
24-h 8.7 25 25 

1-y 3.5
2
 6 8/6

5 

Notes:  “-” indicates no criteria; bolded values exceed Study criteria; the background concentration, as 

the 98
th

 percentile of measured concentrations, is assumed to be identical in all areas of the modelling 

domain, based on the levels recorded at specific monitoring stations, which may not be representative of 

actual background levels in all locations of the modelling domain 
1
 The most stringent criteria from Table 2-1 

2
 Where 98

th
 percentile concentrations were not available for the annual (i.e., NO2, SO2, O3, PM10, PM2.5) 

averaging period, 24-h mean background concentrations were assumed 
3
 PM background concentration assumed to be 2 x PM10 

4
 98th percentile background concentration at Vancouver International Airport (100134) for 2010 to 2012 

assumed 
5
 Planning goal - 6 µg/m

3
 

3.3 AIR QUALITY AND BACKGROUND CONCENTRATIONS FOR TRACE ORGANIC CONTAMINANTS 

There is only a limited amount of information about background levels of TOCs in the LFV airshed that is 

relevant to defining background air quality for the on-road and non-road engine emissions under 

consideration for the Study.  VOC monitoring at the National Air Pollution Surveillance (NAPS) monitoring 

station at the Vancouver International Airport provides the closest set of data to RBT2 for estimating 
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background levels of benzene, 1,3-butadiene and naphthalene.  However, representative data on 

acrolein, acetaldehyde, formaldehyde and benzo(a)pyrene are only available from other locations in the 

region (Figure 3-9). 

Figure 3-9 – Location of VOC Monitoring Stations 

 

Table 3-5 provides a summary of the NAPS data observations for six TOCs at three stations in the MV 

region and one station at Saturna Island in Georgia Strait during the period 2007 to 2011.  Only one 

station, Rocky Point Park in Port Moody, records data on all six TOCs.  There is no regular monitoring of 

benzo(a)pyrene levels at any of the four stations. 
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Table 3-5 – Summary of Air Quality Observations for Selected TOCs 

TOC Parameter
1
 

24-h Average Concentration (µg/m
3
) 

Vancouver 
International 

Airport 

Richmond 

South 

Rocky Point 

Park 

Saturna 

Island 

Acrolein 

Mean - - 0.06 - 

98th percentile - - 0.17 - 

Maximum - - 0.22 - 

Benzene 

Mean 0.60 0.96 0.86 0.23 

98th percentile 1.97 3.38 2.21 0.56 

Maximum 2.55 4.11 3.09 1.55 

1,3-Butadiene 

Mean 0.10 0.15 0.11 0.01 

98th percentile 0.38 0.69 0.33 0.04 

Maximum 0.57 0.77 0.52 0.13 

Acetaldehyde 

Mean - - 1.72 0.44 

98th percentile - - 5.48 1.24 

Maximum - - 11.50 1.48 

Formaldehyde 

Mean - - 1.89 0.83 

98th percentile - - 3.58 1.94 

Maximum - - 6.78 2.30 

Naphthalene 

Mean 0.16 0.25 0.24 0.02 

98th percentile 0.52 0.93 0.82 0.07 

Maximum 1.00 1.27 1.83 0.22 

Notes: 
1
 The 98th percentile concentrations will be used to define the hourly and daily average background levels for the 

Study while the mean concentrations will be used for the annual average background concentrations 

Acrolein 

Acrolein is measured at Rocky Point Park, but not at the other three stations.  Monitoring data from 2000 

to 2006 in Vancouver were reported to show median acrolein concentrations of about 0.05 µg/m
3
, with 

75
th
 percentile levels at < 0.15 µg/m

3
 (Dann and Wang 2008).  However, acrolein concentration levels at 

Rocky Point Park in 2007 to 2011 are lower.  The 98
th
 percentile acrolein level of 0.17 µg/m

3
 derived from 

the monitoring site at Rocky Point Park in 2007 to 2011 can be considered to be a suitable estimate of 

hourly background acrolein concentrations in Tsawwassen and the mean concentration of 0.06 µg/m
3
 will 

be used to define the background annual average background.  
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Benzene 

A 10-y data summary (1999 to 2008) of NAPS data (Environment Canada 2013) has indicated a 

consistent trend to lower benzene concentrations for all urban sites in Canada, from a composite annual 

mean concentration of 1.5 µg/m
3
 in 1999 to 0.6 µg/m

3
 in 2008.  The annual mean benzene concentration 

of 0.6 µg/m
3
 across urban sites in Canada in 2008 is consistent with the mean concentration at the 

Vancouver International Airport for the period 2007 to 2011, although the mean concentrations at 

Richmond South and Rocky Point Park are higher at 0.96 µg/m
3
 and 0.86 µg/m

3
, respectively.  For the 

purposes of the Study, the 98
th
 percentile concentration of 3.38 µg/m

3
 at the Richmond South station will 

be used to define the hourly background benzene levels in Delta, while the mean concentration of 0.96 

µg/m
3
 will be used for the annual average background concentration.  However, the CCME (CCME 2012) 

has reported that there has been a 74% reduction in benzene levels in urban areas of Canada over the 

period 1994-2009 and additional reductions are anticipated by 2025 as part of the CWSaq for reducing 

benzene emissions.  Therefore, the background level of 3.38 µg/m
3
 at the Richmond South station from 

the 2007-2011 period may not be representative of background benzene levels in 2025. 

1,3 Butadiene 

The maximum daily 1,3-butadiene concentrations in 2011 were about half of the levels reported by 

Curren and Wang (Curren and Wang 2006) for the period 2000 to 2003.  The median concentration at the 

Vancouver Airport in the 2000 to 2003 period was < 0.2 µg/m
3
, with a 75

th
 percentile of 0.3 µg/m

3 
and a 

maximum of 0.8 µg/m
3
.  The median concentration in Richmond was about the same as at the Vancouver 

Airport, but the maximum concentration was higher at 1.4 µg/m
3
.  According to Curren et al., 1,3-

butadiene concentrations decreased substantially from 1995 to 2003 in response to the implementation of 

motor vehicle emission control technologies (i.e., new emission standards that took effect in 1996), and 

the data presented in Table 3-5 suggests that further reductions occurred between 2003 and 2011.  For 

the purposes of the Study, the 98
th
 percentile concentration of 0.69 µg/m

3
 at the Richmond South station 

will be used to define the hourly and daily background 1,3-butadiene levels in Delta, while the mean 

concentration of 0.15 µg/m
3
 will be used to define the background annual average concentration. 

Acetaldehyde and Formaldehyde 

Daily observations for acetaldehyde and formaldehyde are available for Rocky Point Park and Saturna 

Island.  Although the concentrations of these two TOCs at Rocky Point Park are somewhat higher than at 

Saturna Island, the formaldehyde level is very low in comparison with applicable air quality criteria at both 

sites.  For comparison, the U.S. EPA assessment of monitoring data derived from 52 outdoor urban and 

rural sites in 2010 (U.S. EPA 2012) lists mean 24-h average formaldehyde levels of 6.4 μg/m
3
 and a 

maximum concentration of 139.0 μg/m
3
.  Acetaldehyde concentrations in the U.S. range from a mean of 

3.4 μg/m
3
 to a maximum of 19.1 μg/m3.  Therefore, acetaldehyde and formaldehyde concentrations at 
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Rocky Point Park and Saturna Island appear to be lower than those reported for urban and rural areas of 

the United States.  For the purposes of the Study, the 98
th
 percentile concentrations of 5.48 µg/m

3
 for 

acetaldehyde and 3.58 µg/m
3
 for formaldehyde at the Rocky Point Park station will be used to define the 

hourly background levels for these two compounds in Delta and the mean concentrations of 1.72 µg/m
3
 

for acetaldehyde and 1.89 µg/m
3
 for formaldehyde will be used to define the background annual average 

background. 

Naphthalene 

Health Canada
3 

considers that exposure to naphthalene is predominantly attributable to levels reported in 

indoor air rather than in ambient air.  Median concentrations of naphthalene measured in Canadian 

residences are reported to range from 0.2 to 1.6 µg/m
3
 and average concentrations from 0.3 to 6.3 µg/m

3
.  

By comparison, the U.S. Environmental Protection Agency (U.S. EPA 2012) assessment of monitoring 

data derived from 52 outdoor urban and rural sites in 2010 lists mean 24-h average concentrations of 

naphthalene at 304.5 µg/m
3
, with maximum concentrations reaching as high as 4,760.7 µg/m

3
.  In that 

context, the naphthalene concentrations reported for the four NAPS stations in Table 3-5 are low.  For the 

purposes of the Study, the 98
th
 percentile concentration of 0.93 µg/m

3
 at the Richmond South station will 

be used to define the hourly background naphthalene levels in Delta and the mean concentration of 0.25 

µg/m
3
 will be used to define the background annual average background. 

Benzo(a)pyrene 

Environment Canada’s summary report on NAPS monitoring data from 1999 to 2008 indicates that there 

has been no recent monitoring of benzo(a)pyrene in Vancouver.  Data are available for daily samples 

collected during the period 1987 to 1997 (Environment Canada 1998).  These data indicate that the daily 

ambient concentration ranges for four locations in Vancouver were as follows (note that 98
th
 percentiles 

were not reported by Environment Canada): 

Mean   0.02 - 0.12 nanograms per cubic metre (ng/m
3
) 

90
th
 percentile  0.08 - 0.47 ng/m

3
 

Maximum  0.09 - 0.83 ng/m
3
 

 

                                                      
3
 http://www.hc-sc.gc.ca/ewh-semt/consult/_2012/naphthalene/draft-ebauche-eng.php  
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Benzo(a)pyrene concentrations at one site near the harbour in Victoria were somewhat higher than those 

in Vancouver, namely: 

Mean   0.35 ng/m
3
 

90
th
 percentile  1.24 ng/m

3
 

Maximum  1.24 ng/m
3
 

 

Environment Canada reported that the 90
th
 percentile 24-h average benzo(a)pyrene concentration at B.C. 

NAPS monitoring stations in 2008 was 1.0 ng/m
3 

(Environment Canada 2013), while the annual mean 

concentration for the period 2001 to 2008 was approximately 0.6 ng/m
3
, with little year-to-year variability 

over this period.  For comparison, the 24-h average benzo(a)pyrene concentrations from 52 urban and 

rural sites in 2010 reported by the U.S. EPA (U.S. EPA 2012) were:  

Mean   0.42 ng/m
3
 

Minimum  0.02 ng/m
3
 

Maximum  136.4 ng/m
3
 

 

For the purpose of defining a background benzo(a)pyrene concentration for the Study, the annual 

average background concentration will be defined as 0.6 ng/m
3
. 

3.3.1 Background Concentrations for TOCs 

Table 3-6 provides a summary of the background concentrations of TOCs used for the Study.  As per the 

recommendations of the B.C. MOE (B.C. MOE 2008), the 98th percentile 24-h concentrations were used 

to represent the background concentrations for a 24-h averaging period.  As discussed above, the highest 

98
th
 percentile daily concentrations seen at four stations were used.  These values were also used to 

represent background concentrations for 1-h averaging periods since the sampling for these compounds 

is conducted only on a 24-h average basis. The mean daily concentrations (the highest from the four 

stations), was used to represent annual background concentrations. 
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Table 3-6 – Background Concentrations for TOCs 

TOC Averaging Period 

Assumed 
Background 

Concentration 
(µg/m

3
) 

Study Criteria 
(µg/m

3
) 

Acrolein 

1-h 0.17
1
 - 

1-y 0.06
2
 - 

Benzene 

1-h 3.38
3
 - 

1-y 0.96
4
 - 

1,3-Butadiene 

1-h 0.69
3
 - 

24-h 0.69
3
 - 

1-y 0.15
4
 - 

Acetaldehyde 

1-h 5.48
1
 - 

1-y 1.72
2
 - 

Formaldehyde 

1-h 3.58
1
 60 

1-y 1.89
2
 - 

Naphthalene 

1-h 0.93
3
 - 

1-y 0.25
4
 - 

Benzo(a)pyrene 1-y 0.0006
5
 - 

Notes: 
1
 98

th
 percentile 24-h average concentration observed at Rocky Point Park NAPS station 

2 
Mean 24-h average concentration observed at Rocky Point Park NAPS station 

3
 98

th
 percentile 24-h average concentration observed at Richmond South NAPS station 

4
 Mean 24-h average concentration observed at Richmond South NAPS station 

5
 Annual mean concentration at B.C. NAPS monitoring stations 2001-2008 (Environment Canada 2013) 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix B - 36 - November 2014 

4.0 REFERENCES 

Acuren Group Inc. 2013. Analysis of Dust Fall Samples, June 28 - July 29, 2013. Prepared for 

Corporation of Delta, Delta, B.C. 

Bond, T. C., Doherty, S. J., Fahey, D. W., Forster, P. M., Berntsen, T., DeAngelo, B. J., Flanner, M. G., 

Ghan, S., Kärcher, B., Koch, D., Kinne, S., Kondo, Y., Quinn, P. K., Sarofim, M. C., Schultz, M. 

G., Schulz, M., Venkataraman, C., Zhang, H., Zhang, S., Bellouin, N., Guttikunda, S. K., Hopke, 

P. K., Jacobson, M. Z., Kaiser, J. W., Klimont, Z., Lohmann, U., Schwarz, J.P., Shindell, D., 

Storelvmo, T., Warren, S. G. and Zender, C. S. 2013. Bounding the role of black carbon in the 

climate system: A scientific assessment. Journal of Geophysical Research: Atmospheres, 

(118/11) 5 380–5 552.  

British Columbia Ministry of Environment.  2008.  Guidelines for Air Quality Dispersion Modelling in British 

Columbia.  Environmental Protection Division.  Environmental Quality Branch.  Air Protection 

Section.  March 2008. 

Brook, J.R., T.F. Dann and R.T. Burnett. 1997. The Relationship Among TSP, PM10, PM2.5, and Inorganic 

Constituents of Atmospheric Particulate Matter at Multiple Canadian Locations. Journal of the Air 

& Waste Management Association 47:2-19. 

Canadian Council of Ministers of the Environment. 2000. Canada-Wide Standards for Particulate Matter 

(PM) and Ozone. Endorsed by CCME Council of Ministers, June 5-6, 2000, Quebec City. 

Canadian Council of Ministers of the Environment. 2005. Report to the Canadian Council of Ministers of 

the Environment: An Update in Support of the Canada-wide Standards for Particulate Matter and 

Ozone. February, 2005. 

Canadian Council of Ministers of the Environment. 2012. Canada-Wide Standard for Benzene. 2010 Final 

Report. January 2012. PN1467. Winnipeg, Manitoba. 

Curren, K.C. and D.K. Wang. 2006. Ambient air 1,3-butadiene concentrations in Canada (1995-2003): 

seasonal, day of the week variations, trends, and source influences. Atmospheric Environment 

40:170-181. 

Dann, T. and D. Wang  2008.  Outdoor and Indoor Acrolein Measurements.  Presented at the NESCAUM 

Monitoring and Assessment Committee Meeting, May 7-8, 2008. 

Environment Canada. 1998. Ambient Air Measurements of Polycyclic Aromatic Hydrocarbons (PAH), 

Polychlorinated Dibenzo-p-Dioxins (PCDD) and Polychlorinated Dibenzofurans in Canada (1987-



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix B - 37 - November 2014 

1997). Prepared by T. Dann, Analysis and Air Quality Division, Environmental Technology 

Centre, Ottawa, ON. Report No. AAQD 98-3. 

Environment Canada. 2013. 10 Years of Data from the National Air Pollution Surveillance (NAPS) 

Network: Data Summary from 1999 to 2008. Analysis and Air Quality Section, Air Quality 

Research Division, Science and Technology Branch, Ottawa, ON.  Cat. No. En49-2/7-40-PDF. 

European Environment Agency. 2013. Status of black carbon monitoring in ambient air in Europe. 

Luxembourg. EEA Technical Report No. 18/2013. 

Greater Vancouver Regional District.  2002.  Tsawwassen Particulate Air Quality Study, 2002. Prepared 

by the Air Quality Monitoring and Assessment Division, Policy and Planning Department, 

Burnaby, B.C. 

Greater Vancouver Regional District  2006.  Delta Air Quality Monitoring Study June 2004 - March 2006.  

Prepared by the Air Quality Policy and Management Division, Policy and Planning Department, 

Burnaby, B.C. 

Intergovernmental Panel on Climate Change (IPCC). 2013. Climate Change 2013, The Physical Science 

Basis' Working Group I Contribution to the IPCC Fifth Assessment Report Climate Change 2013,  

http://www.ipcc.ch/report/ar5/wg1/  

Metro Vancouver. 2011. 2010 Lower Fraser Valley Air Quality Summary. Prepared by the Policy and 

Planning Department, Burnaby, B.C. 

Metro Vancouver. 2012. The Burrard Inlet Area Local Air Quality Study - Monitoring Program Results. Air 

Quality Policy and Management Division. Burnaby, B.C. 

Metro Vancouver. 2013. 2012 Lower Fraser Valley Air Quality Monitoring Report Summary. Greater 

Vancouver Regional District, Burnaby, B.C. 

McKendry, I., E. Christensen, C. Schiller, R. Vingarzan, A.M. MacDonald and Y. Li. 2014. Low Ozone 

Episodes at Amphitrite Point Marine Boundary Layer Observatory, British Columbia, Canada. 

Atmosphere-Ocean 52(3):271-280. 

Sasser, E. 2012. Climate and Air Quality Co-Benefits of Reducing Black Carbon.  Senior Policy Advisor, 

Office of Air Quality Planning & Standards Office of Air and Radiation, U.S. EPA. Presentation to 

the California Air Resources Board Hearing, May 24, 2012 “Addressing Climate Change in the 

Near Term: Science of Short-Lived Climate Pollutants and their Control”. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix B - 38 - November 2014 

United Nations Environment Programme & World Meteorological Organization (UNEP/WMO) 2011. 

Integrated Assessment of Black Carbon and Tropospheric Ozone: Summary for Decision Makers, 

Geneva.  http:// www.unep.org/dewa/Portals/67/pdf/Black_Carbon.pdf  

United States Environmental Protection Agency. 2012. 2010 National Monitoring Programs Annual 

Report (UATMP, NATTS, CSATAM). Volume 1: Main. Prepared by the Eastern Research Group 

for the Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency, 

Research Triangle Park, NC. EPA-454/R-12-006a. 

United States Environmental Protection Agency (U.S. EPA) 2012.  Report to Congress on Black Carbon. 

Office of Air Quality Planning and Standards, Office of Atmospheric Programs, Office of Radiation 

and Indoor Air, Office of Research and Development, Office of Transportation and Air Quality.  

EPA-450/R-12-001. 

World Health Organization (WHO) 2012. Health Effects of Black Carbon. Joint WHO/UNECE Task Force 

on Health Aspects of Air Pollutants under UNECE's Long-Range Transboundary Air Pollution 

Convention (LRTAP), World Health Organization, Regional Office for Europe, Copenhagen 



APPENDIX C 

Air Dispersion Modelling 

  



 

 

 
 

 
 
 
 
 
 
 

 
 
ROBERTS BANK TERMINAL 2 

TECHNICAL REPORT 

Air Quality Study 

Appendix C – Air Dispersion Modelling 
 
 

 
 
 

 
 
Prepared for: 
PORT METRO VANCOUVER 
100 The Pointe, 999 Canada Place 
Vancouver, B.C.  V6C 3T4 
 
Prepared by: 
SENES Consultants 
1338 West Broadway, Suite 303  
Vancouver, B.C.  V6H 1H2 
 
 
File: 380237 
November 2014 

                                                                                                                                
 
 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - i - November 2014 

TABLE OF CONTENTS 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS ........................................................................... VIII 

1.0 INTRODUCTION .............................................................................................................................. 1 

1.1 CALMET/CALPUFF MODELLING SYSTEM ............................................................................ 1 

1.2 LOCAL STUDY AREA AND MODELLING DOMAIN ........................................................................ 2 

2.0 AIR DISPERSION METEOROLOGY .............................................................................................. 5 

2.1 WRF-NMM MODEL............................................................................................................... 5 

2.2 SUITABILITY OF MODELLED METEOROLOGICAL YEAR .............................................................. 9 

2.3 WRF-NMM MODEL VALIDATION .......................................................................................... 13 

2.3.1 Validation of Wind Data ....................................................................................... 14 

2.3.2 Validation of Temperature Data ........................................................................... 18 

2.3.3 Validation of Precipitation Data ............................................................................ 22 

2.3.4 Validation of Upper Air Data ................................................................................ 23 

2.3.5 Statistical Validation ............................................................................................. 27 

2.3.6 WRF-NMM Concluding Remarks ......................................................................... 28 

2.4 CALMET MODEL ................................................................................................................ 28 

2.4.1 “Pseudo” Observations ........................................................................................ 29 

2.4.2 Vertical Resolution ............................................................................................... 33 

2.4.3 Terrain Elevation and Land Use Data .................................................................. 34 

2.4.4 Model Options ...................................................................................................... 39 

2.5 CALMET VALIDATION ......................................................................................................... 39 

2.5.1 Validation of Wind Speed and Direction .............................................................. 40 

2.5.2 Validation of Temperature .................................................................................... 45 

2.5.3 Validation of Precipitation .................................................................................... 48 

2.5.4 Statistical Validation ............................................................................................. 49 

2.5.5 CALMET Concluding Remarks ............................................................................ 50 

2.6 CALMET MODEL RESULTS ................................................................................................. 50 

2.6.1 Wind Speed and Direction ................................................................................... 51 

2.6.2 Temperature ......................................................................................................... 57 

2.6.3 Mixing Height ....................................................................................................... 58 

2.6.4 Atmospheric Stability ........................................................................................... 61 

3.0 AIR DISPERSION MODELLING ................................................................................................... 64 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - ii - November 2014 

3.1 MODEL DOMAIN................................................................................................................... 64 

3.2 RECEPTOR LOCATIONS ........................................................................................................ 64 

3.3 CALPUFF MODELLING METHODOLOGY ............................................................................... 68 

3.4 CALPUFF MODEL PARAMETERS ......................................................................................... 70 

3.4.1 Stack Parameters for Ocean-going Ships ........................................................... 70 

3.4.2 Manoeuvring Ships .............................................................................................. 74 

3.4.3 Tugs at Berth and in Manoeuvring Mode ............................................................. 75 

3.4.4 Cargo Handling Equipment .................................................................................. 76 

3.4.5 Diesel Truck and Employee Vehicle Traffic ......................................................... 76 

3.4.6 Locomotives ......................................................................................................... 77 

3.4.7 On-road Vehicles ................................................................................................. 78 

3.4.8 Stack Parameters for B.C. Ferries Terminal Ferries ............................................ 78 

3.4.9 Dry and Wet Deposition Modelling of Formaldehyde and Benzo(a)pyrene ........ 80 

3.5 CALPUFF DISPERSION MODEL OPTIONS ............................................................................ 81 

3.6 CALPUFF MODEL OUTPUT PROCESSING ............................................................................ 82 

3.6.1 CALSUM and CALPOST ..................................................................................... 82 

3.6.2 Conversion of NOX to NO2 ................................................................................... 82 

3.7 MODEL UNCERTAINTY ......................................................................................................... 84 

4.0 REFERENCES ............................................................................................................................... 86 

 

List of Tables 

Table 2-1 – WRF-NMM Model Configuration ................................................................................................ 8 

Table 2-2 – Statistical Performance of WRF-NMM Model .......................................................................... 28 

Table 2-3 – CALMET Wind Field Layer Heights ......................................................................................... 33 

Table 2-4 – CALMET Land Use Categories ............................................................................................... 37 

Table 2-5 – Statistical Performance of CALMET at T39 and Westshore Stations (2010) .......................... 50 

Table 2-6 – Average Mixing Heights by Stability Classes at RBT2 (2010) ................................................. 62 

Table 3-1 – LSA Receptor Grid Comparison to B.C. Modelling Guidelines ............................................... 65 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - iii - November 2014 

Table 3-2 – List of Discrete Receptors ........................................................................................................ 65 

Table 3-3 – Sources Associated with the Project ....................................................................................... 68 

Table 3-4 – CALPUFF Model Scenarios ..................................................................................................... 69 

Table 3-5 – Container Ship Exhaust Parameters ....................................................................................... 73 

Table 3-6 – Bulk Carrier Exhaust Parameters ............................................................................................ 73 

Table 3-7 – CALPUFF Model Parameters: Ships at Berth ......................................................................... 74 

Table 3-8 – CALPUFF Model Parameters: Ships Manoeuvring ................................................................. 74 

Table 3-9 – PRIME Algorithm Dimensions for Ships at Berth .................................................................... 75 

Table 3-10 – PRIME Algorithm Dimensions for Ship Manoeuvring ............................................................ 75 

Table 3-11 – CALPUFF Model Parameters: Tugs at Berth ........................................................................ 75 

Table 3-12 – Tug Boat Manoeuvring Model Parameters ............................................................................ 76 

Table 3-13 – CALPUFF Model Parameters: Cargo Handling Equipment .................................................. 76 

Table 3-14 – CALPUFF Model Parameters: Roberts Bank Causeway Vehicles Model Parameters ......... 77 

Table 3-15 – CALPUFF Model Parameters: Roberts Bank Causeway Moving Locomotives .................... 77 

Table 3-16 – CALPUFF Model Parameters: Idling Locomotives ................................................................ 78 

Table 3-17– CALPUFF Model Parameters: On-road Vehicles ................................................................... 78 

Table 3-18 – Passenger Ferry Exhaust Parameters .................................................................................. 79 

Table 3-19 – CALPUFF Model Parameters: Ferries at Berth ..................................................................... 79 

Table 3-20 – PRIME Algorithm Dimensions for Ferries at Berth ................................................................ 80 

Table 3-21 – CALPUFF Model Parameters: Ferries in Transit ................................................................... 80 

Table 3-22 – CALPUFF Model Parameters: Wet Deposition for Gases ..................................................... 81 

Table 3-23 – CALPUFF Dispersion Model User Options ........................................................................... 81 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - iv - November 2014 

List of In -Text Figures 

Figure 1-1 – Local Study Area (LSA) and CALPUFF Modelling Domain ..................................................... 4 

Figure 2-1 – WRF-NMM Modelling Domain .................................................................................................. 7 

Figure 2-2 – WRF-NMM Terrain Elevation Data (m) .................................................................................... 9 

Figure 2-3 –Temperature Climate Normals (1981 to 2010) versus WRF-NMM (2010) at Vancouver 

International Airport ............................................................................................................................ 10 

Figure 2-4 –Precipitation Climate Normals (1981 to 2010) versus WRF-NMM (2010) at Vancouver 

International Airport ............................................................................................................................ 11 

Figure 2-5 –Wind Rose Comparison: Climate Normals (1951 to 1980) versus WRF-NMM (2010) at 

Vancouver International Airport .......................................................................................................... 12 

Figure 2-6 – Wind Observations at Vancouver International Airport (2008 to 2012) .................................. 13 

Figure 2-7 – Locations of Meteorological Stations ...................................................................................... 14 

Figure 2-8 – Wind Rose (WRF-NMM versus Observations) at Vancouver International Airport (2010) .... 15 

Figure 2-9 – Wind Rose (WRF-NMM versus Observations) at Sand Heads Climate Station (2010) ......... 16 

Figure 2-10 – Wind Rose (WRF-NMM versus Observations) at Abbotsford Airport (2010) ....................... 17 

Figure 2-11 – WRF-NMM Model Terrain Elevations in the Upper Fraser Valley ........................................ 18 

Figure 2-12 – Diurnal Temperature Variations at Vancouver International Airport (2010) ......................... 19 

Figure 2-13 – Monthly Average Temperature at Vancouver International Airport (2010) .......................... 19 

Figure 2-14 – Diurnal Temperature Variations at Sand Heads Climate Station (2010).............................. 20 

Figure 2-15 – Monthly Average Temperature at Sand Heads Climate Station (2010) ............................... 20 

Figure 2-16 – Diurnal Temperature Variations at Abbotsford Airport (2010) .............................................. 21 

Figure 2-17 – Monthly Average Temperature at Abbotsford Airport (2010) ............................................... 21 

Figure 2-18 – Monthly Precipitation at Vancouver International Airport (2010) .......................................... 22 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - v - November 2014 

Figure 2-19 – Monthly Precipitation at Delta Tsawwassen Beach (2010) .................................................. 23 

Figure 2-20 – Wind Rose (WRF-NMM versus Observations) at 700 mb at Quillayute (2010) ................... 24 

Figure 2-21 – Annual Averaged Vertical Profile of Temperature, Wind Speed and Wind Direction at 

Quillayute at 00 UTC, 2010 ................................................................................................................ 25 

Figure 2-22 – Vertical Profile of Temperature at Quillayute (January 21
st
, 2010 at 00 UTC) ..................... 26 

Figure 2-23 – Comparison of Annual Average (2010) ACARS Data to WRF-NMM Model Results at 

Vancouver International Airport .......................................................................................................... 26 

Figure 2-24 – Locations of Pseudo-Observation Stations Derived from WRF-NMM ......................... 32 

Figure 2-25 – CALMET Terrain ................................................................................................................... 35 

Figure 2-26 – CALMET Land Use ............................................................................................................... 38 

Figure 2-27 – Wind Rose (CALMET versus Observations) at T39 Station (June to December, 2010) ..... 40 

Figure 2-28 – Comparison of Modelled and Measured Winds Class Distribution at the T39 Station (June 

to December, 2010) ............................................................................................................................ 41 

Figure 2-29 – Two Photographs of the T39 Air Quality Station .................................................................. 42 

Figure 2-30 – Wind Rose (CALMET versus Observations) at the Westshore Station (2010) .................... 44 

Figure 2-31 – Comparison of Modelled and Measured Winds Class Distribution at the Westshore Station 

(2010) ................................................................................................................................................. 45 

Figure 2-32 – Monthly Average Temperatures Modelled versus Observed at T39 (June to December, 

2010) .................................................................................................................................................. 46 

Figure 2-33 – Diurnal Variation of Temperature: CALMET versus Observations at T39 (June to 

December, 2010) ................................................................................................................................ 46 

Figure 2-34 – Monthly Average Temperatures Modelled versus Observed at Westshore Station (2010) . 47 

Figure 2-35 – Diurnal Variation of Temperature: CALMET versus Observations at Westshore Station 

(2010) ................................................................................................................................................. 47 

Figure 2-36 – Time Series of Hourly Air Temperature: CALMET vs. Observations (2010) at the location of 

the Fraser River Buoy ........................................................................................................................ 48 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - vi - November 2014 

Figure 2-37 – Average Monthly Air Temperature: CALMET vs. Observations (2010) at the location of the 

Fraser River Buoy ............................................................................................................................... 48 

Figure 2-38 – Monthly Average Precipitation: CALMET versus Observations at T39 (2010) .................... 49 

Figure 2-39 – CALMET Wind Rose at RBT2 Site ....................................................................................... 51 

Figure 2-40 – CALMET Wind Class Frequency Distribution at RBT2 ........................................................ 52 

Figure 2-41 – CALMET Seasonal Wind Roses at RBT2 ............................................................................ 53 

Figure 2-42 – CALMET Annual Wind Rose at RBT2 at Upper Levels (30 m, 120 m, 450 m and 1250 m) 53 

Figure 2-43 – CALMET Wind Field under Unstable Conditions ................................................................. 54 

Figure 2-44 – CALMET Wind Field under Neutral Conditions .................................................................... 55 

Figure 2-45 – CALMET Wind Field under Stable Conditions ..................................................................... 56 

Figure 2-46 – CALMET Diurnal Variations of Temperature at RBT2 Site .................................................. 57 

Figure 2-47 – CALMET Monthly Variations of Temperature at RBT2 Site ................................................. 57 

Figure 2-48 – Diurnal Variations of CALMET Mixing Height ....................................................................... 58 

Figure 2-49 – Locations of Mixing Height Evaluation Points ...................................................................... 59 

Figure 2-50 – Diurnal Variations of CALMET Mixing Height at the over land point by Season .................. 60 

Figure 2-51 – Diurnal Variations of CALMET Mixing Height at the RBT2 Site ........................................... 61 

Figure 2-52 – Frequencies of CALMET Stability Classes at RBT2 (2010) ................................................. 62 

Figure 2-53 – CALMET Mixing Heights and Stability (July 10, 2010 at 14:00 PST) ................................... 63 

Figure 3-1 – CALPUFF Receptor Grid ........................................................................................................ 66 

Figure 3-2 – Locations of Discrete Receptors ............................................................................................. 67 

Figure 3-3 – CALLPUFF Modelling Source Locations ................................................................................ 70 

 Attachments 

Attachment 1 – Local Study Area (LSA) Modelling Domain Sensitivity Analysis 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - vii - November 2014 

Attachment 2 – Comparison of ACARS Data to WRF-NMM Vertical Profiles  

Attachment 3 – Comparison of CALMET Air Temperatures to Fraser River Buoy Observed Air 

Temperatures  

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - viii - November 2014 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

List of Acronyms 

ACARS Aircraft Communications Addressing and Reporting System data 

a.s.l. Above sea level 

B Bias 

B.C. British Columbia 

BNSF Burlington Northern Santa Fe 

BTM Baseline Thematic Mapping 

CARB California Air Resources Board 

CHE cargo handling equipment 

DP3 Deltaport Third Berth  

DPM diesel particulate matter 

E Gross error 

IOA Index of agreement 

IWAQM Interagency Workgroup on Air Quality Modeling 

LSA local study area 

MOE Ministry of Environment 

MSC Meteorological Service of Canada – a division of Environment Canada 

MSGTIBL sub-grid-scale TIBL option  

NASA National Aeronautics and Space Administration  

NDAS NAM Data Assimilation System 

NAM North American Model (made available by NCEP) 

NCEP National Centers for Environmental Prediction at the U.S. National Weather Service 

OCD Offshore and Coastal Dispersion  

OLM Ozone Limiting Method 

PG Pasquill-Gifford stability classification scheme 

PMV Port Metro Vancouver 

PRIME Plume Rise Model Enhancements algorithm  

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

RMSE Root mean square error 

SENES SENES Consultants 

Study Air Quality Study Technical Report 

T39 Tsawwassen T39 Station 

TEU twenty-foot equivalent unit 

TIBL Thermal Internal Boundary Layer 

U.S. EPA Unitied States Environmental Protection Agency 
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USGS U.S. Geological Service 

UTC Coordinated Universal Time (defined as the time at 0° longitude meridian in Greenwich, UK)  

UTM Universal Transverse Mercator 

WMO World Meteorological Organization 

WPS WRF Pre-processing System 

WRF-NMM Weather Research Forecast Non-hydrostatic Mesoscale Model 

Symbols, Measurements, and Abbreviations 

° degrees 

°C degrees Celsius 

hPa hectopascals (100 pascals) 

km kilometres 

km/h kilometres per hour 

m metres 

m/s metres per second 

mb millibars 

Wind Sectors (Compass Direction) 

N North (348-11°) 

NNE North-northeast (11-33°) 

NE Northeast (33-56°) 

ENE East-northeast (56-78°) 

E East (78-101°) 

ESE East-southeast (101-123°) 

SE Southeast (123-146°) 

SSE South-southeast (146-168°) 

S South (168-191°) 

SSW South-southwest (191-213°) 

SW Southwest (213-236°) 

WSW West-southwest (236-258°) 

W West (258-281°) 

WNW West-northwest (281-303°) 

NW Northwest (303-326°) 

NNW North-northwest (326-348°) 

Note:  Wind direction is reported by the direction from which it originates and degrees have been rounded in the 
above table.  For example, a northerly (N) wind blows from the north to the south. 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV’s) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals.   

The purpose of this appendix is to provide a description of the technical details of the air dispersion 

modelling system that was used to investigate the environmental air quality effects of RBT2.  The 

following sections describe the models used, the methodology applied in developing the input data and 

an evaluation of the input data. 

The British Columbia Ministry of Environment (B.C. MOE) has published the Guidelines for Air Quality 

Dispersion Modelling in British Columbia; March 2008 (B.C. Modelling Guidelines or Guidelines).   

The Guidelines include: 

 “the ministry’s expectations for air quality dispersion modelling 

 identification of the level-of-effort recommended for a modelling study 

 selection of an appropriate dispersion model 

 a stepwise approach to good modelling practice 

 a flexible approach that allows exceptions to guideline practice if justified” 

And, the Guidelines 

 “are not a regulation or policy and thus there is no legal obligation to follow the recommendations 

included here. 

 are not for regional scale, urban photochemical modelling although many topics in the guideline 

are relevant for these purposes (for example input data sources). 

 recognise the importance of professional judgment in any modelling application, as it is 

impossible to provide detailed recipes for every situation. Thus, departures from or additions to 

guideline practice are allowed as the situation warrants.” 

The approach used by SENES incorporates many of the B.C. Modelling Guideline elements, and in some 

aspects exceeds the recommendations listed in the Guidelines.  Deviations from the Guidelines are 

explained in the sections below. 

1.1 CALMET/CALPUFF MODELLING SYSTEM 

The CALMET/CALPUFF modelling system was used to assess the air quality associated with RBT2.  The 

B.C. Modelling Guidelines recommend that the CALMET/CALPUFF modelling be used in situations with 
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complex meteorological conditions, such as complex terrain and coastlines (B.C. MOE, 2008).  The latest 

version of CALMET (Version 6.334, Level 110421) and CALPUFF (Version 6.42, Level 110325) were 

used in this study.  

CALMET is an advanced non-steady-state diagnostic meteorological model that produces hourly three-

dimensional gridded wind fields from available meteorological, terrain and land use data (Scire et al. 

2000a, 2000b).  CALPUFF is a multi-layer, multi-species, non-steady-state puff dispersion model that can 

simulate the effects of varying meteorological conditions in time and space on pollutant transport (Scire et 

al. 2000a, 2000b).  CALPUFF runs in conjunction with CALMET to estimate the pollutant concentration 

for each source-receptor combination at each hour of input meteorology. 

The CALMET/CALPUFF model was chosen for this air quality modelling study since it has a better 

formulation for the treatment of pollutant dispersion over land/water boundaries compared to other air 

dispersion models (e.g., AERMOD).  This is an important consideration given the location of the Project 

on a man-made island five kilometres from shore. Furthermore, the CALMET/CALPUFF modelling system 

accounts for a spatial variation of wind fields in both the horizontal and vertical directions, that often 

results in better estimates of plume dispersion than in non-varying wind fields. 

1.2 LOCAL STUDY AREA AND MODELLING DOMAIN 

The goal of defining the dimensions of the local study area (LSA) domain for the Project is to ensure that 

all air quality effects greater than 10% of the ambient air quality objectives are evaluated within its 

boundaries.   

The LSA extends from approximately 5 km west of the RBT2 boundary to the Boundary Bay Airport in the 

east, and from the southern tip of Point Roberts in the U.S. to the southern boundary of Richmond on the 

Fraser River (Figure 1-1).  The LSA spans a domain of approximately 19 km x 16 km. 

The LSA domain was chosen based on previous knowledge and relatively recent experience with air 

dispersion modelling within the local project area over the past 10 years. This includes previous SENES 

modelling experience for low level emission sources such as the cargo handling equipment, rail yard 

switcher engines, line-haul engines and container trucks operating at Roberts Bank.  

There have been two studies in British Columbia that show ship plumes can be detected at distances up 

to 5 km from their berths in Vancouver (Lu et al. 2006) and up to 3.5 km in Victoria (Poplawski et al. 

2011).  As such, a modelling domain of 19 km x 16 km was deemed to be sufficient to capture the effect 

of plumes from ships at berth and include populated areas on Tsawwssen First Nation Lands and in 

Tsawwssen to demonstrate potential air quality effects from emission sources at Roberts Bank.  This grid 

size was chosen to encompass the populated areas of Ladner and Tsawwassen in B.C., as well as all of 
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Point Roberts, WA and all locations of sensitive ecological receptors previously used in the air quality 

assessment for the Deltaport Third Berth project in 2005. 

In defining the size of the LSA modelling domain, SENES also took specific guidance from the air quality 

assessment completed for the DP3 Project.  SENES was involved in that assessment and has a thorough 

understanding of the sources and their effect on air quality as determined through dispersion modelling in 

2005.  Therefore, the choice of the LSA modelling domain reflects that knowledge and the understanding 

that any significant potential effects will be captured within the defined area.   

To ensure that the meteorological conditions were adequately represented, the CALPUFF model was run 

over a domain of approximately 26 km x 24 km. This area includes all of North Delta, and most of 

Richmond (Figure 1-1).  Emissions associated with the Project occur in the near-shore environment 

bounded by the LSA and predicted air quality effects of the Project are assessed within LSA. 

A concern expressed by agency stakeholders is that the modelling domain does not capture the 

recirculation of emission plumes that might increase the predicted pollutant concentrations. A modelling 

domain of 30 x 30 km was recommended, similar to what was used for CALPUFF model domain for the 

Deltaport Third Berth (DP3) Project in 2005. In response to this concern, a sensitivity analysis was 

completed to test the effect of larger domain size on the predicted concentrations in the LSA. The results 

of the sensitivity analysis were presented to the agency stakeholders in a memorandum in November 

2013 (see Attachment 1). Based on this sensitivity analysis, SENES concluded that there was no 

appreciable difference between running the analysis as proposed by SENES versus running the analysis 

as recommended by the agency stakeholders. 

Emissions associated with ships and ferries underway in the Strait of Georgia are assessed separately 

and are not discussed in this report.  However, the same CALMET/CALPUFF modelling methodology is 

applied both within the LSA and within the larger domain covering the Strait of Georgia (refer to 

Appendix F for more information).   
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Figure 1-1 – Local Study Area (LSA) and CALPUFF Modelling Domain 
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2.0 AIR DISPERSION METEOROLOGY 

Climate and meteorology influence the dispersion of air emissions from sources into the atmosphere. 

Meteorological characteristics vary with time (e.g., season and time of day) and location (e.g., due to 

terrain elevation, topography and land use).  In this air quality study, a mesoscale (typically with spatial 

scales between 10 and 1000 km and time scale between one hour and one day) meteorological model 

was used to develop representative surface and upper air meteorological data within the modelling 

domain for the year 2010.  The following steps were involved in creating the meteorological data set:  

 Running of the mesoscale meteorological model over a one year period; 

 Extraction of the model results to obtain vertical profiles and surface data as “pseudo” 

observations; and 

 Running the CALMET model using the “pseudo” observations approach. 

Each of these steps is described in detail in the following sections below. Section 2.1 describes the 

mesoscale model used in the study. Section 2.2 shows the appropriateness of the 2010 meteorological 

data for the study by comparison with climate normals.  The observations from available meteorological 

stations in the mesoscale model domain were used to evaluate the performance of the mesoscale model. 

Mesoscale model validation results are presented in Section 2.3.  The approach used to create the input 

data to the CALMET model is presented in Section 2.4.  In order to validate the CALMET model results, 

a comparison with meteorological observations available within the LSA was performed and presented in 

Section 2.5.  In addition, assessment of the validity of the CALMET outputs was performed following the 

B.C. Modelling Guidelines recommendation and is presented in Section 2.6. 

2.1 WRF-NMM MODEL 

The meteorological dataset used for the RBT2 air quality study was derived using the Weather Research 

Forecast Non-hydrostatic Mesoscale Model (WRF-NMM)
1
.  SENES has been using WRF-NMM for 

creating a meteorological data set as an input to the air quality modelling, particularly CALMET/CALPUFF 

system, for the last several years in different AQ assessments, accepted by other regulatory agencies 

(Ontario, Newfoundland, Saskatchewan and British Columbia). 

WRF-NMM is a fully compressible, non-hydrostatic mesoscale model with a hydrostatic option (Janjic et 

al. 2001, Janjic 2003a,b).  The model has the following characteristics: 

 it uses a terrain following, hybrid sigma-pressure vertical coordinate; 

 the grid staggering is the Arakawa E-grid;  
                                                      
 

1
 The Weather Research and Forecasting Non-hydrostatic Mesoscale Model (WRF-NMM) is a state-of-the-art 

numerical prediction model developed at the US National Center for Environmental Prediction (NCEP). 
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 the dynamics conserve a number of first and second order quantities including energy and 

enstrophy (Janjic 1984), and 

 the same time step is used for all terms. 

 

Version 3.4.1 of the WRF-NMM model was used in this study.  A more detailed WRF-NMM model 

description can be found online2. 

In this study, the WRF-NMM numerical model was run over a period of one year in so-called “hindcast” 

mode (i.e., it was initialised using the North American Model (NAM)
3
 mesoscale analyses).  NAM 

analyses have 12 km horizontal grid resolution and 6-hour temporal resolution (i.e., data are available 

every 6 hours).  The NAM mesoscale analysis assimilates various available observations collected over 

North America, including land surface measurements, marine surface measurements, radiosonde, aircraft 

reports, profiler radar derived winds and satellite wind data
4
.  The WRF-NMM model used NAM analyses 

as both the initial conditions (updated every 24 hours) and the boundary conditions (updated every 

6 hours).  The updating the initial and boundary fields with the analysis that is based on the actual 

observation provides a realistic simulation of past meteorology. 

The WRF-NMM model was applied over a large domain that extends more than 800 km east to west and 

670 km north to south, in order to capture the large-scale (i.e. synoptic scale) meteorological 

characteristics in this region (see Figure 2-1).  .A grid spacing of 2 km was used over the WRF-NMM 

model domain.  This fine horizontal model resolution was applied in order to better resolve realistic 

mesoscale meteorological features within the Project study area.  The model used 38 vertical layers, from 

the surface up to a height of 39 km.  The first model level where wind was calculated was set at a height 

of 10 m above the surface, in order to be comparable with the surface wind observations at 

meteorological observing stations.  The model’s layers were defined more frequently within the first 2-3 

km above surface, allowing for better resolution of boundary layer characteristics. 

 

                                                      
 

2
 http://www.dtcenter.org/wrf-nmm/users/docs/user_guide/V3/users_guide_nmm_chap1-7.pdf 

3
 The current North American Model is the Weather Research and Forecasting Non-hydrostatic Mesoscale Model 

(WRF-NMM) 
4 http://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/table_4.htm 
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Figure 2-1 – WRF-NMM Modelling Domain 
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The WRF-NMM model combines large-scale weather information from initial and boundary meteorological 

conditions and geophysical description of the surface to simulate local-scale meteorology.  Geophysical 

inputs, such as land use characterization and terrain elevation, were set using the global geophysical 

data compiled by United States Geological Service (USGS) at 30 arc-second (approximately 1 km) spatial 

resolution.  The data were processed by the WRF Pre-processing System (WPS) and assembled on to a 

2 km model grid. 

The WRF-NMM model solves the fundamental equations of atmospheric motion on a three-dimensional 

grid.  The model incorporates parameters that influence atmospheric conditions, such as turbulence, 

convection and cloud formation, precipitation, radiation, surface heat transfer, and moisture.  The WRF-

NMM model configuration is summarised in Table 2-1. 

Table 2-1 – WRF-NMM Model Configuration 

Description Configuration Option 

Time step: 6 s 

Microphysics: Ferrier scheme 

Long-wave radiation/ Short-wave radiation: GFDL scheme/ GFDL scheme 

Boundary Layer: Mellor-Yamada-Janjic TKE scheme 

Surface Layer: Janjic Scheme 

Cumulus parameterization: Betts-Miller-Janjic scheme 

Dynamics: NMM v3.4.1 

 

The model is able to produce a complete three-dimensional estimate of the wind, temperature, humidity 

and several other variables for each hour throughout the period modelled.  Observations, on the other 

hand, only provide information of actual meteorology for a single point and vertical profile data are 

sparsely available. 

Figure 2-2 shows the terrain data that were used in WRF-NMM simulations.  The use of fine horizontal 

resolution of 2 km results in the model terrain that provides a reasonably accurate representation of the 

local topographic features in the model domain. 
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Figure 2-2 – WRF-NMM Terrain Elevation Data (m) 

 

Note:  Dashed line represents US border 

2.2 SUITABILITY OF MODELLED METEOROLOGICAL YEAR 

The hourly WRF-NMM model outputs were derived for one year (January to December, 2010).  This year 

is considered representative of typical meteorological conditions within the study area.   

To confirm the appropriateness of the 2010 data for the study area, modelled meteorological outputs from 

WRF-NMM were compared to Canadian climate normals
5
 for Vancouver International Airport.  A climate 

normal is defined as the arithmetic average of a climate element (e.g. temperature) over a prescribed  

30-year interval.  The 30 year interval is selected since it is long enough to filter out inter-annual variation 

or anomalies but also short enough to show longer climatic trends.  The Vancouver International Airport 

station is the only station in the vicinity of the Roberts Bank terminals which meets Environment Canada 

and World Meteorological Organization (WMO) station siting requirements and has a long record of 

climate parameters.  

The most recent temperature normals at Vancouver International Airport (1981 to 2010) (Environment 

Canada 2013) are shown in Figure 2-3 and compared to the modelled temperature in 2010.  The 

                                                      
 

5 Currently, the 30-year interval for calculating normals extends from 1981 to 2010.  
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modelled daily average temperature was 11°C in 2010, similar to climate normal of 10.4°C.  The model 

results show that the warmest month in 2010 was August, with a monthly mean temperature of 17.2°C, 

while December was the coldest month with an average temperature of 5.4°C.  The climate normals 

agree with the model results, showing that in the period 1981 to 2010, August and December were the 

warmest and coldest months, respectively, with the highest mean temperature of 18°C and the coldest 

mean temperature of 3.7°C. 

Figure 2-3 –Temperature Climate Normals (1981 to 2010) versus WRF-
NMM (2010) at Vancouver International Airport 

 

Figure 2-4 compares average monthly precipitation from the model output as compared against the 

climate normals (1981 to 2010) at Vancouver International Airport.  The climate normal (1981 to 2010) 

average annual precipitation at Vancouver International Airport was 1199 mm, while the WRF-NMM 

model predicted annual precipitation of 904 mm (i.e., 75% of the long-term normal).  Similarly, Figure 2-5 

compares a wind rose of wind climate normals (1951 to 1980)6 (Environment Canada, 1982) at 

Vancouver International Airport against the model results.  As can be seen from the Figure 2-5, modelled 

wind speed and direction data for the year 2010 compare well with the typical wind pattern shown in 

climate normals. 

The hourly wind observations at Vancouver International Airport were compiled for the period 2008 to 

2012 and presented in Figure 2-6.  The wind speed and direction observed in 2010 show a very similar 

pattern as the other four years. 

                                                      
 

6
 The more recent wind climate normals are not available 
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Overall, the above comparison indicates that the 2010 model results are representative of typical 

meteorological conditions at Vancouver International Airport. 

Figure 2-4 –Precipitation Climate Normals (1981 to 2010) versus WRF-
NMM (2010) at Vancouver International Airport 
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Figure 2-5 –Wind Rose Comparison: Climate Normals (1951 to 1980) versus 
WRF-NMM (2010) at Vancouver International Airport 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

  

         Climate Normals (1951 to 1980)  

         WRF-NMM Model 

Climate Normals (1951 to 1980) – 8.6% calms7 

WRF-NMM Model – 6.8% calms 

 

  

                                                      
 

7
 Calms are wind speeds less than 1 m/s  
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Figure 2-6 – Wind Observations at Vancouver International Airport (2008 to 2012) 

  Wind Direction Frequency (%) Average Wind Speed (m/s) 

 
 

 

───   2008 
───   2009 
───   2010 
───   2011 
───   2012 

 

Frequency of calms: 
2008: 5.0% 
2009: 7.5% 

  2010: 12.5% 
2011: 5.7% 
2012: 7.5% 

 

2.3 WRF-NMM MODEL VALIDATION 

The WRF-NMM model results were examined to ensure that all extractions from the model outputs were 

performed correctly and that model predictions were reasonable.  In order to evaluate the WRF-NMM 

performance, the model results were compared to the surface and upper air observations from the 

stations in the model domain in 2010.  Results of the WRF-NMM model validation are given in this 

section. 

The two Environment Canada stations which had hourly data recorded in 2010 and were the closest to 

the project were chosen for the WRF-NMM model validation:  

 Vancouver International Airport, located approximately 20 km from the project, considered 

representative of flat terrain and coastline conditions in the project; and 

 Sand Heads Climate Station, located approximately 14 km from the project, considered 

representative of locations over water. 
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In addition, the Abbotsford Airport station, located approximately 70 km from the project, had 2010 hourly 

data available and was considered representative of inland conditions and was also used in the 

validation.  Precipitation data predicted by the WRF-NMM model were compared to observations from the 

Delta Tsawwassen Beach station (Figure 2-7) shows the locations of EC stations used for the WRF-NMM 

model validation purposes.  

Figure 2-7 – Locations of Meteorological Stations 

 

The model results were compared to hourly and daily observations made at the above stations. The WRF 

model simulates a number of atmospheric parameters over a three dimensional grid from the surface 

through to the upper atmosphere.  For this study, the analysis was limited to those parameters that have 

an effect on the dispersion and deposition of contaminants.  Specifically, wind speed and direction (at 10 

m), near surface temperature (at 2 m) and total precipitation were validated.   

2.3.1 Validation of Wind Data 

Hourly surface wind data modelled by WRF-NMM were compared to wind observations at the three 

stations noted above and presented in the form of wind rose plots (i.e., a graphical presentation of wind 

direction and wind speed frequencies) in Figure 2-8 through Figure 2-10. 
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Figure 2-8 – Wind Rose (WRF-NMM versus Observations) at Vancouver International Airport (2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

 

 

         Observations  

         WRF-NMM Model 

Observations – 12.4% calms 

WRF-NMM Model – 6.8% calms 

 

As shown in Figure 2-8, the WRF-NMM model accurately captures wind direction frequency as measured 

at the Vancouver International Airport station in 2010.  Winds from the ENE to E to ESE directions were 

observed approximately 41% of the time.  The model predicts the wind from these directions 

approximately 36% of the time. The model had a slightly higher frequency of WNW winds.  The modelled 

annual average wind speed of 3.85 m/s compares favourably with the measured wind speed of 3.70 m/s 

at the Vancouver International Airport.  Wind speeds from 3.0 m/s to 5.0 m/s were the most frequently 

observed (35.5% of the time) as well as modelled (33%).  The strongest winds were measured from the 

WNW direction with an average wind speed of 5.4 m/s; these winds were modelled with the average wind 

speed of 4.55 m/s.  Strong winds within the wind class from 5.0 m/s to 7.0 m/s were observed and 

modelled at the same frequency (17% of the time).  Calm conditions (wind speeds less than 1 m/s8) were 

observed 12.4% of the time, and modelled 6.8% of the time.  

                                                      
 

8 The airport observations of wind have the threshold of the anemometers about 1 m/s (B.C. MOE, 2008) 
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Figure 2-9 – Wind Rose (WRF-NMM versus Observations) at Sand Heads Climate Station (2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

  

         Observations    
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Observations – 0.9% calms 

WRF-NMM Model – 0.8% calms 

 

At the Sand Heads Climate Station, the predominant winds were observed from the E to ESE directions 
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(27.8%).  A general increase in wind speed, as a consequence of the reduced roughness over 

surrounding water, is adequately represented by the model.  Modelled annual average wind speed was 

5.2 m/s, whereas the observed annual average was 4.8 m/s.  In general, both wind direction and wind 

speed frequency were appropriately captured by the WRF-NMM model at this onshore station. 
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Figure 2-10 – Wind Rose (WRF-NMM versus Observations) at Abbotsford Airport (2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 
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Figure 2-11 – WRF-NMM Model Terrain Elevations in the Upper Fraser Valley 

 

 

 

2.3.2 Validation of Temperature Data 

Temperatures modelled by WRF-NMM were compared to data from the same three observation stations 

and presented in the form of diurnal variations and monthly average temperatures.  Figure 2-12 shows 

the modelled and observed diurnal temperature variations at Vancouver International Airport in 2010.  

Monthly averages of modelled hourly temperature were compared to the observed monthly mean 

temperatures at Vancouver International Airport in Figure 2-13.  Overall, the results from the WRF-NMM 

model capture the diurnal temperature cycle and seasonal variations very well at Vancouver International 

Airport. 

Figure 2-14 and Figure 2-15 compare model results to the diurnal and monthly temperature variations of 

observed temperature at the Sand Heads Climate Station respectively.  The same comparison for 

Abbotsford Airport is presented in Figure 2-16 and  

Figure 2-17, respectively.  The model predictions at both stations are in a good agreement with the 

observed temperatures. 
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Figure 2-12 – Diurnal Temperature Variations at Vancouver International Airport (2010) 

 

Figure 2-13 – Monthly Average Temperature at Vancouver International Airport (2010) 
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Figure 2-14 – Diurnal Temperature Variations at Sand Heads Climate Station (2010) 

 

Figure 2-15 – Monthly Average Temperature at Sand Heads Climate Station (2010) 
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Figure 2-16 – Diurnal Temperature Variations at Abbotsford Airport (2010) 

 

 

Figure 2-17 – Monthly Average Temperature at Abbotsford Airport (2010) 
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2.3.3 Validation of Precipitation Data 

WRF-NMM results of total precipitation were also evaluated.  Generally, predictions of precipitation are 

less reliable, due to their greater temporal and spatial variability and greater measurement uncertainties.  

Furthermore, observations are point measurements, while model outputs are grid-cell averages.   

Precipitation data for 2010 were available from two EC stations in the model domain: Vancouver 

International Airport Station and Delta Tsawwassen Beach and were used in comparison with the model 

predicted precipitation data.  Figure 2-18 shows monthly precipitations generated by the model and 

observed at the Vancouver International Airport in 2010.  Observations show annual total precipitation of 

1207 mm in 2010, while model predict 911 mm (i.e., 75.5% of observed).  Seasonal analysis shows that 

the model predicts 76% of observed total precipitation in winter, 91% of observed precipitation in spring 

and summer and 45% of observed precipitation in autumn.  Figure 2-19 shows comparison of monthly 

precipitation data predicted by the model and observed at Delta Tsawwassen Beach.  Total precipitation 

of 966.3 mm per year 2010 was observed, while model predicted 911.3 mm at the same location  

(i.e. 94% of observed annual precipitation). 

Figure 2-18 – Monthly Precipitation at Vancouver International Airport (2010) 
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Figure 2-19 – Monthly Precipitation at Delta Tsawwassen Beach (2010) 

 

2.3.4 Validation of Upper Air Data 
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NAM Data Assimilation System (NDAS).  Figure 2-20 shows the wind rose of observed and modelled 

wind at the upper pressure level of 700 mb (approximately 2,500 m above sea level (a.s.l.)) at the 

Quillayute station.  The good agreement between observed and predicted winds shown in Figure 2-20 

suggest that the WRF-NMM model accurately simulates the actual upper-air wind observations at this 

station (i.e., model results match the data assimilated through the model initial conditions). 

The WRF-NMM model derived vertical profiles of temperature, wind speed and wind direction at the 

location of Quillayute station are compared against upper air soundings at the Quillayute stations.  Figure 

2-21 shows modelled and observed vertical profiles of temperature, wind speed and wind direction at 00 

UTC, averaged over a year.  The observed and model derived data sets closely match on an annual 

basis for all three meteorological parameters.  An example of a paired observed and modelled 
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results of this comparison are presented in the Memo on June 9
th
, 2014 (see Attachment 2).  

Temperature differences between the two data sets are small.  Wind speed differences are generally 

within 1 m/s and show the same seasonal shift with both data sets.  Wind direction differences are within 

the same quadrant on a seasonal basis.  As Figure 2-23 shows, there is generally good agreement 

between the ACARS data and the WRF-NMM data indicating that the WRF-NMM data set provides a 

reasonably good representation of the temperature, wind speed and wind direction profiles at the airport 

location. 

Figure 2-20 – Wind Rose (WRF-NMM versus Observations) at 700 mb at Quillayute (2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

  

         Observations    

         WRF-NMM Model 

Observations – 0.3% calms 

WRF-NMM Model – 0.1% calms 
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Figure 2-21 – Annual Averaged Vertical Profile of Temperature, Wind Speed and Wind Direction at Quillayute at 00 UTC, 2010 
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Figure 2-22 – Vertical Profile of Temperature at Quillayute (January 21
st

, 2010 at 00 UTC) 

 

Figure 2-23 – Comparison of Annual Average (2010) ACARS Data to WRF-NMM Model Results at Vancouver International Airport 
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2.3.5 Statistical Validation 

Key statistical parameters for evaluating the wind (U.S. EPA, 2009) are:  

 Bias (B), that represents the mean difference between the model prediction and the observed 

data,  

 Gross error (E), that is calculated as the absolute difference between predicted and observed 

data,  

 Root mean square error (RMSE) that represents the square root of the mean squared difference 

in predicted and observed data and  

 Index of agreement (IOA),9 that combines bias, gross error and RMSE into a single parameter 

that measures the match between predicted and observed values. 

WRF-NMM model performance was evaluated by means of the above statistical parameters.  Since there 

are currently no accepted performance criteria for meteorological models, a set of mesoscale model 

evaluation benchmarks (Emery et al. 2001; Tesche et al., 2001) was used in this study.  Table 2-2 shows 

the statistical parameters of WRF-NMM model outputs at the three surface observing stations noted 

above. 

Overall, the WRF-NMM model results are within the benchmarks for most of the statistical parameters, 

which suggests good model performance.  Most wind speed statistics are within the benchmark values, 

with the exceptions of RMSE at the Sand Heads station and bias at Abbotsford Airport.  Temperature 

statistics at Vancouver International Airport and Abbotsford Airport are within benchmark values, while 

Sand Heads station shows a slight temperature bias of less than 1.0°C.  While wind direction gross error 

is higher than the benchmark at all three stations, wind direction bias at Vancouver International Airport 

and Sand Heads is within the benchmarks, and slightly over the benchmark at Abbotsford Airport. 

 

                                                      
 

9
 Index of agreement (IOA) (Emery et al. 2001 and Tesche et al. 2001) combines bias, gross error and RMSE into a 

single parameter that measures the match between predicted and observed values. 

𝐼𝑂𝐴 = 1 −
𝐼𝐽 × 𝑅𝑀𝑆𝐸2

(∑ ∑ |𝑃𝑗
𝑖 − 𝑀𝑂| + |𝑂𝑗

𝑖 − 𝑀𝑂|𝐼
𝑖=1

𝐽
𝑗=1 )

2 

 
where, RMSE is the root mean square error; 
  P and O are model predicted and observed values, respectively; and 
  Mo is mean of observed values. 
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Table 2-2 – Statistical Performance of WRF-NMM Model 

Parameter Metric Benchmark 

Model Performance 

Vancouver 
International Airport 

Sand Heads 
Climate Station 

Abbotsford 
Airport 

Wind Speed 
(m/s) 

RMSE ≤ 2 m/s 1.9 2.4 2.0 

Bias 
≤ 0.5 m/s  and 

≥ - 0.5 m/s 
+0.2 -0.5 +0.8 

IOA ≥ 0.6 0.8 0.8 0.8 

Wind 
Direction (°) 

Gross Error ≤ 30° 42.7 40.9 45.5 

Bias 
≤ 10°  and 

≥ -10° 
+6.9 -2.5 +11.1 

Temperature 
(ºC) 

Gross Error ≤ 2 °C 1.3 1.4 1.4 

Bias 
≤ 0.5 °C  and 

≥ -0.5 °C 
0.05 -0.82 -0.08 

IOA ≥ 0.8 1.0 1.0 1.0 

Bolded values represent values within the Benchmark Range 

 

2.3.6 WRF-NMM Concluding Remarks 

Model-predicted winds are hourly grid-cell averages, while observations are measured for a few minutes 

once an hour at a point location (i.e., observing station).  Winds can vary greatly over the course of an 

hour.  In addition, the binning or the categorization of wind speeds into ranges and wind directions into 

sectors, as is typically done for model-observation comparisons, tends to amplify differences and 

uncertainties. 

In conclusion, the WRF-NMM model provides an accurate measure of the atmospheric state throughout 

the modelling domain. It predicts observed wind and temperatures accurately, and it follows observed 

precipitation patterns.  This confirms the appropriateness of using the WRF-NMM model to develop 

meteorological data for input to the air quality dispersion modelling in this study. 

2.4 CALMET MODEL 

The CALMET meteorological model is typically used to provide the meteorological data necessary to 

initialise the CALPUFF dispersion model.  The CALMET model requires various meteorological and 

geophysical parameters as an input.  Output from the CALMET model includes hourly temperature and 

wind fields on a user-specified three dimensional domain, as well as additional two-dimensional variables 

used by the CALPUFF dispersion model (e.g., mixing heights, atmospheric stability).  The description of 
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the CALMET model’s major algorithms and options are given in the CALMET model’s user manual (Scire 

et al. 2000b). 

There are several modes available to run CALMET and each has its advantage and potential 

shortcomings.  Validation of the methodology used to run CALMET is necessary in order to show whether 

the chosen CALMET mode is suitable for the particular application.  The following sections describe the 

CALMET approach used in this air quality study, while detailed validation is given in Section 2.5. . 

2.4.1 “Pseudo” Observations 

The CALMET model was run over the CALPUFF modelling domain, which extends 26 km east to west 

and 24 km north to south (Figure 2-24).  CALMET was run with a very fine spatial resolution (i.e., grid 

spacing) of 100 m by 100 m, in order to capture local terrain features and mesoscale winds, as well as 

variability inherent in temperature and stability. 

Hourly surface data and vertical profiles were extracted from the WRF-NMM model outputs at 13 

locations spread over the modelling domain and used in the CALMET meteorological processor as 

“pseudo” observations.  The use of “pseudo “observations in the CALMET model forces the model to use 

10 metre wind data from the WRF-NMM data set which results in a better representation of surface winds 

in the modelling domain.  The locations of the “pseudo” observations were chosen to represent variability 

in the local conditions within the modelling domain.  Figure 2-24 shows the locations of the “pseudo” 

observations within the modelling domain. 

The output from the WRF-NMM model was used to generate hourly surface meteorological data (such as 

wind speed, wind direction, temperature, relative humidity, ceiling, cloud cover and pressure) at each of 

the 13 locations.  Hourly upper air profiles were also generated at the same 13 locations for temperature, 

height, wind speed and wind direction at pressure levels from 1,000 hPa up to 400 hPa (i.e., up to an 

approximate height of 7.0 km a.s.l.).  Upper air data were calculated every 5 hPa up to the 875 hPa 

pressure level and then every 25 hPa up to the 400 hPa level. 

Surface data from the 13 “pseudo” observations were merged to create a SURF.DAT file as an input to 

CALMET with 13 upper air files.  To account for the temperature effects of large water bodies, a SEA.DAT 

file was also created from the model outputs. Hourly air-sea surface temperature difference, air 

temperature, relative humidity and wind speed and direction were developed for a single over-water 

location (Figure 2-24).  In addition, a PREC.DAT file was created from the model outputs with the hourly 

precipitation data at a single over-land location (i.e., “pseudo” observation station 11; Figure 2-24). 

The “pseudo” observations of surface and upper air data carry the weight of real observations in 

CALMET. Computation of the wind field in this mode (the same as in “Observations only” mode) is a two-

step approach in CALMET which uses the observations twice.  The first use is to create the initial guess 
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wind field which is then adjusted for kinematic effects of terrain, slope flows and terrain blocking effects to 

produce a Step 1 wind field. In the second step, observations were used through an objective analysis 

procedure where an inverse-distance squared interpolation scheme was applied.  Observations were 

weighted heavily in the vicinity of the observational station. In regions with no observations, the wind was 

interpolated from the Step 1 wind field. 

The “Pseudo Observations” mode uses a meso-scale numerical model to produce spatially varying 

meteorological input to the air dispersion modelling.  With this approach, both surface and upper air data 

are extracted at multiple locations in the study area.  The high horizontal resolution of the meso-scale 

numerical model allows for the extraction of representative surface and upper air profile data at locations 

within several kilometers of the Project site.  The selection of these locations is not limited by the 

availability of observation stations.  In addition, the difficulties of having potentially incomplete 

observational data set are eliminated.  Also, the precipitation data and data over water can be extracted 

as well from the model and used as an input into the CALMET. 

Section 7.0 of the B.C. Modelling Guidelines does state an order of preference for meteorological data 

where site-specific observational data are preferred over prognostic model data and the use of a hybrid 

approach for combining prognostic model data with observational data. However, the use of prognostic 

meteorological model data, when validated by observational data, can be justified for the Project based 

on recent industry practice and guidance from other regulatory agencies. The “pseudo” observations 

approach used in this study avoids potential issues such as wind field discontinuities that have been 

widely reported when combining prognostic model data with observation data, as well as issues that may 

arise if the observational data are derived from stations where obstructions within the vicinity of the 

monitoring station affect the representativeness of the observational data collected.  The “pseudo” 

observation approach is also necessitated for the Project due to the lack of suitable representative 

surface wind data from stations located close to Roberts Bank.  Meteorological stations within the study 

domain are further discussed in Section 2.5 in the validation of the CALMET model wind data. 

 

In the Phase 2 draft recommendations of the Interagency Workgroup on Air Quality Modeling (IWAQM), 

the U.S. EPA (2009)5 noted the problems that can arise from “blending” observational data with 

prognostic meteorological model data. The incorporation of observational meteorological data into 

prognostic model data in the “hybrid” mode, as referenced in the B.C. dispersion modelling guidelines and 

requested by agency stakeholders, can lead to severe physical discontinuities in the wind field, even in 

areas with only modest topographic relief. 

 

The U.S. EPA also noted that the potential for discontinuities to develop in CALMET wind fields is 

increased in complex areas such as coastal environments, particularly when observational data are 

assigned too large of a radius of influence. The discontinuities in wind fields that raised concerns with the 
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U.S. EPA occur even when the surface observation data are derived from properly sited wind sensors, 

but are exacerbated if the exposure of the wind sensors is poor such that wind speed and direction 

measurements are incorrectly recorded at the observation stations. 

 

Running CALMET in “pseudo” observation mode has also been shown to result in more accurate 

dispersion modelling results compared to running CALMET in observation mode and using inputs from 

available surface and upper air stations (Radonjic et al. 2013; Radonjic et al. 2014). In the first study, the 

CALPUFF model was applied in a coastal inlet with complex terrain using CALMET in “pseudo” 

observations mode and “observations only” mode, as well as in “no-observations” mode. The results of 

this study suggested that using only surface observation meteorological data and nearest upper air 

station data over predicted concentrations, especially at the highest concentrations.  In the second study, 

the best agreement between surface station observations of winds and WRF-NMM modelled wind fields 

was derived from using the “pseudo” observation methodology as compared with the “no observation” 

methodology. 
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Figure 2-24 – Locations of Pseudo-Observation Stations Derived from WRF-NMM 
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2.4.2 Vertical Resolution 

To properly simulate pollution transport and dispersion in CALPUFF, it is important to be able to 

accurately simulate the typical log-linear vertical profile of wind speed, wind direction, temperature, and 

turbulence intensity within the atmospheric boundary layer (i.e., within about 2 km above the  surface).  In 

order to capture this vertical structure, a total of ten vertical layers were used in CALMET.  The layer 

heights and depths are shown in Table 2-3.  The height of the lowest 20 m layer (i.e., 10 m above the 

surface) should provide a reasonable comparison with winds at surface weather stations, since 

anemometers are typically placed at a height of 10 m above the ground. 

Table 2-3 – CALMET Wind Field Layer Heights 

Depth of Layer (m) Height of Layer (m) Notes 

20 20 10-meter meteorology 

20 40 30-meter meteorology 

40 80 60-meter meteorology 

80 160 120-meter meteorology 

140 300 230-meter meteorology 

300 600 450-meter meteorology 

400 1000 800-meter meteorology 

500 1500 1250-meter meteorology 

700 2200 1850-meter meteorology 

800 3000 2600-meter meteorology 

 

CALMET requires a physical description of the surface, in order to characterise the meteorological 

parameters in the boundary layer (i.e., near the surface).  The geophysical parameters are: 

 Terrain elevation data; 

 Land use data; 

 Surface roughness length; 

 Albedo; 

 Bowen ratio; 

 Soil heat flux; 

 Vegetation leaf area index; and 

 Anthropogenic heat flux. 
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The terrain elevation and land use data used in CALMET are outlined below.  All other geophysical 

parameters listed above are based on default values outlined in the CALMET modelling guidelines (Scire 

et al. 2000a). 

2.4.3 Terrain Elevation and Land Use Data 

Terrain Elevation Data 

Gridded terrain elevations for the modelling domain were derived from SRTM3-Shuttle Radar Topography 

Mission Global Coverage data, produced by the National Aeronautics and Space Administration (NASA).  

The spacing of the elevation data is 3 arc-seconds (approximately 90 m).  The raw terrain data were 

processed in each gridded cell (i.e., 100 m by 100 m) within the CALMET modelling domain and the 

resulting terrain elevations are presented in Figure 2-25.  This terrain field effectively resolves all major 

land features within the modelling domain. 
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Figure 2-25 – CALMET Terrain 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - 36 - November 2014 

Land Use Data 

Land use and land cover data for the CALPUFF modelling domain were gathered from two sources: 

 Data from the B.C. Government Geographic Feature Catalogue are available online10 through 

DataBC/GeoBC (BTM-Baseline Thematic Mapping) and provided data coverage for most of the 

domain, with the notable exception of areas within the United States; and 

 Data from the POSTEL GlobCover (v2.2) global land cover dataset, which is also available 

online11 and is provided by the European Space Agency, were used to fill in land cover 

information for the portion of the domain south of the Canada-U.S. border. 

Land use codes from both datasets were translated into the equivalent USGS land use codes employed 

by CALMET.  The land use data were processed for each CALMET grid cell (100 m x 100 m resolution) to 

produce a field of fractional land use categories and values of vegetation and surface properties weighted 

by land use.  CALMET defines 14 default land use categories using the USGS system (Table 2-4).  

Surface properties such as albedo, Bowen ratio, roughness length, and soil heat flux and leaf area index 

are computed proportionately to the fractional land use category within each grid cell.  The default values 

for these land use related parameters are listed in Table 2-4.  The generated land use categories for each 

CALMET grid cell are also shown in Figure 2-26. 

                                                      
 

10
 https://apps.govBC.ca/pub/geometadata/metadataDetail.do?recordUID=43171&recordSet=ISO19115 

11
 http://postel.obs-mip.fr/?GLOBCOVER-Project 
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Table 2-4 – CALMET Land Use Categories 

Land 
Use 

Description 
Surface 

Roughness (m) 
Albedo 

Bowen 
Ratio 

Soil Heat Flux 
Parameter 

Anthropogenic 
Heat Flux (m) 

Leaf Area 
Index 

10 
Urban or Built-

up Land 
1 0.18 1.5 0.25 0 0.2 

20 
Agricultural 

Land – 
Unirrigated 

0.25 0.15 1 0.15 0 3 

-20* 
Agricultural 

Land – Irrigated 
0.25 0.15 0.5 0.15 0 3 

30 Rangeland 0.05 0.25 1 0.15 0 0.5 

40 Forest Land 1 0.1 1 0.15 0 7 

50 Water 0.001 0.1 0 1 0 0 

54 
Small Water 

Body 
0.001 0.1 0 1 0 0 

55 
Large Water 

Body 
0.001 0.1 0 1 0 0 

60 Wetland 1 0.1 0.5 0.25 0 2 

61 
Forested 
Wetland 

1 0.1 0.5 0.25 0 2 

62 
Nonforested 

Wetland 
0.2 0.1 0.1 0.25 0 1 

70 Barren Land 0.05 0.3 1 0.15 0 0.05 

80 Tundra 0.2 0.3 0.5 0.15 0 0 

90 
Perennial Snow 

or Ice 
0.05 0.7 0.5 0.15 0 0 

 

In order to reflect the geophysical conditions within the CALPUFF modelling domain with and without 

RBT2, two geophysical data files were created for the purpose of air dispersion modelling in this study. 

One geophysical file was based on the existing land use and terrain data in the study area (i.e. without 

RBT2).  A second geophysical file included the proposed RBT2 location and the land use data type 10 

(i.e. Urban or Built-up Land category) and terrain height of approximately 5 m was assigned for RBT2.  

 

The sensitivity analysis was performed to investigate the effect of the RBT2 land mass on dispersion from 

the ships at berth at the Westshore Terminals and Deltaport Terminal.  The results of the sensitivity 

analysis indicates that the difference in concentrations associated with the changes due to the new land 

required for RBT2 was deemed sufficiently large that the new land associated with RBT2 was used in the 

CALMET/CALPUFF modelling. Consequently, two CALMET model runs were performed using the 

corresponding GEO.DAT files as an input and two meteorological data sets were created and used in 

CALPUFF modelling (i.e., the future build scenario used a different meteorological data set than the no 

build scenario).  
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Figure 2-26 – CALMET Land Use 
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2.4.4 Model Options 

CALMET model requires a number of specific model options and user-defined parameters to be defined 

in the input file. In most cases, the technical options for the CALMET model run used in this study were 

set to default values, as recommended in B.C. Air Quality Dispersion Modelling Guidelines.  The CALMET 

user-defined Input Group 5 switch settings are presented below: 

 BIAS, the (layer dependent) weighting factor of surface versus upper air wind observations in 

defining the initial guess field, was set as follows: -1, -0.99, -0.99, -0.96, -0.68, 0.0, 0.2, 0.4, 0.6, 

0.8; 

 IEXTRP, the vertical extrapolation of surface wind observations, was set to -4; 

 TERRAD, the terrain radius of influence, was set at 2 km (as per a simple rule of thumb 

 “ridge-to-ridge, divided by 2, rounded up”, J. Barclay and J. Scire, 2011); 

 RMAX1 and RMAX2, the maximum radii of influence over land in surface layer, were set to 5 km; 

 RMAX3, the maximum radius of influence over water, was set to 5 km; 

 Weighting parameters for Step 1 wind field versus observations in surface R1 and layers aloft R2 

were set at 1 km; and 

 IMIXH, the option to compute the convective mixing height was set to -1.12  

 

2.5 CALMET VALIDATION 

The objective of evaluating a meteorological data set derived from a prognostic meteorological model 

such as WRF-NMM for use in air quality dispersion modelling is to determine, through visual and 

statistical means, whether or not that data set is climatologically consistent and captures the features that 

are important to determining the changes in air quality in the area being assessed (Anderson 2005). The 

CALMET meteorological fields were evaluated by reviewing model outputs to ensure that they capture the 

key meteorological features in the LSA.  These outputs include different model parameters such as wind 

                                                      
 

12
 The vertical temperature profile over water in CALMET is computed by using overwater fixed lapse rates below and 

above the mixing height, so that the vertical temperature profile has no relationship to the upper-air vertical 
temperature profile in “pseudo” observations. In order to prevent that “adjustment”, the recommendation from the 
CALMET model developers (personal communication from Exponent, August 23

rd
, 2013) was to set the 

beginning (JWAT1) and ending (JWAT2) land use categories for temperature interpolation over water to 999, 
and to use the Offshore and Coastal Dispersion (OCD) method to compute the overwater mixing heights by 
choosing IMIXH = -1 (i.e., there is no convective boundary layer developed overwater. In this way, no 
“adjustment” to the vertical temperature profiles at the “pseudo” upper-air observations was performed in 
CALMET. 
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speed and direction, temperature and precipitation.  CALMET model outputs were compared to the 

available observations within the LSA.  The meteorological observations were gathered from surface 

meteorological data from the Westshore Ferry Berth 5 Meteorological station at the B.C. Ferries Terminal 

and the Tsawwassen T39 air quality station on English Bluff operated by PMV (refer to Figure 2-7 for 

station locations).  In addition the Fraser River Buoy data on surface temperature were provided by 

Environment Canada for the year 2010 and compared to the CALMET results. 

2.5.1 Validation of Wind Speed and Direction 

Observed hourly surface wind speed and direction at the T39 station and Westshore station in 2010 are 

compared to the CALMET derived wind and shown in the form of wind rose plots in Figure 2-27 and 

Figure 2-30 respectively.  Since observations at T39 were only available from June to December in 2010, 

the simulated CALMET wind data are compared for the same period. 

 

Figure 2-27 – Wind Rose (CALMET versus Observations) at T39 Station (June to December, 2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

  

         Observations    

         CALMET Model 

Observations – 7.1 % calms 

CALMET Model – 0.3 % calms 

 

As indicated in Figure 2-27, the prevailing winds observed at the T39 station are from the SSE 

(approximately 14.7% of the time), ESE (approximately 10.7% of the time) and NW direction 

(approximately 10% of the time).  The CALMET model captures the winds from NW with the same 

frequency (approximately 9%).  The SSE winds were predicted to occur approximately 10% of the time.  
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There is a discrepancy between predicted and observed easterly winds: observations show less frequent 

winds (approximately 9%) in comparison with the model results (i.e. 16.5 % of the time).  Model derived 

wind speeds are higher than comparable observations.  Calm conditions13 (i.e., wind speeds less than 0.5 

m/s) were predicted 0.3 % of the time, while observations show 8.5 % of the time. The comparison of 

frequency distributions for various modelled wind speed classes against observed hourly data at T39 is 

presented in Figure 2-28. 

Figure 2-28 – Comparison of Modelled and Measured Winds Class Distribution 
at the T39 Station (June to December, 2010) 

 

CALMET Model 

 

Observations 

 

As indicated in Figure 2-28, approximately 84% of measured winds are clustered in the first two wind 

classes (0.5 to 3.6 m/s), with most winds in the lower range (0.5 to 2.1 m/s).  There are very few hourly 

wind observations greater than 5.7 m/s in the measured data.  In contrast, modelled wind speeds are 

spread across all six wind classes, with the majority (93%) in the first four (0.5 to 8.8 m/s).  The largest 

portion (31.6%) is in the 2.1 to 3.6 m/s wind class.  Winds with speeds greater than 8.8 m/s account for 

6.7% of the CALMET-derived data. These data demonstrate that the T39 station is sheltered from the 

high winds (i.e., wind observations from this station are not likely representative of the local conditions). 

It should be noted that the T39 station is located in a residential area, surrounded by trees and it does not 

have a free flow of air in all directions.  Figure 2-29 provides two views of the T39 station which clearly 

                                                      
 

13
 Anemometer starting threshold (AST) for anemometers in B.C. air-quality stations is 0.5 m/s (B.C. MOE, 2008)   
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show the obstructions which include tall trees on three sides, as well as the instrumented shed at the 

base of the meteorological tower.   

Figure 2-29 – Two Photographs of the T39 Air Quality Station 

  

 

According to the Guide to Meteorological Instruments and Methods of Observation (World Meteorological 

Organization-No. 8 2008), the basic recommendations for siting wind sensors are:  

“The standard exposure of wind instruments over level, open terrain is 10 m above the ground.  Open 

terrain is defined as an area where the distance between the anemometer and any obstruction is at least 

10 times the height of the obstruction. Wind measurements that are taken in the direct wake of tree rows, 

buildings or any other obstacle are of little value and contain little information about the unperturbed wind. 

Since wakes can easily extend downwind to 12 or 15 times the obstacle height, the requirement of 10 

obstruction heights is an absolute minimum” 

The T39 station location does not conform to the above anemometer exposure siting requirements 

established by the WMO.  The analysis of available data from the T39 station indicates that there is an 

influence from tall trees in the vicinity of the station on the recorded observations of wind speed and 

direction at the station.  Comparisons between T39 observational data and prognostic meteorological 

model data for the same location show that observed wind speed data underestimate wind speeds in the 

area as derived from a prognostic model because of the exposure of the anemometer with respect to 

trees in Pebble Hill Park, whereas the same prognostic model data compare very well with the 

observations made at the Vancouver International Airport where the anemometer conforms with WMO 

and the Meteorological Service of Canada (MSC) instrument exposure siting guidelines.  For this reason, 

the meteorological data from the T39 station were deemed to be unrepresentative of wind data in this 
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area, and therefore unsuitable for use in CALMET modelling using the ‘hybrid’ approach of combining 

surface observation data with WRF-NMM data. 

The CALMET model results presented in Figure 2-30 capture the NW to SE orientation in wind direction 

at the Westshore station.  Wind from ESE-SE direction was observed approximately 33% of the time, 

while the model predicted wind from E–ESE-SE directions 39% of the time.  In general, the modelled 

wind direction frequency compares well with the observations at the Westshore station.  The model 

predicted the strongest winds from SE to SSE, with average wind speeds of 5.7 m/s and 5.6 m/s, 

respectively.  Observed wind speeds for the same directions were 3.3 m/s and 2.6 m/s, respectively.  The 

highest observed winds were coming from the WNW (4.5 m/s) and the NW (4.0 m/s) and were accurately 

captured by the model (4.7 m/s and 4.5 m/s, respectively).  However, the model overestimated the speed 

of easterly and southern winds, when compared to observations. 

Further analysis was performed by comparison of frequency distributions for various classes of observed 

and CALMET derived hourly wind speed as presented in Figure 2-31.  Approximately 65% of observed 

winds were equally distributed within the first two wind classes (0.5 to 3.6 m/s), while about 44% of 

modelled wind speeds were in these same two classes. Wind speeds in the higher range (3.6 to 5.7 m/s) 

were similarly distributed in both measured and modelled data (23.4% and 26.1%, respectively).  

However, while less than 11% of observed winds were within the highest classes (higher than 5.7 m/s), 

the model predicted almost 30% of the high winds.  Calm conditions were predicted 0.8% and observed 

1.3% of the time.  
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Figure 2-30 – Wind Rose (CALMET versus Observations) at the Westshore Station (2010) 

Wind Direction Frequency (%) Average Wind Speed (m/s) 

 
 

         Observations    

         CALMET Model 

Observations – 1.3 % calms 

CALMET Model – 0.8 % calms 

 

It should be noted that CALMET predicts winds from directions that could affect the emissions dispersion 

from the sources considered in the Project towards the coastline (i.e., NW to WNW winds) and are not 

obstructed at the Westshore station in agreement with observations.  

The discrepancy in wind speed for winds coming from the E to the S direction might be attributable to the 

fact that the Westshore station is situated in close proximity to the B.C. Ferries Terminal.  Namely, this 

observation station is located approximately 15 to 20 m away from the car loading ramp at Deck 5 on the 

B.C. Ferries Terminal.  According to the WMO guidelines, this station would not meet the internationally 

recognised recommendations for the siting of wind sensors. 
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Figure 2-31 – Comparison of Modelled and Measured Winds Class Distribution 
at the Westshore Station (2010) 

 

CALMET Model 

 

Observations 

2.5.2 Validation of Temperature 

Observed surface temperatures at the T39 station are presented in Figure 2-32 and Figure 2-33 as 

monthly averages and by hour-of-day, respectively.  These observations are compared against CALMET 

model results for the period June to December, 2010, since the T39 station only became operational 

partway through that year.  A similar comparison of observed and modelled surface temperatures at 

Westshore station is presented in Figure 2-34 and Figure 2-35 as monthly averages and by hour-of-day, 

respectively.  As can be seen from these comparisons, there is very good agreement between observed 

surface temperatures and those generated by CALMET at both the T39 and the Westshore stations. 
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Figure 2-32 – Monthly Average Temperatures Modelled versus Observed at T39 
(June to December, 2010) 

 

Figure 2-33 – Diurnal Variation of Temperature: CALMET versus Observations at T39 
(June to December, 2010) 
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Figure 2-34 – Monthly Average Temperatures Modelled versus Observed at Westshore Station 
(2010) 

 

Figure 2-35 – Diurnal Variation of Temperature: CALMET versus Observations at Westshore 
Station (2010) 

 

CALMET derived surface temperature data were validated against surface air temperatures from the 

Fraser River Buoy data provided by Environment Canada for the year 2010.  Extracted surface air 

temperatures from CALMET for the location of the buoy were compared the observed surface air 

temperatures buoy data.  Based on the results of the comparison shown on Figure 2-36 and Figure 2-37, 

the CALMET data adequately reflects the variability of the Fraser River Buoy surface air temperatures.  

The results of this comparison are presented in the Memo on April 2
th
, 2014 (see Attachment 3). 
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Figure 2-36 – Time Series of Hourly Air Temperature: CALMET vs. Observations (2010) at 
the location of the Fraser River Buoy 

 

Figure 2-37 – Average Monthly Air Temperature: CALMET vs. Observations (2010) at the 
location of the Fraser River Buoy 

 

2.5.3 Validation of Precipitation 

A time series of monthly average precipitations modelled at the location of the T39 station in the period 

June to December is shown in Figure 2-38 and compared to the observations.  The CALMET model 

predicted total precipitation of 431 mm at this location during the period June to December 2010, which is 

90% of observed total precipitation at the T39 station in the same period (480 mm). 
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Figure 2-38 – Monthly Average Precipitation: CALMET versus Observations at T39 (2010) 

  

2.5.4 Statistical Validation 

CALMET model performance was evaluated by means of the statistical parameters described in Section 

2.3.5 and compared to the same model evaluation benchmarks (Emery et al. 2001; Tesche et al. 2001). 

Table 2-5 shows the statistical parameters of CALMET model outputs at the T39 and Westshore station 

locations. 

Overall, the CALMET model results are within the benchmarks for most of the statistical parameters, 

which suggests good model performance.  Temperature statistics at T39 and Westshore stations are 

within most benchmark values, with the only exception being at the Westshore station, which shows a 

slight temperature bias of less than 1.0°C.  While wind direction gross error is higher than the benchmark 

at both stations, wind direction bias at the T39 and Westshore stations is within the benchmarks.  Wind 

speed statistics at both stations preformed the most poorly. However, additional investigation on the 

location of both stations suggests that observations may not be adequately representative of local wind 

patterns. 
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Table 2-5 – Statistical Performance of CALMET at T39 and Westshore Stations (2010) 

Parameter Metric Benchmark 

Model Performance 

T39 
Westshore 

Station 

Wind Speed (m/s) 

RMSE ≤ 2 m/s 3.4 2.6 

Bias 
≤ 0.5 m/s  and 

≥ -0.5 m/s 
+2.5 +1.4 

IOA ≥ 0.6 0.4 0.7 

Wind Direction (°) 

Gross Error ≤ 30° 39.0 46.6 

Bias 
≤ 10°  and 

≥ -10° 
+8.7 +7.0 

Temperature (ºC) 

Gross Error ≤ 2 °C 1.1 1.1 

Bias 
≤ 0.5 °C  and 

≥ -0.5 °C 
-0.4 -0.7 

IOA ≥ 0.8 1.0 1.0 

Bolded values represent values within the Benchmark Range 

2.5.5 CALMET Concluding Remarks 

Wind observations in 2010 were available for CALMET validation only in the above mentioned stations: 

T39 air quality station on English Bluff and Westshore station at B.C. Ferries Terminal.  Both stations wind 

measurements are not considered representative of the local conditions as they do not meet the WMO 

exposure guidelines for wind monitoring stations. The results of the CALMET model indicate that the wind 

data developed by CALMET are representative of the local meteorological conditions.  CALMET 

accurately reproduces the hourly and monthly distribution of observed average temperatures, as well as 

the monthly distribution of observed precipitation.   

 

Overall, the meteorological data important for the dispersion of pollutants in relation to the Project and the 

conservative assessment of air quality effects are well represented in CALMET.  

 

2.6 CALMET MODEL RESULTS 

This section presents a summary of CALMET meteorological fields at the site location (i.e., RBT2), as 

well as over the CALMET model domain.  The CALMET model outputs presented below include wind 

speed and wind direction, temperature, mixing layer depths and atmospheric stability.  The validity of the 

CALMET model outputs were assessed by examining the diurnal and seasonal variations at different 

locations.  Surface and upper-level model outputs were both evaluated. 
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2.6.1 Wind Speed and Direction 

Figure 2-39 presents an annual wind rose for wind data extracted from CALMET at the RBT2 site, while 

Figure 2-40 shows frequency distribution for various wind speed classes.  Predominant winds predicted 

at RBT2 were easterly winds (approximately 13.65 % of the time) and winds from NW direction (predicted 

13.2 % of the time).  The average wind speed calculated by CALMET was 4.8 m/s.  Wind speeds were 

distributed across all six wind speed classes, with the majority (90%) in the first four (0.5 to 8.8 m/s).  

Approximately 26% of wind speeds were in the class between 3.56 m/s and 5.7 m/s, while winds greater 

than 8.8 m/s were predicted 10% of the time. 

Seasonal wind roses at the RBT2 site are shown on Figure 2-41.  Average seasonal wind speeds ranged 

from 5.7 m/s in winter to 3.8 m/s in summer.  Wind roses for spring and autumn indicate a similar wind 

pattern, while summer and winter wind roses show very distinctive wind distributions.  A predominant 

easterly wind in winter was predicted approximately 30% of the time, while in summer, the northwesterly 

wind was the most frequent and was predicted approximately 24% of the time. 

Figure 2-39 – CALMET Wind Rose at RBT2 Site 

 

Wind rose diagrams that summarise the hourly CALMET output winds extracted at the RBT2 location 

from the CALMET model upper levels 2, 4, 6 and 8 (which correspond to 30 m, 120 m, 450 m and 1250 

m above ground, respectively) are presented in Figure 2-42.  The winds at the higher levels show a slight 

directional shift (from E to SSE and from NW to WNW) and winds speeds increase. Wind direction 

becomes more consistent with increasing height above ground.  Figure 2-42 indicates that the prevailing 
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wind direction within the boundary layer is oriented in the NW-SE directions.  For the vast majority of the 

time, emissions from the sources at and in the vicinity of RBT2 are carried away from the shoreline into 

the Strait of Georgia and away from the discrete receptors along the coastline. 

Figure 2-40 – CALMET Wind Class Frequency Distribution at RBT2 

 

The evaluation of CALMET derived wind fields was performed in order to check the model’s ability to 

represent wind flow patterns within modelling domain.  Figure 2-43Figure 2-44Figure 2-45 provide an 

overview of CALMET winds under unstable, neutral and stable conditions, respectively.  Under the 

unstable conditions, which are typical for strong summertime insolation (the amount of energy received by 

the sun at the earth’s surface), CALMET derived wind field shows onshore circulation as presented on 

August 2, at 02 PM (Figure 2-43). Wind is fairly uniform over the whole domain and wind speed is higher 

under neutral stability conditions as shown on October 8 at 03 PM (Figure 2-46).  Wind field under stable 

conditions as shown on January 10 at 02 AM (Figure 2-47), typical of clear nights, shows easterly 

offshore flow with relatively low wind speed. 
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Figure 2-41 – CALMET Seasonal Wind Roses at RBT2 
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Figure 2-42 – CALMET Annual Wind Rose at RBT2 at Upper Levels (30 m, 120 m, 450 m and 1250 m) 
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Figure 2-43 – CALMET Wind Field under Unstable Conditions 

 

Note: Arrow lengths give relative wind speed from 2.5 to 4.1 m/s  
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Figure 2-44 – CALMET Wind Field under Neutral Conditions 

 

Note: Arrow lengths give relative wind speed from 4.2 to 5.9 m/s  
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Figure 2-45 – CALMET Wind Field under Stable Conditions 

 

Note: Arrow lengths give relative wind speed from 2.0 to 4.0 m/s 
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2.6.2 Temperature 

Diurnal and monthly distribution of hourly surface air temperature derived by CALMET at the RBT2 site is 

shown in Figure 2-46 and Figure 2-47, respectively.  The average annual temperature was 10.3 ˚C, with 

maximum of 23.2˚C and minimum of -6.9˚C. Seasonal average temperature was 7.0˚C in winter, 9.1˚C in 

spring, 10.6˚C in fall and 14.3˚C in summer. 

Figure 2-46 – CALMET Diurnal Variations of Temperature at RBT2 Site 

 

Figure 2-47 – CALMET Monthly Variations of Temperature at RBT2 Site 
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2.6.3 Mixing Height 

Mixing height is the depth of the atmosphere through which mixing of emissions can occur.  The CALMET 

model calculates a maximum mixing height, as determined by either convective or mechanical forces.  

The convective mixing height for each grid cell is calculated from hourly surface heat fluxes and vertical 

temperature profiles, whereas the mechanical mixing height is proportional to low level wind speeds and 

surface roughness (Scire, 2000a). Mixing heights are typically lower at night than during the day. 

Seasonally, mixing heights are typically lower in the winter and higher in the late spring and early 

summer. 

Figure 2-48 shows the frequency of diurnal mixing heights as derived by CALMET at two locations within 

the modelling domain: an over-land and an overwater location (see Figure 2-49).  The annual average 

mixing height at the land point was 787 m, whereas the annual average mixing height at the overwater 

location was 274 m. The average night-time mixing height at the over-land point was 646 m and the 

average daytime over-land mixing height was 910 m.  The average night-time mixing height at the 

overwater location was 286 m and the average daytime mixing height was 261 m. 

The major difference between the overwater and overland boundary layers of importance to dispersion 

processes are related to mixing depth and stability (Hanna et al. 1985).  The overwater mixing depth is 

relatively shallow and dispersion over water is less because of a reduced mechanical turbulence due to 

the smoother water surface.  The overwater mixing depth does not show the daily variation that is 

characteristic of the mixed layer over land: it is nearly constant over a 24-hour cycle.  The heat flux over 

water depends mainly on the air-sea temperature difference, which does not exhibit a daily cycle 

(Sempereviva and Gryning, 2000).  

Figure 2-48 – Diurnal Variations of CALMET Mixing Height 
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Figure 2-50 shows the diurnal variations of mean mixing height at the land point for each season.  

Diurnal fluctuations are the least apparent in the winter season and pronounced in the other three 

seasons, especially summer.  This suggests that the winter mixing heights are mostly mechanically-

induced, due to the lack of a strong sensible heat flux from the surface.  

Figure 2-49 – Locations of Mixing Height Evaluation Points 
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Figure 2-50 – Diurnal Variations of CALMET Mixing Height at the over land point by Season 

Winter (December to February) 

 

Spring (March to May) 

 

Summer (June to August) 

 

Fall (September to November) 
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The diurnal variation of mean mixing height at the RBT2 site is shown in Figure 2-51.  The annual 

average mixing height at the RBT2 site was 770 m and reflects the fact that the urban land use category 

was assigned to the RBT2 site.  It should be noted that the proposed RBT2 Terminal presents a land area 

of approximately 1.7 km by 0.8 km, mostly surrounded by the water.  The boundary layer above RBT2 

shows the diurnal pattern similar to the overwater mixing layer, but has a higher depth than overwater 

mixing layer.  The average night-time mixing height was 807 m and the average daytime mixing height 

was 732 m. 

Figure 2-51 – Diurnal Variations of CALMET Mixing Height at the RBT2 Site 

 

2.6.4 Atmospheric Stability 

Atmospheric stability is a primary influence on emission plume dispersion.  The Pasquill-Gifford (PG) 

stability classification scheme ranges from unstable (Stability Classes A, B and C), Neutral (Stability Class 

D) to stable (Stability Classes E and F).  Unstable conditions are primarily associated with daytime 

heating conditions, which result in enhanced turbulence levels (enhanced dispersion).  Stable conditions 
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(poorer dispersion).  Neutral conditions are primarily associated with higher wind speeds or overcast 
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as well as at the RBT2 site is presented in Figure 2-52.  The results indicate that neutral stability (class 
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Figure 2-52 – Frequencies of CALMET Stability Classes at RBT2 (2010) 

 

Table 2-6 shows the average mixing height under unstable, neutral and stable conditions from CALMET 

at the RBT2 site, as well as at the sea and the land point.  The highest mixing heights under the most 

frequent neutral conditions are likely to result in generally good dispersion characteristics.  The lowest 

mixing heights are under stable conditions and minimal atmospheric turbulence.  A plume released below 

an inversion layer during stable conditions, that has insufficient vertical momentum or thermal buoyancy 

to penetrate the inversion, will be trapped in the layer beneath the inversion and result in elevated 

ground-level concentrations.  

Table 2-6 – Average Mixing Heights by Stability Classes at RBT2 (2010) 

PG Stability Class A B C D E F 

Mixing Height (m)-Sea 0 124 195 357 150 77 

Mixing Height (m)-Land 1056 833 798 1050 410 123 

Mixing Height (m)-RBT2 471 430 472 1005 410 144 

 

Figure 2-53 – shows the CALMET derived mixing height and stability on July 10, 2010 at 14:00 PST. 

Over the ocean, where the atmosphere is stable, the mixing height is low, in the order of 100 to 200 m, 

while it increases over land (where the atmosphere is moderately unstable), due to increased surface 

roughness and sensible heat flux. There is a strong gradient in mixing height following the coastline. 

Maximum mixing height is approximately 1100 m in the northeast part of the LSA. 
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Figure 2-53 – CALMET Mixing Heights and Stability (July 10, 2010 at 14:00 PST) 
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3.0 AIR DISPERSION MODELLING 

The CALPUFF model was used to predict concentrations from sources within the LSA (see Figure 1-1).  

A detailed description of the CALPUFF model’s major algorithms and options is given in the CALPUFF 

model’s user manual (Scire et al. 2000a). 

3.1 MODEL DOMAIN 

The CALPUFF model domain is the same as the CALMET domain (as shown in Figure 1-1).  The 

CALPUFF model was applied with the same spatial resolution of 100 m by 100 m, having a total of 260 

grid points in the east to west direction and 240 grid points in the north to south direction. 

3.2 RECEPTOR LOCATIONS 

Ground-level concentrations were modelled at defined receptor locations within the LSA.  The multi-

nested grid approach was applied over the LSA, as shown on Figure 3-1, with four different horizontal 

grid spacing: 20 m, 50 m, 200 m and 500 m.  Along the property boundary of the Project, the receptor grid 

was applied at 20 m intervals. The fine 50 m receptor grid was applied over RBT2 and Deltaport 

Terminal, in order to better resolve concentrations near the major emission sources.  The next receptor 

grid tier (200 m grid spacing) was applied over an area of 11 km by 8 km, which included the two 

causeways and the B.C. Ferries Terminal.  This area was extended east to cover the shoreline, as well as 

Tsawwassen First Nation Lands.  Receptor points with 500 m spacing were applied to the remainder of 

the LSA.   

The B.C. Modelling Guidelines provide suggestions on receptor grid density.  A comparison of the 

receptor grid used in the project modelling and the Guidelines is shown in Table 3-1.  The project 

receptor density is greater than that recommended by the Guidelines for all populated areas within the 

LSA, to ensure that populated areas closest to Roberts Bank have sufficient grid resolution to capture 

maximum predicted concentrations on land. . 
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Table 3-1 – LSA Receptor Grid Comparison to B.C. Modelling Guidelines 

Area 
Recommended B.C. 

Modelling Guidelines 
Grid Resolution 

RBT2 Grid Resolution 

Along Boundary line (water) 20 m 20 m 

Within 500 m from source (water) 50 m 50 m 

Within 2 km from source (water, causeway) 250 m 200 m 

Within 5 km from source (water, RBT2 
causeway, B.C. Ferries Terminal and  
causeway) 

500 m 200 m 

Beyond 5 km from source 1000 m 500 m 

 

In addition, 18 representative discrete receptors were included in this study, in order to assess populated 

locations that could potentially be affected by changes to air quality in the surrounding area (Table 3-2 

and Figure 3-2) or ecologically discrete areas such as the Reifel Bird Sanctuary.  Discrete receptors R1 

through R11, R14, R15 and R17 are the same receptors that were used in the air quality assessment for 

the Deltaport Third Berth Project in 2005.  New receptor points were added for the Delta Hospital (R12), 

the B.C. Ferries Terminal at Tsawwassen (R13), the beach area below English Bluffs (R16), and the air 

quality monitoring station in Pebble Hill Park (R18).  A total of 8,642 receptor points were used in the 

dispersion model across the LSA. 

Table 3-2 – List of Discrete Receptors 

Receptor ID Description Receptor ID Description 

R1 Ladner R10 Point Roberts #1 

R2 Farmer #1 R11 Point Roberts #2 

R3 Tsawwassen First Nation R12 Delta Hospital 

R4 Farmer #2 R13 B.C. Ferries Terminal 

R5 Farmer #3 R14 Reifel Bird Sanctuary 

R6 Tsawwassen Beach Campsite R15 Boundary Bay GVRD Park 

R7 Beach Grove R16 English Bluff Beach 

R8 Boundary Bay R17 South Arm Marsh 

R9 Tsawwassen R18 Air Quality Monitoring Station T39 
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Figure 3-1 – CALPUFF Receptor Grid 
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Figure 3-2 – Locations of Discrete Receptors 
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3.3 CALPUFF MODELLING METHODOLOGY 

Air dispersion modelling of emissions from the various sources associated with the Project was performed 

using a “unit emission rate” approach.  Namely, the CALPUFF model was run separately for each source 

(e.g., ships, rail, cargo handling equipment (CHE), vehicles) and location (proposed Roberts Bank, 

Deltaport terminal, Westshore Terminals).  The unit emission rate was applied to the aggregate of all 

sources in each CALPUFF model run (e.g., in the case of 10 sources, a 1 g/s emission rate was divided 

evenly across those 10 sources).  The results from each model run were then merged with the estimated 

emission rates from each source using CALSUM.  The model results were processed by CALPOST and 

maximum 1-hour, 8-hour and 24-hour concentrations as well as average annual concentrations were 

calculated at each receptor for each contaminant described in the main body of the Study.  

Table 3-3 indicates the model runs conducted for the various sources associated with the Project. The 

characteristics for each source are given in the sections below. 

Table 3-3 – Sources Associated with the Project 

Emission Source 
RBT2 Activities Other Activities 

Location Location 

Ocean-going 

Ships at berth 
Roberts Bank Terminal 2 

Deltaport Terminal 

Westshore Terminals 

Ocean-going 

Ships manoeuvring 
Roberts Bank Terminal 2 

Deltaport Terminal 

Westshore Terminals 

Cargo Handling Equipment 

operations 
Roberts Bank Terminal 2 

Deltaport Terminal 

Westshore Terminals 

Rail Roberts Bank causeway 
Roberts Bank causeway 

Westshore Terminals 

Trucks and employee-owned 

vehicles 

Roberts Bank Terminal 2 

Roberts Bank causeway 

Roberts Bank causeway 

Deltaport Terminal 

Westshore Terminals 

Tugs at berth Tug Basin 
Deltaport Terminal 

Westshore Terminals 

Tugs manoeuvring Roberts Bank Terminal 2 
Deltaport Terminal 

Westshore Terminals 

Ferries at berth - B.C. Ferries Terminal 

Trucks and vehicles - B.C. Ferries causeway 

 

Two years were considered in air dispersion modelling: 2010 as a baseline year and horizon year 2025. 

Maximum 1-hour and 24-hour emission scenarios and average annual scenario were modelled in both 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - 69 - November 2014 

years.  The CALPUFF model runs were performed for two contaminants: one gaseous and one 

particulate-based, PM2.5.  While no deposition was calculated for the gaseous contaminant, dry and wet 

deposition fluxes were calculated for PM2.5.   

Nine different scenarios were modelled to assess potential effects to air quality of various combinations of 

operating conditions, horizon years and averaging periods (Table 3-4).  A more detailed description of the 

nine scenarios is given in the main body of the Study, Section 2.2, Temporal Assessment Boundaries. 

Table 3-4 – CALPUFF Model Scenarios 

Operating 
Condition 

Horizon 
Year 

Averaging 
Period 

Description 

Existing Conditions 2010 

1-hr Maximum Emissions from the existing Roberts Bank terminals (Deltaport 

Terminal and Westshore Terminals) and the B.C. Ferries 

Terminal in 2010 

24-hr Maximum 

Annual Average 

Expected Conditions 
2025 

 

1-hr Maximum 

Projected combined emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal in 2025 
24-hr Maximum 

Annual Average 

Future Conditions  
2025 

 

1-hr Maximum Projected combined emissions from the existing Roberts Bank 

terminals and B.C. Ferries Terminal in conjunction with RBT2 

in 2025 

24-hr Maximum 

Annual Average 

 

The maximum hourly and maximum daily emission rates determine the greatest potential change and the 

annual average emissions rates are representative of typical operating conditions. 

A number of different approaches to source characterisation were tested in order to determine the 

potential effects associated with applying various model parameters and source characteristics in the 

CALPUFF model (e.g., volume versus point sources, different source release height and temperature, ).  

Sensitivity tests included analysis of the following: 

 Differences in stack heights and temperatures for ships at berth; 

 Impacts of “building downwash” from ship superstructures while at berth; 

 Types of sources (i.e., volume sources versus point sources) used to characterise emissions from 

ships in manoeuvring mode; 

 A comparison of the different source types and source characteristics for causeway rail, trucks 

and vehicular traffic (i.e., line versus volume source, different number of sources for the length of 

the causeway and dispersion parameters); and 

 A comparison of CALPUFF and CAL3QHRC results for modelling emissions from the sources 

along the causeway (i.e., rail, trucks and other vehicles) and 
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The CALPUFF model parameters were mostly defined based on the results of the sensitivity analysis and 

are presented in the following sections. 

3.4 CALPUFF MODEL PARAMETERS 

This section presents the CALPUFF model parameters used in modelling various sources within LSA.  

Individual types of sources are discussed together below. 

It is important to note that some of the model parameters identified below represent an attempt to 

adequately model sources that may be moving, variable, and intermittent.  The Study relied on previous 

modelling studies conducted by SENES and others for studies at Roberts Bank and other ports on the 

west coast of North America, as well as on professional judgement to determine a suitable approach.  

Figure 3-3 shows the source locations considered in the CALPUFF dispersion modelling. 

Figure 3-3 – CALLPUFF Modelling Source Locations 

 

3.4.1 Stack Parameters for Ocean-going Ships 

Ships were modelled as point sources as they are well defined in terms of location and exhaust 

parameters, and because the plumes from the exhaust stacks are thermally buoyant. 
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The characterization of exhaust parameters for ships must address four key aspects: 

 exhaust stack height; 

 exhaust stack diameter; 

 exhaust gas temperature; and 

 exhaust gas velocity. 

 

Exhaust Stack Height 

Based on the survey of ships conducted for the 2001 emission inventory in the Port of Los Angeles by 

Starcrest (2005), the range of stack heights was reported as 34 to 58 metres, with an average height of 

47 metres.  A 6-month survey of over 2,000 ships passing under the Bayonne Bridge to the ports of New 

York and New Jersey were reported to have air drafts (i.e., the distance from waterline to the top of the 

ship’s mast) ranging from 80 feet (24.2 m) up to about 150 feet (45.5 m), but the majority of the ships 

were in the range of 120-150 feet (36.4-45.5 m) (U.S. Army Corp of Engineers 2009).  Because of the 

height limitation of the Bayonne Bridge, the larger ships reported by Starcrest for the Port of Los Angeles 

are unable to call at the Ports of New York and New Jersey if they need to pass under the bridge.  

Therefore, the range of stack heights reported by Starcrest would seem to be appropriate for the current 

range of container ships likely to be calling at Roberts Bank.   

For future container ship calls at Roberts Bank, the air draft of a post-Panamax container ship has been 

given as 56 m by Volker Bertram.  Similarly, according to Vallo (2013), the air draft for new 18,000 twenty-

foot equivalent unit (TEU) container ships currently being built in South Korea is about 73.0 m.  According 

to Wu et al. (2001), assuming a deck house of approximately 21.5 m, the funnel height-to-deckhouse ratio 

on a ship would be 1.3, making the height of the funnel above the deck house 6.5 m.  If the funnel height 

is assumed to be 6.5 m above the height of the bridge deck, a funnel height of 49.5 m would be the funnel 

above the waterline for 12,000 TEU ships and the funnel height for 18,000 TEU ships would be 66.5 m.  

Ships under 12,000 TEU would be assumed to have funnel heights of 47 m, based on the average height 

of ship funnels estimated by Starcrest for the 2001 Port of Los Angeles Baseline Air Emissions Inventory 

(2005). 

For the bulk carriers, Moat (2003) provided a generic model of the bridge-to-waterline height based on 

data from 8 bulk carriers from 220 m to 340 m in overall length and 33 tankers ranging in size from 100 m 

to 340 m in length.  According to MAN Diesel & Turbo (2010), bulk carriers of 60,000 to 80,000 DWT are 

classed as Panamax ships with overall lengths between 225 m and 229 m.  Moat’s generic model for bulk 

carriers would suggest a bridge height of 20-28 m, and a funnel height above the waterline of 22-30 m.  

According to Wu et al. (2001), assuming a deck house of approximately 21.5 m, the funnel height-to-
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deckhouse ratio on a ship would be 1.3, making the height of the funnel above the deck house 6.5 m.  

Assuming a funnel height at least 6.5 m higher than the deck house, the stack height for Panamax class 

bulk carriers above the water line would range from 26.5 to 29.5 m, while the funnel height of Cape size 

ships would range from 26.5 to 34.5 m.  These estimates fall within the range of lower air drafts reports by 

the U.S. Army Corps of Engineers for ships passing under the Bayonne Bridge and lower than the range 

of stack heights reported by Starcrest for the Port of Los Angeles (2005). 

Exhaust Stack Diameter 

Main engine (ME) stack diameters were reported by Starcrest (2005) as ranging from 0.6 to 2.9 metres, 

with an average diameter of 1.9 metres, while auxiliary engine (AE) stacks were reported to have an 

average diameter of 0.5 metres.  The average stack parameters were applied because there is 

insufficient information on stack diameters to differentiate amongst different ship classes. 

Exhaust Gas Temperature 

A stack sampling program of AE emissions for a variety of ship types at berth by Cooper (2003) reported 

the following values for exhaust gas temperature: 

 Container ship  - 335-361˚C (608-634˚K) 

 Tanker (equivalent to a bulk carrier) - 342-363˚C (615-636˚K) 

 Passenger ferries - 273-359˚C (546-632˚K) 

The higher values reported by Cooper are comparable to the value of 345˚C (618˚K) reported by 

Starcrest (2005) for ship emissions from AE at berth at the Port of Los Angeles.  Starcrest also reported 

the average exhaust gas temperature for ships in transit as 300˚C (573˚K). 

Exhaust Gas Velocity 

Exhaust velocities of about 25 m/s were suggested by Corbett (2007) and the U.S. EPA (2007), but a 

lower velocity of 16 m/s was used by the California Air Resources Board (CARB 2006) in evaluating 

exposure to diesel particulate matter (DPM) in the vicinity of the ports of Los Angeles and Long Beach. 

For the purposes of this analysis, an exhaust velocity of 25 m/s was assumed for ships operating on ME 

in transit and manoeuvring mode, and 16 m/s when operating on AE at berth. 

Summary of Exhaust Stack Parameters 

For the purposes of the Study, the stack parameters for ships at berth, manoeuvring and underway are 

listed in  

Table 3-5 for container ships and Table 3-6 for bulk carriers. 
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Table 3-5 – Container Ship Exhaust Parameters 

Parameter 

2,500-10,000 TEU 12,000 TEU 18,000 TEU 

Underway & 
Manoeuvring 

(ME) 

At Berth 
(AE & 

Boilers) 

Underway & 
Manoeuvring 

(ME) 

At Berth 
(AE & 

Boilers) 

Underway & 
Manoeuvring 

(ME) 

At Berth 
(AE & 

Boilers) 

Stack Height 47 m 47 m 49.5 m 49.5 m 66.5 m 66.5 m 

Stack Diameter 1.9 m 0.5 m 1.9 m 0.5 m 1.9 m 0.5 m 

Exhaust Gas 
Temperature 

573˚K 621˚K 573˚K 621˚K 573˚K 621˚K 

Exhaust Gas 
Velocity 

25 m/s 16 m/s 25 m/s 16 m/s 25 m/s 16 m/s 

 

Table 3-6 – Bulk Carrier Exhaust Parameters 

Parameter 

<80,000 DWT >80,000 DWT 

Underway & 
Manoeuvring 

(ME) 

At Berth  

(AE & Boilers) 

Underway & 
Manoeuvring 

(ME) 

At Berth  

(AE & Boilers) 

Stack Height 28 m 28 m 30.5 m 30.5 m 

Stack Diameter 1.9 m 0.5 m 1.9 m 0.5 m 

Exhaust Gas 
Temperature 

573˚K 625.5˚K 573˚K 625.5˚K 

Exhaust Gas 
Velocity 

25 m/s 16 m/s 25 m/s 16 m/s 

 

Ship boilers are also a source of emissions, primarily at berth.  Limited data is available for boiler 

exhausts for ships.  For simplicity, boiler and auxiliary engines were assumed to be emitted from the 

same point source of the ships at berth.   

A total of eight ships at berth were modelled: three ships at berth at RBT2, three ships at Deltaport 

Terminal and two ships at Westshore Terminals.  This approach is a conservative oversimplification of 

actual operations at the existing Deltaport Terminal and Westshore Terminals.  Records of berth 

occupancy at the two terminals from 2005 to 2012 indicate that all five berths at these two terminals may 

be occupied simultaneously less than 50% of the time, while only three berths may be occupied about 

15% of the time.  Therefore, assuming full occupancy of all eight berths at the two existing terminals and 

RBT2  can be reasonably expected to occur for a significant portion of the time, but constant occupation 

of all berths represents an over estimation of actual berth occupancy. 
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Model parameters used for modelling ships at berth are presented in Table 3-7. 

Table 3-7 – CALPUFF Model Parameters: Ships at Berth 

Parameter 

12,000 TEU Ship >80,000 DWT Bulk Carrier 

At Berth –RBT2 and Deltaport Terminal 

(AE and Boilers) 

At Berth – Westshore Terminals 

(AE and Boilers) 

Stack Height 49.5 m 30.5 m 

Stack Diameter 0.5 m 0.5 m 

Exhaust Gas Temperature 621˚K 625.5˚K 

Exhaust Gas Velocity 16 m/s 16 m/s 

 

3.4.2 Manoeuvring Ships 

Manoeuvring ships were modelled in CALPUFF as point sources along the path of the manoeuvring ship.  

Model parameters for these sources are shown in Table 3-8 (based on Corbett 2007).  While only one 

ship manoeuvres at any given time and may be accompanied by two or three tugs, the general 

manoeuvring path was simulated using two ships, each accompanied by three tug boats (two at the front 

and one at the back of the ship).  Ship manoeuvring emissions were allocated evenly to both ships. Tugs 

manoeuvring emissions were allocated evenly to all six tugs.  This approach allows the emissions to be 

more evenly distributed along the manoeuvring path. 

Table 3-8 – CALPUFF Model Parameters: Ships Manoeuvring 

Parameter 

12,000 TEU Ship 

Underway and Manoeuvring  

(ME) 

Stack Height 49.5 m 

Stack Diameter 1.9 m 

Exhaust Gas Temperature 573˚K 

Exhaust Gas Velocity 25 m/s 

 

Structural Wake Effect Influences 

The emissions from ship funnels while at berth behave in the same manner as emissions from short stack 

on buildings in that the effect of the superstructure and containers of the ship directly affect the plume 

dispersion from the funnel (referred to as building wake effect for stacks on buildings.  The Plume Rise 

Model Enhancements algorithm (PRIME) was used to account for the effect of containers stacked on the 

ships and ship size on the plume rise from the exhaust stack.  PRIME is designed to incorporate the 

fundamental features associated with building downwash: enhanced plume dispersion coefficients due to 
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turbulent wake, reduced plume rise caused by a combination of the descending streamlines in the lee of 

the building, and the increased entrainment in the wake.  Table 3-9 shows the dimensions used in the 

PRIME algorithm for modelling of building downwash associated with ships at berth.  Building dimensions 

used in the PRIME algorithm for ships in manoeuvring mode are listed in Table 3-10.   

Table 3-9 – PRIME Algorithm Dimensions for Ships at Berth 

Dimensions 12,000 TEU Ship >80,000 DWT Bulk Carrier 

Length 366 m 27.5 m 

Width  49 m 44 m 

Height  42 m 24 m 

 

Table 3-10 – PRIME Algorithm Dimensions for Ship Manoeuvring 

Dimensions 12,000 TEU Ship 

Length 366 m 

Width  49 m 

Height  42 m 

3.4.3 Tugs at Berth and in Manoeuvring Mode 

No information was available relating to funnel heights for tug boats.  For the purposes of this assessment 

a funnel height of 6 m was assumed, consistent with the height set for the tug boats by the California Air 

Resources Board (CARB 2006) in the study of diesel particulate matter emissions in the ports of Los 

Angeles and Long Beach.  Values for exhaust gas temperature and velocity were assumed to be similar 

to those for ocean-going ships at berth, while the stack diameter was estimated at 0.9 m. 

Tugs at berth were modelled in CALPUFF as point sources, using the model parameters listed in Table 

3-11.  Five tugs at berth were modelled simultaneously. 

Table 3-11 – CALPUFF Model Parameters: Tugs at Berth 

Parameter Tugs at Berth 

Stack Height 6 m 

Stack Diameter 0.9 m 

Exhaust Gas Temperature 589˚K 

Exhaust Gas Velocity 16 m/s 

 

Tug boat source characteristics used during manoeuvring of ships are listed Table 3-12. 
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Table 3-12 – Tug Boat Manoeuvring Model Parameters 

Parameter 
Underway and Manoeuvring 

(ME) 

Stack Height 6 m 

Stack Diameter 0.9 m 

Exhaust Gas Temperature 573˚K 

Exhaust Gas Velocity 25 m/s 

 

3.4.4 Cargo Handling Equipment 

Cargo Handling Equipment (CHE) was modelled as multiple volume sources measuring 20 m by 20 m, 

spread throughout the CHE activity area at all three terminals: RBT2, Deltaport Terminal and Westshore 

Terminals.  Key model parameters for volume sources include initial lateral σy and vertical σz dimensions 

of volumes and source release height.  The release height and initial vertical dimensions for the CHE 

sources at Deltaport Terminal and Westshore Terminals were based on analysis conducted by CARB for 

the ports of Los Angeles and Long Beach (CARB 2006).  The release height for the volume sources 

modelling CHE at the RBT2 was based on the reach stackers’ height of 13 m.  The model parameters 

used in modelling CHE at all three terminals are presented in Table 3-13. 

Table 3-13 – CALPUFF Model Parameters: Cargo Handling Equipment 

Parameter CHE at RBT2 
CHE at Deltaport 

Terminal 
CHE at Westshore 

Terminals 

Release Height 6.5 m 3.9 m 3.9 m 

Initial σy 4.65 m 4.65 m 4.65 m 

Initial σz 3.02 m 1.81 m 1.81 m 

 

3.4.5 Diesel Truck and Employee Vehicle Traffic 

Emissions from diesel truck and employee-owned vehicle traffic along the Roberts Bank causeway were 

combined and modelled as a series of volume sources as recommended by the CARB (2006) analysis for 

the ports of Los Angeles and Long Beach. These sources, measured 20 m by 20 m, were spread evenly 

along the causeway, spaced at approximately 80 m distance. Container truck traffic is the dominant 

source of vehicle emissions for the Roberts Bank causeway and therefore no adjustment was made for 

employee vehicles. 

The model parameters used in modelling vehicle traffic along the Roberts Bank causeway are presented 

in Table 3-14. 
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Table 3-14 – CALPUFF Model Parameters: Roberts Bank Causeway Vehicles Model Parameters 

Parameter Trucks and Vehicles  

Release Height 4.0 m
1
 

Initial σy 37.2 m 

Initial σz 0.93 m 
1
 Container trucks dominate emissions, therefore container truck parameters were used. 

3.4.6 Locomotives 

Moving locomotives along the Roberts Bank causeway were simulated as individual volume sources 

measuring 25 m by 25 m, spread evenly along the causeway, approximately every 70 meters.  This 

approach is consistent with the methodology applied by ENVIRON (2008) in the assessment of 

operations at the Burlington Northern Santa Fe (BNSF) Railway Company’s San Diego Rail Yard.  Table 

3-15 shows the model parameters used in modelling moving locomotives along the Roberts Bank 

causeway.  To consider potential buoyant effects from the exhaust of moving locomotives the volume 

release heights were adjusted based on ENVIRON (2008).  Due to the diurnal variations of ambient air 

temperature, the adjustments in volume release height were treated separately for daytime (6 am to 6 

pm) and night time (6 pm to 6 am) in ENVIRON (2008) assessment.  The release height of 8 m was used 

in this study as  an average of the daytime and night-time release heights used in the ENVIRON (2008) 

assessment (i.e., 4.8 m and 11.3 m, respectively).  The initial lateral and vertical dimensions of volumes 

were based on the methodology applied in ENVIRON, 2008.  Emissions were distributed evenly among 

the volume sources comprising causeway. 

Table 3-15 – CALPUFF Model Parameters: Roberts Bank Causeway Moving Locomotives 

Parameter Moving Locomotives  

Release Height 8.0 m 

Initial σy 5.81 m 

Initial σz 1.87 m 

 

Emissions from idling locomotives at the Westshore Terminals and along the RBT2 causeway were 

modelled as point sources with model parameters based on the ENVIRON (2008) assessment and 

shown in Table 3-16.  Emissions from the locomotives moving along the Westshore Terminals were 

combined with the CHE emissions from the Westshore Terminals and modelled as described in Section 

3.4.4. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - 78 - November 2014 

Table 3-16 – CALPUFF Model Parameters: Idling Locomotives 

Parameter Idling Locomotives 

Stack Height 4.52 m 

Stack Diameter 0.56 m 

Exhaust Gas Temperature 385.45 ˚K 

Exhaust Gas Velocity 4.83 m/s 

 

3.4.7 On-road Vehicles 

Emissions from on-road vehicles on the B.C. Ferries Terminal causeway were modelled as a series of 

volume sources (measuring 20 m by 20 m), spread evenly along the causeway at approximately 100 m 

distance..  CALPUFF model parameters for these sources are given in Table 3-17. 

Table 3-17– CALPUFF Model Parameters: On-road Vehicles 

Parameter Trucks and Vehicles 

Release Height 2.0 m 

Initial σy 46.5 m 

Initial σz 0.93 m 

 

3.4.8 Stack Parameters for B.C. Ferries Terminal Ferries 

B.C. Ferries currently operates three sizes of ferry vessel on the routes from the B.C. Ferries Terminal.  

The largest are the Super S Class ferries which accounted for approximately 32% of the sailings in 2010, 

while the slightly smaller Coastal Class ferries accounted for 51% of the sailings.  The smallest Island 

Class ferries on the Gulf Islands routes accounted for the remaining 17% of the sailings. 

For the three classes of passenger ferries, the stack heights of the vessels were estimated from scale 

drawings of the Super S Class and Coastal Class ferries as 30 m and 25 m, respectively.  For the smaller 

Gulf Island ferries, the funnel height above the waterline was estimated at 15 m.  

No information was available from the B.C. Ferries on exhaust stack diameters, exhaust gas temperature 

or velocity.  Consequently, the values for these parameters were estimated based on parameters from 

the data listed in  

Table 3-5 and Table 3-6 above for container ships.  The stack parameters for passenger ferries are 

summarised in  

Table 3-18. 
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Table 3-18 – Passenger Ferry Exhaust Parameters 

Parameter 

Super S Class Coastal Class Island Class 

In Transit & 
Daytime 
Berthing 
(standby) 

ME 

Overnight 
Berthing 

(power down 
mode) 

AE & Boilers 

In Transit & 
Daytime 
Berthing 
(standy) 

ME 

Overnight 
Berthing 

(power down 
mode) 

AE & Boilers 

In Transit & 
Daytime 
Berthing 
(standby) 

ME 

Overnight 
Berthing 

(power down 
mode) 

AE & Boilers 

Stack Height 30 m 30 m 25 m 25 m 15 m 15 m 

Stack 
Diameter 

1.9 m 1.9 m 1.5 m 1.5 m 0.9 m 0.9 m 

Exhaust Gas 
Temperature 

573˚K 589˚K 573˚K 589˚K 573˚K 589˚K 

Exhaust Gas 
Velocity 

25 m/s 16 m/s 25 m/s 16 m/s 25 m/s 16 m/s 

 

Ferries at berth were modelled as point sources with the parameters listed in Table 3-19.  Two ferries at 

berth and one ferry in transit were modelled simultaneously.  For the sake of simplifying the analysis of 

emissions from the ferry terminal, two ferries at berth were assumed to be represented by the Coastal 

Class ferry stack parameters at berth, with a lower exhaust gas velocity comparable to the velocity that 

might be expected during overnight berthing.  This approach is conservative and may overestimate actual 

contributions of emissions from the ferry terminal. 

The PRIME algorithm was applied for modelling of building downwash associated with ferries at berth.  

Building dimensions used in the PRIME algorithm for ferries at berth are listed in Table 3-20.  PRIME was 

used to account for the effect of containers stacked on the ships and ship size on the plume rise from the 

exhaust stack 

Table 3-19 – CALPUFF Model Parameters: Ferries at Berth 

Parameter 
At Berth( AE & Boilers)  

Model Parameters 

Stack Height 25 m 

Stack Diameter 1.5 m 

Exhaust Gas Temperature 589˚K 

Exhaust Gas Velocity 16 m/s 
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Table 3-20 – PRIME Algorithm Dimensions for Ferries at Berth 

Dimensions 12,000 TEU Ship 

Length 130 m 

Width  25 m 

Height  21 m 

 

Ferries in transit were modelled as a series of point sources spread along the Vancouver-Nanaimo ferry 

route at an approximate distance of 1 km within the LSA.  The unit emission of 1 g/s was spread over the 

number of point sources. Model parameters used for modelling ferries in transit were based on the 

Coastal Class ferry stack parameters and are shown in Table 3-21.  Ferries in transit beyond the LSA are 

considered in the separate assessment (refer to Appendix F for more information). 

Table 3-21 – CALPUFF Model Parameters: Ferries in Transit 

Parameter 
Coastal Class 

ME Model Parameters for In Transit 

Stack Height 25.0 m 

Stack Diameter 1.5 m 

Exhaust Gas Temperature 573˚K 

Exhaust Gas Velocity 25 m/s 

 

3.4.9 Dry and Wet Deposition Modelling of Formaldehyde and Benzo(a)pyrene 

Dry and wet deposition fluxes of formaldehyde and Benzo(a)pyrene were modelled for the HHRA 

assessment.  A full resistance model was used in CALPUFF for the computation of dry deposition rates of 

gases and particulate matter as a function of geophysical parameters, meteorological conditions and 

substance properties.  An empirical scavenging coefficient method was used to compute the depletion 

and wet deposition fluxes due to precipitation scavenging.  The scavenging coefficients were specified as 

a function of the pollutant and precipitation type (i.e., frozen vs. liquid precipitation). Benzo(a)pyrene was 

modelled partly as particles and partly as gas for the HHRA assessment.  The particles to gas proportion 

was 0.7 to 0.3 and was applied to estimated emission rates for B[a]P (see Appendix A). Formaldehyde 

was assumed to be 100% in the vapour phase and the same gas dry and wet deposition parameters 

were applied to both formaldehyde and the vapour phase of B[a]P.  

Dry deposition parameters for the particle phase of B[a]P were assigned the following values (Cenovus 

FCCL, 2013): 

 Geometric mass mean diameter: 0.48 µm and 
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 Geometric standard deviation: 2.0 µm 

Wet deposition parameters for Formaldehyde and both phases of B[a]P were assigned the parameters 

shown in Table 3-22 (Cenovus FCCL, 2013)  

Table 3-22 – CALPUFF Model Parameters: Wet Deposition for Gases 

Species 
Scavenging Coefficient for 

liquid precipitation (s
-1

) 
Scavenging Coefficient for 

frozen precipitation (s
-1

) 

B[a]P-particle phase 0.0001 3.33e-05 

B[a]P vapour phase 0.00017 0 

Formaldehyde 0.00017 0 

 

The predicted annual ground-level concentrations, dry and wet deposition fluxes are presented in the 

HHRA Report. 

3.5 CALPUFF DISPERSION MODEL OPTIONS 

The CALPUFF switches/options and user defined factors in CALMET input files were set according to the 

Guidelines (B.C. MOE, 2008).  Recommended default values were used in most cases.  Table 3-23 

shows the user-defined CALPUFF parameters used in this study.  

Table 3-23 – CALPUFF Dispersion Model User Options 

Parameter Value Description 

MDISP 2 
Dispersion coefficients calculated from CALMET 
micrometeorological variables 

MBDW 2 PRIME Method 

MDRY 1 Dry removal modelled 

MWET 1 Wet removal modelled 

 

The CALPUFF model is well suited to handling the significant differences between the overland and 

marine boundary layers. The land-sea interface in CALPUFF is resolved on the scale of the 

computational grid.  Turbulence and dispersion characteristics are computed to be consistent with the 

land use properties of each cell in the grid, whether the grid cell is classified as land or water, from the 

gridded meteorological fields provided by CALMET (Barclay and Scire, 2011).  CALPUFF computes 

Thermal Internal Boundary Layer (TIBL) as resolved by the CALMET grid automatically.  CALPUFF has a 

sub-grid-scale TIBL option (MSGTIBL), a module that allows parameterization of the TIBL at scales 
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smaller than the grid spacing.  The sub-grid-scale TIBL option might be used with grid resolution of 1-2 

km or greater, but is unlikely to be necessary for very fine resolution such as 100 to 200 m (Barclay and 

Scire, 2011).  This option was not used in this study since the model grid resolution was 100 m. 

3.6 CALPUFF MODEL OUTPUT PROCESSING 

3.6.1 CALSUM and CALPOST 

As mentioned in Section 3.3, all emission sources in this study were modelled in separate CALPUFF 

runs.  The CALSUM post-processing software was used to combine the output data files created by 

CALPUFF different model runs to create a single data file containing the predicted cumulative ground-

level concentration from all sources at each receptor for each modelling scenario described in Table 3-4. 

Since the CALPUFF model was performed in a “unit emission” approach, the model results were scaled 

(i.e., adjusted) to reflect actual emission rates prior to being summed in CALSUM. The scaling factors 

were specified for each species and each CALPUFF output file. CALSUM was applied using the scaling 

factors calculated based on emission estimates per each source and contaminant, as described in 

Appendix A.  

The CALPOST post-processor was then applied to extract the results for each contaminant from the 

resulting concentration files. The maximum predicted 1-hour average, 8-hour, 24-hour average and 

average annual concentrations are determined at each receptor points. 

The latest version of CALSUM (Version 1.4, Level 110301) and CALPOST post-processors (Version 

6.292, Level 110406) were used in this study. 

3.6.2 Conversion of NOX to NO2 

NOX consists of both NO (nitric acid) and NO2 (nitrogen dioxide).  When generated in combustion 

sources, most of the NOX (i.e., 90-95%) is in the form of NO rather than NO2.  Since the regulatory 

ambient air quality criteria apply to NO2 rather than NOX, a conversion must be applied to NOX in order to 

determine a concentration of NO2. 

The B.C. MOE Guideline for Air Quality Dispersion Modelling in British Columbia (B.C. MOE 2008) 

recommends a 100% conversion of NOX to NO2 as a first approach.  If the applicable ambient air quality 

criterion cannot be achieved, the Ozone Limiting Method (OLM) is then recommended.  For this air quality 

study, the OLM was used to convert NOX to NO2 based on the requirements of the regulatory agency 

stakeholders during the Air Quality Scoping Study process for the Project.   



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix C - 83 - November 2014 

Ozone Limiting Method (OLM) 

The basic principal behind the OLM is that the formation of NO2 in the lower atmosphere is limited by the 

amount of ozone (O3).  In the presence of hydrocarbons and sunlight, NO reacts with ozone (O3) to form 

NO2. 

The ozone limiting method (OLM) has two main assumptions: 

1. Actual in-stack NO2/NOx ratios or a nominal ratio of: 

a) 10% for both non-road and on-road engines in 2010 

b) 10% for ship engines and 26% for all other non-road and on-road engines in 2025  

 

2. The amount of remaining NO converted to NO2 through a reaction with ambient ozone is 

proportional to the ambient ozone concentration. 

Based on these assumptions, NO2 concentrations can be estimated using the following general equation: 

[𝑁𝑂2]𝑝𝑟𝑒𝑑 = 0.1 ∗ [𝑁𝑂𝑋]𝑝𝑟𝑒𝑑 + 𝑀𝐼𝑁 (0.9 ∗ [𝑁𝑂𝑋]𝑝𝑟𝑒𝑑 𝑂𝑅 
46

48
∗ [𝑂3]𝑏𝑘𝑔𝑑) 

Where, 

[NO2]pred is the predicted NO2 concentration (µg/m³) 

[NOX]pred is the predicted NOX concentration (µg/m³) 

MIN means the minimum of the two quantities within the brackets  

[O3]bkgd is the ambient O3 concentration (µg/m³) 

(46/48) is the molecular weight of NO2 divided by the molecular weight of O3 

For this study, background concentrations of O3 were based on the baseline air quality as observed 98
th
 

percentile 1-hour and 24-hour average concentrations at the T39 monitoring station in Tsawwassen for 

the period 2010 to 2012.  These baseline concentrations are considered to be similar to the environment 

which surrounds the Project site, even though the observed concentrations in a residential community 

such as Tsawwassen where Station T39 is located may not truly be representative of NO2 concentrations 

at Roberts Bank.  The ambient levels of ozone used are: 

 1-hour ozone = 88.2 µg/m³ (98
th
 percentile of 1-hour O3) 
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 24-hour ozone = 71.76 µg/m³ (98
th
 percentile of 24-hour O3) 

 Annual ozone = 44.14 µg/m³ (50
th
 percentile of 24-hour O3) 

It should be noted that there is no absolutely suitable method of converting NOx emissions to NO2, the 

modelling guidelines need to acknowledge that all of the current methods such as OLM over-predict NO2 

concentrations by a factor of 1.7 to 2.0 (Podrez 2013). 

The predicted 1-hour, 24-hour and annual concentrations of NO2 in this modelling study were each 

converted from the NOx concentrations using the above methodology.  

3.7 MODEL UNCERTAINTY 

Air dispersion modelling is used to predict the incremental level of selected contaminants of potential 

concern within a local study area.  Various assumptions and simplifications are required to describe real 

phenomena using mathematical equations, and the processes of atmospheric motions and turbulence are 

simplified in dispersion models.  This introduces uncertainties, which may include: 

 simplification and accuracy limitations related to source data (i.e., emissions and source 

characteristics); 

 limitations in the meteorological data input; and 

 simplification of model physics to replicate the random nature of atmospheric dispersion 

processes. 

The source of uncertainty in this air dispersion modelling study exists in the placement and 

characterisation of emission sources that are engaged in movement, such as locomotive and on-road 

vehicles and trucks, as well as ocean-going ships.  The distribution of emissions during movement is an 

important source of uncertainty. For example, modelling emissions from sources that are moving along 

the RBT2 causeway requires a large number of sources to be placed along the causeway at a close 

distances to simulate the emissions that would occur from the rail or vehicles/trucks activities.  In this 

assessment, volume sources representing locomotive movement along the RBT2 causeway were spaced 

evenly at approximately 70 m distances (similar to ENVIRON 2006b).  As indicated in sensitivity analysis 

performed to determine the effects of different source placement on predicted concentrations (ENVIRON 

2006b), closer spacing between volume sources could be over-predicted by 10 percent.  The source 

parameters (i.e. release height and vertical dimensions) used for movement sources are also source of 

uncertainty.  ENVIRON (2008) performed sensitivity analyses to evaluate the use of a single set of larger 

volume sources versus multiple sets of smaller volume sources along rail lines.  These sensitivity 

analyses demonstrated that the use of larger volume sources with 50 m sources spacing generally 

resulted in receptor concentrations within 5 percent of the receptor concentrations predicted by the 

multiple set of smaller volume sources and smaller source spacing.   
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These sources of uncertainty limit a model’s ability to accurately predict time-averaged atmospheric 

concentrations for a given set of meteorological conditions.  This means that dispersion modelling may 

over or under-estimate measured ground-level concentrations at any specific time or place.  However, 

models are reasonably reliable in estimating the magnitude of the highest concentration occurring 

irrespective of time and space.  For example, an error of ±10 to 40% for the highest estimated 

concentration is typical (Rhoads, 1981, and Hanna, 1993). 

While absolute ground-level concentrations and locations may be difficult to determine through modelling, 

modelling does provide a good tool for comparison of various scenarios as comparison between the 

scenarios is based on similar assumptions and model treatment.  Therefore, the model is considered 

adequate to suit the purposes of the assessment. 
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ATTACHMENT 1 

Local Study Area (LSA) Modelling Domain Sensitivity Analysis  
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Local Study Area (LSA) Modelling Domain Sensitivity Analysis 
 
A sensitivity modelling analysis was completed to test the effect of running the modelling analysis using 

the proposed domain size of 19 x 16 km versus the larger domain size of 30 x 30 km previously used for 

the Deltaport Third Berth Project in 2005. Although the LSA domain is defined as 19 x 16 km, actual 

dispersion modelling completed for the RBT2 Project was conducted on a domain of 26 x 24 km. 

In order the test the effect of larger 30 x 30 km domain size on the predicted concentrations in the LSA, 

the sensitivity analysis assumed emissions from a 12,000 TEU ship at berth and another 12,000 TEU 

ship in manoeuvring mode at RBT2. One model run using a full year of meteorological data was 

conducted using the 30 x 30 km modelling domain, while a second modelling run was conducted in the 26 

x 24 km modelling domain. Emissions were assumed to be a nominal 1 g/s for each source, and the 

predicted concentrations were evaluated on the receptor grid in the RAA and at discrete receptor points 

proposed for the RBT2 air quality assessment. 

Figure 1 shows the maximum predicted concentrations for 1-hour averages, while Figure 2 shows the 

maximum predicted concentrations for 24-hour averages.  Concentrations predicted using the large 30 x 

30 km domain are shown as red isopleths, while those based on the slightly smaller 26 x 24 km domain 

are shown in blue. In most locations, there is almost complete overlap between the predicted 

concentrations for both model runs. Only minor differences appear in various locations, but none that 

would affect the interpretation of the results. 

Table 1 lists the maximum predicted concentrations at discrete receptor locations.  The predicted 

concentrations at these receptor points are almost identical. Based on this sensitivity analysis there is no 

appreciable difference between the two domains. 
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Figure 1 Sensitivity Analysis - 1-hour Average Concentrations 

 
Figure 2 Sensitivity Analysis - 24-hour Average Concentrations 
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Table 1. Sensitivity Analysis - Discrete Receptor Locations 
 

ID 
Sensitive Receptor 

Name 

26 x 24 km  30 x 30 km 26 X 24 km  30 x 30 km 

1hr Max  1hr Max  24h Max 24h Max 

R_1 Ladner   3.1 3.1 0.35 0.36 

R_2 Farmer 1   3.7 3.7 0.28 0.28 

R_3 Tsawwassen First Nation   2.6 2.6 0.23 0.23 

R_4 Farmer 2   2.2 2.2 0.23 0.23 

R_5 Farmer 3   4.3 4.3 0.27 0.27 

R_6 
Tsawwassen Beach 
Campsite   2.0 2.0 0.26 0.26 

R_7 Beach Grove   2.8 2.8 0.28 0.28 

R_8 Boundary Bay   1.5 1.5 0.14 0.14 

R_9 Tsawwassen   4.2 4.2 0.44 0.44 

R_10 Point Roberts 1   2.7 2.7 0.26 0.27 

R_11 Point Roberts 2   3.6 3.6 0.28 0.28 

R_12 Delta Hospital 1.6 1.6 0.18 0.18 

R_13 Ferry Terminal 4.2 4.2 0.55 0.56 

R_14 Reifel Bird Sanctuary   4.5 4.5 0.25 0.25 

R_15 
Boundary Bay GVRD 
Park   2.6 2.7 0.26 0.26 

R_16 English Bluffs Beach   2.1 2.1 0.30 0.30 

R_17 South Arm Marsh   1.8 1.8 0.26 0.26 

R_18 
Pebble Hill Park, 
Tsawwassen 2.9 2.9 0.29 0.29 
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ATTACHMENT 2 

Comparison of ACARS Data to WRF-NMM Vertical  
  



SENES Consultants 
 121 Granton Drive, Suite 12 

   Richmond Hill, Ontario 
MEMORANDUM Canada   L4B 3N4 
    Tel:   (905) 764-9380 
 Fax:   (905) 764-9386 
    E-mail:  senes@senes.ca 
 Web Site:  http://www.senes.ca 
  
 
TO:  Jody Addah (Port Metro Vancouver) 380237-004-008 
FROM: Sandy Willis, M.Eng., P.Eng. 
  Dan Hrebenyk, M.Sc. 
  Svetlana Music, M.Sc. June 9, 2014 
 
SUBJ: Comparison of ACARS Data to WRF-NMM Vertical Profiles 
  
 
The purpose of this memo is to present the results of a comparison of Aircraft Communications 
Addressing and Reporting System data (ACARS) provided by Environment Canada with the 
WRF-NMM derived Vertical Profiles of temperature, wind speed and wind direction at the 
Vancouver International Airport for 2010.  This memo provides information to fulfill 
Environmental Impact Statement Guidelines (EISG) requirements for the Roberts Bank Terminal 
2 (RBT2) Project. 
 
Background 
On January 7, 2014, the Canadian Environmental Assessment Agency issued the “Guidelines for 
the Preparation of an Environmental Impact Statement for the Roberts Bank Terminal 2 Project”. 
Section 9.1.2 of the EISG (Air Quality, Noise, Lighting and Climate) states that, as a minimum, 
the Environmental Impact Statement (EIS) will include the following: 
 

“temperature and wind profiles at the surface and vertical temperature and 
wind profiles (derived from high-resolution meteorological numerical models 
and complemented with aircraft-measured profiles, with consideration of 
coincident surface temperatures including the influence of tidal and Fraser 
River currents” 

 
On March 25, 2014, SENES, Port Metro Vancouver, and Hemmera met with representatives 
from Environment Canada to discuss, in part, approaches to meet the requirements of the above 
statement.  Environment Canada representatives indicated that a comparison of the SENES 
WRF-NMM derived data to the aircraft sounding data and a discussion of the comparison would 
be sufficient to meet the intent of the EISG requirements.  This is the first time that Environment 
Canada has requested that such a comparison be completed for a project, and Environment 
Canada concurred that there is no approved approach for adjustments to meteorology based on 
the results of any such comparisons.   
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ACARS Data 
On April 8, 2014, Environment Canada provided ACARS data for the Vancouver International 
Airport which included soundings at 00Z (4PM Pacific Standard Time), 06Z (10 PM Pacific 
Standard Time) and 18Z (10 AM Pacific Standard Time) when possible for the year 2010.  The 
ACARS data is only available when aircraft containing equipment for recording meteorological 
parameters are flying from the airport.  SENES did not conduct a Quality Assurance/Quality 
Control (QA/QC) evaluation for the ACARS data set. 
 
The following table presents the number of days with missing data from the ACARS data set.  
The 00Z hour had the fewest missing hours (21%), while the 06Z hour had the highest number of 
missing hours (30%).   
 

Season Missing Hours, 00Z Missing Hours 06Z Missing Hours 18Z 
Winter 16 14 29 
Spring 27 39 29 
Summer 16 27 15 
Fall 16 31 17 
Total 75 111 90 
Percent Complete 79.4% 69.6% 75.3% 

 
SENES extracted data from the WRF-NMM model output for temperature, wind speed, and 
wind direction at the Vancouver International Airport.  The data set was filtered to match the 
ACARS hours of 00Z, 06Z, and 18Z.  The SENES data set used in the comparisons below is 
based on 365 days of data.   
 
Due to the large number of missing data in the ACARS data set, data were not paired on a daily 
or hourly basis; however, comparisons were made for annual and seasonal averages.  While daily 
and hourly pairing could be completed, the individual daily shifts in parameter values are less 
important for an overall comparison as they could be offset by other specific daily shifts.  
 
The data from ACARS is presented in specific elevation increments and each ACARS sounding 
may be associated with a different number of elevation increments.  The WRF-NMM data is 
generated at levels of pressure increments (from 1000 hPa to 400 hPa). Each of the WRF-NMM 
pressure increments has an associated elevation that varies with day-to-day meteorology.   
 
It should be noted that the WRF-NMM data represent vertical profiles for a single point at the 
airport location.  By comparison, the ACARS data represent vertical profiles along an inclined 
pathway as the aircraft are ascending to or descending from the airport.  Although the aircraft 
ascents/descents originate or terminate at the airport, the data for higher elevations in the 
ACARS data set may represent conditions that exist at some distance from the airport over the 
urbanized areas of the Lower Fraser Valley or over Georgia Strait where temperature and wind 
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conditions may differ from those that exist directly over the airport.  Consequently, it would be 
reasonable to expect some differences between the two data sets. 
 
It should also be noted that aircraft-derived data have been reported to have inherent temperature 
and wind speed biases (e.g., Mamrosh, Baker and Jirokowic c2002; Ballish 2006; Cucurull 
2009).  Ballish (2006) noted that there were many factors that contributed to temperature biases 
in aircraft data, reporting that the data can be influenced by the type of aircraft, temperature 
sensors, pressure level, phase of flight (POF), software used to collect the data, and even the 
preceding data readings.  Of these factors, the aircraft type (e.g., a 767-432 versus a 767-322) 
appeared to have the greatest effect on the temperature bias.  Temperature biases of 0.4˚C to 
0.97˚C have been noted.  The correction of bias in aircraft-derived temperature data remains the 
subject of ongoing research and the World Meteorological Organization (WMO 2014) recently 
issued a proposed methodology for correcting the temperature bias in aircraft-derived 
temperature profiles. 
 
Ballish (2006) also reported that POF had a greater influence on ACARS wind speed data, with a 
low bias for readings taken during aircraft ascents and higher readings during aircraft descents.  
Wind speed biases in the lowest levels of the atmosphere of up to 0.5 m/s or more were reported 
during aircraft takeoffs.     
 
 
Annual Comparison Results 
Figure 1 below compares the annual averages for 00Z, 06Z, and 018Z hours.    
 
Annual - 00Z 
The temperature profile matches almost exactly for the 00Z hour on an annual basis.  For wind 
speed, the WRF-NMM data is consistently higher than ACARS but the differences are less than 
1 m/s.  The wind direction from WRF-NMM indicate winds that are more from the SW than the 
ACARS data and differences of between 20-25o are observable at the lower heights.   
 
Annual - 06Z 
The temperature profiles of the two data sets closely match for the 06Z hour on an annual basis 
up to about 500 m.  Above 500 m, the temperature difference is more notable, but is still 
typically within 3˚C.  For wind speed, the WRF-NMM data is consistently higher than the 
ACARS data up to about 1500 m but the differences are within about 0.5 m/s.  Above 1500 m, 
the wind speed differences are greater, with the ACARS data wind speeds being about 1.5 m/s 
higher than the WRF-NMM.  The wind direction from WRF-NMM indicates winds that are 
more from the SW than the ACARS data but remains within the same wind quadrant. 
 
Annual - 18Z 
The temperature profile matches almost exactly for the 18Z hour on an annual basis.  For wind 
speed, the WRF-NMM data is consistently higher than ACARS data but the differences are less 
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than 1 m/s.  The wind direction from WRF-NMM matches very well at the lower elevations and 
differences of between 10˚-15˚ are observable at the higher elevations.   
 
Seasonal Comparison Results 
Seasonal - Temperature 
The temperature profile (Figure 2) matches very well between the two data sets, particularly for 
winter, spring and fall.  There is up to a 4˚C temperature difference at 2500 m elevation for 
summer and fall for the 06Z hour; however this is the portion of the ACARS data set that has the 
largest amount of missing data.  Any such differences in temperature profiles at the higher 
elevations would have little effect on the dispersion of emissions from the marine terminals at 
Roberts Bank as these would be dispersed at the lower elevations (<500 m) where the agreement 
between the WRF-NMM and ACARS data is much better. 
 
Seasonal – Wind Speed 
Wind speeds in Figure 3 are comparable between the data sets, with typically less than 1 m/s 
difference for all seasons.  In general, the WRF-NMM data shows slightly higher wind speeds 
than the ACARS data with the exception of the 06Z at higher elevations for summer and fall. 
The wind speed profiles generally follow the same pattern for each of the seasons with both data 
sets and have similar incremental variation between the seasons.  For example, at 500 m 
elevation, wind speeds in the summer are lower than wind speeds in the winter by about 4 m/s 
for both the WRF-NMM and ACARS data sets. 
 
Seasonal – Wind Direction 
The seasonal patterns of wind direction in Figure 4 generally match in both sets of data.  In the 
winter, winds at the surface are from the SE for all three time periods in both data sets, gradually 
shifting to S winds at the higher elevations. Below 500 m (i.e., the level within which dispersion 
of contaminants from the Roberts Bank marine terminals occurs), there is close agreement 
between the ACARS and WRF-NMM data sets.  The largest differences of approximately 25-30˚ 
occur at an elevation of 450-500 m for 06Z.   
 
In summer, both the ACARS and WRF-NMM data sets indicate that winds at the surface are 
from the SW at 00Z, shifting to the S at 06Z and S through SW at 18Z.  Directional differences 
of up to 50˚ between the ACARS and WRF-NMM data are evident at the surface for both the 
00Z and 18Z periods with smaller differences at the 06Z period.  Directional differences of up to 
50˚ are also evident at elevations above 1000 m at 06Z.  With the ACARS missing 30% of the 
data for this time period, it is difficult to determine whether these differences are real or due to 
the limited data in ACARS.  The effect of these differences in wind direction at the surface on 
the air dispersion modelling analysis of emissions from the Roberts Bank marine terminals 
would be that the WRF-NMM meteorology would tend to transport the emissions towards the 
land areas of Delta with SW winds as opposed to ACARS meteorology which would tend to 
transport those emissions out over the open waters north of Roberts Bank with S winds.   
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Wind directions between the ACARS and WRF-NMM data sets very closely match each other in 
spring, with differences of 30˚ or less at all elevations except 1250 m for 06Z.  Differences in 
wind directions between the two data sets are also good at the surface for 06Z and 18Z, but have 
differences of up to 25˚ below 500 m elevation.   
 
Directional differences of up to 50˚ are present for 00Z and 06Z in the fall at elevations from 
400-1000 m above the surface.  Because the WRF-NMM data tends to have winds from the SSW 
through SW at these elevations in the fall as compared with more S winds in the ACARS data 
set, the potential effect on the dispersion modelling analysis of emissions from the marine 
terminals at Roberts Bank would be for the WRF-NMM to transport contaminants more towards 
land areas of Delta whereas the ACARS meteorology would tend to carry more of the emissions 
out over the open water areas north of the terminals.  

 
Results Discussion 
 
Typically, the goal for data completeness for meteorological data used in air quality assessments 
is to have no more than 10% missing data (BC MOE 2008).  As such, where there are 
differences, it is not possible to say with confidence whether the differences are attributable to 
missing data in the ACARS data set or to unidentified biases in either or both data sets.   
 
The ACARS and the WRF-NMM data sets represent an approximation of the true temperature 
and wind speed profiles with inherent biases, in the same way that twice-daily radiosonde 
sounding data have inherent data bias.  Data inputs into the WRF-NMM model undergo a 
QA/QC process by the National Centers for Environmental Prediction (NCEP) which is designed 
to address the respective biases of all data incorporated into the weather model, including any 
biases in aircraft-derived vertical wind speed and temperature profiles.  The ACARS data is one 
of the data inputs used by NCEP.  Consequently, any biases between ACARS data and the WRF-
NMM data have already been addressed by NCEP.  Any remaining differences between the 
ACARS data supplied to SENES by Environment Canada and the WRF-NMM data set may 
simply reflect the uncorrected bias in the aircraft data or are reflective of the large number of 
missing data in the ACARS data set. 
 
At present, there is no formal guidance on evaluating the performance of prognostic 
meteorological models such as WRF-NMM.  However, examples exist for evaluating the 
performance of prognostic meteorological models under specific circumstances.  For example, 
the Guidelines for Air Quality Dispersion Modelling in British Columbia issued by the Ministry 
of Environment in 2008 cite a study by McEwen and Murphy (2004) as an example of a 
methodology that can be followed for comparing prognostic meteorological model output to 
observations using quantifiable performance measures.  Citing a previous study by Hanna and 
Yang (2001), McEwen and Murphy reported that the ‘expected’ results for prognostic model-
derived winds would be a root mean squared error (RMSE) of 2-3 m/s for a wide range of wind 
speeds and 50˚-60˚ for winds of about 3-4 m/s. 
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In another example, the U.S. Environmental Protection Agency (US EPA) developed an 
evaluation method that utilizes both wind profiler and aircraft profile measurements which 
provides a routine method to examine not only the uncertainty of simulated wind in the planetary 
boundary layer, but also the less examined temperature structure.  The US EPA1 has stated that 
the WRF-ARW model (another version of the WRF model) has low error in temperature (median 
absolute error of 1.0 to 1.5˚C or less), wind speed (less than 2.0 m/s) and wind direction (less 
than 30˚) in the planetary boundary layer, which is generally less than the error near the surface. 
The WRF-ARW model also simulates the evolution of the wind structure, including features like 
nocturnal jets and the convective mixed layer, with low error (less than 2 m/s).  On this basis, the 
US EPA concluded that the current configuration of WRF-ARW meets the requirements for the 
transition from the Pennsylvania State University (PSU)/National Center for Atmospheric 
Research (NCAR) mesoscale model (known as MM5) to the WRF model for use in dispersion 
modelling analyses. 
 
Similarly, the University Corporation for Atmospheric Research (UCAR), a consortium of more 
than 100 member colleges and universities focused on research and training in the atmospheric 
and related earth system sciences whose members set directions and priorities for NCAR, 
considers meteorological forecasts as being “Good” if the predicted temperature is within 2˚C of 
observations, the predicted wind speed is within 2 m/s of observed wind speeds, and the 
predicted wind direction is within 45˚ of observed wind directions.2   
 
Meteorology is one of several data inputs in the modelling conducted to determine potential 
changes in air quality associated with the RBT2 project.  As with any input, there is some 
uncertainty in the quality of the data, however the level of uncertainty can be somewhat assessed 
by conducting comparisons of available information.   
 
The comparison of the WRF-NMM data developed by SENES for use in the air quality 
assessment of the emissions from the marine terminals at Roberts Bank to the ACARS data set 
generally meets the prognostic model evaluation criteria in the examples cited above.  The 
comparison of the ACARS data to the WRF-NMM data adds to several quality control 
assessments already completed by SENES for the meteorology to be used the air quality 
assessment of the RBT2 Project.  The WRF-NMM data has also been compared against upper air 
data for Quillayute, surface monitoring data for the Vancouver and Abbotsford airports, and the 
Sand Heads meteorological station.  WRF-NMM data was used to generate CALMET 
meteorology.  The CALMET meteorology was compared to local monitoring stations 
(Westshore and T39) as well as the Fraser River Buoy Station.   
 

                                                 
1 http://www.epa.gov/AMD/Research/Air/meteorologicalModeling.html  
 
2 http://www.rap.ucar.edu/projects/UAE/mm5assessment.php 
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Conclusion 
There is generally good agreement between the ACARS data and the WRF-NMM data.  
Temperature differences between the two data sets are small. Given the high temperatures of the 
marine vessel exhausts, these small differences would have little effect on the overall plume rise 
calculations in the model.  For area and volume sources, minor differences in ambient 
temperature of 1˚C would have no discernible effect on predicted concentrations. 
 
Wind speed differences are generally within 1 m/s and show the same seasonal shift with both 
data sets.  The WRF-NMM data generally show slightly higher wind speeds than the ACARS 
data, however, there are also periods where the ACARS data has higher wind speeds than the 
WRF-NMM data.  It is not possible to determine the degree of uncertainty that may exist in air 
quality levels that would be predicted using the CALPUFF dispersion model due to any 
differences between the ACARS and WRF-NMM derived wind speeds on the basis of the simple 
comparisons in vertical wind speed profiles presented in Figure 3.  Slightly lower or higher wind 
speeds in one or the other meteorological data set would have a differential effect on the 
dispersion of contaminants for each source from the mixture of point, area and volume sources 
that exist at the marine terminals. More importantly, however, the two data sets are in overall 
agreement on the patterns of shifts in vertical wind speed changes on a diurnal and seasonal 
basis, indicating that the WRF-NMM data set provides a reasonably good representation of the 
wind speed profiles at the airport location. 
 
Wind direction differences are within the same quadrant on a seasonal basis and while the 
locations of the maximum concentrations could change, it is unlikely that the overall magnitude 
of the predicted maximum concentrations would be affected by the differences in wind direction.  
In general, the differences in wind direction between the ACARS data set and the WRF-NMM 
data set would mean that the WRF-NMM meteorology would tend to transport contaminants 
more towards land areas of Delta while the ACARS meteorology would tend to transport the 
contaminants more towards the open water areas. 
 
The purpose of the meteorological data inputs to a regulatory dispersion model is to ensure that 
there is adequate representation of meteorological conditions such that the maximum 
concentrations predicted by the modelling are not limited by the meteorology.  The objective of 
evaluating a meteorological data set to be used for a dispersion modeling analysis is to determine 
through visual and statistical means whether or not that data set is climatologically consistent and 
captures the features that are important to the determination of air quality impacts in the area 
being assessed (Anderson 2005).  It is important to note that the validation effort of the WRF-
NMM data set to be used for the RBT2 Project does not require perfect agreement between 
prognostic model data and ACARS aircraft observations. The CALPUFF dispersion model is 
conservative enough in estimating maximum concentrations, and can accommodate some 
disparity between meteorological model predicted parameters and ACARS observations.  
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In conclusion, SENES believes that the comparison of the WRF-NMM data set to the ACARS 
data set supplied by Environment Canada satisfies the EISG requirement to complete such a 
comparison as part of the air quality assessment of the proposed RBT2 Project.  The comparison 
of the WRF-NMM data set to the ACARS data set is but one of several other QA/QC evaluations 
that will be presented as part of the Environmental Impact Statement for the Project.  While there 
are differences between all of the data sets used in the QA/QC evaluations, the differences are 
either explainable (such as in a sub-optimal meteorological station location), expected to have 
minimal impact on the final conclusions (minor temperature differences), or are minor relative to 
other uncertainties in the full assessment.   
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Figure 1 – Annual Average Comparisons 
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Figure 2 – Seasonal Temperature Comparisons 
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Figure 3 – Seasonal Wind Speed Comparisons 
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Figure 4 – Seasonal Wind Direction Comparisons 
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TO:  Jody Addah, PMV & Pamela O’Hara, Hemmera 380237-300-210 
FROM: Sandy Willis, Svetlana Music April 2, 2014 
 
SUBJ:   Comparison of CALMET Air Temperatures to Fraser River Buoy Observed Air 

Temperatures 
 

The purpose of this memo is to present the results of a comparison of CALMET Air Temperatures with 
Fraser River Buoy Observed Air Temperatures and to address applicable EISG content. 
 

Background 
On January 7, 2014, the Canadian Environmental Assessment Agency issued the “Guidelines for the 
Preparation of an Environmental Impact Statement for the Roberts Bank Terminal 2 Project” (EISG). 
Section 9.1.2 of the EISG (Air Quality, Noise, Lighting and Climate) states that, as a minimum, the 
Environmental Impact Statement (EIS) will include the following: 
 

“temperature and wind profiles at the surface and vertical temperature and wind profiles (derived from 
high-resolution meteorological numerical models and complemented with aircraft-measured profiles, 
with consideration of coincident surface temperatures including the influence of tidal and Fraser River 
currents” 
 

On March 25, 2014, SENES, Port Metro Vancouver, and Hemmera met with representatives from 
Environment Canada, in part, to discuss approaches to meet the requirements of the above statement.  
Environment Canada representatives indicated that surface air temperatures from the Fraser River Buoy 
could be used as validation of the meteorological data prepared by SENES.   
 

Comparison Results 
On March 26, 2014, Environment Canada provided data from the Fraser River Buoy which included both 
water temperature and surface air temperatures for the year 2010.  SENES extracted air temperature data 
from CALMET for the same location as the buoy and compared the model surface air temperatures to the 
observational data. 
 

The first figure below shows the comparison of the hourly observed data to the predicted CALMET data.  
There is a very strong agreement between the two sets of data.  The July observed data had just over 200 
hours of data missing from it (hence the break in the observed plot), but August was almost completely 
represented by the observed data.  Peaks and valleys correspond well and seasonal variation is similar 
between both sets of data. 
 

The second figure shows a comparison of the average monthly temperature from both the Fraser River 
Buoy and the CALMET data.  The maximum temperature difference between the observed data and the 
CALMET data is 1.1ºC.   
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Conclusion 
The temperature differences are unlikely to impact predicted CALPUFF dispersion model results for 
predicted ambient air concentrations of contaminants. Based on the results of the comparison, the 
CALMET data adequately reflects the variability of the Fraser River Buoy surface air temperatures, and 
any differences in the data can be considered marginal.  
 

 
 

 



APPENDIX D 

Additional Results 

  



 

 

 

 
 
 
 
 
 
 

 
 
ROBERTS BANK TERMINAL 2 

TECHNICAL REPORT 

Air Quality Study 

Appendix D – Additional Results 
 
 

 
 

 
 
 
 
 
 
Prepared for: 
PORT METRO VANCOUVER 
100 The Pointe, 999 Canada Place 
Vancouver, B.C.  V6C 3T4 
 
Prepared by: 
SENES Consultants 
1338 West Broadway, Suite 303  
Vancouver, B.C.  V6H 1H2 
 
 
 
File: 380237 
November 2014           

          



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - i - November 2014 

TABLE OF CONTENTS 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS ............................................................................. IV 

1.0 INTRODUCTION .............................................................................................................................. 1 

2.0 PREDICTED AIR CONCENTRATIONS AND DEPOSITION FLUXES FOR THE STUDY 

SCENARIOS .................................................................................................................................... 3 

3.0 PREDICTED AIR CONCENTRATIONS FOR THE CONSTRUCTION SCENARIOS .................. 25 

List of Tables 

Table 1.1 – Compounds of Potential Concern .............................................................................................. 2 

Table 1.2 – Study Scenarios ......................................................................................................................... 2 

Table 2.1 – Model-predicted Short-term Air Concentrations of CACs and DPM under Existing Conditions 4 

Table 2.2 – Model-predicted Short-term Air Concentrations of CACs and DPM under Expected Conditions

 .............................................................................................................................................................. 5 

Table 2.3 – Model-predicted Short-term Air Concentrations of CACs and DPM under Future Conditions .. 6 

Table 2.4 – Model-predicted 1-h 98
th
 Percentile Air Concentrations of NO2 under Existing, Expected and 

Future Conditions ................................................................................................................................. 7 

Table 2.5 – Model-predicted 1-h 99
th
 Percentile Air Concentrations of SO2 under Existing, Expected and 

Future Conditions ................................................................................................................................. 8 

Table 2.6 – Model-predicted 24-h Rolling Air Concentrations of SO2 under Existing Conditions at Selected 

Receptors ............................................................................................................................................. 9 

Table 2.7 – Model-predicted 24-h and 24-h Rolling Air Concentrations of SO2 under Existing, Expected 

and Future Conditions ........................................................................................................................ 10 

Table 2.8 – Number of Model Days where Predicted 24-h Air Concentrations of SO2 Exceed at Threshold 

(14.9 μg/m³) under Existing, Expected and Future Conditions .......................................................... 11 

Table 2.9 – Model-predicted Annual Air Concentrations of CACs and DPM under Existing Conditions.... 12 

Table 2.10 – Model-predicted Annual Air Concentrations of CACs and DPM under Expected Conditions 13 

Table 2.11 – Model-predicted Annual Air Concentrations of CACs and DPM under Future Conditions .... 14 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - ii - November 2014 

Table 2.12 – Model-predicted Annual Air Concentrations of DPM for Selected Locations under Expected 

and Future Conditions ........................................................................................................................ 15 

Table 2.13 – Model-predicted 1-h Air Concentrations of TOCs under Existing Conditions ........................ 16 

Table 2.14 – Model-predicted 1-h Air Concentrations of TOCs under Expected Conditions ..................... 17 

Table 2.15 – Model-predicted 1-h Air Concentrations of TOCs under Future Conditions .......................... 18 

Table 2.16 – Model-predicted 24-h Air Concentrations of 1,3-Butadiene under Existing, Expected and 

Future Conditions ............................................................................................................................... 19 

Table 2.17 – Model-predicted Annual Air Concentrations of TOCs under Existing Conditions .................. 20 

Table 2.18 – Model-predicted Annual Air Concentrations of TOCs under Expected Conditions ............... 21 

Table 2.19 – Model-predicted Annual Air Concentrations of TOCs under Future Conditions .................... 22 

Table 2.20 – Model-predicted Annual Deposition Fluxes of TOCs under Existing Conditions ................... 23 

Table 2.21 – Model-predicted Annual Deposition Fluxes of TOCs under Expected Conditions ................ 23 

Table 2.22 – Model-predicted Annual Deposition Fluxes of TOCs under Future Conditions ..................... 24 

Table 3.1 – Model-predicted Short-term Air Concentrations (µg/m
3
) of CACs – Average Day Scenario – 

Construction only ................................................................................................................................ 26 

Table 3.2 – Model-predicted Short-term Air Concentrations (µg/m
3
) of CACs – Average Day Scenario – 

Construction plus Expected Conditions.............................................................................................. 27 

Table 3.3 – Model-predicted Short-term Air Concentrations (µg/m
3
) of CACs – Peak Day Scenario – 

Construction only ................................................................................................................................ 28 

Table 3.4 – Frequency for Model-predicted PM2.5 24-h Air Concentrations > 25 µg/m
3
 - Peak Day 

Scenario – Construction only ............................................................................................................. 29 

Table 3.5 – Frequency for Model-predicted PM10 24-h Air Concentrations > 50 µg/m
3
 – Peak Day 

Scenario – Construction only ............................................................................................................. 29 

Table 3.6 – Frequency for Model-predicted NO2 98% percentile 1-h Air Concentrations > 188 µg/m
3
 – 

Peak Day Scenario – Construction only ............................................................................................. 29 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - iii - November 2014 

Table 3.7 – Model-predicted Annual Air Concentrations (µg/m
3
) of CACs and DPM – Average Day 

Scenario – Construction only ............................................................................................................. 30 

Table 3.8 – Model-predicted Annual Air Concentrations (µg/m
3
) of CACs and DPM – Average Day 

Scenario – Construction plus Expected Conditions ........................................................................... 31 

Table 3.9 – Model-predicted Short-Term Air Concentrations (µg/m
3
) of TOCs – Average Day Scenario – 

Construction only ................................................................................................................................ 32 

Table 3.10 – Model-predicted Short-Term Air Concentrations (µg/m
3
) of TOCs – Average Day Scenario – 

Construction plus Expected Conditions.............................................................................................. 33 

Table 3.11 – Model-predicted 1-hour Air Concentrations (µg/m
3
) for TOCs – Peak Day Scenario – 

Construction only ................................................................................................................................ 34 

Table 3.12 – Model-predicted 24-hour Air Concentrations (µg/m
3
) for TOCs – Peak Day Scenario – 

Construction only ................................................................................................................................ 35 

Table 3.13 – Model-predicted Annual Air Concentrations (µg/m
3
) of TOCs – Average Day Scenario – 

Construction only ................................................................................................................................ 36 

Table 3.14 – Model-predicted Annual Air Concentrations (µg/m
3
) of TOCs – Average Day Scenario – 

Construction plus Expected Conditions.............................................................................................. 37 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - iv - November 2014 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

List of Acronyms 

CHE cargo handling equipment 

EF emission factor 

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

SENES SENES Consultants 

Compounds 

CAC criteria air contaminant 

CH4 methane 

CO carbon monoxide 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

DPM diesel particulate matter 

GHG greenhouse gas 

NOx nitrogen oxides 

N2O nitrous oxide 

PM particulate matter 

PM10 inhalable particulate matter up to 10 micrometres in size 

PM2.5 fine particulate matter up to 2.5 micrometres in size 

SO2 sulphur dioxide 

TOC trace organic contaminant 

VOC volatile organic compound 

Symbols, Measurements, and Abbreviations 

g grams 

g/s grams per second 

h hour 

kg kilogram (1 x 10
3
 grams) 

m metre 

m
2
 square metre 

m
3
 cubic metre 

mg milligrams (1 x 10
-3

 grams) 

s second 

μg microgram (1 x 10
-6

 grams) 

μg/m
3
 micrograms per cubic metre 

y year 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV’s) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals.   

The purpose of this appendix is to present additional results of the air dispersion modelling analysis that 

were provided as input to the Human Health Risk Assessment.  These results summarize predicted air 

concentrations (in micrograms per cubic metre or μg/m³) and deposition fluxes (in milligrams per square 

metre per year or mg/m
2
/y) for compounds of potential concern that were provided as input to the Human 

Health Risk Assessment.  These results are presented here for the purposes of traceability. 

The compounds of potential concern considered for the Project are listed in Table 1.1.  Predicted air 

concentrations and deposition fluxes are shown for the nine (9) Study scenarios listed in Table 1.2, as 

well as the construction scenarios discussed in Appendix E.  Details of the choice of emissions sources, 

activity levels, applicable criteria, and substances for assessment are described in the Study and other 

appendices associated with the Study. 
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Table 1.1 – Compounds of Potential Concern 

Grouping Compounds of Potential Concern 

Criteria Air Contaminants (CACs) carbon monoxide (CO) 

nitrogen oxides (NOx) 

sulphur dioxide (SO2) 

volatile organic compounds (VOCs) 

ozone (O3) 

particulate matter (PM) 

inhalable particulate matter up to 10 micrometres in size (PM10) 

fine particulate matter up to 2.5 micrometres in size (PM2.5) 

Trace organic contaminants (TOCs) acrolein 

benzene 

1,3-butadiene 

acetaldehyde 

formaldehyde 

naphthalene 

benzo(a)pyrene 

diesel particulate matter (DPM) 

Greenhouse gases (GHGs) 

Expressed as carbon dioxide equivalent (CO2e) 

carbon dioxide (CO2) 

methane (CH4) 

nitrous oxide (N2O) 

Climate forcing PM 

Expressed as carbon dioxide equivalent (CO2e) 

black carbon 

 

Table 1.2 – Study Scenarios 

Operating Condition Horizon Year Averaging Period  Description 

Existing Conditions 2010 1-h Maximum Baseline emissions from the existing Roberts 
Bank terminals and B.C. Ferries Terminal in 2010. 

24-h Maximum 

Annual Average 

Expected Conditions 2025 1-h Maximum Projected emissions from the existing Roberts 
Bank terminals and B.C. Ferries Terminal in 2025 
without RBT2 emissions, but including the future 
increase in operations and changes in 
technologies for the existing facilities. 

24-h Maximum 

Annual Average 

Future Conditions 2025 1-h Maximum Projected emissions from the existing Roberts 
Bank terminals and B.C. Ferries Terminal in 2025 
in conjunction with projected RBT2 emissions and 
including changes in technologies for the existing 
facilities. 

24-h Maximum 

Annual Average 
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2.0 PREDICTED AIR CONCENTRATIONS AND DEPOSITION FLUXES FOR THE 
STUDY SCENARIOS 

The following tables present predicted air concentrations (μg/m³) and deposition fluxes (mg/m²/y) for the 

nine (9) Study scenarios listed in Table 1.2, along with additional annotation relevant to the discussion in 

the Human Health Risk Assessment.  Concentrations presented in the tables are incremental (i.e., related 

to emissions from the existing Roberts Bank terminals (Deltaport Terminal and Westshore Terminals) and 

B.C. Ferries Terminal) and do not include the influence of background air quality. 
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Table 2.1 – Model-predicted Short-term Air Concentrations of CACs and DPM under Existing Conditions 

Discrete Receptor Air Concentration (μg/m³) 

CO SO2 PM2.5 PM10 DPM 

1-h 8-h 24-h 24-h 24-h 24-h 

Ladner 79.7 21.5 3.9 0.6 0.7 0.6 

Farmer 1 197.2 61.0 5.4 1.2 1.4 1.2 

Tsawwassen First Nations 508.4 83.1 14.1 2.2 2.4 2.2 

Farmer 2 366.8 72.5 13.3 2.0 2.2 2.0 

Farmer 3 258.2 66.5 8.5 1.8 2.1 1.8 

Tsawwassen Beach Campsite 350.1 70.9 14.2 2.4 2.7 2.3 

Beach Grove 175.2 35.3 5.5 0.8 0.9 0.8 

Boundary Bay 131.6 39.3 9.0 1.5 1.6 1.5 

Tsawwassen 354.4 98.7 15.3 2.6 2.8 2.5 

Point Roberts 1 115.3 43.0 8.0 1.3 1.5 1.3 

Point Roberts 2 334.6 123.5 16.2 2.9 3.2 2.8 

Delta Hospital 75.5 22.3 4.6 0.6 0.7 0.6 

B.C. Ferries Terminal 2035.2 1090.2 69.9 14.1 15.8 13.5 

Reifel Bird Sanctuary 181.1 29.2 7.5 1.2 1.3 1.2 

Boundary Bay GVRD Park 163.4 31.1 5.5 1.0 1.1 0.9 

English Bluffs Beach 539.2 193.6 18.3 3.0 3.4 3.0 

South Arm Marsh 101.9 24.2 5.4 0.9 1.0 0.9 

Air Quality Station T39 302.0 89.4 13.1 2.3 2.5 2.2 

Maximum Off Property 8855.8 5056.5 24.4 83.1 94.8 74.5 

Maximum Over Land 665.3 246.5 305.0 4.3 5.1 4.2 
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Table 2.2 – Model-predicted Short-term Air Concentrations of CACs and DPM under Expected Conditions 

Discrete Receptor Air Concentration (μg/m³) 

CO SO2 PM2.5 PM10 DPM 

1-h 8-h 24-h 24-h 24-h 24-h 

Ladner 33.2 9.3 0.2 0.2 0.2 0.2 

Farmer 1 77.1 30.8 0.3 0.5 0.6 0.4 

Tsawwassen First Nations 167.1 31.4 0.8 0.7 0.9 0.7 

Farmer 2 136.3 32.8 0.7 0.6 0.8 0.5 

Farmer 3 124.0 32.5 0.5 0.7 0.9 0.6 

Tsawwassen Beach Campsite 111.6 37.8 0.8 0.9 1.0 0.8 

Beach Grove 58.4 16.2 0.3 0.3 0.3 0.2 

Boundary Bay 53.7 16.2 0.5 0.5 0.6 0.5 

Tsawwassen 153.2 44.3 0.8 0.9 1.1 0.8 

Point Roberts 1 49.8 19.0 0.4 0.5 0.6 0.4 

Point Roberts 2 116.6 48.8 0.9 1.1 1.3 1.0 

Delta Hospital 38.6 12.2 0.2 0.2 0.2 0.2 

B.C. Ferries Terminal 720.1 467.5 4.1 5.1 6.4 4.2 

Reifel Bird Sanctuary 59.4 11.9 0.4 0.4 0.5 0.4 

Boundary Bay GVRD Park 66.2 13.3 0.3 0.3 0.4 0.3 

English Bluffs Beach 256.7 100.0 1.0 1.0 1.2 0.9 

South Arm Marsh 37.3 11.3 0.3 0.3 0.4 0.3 

Air Quality Station T39 119.6 37.1 0.7 0.8 1.0 0.7 

Maximum Off Property 2548.3 1442.2 16.3 42.1 57.2 28.7 

Maximum Over Land 329.7 155.0 1.3 1.7 2.7 1.4 
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Table 2.3 – Model-predicted Short-term Air Concentrations of CACs and DPM under Future Conditions 

Discrete Receptor Air Concentration (μg/m³) 

CO SO2 PM2.5 PM10 DPM 

1-h 8-h 24-h 24-h 24-h 24-h 

Ladner 68.3 18.6 0.2 0.3 0.3 0.2 

Farmer 1 179.2 54.3 0.6 0.7 0.9 0.6 

Tsawwassen First Nations 219.9 64.8 1.1 1.0 1.1 0.9 

Farmer 2 234.4 78.1 0.7 0.7 1.1 0.6 

Farmer 3 213.9 56.7 0.6 0.9 1.2 0.8 

Tsawwassen Beach Campsite 143.4 51.6 1.2 1.0 1.2 0.9 

Beach Grove 80.3 22.6 0.5 0.4 0.5 0.4 

Boundary Bay 81.1 24.3 0.8 0.7 0.8 0.6 

Tsawwassen 173.1 61.1 1.1 1.1 1.3 0.9 

Point Roberts 1 67.1 24.0 0.5 0.6 0.7 0.6 

Point Roberts 2 146.9 61.0 1.3 1.4 1.6 1.2 

Delta Hospital 51.4 16.8 0.3 0.3 0.3 0.2 

B.C. Ferries Terminal 729.2 484.8 4.2 5.1 6.4 4.2 

Reifel Bird Sanctuary 72.8 19.5 0.5 0.5 0.6 0.4 

Boundary Bay GVRD Park 87.2 18.2 0.4 0.4 0.6 0.4 

English Bluffs Beach 284.2 116.8 1.3 1.2 1.5 1.1 

South Arm Marsh 70.6 18.7 0.4 0.4 0.5 0.4 

Air Quality Station T39 143.2 47.4 1.0 1.0 1.2 0.8 

Maximum Off Property 2599.1 1445.0 14.3 42.0 57.1 28.7 

Maximum Over Land 953.9 451.6 2.1 3.0 5.6 2.2 
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Table 2.4 – Model-predicted 1-h 98
th

 Percentile Air Concentrations of NO2 under Existing, Expected and Future Conditions 

Discrete Receptor Existing Conditions Expected Conditions Future Conditions 

98
th

 Percentile NO2 Air Concentration (μg/m³) 

1-h 1-h 1-h 

Ladner 20.2 11.0 18.7 

Farmer 1 37.2 20.1 38.4 

Tsawwassen First Nations 62.5 31.6 50.9 

Farmer 2 57.0 30.5 58.6 

Farmer 3 54.3 29.1 57.7 

Tsawwassen Beach Campsite 56.8 27.9 40.2 

Beach Grove 29.2 15.7 23.9 

Boundary Bay 30.5 16.9 20.9 

Tsawwassen 62.0 31.3 42.1 

Point Roberts 1 38.3 21.1 25.8 

Point Roberts 2 79.7 44.6 55.2 

Delta Hospital 18.2 10.3 16.7 

B.C. Ferries Terminal 119.4 105.2 105.9 

Reifel Bird Sanctuary 34.5 18.6 25.2 

Boundary Bay GVRD Park 24.9 14.0 20.0 

English Bluffs Beach 84.6 39.4 51.7 

South Arm Marsh 21.3 11.8 19.1 

Air Quality Station T39 59.8 31.7 41.0 

Maximum Off Property 256.9 107.0 110.6 

Maximum Over Land 82.9 39.2 140.2 
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Table 2.5 – Model-predicted 1-h 99
th

 Percentile Air Concentrations of SO2 under Existing, Expected and Future Conditions 

Discrete Receptor Existing Conditions Expected Conditions Future Conditions 

99
th

 Percentile SO2 Air Concentration (μg/m³) 

1-h 1-h 1-h 

Ladner 8.5 0.5 0.8 

Farmer 1 14.1 0.8 1.1 

Tsawwassen First Nations 33.0 1.7 2.2 

Farmer 2 26.1 1.3 1.8 

Farmer 3 20.7 1.1 1.5 

Tsawwassen Beach Campsite 30.8 1.6 2.2 

Beach Grove 13.3 0.7 1.1 

Boundary Bay 14.7 0.8 1.1 

Tsawwassen 29.4 1.6 2.2 

Point Roberts 1 17.0 0.9 1.3 

Point Roberts 2 32.0 1.7 2.3 

Delta Hospital 8.7 0.5 0.7 

B.C. Ferries Terminal 73.4 4.4 4.9 

Reifel Bird Sanctuary 15.6 0.8 1.2 

Boundary Bay GVRD Park 11.8 0.6 1.0 

English Bluffs Beach 39.7 2.2 2.8 

South Arm Marsh 9.1 0.5 0.7 

Air Quality Station T39 26.7 1.4 1.9 

Maximum Off Property 87.7 5.3 6.9 

Maximum Over Land 38.9 2.2 2.8 
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Table 2.6 – Model-predicted 24-h Rolling Air Concentrations of SO2 under Existing Conditions at Selected Receptors 

Discrete Receptor SO2 24-h Rolling Average 
Air Concentration (μg/m³) 

Number of hours
1
 where 24-h rolling 

average SO2  > 14.9 μg/m³ 
Number of days

2
 where 24-h 

average SO2  > 14.9 μg/m³ 

B.C. Ferries Terminal 71.1 1782 (20%) 75 (21%) 

Maximum Off Property 334.1 4563 (52%) 190 (52%) 

Maximum Over Land 30.6 72 (1%) 3 (1%) 

 
Notes: 

1
 24-h rolling average SO2 air concentrations are compared to the number of hours in the model year (i.e., 8,712 rolling 24-h averages of 1-h 

concentrations in one year). For example, 1,782 rolling 24-h averages represent 20% of the year. 

 
2
 24-h average SO2 air concentrations (i.e., based on a calendar day) are based on the number of days in the model year (364). For example, 75 24-h 

calendar day averages represent 21% of the year. 
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Table 2.7 – Model-predicted 24-h and 24-h Rolling Air Concentrations of SO2 under Existing, Expected and Future Conditions 

Discrete Receptor Existing 
Conditions 

Expected 
Conditions 

Future 
Conditions 

Existing 
Conditions 

Expected 
Conditions 

Future 
Conditions 

SO2 Air Concentration (μg/m³) 

24-h 24-h Rolling 

Ladner 3.9 0.2 0.2 6.4 0.3 0.4 

Farmer 1 5.4 0.3 0.6 5.6 0.3 0.6 

Tsawwassen First Nations 14.1 0.8 1.1 15.7 0.8 1.2 

Farmer 2 13.3 0.7 0.7 13.3 0.7 0.7 

Farmer 3 8.5 0.5 0.6 9.0 0.5 0.7 

Tsawwassen Beach Campsite 14.2 0.8 1.2 21.0 1.1 1.9 

Beach Grove 5.5 0.3 0.5 7.1 0.4 0.6 

Boundary Bay 9.0 0.5 0.8 10.9 0.6 0.9 

Tsawwassen 15.3 0.8 1.1 15.4 0.8 1.1 

Point Roberts 1 8.0 0.4 0.5 9.1 0.5 0.7 

Point Roberts 2 16.2 0.9 1.3 16.9 0.9 1.4 

Delta Hospital 4.6 0.2 0.3 5.8 0.3 0.4 

B.C. Ferries Terminal 69.9 4.1 4.2 71.1 4.2 4.2 

Reifel Bird Sanctuary 7.5 0.4 0.5 7.5 0.4 0.5 

Boundary Bay GVRD Park 5.5 0.3 0.4 6.8 0.4 0.5 

English Bluffs Beach 18.3 1.0 1.3 18.3 1.0 1.3 

South Arm Marsh 5.4 0.3 0.4 5.4 0.3 0.4 

Air Quality Station T39 13.1 0.7 1.0 15.0 0.8 1.0 

Maximum Off Property 305.0 16.3 14.0 334.1 17.6 16.9 

Maximum Over Land 22.6 1.3 2.1 30.6 1.7 2.7 
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Table 2.8 – Number of Model Days where Predicted 24-h Air Concentrations of SO2 Exceed at Threshold (14.9 μg/m³) 
under Existing, Expected and Future Conditions 

Discrete Receptor Existing Conditions Expected Conditions Future Conditions 

Number of days
1
 where 

24-h average SO2 > 14.9 μg/m³ 

Number of days
1
 where 

24-h average SO2 > 14.9 μg/m³ 

Number of days
1
 where 

24-h average SO2 > 14.9 μg/m³ 

Ladner 0 0 0 

Farmer 1 0 0 0 

Tsawwassen First Nations 0 0 0 

Farmer 2 0 0 0 

Farmer 3 0 0 0 

Tsawwassen Beach Campsite 0 0 0 

Beach Grove 0 0 0 

Boundary Bay 0 0 0 

Tsawwassen 1 (0.3%) 0 0 

Point Roberts 1 0 0 0 

Point Roberts 2 2 (0.5%) 0 0 

Delta Hospital 0 0 0 

B.C. Ferries Terminal 75 (21%) 0 0 

Reifel Bird Sanctuary 0 0 0 

Boundary Bay GVRD Park 0 0 0 

English Bluffs Beach 1 (0.3%) 0 0 

South Arm Marsh 0 0 0 

Air Quality Station T39 0 0 0 

Maximum Off Property 190 (52%) 1 (0.3%) 0 

Maximum Over Land 3 (0.8%) 0 0 

 
Notes: 

1
 24-h average SO2 air concentrations (i.e., based on a calendar day) are based on the number of days in the model year (364). For example, 75 24-h 

calendar day averages represent 21% of the year. 
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Table 2.9 – Model-predicted Annual Air Concentrations of CACs and DPM under Existing Conditions 

Discrete Receptor Air Concentration (μg/m³) 

NO2 SO2 PM2.5 PM10 DPM 

Annual Annual Annual Annual Annual 

Ladner 0.6 0.1 0.03 0.03 0.03 

Farmer 1 1.2 0.1 0.06 0.06 0.05 

Tsawwassen First Nations 2.1 0.3 0.10 0.11 0.10 

Farmer 2 1.9 0.2 0.09 0.10 0.09 

Farmer 3 2.3 0.2 0.10 0.12 0.10 

Tsawwassen Beach Campsite 1.9 0.3 0.09 0.11 0.09 

Beach Grove 0.8 0.1 0.04 0.04 0.04 

Boundary Bay 0.9 0.1 0.04 0.05 0.04 

Tsawwassen 2.2 0.4 0.11 0.12 0.10 

Point Roberts 1 1.2 0.2 0.05 0.06 0.05 

Point Roberts 2 3.1 0.5 0.15 0.17 0.14 

Delta Hospital 0.5 0.1 0.02 0.03 0.02 

B.C. Ferries Terminal 20.2 2.1 0.91 1.04 0.85 

Reifel Bird Sanctuary 1.1 0.2 0.05 0.06 0.05 

Boundary Bay GVRD Park 0.8 0.1 0.04 0.04 0.04 

English Bluffs Beach 3.2 0.5 0.16 0.18 0.15 

South Arm Marsh 0.7 0.1 0.03 0.03 0.03 

Air Quality Station T39 2.1 0.3 0.10 0.11 0.10 

Maximum Off Property 60.8 41.5 9.24 10.13 8.39 

Maximum Over Land 12.0 0.7 0.52 0.62 0.48 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - 13 - November 2014 

Table 2.10 – Model-predicted Annual Air Concentrations of CACs and DPM under Expected Conditions 

Discrete Receptor Air Concentration (μg/m³) 

NO2 SO2 PM2.5 PM10 DPM 

Annual Annual Annual Annual Annual 

Ladner 0.3 0.01 0.01 0.02 0.01 

Farmer 1 0.7 0.01 0.03 0.04 0.02 

Tsawwassen First Nations 1.2 0.02 0.05 0.07 0.04 

Farmer 2 1.2 0.02 0.05 0.06 0.04 

Farmer 3 1.5 0.02 0.06 0.07 0.05 

Tsawwassen Beach Campsite 1.1 0.03 0.05 0.06 0.04 

Beach Grove 0.5 0.01 0.02 0.03 0.02 

Boundary Bay 0.5 0.01 0.02 0.03 0.02 

Tsawwassen 1.3 0.03 0.06 0.07 0.05 

Point Roberts 1 0.7 0.02 0.03 0.04 0.03 

Point Roberts 2 1.9 0.05 0.08 0.10 0.07 

Delta Hospital 0.3 0.01 0.01 0.01 0.01 

B.C. Ferries Terminal 9.6 0.22 0.46 0.58 0.38 

Reifel Bird Sanctuary 0.7 0.01 0.03 0.03 0.02 

Boundary Bay GVRD Park 0.5 0.01 0.02 0.02 0.02 

English Bluffs Beach 1.8 0.04 0.08 0.10 0.07 

South Arm Marsh 0.4 0.01 0.02 0.02 0.01 

Air Quality Station T39 1.3 0.03 0.06 0.07 0.05 

Maximum Off Property 51.7 2.27 4.94 5.98 3.61 

Maximum Over Land 8.1 0.06 0.24 0.37 0.19 
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Table 2.11 – Model-predicted Annual Air Concentrations of CACs and DPM under Future Conditions 

Discrete Receptor Air Concentration (μg/m³) 

NO2 SO2 PM2.5 PM10 DPM 

Annual Annual Annual Annual Annual 

Ladner 0.4 0.01 0.02 0.02 0.02 

Farmer 1 1.0 0.02 0.04 0.05 0.03 

Tsawwassen First Nations 1.7 0.03 0.07 0.09 0.06 

Farmer 2 1.8 0.03 0.07 0.09 0.05 

Farmer 3 2.1 0.03 0.08 0.10 0.06 

Tsawwassen Beach Campsite 1.5 0.04 0.06 0.08 0.05 

Beach Grove 0.6 0.02 0.03 0.03 0.02 

Boundary Bay 0.7 0.02 0.03 0.03 0.02 

Tsawwassen 1.6 0.04 0.07 0.09 0.06 

Point Roberts 1 0.8 0.02 0.04 0.04 0.03 

Point Roberts 2 2.2 0.06 0.10 0.12 0.08 

Delta Hospital 0.4 0.01 0.02 0.02 0.01 

B.C. Ferries Terminal 10.1 0.26 0.48 0.61 0.40 

Reifel Bird Sanctuary 0.8 0.02 0.04 0.04 0.03 

Boundary Bay GVRD Park 0.6 0.02 0.03 0.03 0.02 

English Bluffs Beach 2.2 0.06 0.10 0.12 0.08 

South Arm Marsh 0.5 0.01 0.02 0.03 0.02 

Air Quality Station T39 1.5 0.04 0.07 0.08 0.06 

Maximum Off Property 51.7 2.35 4.96 6.00 3.63 

Maximum Over Land 16.4 0.08 0.48 0.75 0.38 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - 15 - November 2014 

Table 2.12 – Model-predicted Annual Air Concentrations of DPM for Selected Locations under Expected and Future Conditions 

Discrete Receptor Expected Conditions Future Conditions Expected Conditions Future Conditions 

DPM Air Concentration (μg/m³) Number of days
1
 where 

24-h DPM > 0.03 μg/m³ 

Number of days
1
 where 

24-h DPM > 0.03 μg/m³ Annual Annual 

Ladner 0.01 0.02   

Farmer 1 0.02 0.03 144 (40%) 167 (46%) 

Tsawwassen First Nations 0.04 0.06 177 (49%) 197 (54%) 

Farmer 2 0.04 0.05 184 (51%) 200 (55%) 

Farmer 3 0.05 0.06 197 (54%) 231 (63%) 

Beach Grove 0.02 0.02   

Boundary Bay 0.02 0.02   

Tsawwassen 0.05 0.06 169 (46%) 177 (49%) 

Point Roberts 1 0.03 0.03 138 (38%) 146 (40%) 

Point Roberts 2 0.07 0.08 175 (48%) 179 (49%) 

Delta Hospital 0.01 0.01   

Air Quality Station T39 0.05 0.06 165 (45%) 173 (48%) 

Maximum Over Land 3.62 3.63 363 (100%) 286 (79%) 

 
Notes: 

1
 24-h average DPM air concentrations (i.e., based on a calendar day) are based on the number of days in the model year (364). For example, 144 24-h 

calendar day averages represent 40% of the year. 

 
2
 Model-predicted annual DPM air concentrations and frequency of threshold exceedances (> 0.03 μg/m³) provided for a reduced list of discrete 

receptor locations, as requested for the Human Health Risk Assessment. 
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Table 2.13 – Model-predicted 1-h Air Concentrations of TOCs under Existing Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.30 0.05 0.08 0.02 0.83 0.07 

Farmer 1 0.73 0.12 0.18 0.04 2.02 0.18 

Tsawwassen First Nations 1.55 0.24 0.35 0.09 4.28 0.37 

Farmer 2 1.26 0.20 0.31 0.08 3.45 0.30 

Farmer 3 0.96 0.15 0.26 0.06 2.60 0.22 

Tsawwassen Beach Campsite 0.95 0.15 0.22 0.06 2.61 0.23 

Beach Grove 0.53 0.08 0.12 0.03 1.46 0.13 

Boundary Bay 0.45 0.06 0.11 0.02 1.16 0.09 

Tsawwassen 0.72 0.11 0.28 0.05 1.94 0.17 

Point Roberts 1 0.37 0.05 0.10 0.02 0.95 0.07 

Point Roberts 2 0.96 0.14 0.23 0.05 2.51 0.22 

Delta Hospital 0.24 0.04 0.06 0.01 0.65 0.05 

B.C. Ferries Terminal 4.94 0.75 1.35 0.31 13.40 1.16 

Reifel Bird Sanctuary 0.54 0.08 0.12 0.03 1.49 0.13 

Boundary Bay GVRD Park 0.53 0.07 0.14 0.03 1.38 0.10 

English Bluffs Beach 1.07 0.15 0.45 0.08 2.75 0.23 

South Arm Marsh 0.36 0.05 0.08 0.02 0.98 0.08 

Air Quality Station T39 0.93 0.13 0.23 0.05 2.43 0.19 

Maximum Off Property 23.98 3.76 5.01 1.48 66.23 5.81 

Maximum Over Land 2.71 0.43 0.85 0.19 7.33 0.66 
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Table 2.14 – Model-predicted 1-h Air Concentrations of TOCs under Expected Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.15 0.02 0.04 0.01 0.45 0.03 

Farmer 1 0.36 0.05 0.08 0.02 1.08 0.09 

Tsawwassen First Nations 0.75 0.11 0.16 0.03 2.21 0.18 

Farmer 2 0.62 0.09 0.14 0.03 1.82 0.14 

Farmer 3 0.52 0.07 0.13 0.02 1.47 0.11 

Tsawwassen Beach Campsite 0.45 0.06 0.11 0.02 1.32 0.10 

Beach Grove 0.26 0.04 0.06 0.01 0.76 0.06 

Boundary Bay 0.28 0.03 0.07 0.01 0.71 0.04 

Tsawwassen 0.41 0.06 0.10 0.02 1.05 0.08 

Point Roberts 1 0.22 0.03 0.06 0.01 0.58 0.03 

Point Roberts 2 0.57 0.07 0.13 0.02 1.49 0.10 

Delta Hospital 0.14 0.02 0.03 0.01 0.38 0.03 

B.C. Ferries Terminal 2.36 0.33 0.58 0.11 6.81 0.52 

Reifel Bird Sanctuary 0.26 0.04 0.06 0.01 0.77 0.06 

Boundary Bay GVRD Park 0.32 0.04 0.08 0.01 0.83 0.05 

English Bluffs Beach 0.63 0.07 0.16 0.03 1.64 0.10 

South Arm Marsh 0.18 0.03 0.04 0.01 0.52 0.04 

Air Quality Station T39 0.54 0.06 0.13 0.02 1.43 0.08 

Maximum Off Property 10.93 1.60 2.22 0.54 32.44 2.60 

Maximum Over Land 1.42 0.21 0.37 0.07 4.26 0.34 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - 18 - November 2014 

Table 2.15 – Model-predicted 1-h Air Concentrations of TOCs under Future Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.40 0.06 0.10 0.02 1.18 0.09 

Farmer 1 1.12 0.16 0.26 0.05 3.32 0.26 

Tsawwassen First Nations 1.30 0.19 0.30 0.06 3.91 0.31 

Farmer 2 1.56 0.23 0.35 0.07 4.67 0.37 

Farmer 3 1.19 0.17 0.29 0.05 3.43 0.26 

Tsawwassen Beach Campsite 0.59 0.08 0.18 0.03 1.68 0.13 

Beach Grove 0.36 0.05 0.09 0.02 1.07 0.08 

Boundary Bay 0.43 0.05 0.12 0.02 1.09 0.06 

Tsawwassen 0.54 0.08 0.16 0.02 1.40 0.10 

Point Roberts 1 0.32 0.04 0.09 0.01 0.82 0.05 

Point Roberts 2 0.70 0.08 0.19 0.03 1.87 0.12 

Delta Hospital 0.27 0.04 0.07 0.01 0.78 0.05 

B.C. Ferries Terminal 2.40 0.33 0.59 0.11 6.91 0.53 

Reifel Bird Sanctuary 0.33 0.05 0.10 0.01 0.91 0.07 

Boundary Bay GVRD Park 0.42 0.05 0.12 0.02 1.09 0.06 

English Bluffs Beach 0.74 0.11 0.19 0.04 2.21 0.18 

South Arm Marsh 0.42 0.06 0.10 0.02 1.19 0.09 

Air Quality Station T39 0.61 0.07 0.16 0.02 1.62 0.10 

Maximum Off Property 11.14 1.63 2.30 1.16 33.04 2.65 

Maximum Over Land 6.61 0.98 1.48 0.32 19.87 1.57 
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Table 2.16 – Model-predicted 24-h Air Concentrations of 1,3-Butadiene under Existing, Expected and Future Conditions 

Discrete Receptor Existing Conditions Expected Conditions Future Conditions 

1,3-Butadiene Air Concentration (μg/m³) 

24-h 24-h 24-h 

Ladner 1.16 x10
-3

 4.93 x10
-4

 9.25 x10
-4

 

Farmer 1 3.30 x10
-3

 1.42 x10
-3

 2.54 x10
-3

 

Tsawwassen First Nations 4.53 x10
-3

 1.88 x10
-3

 3.11 x10
-3

 

Farmer 2 4.77 x10
-3

 1.99 x10
-3

 3.79 x10
-3

 

Farmer 3 4.66 x10
-3

 2.05 x10
-3

 2.98 x10
-3

 

Tsawwassen Beach Campsite 3.56 x10
-3

 1.61 x10
-3

 2.21 x10
-3

 

Beach Grove 1.85 x10
-3

 7.73 x10
-4

 1.26 x10
-3

 

Boundary Bay 2.25 x10
-3

 1.02 x10
-3

 1.82 x10
-3

 

Tsawwassen 4.95 x10
-3

 2.13 x10
-3

 3.31 x10
-3

 

Point Roberts 1 1.89 x10
-3

 8.54 x10
-4

 1.24 x10
-3

 

Point Roberts 2 5.99 x10
-3

 2.50 x10
-3

 3.53 x10
-3

 

Delta Hospital 1.19 x10
-3

 5.03 x10
-4

 8.22 x10
-4

 

B.C. Ferries Terminal 4.33 x10
-2

 1.70 x10
-2

 1.79 x10
-2

 

Reifel Bird Sanctuary 1.67 x10
-3

 7.37 x10
-4

 1.22 x10
-3

 

Boundary Bay GVRD Park 2.26 x10
-3

 9.60 x10
-4

 1.51 x10
-3

 

English Bluffs Beach 6.71 x10
-3

 2.62 x10
-3

 3.98 x10
-3

 

South Arm Marsh 1.60 x10
-3

 6.87 x10
-4

 1.26 x10
-3

 

Air Quality Station T39 4.32 x10
-3

 1.87 x10
-3

 2.93 x10
-3

 

Maximum Off Property 4.37 x10
-1

 1.74 x10
-1

 1.74 x10
-1

 

Maximum Over Land 2.31 x10
-2

 9.63 x10
-3

 2.15 x10
-2
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Table 2.17 – Model-predicted Annual Air Concentrations of TOCs under Existing Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 1.91 x10
-3

 2.93 x10
-4

 1.89 x10
-6

 4.34 x10
-4

 1.02 x10
-4

 5.37 x10
-3

 4.36 x10
-4

 

Farmer 1 4.80 x10
-3

 7.41 x10
-4

 4.71 x10
-6

 1.09 x10
-3

 2.62 x10
-4

 1.36 x10
-2

 1.12 x10
-3

 

Tsawwassen First Nations 8.48 x10
-3

 1.30 x10
-3

 8.38 x10
-6

 2.01 x10
-3

 4.73 x10
-4

 2.38 x10
-2

 1.98 x10
-3

 

Farmer 2 7.99 x10
-3

 1.24 x10
-3

 7.83 x10
-6

 1.86 x10
-3

 4.45 x10
-4

 2.25 x10
-2

 1.87 x10
-3

 

Farmer 3 1.04 x10
-2

 1.61 x10
-3

 1.00 x10
-5

 2.31 x10
-3

 5.64 x10
-4

 2.95 x10
-2

 2.44 x10
-3

 

Tsawwassen Beach Campsite 7.24 x10
-3

 1.11 x10
-3

 7.16 x10
-6

 1.73 x10
-3

 4.00 x10
-4

 2.04 x10
-2

 1.67 x10
-3

 

Beach Grove 2.83 x10
-3

 4.34 x10
-4

 2.82 x10
-6

 6.58 x10
-4

 1.53 x10
-4

 7.97 x10
-3

 6.48 x10
-4

 

Boundary Bay 2.80 x10
-3

 4.29 x10
-4

 2.79 x10
-6

 6.53 x10
-4

 1.50 x10
-4

 7.87 x10
-3

 6.35 x10
-4

 

Tsawwassen 7.36 x10
-3

 1.12 x10
-3

 7.35 x10
-6

 1.92 x10
-3

 4.18 x10
-4

 2.06 x10
-2

 1.68 x10
-3

 

Point Roberts 1 3.35 x10
-3

 5.15 x10
-4

 3.34 x10
-6

 7.74 x10
-4

 1.78 x10
-4

 9.37 x10
-3

 7.51 x10
-4

 

Point Roberts 2 9.58 x10
-3

 1.46 x10
-3

 9.62 x10
-6

 2.34 x10
-3

 5.22 x10
-4

 2.68 x10
-2

 2.16 x10
-3

 

Delta Hospital 1.54 x10
-3

 2.37 x10
-4

 1.53 x10
-6

 3.47 x10
-4

 8.16 x10
-5

 4.33 x10
-3

 3.50 x10
-4

 

B.C. Ferries Terminal 5.59 x10
-2

 8.28 x10
-3

 5.96 x10
-5

 3.55 x10
-2

 5.43 x10
-3

 1.47 x10
-1

 1.29 x10
-2

 

Reifel Bird Sanctuary 3.85 x10
-3

 5.90 x10
-4

 3.84 x10
-6

 8.46 x10
-4

 2.03 x10
-4

 1.09 x10
-2

 8.82 x10
-4

 

Boundary Bay GVRD Park 2.61 x10
-3

 4.00 x10
-4

 2.60 x10
-6

 6.03 x10
-4

 1.40 x10
-4

 7.34 x10
-3

 5.96 x10
-4

 

English Bluffs Beach 1.13 x10
-2

 1.70 x10
-3

 1.14 x10
-5

 4.07 x10
-3

 7.66 x10
-4

 3.10 x10
-2

 2.60 x10
-3

 

South Arm Marsh 2.32 x10
-3

 3.57 x10
-4

 2.30 x10
-6

 5.22 x10
-4

 1.24 x10
-4

 6.54 x10
-3

 5.32 x10
-4

 

Air Quality Station T39 6.76 x10
-3

 1.03 x10
-3

 6.77 x10
-6

 1.68 x10
-3

 3.73 x10
-4

 1.89 x10
-2

 1.53 x10
-3

 

Maximum Off Property 8.62 x10
-1

 1.30 x10
-1

 9.31 x10
-4

 1.78 x10
-1

 4.60 x10
-2

 2.47 x10+00 2.06 x10
-1

 

Maximum Over Land 6.52 x10
-2

 1.03 x10
-2

 6.19 x10
-5

 1.44 x10
-2

 3.73 x10
-3

 1.83 x10
-1

 1.57 x10
-2
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Table 2.18 – Model-predicted Annual Air Concentrations of TOCs under Expected Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 1.16 x10
-3

 1.68 x10
-4

 9.36 x10-07 2.57 x10
-4

 5.01 x10
-5

 3.29 x10
-3

 2.34 x10
-4

 

Farmer 1 2.91 x10
-3

 4.24 x10
-4

 2.37 x10
-6

 6.27 x10
-4

 1.30 x10
-4

 8.40 x10
-3

 6.25 x10
-4

 

Tsawwassen First Nations 5.05 x10
-3

 7.23 x10
-4

 4.07 x10
-6

 1.12 x10
-3

 2.23 x10
-4

 1.45 x10
-2

 1.07 x10
-3

 

Farmer 2 4.85 x10
-3

 7.02 x10
-4

 3.89 x10
-6

 1.06 x10
-3

 2.15 x10
-4

 1.40 x10
-2

 1.04 x10
-3

 

Farmer 3 6.25 x10
-3

 9.16 x10
-4

 5.07 x10
-6

 1.32 x10
-3

 2.81 x10
-4

 1.82 x10
-2

 1.38 x10
-3

 

Tsawwassen Beach Campsite 4.34 x10
-3

 6.15 x10
-4

 3.48 x10
-6

 9.75 x10
-4

 1.89 x10
-4

 1.23 x10
-2

 8.91 x10
-4

 

Beach Grove 1.72 x10
-3

 2.45 x10
-4

 1.38 x10
-6

 3.85 x10
-4

 7.41 x10
-5

 4.86 x10
-3

 3.45 x10
-4

 

Boundary Bay 1.73 x10
-3

 2.45 x10
-4

 1.37 x10
-6

 3.90 x10
-4

 7.29 x10
-5

 4.81 x10
-3

 3.34 x10
-4

 

Tsawwassen 4.47 x10
-3

 6.31 x10
-4

 3.58 x10
-6

 1.07 x10
-3

 1.96 x10
-4

 1.25 x10
-2

 8.75 x10
-4

 

Point Roberts 1 2.08 x10
-3

 2.97 x10
-4

 1.64 x10
-6

 4.70 x10
-4

 8.69 x10
-5

 5.75 x10
-3

 3.93 x10
-4

 

Point Roberts 2 5.88 x10
-3

 8.31 x10
-4

 4.69 x10
-6

 1.37 x10
-3

 2.50 x10
-4

 1.63 x10
-2

 1.12 x10
-3

 

Delta Hospital 9.44 x10
-4

 1.36 x10
-4

 7.55 x10-07 2.08 x10
-4

 4.02 x10
-5

 2.65 x10
-3

 1.87 x10
-4

 

B.C. Ferries Terminal 2.97 x10
-2

 4.11 x10
-3

 2.79 x10
-5

 1.31 x10
-2

 1.96 x10
-3

 8.05 x10
-2

 5.91 x10
-3

 

Reifel Bird Sanctuary 2.33 x10
-3

 3.34 x10
-4

 1.90 x10
-6

 5.07 x10
-4

 1.00 x10
-4

 6.59 x10
-3

 4.71 x10
-4

 

Boundary Bay GVRD Park 1.58 x10
-3

 2.26 x10
-4

 1.28 x10
-6

 3.53 x10
-4

 6.80 x10
-5

 4.45 x10
-3

 3.16 x10
-4

 

English Bluffs Beach 6.52 x10
-3

 9.11 x10
-4

 5.45 x10
-6

 1.87 x10
-3

 3.24 x10
-4

 1.83 x10
-2

 1.32 x10
-3

 

South Arm Marsh 1.40 x10
-3

 2.03 x10
-4

 1.14 x10
-6

 3.08 x10
-4

 6.10 x10
-5

 3.99 x10
-3

 2.87 x10
-4

 

Air Quality Station T39 4.14 x10
-3

 5.84 x10
-4

 3.30 x10
-6

 9.65 x10
-4

 1.78 x10
-4

 1.15 x10
-2

 8.01 x10
-4

 

Maximum Off Property 4.42 x10
-1

 6.42 x10
-2

 4.38 x10
-4

 9.09 x10
-2

 2.12 x10
-2

 1.30 x10+00 1.03 x10
-1

 

Maximum Over Land 4.14 x10
-2

 6.16 x10
-3

 3.23 x10
-5

 8.41 x10
-3

 1.88 x10
-3

 1.24 x10
-1

 9.74 x10
-3
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Table 2.19 – Model-predicted Annual Air Concentrations of TOCs under Future Conditions 

Discrete Receptor Air Concentration (μg/m³) 

Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 1.82 x10
-3

 2.58 x10
-4

 1.48 x10
-6

 4.68 x10
-4

 8.47 x10
-5

 5.15 x10
-3

 3.72 x10
-4

 

Farmer 1 4.80 x10
-3

 6.96 x10
-4

 3.91 x10
-6

 1.14 x10
-3

 2.25 x10
-4

 1.39 x10
-2

 1.05 x10
-3

 

Tsawwassen First Nations 8.08 x10
-3

 1.16 x10
-3

 6.48 x10
-6

 1.90 x10
-3

 3.71 x10
-4

 2.34 x10
-2

 1.75 x10
-3

 

Farmer 2 8.15 x10
-3

 1.18 x10
-3

 6.51 x10
-6

 1.87 x10
-3

 3.75 x10
-4

 2.38 x10
-2

 1.80 x10
-3

 

Farmer 3 1.02 x10
-2

 1.49 x10
-3

 8.24 x10
-6

 2.30 x10
-3

 4.74 x10
-4

 2.99 x10
-2

 2.28 x10
-3

 

Tsawwassen Beach Campsite 6.68 x10
-3

 9.46 x10
-4

 5.37 x10
-6

 1.65 x10
-3

 3.08 x10
-4

 1.91 x10
-2

 1.40 x10
-3

 

Beach Grove 2.64 x10
-3

 3.72 x10
-4

 2.14 x10
-6

 6.84 x10
-4

 1.23 x10
-4

 7.46 x10
-3

 5.37 x10
-4

 

Boundary Bay 2.59 x10
-3

 3.62 x10
-4

 2.09 x10
-6

 6.99 x10
-4

 1.20 x10
-4

 7.23 x10
-3

 5.08 x10
-4

 

Tsawwassen 6.37 x10
-3

 8.94 x10
-4

 5.14 x10
-6

 1.68 x10
-3

 2.95 x10
-4

 1.79 x10
-2

 1.27 x10
-3

 

Point Roberts 1 2.96 x10
-3

 4.15 x10
-4

 2.39 x10
-6

 8.01 x10
-4

 1.36 x10
-4

 8.20 x10
-3

 5.67 x10
-4

 

Point Roberts 2 8.04 x10
-3

 1.12 x10
-3

 6.47 x10
-6

 2.14 x10
-3

 3.67 x10
-4

 2.23 x10
-2

 1.55 x10
-3

 

Delta Hospital 1.46 x10
-3

 2.07 x10
-4

 1.19 x10
-6

 3.83 x10
-4

 6.80 x10
-5

 4.12 x10
-3

 2.94 x10
-4

 

B.C. Ferries Terminal 3.43 x10
-2

 4.73 x10
-3

 3.21 x10
-5

 1.50 x10
-2

 2.24 x10
-3

 9.34 x10
-2

 6.84 x10
-3

 

Reifel Bird Sanctuary 3.57 x10
-3

 5.03 x10
-4

 2.95 x10
-6

 9.52 x10
-4

 1.69 x10
-4

 1.01 x10
-2

 7.25 x10
-4

 

Boundary Bay GVRD Park 2.40 x10
-3

 3.39 x10
-4

 1.95 x10
-6

 6.26 x10
-4

 1.12 x10
-4

 6.77 x10
-3

 4.85 x10
-4

 

English Bluffs Beach 9.19 x10
-3

 1.29 x10
-3

 7.60 x10
-6

 2.67 x10
-3

 4.60 x10
-4

 2.59 x10
-2

 1.89 x10
-3

 

South Arm Marsh 2.20 x10
-3

 3.15 x10
-4

 1.81 x10
-6

 5.68 x10
-4

 1.04 x10
-4

 6.27 x10
-3

 4.55 x10
-4

 

Air Quality Station T39 5.84 x10
-3

 8.18 x10
-4

 4.73 x10
-6

 1.55 x10
-3

 2.70 x10
-4

 1.63 x10
-2

 1.15 x10
-3

 

Maximum Off Property 1.43 2.05 x10
-1

 4.43 x10
-4

 9.87 x10
-2

 2.15 x10
-2

 4.13 3.36 x10
-1

 

Maximum Over Land 8.53 x10
-2

 1.27 x10
-2

 6.62 x10
-5

 1.74 x10
-2

 3.88 x10
-3

 2.56 x10
-1

 2.01 x10
-2
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Table 2.20 – Model-predicted Annual Deposition Fluxes of TOCs under Existing Conditions 

Discrete Receptor Dry Deposition Flux (mg/m²/y) Wet Deposition Flux (mg/m²/y) 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Annual Annual Annual Annual Annual Annual 

Farmer 1 0.7 7.7 x10
-6

 6.1 x10
-5

 0.2 3.9 x10
-5

 2.5 x10
-5

 

Tsawwassen First Nations 1.4 1.1 x10
-5

 1.2 x10
-4

 0.2 4.2 x10
-5

 2.6 x10
-5

 

Farmer 2 1.3 1.1 x10
-5

 1.1 x10
-4

 0.2 2.9 x10
-5

 1.8 x10
-5

 

Farmer 3 1.6 1.3 x10
-5

 1.2 x10
-4

 0.7 1.1 x10
-4

 7.0 x10
-5

 

Maximum Off Property 14.6 1.1 x10
-4

 9.4 x10
-4

 0.6 8.3 x10
-5

 5.7 x10
-5

 

Maximum Over Land 110.7 1.0 x10
-2

 1.4 x10
-2

 4.9 7.4 x10
-4

 5.2 x10
-4

 

 

Table 2.21 – Model-predicted Annual Deposition Fluxes of TOCs under Expected Conditions 

Discrete Receptor Dry Deposition Flux (mg/m²/y) Wet Deposition Flux (mg/m²/y) 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Annual Annual Annual Annual Annual Annual 

Farmer 1 0.4 4.6 x10
-6

 3.7 x10
-5

 0.2 2.0 x10
-5

 1.3 x10
-5

 

Tsawwassen First Nations 0.8 6.4 x10
-6

 6.9 x10
-5

 0.2 2.1 x10
-5

 1.3 x10
-5

 

Farmer 2 0.8 6.7 x10
-6

 6.6 x10
-5

 0.1 1.4 x10
-5

 8.9 x10
-6

 

Farmer 3 1.0 9.1 x10
-6

 7.9 x10
-5

 0.4 5.3 x10
-5

 3.5 x10
-5

 

Maximum Off Property 10.1 8.8 x10
-5

 7.9 x10
-4

 0.4 4.1 x10
-5

 2.8 x10
-5

 

Maximum Over Land 58.0 4.4 x10
-3

 5.9 x10
-3

 3.0 3.6 x10
-4

 2.5 x10
-4
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Table 2.22 – Model-predicted Annual Deposition Fluxes of TOCs under Future Conditions 

Discrete Receptor Dry Deposition Flux (mg/m²/y) Wet Deposition Flux (mg/m²/y) 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Formaldehyde Benzo(a)pyrene 
Particle Phase 

Benzo(a)pyrene 
Vapour Phase 

Annual Annual Annual Annual Annual Annual 

Farmer 1 0.7 7.7 x10
-6

 6.2 x10
-5

 0.3 3.4 x10
-5

 2.2 x10
-5

 

Tsawwassen First Nations 1.4 1.1 x10
-5

 1.1 x10
-4

 0.2 3.0 x10
-5

 1.9 x10
-5

 

Farmer 2 1.4 1.2 x10
-5

 1.1 x10
-4

 0.2 2.2 x10
-5

 1.4 x10
-5

 

Farmer 3 1.7 1.6 x10
-5

 1.4 x10
-4

 0.8 9.1 x10
-5

 6.1 x10
-5

 

Maximum Off Property 21.0 1.8 x10
-4

 1.6 x10
-3

 0.7 7.8 x10
-5

 5.4 x10
-5

 

Maximum Over Land 58.5 4.4 x10
-3

 5.9 x10
-3

 3.0 3.8 x10
-4

 2.7 x10
-4
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3.0 PREDICTED AIR CONCENTRATIONS FOR THE CONSTRUCTION 
SCENARIOS 

The following tables present predicted air concentrations relevant to the discussion in the Human Health 

Risk Assessment for the construction scenarios presented in Appendix E, namely: 

 Average Day Scenario – Construction only 

 Average Day Scenario – Construction plus Expected Conditions 

 Peak Day Scenario – Construction only 

Concentrations presented in the tables are incremental and do not include the influence of background. 
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Table 3.1 – Model-predicted Short-term Air Concentrations (µg/m
3) of CACs – Average Day Scenario – Construction only 

Discrete Receptor 

CO SO2 NO2 PM2.5 PM10 

1-h 8-h 
1-h 

99
th

 percentile 

1-h 

98
th

 percentile 
24-h 24-h 

Ladner 7.6 2.2 0.003 2.5 0.1 0.5 

Farmer 1 16.8 5.1 0.007 6.0 0.3 1.3 

Tsawwassen First Nations 21.7 5.2 0.007 7.8 0.4 1.8 

Farmer 2 26.4 6.5 0.008 7.9 0.5 2.0 

Farmer 3 22.9 7.5 0.012 12.1 0.5 2.9 

Tsawwassen Beach Campsite 15.4 4.7 0.006 6.4 0.4 1.0 

Beach Grove 10.0 2.4 0.004 3.4 0.2 0.6 

Boundary Bay 14.1 3.3 0.003 3.1 0.3 0.8 

Tsawwassen 20.6 6.2 0.007 7.6 0.5 1.4 

Point Roberts 1 10.1 2.9 0.004 3.5 0.3 0.7 

Point Roberts 2 48.0 11.3 0.009 2.1 1.1 2.6 

Delta Hospital 5.9 1.6 0.002 10.0 0.1 0.4 

B.C. Ferries Terminal 124.5 30.3 0.035 38.1 3.6 9.5 

Reifel Bird Sanctuary 12.1 2.2 0.005 5.0 0.2 0.6 

Boundary Bay GVRD Park 9.6 2.1 0.003 2.9 0.2 0.6 

English Bluffs Beach 18.0 5.2 0.008 9.3 0.5 1.7 

South Arm Marsh 10.6 1.9 0.003 3.0 0.2 0.6 

Air Quality Station T39 22.9 4.7 0.006 6.9 0.4 1.3 

Maximum Off Property 2898.7 1063.9 1.53 270.1 171.8 604.0 

Maximum Over Land 199.4 36.35 0.02 17.2 4.9 15.4 
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Table 3.2 – Model-predicted Short-term Air Concentrations (µg/m
3
) of CACs – Average Day Scenario – Construction plus Expected 
Conditions 

Discrete Receptor 

CO SO2 NO2 PM2.5 PM10 

1-h 8-h 
1-h 

99
th

 percentile 

1-h 

98
th

 percentile 
24-h 24-h 

Ladner 27.8 8.1 0.4 10.5 0.3 0.7 

Farmer 1 65.5 22.3 0.7 19.7 0.8 1.7 

Tsawwassen First Nations 161.0 28.5 1.6 29.3 1.1 2.4 

Farmer 2 121.7 22.5 1.2 30.0 0.8 2.5 

Farmer 3 90.6 24.5 1.0 32.2 1.1 3.6 

Tsawwassen Beach Campsite 108.0 25.4 1.5 26.9 1.2 2.0 

Beach Grove 58.5 13.3 0.6 13.4 0.5 0.9 

Boundary Bay 58.0 16.6 0.7 14.0 0.9 1.4 

Tsawwassen 105.2 34.5 1.5 31.8 1.4 2.5 

Point Roberts 1 46.9 17.5 0.8 17.9 0.7 1.2 

Point Roberts 2 118.2 43.2 1.7 45.9 2.1 3.9 

Delta Hospital 29.5 8.7 0.4 45.9 0.3 0.6 

B.C. Ferries Terminal 54.8 306.1 4.3 104.6 5.5 11.8 

Reifel Bird Sanctuary 64.8 10.5 0.7 16.2 0.5 1.0 

Boundary Bay GVRD Park 143.1 11.9 0.5 12.1 0.6 1.1 

English Bluffs Beach 36.3 51.0 2.1 39.3 1.5 2.9 

South Arm Marsh 105.1 8.7 0.4 11.1 0.4 0.9 

Air Quality Station T39 106.5 28.4 1.3 30.5 1.2 2.2 

Maximum Off Property 2991.5 1422.6 12.2 273.8 173.7 606.0 

Maximum Over Land 239.5 68.1 2.0 58.4 5.7 17.2 
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Table 3.3 – Model-predicted Short-term Air Concentrations (µg/m
3) of CACs – Peak Day Scenario – Construction only 

Discrete Receptor 

CO SO2 NO2 PM PM10 PM2.5 

1-h 
8-h 

rolling 
1-h 

24-h 
rolling 

1-h 

1-h 

98
th

 
percentile 

24-h 24-h 
24-h 

rolling 
24-h 

24-h 
rolling 

24-h 

Ladner 21.5 8.0 0.05 0.01 58.2 - 5.3 2.6 2.9 2.0 0.8 0.5 

Farmer 1 62.9 17.0 0.13 0.01 105.4 - 14.5 10.5 6.3 6.0 1.7 1.6 

Tsawwassen First Nations 82.9 23.1 0.18 0.02 110.8 - 22.2 11.0 10.8 8.8 3.0 2.4 

Farmer 2 74.5 24.0 0.16 0.02 108.3 - 24.0 13.2 9.1 9.1 2.6 2.6 

Farmer 3 86.9 34.4 0.19 0.03 111.9 - 33.6 23.1 13.8 13.8 3.7 3.6 

Tsawwassen Beach Campsite 32.7 13.3 0.07 0.01 89.4 - 13.5 7.2 6.5 5.1 1.7 1.5 

Beach Grove 20.8 6.1 0.04 0.01 55.6 - 5.7 3.2 3.1 2.2 0.8 0.6 

Boundary Bay 22.1 8.0 0.04 0.01 58.0 - 6.9 2.8 2.8 2.1 0.8 0.6 

Tsawwassen 31.7 13.9 0.06 0.01 83.4 - 14.4 6.6 5.3 5.0 1.5 1.5 

Point Roberts 1 15.3 5.6 0.03 0.00 40.3 - 5.2 2.2 2.3 1.8 0.6 0.5 

Point Roberts 2 73.4 20.6 0.15 0.02 107.4 - 18.9 8.3 8.3 6.6 2.2 1.8 

Delta Hospital 14.9 7.0 0.03 0.01 39.9 - 4.0 2.2 2.2 1.5 0.7 0.4 

B.C. Ferries Terminal 190.2 47.5 0.38 0.05 137.9 - 60.1 30.0 25.1 23.4 6.5 6.0 

Reifel Bird Sanctuary 21.3 7.1 0.04 0.01 56.3 - 6.9 4.3 2.8 2.8 0.7 0.7 

Boundary Bay GVRD Park 16.5 6.1 0.03 0.01 43.5 - 5.7 2.9 2.7 2.1 0.7 0.6 

English Bluffs Beach 33.6 15.0 0.07 0.02 91.9 - 18.6 11.1 7.8 7.3 2.1 2.0 

South Arm Marsh 24.9 7.3 0.05 0.01 67.6 - 6.0 3.0 2.7 2.3 0.7 0.6 

Air Quality Station T39 35.1 11.4 0.07 0.01 92.9 - 11.0 4.9 4.4 4.0 1.3 1.2 

Maximum Off Property 4431.4 1650.3 8.8 2.5 1246.7 347.4
1
 299.4 3356.2 1684.1 1627

3
 343.0 301.9 

Maximum Over Land 411.2 164.3 0.9 0.1 199.9 104.7
2
 89.3 163.2 78.7 76.8 19.7 19.6 

1
 MPOI Off Property (over water) for NO2 98

th
 percentile 1–h is located at 487.39 km E, 5429.412 km N 

2
 MPOI Over Land for NO2 98

th
 percentile 1–h is located at 490.977 km E, 5433.192 km N 

3
 MPOI Off Property (over water) for PM2.5 24-h is located at 487.298 km E, 5429.238 km N 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix D - 29 - November 2014 

Table 3.4 – Frequency for Model-predicted PM2.5 24-h Air Concentrations > 25 µg/m
3
 - Peak Day Scenario – Construction only 

Discrete Receptor 
Number of days out of 363 Modelled Days that 

PM2.5 24-h Air Concentrations > 25 µg/m
3
 

Frequency (%) 

Maximum Off Property 230 63% 

Maximum Over Land 0 0% 

 

Table 3.5 – Frequency for Model-predicted PM10 24-h Air Concentrations > 50 µg/m
3
 – Peak Day Scenario – Construction only 

Discrete Receptor 
Number of days out of 363 Modelled Days that 

PM10 24-h Air Concentrations > 50 µg/m
3
 

Frequency (%) 

Maximum Off Property 254 70% 

Maximum Over Land 2 1% 

 

 

Table 3.6 – Frequency for Model-predicted NO2 98% percentile 1-h Air Concentrations > 188 µg/m
3
 – Peak Day Scenario – Construction 

only 

Discrete Receptor Number of hours out of 8712
1
 

Modelled hours that NO2 1-h Air 
Concentrations > 188 µg/m

3
 

Frequency (%) 

Maximum Off Property 882 10% 

Maximum Over Land 1 0.01% 
1
 8712 modelled hours is based on 363 modelled days, 24 hours per day 
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Table 3.7 – Model-predicted Annual Air Concentrations (µg/m
3) of CACs and DPM – Average Day Scenario – Construction only 

Discrete Receptor 
NO2 SO2 PM2.5 PM10 DPM 

Annual Annual Annual Annual Annual 

Ladner 0.2 0.0001 0.01 0.04 0.01 

Farmer 1 0.5 0.0003 0.03 0.13 0.02 

Tsawwassen First Nations 0.7 0.0004 0.04 0.19 0.03 

Farmer 2 0.7 0.0004 0.04 0.19 0.03 

Farmer 3 1.3 0.0008 0.07 0.36 0.05 

Tsawwassen Beach Campsite 0.7 0.0004 0.04 0.17 0.03 

Beach Grove 0.3 0.0002 0.02 0.06 0.01 

Boundary Bay 0.3 0.0002 0.02 0.06 0.01 

Tsawwassen 0.6 0.0004 0.04 0.15 0.03 

Point Roberts 1 0.3 0.0002 0.02 0.07 0.02 

Point Roberts 2 0.9 0.0005 0.07 0.19 0.04 

Delta Hospital 0.2 0.0001 0.01 0.03 0.01 

B.C. Ferries Terminal 3.0 0.0018 0.24 0.66 0.15 

Reifel Bird Sanctuary 0.4 0.0002 0.03 0.08 0.02 

Boundary Bay GVRD Park 0.3 0.0002 0.02 0.06 0.01 

English Bluffs Beach 0.9 0.0005 0.06 0.22 0.04 

South Arm Marsh 0.2 0.0001 0.01 0.05 0.01 

Air Quality Station T39 0.6 0.0004 0.04 0.14 0.03 

Maximum Off Property 81.9 0.2000 39.1 131.6 19.3 

Maximum Over Land 5.2 0.0030 0.3 1.9 0.2 
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Table 3.8 – Model-predicted Annual Air Concentrations (µg/m
3
) of CACs and DPM – Average Day Scenario – Construction plus Expected 

Conditions 

Discrete Receptor 
NO2 SO2 PM2.5 PM10 DPM 

Annual Annual Annual Annual Annual 

Ladner 0.70 0.02 0.04 0.07 0.03 

Farmer 1 1.60 0.03 0.07 0.19 0.06 

Tsawwassen First Nations 2.50 0.06 0.12 0.30 0.10 

Farmer 2 2.40 0.05 0.11 0.28 0.09 

Farmer 3 3.40 0.04 0.15 0.47 0.12 

Tsawwassen Beach Campsite 2.40 0.06 0.12 0.27 0.10 

Beach Grove 1.10 0.03 0.05 0.11 0.04 

Boundary Bay 1.20 0.03 0.06 0.11 0.05 

Tsawwassen 2.80 0.08 0.14 0.27 0.12 

Point Roberts 1 1.50 0.04 0.08 0.13 0.06 

Point Roberts 2 4.10 0.11 0.21 0.36 0.17 

Delta Hospital 0.60 0.01 0.03 0.06 0.03 

B.C. Ferries Terminal 18.50 0.45 0.96 1.56 0.77 

Reifel Bird Sanctuary 1.50 0.03 0.07 0.14 0.06 

Boundary Bay GVRD Park 1.00 0.02 0.05 0.10 0.04 

English Bluffs Beach 3.60 0.10 0.19 0.39 0.15 

South Arm Marsh 0.90 0.02 0.04 0.09 0.04 

Air Quality Station T39 2.70 0.07 0.14 0.25 0.11 

Maximum Off Property 83.2 4.40 39.8 132.4 19.9 

Maximum Over Land 12.50 0.10 0.50 2.30 0.40 
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Table 3.9 – Model-predicted Short-Term Air Concentrations (µg/m
3) of TOCs – Average Day Scenario – Construction only 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 24-h 1-h 1-h 

Ladner 0.1 0.01 0.02 0.004 0.0004 0.3 0.02 

Farmer 1 0.2 0.03 0.04 0.010 0.0010 0.6 0.05 

Tsawwassen First Nations 0.3 0.04 0.05 0.013 0.0013 0.8 0.06 

Farmer 2 0.3 0.05 0.06 0.015 0.0014 1.0 0.08 

Farmer 3 0.3 0.04 0.06 0.014 0.0018 0.9 0.07 

Tsawwassen Beach Campsite 0.2 0.03 0.04 0.009 0.0010 0.6 0.05 

Beach Grove 0.1 0.02 0.02 0.006 0.0006 0.4 0.03 

Boundary Bay 0.2 0.03 0.04 0.009 0.0010 0.6 0.04 

Tsawwassen 0.3 0.04 0.05 0.013 0.0014 0.8 0.06 

Point Roberts 1 0.1 0.02 0.03 0.006 0.0007 0.4 0.03 

Point Roberts 2 0.6 0.09 0.12 0.030 0.0028 1.9 0.15 

Delta Hospital 0.1 0.01 0.01 0.003 0.0003 0.2 0.02 

B.C. Ferries Terminal 1.6 0.25 0.31 0.077 0.0093 4.9 0.39 

Reifel Bird Sanctuary 0.2 0.02 0.03 0.007 0.0005 0.5 0.04 

Boundary Bay GVRD Park 0.1 0.02 0.02 0.006 0.0006 0.4 0.03 

English Bluffs Beach 0.2 0.04 0.05 0.011 0.0016 0.7 0.06 

South Arm Marsh 0.1 0.02 0.03 0.006 0.0006 0.4 0.03 

Air Quality Station T39 0.3 0.05 0.06 0.014 0.0012 0.9 0.07 

Maximum Off Property 38.2 5.72 7.31 1.792 0.4000 114.8 9.08 

Maximum Over Land 2.6 0.39 0.50 0.123 0.0110 7.9 0.62 
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Table 3.10 – Model-predicted Short-Term Air Concentrations (µg/m
3
) of TOCs – Average Day Scenario – Construction plus Expected 

Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 24-h 1-h 1-h 

Ladner 0.2 0.03 0.04 0.010 0.0010 0.6 0.05 

Farmer 1 0.5 0.07 0.10 0.023 0.0020 1.5 0.12 

Tsawwassen First Nations 0.9 0.14 0.19 0.044 0.0030 2.8 0.22 

Farmer 2 0.8 0.12 0.17 0.039 0.0030 2.5 0.20 

Farmer 3 0.6 0.09 0.13 0.026 0.0040 1.8 0.13 

Tsawwassen Beach Campsite 0.6 0.08 0.13 0.025 0.0020 1.6 0.13 

Beach Grove 0.4 0.05 0.07 0.017 0.0010 1.1 0.08 

Boundary Bay 0.4 0.06 0.09 0.016 0.0020 1.2 0.08 

Tsawwassen 0.7 0.09 0.15 0.025 0.0030 1.8 0.11 

Point Roberts 1 0.3 0.04 0.07 0.011 0.0020 0.8 0.05 

Point Roberts 2 1.0 0.14 0.20 0.042 0.0050 2.8 0.21 

Delta Hospital 0.2 0.03 0.04 0.008 0.0010 0.5 0.04 

B.C. Ferries Terminal 2.3 0.32 0.51 0.105 0.0190 6.7 0.51 

Reifel Bird Sanctuary 0.3 0.05 0.07 0.014 0.0010 1.0 0.07 

Boundary Bay GVRD Park 0.4 0.05 0.10 0.015 0.0020 1.1 0.07 

English Bluffs Beach 0.7 0.08 0.16 0.025 0.0040 1.8 0.12 

South Arm Marsh 0.3 0.04 0.05 0.012 0.0010 0.8 0.06 

Air Quality Station T39 0.6 0.08 0.15 0.026 0.0030 1.7 0.13 

Maximum Off Property 38.6 5.79 7.41 1.812 0.4000 116.2 9.18 

Maximum Over Land 2.8 0.42 0.54 0.132 0.0130 8.5 0.67 
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Table 3.11 – Model-predicted 1-hour Air Concentrations (µg/m
3) for TOCs – Peak Day Scenario – Construction only 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.21 0.03 0.04 0.010 0.63 0.05 

Farmer 1 0.63 0.10 0.13 0.030 1.91 0.15 

Tsawwassen First Nations 0.83 0.12 0.17 0.039 2.49 0.20 

Farmer 2 0.73 0.11 0.15 0.034 2.19 0.17 

Farmer 3 0.86 0.13 0.18 0.041 2.59 0.20 

Tsawwassen Beach Campsite 0.33 0.05 0.07 0.015 0.99 0.08 

Beach Grove 0.20 0.03 0.04 0.009 0.60 0.05 

Boundary Bay 0.20 0.03 0.04 0.010 0.61 0.05 

Tsawwassen 0.29 0.04 0.06 0.014 0.87 0.07 

Point Roberts 1 0.14 0.02 0.03 0.007 0.42 0.03 

Point Roberts 2 0.67 0.10 0.13 0.032 2.02 0.16 

Delta Hospital 0.14 0.02 0.03 0.007 0.43 0.03 

B.C. Ferries Terminal 1.75 0.26 0.34 0.082 5.24 0.41 

Reifel Bird Sanctuary 0.20 0.03 0.04 0.009 0.60 0.05 

Boundary Bay GVRD Park 0.15 0.02 0.03 0.007 0.46 0.04 

English Bluffs Beach 0.34 0.05 0.07 0.016 1.01 0.08 

South Arm Marsh 0.25 0.04 0.05 0.012 0.74 0.06 

Air Quality Station T39 0.33 0.05 0.07 0.016 0.99 0.08 

Maximum Off Property 40.71 6.11 8.03 1.9 122.23 9.7 

Maximum Over Land 4.03 0.60 0.83 0.2 12.13 1.0 
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Table 3.12 – Model-predicted 24-hour Air Concentrations (µg/m
3) for TOCs – Peak Day Scenario – Construction only 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Benzo(a) 

pyrene 

24-h 24-h 24-h 24-h 24-h 24-h 24-h 

Ladner 0.019 0.003 0.004 0.001 0.057 0.005 0.00002 

Farmer 1 0.053 0.008 0.011 0.002 0.158 0.013 0.00005 

Tsawwassen First Nations 0.081 0.012 0.016 0.004 0.243 0.019 0.00008 

Farmer 2 0.088 0.013 0.018 0.004 0.263 0.021 0.00009 

Farmer 3 0.123 0.018 0.025 0.006 0.370 0.029 0.00012 

Tsawwassen Beach Campsite 0.049 0.007 0.010 0.002 0.149 0.012 0.00005 

Beach Grove 0.020 0.003 0.004 0.001 0.062 0.005 0.00002 

Boundary Bay 0.024 0.004 0.005 0.001 0.072 0.006 0.00002 

Tsawwassen 0.051 0.008 0.010 0.002 0.155 0.012 0.00005 

Point Roberts 1 0.018 0.003 0.004 0.001 0.055 0.004 0.00002 

Point Roberts 2 0.066 0.010 0.013 0.003 0.199 0.016 0.00006 

Delta Hospital 0.014 0.002 0.003 0.001 0.043 0.003 0.00001 

B.C. Ferries Terminal 0.211 0.032 0.042 0.010 0.633 0.050 0.00019 

Reifel Bird Sanctuary 0.025 0.004 0.005 0.001 0.076 0.006 0.00002 

Boundary Bay GVRD Park 0.021 0.003 0.004 0.001 0.062 0.005 0.00002 

English Bluffs Beach 0.068 0.010 0.014 0.003 0.203 0.016 0.00007 

South Arm Marsh 0.021 0.003 0.004 0.001 0.064 0.005 0.00002 

Air Quality Station T39 0.039 0.006 0.008 0.002 0.118 0.009 0.00004 

Maximum Off Property 8.000 1.201 1.58 0.376 24.020 1.901 0.00719 

Maximum Over Land 0.633 0.095 0.13 0.030 1.906 0.151 0.00063 
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Table 3.13 – Model-predicted Annual Air Concentrations (µg/m
3) of TOCs – Average Day Scenario – Construction only 

Discrete Receptor Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 1.00 X10
-03

 1.00 X10
-04

 1.00 X10
-06

 2.00 X10
-04

 4.00 X10
-05

 2.00 X10
-03

 2.00 X10
-04

 

Farmer 1 2.00 X10
-03

 3.00 X10
-04

 2.00 X10
-06

 4.00 X10
-04

 9.00 X10
-05

 6.00 X10
-03

 5.00 X10
-04

 

Tsawwassen First Nations 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 6.00 X10
-04

 1.30 X10
-04

 9.00 X10
-03

 7.00 X10
-04

 

Farmer 2 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 5.00 X10
-04

 1.20 X10
-04

 8.00 X10
-03

 6.00 X10
-04

 

Farmer 3 5.00 X10
-03

 7.00 X10
-04

 4.00 X10
-06

 1.00 X10
-03

 2.30 X10
-04

 1.50 X10
-02

 1.20 X10
-03

 

Tsawwassen Beach Campsite 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 5.00 X10
-04

 1.30 X10
-04

 8.00 X10
-03

 7.00 X10
-04

 

Beach Grove 1.00 X10
-03

 2.00 X10
-04

 1.00 X10
-06

 2.00 X10
-04

 5.00 X10
-05

 4.00 X10
-03

 3.00 X10
-04

 

Boundary Bay 1.00 X10
-03

 2.00 X10
-04

 1.00 X10
-06

 2.00 X10
-04

 6.00 X10
-05

 4.00 X10
-03

 3.00 X10
-04

 

Tsawwassen 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 5.00 X10
-04

 1.30 X10
-04

 8.00 X10
-03

 6.00 X10
-04

 

Point Roberts 1 1.00 X10
-03

 2.00 X10
-04

 1.00 X10
-06

 3.00 X10
-04

 7.00 X10
-05

 4.00 X10
-03

 3.00 X10
-04

 

Point Roberts 2 4.00 X10
-03

 6.00 X10
-04

 3.00 X10
-06

 7.00 X10
-04

 1.80 X10
-04

 1.20 X10
-02

 9.00 X10
-04

 

Delta Hospital 1.00 X10
-03

 1.00 X10
-04

 1.00 X10
-06

 1.00 X10
-04

 3.00 X10
-05

 2.00 X10
-03

 2.00 X10
-04

 

B.C. Ferries Terminal 1.40 X10
-02

 2.10 X10
-03

 1.20 X10
-05

 2.60 X10
-03

 6.40 X10
-04

 4.10 X10
-02

 3.30 X10
-03

 

Reifel Bird Sanctuary 2.00 X10
-03

 3.00 X10
-04

 1.00 X10
-06

 3.00 X10
-04

 8.00 X10
-05

 5.00 X10
-03

 4.00 X10
-04

 

Boundary Bay GVRD Park 1.00 X10
-03

 2.00 X10
-04

 1.00 X10
-06

 2.00 X10
-04

 5.00 X10
-05

 3.00 X10
-03

 3.00 X10
-04

 

English Bluffs Beach 4.00 X10
-03

 5.00 X10
-04

 3.00 X10
-06

 7.00 X10
-04

 1.70 X10
-04

 1.10 X10
-02

 9.00 X10
-04

 

South Arm Marsh 1.00 X10
-03

 1.00 X10
-04

 1.00 X10
-06

 2.00 X10
-04

 5.00 X10
-05

 3.00 X10
-03

 2.00 X10
-04

 

Air Quality Station T39 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 5.00 X10
-04

 1.20 X10
-04

 8.00 X10
-03

 6.00 X10
-04

 

Maximum Off Property 1.80 X10
00

 3.00 X10
-01

 1.49 X10
-03

 3.00 X10
-01

 1.00 X10
-01

 5.30 X10
00

 4.00 X10
-01

 

Maximum Over Land 2.00 X10
-02

 3.00 X10
-03

 1.60 X10
-05

 3.60 X10
-03

 1.00 X10
-03

 1.00 X10
-01

 4.00 X10
-03
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Table 3.14 – Model-predicted Annual Air Concentrations (µg/m
3) of TOCs – Average Day Scenario – Construction plus Expected 

Conditions 

Discrete Receptor Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 2.00 X10
-03

 3.00 X10
-04

 2.00 X10
-06

 1.00 X10
-03

 9.00 X10
-05

 1.00 X10
-02

 4.36 X10
-04

 

Farmer 1 6.00 X10
-03

 8.00 X10
-04

 4.00 X10
-06

 1.00 X10
-03

 2.30 X10
-04

 2.00 X10
-02

 1.13 X10
-03

 

Tsawwassen First Nations 9.00 X10
-03

 1.30 X10
-03

 7.00 X10
-06

 2.00 X10
-03

 3.70 X10
-04

 3.00 X10
-02

 1.82 X10
-03

 

Farmer 2 9.00 X10
-03

 1.20 X10
-03

 6.00 X10
-06

 2.00 X10
-03

 3.50 X10
-04

 2.00 X10
-02

 1.74 X10
-03

 

Farmer 3 1.20 X10
-02

 1.80 X10
-03

 9.00 X10
-06

 3.00 X10
-03

 5.30 X10
-04

 4.00 X10
-02

 2.65 X10
-03

 

Tsawwassen Beach Campsite 8.00 X10
-03

 1.20 X10
-03

 6.00 X10
-06

 2.00 X10
-03

 3.40 X10
-04

 2.00 X10
-02

 1.61 X10
-03

 

Beach Grove 4.00 X10
-03

 5.00 X10
-04

 2.00 X10
-06

 1.00 X10
-03

 1.40 X10
-04

 1.00 X10
-02

 6.46 X10
-04

 

Boundary Bay 4.00 X10
-03

 5.00 X10
-04

 3.00 X10
-06

 1.00 X10
-03

 1.40 X10
-04

 1.00 X10
-02

 6.59 X10
-04

 

Tsawwassen 9.00 X10
-03

 1.20 X10
-03

 6.00 X10
-06

 2.00 X10
-03

 3.40 X10
-04

 2.00 X10
-02

 1.58 X10
-03

 

Point Roberts 1 4.00 X10
-03

 6.00 X10
-04

 3.00 X10
-06

 1.00 X10
-03

 1.60 X10
-04

 1.00 X10
-02

 7.55 X10
-04

 

Point Roberts 2 1.20 X10
-02

 1.60 X10
-03

 8.00 X10
-06

 3.00 X10
-03

 4.60 X10
-04

 3.00 X10
-02

 2.11 X10
-03

 

Delta Hospital 2.00 X10
-03

 3.00 X10
-04

 1.00 X10
-06

 4.00 X10
-04

 8.00 X10
-05

 1.00 X10
-02

 3.53 X10
-04

 

B.C. Ferries Terminal 5.30 X10
-02

 7.20 X10
-03

 4.30 X10
-05

 1.90 X10
-02

 2.79 X10
-03

 1.40 X10
-01

 9.50 X10
-03

 

Reifel Bird Sanctuary 5.00 X10
-03

 7.00 X10
-04

 3.00 X10
-06

 1.00 X10
-03

 1.90 X10
-04

 1.00 X10
-02

 8.98 X10
-04

 

Boundary Bay GVRD Park 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 1.00 X10
-03

 1.30 X10
-04

 1.00 X10
-02

 5.97 X10
-04

 

English Bluffs Beach 1.20 X10
-02

 1.70 X10
-03

 9.00 X10
-06

 3.00 X10
-03

 5.20 X10
-04

 3.00 X10
-02

 2.27 X10
-03

 

South Arm Marsh 3.00 X10
-03

 4.00 X10
-04

 2.00 X10
-06

 1.00 X10
-03

 1.10 X10
-04

 1.00 X10
-02

 5.38 X10
-04

 

Air Quality Station T39 8.00 X10
-03

 1.10 X10
-03

 6.00 X10
-06

 2.00 X10
-03

 3.20 X10
-04

 2.00 X10
-02

 1.48 X10
-03

 

Maximum Off Property 1.82 X10
00

 3.00 X10
-01

 1.52 X10
-03

 4.00 X10
-01

 1.00 X10
-01

 5.50 X10
00

 4.29 X10
-01

 

Maximum Over Land 5.30 X10
-02

 1.00 X10
-02

 4.10 X10
-05

 1.00 X10
-02

 2.30 X10
-03

 2.00 X10
-01

 1.22 X10
-02
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GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

List of Acronyms 

ASC automated stacking crane 

B.C. British Columbia 

BSFC brake specific fuel consumption 

CAC Criteria air contaminant 

CARB California Air Resources Board 

DF deterioration factor 

EF emission factor 

FEL front end loader 

GHG greenhouse gas 

GWP global-warming potential 

HHRA Human Health Risk Assessment 

ICF ICF-International Inc. 

ITP intermediate transfer pit 

MEIT 4.0 Environment Canada’s Marine Emission Inventory Tool version 4.0 

MOVES U.S. EPA’s Motor Vehicle Emission Simulator 

PMV Port Metro Vancouver 

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

RCEM Roadway Construction Emissions Model 

RMG rail-mounted gantry crane 

SCC source Classification Code 

SENES SENES Canada Inc. 

SPM suspended particulate matter 

Study Air Quality Study Technical Report 

WRAP Western Region Air Partnership 

TAF transient load adjustment factor 

TOC trace organic contaminant 

U.S. EPA United States Environmental Protection Agency 
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Contaminants 

CH4 methane 

CO carbon monoxide 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

DPM diesel particulate matter 

HC hydrocarbon 

NOx nitrogen oxides 

N2O nitrous oxide 

PM particulate matter 

PM10 inhalable particulate matter up to 10 micrometres in size 

PM2.5 fine particulate matter up to 2.5 micrometres in size 

SO2 sulphur dioxide 

VOC volatile organic compound 
 

Symbols and Units of Measurement 

g grams 

g/bhp-h grams per brake horsepower hour 

g/hp-h grams per horsepower hour 

g/s grams per second 

hp horsepower 

h hour 

kg kilograms 

kg/tonne kilograms per tonne 

km kilometres 

km/h kilometres per hour 

ppm parts per million 

VMT vehicle miles travelled 

VKT vehicle kilometres travelled 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV) proposed Roberts Bank Terminal 2 Project (RBT2).  The main body of the Study 

presents a summary of the predicted changes in air quality due the proposed changes in container 

handling capacity at Roberts Bank terminals.   

The purpose of this appendix is to describe the evaluation of potential air quality changes due to 

construction activities for the Project.  Construction is projected to take place over a five and a half year 

period from July 2018 until November 2023.  This assessment developed an emissions inventory for both 

an average day scenario and a peak day scenario, and employed air dispersion modelling to predict the 

maximum predicted ground-level concentrations, which are evaluated against the most stringent 

applicable air quality criteria.  

2.0 SCOPE 

2.1 COMPOUNDS OF POTENTIAL CONCERN 

The compounds of potential concern with respect to air emissions considered for the construction phase 

include: 

 Criteria air contaminants (CACs) - carbon monoxide (CO), nitrogen oxides (NOx), 
sulphur dioxide (SO2), volatile organic compounds (VOCs), particulate matter (PM), 
inhalable particulate matter up to 10 micrometres in size (PM10), and fine particulate 
matter up to 2.5 micrometres in size (PM2.5); 

 Trace organic contaminants (TOCs) - acrolein, benzene, 1,3-butadiene, acetaldehyde, 
formaldehyde, naphthalene, polycyclic aromatic hydrocarbons (PAH) represented by 
benzo(a)pyrene, diesel particulate matter (DPM); 

 Greenhouse gases (GHGs) - carbon dioxide (CO2), methane (CH4) and nitrous oxide 
(N2O) expressed as carbon dioxide equivalent (CO2e); and 

 Climate forcing particulate matter - black carbon, also expressed as CO2e. 

Rationale for substance selection is discussed in greater detail in Appendix B. 

2.2 TEMPORAL ASSESSMENT BOUNDARIES 

The scope of this assessment considered emissions from construction activities at the new terminal and 

the causeway widening.   

Project construction is anticipated to occur over a period of five and a half years from July 2018 until 

November 2023.  In order to conservatively predict potential changes to air quality, SENES identified an 

average day of construction using Appendix 4-F Construction Equipment Peak Analysis in the RBT2 
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EIS, which is an assessment of construction equipment that would be required during different stages of 

the construction activity.  The construction equipment in operation from May 2 to 4, 2021 was selected as 

being representative of an average day of construction activity (Figure 2-1).  In addition, a peak day of 

construction activity was considered based on anticipated construction work during the period June 8 to 

9, 2022, which will experience the maximum number of pieces of equipment in simultaneous operation on 

a given day (Figure 2-1). 

The average day scenario (based on equipment activity on May 2 to 4, 2021) was used to predict 

emission rates for annual, daily, and hourly time averaging periods.  For comparison purposes, a peak 

day scenario (based on June 8 to 9, 2022) was used to estimate emission rates representative of daily 

and hourly time averaging periods.  It is important to note that the construction activity as currently 

defined is preliminary and the timing for the various construction phases may ultimately differ from the 

dates listed above for the average day construction scenario and the peak day construction scenario.  

Consequently, modelling was conducted for a full year period, and it was assumed that the average/peak 

day of operation could occur on any day of the year. 

In order to assess changes to air quality arising from construction activities, it was necessary to consider 

those changes in conjunction with the operation of the two existing marine terminals at Roberts Bank and 

the B.C. Ferries Terminal at Tsawwassen.  Operations at Westshore Terminals, Deltaport Terminal and 

B.C. Ferries Terminal are a major influence on air quality in the assessment area.  Although emissions 

from Westshore Terminals, Deltaport Terminal and the B.C. Ferries Terminal will vary over the 2018-2024 

construction period, the predicted emissions for the Expected Conditions case described in the main body 

of the Study are representative of the construction period with respect to equipment technology due to 

fleet turnover of ships, cargo handling equipment, rail locomotives and on-road vehicle emissions 

stemming from regulatory changes in heavy duty diesel emission standards. 

This construction phase assessment compares the emission scenarios listed in Table 2-1. . 
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Figure 2-1 – RBT2 Preliminary Construction Activities Histogram, 2018-2023 

0

50

100

150

200

250

300

350

400
1

-J
u

l-
1

8

1
-O

ct
-1

8

1
-J

an
-1

9

1
-A

p
r-

1
9

1
-J

u
l-

1
9

1
-O

ct
-1

9

1
-J

an
-2

0

1
-A

p
r-

2
0

1
-J

u
l-

2
0

1
-O

ct
-2

0

1
-J

an
-2

1

1
-A

p
r-

2
1

1
-J

u
l-

2
1

1
-O

ct
-2

1

1
-J

an
-2

2

1
-A

p
r-

2
2

1
-J

u
l-

2
2

1
-O

ct
-2

2

1
-J

an
-2

3

1
-A

p
r-

2
3

1
-J

u
l-

2
3

1
-O

ct
-2

3

1
-J

an
-2

4

C
o

n
cu

rr
en

t E
q

u
ip

m
e

n
t U

sa
ge

 (#
)

Date (dd-mmm-yy)

KCB/AECOM Pieces Of Equipment Delcan Pieces Of Equipment

Peak Day
June 8-9, 2022

363 Pieces Of Equipment In Use

Average Day
May 2-4, 2021

124 Pieces Of Equipment In Use



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 4 - November 2014 

Table 2-1 – Emission Rate Scenarios for Construction Phase 

Scenario 
Emission Rate Averaging 

Periods Description 
Construction Existing 

Operations1 

Average Day 
Construction 24-h Average 

 1-h 

Emissions from construction activities. N/A 24-h 
 Annual 

Average Day 
Construction + 

Existing 
Operations1 

24-h Average 24-h Max 

1-h 

Emissions from construction activities plus 
existing operations at Westshore Terminals, 
Deltaport Terminal and B.C. Ferries 
Terminal1 

24-h 

Annual 

Peak Day 
Construction 24-h Max N/A 

1-h 

24-h 

1 Existing Operations include Westshore Terminals, Deltaport Terminal and B.C. Ferries Terminal represented by 
the scenario referred to as Expected Conditions in the main body of the Study. 

 

It should be noted that the construction activity modelled was assumed to be conducted on a 24-hour 

basis, every day of the year.  If actual construction activity is limited to shorter periods of the day, the 

current assessment may have overestimated actual changes in air quality due to construction activity. 

2.3 EMISSION SOURCES 

Based on the preliminary construction schedule, the following construction activities are expected to 

occur during the average (May 2-4, 2021) construction scenario: 

 Dredging – delivery of Fraser River sand to the underwater intermediate transfer pit (ITP) and 

dredging of this material from the ITO to the terminal for use as fill and preload; 

 Native soil improvement (vibrocompaction)  

 Dynamic compaction of terminal fill; 

 Movement of fill/preload material to build the terminal and widen the causeway;  

 Main wharf structure caisson work; and 

 Grading, concrete and steel work on the Westshore Terminals access overpass. 

 

During the peak (June 8-9, 2021) construction scenario the following activities are projected to be 

occurring: 

 Native soil improvement and berm and mattress rock densification (vibrocompaction) 

 Movement of fill/preload material to build terminal and widen causeway; 

 Main wharf structure work (pile driving, caisson and concrete work); 
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 Maintenance and repair building and main substation construction; 

 ASC and RMG rail and foundation work; 

 Railway track and bollard work on causeway; and 

 Civil utilities installation in container yard and causeway areas. 

For more details of activities and timelines, refer to EIS Appendix 4-F Construction Equipment Peak 
Analysis.   

In an effort to present a comprehensive air inventory for construction, and because emissions from 

asphalt paving are unique compared to those from the other construction activities, paving activities were 

considered in the assessment despite the fact that they are not predicted to occur during the peak or 

average construction days selected for this analysis. 

The air emission sources associated with the above activities are: 

 Tailpipe emissions from diesel equipment; 

 Tug emissions from barge-moving tugs; 

 Locomotive emissions from aggregate supply trains; 

 Fugitive dust from bulldozing; 

 Fugitive dust from movement of fill by front end loaders (FELs), excavators and haul trucks;  

 Fugitive dust from the surface of roadways due to the re-suspension of dust caused by truck 

movements; and  

 Emissions from asphalt paving activities. 

Note that bulk aggregate materials required for the construction activity will be delivered to the site either 

by barges towed by tugboats, or by rail.  Delivery of bulk aggregate materials to the construction site by 

on-road trucking is not anticipated.   

Table 2-2 summarises construction activities and emission sources in relation to contaminants and 

emission rate calculation methods. 
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Table 2-2 – Emission Sources Contaminants and Calculation Methods 

Activity Source of 
Emissions Description Expected Contaminants Emission Rate Calculation 

Method/Source Reference 

Dredging Tailpipe exhaust Tailpipe exhaust emissions from diesel powered 
dredge, pump, excavators and dozers. 

CO, VOC, NOx, SO2, PM, 
TOCs, GHGs, Black Carbon 

U.S. EPA NONRAOD Model 
(NR009d, 2010); (NR005d, 2010) 

Native soil 
improvement, 
dynamic 
compaction, 
movement of 
fill/preload material  

Tailpipe exhaust 
Tailpipe exhaust emissions from diesel powered 
dozers, FELs, excavators, vibrocompaction probes, 
cranes, and trucks. 

CO, VOC, NOx, SO2, PM, 
TOCs, GHGs, Black Carbon 

U.S. EPA NONROAD Model 
(NR009d, 2010); (NR005d, 2010) 

Tug emissions Emissions from tugs moving barges CO, VOC, NOx, SO2, PM, 
TOCs, GHGs, Black Carbon 

US EPA Port-Related Emission 
Inventories method (ICF 2009) 

Material Handling FELs, excavators and trucks loading/dumping 
fill/preload material PM, Black Carbon 

WRAP Ch 4;  
U.S. EPA AP-42 Section 13.2.4  

Bulldozing Bulldozer generated dust PM, Black Carbon 
WRAP Ch 3; 
U.S. EPA AP-42 Sec 11.9.1 & 11.9.2  

Road dust Re-suspended road dust from truck movement PM, Black Carbon WRAP Ch 6;  
U.S. EPA AP-42 Table 13.2.2-1 

Paving Asphalt mixing 
and paving 

Emissions from both onsite asphalt plants and 
paving activities 

VOC, PM, Benzene, 
Naphthalene, BAP, Black 
Carbon 

EPA/600/SR-94/135; EEA air 
emission inventory guidebook 2013 

Main wharf structure 
maintenance and 
repair building, main 
substation, railway 
track, ASC and 
RMG foundations, 
civil utilities and 
bollard work 

Material Handling FELs, excavators and trucks loading/dumping 
fill/preload material PM, Black Carbon WRAP Ch 4;  

U.S. EPA AP-42 Section 13.2.4  

Bulldozing Bulldozer generated dust PM, Black Carbon 
WRAP Ch 3;  
U.S. EPA AP-42 Sec 11.9.1 & 11.9.2  

Road dust Re-suspended road dust from truck movement PM, Black Carbon WRAP Ch 4;  
U.S. EPA AP-42 Section 13.2.4 

Tailpipe exhaust 

Tailpipe exhaust from cranes, dozers, FELs, 
excavators, trucks, concrete pumps/vibrators, boom 
lifts, generators, vibrocompaction probes, speed 
swings, rollers, tampers, dynamic compaction 
equipment and pile drivers. 

CO, VOC, NOx, SO2, PM, 
TOCs, GHGs, Black Carbon 

U.S. EPA NONROAD Model 
(NR009d, 2010); (NR005d, 2010) 

Locomotive 
Emissions Emissions from Aggregate Supply Train CO, VOC, NOx, SO2, PM, 

TOCs, GHGs, Black Carbon 

Port of LA and Port of Long Beach Air 
Emissions Inventories (Starcrest, 
2009,  2011 

Note: WRAP refers to the Western Region Air Partnership Handbook (Countess Environmental 2006) 
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3.0 METHODOLOGY 

3.1 BACKGROUND AIR QUALITY AND REGULATORY CRITERIA 

This section identifies regulatory criteria and background concentrations and contributions from other 

activities, against which estimated RBT2 construction related changes in air quality levels were 

compared.   

Appendix B presents the selection process for identifying applicable regulatory criteria for ambient air 

quality, and discusses existing local air quality in the study area to identify background concentrations.  A 

summary of this data is presented in Table 3-1 and Table 3-2. 

Table 3-1 – Background Concentrations and Air Quality Criteria for CACs 

Contaminant Averaging 
Period 

98th Percentile 
Background 

Concentration 
(µg/m3) 

Study Criteria 
(µg/m3) MV AAQO 

CO 
1-h 371.2 14,300 30,000 

8-h 339.3 5,500 10,000 

NO2 

1-h 44.7 400 200 

24-h 34.9 200 - 

1-y 12.8 60 40 

SO2 

1-h 7.7 450 450 

24-h 5.1 150 125 

1-y 1.4 25 30 

PM 
24-h 46.2 120 160 

1-y 20.6 60 126 

PM10 
24-h 23.1 50 50 

1-y 10.3 - 50 

PM2.5 
24-h 8.7 25 25 

1-y 3.5 6 6 

Note: Refer to Appendix B Tables 2-1 and 3-4 for more details. 
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Table 3-2 – Background Concentrations and Air Quality Criteria for TOCs 

Contaminant Averaging 
Period 

98th Percentile 
Background 

Concentration 
(µg/m3) 

Study Criteria 
(µg/m3) 

Acrolein 
1-h 0.17 - 

1-y 0.06 - 

Benzene 
1-h 3.38 - 

1-y 0.96 - 

1,3-Butadiene 

1-h 0.69 - 

24-h 0.69 - 

1-y 0.15 - 

Acetaldehyde 
1-h 5.48 - 

1-y 1.72 - 

Formaldehyde 
1-h 3.58 60 

1-y 1.89 - 

Naphthalene 
1-h 0.93 - 

1-y 0.25 - 

Benzo(a)pyrene 1-y 0.0006 - 

Note: Refer to Appendix B Tables 2-2 and 3.6 for more details; ‘ - -‘ means 
there is no criteria associated with this contaminant. 
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3.2 EMISSION SOURCES 

3.2.1 Tailpipe Exhaust Emissions 

Tailpipe exhaust emissions from construction equipment were calculated using the U.S. EPA NONROAD 

Model (U.S. EPA 2010a). 

The general emission calculation methodology is: 

Emissions (g/period) = [Emission Factor (g/hp-h) * Equipment Count / period * Engine Rating (hp) * Load 

Factor * Activity Time (h)] 

Emissions are summarised at the end of Section 3.2.  Calculation details are discussed in the following 

subsections. 

3.2.1.1 Equipment Count, Engine Ratings, Tier Assignments and Load Factors 

Forecasted construction equipment information, including type of equipment and quantity, was obtained 

from EIS Appendix 4-F Construction Equipment Peak Analysis,, allowing SENES to estimate power 

rating, age (Tier) and load factors for each piece of equipment as described in the following paragraphs.  

This information is summarised in Table 3-3. 
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Table 3-3 – Construction Equipment Contributing to Tailpipe Emissions 

Equipment Type AVERAGE DAY 
No. Units 

PEAK DAY 
No. Units 

Engine 
Rating (hp) Tier Load 

Factor 

Truck  7 51 385 1 0.59 

Water Truck 1 8 250 1 0.59 

Articulated Truck (ORT) 26 51 315 3 0.21 

Flat Deck Truck 2 34 385 1 0.59 

Front End Loader B 1 4 148 3 0.59 

Front End Loader C 15 48 530 3 0.59 

Excavator A 1 14 240 4 0.59 

Excavator B 7 5 330 4 0.59 

Dozer A 2 8 250 2 0.59 
Dozer B 7 7 350 2 0.59 
Barge with mounted crane (DER) 0 2 150 0 0.43 

Crane 6 15 502 1 0.43 

CRANE (with clam bucket)     5 5 600 1 0.43 

Concrete pump truck 2 13 197 1 0.59 

Concrete delivery truck 2 7 385 1 0.59 

Concrete vibrator  2 3 20 1 0.59 

Power-float (concrete) 0 8 20 1 0.59 

Boom-lift 0 9 100 1 0.21 
Generator 1 12 20 1 0.43 

Tender (motorised diving rig) 0 1 800 0 0.43 
Speed swing 0 8 160 1 0.59 

Vibro compaction probe - marine 0 1 1,000 0 0.43 
Vibro compaction probe-land 3 5 500 0 0.43 

Dynamic compaction vibro roller (DDR) 0 3 100 0 0.59 

Roller 1 8 150 1 0.59 

Tamper 0 8 100 1 0.43 

Pile driver 0 1 1,000 0 0.43 
Titan hopper dredge 1 0 6,500 0 0.43 
Columbia dredge 1 0 5,000 0 0.43 
Booster pump 1 0 2,500 0 0.43 
DDW (dynamic compaction by wt.) 6 0 1,000 0 0.43 
Pump 1 0 150 2 0.43 
Loader 1 0 369 4 0.59 
Grader 1 0 204 0 0.59 
Welder 1 0 35 2 0.21 
Total 104 339 - - - 
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Based on the equipment description provided in EIS Appendix 4-F Construction Equipment Peak 
Analysis, conservative equipment ages were estimated.  Given equipment age and engine size, the Tier 

assignments in Table 3-3 were derived from Table A1 of the NONROAD Model NR-009d Report (U.S. 

EPA 2010a).  Load factors, which vary by equipment type, were taken from Appendix A of the NONROAD 

Model NR-005d Report (U.S. EPA 2010b). 

3.2.1.2 Activity Times 

Activity times were based on the following expected hours of operation at the construction site (see EIS 

Appendix 4-E Preliminary Construction Schedule and Basis of Schedule): 

 Dredging: 24 hours per day; 

 Dynamic compaction, limited to daytime hours: 10 hours per day; and 

 All other activities: 20 hours per day. 

Over 339 pieces of equipment have the potential to be operating during the peak 2-day construction 

period, and 104 pieces of equipment during an average construction day.  However, not all equipment will 

be operating simultaneously for an entire day.  Therefore, the following operational frequencies were 

applied to the activity times listed above, to achieve a reasonable maximum daily emission rate: 

 Dynamic compaction: 90% (assume a maximised operation since it is limited to daytime hours); and 

 All other activities: 50%. 

For example, the 51 trucks listed in Table 3-3 for the peak day scenario were considered “other activities” 

and each truck, on average, would be operational for 10 hours per day (20 hours per day * 50% 

operational frequency). 

3.2.1.3 Emission Factors for Gaseous and Particulate CACs, U.S. EPA NONROAD 

Table 3-4 shows the U.S. EPA NONROAD model equations used to calculate the Emission Factors (EF) 

relevant in this assessment (U.S. EPA 2010a) for tailpipe exhaust.   
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Table 3-4 – EF Adjustment Equations 

Contaminant Equation 
Equation 

Reference 
(U.S. EPA 2010a) 

Diesel 

VOC, CO, NOx EFadj
1 = EFSS

2 x TAF3 x DF4 Equation 1 

PM EFadj = EFSS x TAF x DF- SPMadj
5 Equation 2 

BSCFadj
6 EFadj(BSFC) = EFSS

4 x TAF Equation 3 

SPMadj SPMadj = BSFCadj
 x 453.6 x 7.0 x soxcnv7 x 0.01 x (soxbas8 -soxdsl9) Equation 5 

CO2 CO2 = (BSFC x 453.6 -VOC10) x 0.87 x (44/12) Equation 6 

SO2 SO2 = (BSFC * 453.6* (1 -soxcnv) -VOC) * 0.01 * soxdsl * 2 Equation 7 

Notes: 
The constants in these equations serve to convert units. 
1 EFadj = final EF used in model, after adjustments to account for transient operation and deterioration (g/hp-h) 
2 EFSS = zero-hour, steady-state EF (g/hp-h) 
3 TAF = transient adjustment factor (unitless) 
4 DF = deterioration factor (unitless) 
5 SPMadj = suspended particulate matter adjustment to PM EF to account for variations in fuel sulphur content (g/hp-
h) 
6 BSFCadj = in-use adjusted brake specific fuel consumption (lb fuel/hp-h) 
7 soxcnv = g PM sulphur/g fuel sulphur consumed 
8 soxbas = default certification fuel sulphur weight percent 
9 soxdsl = episodic fuel sulphur weight percent 
10 VOC is the in-use adjusted VOC emissions in g/hp-h 
 

Note that Equation 2 is incorrectly stated in the U.S. EPA NONROAD NR-009d Report (U.S. EPA 2010a).  

The incorrect version indicates that the equation is to be multiplied by the SPM adjustment factor.  

However, in some cases the SPM adjustment factor could be zero and the resultant EF would therefore, 

also be zero.  The corrected version is listed in the example calculations of the NR-009d report, and the 

correct form of the equation is included in the table above. 

The parameters in the above equations are described in the following sections. 

Unadjusted Steady State EFs 

Base unadjusted (steady state) EFs for diesel equipment (Table 3-5) vary by engine rating and Tier 

assignment (equipment age), and were obtained from Table A4 of the NONROAD Model NR-009d Report 

(U.S. EPA 2010a).   
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Table 3-5 – Diesel Steady State EFs, g/hp-h  

Contaminant Tier 
 Engine power, hp 

<25 >75-100 >100-175 >175-300 >300-600 >600-750 >750 

CO 

Tier 0 5.0000 3.4900 2.7000 2.7000 2.7000 2.7000 2.7000 

Tier 1 5.0000 2.3655 0.8667 0.7480 1.3060 1.3720 0.7642 

Tier 2 2.1610 2.3655 0.8667 0.7480 0.8430 1.3720 0.7642 

Tier 3 2.1610 2.3655 0.8667 0.7480 0.8430 1.3720 - 

Tier 4 5.0000 0.2370 0.0870 0.0750 0.0840 0.1330 0.7642 

NOx 

Tier 0 8.5000 6.9000 8.3800 8.3800 8.3800 8.3800 8.3800 

Tier 1 8.5000 5.5988 5.6520 5.5770 6.0150 5.8215 6.1525 

Tier 2 4.4000 4.7000 4.1000 4.0000 4.3350 4.1000 4.1000 

Tier 3 4.4400 3.0000 2.5000 2.5000 2.5000 2.5000 - 

Tier 4 8.5000  0.276  0.276 0.2760 0.2760  0.276  0.4600 

VOC 

Tier 0 1.7000 0.9900 0.6800 0.6800 0.6800 0.6800 0.6800 

Tier 1 1.7000 0.5213 0.3384 0.3085 0.2025 0.1473 0.2861 

Tier 2 0.4380 0.3672 0.3384 0.3085 0.1669 0.1669 0.1669 

Tier 3 0.4380 0.1836 0.1836 0.1836 0.1669 0.1314 - 

Tier 4 1.7000 0.1314 0.1314 0.1314 0.1314 0.1314 0.2815 

PM 

Tier 0 0.9000 0.7220 0.4020 0.4020 0.4020 0.4020 0.4020 

Tier 1 0.9000 0.4730 0.2800 0.2520 0.2010 0.2201 0.1934 

Tier 2 0.2700 0.2400 0.1800 0.1320 0.1320 0.1316 0.1316 

Tier 3 0.2800 0.2000 0.2200 0.1500 0.1500 0.1500 - 

Tier 4 0.9000 0.0092 0.0092 0.0090 0.0090 0.0092 0.0690 

Note: There is no Tier 3 standard for engines > 750 hp 
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Equipment Deterioration Factors (DF) 

Equipment deteriorates over time leading to increased emissions for some contaminants.  Deterioration 

factors (DF), calculated per the following equation (U.S. EPA 2010b), account for this deterioration: 

DF = 1 + A*(fraction of useful life) 

Where A is a constant for a given pollutant/technology type, as listed in Table 3-6. 

Table 3-6 – A, constant used to calculate DF for Diesel Equipment 

Tier CO NOx HC PM 

Tier 0 0.185 0.024 0.047 0.473 

Tier 1 0.101 0.024 0.036 0.473 

Tier 2 0.101 0.009 0.034 0.473 

Tier 3 0.151 0.008 0.027 0.473 

Tier 4 0.151 0.008 0.027 0.473 
 
 

PM emissions can increase up to 47% over the lifetime of the piece of equipment as listed in Table 3-6.  

Other contaminants such as NOx experience increased emissions of approximately 1-2% over the lifetime 

of the equipment.   

 
DF calculations assume the following conservative values for fraction of useful life: 

 75% for Tier 0 and Tier 1 equipment; and 

 50% for Tier 2 through Tier 4 equipment. 

DFs were calculated for each piece of equipment and contaminant and are listed in Attachment 1. 

Transient Load Adjustment Factors (TAF) 

EFs for engines are generally based on tests conducted using stationary use cycles.  Actual emissions 

under dynamic use in real world situations can be substantially different from those determined in static 

test conditions.  TAFs try to account for the variability in the loading, engine speed, and other differences 

under variable load operating conditions. The adjustment factors vary by equipment type.  Table F6 of the 

U.S. EPA NONROAD Model NR009d Report (U.S. EPA 2010a) characterises equipment and provides a 

TAF assignment.   



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 15 - November 2014 
 

Given TAF assignments, TAFs were obtained from Table A5 of the U.S. EPA NONROAD Model NR-009d 

Report (U.S. EPA 2010a) and are listed in Table 3-7.   

Table 3-7 – Diesel TAFs 

Equipment Description 
TAF 

Assignm
ent 

CO HC BSFC NOx PM 

Tier 0 to Tier 3 Base-
Tier 2 

Tier 
3 

Base-
Tier 2 Tier 3 

Dumpers/Tenders 
Aerial Lifts 
Welders 

Lo LF 2.57 2.29 1.18 1.1 1.21 1.97 2.37 

Rollers 
Excavators 

Off-highway Trucks 
Loaders 
Dozers 

Other Construction Equipment 
Graders 

Hi LF 1.53 1.05 1.01 0.95 1.04 1.23 1.47 

Tampers/Rammers 
Cranes 

General Industrial Equipment 
Generator Sets 

None 1 1 1 1 1 1 1 

Note that TAF for Tier 4 is 1; BSFC = Brake Specific Fuel Consumption. 
 

Brake Specific Fuel Consumption (BSFC) Adjustment 

BSFC, a measure of fuel efficiency for any diesel or gasoline powered engine, is the rate of fuel 

consumption divided by the power produced. For some of the EFs (CO2, SO2, PM), the BSFC adjusted 

factor (BSFCadj) was calculated by multiplying the unadjusted (steady state) BSFC by the TAF previously 

listed in Table 3-7.  For Tier 4, TAF=1, so the BSFCadj = BSFCss.  BSFCss, values which vary with 

engine size, were obtained from Table A4 of the U.S. EPA NONROAD Model Report (U.S. EPA 2010b). 
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BSFC adjustments are listed in Table 3-8. 
 

Table 3-8 – BSFC adjusted, lb/hp-h 

 TAF Assignment Engine Power, hp BSFCadj 

Tier 1-3 Lo LF >75-100 0.481 

Lo LF >100-750 0.433 

Hi LF >100-750  0.371 

None >75-100 0.408 

None >100-750  0.367 

Tier 4 N/A >75-100 0.408 

N/A >100-750  0.367 

Sulphur considerations 

Both SO2 and PM steady state EFs from the NONROAD model are based on a fuel sulphur content of 

0.33 percent sulphur by weight.  The fuel used by the construction equipment has a sulphur content of 15 

parts per million (ppm), or 0.0015%, as mandated by the Sulphur In Diesel Fuel Regulations (SOR/2002-

254). 

The following values were used for the sulphur parameters (from Table 3-4): 

 soxcnv = 0.02247 for Base – Tier 3 engines, 0.3 for Tier 4 engines. 

 soxbas = 0.33% for Base – Tier 3 engines, 0.0015% for Tier 4 engines 

 soxdsl = 0.0015% 

The sulphur EFs were adjusted according to these parameters. 

Suspended Particulate Matter (SPM) Adjustment Factor 

The SPM adjustment factor considers the difference in sulphur content and the adjusted BSFC. For Tier 4 

engines, the fuel sulphur content is assumed to be the same as the fuel sulphur content currently in use 

by construction equipment and therefore, the adjustment factor is 0 for Tier 4 engines. 

The SPM adjustment factors, calculated for each piece of equipment per Equation 5 in Table 3-4 above, 

are listed in Attachment 1. 
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Adjusted EFs  

EFs were calculated with the equations in Table 3-4, and using the parameters calculated in the previous 

sub-sections.  A detailed list of adjusted EFs for each piece of equipment, by contaminant, is provided in 

Attachment 1. 

As indicated in the U.S. EPA NONROAD Method NR009d Report (U.S. EPA 2010a), for diesel engines, 

all PM emissions are assumed to be smaller than 10 microns (PM10), and PM2.5 is 97% of PM10.   

3.2.1.4 TOCs Emissions 

Because emission rates for TOCs and black carbon are not readily available for construction 

equipment, the following assumptions were applied: 

 All PM emissions smaller than 2.5 microns (PM2.5) are assumed to be DPM;  

 All other TOCs emissions are equivalent to VOC emissions multiplied by the maximum ratio of 

the given TOC to Non-Methane VOC estimated by the U.S. EPA Motor Vehicle Emission 

Simulator (MOVES) model; and 

 Black carbon is 83% of PM2.5.  This is the based on the ratio of black carbon to PM2.5 estimated 

by the U.S. EPA Motor Vehicle Emission Simulator (MOVES) model.  Specifically, it is the 

maximum ratio of elemental carbon PM2.5 MOVES EF to total exhaust (organic + elemental + 

sulfate) PM2.5 MOVES EF.  

For more details refer to Appendix A Section 1.2.1. 

3.2.1.5 CO2 Equivalent Emissions 

Greenhouse gases, namely, CO2, N2O and CH4, are presented as CO2 equivalents (CO2e) and calculated 

by applying the Global Warming Potential (GWP) conversion factors presented in Table 3-9.   

Table 3-9 –CO2 Equivalent Conversion Factors 

Contaminant 
GWP Conversion Factors 

20-year 100-year 

CH4
1 86 34 

N2O1 268 298 

Black Carbon2 3200 900 
Notes: 1 For CH4 and N2O, the GWP source is IPCC AR5 2013 (5th assessment) Ch8 Table 8.7 
http://www.climatechange2013.org/images/report/WG1AR5_Chapter08_FINAL.pdf  

2 For Black Carbon the GWP source is Bond et al. (2013)  
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Climate forcing particulate (black carbon) is also presented as CO2e using the GWPs in Table 3-9.  For a 

further discussion refer to Appendix A Section 1.2.2. 

3.2.2 Tugboat Emissions 

Tugboats move the barges which will carry the fill materials and construction equipment.  Tugboat 

emissions are calculated as follows: 

Emissions (g/period) = [EF (g/kW-h) * Traffic Count (tugs/period) * Tug Engine Size (kW/tug) * Load 

Factor * Activity time (h)] 

Assumptions used to estimate emissions include: 

 A rated engine power of 800 hp was assumed to be consistent with the 2005 RWDI air inventory 

completed for the Deltaport Third Berth construction (RWDI 2005);  

 Engines operate at a 40% load while moving barges according to a report evaluating tugboats 

prepared for the California Air Resources Board (CARB) (Varalakshmi 2010); and   

 22 tug movements per day for the average day scenario and 24 for the peak day scenario, based 

on: 

o 11 barges/day for the average day scenario (May 2 to 4, 2021) per EIS Appendix 4-F 
Construction Equipment Peak Analysis; 

o 12 barges/day for the peak day scenario (June 8 to 9, 2022) per EIS Appendix 4-F 
Construction Equipment Peak Analysis; 

o 1 tug/barge; and 

o 2 trips/barge. 

3.2.2.1 Emission Factors for Gaseous and Particulate Matter CACs 

A number of sources were considered in defining EFs for tugboats, including Environment Canada’s Marine 

Emission Inventory Tool version 4.0 (MEIT 4.0) and previous studies completed for Roberts Bank terminals.  

The EFs for tugboats that are listed in the MEIT 4.0 are representative of international ocean-going tugs, 

and therefore, are not suitable for the harbour tugs considered for construction scenarios in this 

assessment.  Instead, CO, NOx, VOCs and CO2e EFs for Category 1 Harbour Vehicles from the EPA’s 

Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories (ICF 2009) are 

considered representative of the most suitable information on tugboat emissions.  To be conservative, 

Tier 0 EFs were used. 
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Tugboats EFs are summarised in Table 3-10. 

Table 3-100 – Tugboat EFs for Gaseous and Particulate CACs, g/kW-h 

Horizon 
Year CO NOx SO2 VOC PM PM10 PM2.5 

Future 
(2025) 1.5 10 0.0063 0.27 0.25 0.25 0.23 

Notes: 
CO, NOx VOC per ICF 2009 
SO2 and PM per MEIT 4.0 
PM10 = PM (U.S. EPA 2010a) and PM2.5 = 92% PM10 (ICF 2009) 

Emission factors for SO2 and PM were calculated per MEIT 4.0 (SNC-Lavalin, 2012) using the following 

equation and adjustment factors (Table 3-11), and assuming a fuel sulphur level of 0.0015% since tugs 

must conform to the Sulphur In Diesel Fuel Regulations (SOR/2002-254):  

EF (g/kW-h) = A * sulphur[%] + B 

Table 3-11 – SO2 and PM Adjustment Factors for Ship Engines 

Equation 
Code Description 

A B 

Value Units Value Units 

SO2 Engine Sulphur for reciprocating engines 
[energy based] 4.2 g / % sulphur 0 n/a 

PM Engine PM for reciprocating engines 
[energy based] 0. 465  g / % sulphur 0.25  g 

 Source: MEIT 4.0 (SNC-Lavalin, 2012) 
 

3.2.2.2 TOCs and Climate Forcing PM (Black Carbon) Emissions 

Because emission rates for TOCs and black carbon are not readily available, the following assumptions 

were made: 

 All PM emissions smaller than 2.5 microns (PM2.5) are assumed to be DPM;  

 Black carbon and 1,3-butadiene emission factors were obtained from an emission monitoring 

program by Murphy et al. (2009); and 

 All other compounds are equivalent to VOC or particulate matter emissions multiplied by ratios 

obtained from the 2010 National Marine Emissions Inventory (SNC-Lavalin, 2012). 

For more details, refer to Appendix A Section 1.2.1. 
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3.2.2.3 CO2 Equivalent Emissions 

As discussed previously in Section 3.2.1.5, GHGs and climate forcing PM (black carbon) are presented 

as CO2e using the GWPs in Table 3-9 and CO2, CH4 and N2O EFs from ICF 2009.  For a further 

discussion, refer to Appendix A Section 1.2.2. 

3.2.3 Rail Locomotives 

Aggregate trains bring supplies to build the rail infrastructure.  Supplies will be offloaded and installed.  

The locomotive will creep along the rail line as it is being built and will therefore operate like a switcher 

locomotive.  The general rail locomotive emissions calculation is as follows: 

Emissions (kg/period) = [Emission Rate (kg/h-locomotive) * Locomotives (locomotives/period) * Operating 

Time (h)] 

The following assumptions were assumed in order to calculate emissions from the locomotive: 

 One locomotive per day; 

 Two 10-h shifts per day; 

 Rated Engine Power: 3000 hp; and 

 Sulphur content of fuel is 15 ppm per Sulphur In Diesel Fuel Regulations (SOR/2002-254). 

Although two aggregate trains are listed in the EIS Appendix 4-F Construction Equipment Peak 
Analysis, for the majority of the day, only one train will be working onsite while the other is offsite getting 

more supplies.   

Load factors were based on the The Port of Long Beach 2007 Air Emissions Inventory (Starcrest 2009).  

Emission factors used were those adopted by the U.S. EPA and Rail Association of Canada (RAC 2011).  

For a more detailed explanation of the derivation of locomotive EFs, see Appendix A Section 4.3. 

TOC and black carbon emissions were estimated using ratios that are further described in Appendix A 
Section 1.2.1.  GHG and climate forcing PM emissions, expressed as CO2e, were estimated per the 

methodology described in Appendix A Section 1.2.2 using the GWPs presented in Table 3-9. 

3.2.4 Fugitive Dust from Unpaved Roads 

Particulate matter is emitted from the surface of unpaved roadways due to the re-suspension of dust 

caused by truck movements.  The method of calculating road dust particulate matter emissions is: 
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Emissions (g/s) = [Vehicle Count * EF (g/VKT) * Distance Travelled (VKT) * (1 - Control Efficiency 

(%)/100)] 

Emissions are summarised at the end of Section 3.2.  The parameters in the above equation are 

discussed in the following sub-sections. 

3.2.4.1 Vehicle Count, Activity Levels and Control Efficiencies 

The following assumptions were made: 

 36 trucks will be operating for the average day construction scenario and 144 trucks will be 

operating for the peak day scenario per EIS Appendix 4-F Construction Equipment Peak 
Analysis,. 

 Each truck travels 24 km/day based on: 

o 12 km/h, which is 50% of a typical construction site speed limit per the WRAP Handbook 

(Countess Environmental, 2006) and the Sacramento Metropolitan Air Quality 

Management District California Environmental Quality Act (CEQA) Guide (2013); 

o 10% - frequency of time trucks are moving; and 

o 20 h/day site work hours (EIS Appendix 4-E Preliminary Construction Schedule and 
Basis of Schedule). 

 Control Efficiencies: 

o 55% for watering roads to suppress road dust per Table 6-6 of WRAP Handbook 

(Countess Environmental 2006); and 

o 57% for limiting vehicle speed to 24 km/h per Table 3-7 of WRAP Handbook (Countess 

Environmental 2006); 

3.2.4.2 Emission Factors 

Emission factors vary with vehicle weight and the silt content of the road surface material and were 

calculated per Chapter 6 of the WRAP Handbook (Countess Environmental, 2006) and U.S. EPA AP42 

Chapter 13.2.1 as follows (U.S. EPA 2006a): 

𝐸𝐹 =  k ×  (
𝑠

12
)𝑎 ×  (

𝑊

3
)𝑏 
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Where  EF = size specific emission factor (lb/VMT), VMT is vehicle miles travelled 
 k, a, and b are empirical constants that vary by particle size  
 s = surface material silt content (%) 
 W = mean vehicle weight (tons) 
 
The majority of the trucks were assumed to be VolvoA25F articulated trucks weighing 39 tonnes on 

average (26 tonnes unloaded; 48 tonnes loaded).  The same weight is assumed for the remaining trucks 

for which specific model information was not provided. 

A silt fraction of 8.5% is assumed as this is the default silt fraction for construction sites and for various 

other industrial haul roads listed in Table 6-1 of the WRAP Handbook (Countess Environmental, 2006) 

and in the U.S. EPA AP42 Table 13.2.2-1 (U.S. EPA 2006a). 

3.2.5 Fugitive Dust from Material Handling 

Particulate matter is also emitted when material is loaded and unloaded by FELs, excavators and trucks.  

The method of calculating material handling dust particulate emissions is: 

Emissions (g/s) = [Equipment Count * EF (kg/tonne) * Quantity of Material Handled (tonne) * (1 - Control 

Efficiency (%)/100)] 

Emissions are summarised at the end of Section 3.2.  The parameters in the above equation are 

discussed in the following sub-sections. 

3.2.5.1 Equipment Count, Activity Levels and Control Efficiencies 

The number of FELs and excavators in use for each construction scenario was based on EIS Appendix 
4-F Construction Equipment Peak Analysis and is listed in Table 3-12, along with the amount of bulk 

material moved by each type of equipment.  

Table 3-12 – Equipment Count and Quantity of Material Handled Daily 

 
Quantity Equipment Daily Material Movement 

(tonnes/d/equipment) Average Scenario Peak Scenario 

Small FEL 1 4 1284 

Large FEL 15 48 6940 

Small Excavator 1 14 480 

Large Excavator 7 5 577 

For simplicity, it has been assumed that the equipment moves the fill material twice: 
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 It is dumped by the equipment into a dump truck 

o With a Control Efficiency of 75% (per WRAP Table 4-2 for 3 sided enclosures); and 

 It is dumped by the dump truck to the ground 

o With no control. 

 

The material movement amounts were calculated based on the equipment bucket capacity and an 

estimated number of movements per day. 

3.2.5.2 Emission Factors 

Emission factors vary with wind speed and the moisture content of the material being handled, and were 

estimated using the following equation, per Chapter 4 of the WRAP Handbook (Countess Environmental, 

2006) and U.S. EPA AP42 Ch 13.2.4 (U.S. EPA 2006b): 

𝐸𝐹 = k × 0.0016 ×  (
𝑈

2.2
)1.3 ×  (

𝑀

2
)−1.4 

Where  EF = size specific emission factor (kg/tonne) 
 k is a multiplier that varies by particle size  
 U = mean wind speed (m/s) 
 M = material moisture content (%) 
 

The mean wind speed at the construction site is estimated to be 4.8 m/s based on annual average hourly 

wind speed modelled at the RBT2 site (per Appendix C, Section 2.6.1).  A moisture content of 4.8% is 

assumed as this is the high end of the limit of applicability for the AP42 Ch 13.2.4 estimation method 

(U.S. EPA 2006b). 

3.2.6 Fugitive Dust from Bulldozing 

Particulate matter emissions generated from bulldozing activities were estimated using the following 
calculation method: 
 
Emissions (g/s) = [Equipment Count * EF (kg/h)* Activity Time (h)] 

3.2.6.1 Equipment Count, Activity Levels and Control Efficiencies 

The following assumptions were made: 
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 9 bulldozers will be operating for the average day scenario and 14 for the peak day scenario (per 

EIS Appendix 4-F Construction Equipment Peak Analysis of the EIS);  

 10 h/day based on an estimated 50% operational frequency and a 20 h work day (Appendix 4-E 
Preliminary Construction Schedule and Basis of Schedule) 

 No dust control 

3.2.6.2 Emission Factors 

Emission factors vary with the silt and moisture content of the material being handled, and were 

estimated using the following equation, per Chapter 3 of the WRAP Handbook (Countess Environmental, 

2006) and U.S. EPA AP42 Table 11.9-2 (U.S. EPA 1998): 

 𝐸𝐹 = k ×  s𝑎 ×  M−𝑏Where  EF = size specific emission factor (kg/h)  

 k, a, and b are empirical constants that vary by particle size    
s = material silt content (%) 

 M = material moisture content (%) 
 

3.2.7 Fugitive Dust from Grading 

Particulate emissions generated from grading activities were estimated using the following calculation 
method: 
 
Emissions (g/s) = [Equipment Count * EF (kg/VKT)* Activity Time (h/day)* Vehicle speed (km/h)] 

3.2.7.1 Equipment Count, Activity Levels and Control Efficiencies 

The following assumptions were made: 

 1 grader will be operating for the average day scenario per EIS Appendix 4-F Construction 
Equipment Peak Analysis of the EIS 

 6 h/day (based on an estimated 30% operational frequency (Kable, 2004) and a 20 h work day 

(AECOM 2014)) 

 Grader will travel at 12 km/h, which is 50% of a typical construction site speed limit per the WRAP 

Handbook (Countess Environmental, 2006) and the Sacramento Metropolitan Air Quality 

Management District CEQA Guide (2013)  

 No dust control 
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3.2.7.2 Emission Factors 

Emission factors vary with vehicle speed and were estimated using the following equation, per U.S. EPA 

AP42 Table 11.9-2 (U.S. EPA 1998): 

 𝐸𝐹 = k ×  s𝑎 

Where  EF = size specific emission factor (kg/VKT)  
 k and a are empirical constants that vary by particle size    

s = mean vehicle speed (km/h) 

3.2.8 Emissions from Asphalt Paving 

Emissions from asphalt paving activities were estimated using the following calculation method: 
 
Emissions (g/s) = [EF (g/tonne asphalt) * Asphalt Paving Rate (tonnes/d) * (1 - Control Efficiency 

(%)/100)] 

Estimates account for the fact that asphalt will be produced in plants on-site (Dave King, AECOM, 

memorandum to Peter Geldreich, December 5, 2013).  This assessment considered the two common 

asphalt hot mix plant types, namely, batch mix plants and drum mix plants.  The emissions from batch mix 

plants are presented as they are slightly more conservative. 

3.2.8.1 Paving Rate and Control Efficiencies 

The following assumptions were made for the peak day scenario: 

 5500 m2/day (Appendix 4-E Preliminary Construction Schedule and Basis of Schedule) 

 Control Efficiencies per section NFR 2.D.3.b of the EMEP/EEA Air Pollutant Emission Inventory 

Guidebook 2013 (Kuenen 2013): 

o 99.6% for PM 

o 98% for PM10 and PM2.5 

Control equipment ranges from dry mechanical collectors to scrubbers and fabric collectors.  The control 

efficiencies listed above assume a venturi/wet scrubber, which results in the most conservative emissions 

(Kuenen 2013). 

The peak day construction scenario assumes paving occurs all day.  For the average day scenario, the 

following operational frequencies were applied (per EIS Appendix 4-F Construction Equipment Peak 
Analysis) to account for the fact that paving does not occur all day, every day: 
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 6% for the causeway to indicate that paving only occurs for approximately three weeks of the 

year 

 17% for the terminal to indicate that paving only occurs for approximately two months of the year 

3.2.8.2 Emission Factors 

EFs for VOCs, PM, PM10, PM2.5 and black carbon were taken taken from the EMEP/EEA Air Pollutant 

Emission Inventory Guidebook 2013 (Kuenen 2013) and EFs for benzene, napthalene and 

benzo(a)pyrene were obtained from the EPA’s 1994 Evaluation of Emissions From Paving Asphalts 

(EPA/600/SR-94/135) (U.S. EPA 1994) (Table 3-13). 

Table 3-13 – Emission Factors for Asphalt Paving (g/tonne asphalt) 

VOC PM PM10 PM2.5 Benzene Napthalene Benzo(a)pyrene Black 
Carbon 

16 15,000 2,000 100 3.0 0.005 0.035 5.7 

3.2.9 Summary of Emissions 

The emission estimates calculated using the methodology described above are summarised in the 

following tables. 

Table 3-14 – Tailpipe Emissions – CACs, GHGs & Climate Forcing PM 

C
on

st
ru

ct
io

n 
Sc

en
ar

io
 CACs GHGs Climate Forcing PM 

(Black Carbon) 

g/s tonnes/y 

CO NOx SO2 VOC PM PM10 PM2.5 CO2e 
(100 y) 

CO2e 
(20 y) 

CO2e 
(100 y) 

CO2e 
(20 y) 

Ave 6.1 17.3 0.01 1.2 0.9 0.9 0.9 51,254 50,966 20,621 73,320 

Peak 11.6 30.5 0.024 1.7 1.6 1.6 1.5 - - - - 
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Table 3-15 – Tailpipe Emissions – TOCs, g/s 
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Ave 1.2 x10-2 1.5 x10-2 3.7 x10-3 7.8 x10-2 2.4 x10-1 1.9 x10-2 6.5 x10-5 0.87 

Peak 1.6 x10-2 2.0 x10-2 5.0 x10-3 1.1 x10-1 3.2 x10-1 2.5 x10-2 8.9 x10-5 1.5 

 

Table 3-16 – Tug Emissions– CACs, GHGs & Climate Forcing PM 

C
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 CACs GHGs Climate Forcing 

PM (Black Carbon) 

g/s tonnes/y 

CO NOx SO2 VOC PM PM10 PM2.5 CO2e 
(100 y) 

CO2e 
(20 y) 

CO2e 
(100 y) 

CO2e 
(20 y) 

Ave 0.09 0.61 0.0004 0.016 0.015 0.015 0.014 1,339 1,347 12 43 

Peak 0.10 0.66 0.0004 0.018 0.017 0.017 0.015 - - - - 

 

Table 3-17 – Tug Emissions – TOCs, g/s 
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Ave 3.6 x10-5 2.1 x10-4 7.9 x10-6 7.6 x10-4 1.5 x10-3 1.2 x10-5 7.6 x10-8 0.014 

Peak 3.9 x10-5 2.3 x10-4 8.6 x10-6 8.3 x10-4 1.7 x10-3 1.3 x10-5 8.3 x10-8 0.015 
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Table 3-18 – Rail Locomotive Emissions CACs, GHGs & Climate Forcing PM, g/s 

Construction 
Scenario 

CACs 

CO NOx SO2 VOC PM PM10 PM2.5 

Peak 0.09 0.40 0.0002 0.04 0.009 0.009 0.009 

 

Table 3-19 – Rail Locomotive Emissions – TOCs, g/s 

C
on

st
ru

ct
io

n 
Sc

en
ar

io
 

A
cr

ol
ei

n 

B
en

ze
ne

 

1,
3-

B
ut

ad
ie

ne
 

A
ce

ta
ld

eh
yd

e 

Fo
rm

al
de

hy
de

 

N
ap

ht
ha

le
ne

 

B
en

zo
(a

)p
yr

en
e 

D
PM

 

Peak 1.6 x10-2 2.0 x10-2 1.3 x10-4 2.8 x10-3 8.3 x10-3 6.5 x10-4 2.3 x10-6 1.01 

 

Table 3-20 – Fugitive Dust Emissions, g/s 

CONSTRUCTION 
SCENARIO 

ACTIVITY PM PM10 PM2.5 

Average 

Unpaved Roads 6.6 1.9 0.2 

Material Handling 1.6 0.8 0.1 

Bulldozing 1.9 0.4 0.2 

Grading 1.4 0.4 0.0 

Peak 

Unpaved Roads 26.5 7.6 0.76 

Material Handling 4.8 2.3 0.35 

Bulldozing 3.1 0.6 0.33 
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Table 3-21 – Emissions from Asphalt Paving 

Construction 
Scenario 

CACs TOCs Climate Forcing PM 
(Black Carbon) 

g/s tonnes/y 

VOC PM Benzene Naphthalene Benzo(a)pyrene CO2e 
(100 y) 

CO2e 
(20 y) 

Ave 0.03 0.10 1.0 x10-4 1.8 x10-7 1.2 x10-6 5.5 19.4 

Peak 0.24 0.90 9.1 x10-4 1.6 x10-6 1.1 x10-5 - - 

 

3.3 AIR DISPERSION MODELLING 

The CALMET/CALPUFF modelling system (see Appendix C) was used to assess the potential changes 

in air quality associated with the construction phase of the Project.  The only changes to the methodology 

discussed in Appendix C are the definition of emission sources and the emission rates associated with 

the sources.   

Emissions from construction activities were modelled over the Local Study Area used for modelling of the 

operational scenarios (see Figure 1-1 in Appendix C) at the receptor grid shown in Figure 3-1 and 

Figure 3-2 in Appendix C.  Construction emission sources were modelled over a period of one year 

using the meteorology described in Appendix C.  

Emission-generating activities associated with the construction phase were grouped as follows: 

 Activities at the RBT2 Terminal; and 

 Activities along the RBT2 causeway.  

Emission sources associated with the construction phase of the RBT2 Terminal were divided into three 

types:  

 Fugitive dust emission sources (i.e., unpaved road, material handling, grading and dozing); 

 Exhaust emission sources (i.e., combustion sources such as construction equipment and tailpipe 

emissions and paving); and 

 Emissions from tugs. 

Emission sources associated with the construction phase of the RBT2 causeway expansion were divided 

into two types:  

 Emissions from on-road trucks and  construction equipment and activities and  
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 Rail locomotives. 

3.3.1 Particulate Matter 

The CALPUFF model treats total particulate matter (PM), inhalable particulate matter <10 µm (PM10) and 

respirable particulate matter <2.5 µm (PM2.5) as independent species. These size components are 

actually interconnected. The following particle size distribution was assumed in the dispersion modelling. 

The size classes for particulate matter were divided into the following groups: 

 A mean particulate size of 1.25 microns was assumed for PM2.5; 

 A mean particulate size of 5 microns was assumed for PM10; and  

 A mean particle size of 20 microns was assumed for PM total. 

A standard deviation of 1.24 microns was assumed for all particle sizes. The maximum predicted 

concentrations were then calculated by summing the modelled particle size classes together by using 

POSTUTIL. 

The fugitive dust emissions were modelled with dry and wet deposition included. Dry deposition was 

modelled using a CALPUFF full resistance model. An empirical scavenging coefficient approach was 

used in CALPUFF to assess the depletion and wet deposition due to precipitation scavenging. Wet 

deposition parameters assigned in the modelling of the construction phase of the Project are summarised 

in Table 3-22. 

 Table 3-22– CALPUFF Model Parameters: Wet Deposition for Particles 

Species 
Scavenging 

Coefficient for liquid 
precipitation (s-1) 

Scavenging Coefficient 
for frozen precipitation 

(s-1) 

PM 1.0e-04 3.0e-05 

PM10 1.0e-04 3.0e-05 

PM2.5 1.0e-04 3.0e-05 
 

3.3.2 RBT2 Terminal Construction 

Construction generated emissions at the RBT2 Terminal were characterised using multiple volume 

sources based on methodology used in modelling construction-generated emissions recommended in 

Sacramento Metropolitan Air Quality Management District CEQA Guide (2013).    
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The location of construction activities will vary across the RBT2 Terminal during the construction period.  

For modelling purposes, the construction site on the RBT2 Terminal was assumed to be a rectangular 

area of 7.7 ha (i.e. 550 m by 140 m) along the SE corner of the RBT2 terminal location where most of the 

buildings are to be located (see Figure 3-1).  This is a conservative approach because it is assumed that 

all construction activities happen at the same time over the chosen area that is closest to the sensitive 

receptor locations.     

The fugitive dust emissions were modelled as multiple ground-level volume sources. The exhaust 

emissions generated by construction equipment were modelled as a set of elevated volume sources with 

a release height of 5 m. The dimensions, quantities and locations of each set of volume sources were 

equivalent; only the release height of the two sets of volume sources was different.  The source 

parameters for both types of sources are shown in Table 3-23.  

Figure 3-1 – CALPUFF Model Sources 
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Table 3-23 – CALPUFF Model Parameters: RBT2 Terminal Construction 

Parameter Fugitive Dust 
Sources Trucks and Vehicles  

Release Height 0.0 m 5.0 m 

Initial σy 14.9 m 14.9 m 

Initial σz 1.0 m 1.0 m 
 

As part of the construction scenario for the RBT2 terminal, two tugboats approaching and landing at the 

east side of the terminal were modelled as point sources with the same model parameters as were used 

to model tugboats for the operational scenarios (see Table 3-12 in Appendix C).  

CALPUFF was used to model each of the above sets of sources as separate model runs. The results 

from each model run were merged using CALSUM and POSTUTIL. 

3.3.3 Causeway Construction 

Emissions generated through construction activity on the RBT2 causeway were modelled along the 3-km 

stretch on the east end of the RBT2 causeway, as shown in Figure 3-1.  

Emissions from the activities on the RBT2 causeway expansion were modelled as a series of volume 

sources spread evenly along the 3-km stretch, at approximately 50 m spacing. The model parameters 

were based on the modelling of haul road fugitive emissions methodology (U.S. EPA, 2011) since the 

most dominant source of the fugitive dust is the emission from vehicle travel on unpaved surfaces.  

Emissions released from the rail activities along the RBT2 causeway were modelled as a multiple volume 

sources, spread evenly along the 3-km stretch, with the same model parameters used as those in 

modelling switcher locomotives for the operational scenarios (Appendix C, Section 3.4.6 Locomotives).  

Table 3-24 summarises the model parameters used for modelling the emissions coming from the 

activities related to the expansion of the RBT2 causeway.    

Table 3-24– CALPUFF Model Parameters – RBT2 Causeway Construction 

Parameter Road Rail 

Release Height 2.9 m 8.0 m 

Initial σy 25.1 m 5.8 m 

Initial σz 2.7 m 1.9 m 
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4.0 RESULTS AND DISCUSSION 

The 5.5 year construction project will require an assortment of equipment operating at different times for 

varying durations in numerous locations at the RBT2 terminal and the causeway.  Therefore, it is not 

technically feasible to model all activities precisely.  Instead, in order for comparisons of potential 

changes in air quality to be meaningful, the assessment was completed by comparing the predicted 

hypothetical daily average construction emissions with and without the hypothetical daily maximum 

emissions from existing operations. 

As discussed in Section 2.2, predicted emissions from operations in 2025 at Westshore Terminals, 

Deltaport Terminal and B.C. Ferries Terminal (i.e. the Expected Conditions scenario), provide a good 

representation of hypothetical maximum emissions from existing conditions around the time of the 

construction activity. 

Predicted concentrations presented in the following sections are incremental (i.e., do not include the 

influence of background).  Predicted maximum air concentrations from average day construction activities 

(including both the RBT2 terminal and causeway) are presented in Table 4.1, Table 4.3, and Table 4.5.  

Predicted maximum air concentrations from both average day construction activities and existing 

operations at Westshore Terminals, Deltaport Terminal and B.C. Ferries Terminal are presented in Table 
4.2, Table 4.4, and Table 4.6.  The focus in these tables is on the discrete receptors location (i.e., where 

the greatest potential for exposure to the general public would occur). In addition to the discrete 

receptors, the maximum predicted concentration off property (i.e., over water) and the maximum 

predicted concentration on land are also presented.  Study criteria in the tables of predicted 

concentrations are provided for comparison.  Bolded values in the tables indicate values that exceed 

Study criteria.  The MV AAQO, which are generally more stringent that the Federal/Provincial 

objectives/standards, are also listed in the tables of predicted concentrations for information purposes. 

The peak day scenario for construction was also modelled in order to show how the peak construction 

day air quality levels would compare to the average construction day levels.  Results are discussed in 

Section 4.4. 

Note that only the compounds of concern with applicable air quality criteria are discussed in this section, 

namely: 

 Gaseous and Particulate CACs 

 Formaldehyde 

Air concentrations for trace organics were provided for the Human Health Risk Assessment (HHRA) for 

the Project and are included in Attachment 2. 
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Graphical Comparisons 

Contour plots or isopleths illustrate the maximum predicted concentrations of NO2, PM, PM10 and PM2.5 

for the average and peak day scenarios (Figure 4-1 through Figure 4-9).  The isopleth contours include 

the background conditions (see Appendix B, Table 3-4).  These four compounds were chosen because 

the predicted concentrations of NO2 and PM2.5 from operations at the two existing terminals at Roberts 

Bank were estimated to produce maximum ambient air concentrations close to or above the most 

stringent ambient air quality criteria, and because construction activity is a major source of fugitive dust 

PM10 emissions.   

These figures indicate the highest hourly or daily concentrations at any given time in the year. It should be 

noted that the maximum concentrations at different locations in the study area do not occur 

simultaneously at each location.  For example, the maximum concentrations in the southern part of the 

modelling domain require the wind to be blowing from the north, and therefore represent a different 

condition than, and occurs at a different time than, that required to create maximum concentrations to the 

east.   These contour plots should not be interpreted as an aggregate plume that covers the modelling 

domain but as an indicator of the maximum concentrations that could occur on a once per year basis in a 

given location.  Refer to the main report of this Study, Section 4.2.1 and Figure 4.4 for a more detailed 

demonstration of this concept. 

4.1 ANTICIPATED CHANGES IN AIR QUALITY FROM CONSTRUCTION, GASEOUS CACS 

Predicted maximum CAC concentrations are presented in Table 4.1 (average day construction) and 

Table 4.2 (average day construction plus existing operations at Westshore Terminals, Deltaport Terminal 

and B.C. Ferries Terminal) and illustrated in Figure 4-1 through Figure 4-3.   

A review of the results shows there are no exceedances for gaseous CACs predicted at discrete receptor 

locations or for the maximum concentrations over land.  The large difference in concentrations between 

Table 4.1 and Table 4.2 indicates that construction activities will have a negligible effect on air quality 

with respect to SO2 because these levels are mostly determined by the emissions from ships berthed at 

the existing terminals.  On the other hand, the maximum predicted 1-hour, 24-hour and annual average 

off-property NO2 concentrations with construction activity are similar to those for operations alone, 

indicating that the construction activity would not change the overall estimate of NO2 levels with or without 

the construction activity.  The maximum NO2 concentrations exceed the study criteria over water but not 

over land or at any of the discrete receptor locations.  The predicted NO2 concentrations are conservative 

and may overestimate actual NO2 concentrations by up to a factor of two for the reasons discussed in 

Appendix C. 
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Table 4.1   Predicted Maximum Gaseous CAC Concentrations (µg/m
3) – Average Day Construction 

Discrete Receptor 
CO NO2 SO2 

1-h 8-h 
rolling 1-h 24-h Annual 1-h 24-h 

rolling Annual 

Study Criteria 14,300 5,500 400 200 60 450 150 25 

MV AAQO 30,000 10,000 200 - 40 450 125 30 

Background Concentration 371.2 339.3 44.7 34.9 12.8 7.7 5.1 1.4 

Ladner 7.6 2.6 22.3 2.1 0.2 0.01 0.002 0.0001 

Farmer 1 16.8 5.5 49.7 5.0 0.5 0.03 0.003 0.0003 

Tsawwassen First Nations 21.7 5.5 62.6 6.7 0.7 0.04 0.004 0.0004 

Farmer 2 26.4 6.7 77.1 7.4 0.7 0.05 0.005 0.0004 

Farmer 3 22.9 8.4 65.2 9.9 1.3 0.04 0.006 0.0008 

Tsawwassen Beach Campsite 15.4 8.1 43.4 4.8 0.7 0.03 0.005 0.0004 

Beach Grove 10.0 2.5 28.5 2.7 0.3 0.02 0.002 0.0002 

Boundary Bay 14.1 4.1 39.8 4.5 0.3 0.02 0.003 0.0002 

Tsawwassen 20.6 6.3 58.2 6.5 0.6 0.04 0.004 0.0004 

Point Roberts 1 10.1 3.1 28.4 3.4 0.3 0.02 0.002 0.0002 

Point Roberts 2 48.0 11.8 101.7 12.9 0.9 0.08 0.009 0.0005 

Delta Hospital 5.9 2.7 17.1 1.7 0.2 0.01 0.002 0.0001 

B.C. Ferries Terminal 124.5 31.1 123.1 42.2 3.0 0.21 0.028 0.0018 

Reifel Bird Sanctuary 12.1 2.3 34.4 2.7 0.4 0.02 0.002 0.0002 

Boundary Bay GVRD Park 9.6 2.5 27.0 2.9 0.3 0.02 0.002 0.0002 

English Bluffs Beach 18.0 5.8 50.7 7.5 0.9 0.03 0.005 0.0005 

South Arm Marsh 10.6 2.9 30.1 3.0 0.2 0.02 0.002 0.0001 

Air Quality Station T39 22.9 4.7 64.3 5.8 0.6 0.04 0.004 0.0004 

Maximum Off Property 2898.7 1079.1 901 231 82 5.0 1.4 0.2 

Maximum Over Land 199.4 38.8 144.1 48.9 5.2 0.3 0.04 0.003 

Max Over Land % of Study 
Criteria (including background) 4% 7% 47% 42% 30% 2% 3% 6% 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
     Bolded values exceed Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs). 
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Table 4.2   Predicted Maximum Gaseous CAC Concentrations (µg/m
3) - Average Day Construction 

plus Operations at Westshore Terminals, Deltaport Terminal and B.C. Ferries Terminal  
(i.e., the Expected Conditions scenario) 

Discrete Receptor 
CO NO2 SO2 

1-h 8-h 
rolling 1-h 24-h Annual 1-h 24-h 

rolling Annual 

Study Criteria 14,300 5,500 400 200 60 450 150 25 

MV AAQO 30,000 10,000 200 - 40 450 125 30 

Background Concentration 371.2 339.3 44.7 34.9 12.8 7.7 5.1 1.4 

Ladner 27.8 10.2 47.6 6.3 0.7 2.2 0.3 0.02 

Farmer 1 65.5 22.5 98.6 14.9 1.6 2.6 0.3 0.03 

Tsawwassen First Nations 161.0 30.0 106.5 19.1 2.5 4.7 0.8 0.06 

Farmer 2 121.7 23.7 105.7 17.7 2.4 6.0 0.7 0.05 

Farmer 3 90.6 24.5 103.6 24.6 3.4 3.8 0.5 0.04 

Tsawwassen Beach 
Campsite 108.0 48.9 102.2 22.4 2.4 5.2 1.1 0.06 

Beach Grove 58.5 13.7 69.9 7.6 1.1 2.2 0.4 0.03 

Boundary Bay 58.0 21.8 98.5 14.5 1.2 3.9 0.6 0.03 

Tsawwassen 105.2 38.2 114.0 27.8 2.8 5.5 0.8 0.08 

Point Roberts 1 46.9 19.5 90.9 15.1 1.5 3.2 0.5 0.04 

Point Roberts 2 118.2 45.3 108.5 35.0 4.1 6.9 0.9 0.11 

Delta Hospital 29.5 12.6 47.9 5.5 0.6 2.3 0.3 0.01 

B.C. Ferries Terminal 578.3 307.1 131.1 81.8 18.5 13.6 4.2 0.45 

Reifel Bird Sanctuary 54.8 11.2 70.4 9.8 1.5 2.1 0.4 0.03 

Boundary Bay GVRD Park 64.8 15.9 96.5 9.0 1.0 4.1 0.4 0.02 

English Bluffs Beach 143.1 51.3 105.9 24.1 3.6 8.2 1.0 0.10 

South Arm Marsh 36.3 11.4 54.2 8.5 0.9 2.0 0.3 0.02 

Air Quality Station T39 105.1 33.6 102.1 19.8 2.7 6.3 0.8 0.07 

Maximum Off Property 2991.5 1510.2 912 234 83 54.7 17.6 4.4 

Maximum Over Land 239.5 84.1 147.6 70.8 12.5 10.4 1.7 0.1 

Max Over Land % of Study 
Criteria (including background) 4% 8% 48% 53% 42% 4% 5% 6% 

Note: Concentrations presented in this table are incremental and do not include the influence of background 
          Bolded values exceed Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs).
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Figure 4-1 – Average Day Scenario – Maximum 1-hour NO2 Concentrations (μg/m³) Including 98th Percentile Background 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 38 - November 2014 
 

Figure 4-2 – Average Day Scenario - Max 24-hour NO2 Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-3 – Average Day Scenario - Annual Average NO2 Concentrations (μg/m³) Including 98th Percentile Background 
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4.2 ANTICIPATED CHANGES IN AIR QUALITY FROM CONSTRUCTION, PARTICULATE MATTER CACS 

Predicted maximum PM, PM10, and PM2.5 are presented in Table 4.3 (average day construction only) and 

Table 4.4 (average day construction as well as existing operations at Westshore Terminals, Deltaport 

Terminal and B.C. Ferries Terminal) and illustrated in Figure 4-4 through Figure 4-9.   

A review of the results shows there are no exceedances for particulate CACs predicted at discrete 

receptor locations or for maximum over land concentrations.  The differences with and without 

construction activity are negligible (i.e., <1 µg/m3 for PM2.5), depending on location, with the exception of 

the those at the B.C. Ferries terminal where construction activity would add approximately 4-12 µg/m3 to 

existing air quality levels of PM, PM10 and PM2.5. 

The greatest change from construction activity would be in off-property areas over water in the vicinity of 

the construction works.  As indicated in Table 4.3, the 24-hour average and annual average criteria for 

PM, PM10 and PM2.5 would all be exceeded during construction at locations over water.  Figures 4-4 and 

4-6 indicate that the 24-hour average criteria would be exceeded over water primarily to the east-

southeast of Roberts Bank terminals, as well as along the length of the RBT2 causeway construction 

area.  It should be noted, however, that there is a higher degree of uncertainty in the estimation of fugitive 

dust emissions from construction activity, for the reasons discussed in Section 5.3 below.  The predicted 

concentrations of particulate matter from construction activity may overstate actual air quality 

concentrations.  Figures 4-5 and 4-7 indicate that the criteria for annual average PM10 and PM2.5 

concentrations would only potentially be exceeded in the immediate vicinity of Roberts Bank terminals. 
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Table 4.3  Predicted Maximum Particulate CAC Concentrations (µg/m
3) – Average Day Construction 

Discrete Receptor 
PM PM10 PM2.5 

24-h annual 24-h 
rolling annual 24-h 

rolling annual 

Study Criteria 120 60 50 - 25 6 

MV AAQO - - 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Ladner 0.7 0.1 0.7 0.04 0.2 0.01 

Farmer 1 2.6 0.2 1.4 0.13 0.3 0.03 

Tsawwassen First Nations 2.6 0.4 2.2 0.19 0.4 0.04 

Farmer 2 3.3 0.3 2.0 0.19 0.5 0.04 

Farmer 3 5.3 0.7 2.9 0.36 0.6 0.07 

Tsawwassen Beach Campsite 1.6 0.3 1.6 0.17 0.6 0.04 

Beach Grove 0.8 0.1 0.8 0.06 0.2 0.02 

Boundary Bay 1.0 0.1 1.0 0.06 0.4 0.02 

Tsawwassen 1.9 0.2 1.5 0.15 0.5 0.04 

Point Roberts 1 0.8 0.1 0.8 0.07 0.3 0.02 

Point Roberts 2 3.3 0.3 3.0 0.19 1.1 0.07 

Delta Hospital 0.5 0.04 0.6 0.03 0.2 0.01 

B.C. Ferries Terminal 11.9 1.0 10.2 0.66 3.9 0.24 

Reifel Bird Sanctuary 1.0 0.1 0.7 0.08 0.2 0.03 

Boundary Bay GVRD Park 0.9 0.1 0.8 0.06 0.2 0.02 

English Bluffs Beach 2.6 0.4 1.8 0.22 0.5 0.06 

South Arm Marsh 0.8 0.1 0.7 0.05 0.2 0.01 

Air Quality Station T39 1.7 0.2 1.4 0.14 0.5 0.04 

Maximum Off Property 1253 312 626 132 203 39 

Maximum Over Land 37.8 5.3 15.9 1.9 5.6 0.25 

Max Over Land % of Study 
Criteria (including background) 70% 43% 78% - 57% 63% 

Note: Concentrations presented in this table are incremental and do not include the influence of background.  
         Bolded values exceed Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs). 
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Table 4.4   Predicted Maximum Particulate CAC Concentrations (µg/m
3) - Average Day 

Construction plus Operations at Westshore Terminals, Deltaport Terminal and B.C. 
Ferries Terminal (i.e. Expected Conditions scenario)  

Discrete Receptor 
PM PM10 PM2.5 

24-h annual 24-h 
rolling annual 24-h 

rolling annual 

Study Criteria 120 60 50 - 25 6 

MV AAQO - - 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Ladner 0.9 0.1 0.9 0.1 0.4 0.04 

Farmer 1 3.0 0.3 1.9 0.2 0.8 0.07 

Tsawwassen First Nations 3.3 0.5 2.6 0.3 1.2 0.12 

Farmer 2 3.7 0.4 2.5 0.3 0.8 0.11 

Farmer 3 6.0 0.8 3.6 0.5 1.2 0.15 

Tsawwassen Beach Campsite 2.3 0.4 3.0 0.3 1.7 0.12 

Beach Grove 1.2 0.1 1.2 0.1 0.6 0.05 

Boundary Bay 1.7 0.1 1.7 0.1 1.0 0.06 

Tsawwassen 2.9 0.4 2.6 0.3 1.4 0.14 

Point Roberts 1 1.3 0.2 1.3 0.1 0.8 0.08 

Point Roberts 2 4.6 0.5 4.2 0.4 2.3 0.21 

Delta Hospital 0.7 0.1 0.9 0.1 0.4 0.03 

B.C. Ferries Terminal 14.2 1.8 13.2 1.6 6.2 0.96 

Reifel Bird Sanctuary 1.2 0.2 1.1 0.1 0.6 0.07 

Boundary Bay GVRD Park 1.3 0.1 1.2 0.1 0.6 0.05 

English Bluffs Beach 3.7 0.6 3.0 0.4 1.5 0.19 

South Arm Marsh 1.0 0.1 1.0 0.1 0.5 0.04 

Air Quality Station T39 2.6 0.3 2.4 0.3 1.4 0.14 

Maximum Off Property 1255 313 628 132 206 40 

Maximum Over Land 38.6 5.7 17.1 2.3 6.9 0.49 

Max Over Land % of Study 
Criteria (including background) 71% 44% 80% - 62% 67% 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
     Bolded values exceed Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs). 
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Figure 4-4 – Average Day Scenario – Maximum 24-h PM Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-5 – Average Day Scenario –Annual Average PM Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-6 – Average Day Scenario – Maximum 24-h Rolling PM10 Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-7 – Average Day Scenario – Annual Average PM10 Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-8 – Average Day Scenario – Maximum Rolling 24-h PM2.5 Concentrations (μg/m³) Including 98th Percentile Background 
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Figure 4-9 – Average Day Scenario – Annual Average PM2.5 Concentrations (μg/m³) Including 98th Percentile Background 
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4.3 ANTICIPATED CHANGES IN AIR QUALITY FROM CONSTRUCTION, FORMALDEHYDE 

Predicted maximum formaldehyde concentrations show no exceedances against the study criteria (Table 
4.5 and Table 4.6).  

 

Table 4.5   Predicted Maximum 1-h Formaldehyde Concentrations (µg/m
3) 

- Average Day Construction 

Discrete Receptor Formaldehyde 

1-h 

Study Criteria 60 

Background Concentration 3.58 

Ladner 0.285 

Farmer 1 0.613 

Tsawwassen First Nations 0.821 

Farmer 2 0.986 

Farmer 3 0.902 

Tsawwassen Beach Campsite 0.608 

Beach Grove 0.386 

Boundary Bay 0.558 

Tsawwassen 0.813 

Point Roberts 1 0.397 

Point Roberts 2 1.903 

Delta Hospital 0.224 

B.C. Ferries Terminal 4.934 

Reifel Bird Sanctuary 0.474 

Boundary Bay GVRD Park 0.375 

English Bluffs Beach 0.709 

South Arm Marsh 0.404 

Air Quality Station T39 0.907 

Maximum Off Property 114.8 

Maximum Over Land 7.9 

Max Over Land % of Study Criteria 
(including background) 13% 

Note: Concentrations presented in this table are incremental and do not 
include the influence of background. 
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Table 4.6   Predicted Maximum 1-h Formaldehyde Concentrations (µg/m
3) - Average Day 

Construction plus Operations at Westshore Terminals, Deltaport Terminal and B.C. Ferries 
Terminal (i.e. Expected Conditions scenario) 

Discrete Receptor Formaldehyde 

1-h 

Study Criteria 60 

Background Concentration 3.58 

Ladner 0.6 

Farmer 1 1.5 

Tsawwassen First Nations 2.8 

Farmer 2 2.5 

Farmer 3 1.8 

Tsawwassen Beach Campsite 1.6 

Beach Grove 1.1 

Boundary Bay 1.2 

Tsawwassen 1.8 

Point Roberts 1 0.8 

Point Roberts 2 2.8 

Delta Hospital 0.5 

B.C. Ferries Terminal 6.7 

Reifel Bird Sanctuary 1.0 

Boundary Bay GVRD Park 1.1 

English Bluffs Beach 1.8 

South Arm Marsh 0.8 

Air Quality Station T39 1.7 

Maximum Off Property 116.2 

Maximum Over Land 8.5 

Max Over Land % of Study 
Criteria (including background) 28% 

Note: Concentrations presented in this table are incremental 
and do not include the influence of background. 
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4.4 ANTICIPATED CHANGE IN AIR QUALITY FROM A PEAK DAY OF CONSTRUCTION 

Modelling results from the peak day scenario described in Section 3.2 are presented in Table 4.7 

through Table 4.9 and illustrated in Figure 4-10 through Figure 4-14.  A review of the results shows: 

 No exceedances of study criteria are predicted for gaseous CACs or formaldehyde over land;  

 Exceedances of the 1-hour average NO2 criterion over water in the vicinity of Roberts Bank 

terminals and the RBT2 causeway construction area; 

 Exceedance of the 24-hour average NO2 criterion over water immediately adjacent to the RBT2 

terminal construction area; 

 Exceedances of PM, PM10 and PM2.5 study criteria over land for 24-hour averaging periods. 

The exceedance of the 24-hour average NO2 criterion may be the result of two distinct reasons: 

1. NOx emissions based on the NONROAD model methodology may overestimate actual, real-

world emission rates from construction equipment (see discussion of tailpipe emissions in 

Section 5.1); and 

2. The method used to convert NO to NO2 concentrations may overestimate actual NO2 

concentrations by up to a factor of 2, as discussed in Appendix C. 

For these reasons, the maximum predicted NO2 concentrations presented in this report for construction 

activity may be over estimated by up to a factor of four.  As such, both the magnitude of construction-

related NO2 concentrations and the spatial extent of areas where the study criteria may be exceeded may 

be substantially lower than has been presented in this report. 

The potential exceedances of the particulate matter study criteria over land are predicted to occur at the 

end of the causeway construction zone for PM, PM10 and PM2.5 and are subject to the same uncertainties 

about fugitive dust generation discussed in Section 5.3.  Furthermore, the peak construction scenario 

modelled represents a peak level of construction activity over a relatively short time period during the 

entire 5.5 year construction phase.  The exceedances for the 24-hour averaging period for particulate 

matter are very unlikely to occur because the exceedances are only predicted for certain meteorological 

conditions, such that these exceedances would only occur if the meteorological conditions were to 

coincide with the peak construction activity. Specifically, the meteorological conditions that will cause PM, 

PM10 and PM2.5 exceedances occur only 5.5%, 7.2% and 0.54% of the time in a year, whereas the peak 

construction activity is only expected to occur for 2 days of the 5.5 year construction phase.  Therefore, 

the likelihood that this activity would coincide with the worst-case meteorological conditions is low and the 

predicted exceedances of 24-hour average particulate matter concentrations may never actually be 

experienced. 
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Table 4.7   Predicted Maximum Gaseous CAC Concentrations (µg/m
3) - Peak Day Construction 

Discrete Receptor CO NO2 SO2 

1-h 8-h 
rolling 

1-h 24-h 1-h 24-h 
rolling 

Study Criteria 14,300 5,500 400 200 450 150 

MV AAQO 30,000 10,000 200 - 450 125 

Background Concentration 371.2 339.3 44.7 34.9 7.7 5.1 

Ladner 21.5 8.0 58.2 5.3 0.05 0.01 

Farmer 1 62.9 17.0 105.4 14.5 0.13 0.01 

Tsawwassen First Nations 82.9 23.1 110.8 22.2 0.18 0.02 

Farmer 2 74.5 24.0 108.3 24.0 0.16 0.02 

Farmer 3 86.9 34.4 111.9 33.6 0.19 0.03 

Tsawwassen Beach Campsite 32.7 13.3 89.4 13.5 0.07 0.01 

Beach Grove 20.8 6.1 55.6 5.7 0.04 0.01 

Boundary Bay 22.1 8.0 58.0 6.9 0.04 0.01 

Tsawwassen 31.7 13.9 83.4 14.4 0.06 0.01 

Point Roberts 1 15.3 5.6 40.3 5.2 0.03 0.00 

Point Roberts 2 73.4 20.6 107.4 18.9 0.15 0.02 

Delta Hospital 14.9 7.0 39.9 4.0 0.03 0.01 

B.C. Ferries Terminal 190.2 47.5 137.9 60.1 0.38 0.05 

Reifel Bird Sanctuary 21.3 7.1 56.3 6.9 0.04 0.01 

Boundary Bay GVRD Park 16.5 6.1 43.5 5.7 0.03 0.01 

English Bluffs Beach 33.6 15.0 91.9 18.6 0.07 0.02 

South Arm Marsh 24.9 7.3 67.6 6.0 0.05 0.01 

Air Quality Station T39 35.1 11.4 92.9 11.0 0.07 0.01 

Maximum Off Property 4431.4 1650.3 1246.7 299.4 8.82 2.55 

Maximum Over Land 411.2 164.3 199.9 89.3 0.88 0.14 

Max Over Land % of Study 
Criteria (including background) 5% 9% 50% 62% 2% 4% 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
     Bolded value exceeds Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs). 
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Table 4.8   Predicted Maximum Particulate CAC Concentrations (µg/m
3) - Peak Day Construction 

Discrete Receptor PM PM10 PM2.5 

24-h 24-h rolling  24-h rolling  

Study Criteria 120 50 25 

MV AAQO - 50 25 

Background Concentration 46.2 23.1 8.7 

Ladner 2.6 2.9 0.8 

Farmer 1 10.5 6.3 1.7 

Tsawwassen First Nations 11.0 10.8 3.0 

Farmer 2 13.2 9.1 2.6 

Farmer 3 23.1 13.8 3.7 

Tsawwassen Beach 
Campsite 

7.2 6.5 1.7 

Beach Grove 3.2 3.1 0.8 

Boundary Bay 2.8 2.8 0.8 

Tsawwassen 6.6 5.3 1.5 

Point Roberts 1 2.2 2.3 0.6 

Point Roberts 2 8.3 8.3 2.2 

Delta Hospital 2.2 2.2 0.7 

B.C. Ferries Terminal 30.0 25.1 6.5 

Reifel Bird Sanctuary 4.3 2.8 0.7 

Boundary Bay GVRD Park 2.9 2.7 0.7 

English Bluffs Beach 11.1 7.8 2.1 

South Arm Marsh 3.0 2.7 0.7 

Air Quality Station T39 4.9 4.4 1.3 

Maximum Off Property 3356.2 1684.1 343.0 

Maximum Over Land 163.2 78.7 19.7 

Max Over Land % of 
Study Criteria (including 
background) 
 

175% 204% 114% 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
         Bolded values exceed Study Criteria provided in top row (Appendix B, Table 2-1 Air Quality Criteria for CACs). 
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Table 4.9   Predicted Max 1-h Formaldehyde Concentrations (µg/m
3) – Peak Day Construction 

Discrete Receptor Formaldehyde 

1-h 

Study Criteria 60 

Background Concentration 3.58 

Ladner 0.63 

Farmer 1 1.91 

Tsawwassen First Nations 2.49 

Farmer 2 2.19 

Farmer 3 2.59 

Tsawwassen Beach Campsite 0.99 

Beach Grove 0.60 

Boundary Bay 0.61 

Tsawwassen 0.87 

Point Roberts 1 0.42 

Point Roberts 2 2.02 

Delta Hospital 0.43 

B.C. Ferries Terminal 5.24 

Reifel Bird Sanctuary 0.60 

Boundary Bay GVRD Park 0.46 

English Bluffs Beach 1.01 

South Arm Marsh 0.74 

Air Quality Station T39 0.99 

Maximum Off Property 122.23 

Maximum Over Land 12.13 

Max Over Land % of Study 
Criteria  26% 

 
Note: Concentrations presented in this table are incremental and do not include the influence of background. 
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Figure 4-10 – Peak Day Scenario – Maximum 1-h NO2 Concentrations (μg/m³) Including 
98th Percentile Background  

 

 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 56 - November 2014 
 

 

Figure 4-11 – Peak Day Scenario – Maximum 24-h NO2 Concentrations (μg/m³) Including 98th 
Percentile Background  

 

 
 
  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 57 - November 2014 
 

 

Figure 4-12 – Peak Day Scenario – Maximum 24-h PM Concentrations (μg/m³) Including 98th 
Percentile Background  

 

  



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix E - 58 - November 2014 
 

 

Figure 4-13 – Peak Day Scenario – Maximum 24-h Rolling PM10 Concentrations (μg/m³) Including 
98th Percentile Background  
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Figure 4-14 – Peak Day Scenario – Maximum 24-h Rolling PM2.5 Concentrations (μg/m³) Including 
98th Percentile Background  
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5.0 SOURCES OF UNCERTAINTY 

The emission estimating techniques used in this report follow current established practices for predicting 

effects from construction-related activities.  However, in any emission inventory development, there are 

uncertainties that are inherent in the work and assumptions that need to be made to complete the work.  

Different approaches may also be used to calculate emissions from the same operations (e.g., using fuel-

based emission factors instead of activity-based emission factors). 

An accepted approach to mitigating uncertainties in an assessment is to use estimates that may be 

considered conservative, such as higher sulphur content or larger engine sizes.  The result of using this 

approach is that actual emissions and associated changes in air quality may be considerably lower in 

practice than has been estimated using conservative methods.  In this respect, one of the largest sources 

of uncertainty in the assessment of emissions for peak daily emission scenarios is the use of hypothetical 

activity scenarios to simplify the dynamic nature of such a large-scale construction project.  In order to 

provide worst-case emission scenarios, peak daily levels for construction equipment have been defined in 

a manner that errs on the side of overestimating emissions. This section provides a discussion of known 

sources of uncertainty pertaining to the compilation of emissions from construction activities at RBT2.  

The purpose of the discussion is to provide information on alternative methods or sources of information 

which could result in different estimates of emissions than those presented in the preceding sections of 

the report. 

5.1 TAILPIPE EMISSIONS 

Tailpipe emissions from construction equipment in this assessment were based on the methods 

developed for the NONROAD model.  The methodology applies EFs to each category of engine type, 

scaled by power level and adjusted for in-use operation (i.e., hours of operation and transient load 

adjustment factors), engine deterioration and fuel sulphur content.  Only a limited number of verifications 

have so far been completed for non-road EFs.  Typical examples of non-road emission verifications 

include Frey and Bammi ( Frey, H. C. and S. Bammi 2003) for landscape and garden equipment, and 

Frey et al. (Frey, H.C. et al. 2010) and Reid et al. (Reid, S. B. et al. 2009) for construction equipment; 

both studies showed that fuel-based emission rates tend to have less variability than time-based emission 

rates.   

Abolhasani (Abolhasani, S. et al. 2008) showed that the NONROAD Model overestimates NOx emission 

rates for dozers, excavator, FELs and off-highway trucks, but underestimates VOC emission rates for 

excavators.  Likewise, Ahn (Ahn, C. et al. 2010) reported that the NONROAD Model overestimates NOx, 

PM, CO2 and CO emissions, but underestimates VOC emissions.   
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Chi, T. R. (Chi, T. R. 2004) completed an uncertainty analysis of the NONROAD model following the 

release of an updated version of the model in 2004.  The uncertainty analysis, completed on the state-

level emission inventory for Georgia, estimated the 95% confidence intervals about the mean emission 

estimate as follows: 

CO -43% to +75%   HC -34% to +61% 
NOx -46% to +68%   PM -48% to +75% 

The NONROAD model has been updated since the study (Chi, T. R. 2004) was completed and therefore, 

some of the uncertainty identified could have been addressed and reduced in subsequent versions of the 

model. 

An earlier study by Kean, A. J. et al. (Kean, A. J. et al. 2000) had compared NOx and PM10 emissions 

derived from the NONROAD activity-based measurements to emissions based on fuel consumption.  

Total emissions of these two pollutants from non-road diesel equipment was estimated to be 2.3 times 

higher when based on the NONROAD methods for emission inventories compared with fuel-based 

methods.  Frey, Rasdorf and Lewis (2010) reported that NOx emission rates were quite similar when 

derived using fuel-used methods and the NONROAD model for some construction equipment, but the 

rates were a factor of 2 to 3 times higher using activity-based methods as compared with the fuel-based 

methods coupled with Portable Emissions Monitoring Systems (PEMS) mounted on the equipment.  Frey, 

Rasdorf and Lewis stated that the development of non-road equipment emission inventories based on 

fuel consumption rates in conjunction with the NONROAD model is the preferred approach to estimating 

emissions from construction equipment rather than activity-only methods as derived from the NONROAD 

model alone.   

PMV has reported similarly large differences in emissions for diesel equipment operating within its 

jurisdiction. The land side emission inventory for PMV (SENES 2008), which considered CHE, trucks and 

rail operations on port lands, noted that NONROAD emission estimating methods tended to overestimate 

emissions by a factor of 1.6 to 1.8 when compared with fuel consumption records.  Since this analysis 

was conducted using the NONROAD estimation methods, it is likely that this analysis overstates actual 

construction equipment emissions to some degree.  

Chenausky (2010) reported on a comparison of emission estimates as derived from the NONROAD 

model and the Roadway Construction Emissions Model (RCEM), a spreadsheet tool developed for the 

Sacramento Metropolitan Air Quality Management District (SMAQMD).  Field study-derived emission 

estimates of NOx, PM10 and PM2.5 from actual construction activity were about half of emission estimates 

prepared using NONROAD defaults, largely because of differences in equipment activity, but were also 

greater than estimates derived from the RCEM. Therefore, based on the Arizona study, the exhaust 
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emission estimates used for the RBT2 construction activity emission inventory may substantially 

overestimate actual, real-world emissions from construction activity. 

The primary limitation of using fuel-based methods is that such methods do not provide a basis for 

projecting emissions into the future (Koupal 2010).  While it is possible to project future emissions using 

activity-based methods knowing the types of equipment likely to be used in the future, their duty cycles 

and load factors, it is not possible to accurately project future fuel consumption for such equipment.  For 

this reason, the assessment of the construction activity emissions for RBT2, as well as all other emissions 

from terminal operations, has been based on estimates of future equipment activity.  As a consequence, 

all emissions for future construction and operation of RBT2 may overestimate actual future tailpipe 

emissions. 

5.2 TUGBOAT EMISSIONS 

The load factor used for assessing the tugboats involved in the construction phase of the Project was 

obtained from a report evaluating tugboats prepared for CARB (Varalakshmi, 2010) and is specific to a 

barge move activity.  The U.S. EPA Port-Related Emission Inventories method (ICF 2009), a more widely 

recognised source, cites a lower emission factor for tugboats in assist mode; however there is no load 

factor specific to a barge move activity. 

5.3 Fugitive Dust Emissions 

Fugitive dust emissions from construction activity are the largest source of uncertainty in estimating the 

potential changes in air quality for the construction phase of the Project.  For example, the Haul Road 

Work Group of the U.S. EPA (Fox 2012) noted that:  

“The challenge of modeling the emissions and associated air quality impacts of haul 

roads has been a particularly vexing problem for the dispersion modeling community. 

There is a large degree of uncertainty in the magnitude of these fugitive dust 

emissions and subsequently in the modeled estimates at near-source receptor 

locations.” 

The same large degree of uncertainty applies to all aspects of estimating fugitive dust emissions from 

construction-related activities.  For example, Chenausky (2010) reported on real-world (as opposed to 

modelled estimates) experience with monitoring of air contaminants in the vicinity of a two-lane road 

widening project in Arizona, similar to the activity that would be required for the construction phase work 

on the RBT2 causeway.  The study reported that construction work did affect near-field (~100 m) PM10 
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concentrations.  During the case study periods examined by Chenausky, construction activity increased 

PM10 concentrations at downwind receptors (~200 m), however the maximum observed PM10 

concentration at this distance due to construction activity was 29 µg/m3 (24-hour average), an order of 

magnitude lower than the predicted concentrations for the peak construction phase of the Project.  PM2.5 

concentrations were influenced by construction-related activity in the Arizona study, but the effects were 

relatively small, even on days when PM10 effects from fugitive dust were substantial.  Most of the case 

study observations illustrated that PM2.5 concentrations varied little, even when PM10 was influenced by 

nearby construction activity.  Therefore, with respect to the predicted exceedances of the PM2.5 study 

criteria for the construction on the RBT2 causeway, the predicted effects as modelled in this analysis may 

overestimate actual, real-world effects as observed in the Arizona study. Furthermore, both the 

magnitude and extent of the predicted exceedances of the PM10 24-hour average criterion for 

construction activity of the RBT2 Project are likely overstated.  In order to minimise fugitive dust 

emissions from the RBT2 construction phase, standard mitigation measures during construction may 

include: 

 Watering of exposed soils and haul roads to reduce fugitive dust emissions; 

 Traffic and speed restrictions on vehicles at the construction site to reduce the amount of dust 

generated through travel on exposed soils;  

 Minimising the areas of disturbed soils;  

 Compaction of disturbed soils when not being worked;  

 Wind breaks to reduce wind erosion;  

 Track-out controls to prevent dirt or mud from being spread by trucks leaving the construction 

site. These track-out controls may include:  

o Asphalt paving or gravel at driveway access points;  

o Removal of dirt or mud deposited on paved roads;  

o Limiting load size;  

o Watering;  

o Washing or treating loaded haul trucks to remove materials from the exterior of the 

vehicles prior to leaving the site; and  

o Speed restrictions.  

Any residual emission of fugitive dust would be limited in spatial extent.  Although the assessment of 

construction phase emissions has considered controls on fugitive dust emissions due to watering and 

speed restrictions, the analysis has not considered any of the other measures listed above which would 

help to reduce overall emissions and their effects on ambient air quality.  Consequently, fugitive dust 

emission rates may have been overestimated for the construction phase of the Project. 
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The modelling analysis presented in this report does not distinguish between suspendable particulate 

matter (as estimated using emission calculating methods) and transportable particulate matter (that which 

is actually transported away from the source).  Studies have shown that approximately 60% to 90% of the 

fugitive dust generated by activities can be expected to remain below 2 m above the surface, and would 

not travel more than a few hundred metres from the source (Watson and Chow 2000). Therefore, the 

dispersion modelling analysis presented in this report, which suggests that PM10 concentrations may 

remain above study criteria levels for distances greater than 5 km from Roberts Bank, likely exaggerate 

actual anticipated effects from the RBT2 construction activities. 
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SCC LF Category
TAF 

Assignment

Load 

Factor
VOC CO NOx PM BSFC VOC CO NOx PM

TRUCK 2270002051  Off-highway Trucks Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

WATER TRUCK 2270002051  Off-highway Trucks Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

ARTICULATED TRUCK (ORT) 2270002078  Dumpers/Tenders Lo LF 0.21 2.29 2.57 1.21 2.37 1.18 1.017 1.051 1.005 1.237

FLAT DECK TRUCK 2270002051  Off-highway Trucks Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

FEL B 2270002060  Rubber Tire Loaders Hi LF 0.59 1.05 1.53 1.04 1.47 1.01 1.017 1.051 1.005 1.237

FEL C 2270002060  Rubber Tire Loaders Hi LF 0.59 1.05 1.53 1.04 1.47 1.01 1.017 1.051 1.005 1.237

EXCAVATOR A 2270002036  Excavators Hi LF 0.59 1 1 1 1 1 1.017 1.051 1.005 1.237

EXCAVATOR B 2270002036  Excavators Hi LF 0.59 1 1 1 1 1 1.017 1.051 1.005 1.237

DOZER A 2270002063  Rubber Tire Dozers Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.017 1.051 1.005 1.237

DOZER B 2270002063  Rubber Tire Dozers Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.017 1.051 1.005 1.237

BARGE WITH MOUNTED CRANE (DER) 2270002045  Cranes None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

CRANE 2270002045  Cranes None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

CRANE (Barge mounted w/ clam bucket) 2270002045  Cranes None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

CONCRETE PUMP TRUCK 2270002051  Off-highway Trucks Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

CONCRETE DELIVERY TRUCK 2270002051  Off-highway Trucks Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

CONCRETE VIBRATOR 2270002081  Other Construction Equip Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

POWER-FLOAT (CONCRETE) 2270002081  Other Construction Equip Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

BOOM-LIFT 2270003010  Aerial Lifts Lo LF 0.21 2.29 2.57 1.1 1.97 1.18 1.026 1.076 1.007 1.355

GENERATOR 2270006005  Light Comm Gen Sets None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

TENDER (MOTORIZED DIVING RIG) 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

SPEED SWING 2270002081  Other Construction Equip Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

VIBROCOMPACTION PROBE - MARINE 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

VIBROCOMPACTN PROBE-LAND 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

DYNAMIC COMPACTION VIBR ROLL (DDR) 2270002081  Other Construction Equip Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

ROLLER 2270002015  Rollers Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

TAMPER 2270002006  Tampers/Rammers None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

COLUMBIA DREDGE 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

BOOSTER PUMP 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

PILE DRIVER 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

Dynamic compaction (DDW) 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

TITAN DREDGE 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.026 1.076 1.007 1.355

PUMP 2270003040  Other Gen Industrial Equip None 0.43 1 1 1 1 1 1.017 1.051 1.005 1.237

LOADER 2270002060  Rubber Tire Loaders Hi LF 0.59 1 1 1 1 1 1.017 1.051 1.005 1.237

GRADER 2270002048  Grader Hi LF 0.59 1.05 1.53 0.95 1.23 1.01 1.026 1.076 1.007 1.355

WELDER 2270006025  Light Commercial Welders Lo LF 0.21 2.29 2.57 1.1 1.97 1.18 1.017 1.051 1.005 1.237

EFss   (g/hp-h)
EFadj 

(g/hp-h)

VOC CO NOx PM
VOC 

(NR005d 

Eqn1)

CO 
(NR005d 

Eqn1)

NOx
(NR005d 

Eqn1)

PM
(NR005d 

Eqn2)

SO2 

(NR005d 

Eqn6)

CO2 

(NR005d 

Eqn7)

TRUCK 0.371 0.08688 0.2025 1.3060 6.0153 0.2008 0.2180 2.1495 5.7531 0.2477 0.0035 535.7

WATER TRUCK 0.371 0.08688 0.3085 0.7475 5.5772 0.2521 0.3322 1.2303 5.3341 0.3332 0.0035 535.3

ARTICULATED TRUCK (ORT) 0.433 0.10150 0.1669 0.8425 2.5000 0.1500 0.3887 2.2746 3.0386 0.3381 0.0041 625.4

FLAT DECK TRUCK 0.371 0.08688 0.2025 1.3060 6.0153 0.2008 0.2180 2.1495 5.7531 0.2477 0.0035 535.7

FEL B 0.371 0.08688 0.1836 0.8667 2.5000 0.2200 0.1961 1.3930 2.6117 0.3130 0.0035 535.7

FEL C 0.371 0.08688 0.1669 0.8425 2.5000 0.1500 0.1782 1.3541 2.6117 0.1858 0.0035 535.8

EXCAVATOR A 0.367 0.00000 0.1314 0.0748 2.5000 0.0092 0.1336 0.0785 2.5113 0.0114 0.0035 530.6

EXCAVATOR B 0.367 0.00000 0.1314 0.0843 2.5000 0.0092 0.1336 0.0885 2.5113 0.0114 0.0035 530.6

DOZER A 0.371 0.08688 0.3085 0.7475 4.0000 0.1316 0.3294 1.2014 3.8171 0.1133 0.0035 535.3

DOZER B 0.371 0.08688 0.1669 0.8425 4.3351 0.1316 0.1782 1.3541 4.1369 0.1133 0.0035 535.8

BARGE WITH MOUNTED CRANE (DER) 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

CRANE 0.367 0.08602 0.2025 1.3060 6.0153 0.2008 0.2077 1.4049 6.0559 0.1860 0.0035 530.4

CRANE (Barge mounted w/ clam bucket) 0.367 0.08602 0.2025 1.3060 6.0153 0.2008 0.2077 1.4049 6.0559 0.1860 0.0035 530.4

CONCRETE PUMP TRUCK 0.371 0.08688 0.3085 0.7475 5.5772 0.2521 0.3322 1.2303 5.3341 0.3332 0.0035 535.3

CONCRETE DELIVERY TRUCK 0.371 0.08688 0.2025 1.3060 6.0153 0.2008 0.2180 2.1495 5.7531 0.2477 0.0035 535.7

CONCRETE VIBRATOR 0.412 0.09658 1.7000 5.0000 8.5000 0.9000 1.8305 8.2295 8.1295 1.4031 0.0039 590.4

POWER-FLOAT (CONCRETE) 0.412 0.09658 1.7000 5.0000 8.5000 0.9000 1.8305 8.2295 8.1295 1.4031 0.0039 590.4

BOOM-LIFT 0.481 0.11284 0.5213 2.3655 5.5988 0.4730 1.2242 6.5398 6.2003 1.1495 0.0045 692.7

GENERATOR 0.408 0.09562 1.7000 5.0000 8.5000 0.9000 1.7434 5.3788 8.5574 1.1237 0.0038 584.8

TENDER (MOTORIZED DIVING RIG) 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

SPEED SWING 0.371 0.08688 0.3384 0.8667 5.6523 0.2799 0.3644 1.4265 5.4059 0.3795 0.0035 535.2

VIBROCOMPACTION PROBE - MARINE 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

VIBROCOMPACTN PROBE-LAND 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

DYNAMIC COMPACTION VIBR ROLL (DDR) 0.412 0.09658 0.9900 3.4900 6.9000 0.7220 1.0660 5.7442 6.5992 1.1065 0.0039 592.9

ROLLER 0.371 0.08688 0.3384 0.8667 5.6523 0.2799 0.3644 1.4265 5.4059 0.3795 0.0035 535.2

TAMPER 0.408 0.09562 0.5213 2.3655 5.5988 0.4730 0.5346 2.5447 5.6366 0.5452 0.0039 588.7

COLUMBIA DREDGE 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

BOOSTER PUMP 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

PILE DRIVER 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

Dynamic compaction (DDW) 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

TITAN DREDGE 0.367 0.08602 0.6800 2.7000 8.3800 0.4020 0.6973 2.9045 8.4366 0.4586 0.0035 528.8

PUMP 0.367 0.08602 0.3384 0.8667 4.1000 0.1800 0.3442 0.9105 4.1185 0.1366 0.0035 529.9

LOADER 0.367 0.00000 0.1314 0.0843 2.5000 0.0092 0.1336 0.0885 2.5113 0.0114 0.0035 530.6

GRADER 0.371 0.08688 0.6800 2.7000 8.3800 0.4020 0.7322 4.4439 8.0147 0.5830 0.0035 534.0

WELDER 0.481 0.11284 0.2789 1.5323 4.7279 0.3389 0.6495 4.1369 5.2241 0.7127 0.0046 694.6

from EPA NONROAD NR005d, App A

BSCFadj 
(NR005d Eqn3)

SPMadj (NR005d Eqn5)

DF (NR005d Eqn 4)TAF (from NR005d Table F6)
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Annual Concentrations (µg/m3) from Average Day Construction scenario

NO2 SO2 PM2.5 PM10 DPM Acetalde 
hyde Acrolein B[a]P Benzene 1,3-

Butadiene
Formalde 

hyde
Naphtha 

lene
Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual

493.850 5436.550 Ladner 0.2 0.0001 0.01 0.04         0.01 1.0E-03 1.0E-04 1.0E-06 2.0E-04 4.0E-05 2.0E-03 2.0E-04
491.150 5434.601 Farmer 1 0.5 0.0003 0.03 0.13         0.02 2.0E-03 3.0E-04 2.0E-06 4.0E-04 9.0E-05 6.0E-03 5.0E-04
492.500 5432.500 Tsawwassen First Nations 0.7 0.0004 0.04 0.19         0.03 3.0E-03 4.0E-04 2.0E-06 6.0E-04 1.3E-04 9.0E-03 7.0E-04
492.050 5433.101 Farmer 2 0.7 0.0004 0.04 0.19         0.03 3.0E-03 4.0E-04 2.0E-06 5.0E-04 1.2E-04 8.0E-03 6.0E-04
489.800 5434.050 Farmer 3 1.3 0.0008 0.07 0.36         0.05 5.0E-03 7.0E-04 4.0E-06 1.0E-03 2.3E-04 1.5E-02 1.2E-03
493.250 5431.050 Tsawwassen Beach Campsite 0.7 0.0004 0.04 0.17         0.03 3.0E-03 4.0E-04 2.0E-06 5.0E-04 1.3E-04 8.0E-03 7.0E-04
495.800 5431.351 Beach Grove 0.3 0.0002 0.02 0.06         0.01 1.0E-03 2.0E-04 1.0E-06 2.0E-04 5.0E-05 4.0E-03 3.0E-04
497.100 5427.951 Boundary Bay 0.3 0.0002 0.02 0.06         0.01 1.0E-03 2.0E-04 1.0E-06 2.0E-04 6.0E-05 4.0E-03 3.0E-04
493.575 5429.351 Tsawwassen 0.6 0.0004 0.04 0.15         0.03 3.0E-03 4.0E-04 2.0E-06 5.0E-04 1.3E-04 8.0E-03 6.0E-04
497.125 5426.101 Point Roberts 1 0.3 0.0002 0.02 0.07         0.02 1.0E-03 2.0E-04 1.0E-06 3.0E-04 7.0E-05 4.0E-03 3.0E-04
493.875 5427.601 Point Roberts 2 0.9 0.0005 0.07 0.19         0.04 4.0E-03 6.0E-04 3.0E-06 7.0E-04 1.8E-04 1.2E-02 9.0E-04
495.499 5436.926 Delta Hospital 0.2 0.0001 0.01 0.03         0.01 1.0E-03 1.0E-04 1.0E-06 1.0E-04 3.0E-05 2.0E-03 2.0E-04
490.480 5428.242 Ferry Terminal 3.0 0.0018 0.24 0.66         0.15 1.4E-02 2.1E-03 1.2E-05 2.6E-03 6.4E-04 4.1E-02 3.3E-03
486.900 5438.150 Reifel Bird Sanctuary 0.4 0.0002 0.03 0.08         0.02 2.0E-03 3.0E-04 1.0E-06 3.0E-04 8.0E-05 5.0E-03 4.0E-04
496.350 5429.851 Boundary Bay GVRD Park 0.3 0.0002 0.02 0.06         0.01 1.0E-03 2.0E-04 1.0E-06 2.0E-04 5.0E-05 3.0E-03 3.0E-04
492.760 5429.900 English Bluffs Beach 0.9 0.0005 0.06 0.22         0.04 4.0E-03 5.0E-04 3.0E-06 7.0E-04 1.7E-04 1.1E-02 9.0E-04
490.810 5437.300 South Arm Marsh 0.2 0.0001 0.01 0.05         0.01 1.0E-03 1.0E-04 1.0E-06 2.0E-04 5.0E-05 3.0E-03 2.0E-04
494.008 5428.557 Air Quality Station T39 0.6 0.0004 0.04 0.14         0.03 3.0E-03 4.0E-04 2.0E-06 5.0E-04 1.2E-04 8.0E-03 6.0E-04

Maximum Off Property 81.9 0.2 39.1 131.6 19.3 1.8E+00 3.0E-01 1.5E-03 3.0E-01 1.0E-01 5.3E+00 4.0E-01
Maximum Over Land 5.2 0.003 0.3 1.9 0.2 2.0E-02 3.0E-03 1.6E-05 3.6E-03 1.0E-03 1.0E-01 4.0E-03

 Annual Concentrations (µg/m3) from Average Day Construction plus Operations at Westshore Terminals,  Deltaport
 and B.C. Ferries Terminal  (i.e. Expected Conditions at the Time of Project Commencement in 2025 scenario) 

X (km) Y (km) NO2 SO2 PM2.5 PM10 DPM Acetaldehyde Acrolein B[a]P Benzene 1,3-
Butadiene

Formaldeh
yde

Naphthale
ne

Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual
493.850 5436.550 Ladner 0.70 0.02 0.04 0.07 0.03 2.0E-03 3.0E-04 2.0E-06 1.0E-03 9.0E-05 1.0E-02 4.4E-04
491.150 5434.601 Farmer 1 1.60 0.03 0.07 0.19 0.06 6.0E-03 8.0E-04 4.0E-06 1.0E-03 2.3E-04 2.0E-02 1.1E-03
492.500 5432.500 Tsawwassen First Nations 2.50 0.06 0.12 0.30 0.10 9.0E-03 1.3E-03 7.0E-06 2.0E-03 3.7E-04 3.0E-02 1.8E-03
492.050 5433.101 Farmer 2 2.40 0.05 0.11 0.28 0.09 9.0E-03 1.2E-03 6.0E-06 2.0E-03 3.5E-04 2.0E-02 1.7E-03
489.800 5434.050 Farmer 3 3.40 0.04 0.15 0.47 0.12 1.2E-02 1.8E-03 9.0E-06 3.0E-03 5.3E-04 4.0E-02 2.6E-03
493.250 5431.050 Tsawwassen Beach Campsite 2.40 0.06 0.12 0.27 0.10 8.0E-03 1.2E-03 6.0E-06 2.0E-03 3.4E-04 2.0E-02 1.6E-03
495.800 5431.351 Beach Grove 1.10 0.03 0.05 0.11 0.04 4.0E-03 5.0E-04 2.0E-06 1.0E-03 1.4E-04 1.0E-02 6.5E-04
497.100 5427.951 Boundary Bay 1.20 0.03 0.06 0.11 0.05 4.0E-03 5.0E-04 3.0E-06 1.0E-03 1.4E-04 1.0E-02 6.6E-04
493.575 5429.351 Tsawwassen 2.80 0.08 0.14 0.27 0.12 9.0E-03 1.2E-03 6.0E-06 2.0E-03 3.4E-04 2.0E-02 1.6E-03
497.125 5426.101 Point Roberts 1 1.50 0.04 0.08 0.13 0.06 4.0E-03 6.0E-04 3.0E-06 1.0E-03 1.6E-04 1.0E-02 7.5E-04
493.875 5427.601 Point Roberts 2 4.10 0.11 0.21 0.36 0.17 1.2E-02 1.6E-03 8.0E-06 3.0E-03 4.6E-04 3.0E-02 2.1E-03
495.499 5436.926 Delta Hospital 0.60 0.01 0.03 0.06 0.03 2.0E-03 3.0E-04 1.0E-06 4.0E-04 8.0E-05 1.0E-02 3.5E-04
490.480 5428.242 Ferry Terminal 18.50 0.45 0.96 1.56 0.77 5.3E-02 7.2E-03 4.3E-05 1.9E-02 2.8E-03 1.4E-01 9.5E-03
486.900 5438.150 Reifel Bird Sanctuary 1.50 0.03 0.07 0.14 0.06 5.0E-03 7.0E-04 3.0E-06 1.0E-03 1.9E-04 1.0E-02 9.0E-04
496.350 5429.851 Boundary Bay GVRD Park 1.00 0.02 0.05 0.10 0.04 3.0E-03 4.0E-04 2.0E-06 1.0E-03 1.3E-04 1.0E-02 6.0E-04
492.760 5429.900 English Bluffs Beach 3.60 0.10 0.19 0.39 0.15 1.2E-02 1.7E-03 9.0E-06 3.0E-03 5.2E-04 3.0E-02 2.3E-03
490.810 5437.300 South Arm Marsh 0.90 0.02 0.04 0.09 0.04 3.0E-03 4.0E-04 2.0E-06 1.0E-03 1.1E-04 1.0E-02 5.4E-04
494.008 5428.557 Air Quality Station T39 2.70 0.07 0.14 0.25 0.11 8.0E-03 1.1E-03 6.0E-06 2.0E-03 3.2E-04 2.0E-02 1.5E-03

Maximum Off Property 83.2 4.4 39.8 132.4 19.9 1.8E+00 3.0E-01 1.5E-03 4.0E-01 1.0E-01 5.5E+00 4.3E-01
Maximum Over Land 12.50 0.10 0.50 2.30 0.40 5.3E-02 1.0E-02 4.1E-05 1.0E-02 2.3E-03 2.0E-01 1.2E-02

Sensitive Receptor Name

Sensitive Receptor Name

X (km) Y (km)
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CO-8 hour CO-8 hour

493.850 5436.550 Ladner 0.0004 0.0010 2.2 8.1
491.150 5434.601 Farmer 1 0.0010 0.0020 5.1 22.3
492.500 5432.500 Tsawwassen First Nations 0.0013 0.0030 5.2 28.5
492.050 5433.101 Farmer 2 0.0014 0.0030 6.5 22.5
489.800 5434.050 Farmer 3 0.0018 0.0040 7.5 24.5
493.250 5431.050 Tsawwassen Beach Campsite 0.0010 0.0020 4.7 25.4
495.800 5431.351 Beach Grove 0.0006 0.0010 2.4 13.3
497.100 5427.951 Boundary Bay 0.0010 0.0020 3.3 16.6
493.575 5429.351 Tsawwassen 0.0014 0.0030 6.2 34.5
497.125 5426.101 Point Roberts 1 0.0007 0.0020 2.9 17.5
493.875 5427.601 Point Roberts 2 0.0028 0.0050 11.3 43.2
495.499 5436.926 Delta Hospital 0.0003 0.0010 1.6 8.7
490.480 5428.242 Ferry Terminal 0.0093 0.0190 30.3 306.1
486.900 5438.150 Reifel Bird Sanctuary 0.0005 0.0010 2.2 10.5
496.350 5429.851 Boundary Bay GVRD Park 0.0006 0.0020 2.1 11.9
492.760 5429.900 English Bluffs Beach 0.0016 0.0040 5.2 51.0
490.810 5437.300 South Arm Marsh 0.0006 0.0010 1.9 8.7
494.008 5428.557 Air Quality Station T39 0.0012 0.0030 4.7 28.4

Maximum Off Property 0.4000 0.4000 1063.9 1422.6
Maximum Over Land 0.0110 0.0130 36.35 68.106

PM10 - 24 hour PM10 - 24 hour PM2.5 - 24 hour PM2.5 - 24 hour

493.850 5436.550 Ladner 0.467 0.658 0.133 0.298
491.150 5434.601 Farmer 1 1.274 1.666 0.324 0.796
492.500 5432.500 Tsawwassen First Nations 1.753 2.39 0.433 1.058
492.050 5433.101 Farmer 2 1.98 2.498 0.454 0.775
489.800 5434.050 Farmer 3 2.943 3.633 0.509 1.133
493.250 5431.050 Tsawwassen Beach Campsite 1.011 1.976 0.365 1.206
495.800 5431.351 Beach Grove 0.571 0.911 0.198 0.468
497.100 5427.951 Boundary Bay 0.82 1.44 0.345 0.866
493.575 5429.351 Tsawwassen 1.389 2.477 0.479 1.365
497.125 5426.101 Point Roberts 1 0.688 1.178 0.27 0.73
493.875 5427.601 Point Roberts 2 2.586 3.902 1.053 2.148
495.499 5436.926 Delta Hospital 0.393 0.605 0.114 0.287
490.480 5428.242 Ferry Terminal 9.527 11.794 3.607 5.514
486.900 5438.150 Reifel Bird Sanctuary 0.616 0.999 0.178 0.515
496.350 5429.851 Boundary Bay GVRD Park 0.649 1.087 0.207 0.555
492.760 5429.900 English Bluffs Beach 1.709 2.924 0.542 1.512
490.810 5437.300 South Arm Marsh 0.596 0.88 0.209 0.429
494.008 5428.557 Air Quality Station T39 1.263 2.242 0.442 1.242

Maximum Off Property 603.97 605.98 171.77 173.65
Maximum Over Land 15.446 17.2 4.893 5.748

X (km) Y (km) Sensitive Receptor Name  Average Day Construction 
scenario

1,3-Butadiene-24 hour

Sensitive Receptor Name  Average Day Construction 
scenario

Construction plus Expected 
Conditions at the Time of Project 
Commencement in 2025 scenario

X (km) Y (km) Construction plus Expected 
Conditions at the Time of Project 
Commencement in 2025 scenario

Construction plus Expected 
Conditions at the Time of Project 
Commencement in 2025 scenario

 Average Day 
Construction scenario

 Average Day 
Construction scenario Construction plus Expected 

Conditions at the Time of Project 
Commencement in 2025 scenario
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KMX Kinder Morgan Trans Mountain Pipeline Expansion 

MEIT 4.0 Environment Canada’s Marine Emission Inventory Tool version 4.0 
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PAH polycyclic aromatic hydrocarbons 

PCT Pacific Coast Terminals 

PMV Port Metro Vancouver 

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

SENES SENES Consultants. 

Study Air Quality Study Technical Report 

TERRAD Terrain radius of influence 

TOC Trace organic contaminant 

U.S. EPA United States Environmental Protection Agency 

VAFFC Vancouver Airport Fuel Facilities Corporations 

WRF-NMM Weather Research and Forecasting Numerical Meso Model 

Contaminants 

CH4 methane 

CO carbon monoxide 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

DPM diesel particulate matter 

HC hydrocarbon 

NOx nitrogen oxides 

N2O nitrous oxide 

PM particulate matter 

PM10 inhalable particulate matter up to 10 micrometres in size 

PM2.5 fine particulate matter up to 2.5 micrometres in size 

SO2 sulphur dioxide 
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VOC volatile organic compound 
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h hour 
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km kilometres 

km/h kilometres per hour 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV’s) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project). The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals.   

The purpose of this appendix is to describe the evaluation of potential changes in air quality due to 

marine vessel activities in and around the Strait of Georgia shipping lanes near RBT2.  This assessment 

developed an emissions inventory for the horizon year 2025 for both an average and maximum emission 

scenario, and employed air dispersion modelling to predict ground-level concentrations due to emissions 

from marine traffic in the Strait of Georgia and along the South Arm of the Fraser River.  It is important to 

note that the marine vessel activity in and around the Strait of Georgia as described in this appendix is 

not part of the Project, and the assessment of air contaminant emissions from this activity is projected to 

2025 based on current understanding of the level of marine traffic activity that might be expected to occur.   

Only incremental air concentrations are presented in this appendix. Emissions from ships in Georgia 

Strait and along the South Arm of the Fraser River for current conditions are already incorporated into the 

observed background air quality as measured at Station T39 in Tsawwassen.  Although the number of 

vessel movements in Georgia Strait is projected to increase by approximately 13% between 2012 and 

2030 (Appendix 30-A Marine Vessel Incidence Prediction Inputs to the Quantitative Risk Assessment), 

emissions from newer vessels will be lower in 2025 and 2030 than from ships in 2012.  As it was beyond 

the scope of this assessment to analyse the frequency of movement of all types of vessels that may travel 

through this portion of Georgia Strait in 2025, only incremental impacts from a defined set of vessels 

representative of the average emission scenario and a hypothetical maximum emission scenario are 

considered in this appendix. 

2.0 SCOPE 

2.1 SPATIAL AND TEMPORAL ASSESSMENT BOUNDARIES 

Emissions from marine vessel activities in and around shipping lanes near the Roberts Bank terminals 

are considered. The assessment includes ships traversing the Strait of Georgia in the northbound and 

southbound shipping lanes as defined in the National Oceanic and Atmospheric Administration (NOAA) 

Navigation Chart 18400, extending approximately from Saturna Island (14 kilometres (km) south of the 

Canada-United States border) to Point Grey at the point where ships enter PMV jurisdiction in English 

Bay (see Figure 3-6).  Also considered are marine vessel activities along the Fraser River from the Strait 

of Georgia to Annacis Island, and ferry traffic between the B.C. Ferries Terminal and Galiano Island. 
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Average and maximum emission scenarios were estimated for the horizon year 2025, the year identified 

in the Study to have the greatest potential effect to air quality from shipping activities at Roberts Bank. 

The average emissions scenario is intended to represent typical ship activities that may be expected to 

occur at any time, whereas, the maximum emissions scenario is intended to represent a greater than 

average level of ship activity in a given hour that may occur from time-to-time. 

2.2 EMISSION SOURCES 

According to the estimated number of vessels transiting near Roberts Bank (Appendix 30-A Marine 

Vessel Incidence Prediction Inputs to the Quantitative Risk Assessment), there were a total of 11,244 

vessel calls in 2012 for ships not calling at Roberts Bank.  Since each vessel call equates to two vessel 

movements through Georgia Strait, there were a total of 22,488 vessel movements of all types of vessels 

in Strait of Georgia opposite Roberts Bank in 2012.   Marine vessel traffic levels are projected to increase 

to 12,706 vessel calls with RBT2, equivalent to 25,412 vessel movements of all types by 2030, and 

representing a 13% increase for total traffic levels in the Strait from 2012 to 2030.  Because the available 

marine vessel traffic forecast was based on the horizon year 2030, for the purpose of estimating air 

quality effects of this activity it was conservatively assumed that the ship activity in 2025 was the same as 

that in 2030.  . 

A number of proposed and approved developments and expansions of shipping activities may be in place 

by 2025 that would support the prediction of increased ship activity in the Strait of Georgia and along the 

South Arm of the Fraser River, including: 

 the Vancouver Airport Fuel Facility Corporation’s (VAFFC) fuel storage depot in Richmond 

(approved); 

 the Fraser Surrey Docks (FSD) direct coal transfer terminal in Surrey (approved); 

 the Kinder Morgan Trans Mountain Pipeline Expansion (KMX) Project (proposed); 

 the Pacific Coast Terminals (PCT) potash project (proposed); 

 the Neptune Bulk Terminals (NBT) expansion of coal handling capacity and improvements project 

(proposed); and 

 Richardson International grain terminal capacity improvement project (proposed). 

Some of these proposed or approved projects will have larger impacts on ship traffic in the Strait of 

Georgia than others. For example, fuel deliveries to the VAFFC fuel depot may be either by articulated 

barges or tankers. If all of the anticipated 500 million litres of fuel per year were to be delivered by 

articulated barges, total number of deliveries would be 28 at 18 million litres per delivery. If all fuel were to 

be delivered by tankers with a capacity of 50 million litres per trip, total number of deliveries would be 10, 
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less than one per month (VAFFC 2010).  By comparison, the frequency of tanker traffic in the Strait of 

Georgia for the proposed KMX Project would be as high as one tanker per day (RWDI 2013), while for the 

FSD project, the total number of barge deliveries could ultimately reach 1,280 per year, or an average of 

three to four barges per day (Levelton 2012). Proposed potash shipments from PCT could add about one 

bulk carrier every two weeks to shipping in the Strait of Georgia, while the NBT coal shipments project 

could add about one extra bulker per week. 

Although there is no indication that the number of cruise ship movements may increase in the future, the 

trend in cruise ship design is for larger cruise ships.1 Larger cruise ships would potentially require larger 

engines; therefore, while the total number of cruise ships travelling through the Strait of Georgia may not 

increase, the size of the vessels may increase. 

Precise assessment of all vessel activity is not technically feasible because the combinations and 

permutations of different vessel types at different times of the day, week or month would require varying 

emissions by vessel type in every hour of the year, and defining the speed and time of transit through the 

Strait. Instead, to achieve a reasonable representation of potential changes in air quality due to ship 

traffic, the following marine vessels were chosen as a conservative representation of the ship traffic 

expected in 2025: 

 12,000 TEU Container Ship; 

 9,000 TEU Container Ship; 

 Kinder Morgan Tanker; 

 Vancouver Airport Fuel Facilities Corporations (VAFFC) Tanker; 

 Tug pulling Fraser Surry Docks (FSD) Barge; 

 Cruise ships; and 

 Ferries. 

As defined in Appendix 30-A, passenger vessels, including ferries and cruise ships, accounted for the 

largest number of ship movements in this part of the Strait of Georgia. Cargo/carrier vessels, including 

bulk carriers and container ships, accounted for the second highest number of vessel movements. 

Since the RBT2 Project is mainly concerned with container vessels, and container vessels also traverse 

the Strait of Georgia on their way to other terminals in Burrard Inlet, two container vessel sizes were 

considered: one 12,000 TEU vessel, consistent with the type projected to call at RBT2; and one 9,000 

TEU container vessel, consistent with the type that frequently calls at Deltaport.  The ferry vessels 

                                                      
1
 http://www.worldcruise-network.com/features/featuresize-it-up-the-trend-for-larger-ships/  
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considered were the same size as those used to represent ferries at berth at the B.C. Ferries Terminal.  

Tug boat traffic was represented by the tug and barge traffic expected to occur from coal shipments from 

the FSD coal terminal in Surrey.  Although tanker/chemical carrier traffic accounted for only 2% of all 

vessel traffic in the Strait of Georgia in 2012, data presented in Appendix 30-A Marine Vessel Incidence 

Prediction Inputs to the Quantitative Risk Assessment has projected that tanker/chemical carrier traffic 

will almost double by 2030, and much of this traffic will include tankers servicing the new VAFFC terminal 

in Richmond on the South Arm of the Fraser River, and potentially the Kinder Morgan Westridge Marine 

Terminal in Burnaby. 

Refer to Section 3.2 for more details on ship parameters and activity levels, and the emission estimating 

methodology. 

2.3 COMPOUNDS OF POTENTIAL CONCERN 

Compounds of potential concern with respect to the assessment of ships underway include: 

 Criteria Air Contaminants (CACs) - carbon monoxide (CO), nitrogen oxides (NOx), 

sulphur dioxide (SO2), volatile organic compounds (VOCs), particulate matter (PM), 

inhalable particulate matter (PM10), and fine particulate matter (PM2.5); 

 Trace organic contaminants (TOCs) - acrolein, benzene, 1,3-butadiene, acetaldehyde, 

formaldehyde, naphthalene, polycyclic aromatic hydrocarbons (PAH) represented by 

benzo(a)pyrene, diesel particulate matter (DPM); 

 Greenhouse gases (GHGs) - carbon dioxide (CO2), methane (CH4) and nitrous oxide 

(N2O) expressed as carbon dioxide equivalent (CO2e); and 

 Climate forcing PM - black carbon, also expressed as CO2e. 

Rationale for the choice of the substances is discussed in greater detail in Appendix B. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix F - 5 - November 2014 

 

 

3.0 METHODOLOGY 

3.1 BACKGROUND AIR QUALITY AND REGULATORY CRITERIA 

Since results presented in this appendix are incremental (i.e., related to the specific ship activity, but 

excluding all other sources of air contaminant emissions), comparing predicted concentrations to 

regulatory criteria is not meaningful.  Comparison to background air quality is also not practical since, as 

previously mentioned, emissions from ships in Georgia Strait and along the South Arm of the Fraser River 

are already incorporated into the observed background air quality as measured at Station T39 in 

Tsawwassen. 

3.2 MARINE VESSEL EMISSIONS 

Marine vessel emissions were calculated using the same methodology as described in Appendix A, 

Section 2.0, Ship Emissions. 

The general emission calculation is: 

Emissions (g/period) = [Emission Factor (g/KW-h) * Traffic Count (vessel/period) * Engine Rating 

(kW/vessel) * Load Factor * Activity Time (h)] 

The components of the above equation and a summary of emission rates, as applied in the air dispersion 

modelling, are discussed in the following subsections.  

3.2.1 Engine Ratings 

Power ratings assumed for this assessment are summarised in Table 3-1. 
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Table 3-1 – Marine Vessel Engine Ratings 

Marine Vessel 
Main Engine 
Rating (kW) 

Auxiliary  
Engine 

Rating (kW) 

Container Ship (12,000 TEU) 80,080 20,800 

Container Ship (9,000 TEU) 72,239 4,769 

Kinder Morgan Tanker 14,914 2,827 

VAFFC Tanker 11,283 830 

Tug pulling FSD coal barge 3,183 - 

Cruise Ship 64,000 - 

Ferry 13,000 1285 

 

The container ship and ferry power ratings are consistent with the ships and ferries associated with 

operations at RBT2, Roberts Banks terminals, and B.C. Ferries Terminal, as described in the main body 

of the Study and Appendix A. The VAFFC tanker main engine (ME) size was based on a Panamax Class 

tanker rated at 15,130 horsepower, as defined in the air quality assessment for the VAFFC facility 

(VAFFC 2010) while the auxiliary engine (AE) size was obtained from the list of Panamax tankers 

operating in Puget Sound (Starcrest 2012). The Kinder Morgan tanker ME and AE power ratings were 

obtained from the air quality assessment report for the proposed Trans Mountain Expansion Project 

(RWDI 2013), the ME power rating for the tug boat that would be used to pull the FSD coal barge was 

obtained from the air dispersion modelling assessment for the FSD Direct Coal Transfer Facility (Levelton 

2012), and the cruise ship engine power was based on a large cruise ship with a capacity of 3,500 

passengers referenced in the 2010 National Marine Emissions Inventory prepared for Environment 

Canada (SNC-Lavalin 2012). 

3.2.2 Activity Levels 

Activity levels assumed in this assessment are summarised in Table 3-2. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix F - 7 - November 2014 

 

 

Table 3-2 – Marine Traffic Counts 

Equipment Type 

Average 
Scenario 

(vessels/h) 

Maximum 
Scenario 

(vessels/h) 

Container Ship (12000 TEU) - 1 

Container Ship (9000 TEU) 1 - 

Kinder Morgan Tanker - 1 

VAFFC Tanker 1 1 

Tug pulling FSD coal barge 1 1 

Cruise Ship - 1 

Ferry 1 1 

Total 4 6 

 

The average scenario assumes a total of four marine vessels in a given hour, namely: 

 One 9,000 TEU container ship (given that 70% of the ships projected to visit Deltaport Terminal 

and RBT2 will be this size or smaller);  

 One VAFFC tanker (given that a tanker is typically at berth at the fuel depot in Richmond);    

 One tug pulling an FSD coal barge; and 

 One ferry (based on the B.C. Ferries schedule). 

 

Given the projected estimate of 25,412 ship movements in the Strait of Georgia 2025/2030 (Appendix 30-

A Marine Vessel Incidence Prediction Inputs to the Quantitative Risk Assessment), the average number 

of hourly ship movements is 2.9 per hour in 2025 (as compared with an average of 2.6 hourly ship 

movements in 2012); therefore, the average emission scenario of one container ship, one tanker, a 

barge, and a ferry is a reasonable estimate of average hourly emissions from ship movements in the 

Strait of Georgia in 2025. For this reason, the VAFFC tanker was assumed to be at berth at the fuel depot 

rather than underway in the Strait of Georgia or along the Fraser River, while the container ship was 

assumed to be a 9,000 TEU vessel, which is more typical of the size of vessels currently calling at 

Deltaport Terminal.  Inclusion of the FSD coal barge is based on the anticipated traffic rate of three-to-

four barges per day, making it reasonable to assume that a barge movement may coincide with two 

simultaneous ship movements in the Strait of Georgia and a tanker at the VAFFC depot. 
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There were no available estimates of the frequency of greater than average ship movements in an hour in 

Georgia Strait.  For the purposes of defining a maximum hour emissions scenario, six marine vessels 

were assumed to be operating simultaneously.  As such, the maximum emissions scenario is 

representative of a maximum hourly emission rate from these ship movements, but not representative of 

activity in every hour of the day. The maximum scenario assumes the larger 12,000 TEU container ship, 

which is conservative given that only 30% of the container ships visiting Deltaport Terminal and RBT2 are 

projected to be this large.  The cruise ship is also assumed to be one of the larger ships. 

Table 3-3 – Marine Activity Modes and Load Factors 

Equipment Type 
Engine 
Type 

Activity 
Mode 

Load 
Factor 

Container Ships 

ME - 0.4 

AE underway 0.15 

Kinder Morgan Tanker 

ME underway 0.4 

AE underway 0.3 

VAFFC Tanker AE berth 0.3 

Tugboat ME barge move 0.4
 1

 

Cruise Ship - - N/A 
2
 

Ferry 

ME cruise 0.405
 3

 

AE cruise 0.427
 3

 

Note:  Load factor source is MEIT 4.0 with the exception of: 
1
 Tugboat LF is from a report evaluating tugboats for CARB (Jayaram 2010). 

2
 Effective power was calculated using a method from MEIT 4.0 as discussed below.

  

3
 Ferry LF is from a Clean Shipping Currents article (Lappi 2013) 

 

For the cruise ship, a load factor was not required. Instead, an emission calculation method specific to 

cruise ships developed for MEIT 4.0 was used to calculate the effective power for the cruise ship: 

P (kW) = a(3.1012x
3
) + a(2.0282x

2
) + a(18.636x) + Berth Power (kW) 

where:  P = effective power while underway 

a = vertical scale factor based on installed engine power 

x = underway speed (knots) 

Berth Power (kW) = 5143 + (P – 1250)2.857)  

where:  P = passenger capacity  
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3.2.3 Emission Factors 

Emission factors (EFs) for the container ships, tugboat, and ferry are the same as those described in 

Appendix A, while EFs for the tankers and the cruise ship were based on MEIT 4.0 using the same 

approach as described for container ships.  Emission factors are presented in Attachment 1. 

3.2.4 Summary of Emission Rates 

Emission rates for the ships underway effects assessment for those compounds carried forward to the air 

dispersion modelling are summarised in Table 3-4 and Table 3-5. 

Table 3-4– Average Scenario Emission Rates for the Modelling, g/s – CACs and Formaldehyde 

Model Source
1
 CO NOx SO2 VOC PM PM10 PM2.5 Formaldehyde 

Container Ship 
(9,000 TEU) 

11.6 120.4 3.5 4.9 2.5 2.5 2.3 0.08 

VAFFC Tanker 0.22 1.37 0.09 0.04 0.04 0.04 0.03 0.001 

Ferry 1.78 23.25 0.01 0.79 0.40 0.40 0.37 0.01 

FSD Barge Tug 1.77 2.40 0.00 0.10 0.09 0.09 0.08 0.001 

1
 Refer to Figure 3-6 for Model Source locations. 

Table 3-5–Maximum Scenario Emission Rates for the Modelling, g/s – CACs and Formaldehyde 

Model Source
1
 CO NOx SO2 VOC PM PM10 PM2.5 Formaldehyde 

Container Ship 
(12,000 TEU) 

13.59 136.9 4.18 5.70 2.92 2.92 2.68 0.10 

Kinder Morgan Tanker 2.71 6.7 0.85 1.10 0.58 0.58 0.53 0.02 

Cruise Ship 5.79 17.7 0.23 2.46 1.27 1.27 1.17 0.04 

VAFFC Tanker 0.22 1.3 0.09 0.04 0.04 0.04 0.03 0.001 

Ferry 1.77 2.4 0.00 0.10 0.09 0.09 0.08 0.001 

FSD Barge Tug 1.78 23.2 0.01 0.79 0.40 0.40 0.37 0.01 

1
 Refer to Figure 3-6 for Model Source locations. 

For comparison to annual emissions from RBT2, Roberts Bank terminals, and B.C. Ferries Terminal, total 

annual emissions predicted for all compounds of potential concern are provided in Section 4.1. 
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3.3 AIR DISPERSION MODELLING 

Emissions from marine traffic in the Strait of Georgia and along the South Arm were modelled by the 

CALMET/CALPUFF dispersion modelling system, which is based on the approach applied to assess air 

quality associated with the Project (see Appendix C) and summarised in the following sections. 

3.3.1 CALMET/CALPUFF Model Domain 

For the purpose of modelling ships underway in the Strait of Georgia, the study area included the 

northbound and southbound shipping lanes of the Strait of Georgia near the Roberts Bank terminals, and 

the ferry route between the B.C. Ferries Terminal and Galiano Island as shown in Figure 3-1. The 

CALMET model was applied over the domain that extends 69 km east to west and 55 km north to south, 

and was run with a grid spacing of 1 km. The CALMET model was initialised using Weather Research 

and Forecasting Numerical Meso Model (WRF-NMM) output at 2 km resolution (see Appendix C, 

Section 2.1). Both WRF-NMM and CALMET were run over a period of one year (i.e., from January to 

December 2010). 

Figure 3-1 – CALMET/CALPUFF Modelling Domain 
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3.3.2 Pseudo-Observations 

Hourly surface data and vertical profiles were extracted from the WRF-NMM model outputs at different 

locations spread over the modelling domain and used in the CALMET meteorological processor as 

‘pseudo’ observations. Locations of the pseudo-observations within the modelling domain are presented 

in Figure 3-2. Hourly surface meteorological data of wind speed, wind direction, temperature, relative 

humidity, ceiling, cloud cover, and pressure, and hourly upper air profiles of temperature, height, wind 

speed, and wind direction at pressure levels from 1,000 hPa up to 400 hPa were generated at each of 

‘pseudo’ observation locations. Surface data from the pseudo-observations were merged to create a 

SURF.DAT file as an input to CALMET with 23 upper air files. To account for the temperature effects of 

large water bodies, a SEA.DAT file created from the WRF-NMM model outputs for RBT2 was used in this 

assessment (Figure 3-2).In addition, a PREC.DAT file was created from the model outputs with hourly 

precipitation data at a single location (Figure 3-2). The same approach used to create meteorological 

data for the CALPUFF modelling conducted for RBT2 was applied in this assessment (see Appendix C, 

Section 2.4). 

Figure 3-2 – Locations of Pseudo-Observation Stations Derived from WRF-NMM 
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3.3.3 Terrain and Land Use Data 

Gridded terrain elevations for the modelling domain were derived from SRTM3-Shuttle Radar Topography 

Mission Global Coverage data with the spacing of 3 arc-seconds (approximately 90 m). The raw terrain 

data were processed in each gridded cell within the CALMET modelling domain and the resulting terrain 

elevations are presented in Figure 3-3. 

Figure 3-3 – CALMET Terrain 

 

Land use and land cover data for the CALPUFF modelling domain were gathered from two sources: 

 Data from the B.C. Government Geographic Feature Catalogue, which available online[1] through 

DataBC/GeoBC (BTM-Baseline Thematic Mapping),which provided data coverage for most of the 

domain, with the notable exception of areas within the United States; and 

 Data from the POSTEL GlobCover (v2.2) global land cover dataset, also available online[2] and 

provided by the European Space Agency, used to fill in land cover information for the portion of 

the domain south of the Canada-U.S. border. 

                                                      
[1]

 https://apps.govBC.ca/pub/geometadata/metadataDetail.do?recordUID=43171&recordSet=ISO19115 
[2]

 http://postel.obs-mip.fr/?GLOBCOVER-Project 
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Land use codes from both datasets were translated into the equivalent USGS land use codes employed 

by CALMET. The land use data were processed for each CALMET grid cell (1 km x 1 km resolution) to 

produce a field of fractional land use categories and values of vegetation and surface properties weighted 

by land use. Surface properties such as albedo, Bowen ratio, roughness length, and soil heat flux and 

leaf area index (see Appendix C, Table 2-3) were computed proportionately to the fractional land use 

category within each grid cell. The generated land use categories for each CALMET grid cell are shown in 

Figure 3-4. 

Figure 3-4 – CALMET Land Use 

 

3.3.4 CALMET Model Options 

The technical options for the CALMET model run used in this assessment were set to default values, as 

recommended in B.C. Air Quality Dispersion Modelling Guidelines. The CALMET user-defined Input 

Group 5 switch settings that are different from the model options described in Appendix C Section 2.4.3 

are: 

 Terrain radius of influence (TERRAD), which was set at 10 km; and 
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 Weighting parameters for Step 1 wind field versus observations in surface R1 and layers aloft R2, 

which were set at 5 km. 

3.3.5 CALPUFF Receptor Grid 

The CALPUFF model was applied over the same domain as CALMET with two receptors grids: one with 

500 m spacing over most of the Project LSA; and a coarser one with 1 km spacing covering the shipping 

and ferry lanes as shown in Figure 3-5. In addition, 18 representative discrete receptors were included to 

assess the contribution of ship emissions to potential changes to air quality in the surrounding area (see 

Appendix C Table 3.2). 

Figure 3-5 – CALPUFF Receptor Grid 

 

3.3.6 CALPUFF Model Sources 

Ships in the northbound and southbound lanes of the Strait of Georgia were modelled as a series of 

stationary point sources spread along the shipping lanes at an approximate distance of 1 km (see Figure 
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3-6).  At a maximum allowable speed of 12 knots, ships underway in the Strait of Georgia were estimated 

to cover the distance of approximately 22 km within one hour.  Emissions from ships in the Strait of 

Georgia were evenly distributed among the point sources within each portion of the shipping lane. The 

same modelling approach was applied in modelling ferries in transit and tug boats moving the FSD barge 

up the Fraser River. 

Six different source types were modelled in separate CALPUFF model runs using the unit emission 

approach applied. Results from each model run were then merged with the estimated emission rates 

(Table 3-4 and Table 3-5) from each source using CALSUM. Model results were processed by 

CALPOST. 

Figure 3-6 – CALPUFF Model Sources 

 

Model parameters used for modelling ships and ferries underway, VAFFC tanker at berth, and tug are 

shown in Table 3-6 (Starcrest 2005, Corbett 2007, US EPA 2007). 
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Table 3-6 – CALPUFF Model Parameters 

Parameter 

12,000 TEU 
Ship 

Coastal Class 
Ferry 

Tug Boat 
VAFFC 
Tanker 

Underway 
(Main Engine ) 

Underway 
(Main Engine) 

Underway 
(Main Engine) 

At Berth 

Stack Height 49.5 m 25.0 m 6.0 m 49.5 m 

Stack Diameter 1.9 m 1.5 m 0.9 m 0.5 m 

Exhaust Gas Temperature 573˚K 573˚K 573˚K 621˚K 

Exhaust Gas Velocity 25 m/s 25 m/s 25 m/s 16 m/s 

 

4.0 RESULTS AND DISCUSSION 

The predicted annual emissions (based on the average hourly traffic levels) and maximum incremental air 

concentrations (based on both the average and maximum hourly traffic scenarios) resulting from the ship 

activity assessment are presented in the following subsections. 

In order to assess the potential changes in air quality arising from ship activities in and around the Strait 

of Georgia, changes needed to be compared to the operation of RBT2, Roberts Bank terminals, and B.C. 

Ferries Terminal (i.e., Future Conditions).  This comparison is presented in the main body of the Study, 

Section 5.2 Other Projects and Activities. 

4.1 ANNUAL EMISSIONS 

Predicted total annual emissions of CACs, TOCs, GHGs, and Black Carbon in 2025 were based on the 

average emissions scenario and are shown in Table 4-1 through Table 4-3.  Since the average 

emissions scenario is based on four ships per hour while the projected average hourly ship activity is 

estimated at 2.9 ships per hour (Appendix 30-A Marine Vessel Incidence Prediction Inputs to the 

Quantitative Risk Assessment), total annual emissions overestimate actual emissions that are likely to 

occur from all ship activity in the Strait of Georgia over the period of the year. 

Table 4-1– Annual Emission Rates, tonnes/y – CACs 

CO NOx SO2 VOC PM PM10 PM2.5 

486 4,648 115 184 94 94 87 
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Table 4-2– Annual Emission Rates, tonnes/y – TOCs 

Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a)pyrene DPM 

4.09x10
-1

 6.91 x10
-2

 4.21 x10
-2

 2.87 x10
-1

 3.30 4.97 x10
-3

 1.10 x10
-4

 87 

 Table 4-3– Annual Emission Rates, tonnes/y – GHGs and Climate Forcing PM 

GHGs Climate Forcing PM 

CO2e 
(20 year) 

CO2e 
(100 year) 

Black 
Carbon 

CO2e 
(20 year) 

CO2e 
(100 year) 

213,837 214,662 3.3 2,995 10,648 

 

4.2 ANTICIPATED CHANGES IN AIR QUALITY, GASEOUS CACS 

For the average and maximum scenarios, predicted CAC concentrations are presented in Table 4.4 and 

illustrated in Figure 4-1 through Figure 4-4. 

A comparison of the 1-h average concentrations shows there is not a large difference between the 

average and maximum scenarios. 

Predicted concentrations of CO and SO2 listed in Table 4-4 at the discrete receptor locations are 

negligible. Only the 1-h average NO2 concentrations are appreciable relative to established ambient air 

quality criteria. The maximum hourly emission scenario is not considered to be relevant for 24-h and 

annual concentrations, as the level of ship activity defined for the maximum hourly emission scenario 

would not be expected to occur for an entire day, or every day. 
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Table 4.4   Predicted Gaseous CAC Concentrations (µg/m
3) 

 CO NO2 SO2 

Scenario => Max Ave Max Ave Max Ave 

Discrete Receptor 1-h 1-h 
8-h 

rolling 
1-h 1-h 24-h Annual 1-h 1-h 

24-h 
rolling 

Annual 

Ladner 2.6 1.7 0.7 22.1 18.0 3.4 0.5 0.59 0.46 0.09 0.01 

Farmer 1 2.4 1.7 0.8 22.0 18.8 3.5 0.6 0.50 0.40 0.09 0.01 

Tsawwassen First Nations 2.5 1.8 1.1 23.7 20.4 4.5 0.6 0.56 0.45 0.11 0.01 

Farmer 2 2.3 1.6 1.0 20.9 18.1 4.2 0.6 0.49 0.39 0.10 0.01 

Farmer 3 2.1 1.5 0.9 19.1 16.1 3.8 0.6 0.58 0.46 0.10 0.01 

Tsawwassen Beach Campsite 3.0 1.9 1.1 25.1 20.0 4.3 0.6 0.70 0.58 0.12 0.02 

Beach Grove 2.9 2.0 1.1 25.4 21.0 4.4 0.6 0.73 0.60 0.12 0.02 

Boundary Bay 4.0 2.6 1.1 34.3 27.7 5.2 0.7 0.95 0.77 0.15 0.02 

Tsawwassen 3.5 2.5 1.2 31.5 26.4 4.2 0.8 0.93 0.77 0.12 0.02 

Point Roberts 1 4.8 3.4 1.1 43.1 35.9 5.4 0.8 1.27 1.01 0.14 0.02 

Point Roberts 2 5.6 4.2 1.6 51.4 43.2 5.7 0.8 1.52 1.26 0.16 0.02 

Delta Hospital 2.3 1.6 0.7 20.3 16.9 3.6 0.5 0.50 0.41 0.09 0.01 

B.C. Ferries Terminal 3.2 2.5 0.8 30.1 26.0 4.1 0.6 0.92 0.75 0.12 0.02 

Reifel Bird Sanctuary 2.1 1.6 0.8 19.2 16.7 3.5 0.6 0.54 0.45 0.10 0.01 

Boundary Bay GVRD Park 3.6 2.5 1.2 31.6 26.2 4.7 0.7 0.86 0.71 0.12 0.02 

English Bluffs Beach 3.5 2.2 1.2 28.7 22.9 4.7 0.7 0.81 0.67 0.14 0.02 

South Arm Marsh 2.4 1.8 0.8 22.6 19.2 3.5 0.5 0.54 0.44 0.09 0.01 

Air Quality Station T39 4.5 3.3 1.5 40.9 34.1 5.2 0.8 1.21 1.00 0.15 0.02 

Maximum Location 15.6 12.0. 6.2 102.6 100.5 23.0 1.8 4.70 3.59 0.76 0.05 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
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4.3 ANTICIPATED CHANGES IN AIR QUALITY, PARTICULATE MATTER CACS 

Predicted PM, PM10, and PM2.5 concentrations for the average scenario are presented in Table 4.5 and 

illustrated in Figure 4-5.Predicted concentrations of all three PM size fractions are negligible. The 

maximum hourly emission scenario is not considered to be relevant to 24-h and annual average 

concentrations as the level of ship activity defined for the maximum hourly emission scenario would not 

be expected to occur for an entire day, or every day.  

Table 4.5  Predicted Particulate CAC Concentrations (µg/m
3) – Average Scenario 

 

Discrete Receptor 

PM PM10 PM2.5 

24-h annual 
24-h 

rolling 
annual 

24-h 
rolling 

annual 

Ladner 0.068 0.011 0.076 0.011 0.070 0.010 

Farmer 1 0.069 0.012 0.077 0.012 0.070 0.011 

Tsawwassen First Nations 0.089 0.013 0.095 0.013 0.087 0.012 

Farmer 2 0.083 0.012 0.089 0.012 0.082 0.011 

Farmer 3 0.075 0.013 0.081 0.013 0.075 0.012 

Tsawwassen Beach Campsite 0.086 0.013 0.092 0.013 0.084 0.012 

Beach Grove 0.089 0.013 0.092 0.013 0.085 0.012 

Boundary Bay 0.105 0.015 0.117 0.015 0.107 0.014 

Tsawwassen 0.083 0.016 0.103 0.016 0.095 0.015 

Point Roberts 1 0.106 0.016 0.114 0.016 0.105 0.015 

Point Roberts 2 0.116 0.017 0.118 0.017 0.108 0.016 

Delta Hospital 0.072 0.010 0.076 0.010 0.070 0.010 

B.C. Ferries Terminal 0.078 0.013 0.082 0.013 0.076 0.012 

Reifel Bird Sanctuary 0.071 0.014 0.077 0.014 0.071 0.013 

Boundary Bay GVRD Park 0.093 0.01 0.096 0.014 0.089 0.013 

English Bluffs Beach 0.095 0.015 0.102 0.015 0.094 0.014 

South Arm Marsh 0.069 0.012 0.073 0.012 0.068 0.011 

Air Quality Station T39 0.106 0.016 0.110 0.016 0.101 0.015 

Maximum Location 0.471 0.037 0.556 0.037 0.512 0.034 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
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4.4 ANTICIPATED CHANGES IN AIR QUALITY, FORMALDEHYDE 

Predicted 1-hour maximum formaldehyde concentrations for the average and maximum scenarios are 

presented in Table 4.6. Predicted concentrations at all discrete locations are negligible relative to the 

established ambient air quality criterion in B.C. 

Table 4.6   Predicted 1-h Maximum Formaldehyde Concentrations (µg/m
3) 

Discrete Receptor 
Average Scenario Maximum Scenario 

1-h 1-h 

Ladner 0.012 0.019 

Farmer 1 0.012 0.017 

Tsawwassen First Nations 0.013 0.019 

Farmer 2 0.012 0.017 

Farmer 3 0.011 0.015 

Tsawwassen Beach Campsite 0.013 0.022 

Beach Grove 0.014 0.021 

Boundary Bay 0.018 0.029 

Tsawwassen 0.017 0.025 

Point Roberts 1 0.024 0.035 

Point Roberts 2 0.029 0.041 

Delta Hospital 0.011 0.017 

B.C. Ferries Terminal 0.017 0.023 

Reifel Bird Sanctuary 0.011 0.015 

Boundary Bay GVRD Park 0.017 0.026 

English Bluffs Beach 0.015 0.025 

South Arm Marsh 0.013 0.018 

Air Quality Station T39 0.023 0.033 

Maximum Location 0.081 0.114 

Note: Concentrations presented in this table are incremental and do not include the influence of background.



Port Metro Vancouver      SENES Consultants 
RBT2 – Air Quality Study – Appendix F - 21 - November 2014 

 

 

4.5 GRAPHICAL COMPARISONS 

Contour plots or isopleths illustrate the predicted concentrations of NO2, SO2, and PM2.5 for the average 

and maximum emissions scenarios (Figure 4-1 through Figure 4-5). The NO2, SO2, and PM2.5 

compounds were chosen for illustration because Metro Vancouver has identified the marine sector as 

being responsible for a significant portion of emissions of these compounds in the Lower Fraser Valley. 

The contour plots indicate the highest hourly or daily concentrations at any given time in the year. 

Maximum concentrations at different locations in the study area do not occur simultaneously at each 

location. For example, maximum concentrations in the southern part of the modelling domain require the 

wind to be blowing from the north, and therefore, represent a different condition than occurs at a different 

time than that required to create maximum concentrations to the east.  

The plots should not be interpreted as an aggregate plume that covers the modelling domain, but as an 

indicator of the maximum concentrations that could occur on a once per year basis in a given location. To 

illustrate this concept, Figure 4-6 shows a comparison of the isopleths of 1-hour average NO2 

concentrations when the maximum concentrations at all locations are plotted with no consideration for the 

hour (maximum scenario), and when the hour that results in the maximum concentration is plotted (i.e., 

the concentrations at all receptors for September 16, 2010 at 3:00 pm). Figure 4.6 illustrates that on any 

given hour, ships in the Strait of Georgia may have minimal impact on air quality on land as the plumes 

from the ships may be dispersed mostly in the vicinity of the shipping lanes; however, over the course of 

a year, with winds blowing from all directions, the ship plumes will reach land and increase air 

contaminant concentrations to some degree. 

4.5.1 Predicted Incremental NO2 Concentrations 

Figure 4-1 indicates that the highest predicted 1-h average NO2 concentrations from ship activity occur 

within the shipping lanes in the Strait of Georgia where predicted concentrations may exceed 80 to 100 

µg/m
3
. This result is consistent with the observations by McLaren et al. (2012) for measured NO2 

concentrations in ship plumes at Saturna Island in 2005. The highest measured NO2 concentration 

reported by McLaren et al. (2012) was 46.5 ppb (i.e., ~89 µg/m
3
), although the majority of the 

observations for 17 ship plumes were less than 30 ppb (~57 µg/m
3
) consistent with the 40 µg/m

3
 contours 

in Figure 4-1. The observed NO2 concentrations by McLaren et al. (2012) were made within 3 km of the 

shipping lanes. 

4.5.2 Predicted Incremental SO2 Concentrations 

The maximum predicted 1-h average SO2 concentrations in Figure 4-3 indicate that all concentrations are 

less than 3 µg/m
3
, with the highest concentrations occurring along the shipping lanes in the Strait of 
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Georgia. Predicted concentrations on land are all negligible, except in the immediate vicinity of the 

VAFFC fuel depot in Richmond in relation to a tanker at berth. For comparison, the maximum observed 

SO2 concentration reported by McLaren et al. (2012) for observations at Saturna Island was 18.2 ppb 

(i.e., ~48 µg/m
3
), with the majority of the observed SO2 concentrations being less than 10 ppb (i.e., ~26 

µg/m
3
). Given that McLaren et al. (2012) made their observations for ships operating on fuel with higher, 

pre-Emission Control Area (ECA) sulphur levels, the predicted maximum concentrations of less than 

3 µg/m
3
 in 2025 in Figure 4-3 are entirely consistent with a 90-95% reduction in SO2 emissions for ships 

operating on the mandated ECA fuel limit of 0.1% sulphur in fuels; therefore, the predicted SO2 

concentrations are consistent with the McLaren et al. (2012) observations if the reduction in SO2 

emissions due to ECA requirements is factored in. 

4.5.3 Predicted Incremental PM2.5 Concentrations 

Figure 4-5 indicates that the maximum 24-h average PM2.5 concentrations within the shipping lanes 

would be in the order of 0.25 to 0.5 µg/m
3
 for the average emission scenario. Within the LSA, the 

maximum predicted concentrations are all less than 0.1 µg/m
3
, which is negligible given that this level of 

effect would fall below the level of uncertainty in PM2.5 monitoring equipment. 
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Figure 4-1  Maximum 1-hour NO2 Concentrations (μg/m³) - Average and Maximum Scenarios 

 



Port Metro Vancouver      SENES Consultants 
RBT2 – Air Quality Study – Appendix F - 24 - November 2014 

 

 

Figure 4-2  Maximum 24-hour and Average Annual NO2 Concentrations (μg/m³) - Average Scenario 
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Figure 4-3  Maximum 1-hour SO2 Concentrations (μg/m³) - Average and Maximum Scenarios 
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Figure 4-4  24-hour rolling and Average Annual SO2 Concentrations (μg/m³) - Average Scenario 
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Figure 4-5   24-h Rolling Average and Annual Average PM2.5 Concentrations (μg/m³) – Average Scenario 
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Figure 4-6  Comparison of Maximum Hourly NO2 Concentrations (Full Year of Meteorology versus 
September 16 at 3.00 pm) 
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5.0 SOURCES OF UNCERTAINTY 

The emission estimating techniques used in this report follow current established practices for predicting 

impacts from marine-related activities; however, in any emission inventory development, there are 

uncertainties that are inherent in the work and assumptions that need to be made to complete the work. 

Different approaches may also be used to calculate emissions from the same operations (e.g., using fuel-

based emission factors instead of activity-based emission factors). 

An accepted approach to mitigating uncertainties in an assessment is to use estimates that may be 

considered conservative, such as higher sulphur content or larger engine sizes. The result of using this 

approach is that actual emissions and associated air quality impacts may be considerably lower in 

practice than has been estimated using conservative methods. This section provides a discussion of 

known sources of uncertainty pertaining to the compilation of emissions from ship activities in and around 

the the Strait of Georgia. The purpose of the discussion is to provide information on alternative methods 

or sources of information which could result in different estimates of emissions than those presented in 

the preceding sections of the report. 

5.1 MARINE VESSEL EMISSIONS 

For a discussion on the sources of uncertainty with respect to marine vessel emissions refer to Appendix 

A, Section 6.1, Ship Emissions. 

The primary source of uncertainty in estimating the potential impact of ship activity is the definition of the 

emission scenario. In this assessment, the emission scenarios have been defined conservatively to 

overestimate the average level of ship activity as projected by Appendix 30-A Marine Vessel Incidence 

Prediction Inputs to the Quantitative Risk Assessment for the total number of ship movements in the 

Strait of Georgia in 2025. As such, the assessment has likely overestimated actual air quality 

concentrations from ship activities. 

5.1.1 Tugboat Load Factor 

The load factor used for assessing the tugboat pulling the FSD barge was obtained from a report 

evaluating tugboats prepared for CARB (Jayaram 2010) and is specific to a barge move activity. The US 

EPA Port-Related Emission Inventories method (ICF 2009), a more widely recognised source, cites a 

lower emission factor for tugboats in assist mode; however, there is no load factor specific to a barge 

move activity. 
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Marine Vessel Emissions Factors 
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Marine Vessel Emmision Factors

Gaseous and Particulate CACs GHGs

Engine 

Type
units CO NOx SO2 VOC PM PM10 PM2.5 CO2 CH4 N2O

Container Ship ME g/kW-h 1.4 14.8 0.42 0.6 0.30 0.30 0.27 621 0.06 0.017

12000 TEU AE g/kW-h 1.1 5.5 0.42 0.4 0.30 0.30 0.27 621 0.06 0.017

Boiler g/tonne fuel 4.6 12.3 2 0.38 0.53 0.53 0.48 3188 0.29 0.081

Container Ship ME g/kW-h 1.4 14.8 0.42 0.6 0.30 0.30 0.27 621 0.06 0.017

9000 TEU AE g/kW-h 1.1 5.5 0.42 0.4 0.30 0.30 0.27 621 0.06 0.017

Boiler g/tonne fuel 4.6 12.3 2 0.38 0.53 0.53 0.48 3188 0.29 0.081

Kinder Morgan ME g/kW-h 1.4 3.4 0.42 0.6 0.30 0.30 0.27 621 0.06 0.017

Tanker AE g/kW-h 1.1 3.4 0.42 0.4 0.30 0.30 0.27 621 0.06 0.017

Boiler g/tonne fuel 4.6 12.3 2 0.38 0.53 0.53 0.48 3188 0.29 0.081

VAFFC ME g/kW-h 1.4 14.4 0.42 0.6 0.30 0.30 0.27 621 0.06 0.017

Tanker AE g/kW-h 1.1 14.4 0.42 0.4 0.30 0.30 0.27 621 0.06 0.017

Boiler g/tonne fuel 4.6 12.3 2 0.38 0.53 0.53 0.48 3188 0.29 0.081

Tug ME g/kW-h 5 6.8 0.0063 0.27 0.25 0.25 0.23 690 0.02 0.09

Cruise ME g/kW-h 1.1 3.4 0.0063 0.5 0.25 0.25 0.23 670 0.06 0.017

Boiler g/tonne fuel 4.6 12.3 2 0.38 0.53 0.53 0.48 3188 0.29 0.081

Ferry ME g/kW-h 1.1 14.4 0.0063 0.5 0.25 0.25 0.23 670 0.06 0.017

AE g/kW-h 1.1 14.4 0.0063 0.4 0.25 0.25 0.23 670 0.06 0.017

TOCs

Engine 

Type
units Acrolein

Benzen

e

1,3-

Butadie

ne

Acetald

ehyde

Formald

ehyde

Napthal

ene

Benzo(a)

pyrene
DPM

Container Ship ME g/kW-h 1.31E-03 5.88E-06 1.30E-04 1.37E-04 9.42E-04 5.43E-06 1.30E-07 0.27

12000 TEU AE g/kW-h 8.76E-04 5.08E-03 1.30E-04 1.86E-02 3.74E-02 2.39E-04 1.48E-06 0.27

Boiler g/tonne fuel 3.62E-03 2.99E-05 - - 4.60E-03 1.58E-04 - 0.48

Container Ship ME g/kW-h 1.31E-03 5.88E-06 1.30E-04 1.37E-04 9.42E-03 5.43E-06 1.30E-07 0.27

9000 TEU AE g/kW-h 8.76E-04 5.08E-03 1.30E-04 1.86E-02 3.74E-02 2.39E-04 1.48E-06 0.27

Boiler g/tonne fuel 3.62E-03 2.99E-05 - - 4.60E-03 1.58E-04 - 0.48

Kinder Morgan ME g/kW-h 1.31E-03 5.88E-06 1.30E-04 1.37E-04 9.42E-03 5.43E-06 1.30E-07 0.27

Tanker AE g/kW-h 8.76E-04 5.08E-03 1.30E-04 1.86E-02 3.74E-02 2.39E-04 1.48E-06 0.27

Boiler g/tonne fuel 3.62E-03 2.99E-05 - - 4.60E-03 1.58E-04 - 0.48

VAFFC ME g/kW-h 1.31E-03 5.88E-06 1.30E-04 1.37E-04 9.42E-03 5.43E-06 1.30E-07 0.27

Tanker AE g/kW-h 8.76E-04 5.08E-03 1.30E-04 1.86E-02 3.74E-02 2.39E-04 1.48E-06 0.27

Boiler g/tonne fuel 3.62E-03 2.99E-05 - - 4.60E-03 1.58E-04 - 0.48

Tug ME g/kW-h 5.91E-04 2.65E-06 1.30E-04 6.18E-05 4.24E-03 4.59E-06 1.10E-07 0.23

Cruise ME g/kW-h 1.10E-03 4.90E-06 1.30E-04 1.15E-04 7.85E-03 4.59E-06 1.10E-07 0.23

Boiler g/tonne fuel 3.62E-03 2.99E-05 - - 4.60E-03 1.58E-04 - 0.48

Ferry ME g/kW-h 1.10E-03 4.90E-06 1.30E-04 1.15E-04 7.85E-03 4.59E-06 1.25E-06 0.23

AE g/kW-h 8.76E-04 5.08E-03 1.30E-04 1.86E-02 3.74E-02 2.02E-04 1.25E-06 0.23

Note: 1,3-butadiene, acetaldehyde, and benzo(a)pyrene are not emitted from external combustion sources therefore boilers EFs not required.

0.007

0.007

0.485

0.007

0.007

0.485

0.007

0.007

0.485

0.007

0.007

0.485

0.007

Climate Forcing PM 

Black Carbon

0.007

0.007

0.485

0.007
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ATTACHMENT 2 

CALPUFF Input Group 2 Switch Settings 
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CALPUFF Input Group 2 Switch Settings 

Parameter Default  Used 
Value  

Comments  

MGAUSS 1  1  Vertical distribution used in the near field  

MCTADJ 3  3  Terrain adjustment method (3 used for partial plume path adjustment)  

MCTSG 0  0  Subgrid-Scale complex terrain flag  

MSLUG 0  0  Near-field puffs modelled as elongated  

MTRANS 1  1  Transitional Plume Rise modelled  

MTIP 1  1  Stack-tip downwash  

MRISE 
1  1  Plume rise for point sources not subject to building downwash  

1 = Birggs plume rise, 2 = Numerical plume rise  

MBDW 
1  2  Method used to simulate building downwash  

1 = ISC method; 2 = PRIME method  

MSHEAR 0  0  Vertical wind shear modelled above stack top  

MSPLIT 
0  0  Puff splitting allowed  

0 = No; 1 = Yes  

MCHEM 
1  0  Chemical Transformation Scheme  

0 = chemical transformation not modelled  
1 = transformation rates computed internally (MESOPUFF II scheme)  

MAQCHEM 0  0  Aqueous phase transformation flag (only used if MCHEM =1 or 3)  

MWET 
1  1  Wet removal modelled  

0 = No; 1 = Yes  

MDRY 
1  1  Dry deposition modelled  

0 = No; 1 = Yes  

MTILT 0  0  Gravitational settling (plume tilt) modelled  

MDISP 

3  2  Methods used to compute dispersion coefficients  
2 = (dispersion coefficients from internally calculated sigma v, sigma w using 
micrometeorological variables (u*, w*, L, etc.)  
3 = PG dispersion coefficient for RURAL areas (computed using the ISCST 
multi-segment approximation) and MP coefficients in urban areas)  

MTURBVW 3  3  Sigma measurements used (Used only if MDISP = 1or 5)  

MDISP2 
3  3  Back-up method used to compute dispersion when measured turbulence data 

are missing (Used only if MDISP=1 or 5)  

MTAULY 
0  0  [DIAGNOSTIC FEATURE] Method used for Lagrangian timescale for Sigma-y 

(used only if MDISP=1,2 or MSIDP2=1,2)  

MTAUADV 
0  0  [DIAGNOSTIC FEATURE] Method used for Advective-Decay timescale for 

Turbulence (used only if MDISP=2 or MDISP2=2)  

MCTURB 
1  1  Method used to compute turbulence sigma-v & sigma-w using 

micrometeorological variables (Used only if MDISP = 2 or MDISP2 = 2)  

MROUGH 0  0  PG sigma y,z adjusted for roughness  

MPARTL 
1  1  Partial plume penetration of elevated inversion modeled for point sources; 0 = 

No, 1 = Yes  

MPARTLBA 
1  1  Partial plume penetration of elevated inversion modeled for buoyant area 

sources; 0 = No, 1 = Yes  

MTINV 0  0  Strength of temp inversion provided in PROFILE.DAT extended records  

MPDF 
0  1  Probability Distribution Function used for dispersion under convective 

conditions  
0 = No; 1 = Yes 

MSGTIBL 0  0  Sub-grid TIBL module used for shore line  

MBCON 0  0  Boundary conditions (concentration) modeled  

MFOG 0  0  Configure for FOG Model output  

MREG 1  0  Test options specified to see if they conform to regulatory values  
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ATTACHMENT 3 

Ships Underway Additional Model Results 
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Predicted Hourly Concentrations (μg/m³) for Trace Organic Compounds (TOCs) – Average Scenario 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 1.3 x10
-3

 1.6 x10
-3

 3.3 x10
-4

 1.7 x10
-4

 1.2 x10
-2

 1.9 x10
-5

 

Farmer 1 1.4 x10
-3

 1.6 x10
-3

 4.3 x10
-4

 1.7 x10
-4

 1.2 x10
-2

 2.3 x10
-5

 

Tsawwassen First Nations 1.4 x10
-3

 1.7 x10
-3

 3.6 x10
-4

 1.9 x10
-4

 1.3 x10
-2

 2.2 x10
-5

 

Farmer 2 1.4 x10
-3

 1.5 x10
-3

 3.4 x10
-4

 1.7 x10
-4

 1.2 x10
-2

 2.0 x10
-5

 

Farmer 3 1.1 x10
-3

 1.4 x10
-3

 3.0 x10
-4

 1.5 x10
-4

 1.1 x10
-2

 1.7 x10
-5

 

Tsawwassen Beach Campsite 1.7 x10
-3

 1.8 x10
-3

 4.6 x10
-4

 1.8 x10
-4

 1.3 x10
-2

 2.2 x10
-5

 

Beach Grove 1.3 x10
-3

 1.9 x10
-3

 3.5 x10
-4

 1.9 x10
-4

 1.4 x10
-2

 1.8 x10
-5

 

Boundary Bay 1.4 x10
-3

 2.5 x10
-3

 3.4 x10
-4

 2.5 x10
-4

 1.8 x10
-2

 2.4 x10
-5

 

Tsawwassen 1.6 x10
-3

 2.4 x10
-3

 4.2 x10
-4

 2.4 x10
-4

 1.7 x10
-2

 2.1 x10
-5

 

Point Roberts 1 1.6 x10
-3

 3.2 x10
-3

 3.7 x10
-4

 3.3 x10
-4

 2.4 x10
-2

 3.0 x10
-5

 

Point Roberts 2 1.7 x10
-3

 3.9 x10
-3

 4.0 x10
-4

 4.0 x10
-4

 2.9 x10
-2

 3.5 x10
-5

 

Delta Hospital 1.2 x10
-3

 1.5 x10
-3

 3.7 x10
-4

 1.5 x10
-4

 1.1 x10
-2

 2.0 x10
-5

 

B.C. Ferries Terminal 2.6 x10
-3

 2.4 x10
-3

 6.8 x10
-4

 2.4 x10
-4

 1.7 x10
-2

 3.5 x10
-5

 

Reifel Bird Sanctuary 2.2 x10
-3

 1.5 x10
-3

 6.8 x10
-4

 1.5 x10
-4

 1.1 x10
-2

 3.7 x10
-5

 

Boundary Bay GVRD Park 1.2 x10
-3

 2.3 x10
-3

 2.9 x10
-4

 2.4 x10
-4

 1.7 x10
-2

 2.3 x10
-5

 

English Bluffs Beach 2.4 x10
-3

 2.1 x10
-3

 6.3 x10
-4

 2.1 x10
-4

 1.5 x10
-2

 3.1 x10
-5

 

South Arm Marsh 1.9 x10
-3

 1.7 x10
-3

 5.9 x10
-4

 1.8 x10
-4

 1.3 x10
-2

 3.2 x10
-5

 

Air Quality Station T39 1.4 x10
-3

 3.1 x10
-3

 3.4 x10
-4

 3.1 x10
-4

 2.3 x10
-2

 2.8 x10
-5

 

Maximum Location 4.9 x10
-2

 1.1 x10
-2

 1.5 x10
-2

 1.1 x10
-3

 8.1 x10
-2

 8.0 x10
-4

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Hourly Concentrations (μg/m³) for Trace Organic Compounds (TOCs) – Maximum Scenario 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 3.0 x10
-3

 2.0 x10
-3

 7.0 x10
-4

 2.6 x10
-4

 1.9 x10
-2

 4.0 x10
-5

 

Farmer 1 3.0 x10
-3

 2.0 x10
-3

 7.0 x10
-4

 2.4 x10
-4

 1.7 x10
-2

 4.0 x10
-5

 

Tsawwassen First Nations 3.0 x10
-3

 2.0 x10
-3

 7.0 x10
-4

 2.6 x10
-4

 1.9 x10
-2

 4.0 x10
-5

 

Farmer 2 3.0 x10
-3

 2.0 x10
-3

 6.0 x10
-4

 2.3 x10
-4

 1.7 x10
-2

 4.0 x10
-5

 

Farmer 3 2.0 x10
-3

 2.0 x10
-3

 6.0 x10
-4

 2.2 x10
-4

 1.5 x10
-2

 4.0 x10
-5

 

Tsawwassen Beach Campsite 3.0 x10
-3

 3.0 x10
-3

 7.0 x10
-4

 3.0 x10
-4

 2.2 x10
-2

 5.0 x10
-5

 

Beach Grove 3.0 x10
-3

 3.0 x10
-3

 8.0 x10
-4

 2.8 x10
-4

 2.1 x10
-2

 5.0 x10
-5

 

Boundary Bay 4.0 x10
-3

 4.0 x10
-3

 1.0 x10
-3

 4.0 x10
-4

 2.9 x10
-2

 7.0 x10
-5

 

Tsawwassen 4.0 x10
-3

 3.0 x10
-3

 1.0 x10
-3

 3.3 x10
-4

 2.5 x10
-2

 6.0 x10
-5

 

Point Roberts 1 5.0 x10
-3

 5.0 x10
-3

 1.4 x10
-3

 4.7 x10
-4

 3.5 x10
-2

 9.0 x10
-5

 

Point Roberts 2 6.0 x10
-3

 5.0 x10
-3

 1.6 x10
-3

 5.4 x10
-4

 4.1 x10
-2

 1.0 x10
-4

 

Delta Hospital 2.0 x10
-3

 2.0 x10
-3

 6.0 x10
-4

 2.3 x10
-4

 1.7 x10
-2

 4.0 x10
-5

 

B.C. Ferries Terminal 4.0 x10
-3

 3.0 x10
-3

 1.0 x10
-3

 3.3 x10
-4

 2.3 x10
-2

 6.0 x10
-5

 

Reifel Bird Sanctuary 2.0 x10
-3

 2.0 x10
-3

 6.0 x10
-4

 2.1 x10
-4

 1.5 x10
-2

 4.0 x10
-5

 

Boundary Bay GVRD Park 4.0 x10
-3

 3.0 x10
-3

 1.0 x10
-3

 3.5 x10
-4

 2.6 x10
-2

 6.0 x10
-5

 

English Bluffs Beach 3.0 x10
-3

 3.0 x10
-3

 8.0 x10
-4

 3.5 x10
-4

 2.5 x10
-2

 6.0 x10
-5

 

South Arm Marsh 3.0 x10
-3

 2.0 x10
-3

 7.0 x10
-4

 2.4 x10
-4

 1.8 x10
-2

 4.0 x10
-5

 

Air Quality Station T39 5.0 x10
-3

 4.0 x10
-3

 1.3 x10
-3

 4.4 x10
-4

 3.3 x10
-2

 8.0 x10
-5

 

Maximum Location 4.8 x10
-2

 1.4 x10
-2

 1.3 x10
-2

 1.4 x10
-3

 1.1 x10
-1

 8.0 x10
-4

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Daily Concentrations (μg/m³) for 1,3-Butadiene – Average and Maximum Scenarios 

 Average Scenario Maximum Scenario 

Discrete Receptor 1,3-Butadiene 

 24-h 24-h 

Ladner 3.1 x10
-5

 5.0 x10
-5

 

Farmer 1 3.2 x10
-5

 5.0 x10
-5

 

Tsawwassen First Nations 4.1 x10
-5

 5.0 x10
-5

 

Farmer 2 3.8 x10
-5

 5.0 x10
-5

 

Farmer 3 3.4 x10
-5

 5.0 x10
-5

 

Tsawwassen Beach Campsite 3.9 x10
-5

 6.0 x10
-5

 

Beach Grove 4.1 x10
-5

 6.0 x10
-5

 

Boundary Bay 4.8 x10
-5

 7.0 x10
-5

 

Tsawwassen 3.8 x10
-5

 6.0 x10
-5

 

Point Roberts 1 4.9 x10
-5

 7.0 x10
-5

 

Point Roberts 2 5.2 x10
-5

 7.0 x10
-5

 

Delta Hospital 3.3 x10
-5

 5.0 x10
-5

 

B.C. Ferries Terminal 3.7 x10
-5

 5.0 x10
-5

 

Reifel Bird Sanctuary 3.3 x10
-5

 5.0 x10
-5

 

Boundary Bay GVRD Park 4.3 x10
-5

 6.0 x10
-5

 

English Bluffs Beach 4.3 x10
-5

 6.0 x10
-5

 

South Arm Marsh 3.2 x10
-5

 5.0 x10
-5

 

Air Quality Station T39 4.8 x10
-5

 7.0 x10
-5

 

Maximum Location 2.1 x10
-4

 2.8 x10
-4

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Annual Concentrations (μg/m³) for Trace Organic Compounds (TOCs) – Average Scenario 

Discrete Receptor 
Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 3.7 x10
-5

 4.5 x10
-5

 1.2 x10
-8

 9.8 x10
-6

 4.9 x10
-6

 3.3 x10
-4

 6.5 x10
-7

 

Farmer 1 4.2 x10
-5

 5.1 x10
-5

 1.5 x10
-8

 1.1 x10
-5

 5.6 x10
-6

 3.8 x10
-4

 7.2 x10
-7

 

Tsawwassen First Nations 4.0 x10
-5

 5.3 x10
-5

 1.4 x10
-8

 1.0 x10
-5

 5.8 x10
-6

 4.0 x10
-4

 7.0 x10
-7

 

Farmer 2 4.0 x10
-5

 5.2 x10
-5

 1.4 x10
-8

 1.0 x10
-5

 5.7 x10
-6

 3.9 x10
-4

 7.0 x10
-7

 

Farmer 3 4.7 x10
-5

 5.7 x10
-5

 1.7 x10
-8

 1.2 x10
-5

 6.2 x10
-6

 4.2 x10
-4

 8.0 x10
-7

 

Tsawwassen Beach Campsite 4.2 x10
-5

 5.6 x10
-5

 1.6 x10
-8

 1.1 x10
-5

 6.1 x10
-6

 4.2 x10
-4

 7.3 x10
-7

 

Beach Grove 4.4 x10
-5

 5.7 x10
-5

 1.7 x10
-8

 1.1 x10
-5

 6.1 x10
-6

 4.2 x10
-4

 7.5 x10
-7

 

Boundary Bay 4.7 x10
-5

 6.3 x10
-5

 1.8 x10
-8

 1.2 x10
-5

 6.7 x10
-6

 4.7 x10
-4

 8.0 x10
-7

 

Tsawwassen 5.3 x10
-5

 6.8 x10
-5

 2.1 x10
-8

 1.4 x10
-5

 7.3 x10
-6

 5.1 x10
-4

 8.9 x10
-7

 

Point Roberts 1 5.3 x10
-5

 7.0 x10
-5

 2.1 x10
-8

 1.4 x10
-5

 7.5 x10
-6

 5.2 x10
-4

 9.0 x10
-7

 

Point Roberts 2 5.5 x10
-5

 7.3 x10
-5

 2.3 x10
-8

 1.4 x10
-5

 7.8 x10
-6

 5.4 x10
-4

 9.3 x10
-7

 

Delta Hospital 3.8 x10
-5

 4.4 x10
-5

 1.2 x10
-8

 1.0 x10
-5

 4.8 x10
-6

 3.2 x10
-4

 6.6 x10
-7

 

B.C. Ferries Terminal 4.1 x10
-5

 5.7 x10
-5

 1.5 x10
-8

 1.0 x10
-5

 6.1 x10
-6

 4.2 x10
-4

 7.2 x10
-7

 

Reifel Bird Sanctuary 5.1 x10
-5

 5.6 x10
-5

 1.7 x10
-8

 1.4 x10
-5

 6.3 x10
-6

 4.2 x10
-4

 8.7 x10
-7

 

Boundary Bay GVRD Park 4.5 x10
-5

 6.0 x10
-5

 1.7 x10
-8

 1.2 x10
-5

 6.4 x10
-6

 4.5 x10
-4

 7.7 x10
-7

 

English Bluffs Beach 4.8 x10
-5

 6.4 x10
-5

 1.9 x10
-8

 1.2 x10
-5

 6.9 x10
-6

 4.7 x10
-4

 8.2 x10
-7

 

South Arm Marsh 4.3 x10
-5

 4.8 x10
-5

 1.4 x10
-8

 1.1 x10
-5

 5.3 x10
-6

 3.5 x10
-4

 7.4 x10
-7

 

Air Quality Station T39 5.4 x10
-5

 7.0 x10
-5

 2.2 x10
-8

 1.4 x10
-5

 7.6 x10
-6

 5.2 x10
-4

 9.1 x10
-7

 

Maximum Location 3.2 x10
-4

 1.6 x10
-4

 4.9 x10
-8

 9.8 x10
-5

 1.7 x10
-5

 1.2 x10
-3

 5.3 x10
-6

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Annual Concentrations (μg/m³) for Trace Organic Compounds (TOCs) – Maximum Scenario 

Discrete Receptor 
Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 9.4 x10
-5

 7.2 x10
-5

 1.9 x10
-8

 2.0 x10
-5

 8.0 x10
-6

 5.6 x10
-4

 1.5 x10
-6

 

Farmer 1 1.1 x10
-4

 8.3 x10
-5

 2.3 x10
-8

 3.0 x10
-5

 9.0 x10
-6

 6.5 x10
-4

 1.7 x10
-6

 

Tsawwassen First Nations 1.1 x10
-4

 8.6 x10
-5

 2.3 x10
-8

 3.0 x10
-5

 9.0 x10
-6

 6.7 x10
-4

 1.8 x10
-6

 

Farmer 2 1.1 x10
-4

 8.4 x10
-5

 2.2 x10
-8

 3.0 x10
-5

 9.0 x10
-6

 6.6 x10
-4

 1.7 x10
-6

 

Farmer 3 1.2 x10
-4

 9.0 x10
-5

 2.6 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 7.0 x10
-4

 1.9 x10
-6

 

Tsawwassen Beach Campsite 1.2 x10
-4

 9.0 x10
-5

 2.5 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 7.0 x10
-4

 1.8 x10
-6

 

Beach Grove 1.2 x10
-4

 9.0 x10
-5

 2.5 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 7.0 x10
-4

 1.8 x10
-6

 

Boundary Bay 1.3 x10
-4

 1.0 x10
-4

 2.7 x10
-8

 3.0 x10
-5

 1.1 x10
-5

 7.7 x10
-4

 2.0 x10
-6

 

Tsawwassen 1.4 x10
-4

 1.1 x10
-4

 3.1 x10
-8

 4.0 x10
-5

 1.1 x10
-5

 8.3 x10
-4

 2.1 x10
-6

 

Point Roberts 1 1.4 x10
-4

 1.1 x10
-4

 3.1 x10
-8

 4.0 x10
-5

 1.2 x10
-5

 8.5 x10
-4

 2.2 x10
-6

 

Point Roberts 2 1.5 x10
-4

 1.1 x10
-4

 3.3 x10
-8

 4.0 x10
-5

 1.2 x10
-5

 8.8 x10
-4

 2.3 x10
-6

 

Delta Hospital 9.3 x10
-5

 7.0 x10
-5

 1.8 x10
-8

 2.0 x10
-5

 8.0 x10
-6

 5.4 x10
-4

 1.5 x10
-6

 

B.C. Ferries Terminal 1.2 x10
-4

 9.1 x10
-5

 2.4 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 7.1 x10
-4

 1.9 x10
-6

 

Reifel Bird Sanctuary 1.2 x10
-4

 8.8 x10
-5

 2.5 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 6.9 x10
-4

 1.9 x10
-6

 

Boundary Bay GVRD Park 1.2 x10
-4

 9.5 x10
-5

 2.6 x10
-8

 3.0 x10
-5

 1.0 x10
-5

 7.3 x10
-4

 1.9 x10
-6

 

English Bluffs Beach 1.3 x10
-4

 9.9 x10
-5

 2.8 x10
-8

 3.0 x10
-5

 1.1 x10
-5

 7.7 x10
-4

 2.0 x10
-6

 

South Arm Marsh 1.0 x10
-4

 7.7 x10
-5

 2.1 x10
-8

 3.0 x10
-5

 8.0 x10
-6

 6.0 x10
-4

 1.6 x10
-6

 

Air Quality Station T39 1.4 x10
-4

 1.1 x10
-4

 3.2 x10
-8

 4.0 x10
-5

 1.2 x10
-5

 8.6 x10
-4

 2.2 x10
-6

 

Maximum Location 4.0 x10
-4

 2.0 x10
-4

 6.9 x10
-8

 1.0 x10
-4

 2.4 x10
-5

 1.8 x10
-3

 5.9 x10
-6

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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1.0 INTRODUCTION 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals. 

The purpose of this appendix is to describe the evaluation of potential cumulative air quality changes due 

to the rail activity near the Project.  Rail activity off the Roberts Bank causeway is not part of the Project, 

and the assessment of air contaminant emissions from this activity is projected to 2025 based on current 

assumptions of the level of activity that might be expected to occur. 

Only incremental air concentrations are presented; however, to assess potential changes in air quality 

arising from rail activities, changes needed to be considered in conjunction with the operation of RBT2, 

the existing Roberts Bank terminals (i.e., Deltaport Terminal and Westshore Terminals), and the B.C. 

Ferries Terminal. This comparison is presented in Section 5.2, Other Projects and Activities in the 

main body of the Study. 

2.0 SCOPE 

As described in the main body of the Study, Section 2.0, Scope, the focus of the Study was to assess 

the change from RBT2 on future predicted air quality with a comparison to the existing and expected 

conditions if RBT2 was not developed.   

2.1 SPATIAL AND TEMPORAL ASSESSMENT BOUNDARIES 

Emissions from switcher locomotives operating at, as well as line-haul (mainline and DPU) locomotives 

arriving and departing to/from the existing Roberts Bank terminals and RBT2 were considered in the 

Study.  The assessment of rail locomotives for operations, however, was limited to line-haul and switcher 

locomotives operating within the Project boundary, as described in Appendix A, Section 4.0, Rail 

Locomotive Emissions.  The spatial scope of the yards assessment considers rail activities which occur 

within the local study area (LSA) beyond the Project boundary, and includes line-haul locomotives 

travelling along the main rail lines within the LSA as well as low notch and switching operations occurring 

within the yards (see Figure 3-2). 

For each of the three operating conditions (as described in the main body of the Study, Section 2.2, 

Temporal Assessment Boundaries), average emission rates were estimated to represent typical 

operating conditions.  The combination of operating conditions, horizon years and averaging periods for 

the rail yards assessment are described in Table 2-1.  Only average or typical operating conditions are 

considered in this assessment. 
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Table 2-1 – Rail Yards Assessment Scenarios 

Operating 
Condition 

Horizon 
Year 

Emission 
Scenario 

Description 

Existing Conditions 2010 Average 

Emissions from rail locomotives associated with the existing 

Roberts Bank terminals (Deltaport Terminal and Westshore 

Terminals) in 2010 

Expected Conditions 2025 Average 
Projected emissions from rail locomotives associated with the 

existing Roberts Bank terminals in 2025 

Future Conditions  2025 Average 

Projected combined emissions from rail locomotives 

associated with the existing Roberts Bank terminals in 

conjunction with RBT2 in 2025 

2.2 COMPOUNDS OF POTENTIAL CONCERN 

Compounds of potential concern that are assessed in the Study (Section 2.4, Compounds of Concern) 

include the following: 

 Criteria air contaminants (CACs) - carbon monoxide (CO), nitrogen oxides (NOx), 

sulphur dioxide (SO2), volatile organic compounds (VOCs), particulate matter (PM), 

inhalable particulate matter (PM10), and fine particulate matter (PM2.5); 

 Trace organic contaminants (TOCs) - acrolein, benzene, 1,3-butadiene, acetaldehyde, 

formaldehyde, naphthalene, polycyclic aromatic hydrocarbons (PAH) represented by 

benzo(a)pyrene, diesel particulate matter (DPM); 

 Greenhouse gases (GHGs) - carbon dioxide (CO2), methane (CH4), and nitrous oxide 

(N2O) expressed as carbon dioxide equivalent (CO2e); and 

 Climate forcing PM - black carbon, also expressed as CO2e. 

Rationale for the substance selection is discussed in greater detail in Appendix B, Section 2.0, Air 

Quality Criteria.  Hydrocarbons (HCs) are a subset of VOCs.  The two are used interchangeably within 

this document because all of the VOCs emitted by transportation sources are composed of HCs. 

3.0 METHODOLOGY 

This section describes the rail yards assessment parameters and methodology as discussed in greater 

detail in the following sections including: 

 Emissions Inventory; and 

 Air Dispersion Modelling. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix G  - 8 - November 2014 

3.1 Rail Locomotive Emissions 

The assessment of cumulative emissions from rail locomotives operating in the yards considered line-haul 

and switcher locomotives operating within the LSA beyond the Project boundary.  The assessment was 

conducted for two hypothetical yards, designated as yard A and yard B.  The operating scenario for yard 

A was assumed to have switch locomotives assembling or disassembling container trains for Deltaport 

and RBT2, while yard B was assumed to provide an area for a train to briefly set off to allow for other 

trains to pass on the main line or for space to become available in yard A. 

As described in Appendix A, Section 4.0, Rail Locomotive Emissions, emission projections from rail 

locomotives involved a number of variables to define locomotive emission rates and activity levels.  The 

locomotive parameters and activities which form the basis of the yards assessment emission estimates 

for yards A and B are described in Sections 3.1.1 and 3.1.2. 

The assessment of rail locomotives operating within the LSA, but beyond the Project boundary, includes 

the same rail locomotive emissions sources as the operations of rail locomotives operating within the 

Project boundary.  The locomotive parameters and activities which form the basis of this assessment, 

therefore, are comparable to those which form the basis of the operations assessment. 

The general rail locomotive emissions estimation is as follows: 

Emissions (kilogram [kg]/period) = [Emission Rate (kg/hour [h]/locomotive) * Traffic Count (trips/period) * 

Locomotives (locomotives/trip) * Operating Time (h)] 

Reference is made to Appendix A, Sections 4.1, Locomotive Parameters and 4.2, Locomotive 

Activities for further details.  Emission rates for the yards assessment for the Study scenarios listed in 

Table 2-1 are presented in Attachment 1 as applied in the air dispersion modelling.  Sources of 

uncertainty with respect to rail locomotive emission estimates herein are discussed in Appendix A, 

Section 6.3, Rail Locomotives. 

3.1.1 LOCOMOTIVE PARAMETERS 

The parameters used to estimate the rail locomotive emission factors (EFs) include power rating, load 

factors, fuel consumption rates, duty cycles, and projected locomotive fleet tier mixtures for each horizon 

year.  As described in Appendix A, Section 4.1, Locomotive Parameters, the line-hauls and switchers 

in the locomotive fleet are assumed to have power ratings of 4,200 horsepower (hp) and 3,800 hp, 

respectively, as suggested by B.C. Rail (BCR). 

The Railway Association of Canada (RAC) duty cycle for switcher locomotives as published in the 

Locomotive Emissions Monitoring Program 2010 (RAC 2011) was used for all such locomotives operating 
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within yard A; however, for the line-haul locomotives travelling along the main rail lines within the LSA, the 

RAC duty cycle was considered to be unrepresentative of the type of activity that these locomotives 

would experience in the short distances of track between the Project boundary and the eastern LSA 

boundary. 

Instead, as suggested by BC Rail, it was assumed that the locomotives operate 50% in notch 3 and 50% 

in notch 4 (herein referred to as “Work 1”) for the stretch of tracks from the eastern boundary of the LSA 

to Highway 17A and 50% in notch 2 and 50% in notch 3 (herein referred to as “Work 2”) from Highway 

17A to the Project boundary.  In addition to the Work 1 locomotive operations which occur while line-hauls 

are travelling along the main rail lines within yard B, it has been conservatively assumed that there will be 

one line-haul locomotive operating at a low notch setting in the siding track at all times for Future 

Conditions (i.e., notch 1; herein referred to as “Work 3”).  

Load factors, fuel consumption rates, and duty cycles used in the assessment, as further described in 

Appendix A, Section 4.1, Locomotive Parameters, as well as the estimated total effective power and 

fuel consumption rates are listed in Table 3-1 for line-haul locomotives and Table 3-2 for switcher 

locomotives.  The projected locomotive fleet tier mixtures for each locomotive type and each horizon year 

are summarised in Appendix A, Table 4-3, Locomotive Fleet Tier Mixtures. 
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Table 3-1 – Line-Haul Locomotive Effective Power and Fuel Consumption 

Parameter 

Throttle Notch Position 

Total 
Idle 1 2 3 4 5 6 7 8 

Dynamic 
Brake 

Load Factor (%)
1,2

 0.4 5.0 11.4 23.5 34.3 48.1 64.3 86.6 102.5 2.1 - 

Fuel Consumption by 
Notch Position (L/h)

3,4,5
 

25.5 49.7 93.4 194 295 386 545 666 761 33.4 - 

Work 1
6
 

Duty Cycle (%) - - - 50.0 50.0 - - - - - 100 

Effective Power (hp) - - - 494 720 - - - - - 1,214 

Effective Fuel 
Consumption (L/h) 

- - - 97.1 148 - - - - - 245 

Work 2
7
 

Duty Cycle (%) - - 50.0 50.0 - - - - - - 100 

Effective Power (hp) - - 239 494 - - - - - - 733 

Effective Fuel 
Consumption (L/h) 

- - 46.7 97.1 - - - - - - 144 

Work 3
8
 

Duty Cycle (%) - 100 - - - - - - - - 100 

Effective Power (hp) - 210 - - - - - - - - 210 

Effective Fuel 
Consumption (L/h) 

- 49.7 - - - - - - - - 49.7 

Sources: 
1
 The Port of Long Beach 2007 Air Emissions Inventory (Starcrest 2009) 

2
 Port of Los Angeles Inventory of Air Emissions - 2010 (Starcrest 2011) 

3
 Measurement and Evaluation of Fuels and Technologies for Passenger Rail Service in North Carolina (Department 

of Civil, Construction, and Environmental Engineering North Carolina State University 2012) 

Notes: 
4
 Fuel use for an SD70 locomotive (engine model EMD 16-710G3) assumed 

5
 L/h = litres per hour 

6
 Work 1 is applicable to line-haul locomotives travelling the stretch of tracks from the eastern boundary of the LSA to 

Highway 17A 
7
 Work 2 is applicable to line-haul locomotives travelling the stretch of tracks from the Highway 17A to the Project 

boundary 
8
 Work 3 is applicable to the line-haul locomotive operating at low notch setting in yard B siding track which has been 

conservatively assumed for Future Conditions. 
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Table 3-2 – Switcher Locomotive Effective Power and Fuel Consumption 

Parameter 

Throttle Notch Position 

Total 
Idle 1 2 3 4 5 6 7 8 

Dynamic 
Brake 

Duty Cycle (%)
1
 84.9 5.4 4.2 2.2 1.4 0.6 0.3 0.2 0.6 0.2 100 

Load Factor (%)
2
 0.8 4.7 14.2 27.8 42.0 57.3 72.5 89.7 105 3.8 - 

Fuel Consumption by 
Notch Position (L/h)

3,4
 

25.5 49.7 93.4 194 295 386 545 666 761 33.4 - 

Idle
5
 

Effective Power (hp) 30.4 - - - - - - - - - 30.4 

Effective Fuel 
Consumption (L/h) 

25.5 - - - - - - - - - 25.5 

Work
5
 

Effective Power (hp) - 63.9 150 154 148 86.5 54.7 45.1 159 1.9 863 

Effective Fuel 
Consumption (L/h) 

- 17.8 26.0 28.3 27.4 15.3 10.8 8.8 30.2 0.4 165 

Sources: 
1
 Locomotive Emissions Monitoring Program 2010 (RAC 2011) 

2
 The Port of Long Beach 2007 Air Emissions Inventory (Starcrest 2009) 

3
 Measurement and Evaluation of Fuels and Technologies for Passenger Rail Service in North Carolina (Department 

of Civil, Construction, and Environmental Engineering North Carolina State University 2012) 

Notes: 
4
 Fuel use for an SD70 locomotive (engine model EMD 16-710G3) assumed 

5
 As per duty cycle, switchers spend 84.9% of their time in the idle throttle notch position and 15.1% of their time in 

throttle notch positions 1 to 8 and dynamic brake  

3.1.2 LOCOMOTIVE ACTIVITIES 

The number of line-haul and switcher locomotives operating within the LSA beyond the Project boundary 

formed the basis of the estimation methodology as the emissions are directly proportional to the number 

of locomotives.  The emissions are also dependent on the operational time of each locomotive at each 

engine mode (i.e., idle, work or duty cycle). 

BCR, Canadian National Railway Company, and Canadian Pacific Railway Limited have confirmed that 

by 2017, all locomotives (i.e., line-hauls and switchers) will be enrolled in the SmartStart1 program.  The 

program was initiated by the rail companies and includes the installation of SmartStart controls that shut-

down the locomotive while in standby, eliminating idling and fuel usage.  As the switching locomotive 

activities in yard A are limited to Expected and Future Conditions (i.e., 2025), the switcher locomotive idle 

mode described in Table 3-2 above is not considered in the yards assessment. 

                                                      
1
 Burlington Northern and Santa Fe (BNSF) Railway began implementing a SmartStart program in its operations in 

2005. 



Port Metro Vancouver  SENES Consultants 
RBT2 – Air Quality Study – Appendix G  - 12 - November 2014 

For locomotive operations at yards A and B, two switchers are assumed to operate continuously within 

yard A for Expected Conditions and three switchers are assumed to operate continuously within yard A 

for Future Conditions.  In addition, one line-haul locomotive is assumed to be operating at low notch (i.e., 

Work 3) continuously at yard B for Future Conditions. 

The line-haul activities (speed and distances travelled) for travel on the main rail lines are summarised in 

Table 3-3.  As confirmed by BC Rail, the travel speed of 56 km/h for the stretch of tracks from the eastern 

boundary of the LSA to Highway 17A (i.e., Work 1) is reduced to 24 km/h for the stretch of tracks from 

Highway 17A to the Project boundary (i.e., Work 2). 

Table 3-3 – Line-haul Activity Summary 

Engine 
Mode 

Location Speed (km/h) 
Distance Travelled 

(km/trip) 

Work 1 
LSA boundary to 

Highway 17A 
56 12.6 

Work 2 
Highway 17A to Project 

boundary 
24 9.6 

Line-haul traffic counts were provided for RBT2 and the existing Roberts Bank terminals by PMV for each 

horizon year (Appendix 4-D Roberts Bank Traffic Data Matrix of the EIS).  The traffic counts were 

provided as average and peak daily train movements.  A train movement represents a train either 

entering or leaving a terminal while a train trip represents a train entering and leaving.  The number of 

train trips is therefore equivalent to one half of train movements.  The average daily two-way line-haul 

train trips are presented in Table 3-4. 

Table 3-4 – Average Line-haul Traffic Counts 

Horizon 
Year 

Average Trains [trips/d] 

Deltaport 
Terminal 

RBT2 
Westshore 
Terminals 

2010 3 0 5.5 

2025 4 4 6.5 

3.1.3 EMISSION RATES 

Emission rates for four of the CACs assessed, namely CO, NOx, HCs, and PM, were derived from the 

United States Environmental Protection Agency (U.S. EPA) locomotive emission standards for line-haul 

and switcher locomotives (U.S. EPA 2009) as published in the Locomotive Emissions Monitoring Program 

2010 (RAC 2011) and described in Appendix A, Section 4.3.1, Locomotive CAC Emission Rates and 

presented in Appendix A, Table 4-7, U.S. EPA Locomotive Emission Standards.  The emission rates 

for SO2 and GHGs (CO2, CH4 and N2O) were similarly derived from an EF provided by RAC (RAC 2011).  
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The methodology for estimating the GHG emission rates is detailed in Appendix A, Section 4.3.2, 

Locomotive GHG Emission Rates and the RAC EFs are presented in Appendix A, Table 4-9, Rail 

Association of Canada EFs. 

CAC and GHG emission rates estimated on a per locomotive basis for the yards assessment are 

provided in Table 3-5 and Table 3-6 below.  As per the U.S. EPA recommendations for estimating 

emissions from compression ignition engines (U.S. EPA 2008), the relative PM2.5 emissions are estimated 

to be 97% of PM emissions while PM10 emissions are assumed to be equal to PM emissions. 

As emission rates for TOCs and black carbon are not readily available for locomotives, emission rates 

were determined using the methodology described in Appendix A, Section 1.1.1, TOCs and Climate 

Forcing PM.  Emission rates for TOCs and climate forcing PM (black carbon) are summarised in Table 3-

7 and Table 3-8 below.  DPM emissions were assumed to equal PM2.5 emissions listed in Table 3-5. 



Port Metro Vancouver  SENES Consultants 

RBT2 – Air Quality Study – Appendix G - 14 - November 2014 

Table 3-5 – Locomotive CAC Emission Rates 

Engine 
Mode 

Horizon Year 
Emission Rate (kg/h) 

CO NOx SO2 HC PM PM10 PM2.5 

Line-Haul 

Work 1 

2010 (Deltaport Terminal 
& Westshore Terminals) 

3.31 8.59 5.14 x 10
-2

 7.28 x 10
-1

 2.31 x 10
-1

 2.31 x 10
-1

 2.24 x 10
-1

 

2025 (RBT2 & Deltaport 
Terminal) 

2.25 7.83 5.98 x 10
-3

 5.16 x 10
-1

 1.94 x 10
-1

 1.94 x 10
-1

 1.88 x 10
-1

 

2025 (Westshore 
Terminals) 

1.82 6.68 5.98 x 10
-3

 3.64 x 10
-1

 1.21 x 10
-1

 1.21 x 10
-1

 1.18 x 10
-1

 

Work 2 

2010 (Deltaport Terminal 
& Westshore Terminals) 

2.00 5.19 3.02 x 10
-2

 4.40 x 10
-1

 1.39 x 10
-1

 1.39 x 10
-1

 1.35 x 10
-1

 

2025 (RBT2 & Deltaport 
Terminal) 

1.36 4.73 3.51 x 10
-3

 3.11 x 10
-1

 1.17 x 10
-1

 1.17 x 10
-1

 1.14 x 10
-1

 

2025 (Westshore 
Terminals) 

1.10 4.03 3.51 x 10
-3

 2.20 x 10
-1

 7.33 x 10
-2

 7.33 x 10
-2

 7.11 x 10
-2

 

Work 3 
2025 (RBT2 & Deltaport 
Terminal) 

3.89 x 10
-1

 1.35 1.21 x 10
-3

 8.93 x 10
-2

 3.36 x 10
-2

 3.36 x 10
-2

 3.26 x 10
-2

 

Switcher 

Work 
2025 (RBT2 & Deltaport 
Terminal) 

2.16 9.49 4.03 x 10
-3

 1.04 2.24 x 10
-1

 2.24 x 10
-1

 2.18 x 10
-1
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Table 3-6 – Locomotive GHG Emission Rates 

Engine 
Mode 

Horizon Year 

Emission Rates (kg/h) 

CO2 CH4 N2O 
20-year 
CO2e  

100-year 
CO2e 

Line-Haul 

Work 1 
2010 & 2025 (RBT2, Deltaport 
Terminal & Westshore Terminals) 

6.52 x 10
2
 3.67 x 10

-2
 2.69 x 10

-1
 7.27 x 10

2
 7.33 x 10

2
 

Work 2 
2010 & 2025 (RBT2, Deltaport 
Terminal & Westshore Terminals) 

3.83 x 10
2
 2.16 x 10

-2
 1.58 x 10

-1
 4.27 x 10

2
 4.31 x 10

2
 

Work 3 2025 (RBT2 & Deltaport Terminal) 4.40 x 10
2
 2.48 x 10

-2
 1.82 x 10

-1
 4.90 x 10

2
 4.95 x 10

2
 

Switcher 

Work 2025 (RBT2 & Deltaport Terminal) 1.32 x 10
2
 7.46 x 10

-3
 5.47 x 10

-2
 1.48 x 10

2
 1.49 x 10

2
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Table 3-7 – Locomotive TOC Emission Rates 

Engine 
Mode 

Horizon Year 
Emission Rate (kg/h) 

Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a)pyrene 

Line-Haul 

Work 1 

2010 (Deltaport Terminal 
& Westshore Terminals) 

6.93 x 10
-3

 8.82 x 10
-3

 2.17 x 10
-3

 4.62 x 10
-2

 1.39 x 10
-1

 1.10 x 10
-2

 3.84 x 10
-5

 

2025 (RBT2 & Deltaport 
Terminal) 

4.91 x 10
-3

 6.25 x 10
-3

 1.54 x 10
-3

 3.27 x 10
-2

 9.86 x 10
-2

 7.80 x 10
-3

 2.72 x 10
-5

 

2025 (Westshore 
Terminals) 

3.47 x 10
-3

 4.41 x 10
-3

 1.09 x 10
-3

 2.31 x 10
-2

 6.96 x 10
-2

 5.50 x 10
-3

 1.92 x 10
-5

 

Work 2 

2010 (Deltaport Terminal 
& Westshore Terminals) 

4.19 x 10
-3

 5.32 x 10
-3

 1.31 x 10
-3

 2.79 x 10
-2

 8.40 x 10
-2

 6.65 x 10
-3

 2.32 x 10
-5

 

2025 (RBT2 & Deltaport 
Terminal) 

2.96 x 10
-3

 3.77 x 10
-3

 9.30 x 10
-4

 1.98 x 10
-2

 5.95 x 10
-2

 4.71 x 10
-3

 1.64 x 10
-5

 

2025 (Westshore 
Terminals) 

2.09 x 10
-3

 2.66 x 10
-3

 6.56 x 10
-4

 1.40 x 10
-2

 4.20 x 10
-2

 3.32 x 10
-3

 1.16 x 10
-5

 

Work 3 
2025 (RBT2 & Deltaport 
Terminal) 

8.49 x 10
-4

 1.08 x 10
-3

 2.66 x 10
-4

 5.66 x 10
-3

 1.71 x 10
-2

 1.35 x 10
-3

 4.70 x 10
-6

 

Switcher 

Work 
2025 (RBT2 & Deltaport 
Terminal) 

9.86 x 10
-3

 1.25 x 10
-2

 3.09 x 10
-3

 6.57 x 10
-2

 1.98 x 10
-1

 1.57 x 10
-2

 5.46 x 10
-5
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Table 3-8 – Locomotive Climate Forcing PM Emission Rates 

Engine 
Mode 

Horizon Year 

Emission Rate (kg/h) 

Black Carbon 
20-year 
CO2e  

100-year 
CO2e 

Line-Haul 

Work 1 

2010 (Deltaport Terminal & Westshore Terminals) 1.87 x 10
-1

 5.97 x 10
2
 1.68 x 10

2
 

2025 (RBT2 & Deltaport Terminal) 1.57 x 10
-1

 5.03 x 10
2
 1.41 x 10

2
 

2025 (Westshore Terminals) 9.82 x 10
-2

 3.14 x 10
2
 8.84 x 10

1
 

Work 2 

2010 (Deltaport Terminal & Westshore Terminals) 1.13 x 10
-1

 3.61 x 10
2
 1.01 x 10

2
 

2025 (RBT2 & Deltaport Terminal) 9.49 x 10
-2

 3.04 x 10
2
 8.54 x 10

1
 

2025 (Westshore Terminals) 5.93 x 10
-2

 1.90 x 10
2
 5.34 x 10

1
 

Work 3 2025 (RBT2 & Deltaport Terminal) 2.72 x 10
-2

 8.70 x 10
1
 2.45 x 10

1
 

Switcher 

Work 2025 (RBT2 & Deltaport Terminal) 1.82 x 10
-1

 5.81 x 10
2
 1.63 x 10

2
 

3.2 AIR DISPERSION MODELLING 

Emissions from rail locomotives operating in yards A and B were modelled using the CALMET/CALPUFF 

dispersion modelling system.  The meteorological data developed for the purpose of the Study (see 

Appendix C, Section 2, Air Dispersion Meteorology for detailed description) was used in this 

assessment as an input to the CALPUFF model. The CALPUFF modelling methodology is summarised in 

the following sections. 

3.2.1 MODELLING DOMAIN AND RECEPTOR GRID 

Rail activities which occur within the LSA beyond the Project boundary and include line-haul locomotives 

travelling along the main rail lines within the LSA, as well as low notch and switching operations occurring 

within yards A and B, were modelled over the area indicated in Figure 3-1. The CALPUFF model was 

applied over this domain of approximately 26 km by 24 km, and the receptor grid was adapted by adding 

receptors to follow the rail lines at different distances as shown in Figure 3-1.  Ground–level 

concentrations were modelled at receptors having four different horizontal grid spacing: 

 50 m spacing at 50 m, 100 m, 250 m, and 500 m distance from the sources along the rail tracks; 

 250 m spacing at 1,000 m, 1,500 m, and 2,000 m distance from the sources along the rail tracks; 

 500 m spacing covering most of the LSA; and 

 1,000 m spacing at the rest of the modelling domain. 

In addition, 18 representative discrete receptors were included to assess the contribution of rail activities 

emissions to potential changes to air quality in the surrounding area (see Appendix C, Table 3.2, List of 

Discrete Receptors). 
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Figure 3-1 – CALPUFF Modelling Domain and Receptor Grid 

 

3.2.1 CALPUFF MODEL SOURCES 

Emissions from rail locomotives operating in yards A and B were modelled as two source groups as 

shown in Figure 3-2: 

 West main line sources that include: 

o Line-haul locomotives travelling on the stretch of tracks from Highway 17A to the Project 

boundary; and 

o Switcher locomotives operating in the yard A; 

and 

 East main line sources that include: 

o Line-haul locomotives travelling on the stretch of tracks from the eastern boundary of the 

LSA to Highway 17A; and 
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o Line-haul locomotive operating at a low notch setting in the siding track of yard B (only in 

the Future Scenario). 

Figure 3-2 –CALPUFF Modelling Sources 

 

Moving locomotives were simulated as individual volume sources, measuring 25 m by 25 m, spread 

evenly along the rail tracks, approximately every 200 m. To consider potential buoyant effects from the 

exhaust of moving locomotives, the volume release heights were adjusted. The modelling approach for 

modelling emissions from the moving locomotives is consistent with methodology applied in the Study 

(see Appendix C, Section 3.4.6, Locomotives). Model parameters used in modelling were based on the 

methodology applied by Environ (2008) for modelling emissions at rail yards for the California Air 

Resources Board and are presented in Table 3-9. 

Hwy. 17A 
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Table 3-9 – CALPUFF Model Parameters for Moving Locomotives 

Parameter Moving Locomotives 

Release Height 8.0 m 

Initial σy 5.81 m 

Initial σz 1.87 m 

Three emission scenarios for yards A and B were modelled that are consistent with the three operating 

conditions in the Study.  Two source groups were modelled in separate CALPUFF model runs using the 

unit emission approach.  For each modelled scenario, results from two model runs were then merged with 

the estimated emission rates (see Attachment 1) using CALSUM.  Model results were processed using 

CALPOST. 

4.0 RESULTS AND DISCUSSION 

As presented in the main body of the Air Quality Study in Section 4.0, Results and Discussion 

(Operations), this section focuses on the assessment of hypothetical rail yards in the over-land 

component east of the Roberts Bank causeway that may contribute to cumulative emissions within the 

local study area. The predicted concentrations provided in the following sections present the incremental 

concentrations resulting from the cumulative operations of the yards, and are reflective of average 

operations throughout the year. 

4.1 ANNUAL EMISSIONS FOR EXISTING, EXPECTED, AND FUTURE CONDITIONS 

Predicted annual emissions by terminal and activity of CACs, TOCs, and GHGs and Black Carbon are 

listed in Table 4-1 to Table 4-3 for each operating condition. 
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Table 4-1 – Annual Emissions for Gaseous and Particulate CACs 

Operating 
Condition 

Horizon 
Year 

Annual Emissions (tonnes/year) 

CO NOx SO2 VOC PM PM10 PM2.5 

Existing Conditions 2010 1.97 x 10
1
 5.12 x 10

1
 3.02 x 10

-1
 4.34 1.37 1.37 1.33 

Expected Conditions 2025 2.02 x 10
1
 7.70 x 10

1
 5.36 x 10

-2
 5.83 1.69 1.69 1.64 

Future Conditions 2025 4.44 x 10
1
 1.64 x 10

2
 1.22 x 10

-1
 1.21 x 10

1
 3.83 3.83 3.72 

Table 4-2 – Annual Emissions for TOCs 

Operating 
Condition 

Horizon 
Year 

Annual Emissions (kg/year) 

Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene Benzo(a) 

pyrene 

DPM 

Existing Conditions 2010 4.13 x 10
-2

 5.25 x 10
-2

 1.30 x 10
-2

 2.75 x 10
-1

 8.29 x 10
-1

 6.56 x 10
-2

 2.29 x 10
-4

 1.33 

Expected Conditions 2025 5.54 x 10
-2

 7.05 x 10
-2

 1.74 x 10
-2

 3.70 x 10
-1

 1.11 8.80 x 10
-2

 3.07 x 10
-4

 1.64 

Future Conditions 2025 1.15 x 10
-1

 1.47 x 10
-1

 3.61 x 10
-2

 7.68 x 10
-1

 2.31 1.83 x 10
-1

 6.38 x 10
-4

 3.72 

Table 4-3 – Annual Emissions for GHG and Black Carbon by Terminal and Activity 

Operating Condition 
Horizon 

Year 

Annual GHG Emissions 

(tonnes/year) 

Annual Black Carbon Emissions 

(tonnes/year) 

CO2e (20-year) CO2e (100-year) CO2e (20-year) CO2e (100-year) 

Existing Conditions 2010 4.27 x 10
3
 4.31 x 10

3
 3.56 x 10

3
 1.00 x 10

3
 

Expected Conditions 2025 6.52 x 10
3
 6.58 x 10

3
 4.36 x 10

3
 1.23 x 10

3
 

Future Conditions 2025 1.49 x 10
4
 1.50 x 10

4
 9.92 x 10

3
 2.79 x 10

3
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4.2 ANTICIPATED CHANGES IN AIR QUALITY 

Maximum predicted concentrations for the gaseous CACs and formaldehyde under Existing, Expected, 

and Future Conditions are listed in Table 4-4, Table 4-5, and Table 4-6, respectively.  Similarly, 

maximum predicted concentrations for the particulate matter CACs under Existing, Expected, and Future 

Conditions are shown in Table 4-7, Table 4-8, and Table 4-9, respectively.  In addition to the discrete 

receptors, the maximum predicted concentrations are also presented. 
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Table 4-4 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Existing Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h rolling 1-h 24-h Annual 1-h 24-h rolling Annual 1-h 

Ladner 4.7 2.5 12.2 3.1 0.4 0.07 0.018 0.0023 0.20 

Farmer 1 9.6 5.2 24.8 4.4 0.8 0.14 0.030 0.0045 0.40 

Tsawwassen First Nations 7.4 4.0 19.2 3.2 0.4 0.11 0.026 0.0026 0.31 

Farmer 2 9.0 6.3 23.5 5.7 0.8 0.14 0.044 0.0047 0.38 

Farmer 3 7.9 3.7 20.6 3.4 0.4 0.12 0.020 0.0025 0.33 

Tsawwassen Beach Campsite 4.1 2.8 10.7 1.8 0.2 0.06 0.015 0.0011 0.17 

Beach Grove 4.7 3.5 12.3 2.1 0.3 0.07 0.020 0.0015 0.20 

Boundary Bay 1.6 0.7 4.2 0.6 0.1 0.02 0.004 0.0003 0.07 

Tsawwassen 2.4 1.4 6.3 1.0 0.1 0.04 0.007 0.0005 0.10 

Point Roberts 1 1.0 0.4 2.5 0.4 0.03 0.01 0.002 0.0002 0.04 

Point Roberts 2 1.4 0.8 3.7 0.5 0.04 0.02 0.004 0.0003 0.06 

Delta Hospital 6.0 2.8 15.6 3.2 0.4 0.09 0.019 0.0026 0.25 

B.C. Ferries Terminal 1.9 0.9 4.8 0.5 0.05 0.03 0.005 0.0003 0.08 

Reifel Bird Sanctuary 2.3 1.1 6.0 1.0 0.1 0.03 0.006 0.0006 0.10 

Boundary Bay GVRD Park 2.6 1.4 6.7 0.9 0.1 0.04 0.008 0.0006 0.11 

English Bluffs Beach 3.2 1.8 8.3 1.0 0.1 0.05 0.009 0.0005 0.13 

South Arm Marsh 2.6 1.3 6.8 1.6 0.2 0.04 0.010 0.0011 0.11 

Air Quality Station T39 1.9 1.1 4.9 0.7 0.1 0.03 0.006 0.0004 0.08 

Maximum  26.5 15.3 68.7 17.2 4.0 0.4 0.125 0.0232 1.11 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-5 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Expected Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h rolling 1-h 24-h Annual 1-h 24-h rolling Annual 1-h 

Ladner 5.7 2.9 22.4 5.1 0.5 0.014 0.003 0.0004 0.35 

Farmer 1 11.8 6.4 46.3 8.2 1.4 0.029 0.006 0.0009 0.73 

Tsawwassen First Nations 9.0 4.5 35.3 5.9 0.8 0.023 0.005 0.0005 0.55 

Farmer 2 11.3 7.6 44.6 10.0 1.5 0.028 0.009 0.0009 0.71 

Farmer 3 9.7 4.6 38.1 6.3 0.8 0.024 0.004 0.0005 0.60 

Tsawwassen Beach Campsite 5.0 3.3 19.7 2.9 0.3 0.013 0.003 0.0002 0.31 

Beach Grove 4.9 3.2 19.1 3.6 0.4 0.012 0.003 0.0003 0.30 

Boundary Bay 1.9 0.8 7.6 1.0 0.1 0.005 0.001 0.0001 0.12 

Tsawwassen 2.7 1.5 10.6 1.5 0.1 0.007 0.001 0.0001 0.16 

Point Roberts 1 1.2 0.5 4.5 0.6 0.1 0.003 0.000 0.0000 0.07 

Point Roberts 2 1.5 0.8 5.7 0.8 0.1 0.004 0.001 0.0000 0.08 

Delta Hospital 6.2 3.0 24.6 4.1 0.5 0.015 0.003 0.0004 0.39 

B.C. Ferries Terminal 2.3 1.1 8.9 0.9 0.1 0.006 0.001 0.0001 0.14 

Reifel Bird Sanctuary 2.9 1.3 11.4 1.8 0.2 0.007 0.001 0.0001 0.18 

Boundary Bay GVRD Park 2.8 1.4 10.9 1.5 0.2 0.007 0.001 0.0001 0.17 

English Bluffs Beach 3.8 2.1 15.0 1.8 0.1 0.010 0.002 0.0001 0.23 

South Arm Marsh 3.1 1.5 12.2 3.0 0.3 0.008 0.002 0.0002 0.19 

Air Quality Station T39 1.9 1.1 7.4 1.0 0.1 0.005 0.001 0.0001 0.11 

Maximum 33.0 18.8 101.1 32.1 7.6 0.082 0.025 0.0048 2.04 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

 



 
Port Metro Vancouver  SENES Consultants 

RBT2 – Air Quality Study – Appendix G - 25 - November 2014 

Table 4-6 – Predicted Concentrations (μg/m³) for Gaseous CACs and Formaldehyde under Future Conditions
1 

Discrete Receptor CO NO2 SO2 Formaldehyde 

1-h 8-h rolling 1-h 24-h Annual 1-h 24-h rolling Annual 1-h 

Ladner 9.4 5.4 36.2 9.5 1.3 0.03 0.01 0.0010 0.6 

Farmer 1 18.9 10.2 73.2 13.1 2.3 0.05 0.01 0.0015 1.1 

Tsawwassen First Nations 14.7 8.7 56.8 10.0 1.3 0.04 0.01 0.0009 0.9 

Farmer 2 17.5 12.8 68.3 17.1 2.4 0.04 0.01 0.0015 1.1 

Farmer 3 15.7 7.2 60.6 9.8 1.3 0.04 0.01 0.0008 1.0 

Tsawwassen Beach Campsite 8.4 5.7 31.7 5.6 0.6 0.02 0.01 0.0004 0.5 

Beach Grove 12.3 8.4 43.4 6.3 0.8 0.04 0.01 0.0006 0.5 

Boundary Bay 3.3 1.5 12.7 1.7 0.2 0.01 0.00 0.0001 0.2 

Tsawwassen 5.3 3.1 19.6 3.2 0.3 0.01 0.00 0.0002 0.3 

Point Roberts 1 2.0 0.9 7.6 1.1 0.1 0.01 0.00 0.0001 0.1 

Point Roberts 2 3.2 1.8 11.8 1.7 0.1 0.01 0.00 0.0001 0.2 

Delta Hospital 15.4 6.5 54.6 10.6 1.5 0.05 0.01 0.0012 0.7 

B.C. Ferries Terminal 3.7 1.9 14.3 1.6 0.1 0.01 0.00 0.0001 0.2 

Reifel Bird Sanctuary 4.5 2.2 17.4 2.9 0.3 0.01 0.00 0.0002 0.3 

Boundary Bay GVRD Park 5.8 3.3 21.5 2.7 0.3 0.02 0.00 0.0002 0.3 

English Bluffs Beach 6.5 3.8 24.9 3.2 0.3 0.02 0.00 0.0002 0.4 

South Arm Marsh 5.2 2.7 20.2 4.7 0.6 0.01 0.00 0.0004 0.3 

Air Quality Station T39 4.3 2.4 15.81 2.35 0.2 0.01 0.00 0.0001 0.2 

Maximum 51.6 30.3 108.3 52.1 12.0 0.14 0.05 0.0103 3.2 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-7 – Predicted Concentrations (μg/m³) for Particulate CACs under Existing Conditions
1 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h rolling Annual 24-h rolling Annual 

Ladner 0.08 0.010 0.08 0.010 0.081 0.010 

Farmer 1 0.12 0.021 0.14 0.021 0.132 0.020 

Tsawwassen First Nations 0.09 0.012 0.12 0.012 0.116 0.011 

Farmer 2 0.15 0.021 0.20 0.021 0.197 0.021 

Farmer 3 0.09 0.011 0.09 0.011 0.090 0.011 

Tsawwassen Beach Campsite 0.05 0.005 0.07 0.005 0.068 0.005 

Beach Grove 0.06 0.007 0.09 0.007 0.086 0.007 

Boundary Bay 0.02 0.001 0.02 0.001 0.017 0.001 

Tsawwassen 0.03 0.002 0.03 0.002 0.033 0.002 

Point Roberts 1 0.01 0.001 0.01 0.001 0.010 0.001 

Point Roberts 2 0.01 0.001 0.02 0.001 0.018 0.001 

Delta Hospital 0.08 0.012 0.09 0.012 0.085 0.012 

B.C. Ferries Terminal 0.01 0.001 0.02 0.001 0.020 0.001 

Reifel Bird Sanctuary 0.03 0.003 0.03 0.003 0.028 0.003 

Boundary Bay GVRD Park 0.02 0.003 0.04 0.003 0.035 0.003 

English Bluffs Beach 0.03 0.002 0.04 0.002 0.042 0.002 

South Arm Marsh 0.04 0.005 0.04 0.005 0.043 0.005 

Air Quality Station T39 0.02 0.002 0.03 0.00 0.025 0.002 

Maximum 0.46 0.107 0.57 0.11 0.558 0.104 

Notes: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-8 – Predicted Concentrations (μg/m³) for Particulate CACs under Expected Conditions
1 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h rolling Annual 24-h rolling Annual 

Ladner 0.11 0.012 0.11 0.012 0.11 0.012 

Farmer 1 0.18 0.031 0.21 0.031 0.20 0.030 

Tsawwassen First Nations 0.13 0.018 0.16 0.018 0.16 0.017 

Farmer 2 0.22 0.033 0.30 0.033 0.29 0.032 

Farmer 3 0.14 0.017 0.14 0.017 0.14 0.016 

Tsawwassen Beach Campsite 0.06 0.007 0.10 0.007 0.10 0.007 

Beach Grove 0.08 0.009 0.10 0.009 0.10 0.009 

Boundary Bay 0.02 0.002 0.02 0.002 0.02 0.002 

Tsawwassen 0.03 0.003 0.04 0.003 0.04 0.003 

Point Roberts 1 0.01 0.001 0.01 0.001 0.01 0.001 

Point Roberts 2 0.02 0.002 0.02 0.002 0.02 0.002 

Delta Hospital 0.09 0.012 0.09 0.012 0.09 0.011 

B.C. Ferries Terminal 0.02 0.002 0.03 0.002 0.03 0.002 

Reifel Bird Sanctuary 0.04 0.003 0.04 0.003 0.04 0.003 

Boundary Bay GVRD Park 0.03 0.003 0.04 0.003 0.04 0.003 

English Bluffs Beach 0.04 0.003 0.06 0.003 0.06 0.003 

South Arm Marsh 0.07 0.007 0.07 0.007 0.06 0.006 

Air Quality Station T39 0.02 0.002 0.03 0.002 0.03 0.002 

Maximum 0.71 0.170 0.85 0.170 0.82 0.165 

Notes: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 4-9 – Predicted Concentrations (μg/m³) for Particulate CACs under Future Conditions
1 

Discrete Receptor PM PM10 PM2.5 

24-h Annual 24-h rolling Annual 24-h rolling Annual 

Ladner 0.22 0.030 0.22 0.030 0.22 0.029 

Farmer 1 0.30 0.053 0.34 0.053 0.33 0.052 

Tsawwassen First Nations 0.23 0.030 0.32 0.030 0.31 0.029 

Farmer 2 0.40 0.054 0.52 0.054 0.50 0.053 

Farmer 3 0.23 0.029 0.24 0.029 0.23 0.028 

Tsawwassen Beach Campsite 0.13 0.014 0.18 0.014 0.18 0.013 

Beach Grove 0.15 0.019 0.26 0.019 0.25 0.018 

Boundary Bay 0.04 0.004 0.05 0.004 0.05 0.004 

Tsawwassen 0.07 0.006 0.09 0.006 0.09 0.006 

Point Roberts 1 0.02 0.002 0.03 0.002 0.03 0.002 

Point Roberts 2 0.04 0.003 0.05 0.003 0.05 0.003 

Delta Hospital 0.25 0.036 0.26 0.036 0.25 0.035 

B.C. Ferries Terminal 0.04 0.003 0.05 0.003 0.05 0.003 

Reifel Bird Sanctuary 0.07 0.007 0.07 0.007 0.07 0.007 

Boundary Bay GVRD Park 0.06 0.007 0.10 0.007 0.10 0.007 

English Bluffs Beach 0.07 0.007 0.11 0.007 0.11 0.006 

South Arm Marsh 0.11 0.014 0.11 0.014 0.11 0.013 

Air Quality Station T39 0.05 0.005 0.07 0.005 0.07 0.004 

Maximum 1.21 0.284 1.48 0.284 1.44 0.276 

Notes: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 



Port Metro Vancouver  SENES Consultants 

RBT2 – Air Quality Study – Appendix G - 29 - November 2014 

4.3 GRAPHICAL COMPARISONS 

Contour plots, or isopleths, illustrate the predicted concentrations of NO2, SO2, and PM2.5 for the three 

operating conditions (see Figure 4-1 through Figure 4-8).  The maximum 1-h and 24-h contour plots 

indicate the highest hourly or daily concentrations at any given time in the year.  Maximum concentrations 

at different locations in the study area do not occur simultaneously at each location.  These contour plots 

should not be interpreted as an aggregate plume that covers the modelling domain, but as an indicator of 

the maximum concentrations that could occur on a once per year basis in a given location. 

4.3.1 Predicted Incremental NO2 Concentrations 

Predicted NO2 concentrations from rail yards activity follow closely the main rail lines and decrease 

further away as shown in Figure 4-1 to Figure 4-3.  The contour plots on these figures indicate that 

predicted NO2 concentrations under Expected Conditions increase in comparison with the Existing 

Conditions.  Similarly, predicted NO2 concentrations under Future Conditions are higher than NO2 

concentrations under Expected Conditions.  This result is consistent with the change in annual emissions 

of NO2 (Table 4-1) due to a higher train activity projected in the future. 

As discussed in the Study, the predicted 1-h average NO2 concentrations may be overestimated by up to 

a factor of two due to uncertainty in the method used to convert emitted NO to ambient NO2, particularly 

at short distances from the locomotive sources in the rail yards. 

4.3.2 Predicted Incremental SO2 Concentrations 

Predicted SO2 concentrations for the three emission scenarios (see Figure 4-4 to Figure 4-6) follow a 

similar pattern to that which was discussed for NO2 in the preceding section.  All of the predicted SO2 

concentrations are very low.  Contour plots of predicted SO2 concentrations reflect the changes in the 

relative sulphur fuel content in future scenarios. 

4.3.3 Predicted Incremental PM2.5 Concentrations 

Predicted PM2.5 concentrations for the three emission scenarios (see Figure 4-7 and Figure 4-8) follow a 

similar pattern to that which was discussed for NO2 in the preceding section.  All of the predicted PM2.5 

concentrations are very low, with the highest concentrations of approximately 1 µg/m
3
 (24-h rolling 

average) occurring right beside the tracks under Future Conditions. 
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Figure 4-1 – Predicted Maximum 1-h NO2 Concentrations (μg/m³) 
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Figure 4-2 – Predicted Maximum 24-h NO2 Concentrations (μg/m³) 
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Figure 4-3 – Predicted Annual Average NO2 Concentrations (μg/m³) 
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Figure 4-4 – Predicted Maximum 1-h SO2 Concentrations (μg/m³) 
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Figure 4-5 – Predicted 24-h Rolling Average SO2 Concentrations (μg/m³) 
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Figure 4-6 – Predicted Annual Average SO2 Concentrations (μg/m³) 
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Figure 4-7 – Predicted 24-h Rolling Average PM25 Concentrations (μg/m³) 
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Figure 4-8 – Predicted Annual Average PM25 Concentrations (μg/m³) 
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ATTACHMENT 1 

Yards A and B Modelled Emission Rates 
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Modelled Average Emission Rates under Existing Conditions, grams per second (g/s) 

Terminal Model Source CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene 
Benzo(a) 

pyrene 
DPM 

Deltaport Terminal & Westshore Terminals east main line 3.01 x10
-1

 7.83 x10
-1

 4.68 x10
-3

 2.10 x10
-2

 2.10 x10
-2

 2.04 x10
-2

 6.32 x10
-4

 8.04 x10
-4

 1.98 x10
-4

 4.21 x10
-3

 1.27 x10
-2

 1.00 x10
-3

 3.50 x10
-6

 2.04 x10
-2

 

Deltaport Terminal & Westshore Terminals west main line 3.24 x10
-1

 8.40 x10
-1

 4.89 x10
-3

 2.26 x10
-2

 2.26 x10
-2

 2.19 x10
-2

 6.78 x10
-4

 8.63 x10
-4

 2.13 x10
-4

 4.52 x10
-3

 1.36 x10
-2

 1.08 x10
-3

 3.76 x10
-6

 2.19 x10
-2

 

 

Modelled Average Emission Rates under Expected Conditions, g/s 

Terminal Model Source CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene 
Benzo(a) 

pyrene 
DPM 

Deltaport Terminal & Westshore Terminals east main line 2.25 x10
-1

 8.05 x10
-1

 6.74 x10
-4

 1.70 x10
-2

 1.70 x10
-2

 1.65 x10
-2

 4.56 x10
-4

 5.80 x10
-4

 1.43 x10
-4

 3.04 x10
-3

 9.16 x10
-3

 7.25 x10
-4

 2.53 x10
-6

 1.65 x10
-2

 

Deltaport Terminal & Westshore Terminals west main line 4.15 x10
-1

 1.64 1.02 x10
-3

 3.65 x10
-2

 3.65 x10
-2

 3.54 x10
-2

 1.30 x10
-3

 1.66 x10
-3

 4.08 x10
-4

 8.68 x10
-3

 2.61 x10
-2

 2.07 x10
-3

 7.21 x10
-6

 3.54 x10
-2

 

 

Modelled Average Emission Rates under Future Conditions, g/s 

Terminal Model Source CO NOx SO2 PM PM10 PM2.5 Acrolein Benzene 1,3-Butadiene Acetaldehyde Formaldehyde Naphthalene 
Benzo(a) 

pyrene 
DPM 

RBT2, Deltaport Terminal & Westshore Terminals east main line 7.94 x10
-1

 2.79 2.41 x10
-3

 6.62 x10
-2

 6.62 x10
-2

 6.42 x10
-2

 1.70 x10
-3

 2.16 x10
-3

 5.33 x10
-4

 1.13 x10
-2

 3.41 x10
-2

 2.70 x10
-3

 9.42 x10
-6

 6.42 x10
-2

 

RBT2, Deltaport Terminal & Westshore Terminals west main line 6.15 x10
-1

 2.41 1.48 x10
-3

 5.53 x10
-2

 5.53 x10
-2

 5.36 x10
-2

 1.95 x10
-3

 2.48 x10
-3

 6.12 x10
-4

 1.30 x10
-2

 3.92 x10
-2

 3.10 x10
-3

 1.08 x10
-5

 5.36 x10
-2
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ATTACHMENT 2 

Yards A and B Additional Model Results 
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Predicted Hourly Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Existing Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.07 0.010 0.013 0.003 0.20 0.016 

Farmer 1 0.13 0.020 0.025 0.006 0.40 0.032 

Tsawwassen First Nations 0.10 0.015 0.020 0.005 0.31 0.025 

Farmer 2 0.13 0.019 0.024 0.006 0.38 0.030 

Farmer 3 0.11 0.017 0.021 0.005 0.33 0.026 

Tsawwassen Beach Campsite 0.06 0.009 0.011 0.003 0.17 0.014 

Beach Grove 0.07 0.010 0.013 0.003 0.20 0.016 

Boundary Bay 0.02 0.003 0.004 0.001 0.07 0.005 

Tsawwassen 0.03 0.005 0.006 0.002 0.10 0.008 

Point Roberts 1 0.01 0.002 0.003 0.001 0.04 0.003 

Point Roberts 2 0.02 0.003 0.004 0.001 0.06 0.005 

Delta Hospital 0.08 0.013 0.016 0.004 0.25 0.020 

B.C. Ferries Terminal 0.03 0.004 0.005 0.001 0.08 0.006 

Reifel Bird Sanctuary 0.03 0.005 0.006 0.002 0.10 0.008 

Boundary Bay GVRD Park 0.04 0.005 0.007 0.002 0.11 0.009 

English Bluffs Beach 0.05 0.007 0.009 0.002 0.13 0.011 

South Arm Marsh 0.04 0.005 0.007 0.002 0.11 0.009 

Air Quality Station T39 0.03 0.004 0.005 0.001 0.08 0.006 

Maximum Location 0.37 0.055 0.071 0.017 1.11 0.088 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 

 



Port Metro Vancouver SENES Consultants 
RBT2 – Air Quality Study – Appendix G - 43 - November 2014 

 

Predicted Hourly Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Expected Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.12 0.017 0.022 0.006 0.35 0.028 

Farmer 1 0.24 0.036 0.046 0.011 0.73 0.058 

Tsawwassen First Nations 0.18 0.027 0.035 0.009 0.55 0.044 

Farmer 2 0.24 0.035 0.045 0.011 0.71 0.056 

Farmer 3 0.20 0.030 0.038 0.009 0.60 0.047 

Tsawwassen Beach Campsite 0.10 0.015 0.020 0.005 0.31 0.025 

Beach Grove 0.10 0.015 0.019 0.005 0.30 0.024 

Boundary Bay 0.04 0.006 0.007 0.002 0.12 0.009 

Tsawwassen 0.05 0.008 0.010 0.003 0.16 0.013 

Point Roberts 1 0.02 0.003 0.004 0.001 0.07 0.006 

Point Roberts 2 0.03 0.004 0.005 0.001 0.08 0.007 

Delta Hospital 0.13 0.019 0.025 0.006 0.39 0.031 

B.C. Ferries Terminal 0.05 0.007 0.009 0.002 0.14 0.011 

Reifel Bird Sanctuary 0.06 0.009 0.011 0.003 0.18 0.014 

Boundary Bay GVRD Park 0.06 0.009 0.011 0.003 0.17 0.014 

English Bluffs Beach 0.08 0.012 0.015 0.004 0.23 0.018 

South Arm Marsh 0.06 0.009 0.012 0.003 0.19 0.015 

Air Quality Station T39 0.04 0.005 0.007 0.002 0.11 0.009 

Maximum Location 0.68 0.102 0.129 0.032 2.04 0.162 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Hourly Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Future Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzene 1,3-Butadiene Formaldehyde Naphthalene 

1-h 1-h 1-h 1-h 1-h 1-h 

Ladner 0.19 0.028 0.036 0.009 0.60 0.045 

Farmer 1 0.38 0.057 0.073 0.018 1.10 0.091 

Tsawwassen First Nations 0.30 0.044 0.056 0.014 0.90 0.070 

Farmer 2 0.36 0.054 0.069 0.017 1.10 0.086 

Farmer 3 0.32 0.047 0.060 0.015 1.00 0.075 

Tsawwassen Beach Campsite 0.16 0.025 0.031 0.008 0.50 0.039 

Beach Grove 0.18 0.027 0.034 0.008 0.50 0.043 

Boundary Bay 0.07 0.010 0.012 0.003 0.20 0.016 

Tsawwassen 0.10 0.014 0.018 0.004 0.30 0.023 

Point Roberts 1 0.04 0.006 0.007 0.002 0.10 0.009 

Point Roberts 2 0.06 0.008 0.011 0.003 0.20 0.013 

Delta Hospital 0.23 0.034 0.043 0.011 0.70 0.054 

B.C. Ferries Terminal 0.07 0.011 0.014 0.003 0.20 0.018 

Reifel Bird Sanctuary 0.09 0.014 0.018 0.004 0.30 0.022 

Boundary Bay GVRD Park 0.10 0.015 0.019 0.005 0.30 0.024 

English Bluffs Beach 0.13 0.019 0.024 0.006 0.40 0.030 

South Arm Marsh 0.10 0.016 0.020 0.005 0.30 0.025 

Air Quality Station T39 0.07 0.010 0.014 0.003 0.20 0.017 

Maximum Location 1.06 0.159 0.202 0.050 3.20 0.253 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Daily Concentrations (μg/m³) for 1,3-Butadiene under Existing, Expected and Future Conditions 

 Existing Conditions Expected Conditions Future Conditions 

Discrete Receptor 1,3-Butadiene 

 24-h 24-h 24-h 

Ladner 8.0 x10
-4

 1.2 x10
-3

 2.2 x10
-3

 

Farmer 1 1.1 x10
-3

 2.0 x10
-3

 3.2 x10
-3

 

Tsawwassen First Nations 8.0 x10
-4

 1.4 x10
-3

 2.3 x10
-3

 

Farmer 2 1.4 x10
-3

 2.4 x10
-3

 4.1 x10
-3

 

Farmer 3 8.0 x10
-4

 1.5 x10
-3

 2.4 x10
-3

 

Tsawwassen Beach Campsite 5.0 x10
-4

 7.0 x10
-4

 1.3 x10
-3

 

Beach Grove 5.0 x10
-4

 9.0 x10
-4

 1.5 x10
-3

 

Boundary Bay 1.0 x10
-4

 2.0 x10
-4

 4.0 x10
-4

 

Tsawwassen 2.0 x10
-4

 3.0 x10
-4

 7.0 x10
-4

 

Point Roberts 1 1.0 x10
-4

 1.0 x10
-4

 3.0 x10
-4

 

Point Roberts 2 1.0 x10
-4

 2.0 x10
-4

 4.0 x10
-4

 

Delta Hospital 8.0 x10
-4

 9.0 x10
-4

 2.2 x10
-3

 

B.C. Ferries Terminal 1.0 x10
-4

 2.0 x10
-4

 4.0 x10
-4

 

Reifel Bird Sanctuary 2.0 x10
-4

 4.0 x10
-4

 7.0 x10
-4

 

Boundary Bay GVRD Park 2.0 x10
-4

 3.0 x10
-4

 6.0 x10
-4

 

English Bluffs Beach 3.0 x10
-4

 4.0 x10
-4

 7.0 x10
-4

 

South Arm Marsh 4.0 x10
-4

 7.0 x10
-4

 1.2 x10
-3

 

Air Quality Station T39 2.0 x10
-4

 2.0 x10
-4

 5.0 x10
-4

 

Maximum Location 4.4 x10
-3

 7.9 x10
-3

 1.2 x10
-2

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Annual Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Existing Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 2.1 x10
-3

 3.1 x10
-4

 1.7 x10
-6

 4.0 x10
-4

 1.0 x10
-4

 6.0 x10
-3

 4.9 x10
-4

 

Farmer 1 4.2 x10
-3

 6.3 x10
-4

 3.5 x10
-6

 8.0 x10
-4

 2.0 x10
-4

 1.3 x10
-2

 9.9 x10
-4

 

Tsawwassen First Nations 2.4 x10
-3

 3.6 x10
-4

 2.0 x10
-6

 4.5 x10
-4

 1.1 x10
-4

 7.0 x10
-3

 5.6 x10
-4

 

Farmer 2 4.3 x10
-3

 6.4 x10
-4

 3.6 x10
-6

 8.2 x10
-4

 2.0 x10
-4

 1.3 x10
-2

 1.0 x10
-3

 

Farmer 3 2.3 x10
-3

 3.4 x10
-4

 1.9 x10
-6

 4.4 x10
-4

 1.1 x10
-4

 7.0 x10
-3

 5.5 x10
-4

 

Tsawwassen Beach Campsite 1.0 x10
-3

 1.5 x10
-4

 8.6 x10
-7

 2.0 x10
-4

 5.0 x10
-5

 3.0 x10
-3

 2.5 x10
-4

 

Beach Grove 1.4 x10
-3

 2.1 x10
-4

 1.2 x10
-6

 2.7 x10
-4

 7.0 x10
-5

 4.0 x10
-3

 3.4 x10
-4

 

Boundary Bay 3.0 x10
-4

 4.0 x10
-5

 2.4 x10
-7

 6.0 x10
-5

 1.0 x10
-5

 1.0 x10
-3

 7.0 x10
-5

 

Tsawwassen 5.0 x10
-4

 7.0 x10
-5

 3.8 x10
-7

 9.0 x10
-5

 2.0 x10
-5

 1.0 x10
-3

 1.1 x10
-4

 

Point Roberts 1 2.0 x10
-4

 3.0 x10
-5

 1.5 x10
-7

 3.0 x10
-5

 1.0 x10
-5

 1.0 x10
-3

 4.0 x10
-5

 

Point Roberts 2 2.0 x10
-4

 4.0 x10
-5

 2.0 x10
-7

 5.0 x10
-5

 1.0 x10
-5

 1.0 x10
-3

 6.0 x10
-5

 

Delta Hospital 2.4 x10
-3

 3.6 x10
-4

 2.0 x10
-6

 4.6 x10
-4

 1.1 x10
-4

 7.0 x10
-3

 5.7 x10
-4

 

B.C. Ferries Terminal 3.0 x10
-4

 4.0 x10
-5

 2.1 x10
-7

 5.0 x10
-5

 1.0 x10
-5

 1.0 x10
-3

 6.0 x10
-5

 

Reifel Bird Sanctuary 5.0 x10
-4

 8.0 x10
-5

 4.3 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 2.0 x10
-3

 1.2 x10
-4

 

Boundary Bay GVRD Park 5.0 x10
-4

 8.0 x10
-5

 4.4 x10
-7

 1.0 x10
-4

 3.0 x10
-5

 2.0 x10
-3

 1.3 x10
-4

 

English Bluffs Beach 5.0 x10
-4

 7.0 x10
-5

 4.1 x10
-7

 9.0 x10
-5

 2.0 x10
-5

 1.0 x10
-3

 1.2 x10
-4

 

South Arm Marsh 1.0 x10
-3

 1.5 x10
-4

 8.5 x10
-7

 1.9 x10
-4

 5.0 x10
-5

 3.0 x10
-3

 2.4 x10
-4

 

Air Quality Station T39 3.0 x10
-4

 5.0 x10
-5

 2.8 x10
-7

 7.0 x10
-5

 2.0 x10
-5

 1.0 x10
-3

 8.0 x10
-5

 

Maximum Location 2.1 x10
-2

 3.2 x10
-3

 1.8 x10
-5

 4.1 x10
-3

 1.0 x10
-3

 6.4 x10
-2

 5.1 x10
-3

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Annual Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Expected Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 2.5 x10
-3

 3.8 x10
-3

 2.1 x10
-6

 5.0 x10
-4

 1.2 x10
-4

 8.0 x10
-3

 6.0 x10
-4

 

Farmer 1 7.3 x10
-3

 6.4 x10
-3

 6.0 x10
-6

 1.4 x10
-3

 3.4 x10
-4

 2.2 x10
-2

 1.7 x10
-3

 

Tsawwassen First Nations 4.1 x10
-3

 4.6 x10
-3

 3.4 x10
-6

 8.0 x10
-4

 1.9 x10
-4

 1.2 x10
-2

 1.0 x10
-3

 

Farmer 2 7.7 x10
-3

 7.7 x10
-3

 6.4 x10
-6

 1.5 x10
-3

 3.6 x10
-4

 2.3 x10
-2

 1.8 x10
-3

 

Farmer 3 4.0 x10
-3

 4.9 x10
-3

 3.3 x10
-6

 8.0 x10
-4

 1.9 x10
-4

 1.2 x10
-2

 9.0 x10
-4

 

Tsawwassen Beach Campsite 1.6 x10
-3

 2.2 x10
-3

 1.3 x10
-6

 3.0 x10
-4

 8.0 x10
-5

 5.0 x10
-3

 4.0 x10
-4

 

Beach Grove 2.1 x10
-3

 2.7 x10
-3

 1.7 x10
-6

 4.0 x10
-4

 1.0 x10
-4

 6.0 x10
-3

 5.0 x10
-4

 

Boundary Bay 4.0 x10
-4

 8.0 x10
-4

 3.6 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 1.0 x10
-3

 1.0 x10
-4

 

Tsawwassen 7.0 x10
-4

 1.0 x10
-3

 5.5 x10
-7

 1.0 x10
-4

 3.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

Point Roberts 1 3.0 x10
-4

 5.0 x10
-4

 2.2 x10
-7

 1.0 x10
-4

 1.0 x10
-5

 1.0 x10
-3

 1.0 x10
-4

 

Point Roberts 2 3.0 x10
-4

 5.0 x10
-4

 2.9 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 1.0 x10
-3

 1.0 x10
-4

 

Delta Hospital 2.3 x10
-3

 2.7 x10
-3

 1.9 x10
-6

 4.0 x10
-4

 1.1 x10
-4

 7.0 x10
-3

 6.0 x10
-4

 

B.C. Ferries Terminal 4.0 x10
-4

 7.0 x10
-4

 3.2 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 1.0 x10
-3

 1.0 x10
-4

 

Reifel Bird Sanctuary 8.0 x10
-4

 1.4 x10
-3

 6.4 x10
-7

 1.0 x10
-4

 4.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

Boundary Bay GVRD Park 8.0 x10
-4

 1.1 x10
-3

 6.5 x10
-7

 1.0 x10
-4

 4.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

English Bluffs Beach 7.0 x10
-4

 1.3 x10
-3

 6.1 x10
-7

 1.0 x10
-4

 3.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

South Arm Marsh 1.5 x10
-3

 2.3 x10
-3

 1.2 x10
-6

 3.0 x10
-4

 7.0 x10
-5

 4.0 x10
-3

 4.0 x10
-4

 

Air Quality Station T39 5.0 x10
-4

 7.0 x10
-4

 4.1 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 1.0 x10
-3

 1.0 x10
-4

 

Maximum Location 4.0 x10
-2

 2.5 x10
-2

 3.3 x10
-5

 7.7 x10
-3

 1.9 x10
-3

 1.2 x10
-1

 9.6 x10
-3

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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Predicted Annual Concentrations (μg/m³) for Trace Organic Compounds (TOCs) under Future Conditions 

Discrete Receptor 
Acetaldehyde Acrolein Benzo(a)pyrene Benzene 1,3-Butadiene Formaldehyde Naphthalene 

Annual Annual Annual Annual Annual Annual Annual 

Ladner 6.0 x10
-3

 9.0 x10
-4

 4.8 x10
-6

 1.1 x10
-3

 2.7 x10
-4

 1.7 x10
-2

 1.4 x10
-3

 

Farmer 1 1.2 x10
-2

 1.8 x10
-3

 9.9 x10
-6

 2.3 x10
-3

 5.6 x10
-4

 3.6 x10
-2

 2.8 x10
-3

 

Tsawwassen First Nations 7.0 x10
-3

 1.0 x10
-3

 5.6 x10
-6

 1.3 x10
-3

 3.2 x10
-4

 2.0 x10
-2

 1.6 x10
-3

 

Farmer 2 1.2 x10
-2

 1.8 x10
-3

 1.0 x10
-5

 2.3 x10
-3

 5.8 x10
-4

 3.7 x10
-2

 2.9 x10
-3

 

Farmer 3 7.0 x10
-3

 1.0 x10
-3

 5.4 x10
-6

 1.2 x10
-3

 3.1 x10
-4

 2.0 x10
-2

 1.6 x10
-3

 

Tsawwassen Beach Campsite 3.0 x10
-3

 4.0 x10
-4

 2.4 x10
-6

 6.0 x10
-4

 1.4 x10
-4

 9.0 x10
-3

 7.0 x10
-4

 

Beach Grove 4.0 x10
-3

 6.0 x10
-4

 3.3 x10
-6

 8.0 x10
-4

 1.9 x10
-4

 1.2 x10
-2

 9.0 x10
-4

 

Boundary Bay 1.0 x10
-3

 1.0 x10
-4

 6.8 x10
-7

 2.0 x10
-4

 4.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

Tsawwassen 1.0 x10
-3

 2.0 x10
-4

 1.1 x10
-6

 2.0 x10
-4

 6.0 x10
-5

 4.0 x10
-3

 3.0 x10
-4

 

Point Roberts 1 1.0 x10
-3

 1.0 x10
-4

 4.2 x10
-7

 1.0 x10
-4

 2.0 x10
-5

 2.0 x10
-3

 1.0 x10
-4

 

Point Roberts 2 1.0 x10
-3

 1.0 x10
-4

 5.6 x10
-7

 1.0 x10
-4

 3.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

Delta Hospital 7.0 x10
-3

 1.0 x10
-3

 5.4 x10
-6

 1.2 x10
-3

 3.1 x10
-4

 2.0 x10
-2

 1.6 x10
-3

 

B.C. Ferries Terminal 1.0 x10
-3

 1.0 x10
-4

 5.9 x10
-7

 1.0 x10
-4

 3.0 x10
-5

 2.0 x10
-3

 2.0 x10
-4

 

Reifel Bird Sanctuary 1.0 x10
-3

 2.0 x10
-4

 1.2 x10
-6

 3.0 x10
-4

 7.0 x10
-5

 4.0 x10
-3

 3.0 x10
-4

 

Boundary Bay GVRD Park 1.0 x10
-3

 2.0 x10
-4

 1.2 x10
-6

 3.0 x10
-4

 7.0 x10
-5

 4.0 x10
-3

 4.0 x10
-4

 

English Bluffs Beach 1.0 x10
-3

 2.0 x10
-4

 1.2 x10
-6

 3.0 x10
-4

 7.0 x10
-5

 4.0 x10
-3

 3.0 x10
-4

 

South Arm Marsh 3.0 x10
-3

 4.0 x10
-4

 2.4 x10
-6

 5.0 x10
-4

 1.3 x10
-4

 9.0 x10
-3

 7.0 x10
-4

 

Air Quality Station T39 1.0 x10
-3

 1.0 x10
-4

 7.9 x10
-7

 2.0 x10
-4

 4.0 x10
-5

 3.0 x10
-3

 2.0 x10
-4

 

Maximum Location 9.0 x10
-3

 6.2 x10
-2

 5.1 x10
-5

 1.2 x10
-2

 2.9 x10
-3

 1.9 x10
-1

 1.5 x10
-2

 

Note: 
1
 Concentrations presented in this table are incremental and do not include the influence of background. 
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GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

List of Acronyms 

B.C. British Columbia 

PMV Port Metro Vancouver 

Project Roberts Bank Terminal 2 Project (the Project interchangeable with RBT2) 

RBT2 Roberts Bank Terminal 2 Project (RBT2 interchangeable with the Project) 

SENES SENES Consultants 

Study Air Quality Study Technical Report 

WHO World Health Organization 

Contaminants 

PM particulate matter 

PM10 inhalable particulate matter up to 10 micrometres in size 

PM2.5 fine particulate matter up to 2.5 micrometres in size 

Symbols and Units of Measurement 

µg/m³ micrograms per cubic metre 

µg/m²/s micrograms per square metre per second 

σy sigma-y - initial horizontal dimension 

σZ sigma-z - initial vertical dimension 

h hour 

km kilometre 

m metre 

s
-1

 1/seconds 

tonnes/yr tonnes per year 
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1.0 WESTSHORE COAL DUST MODELLING 

This appendix supports the Air Quality Study Technical Report (Study) completed for Port Metro 

Vancouver’s (PMV) proposed Roberts Bank Terminal 2 Project (RBT2 or the Project).  The main body of 

the Study presents a summary of the predicted changes in air quality due to the proposed changes in 

container handling capacity at Roberts Bank terminals.   

The purpose of this appendix it to describe the evaluation of fugitive coal dust emissions from Westshore 

Terminals, as well as the anticipated changes in air quality from these emissions in the future due to 

anticipated increases in the amount of coal shipped from the terminal by 2025.  The analysis considers 

emissions from typical operations at the terminal.  It is recognized that there may be periods during which 

higher than normal winds can result in the generation of greater than usual amounts of fugitive coal dust 

than would be expected during normal operations.  Because this assessment is not an assessment of all 

aspects of the Westshore terminal`s operations, the analysis is based on an average emission scenario in 

the absence of higher episodic emissions during periods of high winds.  During such periods, emissions 

may be increased, but the terminal operates water spray towers to reduce wind erosion from the 

stockpiles.  The estimation of coal dust emission rates and the efficiency of the water spray towers in 

controlling those emissions is beyond the scope of this analysis. 

Fugitive coal dust emissions from Westshore Terminals were not considered as part of the RBT2 

operations modelled in the Study, but rather was considered separately.  The rationale for considering 

coal dust separately from exhaust emissions from combustion engines is that the potential health effects 

of combustion-related fine particulate matter has been shown to have a greater impact on human health 

than particulate matter from crustal sources in the form of fugitive dust (WHO, 2004).  Coal dust generally 

consists of much larger particles than engine exhaust particulate matter and tends to settle rapidly under 

the influence of gravity.  The key emission sources of coal dust at Westshore Terminals include the 

following: 

 Railcar Unloading; 

 Stockpile Wind Erosion; 

 Transfer PointsPoints; 

 Ship Loading. 

 Stacker/Reclaimer and 

 Bulldozing. 

Emissions were estimated for current and future coal throughputs based on the Westshore Terminals 

Environmental Impact Assessment (SNC-Lavalin, 2013).  Emissions for horizon year 2025 were based on 

the future activity levels estimated from the maximum theoretical throughput of Westshore Terminals of 
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36 million tonnes (SNC-Lavalin, 2013), and accounted for the effects of the upgraded equipment (newer 

ships, vehicles, cargo handling equipment, etc.).  

Table 1-1 lists the estimated fugitive dust emissions for Westshore Terminals used in coal dust modelling 

for existing conditions in 2010. 

Table 1-1 – Fugitive Coal Dust Emission Estimates for Westshore Terminals in 2010 

Source 
Annual Emissions, tonnes/yr 

PM PM10 PM2.5 

Railcar Unloading 1.72 0.80 0.12 

Stockpile Wind Erosion 33.60 15.80 2.42 

Transfer Points 72.15 33.91 5.20 

Ship Loading 1.72 0.80 0.12 

Stacker-reclaimer 5.73 2.70 0.42 

Bulldozing 52.94 24.88 3.81 

TOTAL 167.86 78.89 12.09 

 

With the exception of the emissions from wind erosion of the coal stockpiles, the fugitive emissions from 

the above sources for 2010 were scaled using the 2012 baseline emission estimates for Westshore 

Terminals (SNC-Lavalin, 2013).  The scaling factor applied was based on a ratio of the annual 

throughputs: 24.7 million tonnes in 2010, and 26.1 million tonnes in 2012.  The projected 2025 emissions 

are provided in Table 1-2. 

Table 1-2 – Fugitive Coal Dust Emission Estimates for Westshore Terminals in 2025 

Source 
Annual Emissions, tonnes/yr 

PM PM10 PM2.5 

Railcar Unloading 2.32 1.09 0.17 

Stockpile Wind Erosion 33.60 15.79 2.42 

Transfer Points 97.20 45.68 7.00 

Ship Loading 2.32 1.09 0.17 

Stacker-reclaimer 7.72 3.63 0.56 

Bulldozing 31.01 14.57 2.23 

TOTAL 174.16 81.85 12.54 

 

While the increase in the amount of coal shipped will increase fugitive dust emissions from coal handling 

operations, the total amount of coal in exposed stockpiles was assumed to remain relatively unchanged.  
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Although the total size of the on-site stockpile is expected to increase by approximately 10%, the overall 

stockyard capacity will remain unchanged because the increase in the size of the stockpile will be offset 

by the elimination of coal stored in locations where bulldozers are currently used to stock and reclaim the 

coal.  The increase in throughput will simply reflect a higher frequency of turnover in coal onto and from 

the stockpiles.  Consequently, the estimated fugitive dust emissions from wind erosion of the stockpiles 

would remain unchanged from current operations (SNC-Lavalin 2013).   

The emissions of coal dust were distributed over 24 volume sources within the Westshore Terminals 

area, with the model parameters shown in  Table 1-3.  The release height of the volume sources was 

based on the height of the coal stockpiles (25 m).  

The following particle size distribution was assumed in the dispersion modelling (i.e., the size classes for 

particulate matter were divided into the following groups): 

 A mean particulate size of 1.25 microns was assumed for PM2.5; 

 A mean particulate size of 5 microns was assumed for PM10; and   

 A mean particle size of 20 microns was assumed for PM total. 

A standard deviation of 1.24 microns was assumed for all particle sizes.  The maximum predicted 

concentrations were then calculated by summing the modelled particle size classes together.  

Dry and wet deposition modules were included in CALPUFF for the coal dust modelling.  Dry deposition 

was modelled using the CALPUFF full resistance model.  An empirical scavenging coefficient approach 

was used in CALPUFF to assess the depletion and wet deposition due to precipitation scavenging.  Table 

1-4 shows the wet deposition parameters for particles used in CALPUFF. 

Table 1-3 – CALPUFF Model Parameters: Westshore Terminals Coal Dust Piles 

Parameter Westshore Terminals Coal Piles 

Release Height 12.5 m 

Initial σy 16.3 m 

Initial σz 11.6 m 
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Table 1-4 - CALPUFF Model Parameters: Wet Deposition for Particulate Matter 

Size 
Fraction 

Scavenging Coefficient for 
liquid precipitation (s

-1
) 

Scavenging Coefficient for 
frozen precipitation (s

-1
) 

PM 1.0e-04 3.0e-05 

PM10 1.0e-04 3.0e-05 

PM2.5 1.0e-04 3.0e-05 

 

Coal dust modelling results from Westshore Terminals are presented in the following sections. 

2.0 ANTICIPATED CHANGES IN AIR QUALITY FROM COAL DUST EMISSIONS 
AT WESTSHORE TERMINALS 

Predicted incremental (i.e., not including background air quality) PM, PM10, and PM2.5 concentrations from 

Westshore Terminals’ coal dust emissions are presented in Table 2-1 for the Existing Scenario (2010) 

and Table 2-2 for the Future Scenario (2025).  The focus in these tables is on the discrete receptor 

locations (i.e., where the greatest potential for exposure to the general public would occur).  In addition to 

the discrete receptors, the maximum predicted concentration off property and the maximum predicted 

concentration on land are also presented. 

For the Existing Conditions Scenario, the maximum 24-hour rolling average of PM10 concentrations off-

property (i.e., over water) is predicted to exceed the criterion of 50 μg/m³, with a frequency of occurrence 

of 2% of the time.  There are no exceedances under any other averaging period for PM, PM10, and PM2.5 

in the Existing Scenario.  The maximum 24-hour average total particulate matter (PM) concentration over 

water of 99.9 µg/m
3
 accounts for 83% of the criterion of 120 μg/m³ in the Existing Conditions Scenario. At 

the discrete receptor locations in Table 2-1, the maximum predicted PM2.5 concentrations are all less than 

1 µg/m
3
, indicating that average contributions from coal dust to ambient levels are negligible. 

In the Future Conditions Scenario, the predicted particulate matter concentrations at the discrete 

receptors, the maximum off-property concentrations (over water) and the maximum predicted 

concentration on land are on average approximately 3% higher in comparison with concentrations 

predicted in the Existing Conditions Scenario.  This increase is consistent with the average increase of 

4% in the estimated future emission rates of particulate matter emissions from Westshore Terminals coal 

handling operations. 

In the Future Conditions Scenario, the maximum 24-hour rolling average of PM10 concentration off-

property (i.e., over water) is predicted to exceed the criteria of 50 μg/m³, with a frequency of occurrence of 

2% of the time.  There are no exceedances under any other averaging period for PM, PM10, and PM2.5 in 

the Future Conditions Scenario.  The maximum 24-hour average total particulate matter (PM) 
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concentration over water of 101 µg/m
3
 is only 1 µg/m

3
 higher than for the Existing Conditions Scenario.  

Consistent with the predicted concentrations for the Existing Conditions Scenario, the maximum predicted 

PM2.5 concentrations for the Future Conditions Scenario are all less than 1 µg/m
3
, indicating that average 

contributions from coal dust to ambient levels would remain negligible for typical operations at the 

Westshore Terminals. 

The incremental concentrations of PM, PM10 and PM2.5 predicted in the Existing Conditions Scenario are 

shown in Figures 2-1 to 2-3.. Figures 2-4 to 2-6 show the predicted incremental concentrations of PM, 

PM10 and PM2.5 in the Future Conditions Scenario.  The magnitude and spatial distribution of the 

predicted concentrations in the Existing and Future Condition Scenarios is very similar in both scenarios.  

 

Table 2-1 – Predicted Particulate Concentrations (µg/m³) from Westshore Terminals Coal Dust – 
Existing Scenario (2010) 

Discrete Receptor Name 
PM (µg/m³) PM10 (µg/m³) PM2.5 (µg/m³) 

24-h Annual 24-h rolling Annual 24-h rolling Annual 

Ladner 0.3 0.02 0.2 0.02 0.04 0.003 

Farmer 1 0.8 0.04 0.7 0.03 0.11 0.005 

Tsawwassen First Nations 1.2 0.07 0.8 0.05 0.13 0.009 

Farmer 2 0.6 0.06 0.4 0.04 0.09 0.007 

Farmer 3 0.7 0.06 0.6 0.04 0.09 0.007 

Tsawwassen Beach Campsite 1.4 0.09 1.3 0.06 0.24 0.010 

Beach Grove 0.5 0.04 0.4 0.03 0.06 0.005 

Boundary Bay 0.8 0.04 0.6 0.03 0.12 0.005 

Tsawwassen 1.3 0.10 0.9 0.07 0.16 0.011 

Point Roberts 1 0.7 0.05 0.5 0.04 0.09 0.006 

Point Roberts 2 2.2 0.15 1.5 0.09 0.24 0.016 

Delta Hospital 0.3 0.02 0.2 0.01 0.04 0.003 

Ferry Terminal 6.5 0.83 4.3 0.48 0.68 0.078 

Reifel Bird Sanctuary 0.5 0.05 0.3 0.03 0.06 0.006 

Boundary Bay GVRD Park 0.5 0.03 0.4 0.02 0.07 0.004 

English Bluffs Beach 1.7 0.13 1.2 0.08 0.19 0.014 

South Arm Marsh 0.4 0.03 0.3 0.02 0.05 0.003 

Air Quality Station T39 1.3 0.10 0.8 0.07 0.16 0.011 

Maximum Off Property 99.9 15.1 60.1 7.7 9.4 1.2 

Maximum Over Land 3.7 0.2 3.0 0.15 0.5 0.02 

Criteria 120 60 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 

Note: Concentrations presented in this table are incremental and do not include the influence of background. 
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Table 2-2 - Predicted Particulate Concentrations (µg/m³) from Westshore Terminals Coal Dust – 
Future Scenario (2025) 

Discrete Receptor Name 
PM (µg/m³) PM10 (µg/m³) PM2.5 (µg/m³) 

24-h Annual 24-h rolling Annual 24-h rolling Annual 

Ladner 0.3 0.02 0.2 0.02 0.04 0.003 

Farmer 1 0.8 0.04 0.7 0.03 0.11 0.005 

Tsawwassen First Nations 1.2 0.08 0.8 0.05 0.13 0.009 

Farmer 2 0.7 0.06 0.5 0.04 0.10 0.007 

Farmer 3 0.7 0.06 0.6 0.04 0.10 0.007 

Tsawwassen Beach Campsite 1.5 0.09 1.2 0.06 0.22 0.010 

Beach Grove 0.5 0.04 0.4 0.03 0.06 0.005 

Boundary Bay 0.9 0.05 0.6 0.03 0.13 0.006 

Tsawwassen 1.3 0.11 0.9 0.07 0.16 0.012 

Point Roberts 1 0.7 0.05 0.6 0.04 0.09 0.007 

Point Roberts 2 2.3 0.15 1.5 0.10 0.25 0.016 

Delta Hospital 0.3 0.02 0.2 0.01 0.04 0.003 

Ferry Terminal 7.0 0.84 4.5 0.48 0.71 0.079 

Reifel Bird Sanctuary 0.5 0.05 0.3 0.03 0.06 0.006 

Boundary Bay GVRD Park 0.5 0.04 0.4 0.03 0.07 0.004 

English Bluffs Beach 1.8 0.14 1.2 0.09 0.20 0.014 

South Arm Marsh 0.4 0.03 0.3 0.02 0.05 0.003 

Air Quality Station T39 1.3 0.11 0.8 0.07 0.16 0.012 

Maximum Off Property 101.4 15.2 60.7 7.72 9.5 1.2 

Maximum Over Land 3.8 0.2 3.1 0.2 0.5 0.03 

Criteria 120 60 50 20 25 6 

Background Concentration 46.2 20.6 23.1 10.3 8.7 3.5 
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Figure 2-1 – Maximum 24-h Average Predicted PM Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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Figure 2-2 – Rolling 24-h Average Predicted PM10 Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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Figure 2-3 – Rolling 24-h Average Predicted PM2.5 Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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Figure 2-4 -– Annual Average Predicted PM Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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Figure 2-5 - Annual Average Predicted PM10 Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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Figure 2-6 – Annual Average Predicted PM2.5 Concentration (μg/m³) from Coal Dust at Westshore Terminals in 2010 and 2025 
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In general, fugitive coal dust emissions do not travel very far and the impact of fugitive coal dust 

emissions on ambient air quality is typically limited to within a few hundred metres to one kilometer 

downwind from the main sources of coal dust.  Figure 2-7 shows the relative change in predicted annual 

PM concentration and deposition rate with distance from the emission sources for the Existing Conditions 

Scenario.  Within approximately 700 m from the sources, PM deposition rates are only 10% of the 

maximum model predicted value. In other words, up to 90% of PM will be deposited within 700 m from the 

sources.  The rate of decrease of PM concentrations with distance from the source is slower, and within a 

1 km distance from the sources PM concentrations are at 10% of the maximum model predicted value. 

Figure 2-7 - PM Annual Concentration vs. PM Annual Deposition - Relative change with distance 
from sources (Existing Scenario) 

 

Table 2-3 below provides a comparison of model predicted coal dust deposition at selected discrete 

receptors to measured coal dust deposition at nearby monitoring stations.  Monitoring data was obtained 

from a month-long dustfall sampling study conducted for the Delta Office of Climate Action and 

Environment over a 32-day period in June and July of 2013 (Acuren, 2013).  The monitoring stations from 

that study which were closest to the discrete receptors used in the RBT2 Study were selected for 

comparison.  Modelled deposition rates of coal dust are within approximately ±50% of the measurements 

made in the Tsawwassen area.  These results indicate that the model performs well with respect to coal 
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dust deposition, indicating that thepredicted concentrations and deposition rates provide a reasonable 

representation of average impacts from fugitive coal dust emissions from the Westshore terminals 

operation. 

Table 2-3 - Comparison of Predicted Coal Dust Deposition to Measured Coal Dust Deposition 

UTM Coordinates Discrete Receptor 
Name

1 

Modelled Coal Dust 
Deposition 
(µg/m²/s) 

Measured Coal 
Dust Deposition 

(µg/m²/s) 

Ratio of 
Modelled/Measured 

Coal Dust Deposition 
X (km) Y (km) 30 day Average 30 day Average 

493.575 5429.351 Tsawwassen 0.007 0.014 0.53 

494.008 5428.557 Air Quality Station T39 0.009 0.006 1.49 
 

Note: 1
Equivalent monitoring locations: Tsawwassen = Site #1 (Brandrith Park); T39 = Site #3 (Pebble Hill Park) 
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Appendix 9.2-B  Rationale for Inclusion/Exclusion of Other Certain and 

Reasonably Foreseeable Projects and Activities in the Cumulative 
Change Assessment of Air Quality 

The assessment included consideration of an interaction between predicted Project-related 

changes to air quality and similar changes potentially resulting from other certain and 

reasonably foreseeable projects and activities. The rationale for inclusion or exclusion of 

each certain and reasonably foreseeable project and activity identified in Effects 

Assessment Methods, Table 8-8 Project and Activity Inclusion List, in the 

assessment of cumulative change for air quality is presented in Table 9.2-B. 

Table 9.2-B Rationale for Inclusion/Exclusion of Other Certain and Reasonably 

Foreseeable Projects in the Cumulative Change Assessment of Air 
Quality 

Other Certain and Reasonably 

Foreseeable Project /Activity 

Included (I) 

/Excluded (E) 
Rationale for Inclusion / Exclusion 

Projects 

BURNCO Aggregate Project, 

Gibsons, B.C. 
E 

Potential for cumulative interaction with 

RBT2 emissions as the project will 
contribute to emissions from vessel traffic 
within the Strait of Georgia; however, the 

number of vessels is anticipated to be small 
compared to overall traffic (Table 8-8) and 
any cumulative change is not expected to 

be measurable. 

Centerm Terminal Expansion, 
Vancouver, B.C. 

E 

Potential for cumulative interaction with 
RBT2 emissions as the project will 

contribute to emissions from vessel traffic 
within the Strait of Georgia; however, the 
number of vessels is anticipated to be small 
compared to overall traffic (Table 8-8) and 

any cumulative change is not expected to 
be measurable. 

Fraser Surrey Docks Direct Coal 

Transfer Facility, Surrey, B.C. 
I 

Potential for cumulative interaction with 

RBT2 emissions –assessed as part of 
increase in vessel traffic in Strait of Georgia 
and barges along South Arm of Fraser River. 

Gateway Pacific Terminal at Cherry 

Point and associated BNSF Railway 
Company Rail Facilities Project, 
Blaine, Washington  

E 

No potential for cumulative interaction due 

to distant location from Roberts Bank; lack 
of publicly-available information for project 
air quality effects. 

Gateway Program - North Fraser 
Perimeter Road Project, Coquitlam, 

B.C. 

E 

No potential for cumulative interaction due 

to distant location from Roberts Bank; lack 
of publicly-available information for project 

air quality effects. 

George Massey Tunnel Replacement 

Project, Richmond and Delta, B.C. 
E 

Not relevant to this IC assessment as 
located beyond the maximum spatial extent 

of emissions from RBT2; lack of publicly-
available information on project air quality 

effects. 
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Other Certain and Reasonably 

Foreseeable Project /Activity 

Included (I) 

/Excluded (E) 
Rationale for Inclusion / Exclusion 

Kinder Morgan Pipeline Expansion 

Project, Strathcona County, Alberta 
to Burnaby, B.C. 

I 
Potential for cumulative interaction with 

RBT2 –assessed as part of increase in 
tanker traffic within Strait of Georgia. 

Lehigh Hanson Aggregate Facility, 

Richmond, B.C. 
I 

Potential for cumulative interaction with 
RBT2 - effects of barge traffic activity on 

South Arm of the Fraser River considered in 
assessment to be similar to those from 
Fraser Surrey Docks Coal Transfer Facility. 

Lions Gate Wastewater Treatment 

Plant Project, District of North 
Vancouver, B.C. 

E 
No potential for cumulative interaction due 

to distant location from Roberts Bank. 

North Shore Trade Area Project ‒ 

Western Lower Level Route 
Extension, West Vancouver, B.C. 

E 
No potential for cumulative interaction due 

to distant location from Roberts Bank. 

Pattullo Bridge Replacement 

Project, New Westminster and 
Surrey, B.C. 

E 
No potential for cumulative interaction due 

to distant location from Roberts Bank. 

Southlands Development, Delta, 

B.C. 
E 

Potential for cumulative interaction with 

RBT2 as the project will contribute to 
emissions within the LSA, but increases 
assumed to be within background levels. 

Vancouver Airport Fuel Delivery 
Project, Richmond, B.C. 

I 

Potential for cumulative interaction with 

RBT2 - assessment included increase in 
tanker traffic in Georgia Strait as well as a 
tanker at berth and barge traffic activity on 

South Arm of Fraser River. 

Woodfibre LNG Project, Squamish, 
B.C.  

E 

Potential for cumulative interaction with 
RBT2 emissions as the project will 

contribute to emissions from vessel traffic 
within the Strait of Georgia; however, the 
number of vessels is anticipated to be small 

compared to overall traffic (Table 8-8) and 
any cumulative change is not expected to 
be measurable. 

Activities 

Incremental Road Traffic Associated 

with RBT2 
I 

Potential for cumulative interaction with 

RBT2 - assessed on-road traffic emissions 
on Deltaport Way on the Roberts Bank 

causeway. Off-causeway traffic assumed to 
be within background levels. 

Incremental Train Traffic Associated 

with RBT2 
I 

Potential for cumulative interaction with 

RBT2 within LSA - assessed locomotive 
emissions in rail yards and activity off the 
Roberts Bank causeway. 

Incremental Marine Vessel Traffic 

Associated with RBT2 
I 

Potential for cumulative interaction with 

RBT2 – assessed as part of increase in 
container vessel traffic in Georgia Strait. 
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